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EDITORIAL
Dear FIMA members
Assalamu Alaykum
Bismillah al-Rahman al-Rahim
Praise be to Allah the Most Merciful, the Most Beneficent. May Allah ( )ﷻshower His blessings and
peace on the Prophet and Messenger Muhammad ()ﷺ.
I begin by thanking the FIMA Executive Committee for honoring me with the responsibility of being
the Editor-in-Chief again for this year's yearbook. I thank Allah ( )ﷻfor giving me this opportunity
and enabling me to accomplish this task. I pray to Allah ( )ﷻto accept my effort in His way and to
reward all who participated in this effort.
This year we are publishing the second part of the Encyclopedia of Islamic Medical Ethics. This
part is devoted to Genomics. It covers a very important and expansive topic that touches almost all
aspects of biology and medicine. It is not possible to address all aspects of genetics , but attempts
to mainstream the

general principles of genetics, especially in relation to its impact on human

health and disease, while examining the ethical, legal, and particularly the Islamic points of view on
these issues. We tried to make the chosen topics appealing to scientists, researchers, and clinicians,
by including basic science, as well as clinical applications, both diagnostic and therapeutic.
We understand that this field is new and progressing so rapidly that whatever information we
provide here may not be the state of art in the forthcoming 5-10 years. We selected contributions
from prominent experts on the various topics we selected and hope that the information provided
will be both interesting and informative for our distinguished readers.
Professor Kasule addresses the general ethical principles of genetic research including preservation
of human dignity, good intentions, obtaining the consent of the research subjects, and maintaining
absolute confidentiality of the identity of the subjects and the research results.
Professor Mishal, in the chapter “ Genomics: Contemporary Scientific, Ethical, and Islamic
Perspectives “gives an overview of genetics to increase the understanding of scientific medical
professionals, concerned scholars of ethics, and Islamic jurisprudence. He describes the basic
structure of DNA, the building unit of the genome, the genetic code, and the evolution of the
“Human Genome Project”. He then discusses the role of genetics in the practice of medicine to
include genetic examination, counseling and testing. He outlines the significance of presymptomatic
genetic diagnosis and susceptibility testing as a tool for prevention or decreasing their severity
while pointing out its pitfall of possible discrimination against those individuals who are presently
healthy but may develop the disease later in life. He also discusses genetic engineering and its
utility in producing large amounts of medications especially hormones and vaccines as well as its role
in the study of diseases and possibly in their treatments. Professor Mishal also touches upon the
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general principles of gene therapy, benefits and limitations such as its impermissibility in
attempting modification of human germline or for genetic enhancement. He gives several examples
of clinical trials of gene therapy such as in cystic fibrosis, beta thalassemia.He briefly discusses
the production and use of Genetically Modified Foods (GMFs) and the related controversies.
Professor Mishal also gives an account of the Islamic jurisprudential rulings on the HGP, genetic
counseling, genetic testing, genetic engineering, gene therapy and GMFs, citing specifically the
rulings by the two academies of Islamic fiqh and deliberations of the Islamic Organization of
Medical Sciences (IOMS).
Professor El-Shanti, in the chapter “Role of Genetics and Genomics in the Practice of Medicine”
writes that a new era of medicine “Personalized Medicine” has been ushered. It utilizes the genetic
information and the additional available information to “maximize wellness through prediction,
prevention and early treatment rather than the customary reactive medical practice”. Genetic
services used to diagnose and treat genetic diseases, now should provide genetic counseling, and
testing to individuals at risk for conditions that have a genetic basis, including cancer. These
services should provide reproductive genetic testing. He further states that genomic medicine
bases the clinical care of the patient on the specific genomic variation the patient has. The author
gives several examples of how successful this approach has been. Genomic information can also
identify patients with risk of side effects from certain medications that can be avoided and
conversely identify the patients who will benefit from a certain medication.In some case it may
identify

the

recipient

of

a

kidney

transplant

who

will

not

need

immunosuppression

therapy.Personalized medicine is preventive. Women with BRCA1 and BRCA 2 mutations can be
identified. They are at increased risk for breast and ovarian cancer. They need to undergo specific
screening programs or preventive procedures that will minimize their risk.Another example is
newborn screening which started approximately 50 years ago for one condition, phenylketonuria,
can be extended now to screen for 29 disorders. Professor El-Shanti recommends that continuing
education programs of physicians be enriched with genetics and genomic knowledge. He also
recommends international standardization of genetic testing, genomic-based pharmaceutical
products, and genomic based research and clinical tools to enhance the integration of genomic
knowledge in clinical practice.
Professor Zahurin Mohamed of Malaysia defines pharmacogenomics as the scientific field that
searches for the genetic basis of individual variability in the response to medications.
Individualizing drug therapy with the use of pharmacogenomics has the potential of identifying
patients for whom drugs will be both effective and safe. Variation in the response to warfarin, as
an example, was found to be related to variation in 2 genes; CYP2C9 that codes for the enzyme
responsible for warfarin metabolism, and VKORC1 gene the site of action of warfarin. Genetic tests
are now available that will decrease the time it takes to titrate to the effective dose while
minimizing the risk of bleeding events. Herceptin used in the treatment of breast cancer is only
effective in women with a genetic defect which results in the overproduction of the HFR2 neu

X
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receptor. Another example is the genetic test for HLA-B*5701 allele. HIV infected individuals who
have this allele will have severe reactions to Abacavir and thus it cannot be used in them. The
author reports several studies conducted by her group of the role of genetic variation in response
to drugs used to treat epilepsy, schizophrenia, and in females with major depressive
disorders.Accumulating evidence indicates that genomic polymorphisms in drug metabolizing
enzymes, transporters, and other drug targets are linked to inter-individual differences in the
efficacy and toxicity of many medications.
It has been known for some time that abnormal epigenetic factors can cause abnormal phenotype
despite a normal genome. Professor Dauod discusses this topic. He defines it as the study of the
factors that control the selection of the specific fraction of the genome that becomes activated in
each cell type. It is also the study of factors that affect gene function primarily by turning them
on and off. These modifications occur through a variety of mechanisms such as DNA methylation,
post translational histone modification and non-coding RNA. Methylation tends to unwind DNA
strands making them more or less accessible to RNA transcription. Histones are responsible for
tight folding of DNA. In addition, there are start and stop codons that help regulate when to start
and when to end transcription of DNA to mRNA. The author details these and other newly
discovered mechanisms. He relates some examples of the importance of these factors. Global
hypomethylation and regional hypermethylation of specific genes occurs during the aging process
and may be associated with age-related diseases such as Alzheimer, autoimmunity, etc. Another
example is the finding of increased incidence of Down’s Syndrome (DS) as a result of lack of
maternal folic acid supplementation. Also, children born to mothers who were in early pregnancy
during the Dutch famine 1944-45, were at a significantly increased risk of cardiometabolic
disorders in adulthood presumably due to epigenetic factors affecting the genome in utero.
Epigenetic factors play a role in hypertension, and heart failure. He also states that epigenetic
alterations are responsible for many cancers such as that of the colon, prostate, breast, and brain.
Research may lead to targeted therapies that lead to re-expression of lost genes or down
regulation of over-expressed genes in order to eradicate cancer. There are several studies of the
molecular basis of brain functions, for example, memory, cognition, etc. and the putative role of
epigenetic factors’ dysfunction on brain pathology. It is important to find out how exposure to a
wide scope of environmental factors such as drugs, abuse, infection, nutrition can affect epigenetic
regulation of brain that ultimately translates to altered behavior. The importance of this
accumulating information is the development of therapies based on modifying the abnormal
epigenetic factors. The author reports two attempts at this; lysine methyl transferase inhibitors,
and histone deacetylase inhibitors that may be promising in treating cancer. The author concludes
by reminding us of the ethical guidelines embodied in the Helsinki Declaration and in the Islamic

Shari`ah’s principles. These need to be followed both in the basic genetic research and in the
clinical trials.
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Professor Mishal, in another chapter, discusses DNA fingerprinting in relation to the establishment
and negation of paternity. He stresses the importance of lineage preservation in Islam and
describes the Shari`ah’s methods of establishing and negating paternity. Within the Islamic legal
system, paternity is always limited to licit sexual relationship. Children born within the context of
marriage are automatically attached to the husband who becomes the bona fide father. The basic
principle is “the child belongs to al-firash”. In cases where fulfillment of this principle is difficult
to achieve, four other methods could be resorted to in this hierarchical order:1) Admission of
paternity by the father (Iqrar). 2) Bayyinah (testimony). 3) Resemblance of physical features
(qiyafah) 4) Lot casting. Negation of paternity according to the Shari`ah is only conducted by the
mutual oath of condemnation (li`an).
DNA fingerprinting is almost 100 % accurate (except for human error). It became the standard
method to resolve paternity disputes in the West.In Muslim majority countries there have been
discussions about the utility of DNA fingerprinting viz-a-viz the Shari`ah rules in such disputes.
The author cites the rulings of two major contemporary Fiqh councils; The Islamic Fiqh Academies
and IOMS. The majority of participants in these councils favored the admission of DNA
fingerprinting as the modern equivalent of qiyafah, but refrained from its substitution of li’an in
negating paternity. However, some other modern Islamic jurists, on individual basis, believe that
the new DNA technology can be used as a definitive way to establish and negate paternity. They
consider it as a type of strong circumstantial evidence that denotes definitiveness. They believe
that Bayyinah mentioned in the Quran and Sunnah is not limited to testimony. It includes all that is
capable of exposing and proving the truth. In view of earlier precedents in Islamic legal tradition
and the differences among the contemporary jurists, more jurist deliberations and Ijtihad are
needed to resolve these questions.
Dr Khan discusses consanguineous marriage. It is defined as a union between individuals related as
second cousins or closer. There is increased risk of autosomal recessive diseases. If both parents
carry the recessive gene of a disease such as hemoglobinopathy and cystic fibrosis, each child will
have a 25% risk of having the disease. Offspring of consanguineous marriages are also at increased
risk for disorders of multifactorial inheritance. First cousin marriages increase the risk of
significant birth defects in the offspring by only 1-3% above the general population. The absolute
increase is insignificant unless there is family history of the disease. However, de novo mutation can
quickly rise to a high frequency in a tribal sub community that practices endogamy. An otherwise
rare disease can become relatively common, especially if families tend to have large number of
children. On the other hand it is to be noted that consanguinity can weed out deleterious gene
mutations resulting in overall healthier offspring.
It is recommended that couples undergo carrier screening for prevalent genetic diseases in the
community and discourage union of couples who are both carriers of the same disease. In Saudi
Arabia compulsory carrier testing for thalassemia and sickle cell anemia was started in 2004.When
both the potential couple were found to be carriers, they were counseled but not obliged to cancel
the plan for marriage. For the first two years of the program, 90% of those so identified
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proceeded to marriage. However, over the next four years the frequency of voluntary marriage
cancellation increased 5-fold and simultaneously the incidence of B-thalassemia has dramatically
decreased.
It is noteworthy that while consanguinity is relatively common in Muslim majority countries, the
practice is not advocated by Islam, although it may have been encouraged by inheritance laws.While
there are examples of consanguineous marriages in the history of Islam, there are possible
traditions, Prophetic Hadith and a statement by the second Caliph Omar encouraging marriage
outside the family.
This policy of premarital genetic testing (PGT)has also been addressed by Professor Ebrahim who
added testing for infections and blood transmitted diseases. In Bahrain, where this policy has been
enforced, there was an increase of “separation before engagement”, and 50% reduction in the
incidence of sickle cell anemia. Professor Ebrahim explains concerns about mandating PGT especially
from the Islamic point of view.There is violation of autonomy. There is concern about the possible
breach of confidentiality especially in small tribal countries where people tend to know each other
personally. There is also concerns about false security if the carried out tests are negative. In this
case the couple may falsely believe they will have a perfectly healthy newborn. There are many
diseases or defects that are not tested for. Some Muslim scholars accepted mandatory PGT
because of its significant benefits. They support their opinion by i) the rule of obeying those in
authority. ii) the Qur’anic guidance” do not make your hands contribute to your own destruction”. iii)
fulfillment of one of the goals of Shari`ah (preservation of progeny).

iv) it is acceptable to

compromise autonomy for the sake of achieving a pressing societal benefit based on two maxims:
choosing the lesser of two evils, and that of blocking the means to an expected evil (sadd al-

dharai’a). Scholars who object to PGT opine that adding a condition to the marriage contract, that
is not in the Shari`ah, invalidates the marriage contract.
Dr Harira discusses prenatal screening and diagnosis. Initially it was primarily done for the
diagnosis of Down’s Syndrome and was based on maternal age (>35 at delivery). Later, several
modalities were added, serum markers, ultrasound findings, and more recently by the direct
examination of cell free fetal DNA (cFFDNA). Simultaneously the scope of screening increased to
include other chromosomal anomalies, neural tube defects, and genetic diseases. When the
screening test indicates a high risk, the diagnosis depends on examination of fetal cells obtained
through chorionic villous sampling, amniotic fluid cells obtained through amniocentesis, fetal blood
cells obtained by cord blood sampling or occasionally fetal tissue obtained by fetoscopy. The studies
include fluorescent in vitro hybridization (FISH), karyotyping. DNA examination, enzymatic testing,
etc. Dr. Harira describes the two most commonly used procedures; chorionic villus sampling and
amniocentesis. Although many structural fetal anomalies can now be diagnosed by ultrasonography,
only genetic diagnosis is addressed in this chapter.
The diagnosis of significant fetal anomalies gives the mother the chance to have an abortion.
However, some of these anomalies can be treated in utero, medically or, in rare situations, surgically
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with significantly improved neonatal outcome. It is pertinent to note that, Islamically, abortion is
only allowed before 20 weeks and for lethal anomalies only. (for a more detailed discussion see
reference 1 ).
Dr Harira describes the indications for prenatal screening and the various screening strategies. He
discusses the most recent screening method, Non-invasive Prenatal Testing (NIPT). In this
technique, free fetal DNA is obtained from maternal plasma and subjected to Massively Parallel
Sequencing. DS and trisomies 18 and 13 and sex chromosomal anomalies can be detected. NIPT is
highly accurate in detecting DS with both sensitivity and specificity of >99%,and non-reportable
(failure) rate of only 0-4.9% The detection rates of T 18 and T 13 and sex chromosome anomalies
are slightly less. Nevertheless when the results are positive they have to be confirmed by CVS or
amniocentesis.
Genetic counseling is an important component that should be incorporated in the care of all
pregnant women. It should be offered before screening tests are used and when the results are
obtained. It is especially important if an invasive procedure is to be recommended. Its benefits,
risks and all available options, if the result is abnormal: abortion, in utero treatment, neonatal
treatment, palliative treatment and long term prognosis should be fully discussed with the patient
before the procedure is performed.
Professor El-Zibdeh adds another aspect of prenatal diagnosis, diagnosis before the implantation of
the blastocyst, Pre-implantation Genetic Diagnosis (PGD). It is performed in IVF centers. It can be
done by a) Polar body biopsy. b) Cleavage stage biopsy where 1-2 blastomeres are removed on day 23 after fertilization. Or c) Blastocyst stage where 5-10 trophoectoderm cells are removed. He
discusses the various cytogenetic and molecular genetic tests that can be done on these removed
cells; FISH, Karyotyping and more recently, Comprehensive Chromosome Screening (CCS) or Array
Comprehensive Genome Screening (aCCS). Only chromosomally normal blastocysts are implanted,
which will result in higher successful implantation and probably higher pregnancy rates. It will allow
the achievement of the goal of routine single embryo transfer (e SET) to avoid the complications of
multifetal pregnancies. PGD is recommended for all candidates of IVF, especially those who are
older than 40 years, those with repeated IVF failures, or with repeated miscarriages.

PGD is

indicated in couples with increased risk for an affected offspring such as women older than 35
years of age, couples with a previous child or with family history of a chromosomally abnormal fetus
or one of the inherited genetic diseases, or if one of the parents has an autosomal dominant disease
such as adult polycystic kidney, a disease when the fetus has a 50% risk. It can also be offered for
a couple who had a child with combined immunologic deficiency, to select the implantation of an
embryo that is HLA compatible with the affected sibling. PGD is also indicated in patients with
familial cancer to select for implantation of only the embryos that are negative for the genetic
mutation. In all these cases, the prospect of an invasive diagnostic test (CVS or Amniocentesis),
later in the pregnancy, is avoided, and more importantly the need for an abortion in case the latter
tests are positive for the abnormality. Another interesting use of PGD is sex selection. This is
indicated in case of sex-linked diseases such as hemophilia. However sex selection for parental
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preference of a particular sex is not indicated and is not favored ethically. The Islamic viewpoint on
social sex selection has been discussed in a previous yearbook. Most jurists do not approve it.
Each human cell contains 1000-2000 mitochondria in the cytoplasm. Their function is to release ATP
that provides energy to the cell and allows its survival. There are only 37 mitochondrial genes (mt
DNA) which is distinct from nuclear DNA (nDNA).At fertilization, the ovum’s cytoplasm becomes
the cytoplasm of the zygote and of each dividing cell afterwards. Sperms do not contribute any
mitochondria and the mitochondria are only maternally derived. A person may have all normal
mitochondria or all abnormal mitochondria. In the latter case, death occurs either of the fetus
(miscarriage) or of the newborn soon after birth. There are other individuals who carry both normal
and abnormal mitochondria. It is only when the mutant load exceeds a certain threshold that the
person will manifest one of the syndromes of mitochondrial genetic disorders, such as Leber
Hereditary Optic Neuropathy. Sarah Salman addresses the newest techniques of assisted
reproductive technologies that have been designed to allow normal offspring for female carriers of
these syndromes. These are called Mitochondrial Replacement Therapy (MRT). She describes the
two available techniques; pronuclear transfer (PNT) and Maternal spindle transfer (MST). A woman
with healthy mitochondria is needed as an egg donor. In PNT the intended mother’s ovum is
fertilized with the sperm of the intended father. At the same time, the donor’s egg is fertilized
with the intended father’s sperm. The two pronuclei from the donor –father combination are
removed and discarded, leaving an enucleated cell with healthy cytoplasm. The two pronuclei from
the intended parents are removed and placed in this cell. In MST the transfer occurs at the oocyte
level. The maternal spindle is removed from the donor’s egg with healthy mitochondria. It is also
removed from the intended mother’s egg and placed in the enucleated donor egg and then fertilized
with the intended father’s sperm. The resulting zygote is allowed to develop to the blastocyst stage
and then implanted in the uterus of the intended mother.
In PNT fertilization occurs between the father’s sperm and an egg of a woman that is not his wife,
and a zygote is destroyed. On the other hand, in MST the donor’s egg is not fertilized by the
father’s sperm and no zygotes are destroyed. The resulting baby has a trigenetic makeup (nDNA)
from the intended parents and mtDNA from a donor. However, the genes relating to us as humans
and in our traits are all dependent on nDNA. Therefore, there is no doubt about the lineage of the
child. The child belongs to his biologic father and mother, the donor has no connection to his
lineage.
In both PNT and MST the vertical transmission of donor mtDNA is inevitable. Any girl born will
transmit this donor mtDNA to further generations. This will not be the case if boys are born.
Therefore it has been advised to have only boys delivered with MRT until its complete safety is
assured.
The MRT issue was not discussed in Jurisprudence councils, or in combined jurist-scientific medical
seminars. Some contemporary Muslim jurists provided approval or rejection views, in the form of
personal communications. Jurists and scientists are called upon to conduct proper deliberations to
clarify Shari`ah opinion on this new and developing issue.
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Haq et al wrote a comprehensive review of the molecular genetics of cancer. Cancer is believed to
arise from a single cell referred to as the cancer stem cell with alteration of the genetic material
which allows the cell to continue to divide resulting in cancer. Understanding the molecular
mechanisms at play in this stem cell provides the tools necessary to interrupt these aberrant
genetic pathways and successfully treating the disease. In normal cell division, DNA is replicated
perfectly in the two daughter cells. If errors occur the cell is channeled to the apoptosis pathway
and dies. If the regulatory mechanism malfunctions, a cell with altered genetic material survives
and continues to divide leading to cancer. This altered genome could be over expression of a gene
involved in growth, an oncogene, or suppression of a gene involved in apoptosis or a tumor
suppressing gene (p53). Genetic alterations can be hereditary or result from environmental
carcinogens (epigenetic factors) that damage DNA, such as radiation, or chemicals such as
benzopyrene in tobacco smoke.
Oncoviruses, such as Human Papilloma Virus (HPV) and Epstien-Barr Virus (EBV), damage the DNA
and cause cervical cancer, and B cell lymphoma, respectively. Hormones that naturally induce cell
proliferation are also linked to cancer, for example testosterone and prostate cancer. The authors
describe three primary proteins involved in DNA repair; mismatch repair, base excision repair, and
nucleotide excision repair. If the genes producing these proteins are damaged, altered DNA
remains in the cell and leads to malignant transformation. Epigenetic mechanisms which modify gene
expression, rather than alter the genes themselves, also play a role. Hypermethylation of tumor
suppressor genes render them inactive. Histones which are needed for the proper function of DNA
can be altered by methylation or acetylation facilitating the development of cancer.
Scientists were able to sequence a large variety of cancer cells developing the cancer genome.
Abnormalities include substitution of one base by another, insertion or deletion of small or large
segments of DNA, rearrangements, copy number variation; increase or gene amplification or
reduction, presence of exogenous DNA such as HPV, epigenetic changes, or alteration of
mitochondrial genome.
An atlas of the cancer genome, which includes whole genome of sequencing of 1000 tumor samples,
has been compiled. The authors also describe the various methods of studying molecular genetics.
They classify the genetic abnormalities in cancer into: numerical and structural. They discuss in
detail oncogenes and tumor suppressor genes, fusion genes, passenger, and driver mutations,
metabolic enzymatic pathways. They discuss the concepts of metastasis, oncogenesis, apoptosis and
drug resistance. The authors also discuss the molecular genetics of selected tumors; chronic
myeloid leukemia, breast, and colorectal cancer. The authors tabulate the various targeted new
drugs that have been developed as a result of the understanding of the molecular genetics of
specific neoplasms and the FDA approved uses, for ex.Aftinib, for the treatment of non-small cell
lung cancer. The authors believe that understanding of the molecular genetics will allow us to
predict the probability of disease in healthy individuals who can be screened. Interventions can be
developed before the disease manifests itself. Meanwhile they remind us of the potential drawback
of this knowledge, primarily discrimination against these subjects.
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The authors stress the Islamic perspective of studying the secrets of the universe and of human
biology as a part of worship, and cite several Qur’anic verses in that regard. Also the Qur’an
advocates us to advance our knowledge to save human lives.
Dr. Harun states that in addition to the genetic alterations mentioned above, evasion of immune
destruction of malignant cells is another mechanism for the development and progression of cancer.
Using genetic engineering based on these findings appears to be a new and innovative method of
treating cancer.
Oncolytic viruses have the ability to selectively infect and replicate in cancer cells, killing them.
They also have antiangiogenic and anti-vasculature properties which promote apoptosis of
uninfected cancer cells. Genetic engineering of these viruses further potentiates them as cancer
vaccines. Dr. Harun describes various techniques of genetic engineering to enhance their antitumor
immunity and cytotoxicity. Monoclonal antibodies have been developed to target tumor antigens.
Bispecific antibodies target both cellular and humoral immune responses. Immunotherapy has been
used to manipulate the patient’s own immune system to kill cancer cells. T cells can be genetically
engineered to express T cell receptor (TCR) or a chimeric antigen receptor (CAR)specific for
antigens expressed by the tumor. These T cells are able to recognize and kill the cancer cells. Dr.
Harun cites in his chapter different clinical trials using this technology especially in leukemia
therapy. He also discusses another modality of treatment that is genome editing, specifically geneediting nucleases and Zinc finger nucleases which can also be used to treat other genetic based
diseases. He also describes the use of transcription activator- like effector nucleases and the
CRISPR-Cas 9 system. He believes that the novel genetic engineering technologies allow
modification of the immune system and correction of cancer genome mutations thus offering the
possibility of developing effective novel strategies to cure cancer.
Drs. Badr and al-Hendy discuss in detail the use of gene therapy in the field of gynecology and
obstetrics. Gene therapy is a novel therapeutic approach that allows using recombinant DNA
technology to create a functional gene-expressing unit. This unit can deliver DNA or RNA to a
tissue and allows replacement of the absent DNA or integration with the “diseased“. It transfroms
the transcription function responsible for the pathologic expression. It either suppresses it or
changes it to a non-pathologic one. Successful gene therapy

trials have been reported in the

treatment of cancer, neurodegenerative diseases, among others. The authors describe gene
delivery methods to be either DNA (non-viral) delivery or through the use of viral vectors. They
discuss ex vivo gene transfer as well as cell based gene therapy.
They describe applications of gene therapy in the treatment of gynecological diseases; fibroids,
endometriosis, and premature ovarian failure. Gene therapy has also been used in the prevention of
post-operative pelvic adhesions. The authors also discuss the various applications of gene therapy in
the treatment of ovarian cancer and in the development of HPV vaccines used to prevent cervical
carcinoma which remains one of the commonest malignancies in the world. The main application of
gene therapy in obstetrics is the study and possible treatment of fetal growth retardation.
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The authors stress the importance of moving from the basic science of gene therapy and its uses in
animal studies to the all-important clinical trials. They report that more than 65% of gene therapy
trials have been done in relation to cancer treatment. Out of 1843 cancer gene therapy trials, only
45 have reached phase III and only one in phase IV, that is the treatment of advanced thyroid
cancer.
The authors list the challenges ahead to include safety concerns, and transgene expression. They
encourage research to assess the long term gene expression following nanoparticle delivery and the
application of induced pluripotent stem cells (iPSCs) combined with ex-vivo gene transfer to
broaden the clinical application of cell-based gene therapy.
The genetic mutations in thyroid cancer are discussed in detail by Dr. Enas Younis. Thyroid cancer
arising from follicular cells constitutes 95% of thyroid cancers. Many point mutations and
translocations are involved in the genesis of differentiated thyroid cancer. These occur in genes
particularly in the mitogen activated protein kinase (MAPK) pathway and the phosphatidyl inositol -3
kinase (P13K / AKT) signaling pathway. The majority of Medullary Thyroid Carcinomas (MTCs) are
sporadic, but about 25% are inherited in an autosomal dominant pattern. The latter mostly occur in
association with Multiple Endocrine Neoplasia (MEN) types 2A and 2B. Somatic or germline
mutations of RET proto-oncogene plays an important role in the development of sporadic and
familial MTCs. Genetic testing for this gene is important not only for the diagnosis but also for the
prognosis of MTC. Other genetic mutations are also involved; TRK rearrangement, ALK
rearrangement, PAX 8/ PPAR gamma rearrangement, RAS mutations, mutations in the P 13 K / AKT
pathway, as well as BRAF gene and others. These findings have significant clinical applications
particularly in relation to MTC. The diagnostic accuracy of thyroid nodules has been enhanced by
testing for the different genetic abnormalities. The author describes in detail the different types
of MTC and their association with MEN and the underlying genetic abnormalities that occur in both
carriers and disease patients. One of the important clinical benefits of genetic testing is that RET
genetic screening of patients with apparently sporadic MTC allows preclinical diagnosis and early
treatment of unsuspected affected family members and allows the identification of a relevant
percentage of hidden familial MTC (FMCT). Carriers of the mutated RFT gene should be offered
prophylactic thyroidectomy. In case of MEN 2A / FMTC mutation of ATA level C risk, prophylactic
thyroidectomy should be carried out before the age of 5.Those with RET mutations of ATA level A
and B risk, prophylactic thyroidectomy may be delayed beyond the age of 5 years with close follow
up.
The author details the therapeutic approaches subject to the underlying genetic abnormality.
Further, the author describes the new molecular targeted therapy using novel small–molecule
protease kinase inhibitors depending on the specific genetic abnormality.
Professor Mishal discusses the topic of stem cells and cloning. Significant advances have been made
in these fields. They can help us better understand cell biology and offer great promise for
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treating human diseases and specifically in regenerative medicine. He discusses the types of
currently available stem cells. These are:
1. Human embryonic stem cells (hESCs) derived from the inner cell mass of excess embryos
produced in IVF centers within the first 5 days of fertilization.. They have the capability of
indefinite unlimited expansion in vitro. They are pluripotent. They can be induced to differentiate in
any type of human cell and thus can potentially be used to replace diseased tissues. They can be
genetically manipulated by transfecting them with DNA constructs for specific desired properties.
They can also be derived from embryos with diagnosed mutations by PGD for research on the
specific disease. While hESCs have great potential of curing disease and advancing regenerative
medicine, their use raises ethical concerns because they cannot be obtained without destroying a
human embryo.
2. Somatic cell nuclear transfer results in cloned embryos that can be used in similar ways to
hESCs. They show pluripotent qualities and can also be made to differentiate into any type of cells
so they can be used in regenerative therapy. They also raise the same ethical concerns.
3. Induced Pluripotent Stem Cells (iPSCs) are derived from somatic cells by reprogramming their
genes so the somatic cell reverts to its embryonic counterpart and becomes pluripotent. These cells
can be induced to differentiate in any cell type. Their use circumvents the ethical concerns
associated with the use of hESCs. They can be used for the study of diseases and for cell therapy
in many diseases.
4. Human adult stem cells: These are normally present in all body tissues but in very small numbers.
Their use poses no ethical concerns.
5. Animal stem cells: They are usually obtained from mesenchymal pig stem cells and can be also
used in regenerative medicine.
Hematopoietic stem cell transplantation is one of the most successful applications of stem cell
therapy. It has been used in the treatment of many hematologic malignancies. It was later used in
other diseases such as hemoglobinopathies, inborn errors of metabolism involving the hematopoietic
system.
The Roman Catholic Church and some Protestant denominations, and Orthodox churches do not allow
stem cell research or therapy. Other denominations and Islamic Councils have accepted their use as
it is intended for curing human disease, as long as the source of the cells is duly permitted (excess
human embryos at IVF centers that will not be used by the couple).
Professor Mishal also discusses cloning. Mammalian cloning is based on the technology of somatic
cell nuclear transfer. The notion of human cloning was entertained by some scientists but was met
with strenuous objections from scientific, ethical, and religious bodies. Some countries have
outlawed the practice. While it is possible to clone the genome of the individual, the individual as a
whole cannot be cloned. This is due to the crucial influence of the environment on the individual
from conception to death. Every Muslim seminar, fatwa council and individual scholar have
prohibited human reproductive cloning. Professor Mishal details the juristic opinions and the
rationale for the prohibition. Therapeutic cloning uses the same method of somatic cell nuclear
transfer. It generates autologous embryonic stem cells from the cloned embryos for the purpose of
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tissue replacement. As the obtained stem cell has the same DNA as the original somatic cell from
which it was derived, and the stem cells are going to be transplanted into the same individual, there
is no risk of immune rejection and immunosuppression therapy is unnecessary. This technique is very
promising. Therapeutic cloning is considered permissible by some Muslim jurists in special
circumstances. This issue needs further discussions in fiqh councils, in view of recent scientific
breakthroughs. (For a more detailed discussion of the Islamic perspectives on stem cell research
and cloning see reference 2 ).
I conclude by thanking all the authors for their contributions to this issue. I especially thank
members of the Editorial Board, Drs. Aly Mishal, Abul Fadl Mohsin Ebrahim, and Musa Mohd Nordin
for their valuable input and guidance. I pray that we can continue working on the project of the
Encyclopedia in the following years and complete this great project in our lifetime. I sincerely
appreciate the work of Dr. Mishal's staff for copyediting and proofreading of the manuscripts
especially Ms. Elham Mohammad Swaid.
I pray that Allah ( )ﷻaccept and bless our efforts in His service. May Allah ( )ﷻguide us to the
right path and have mercy on us. Amin.

Wassalam
Hossam E Fadel, M.D., Ph.D., F.A.C.O.G
Clinical Professor, Obstetrics and Gynecology.
Maternal Fetal Medicine, The Medical College of Georgia
Augusta University
Augusta, GA, USA
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Federation Of Islamic Medical
Associations ( FIMA ) in Brief








1.

2.
3.
4.
5.

Established at the outset of the 15th Hijrah century, December 1981, in Orlando,
Florida, USA, where senior leading medical professionals representing ten
Islamic medical organizations, from various parts of the world, convened and laid
down the foundation of the Federation.
Subsequently, in March 1999, FIMA was incorporated in the State of Illinois as a
non-profit organization, and a tax-exempt status was acquired. FIMA acquired the
special consultative status with the United Nations Economic and Social Council
(UN-ECOSOC).
Since that time, FIMA membership progressively expanded to include 29 full
members, 13 associate members, and more than 15 prospective and collaborating
organizations from all over the world.
Most FIMA activities and achievements are based on the endeavors of its member
Islamic Medical Associations (IMAs), in constructive mutual cooperation, and
harmonious understanding.
Islamic medical activities of FIMA have a holistic nature. Leadership, mutual
cooperation and innovation are prerequisites for the welfare of our communities,
our Ummah and humanity at large.
These activities include, but are not limited to:
Cooperation in humanitarian medical relief work, where and when needed in
disaster stricken countries, regardless of ethnicity, religion or race. The FIMA
Save Vision Program was initiated in early 2005. To date, more than 125,000 eye
surgeries were performed by volunteer ophthalmologists and teams from IMAs in
several countries in Africa, South and Southeast Asia, where visual impairments
are rampant. The program included training of local medical professionals to
continue and widen this activity by qualified local talents. The program also
included establishment of local eye hospitals or eye sections in existing general
hospitals, in deprived communities.
This activity qualified FIMA for a distinguished award from the American
College of Physicians ( ACP ), designated for outstanding humanitarian medical
achievements.
Over the past five years, two new humanitarian activities were launched: The cleft
lip/palate, and the vesico-vaginal fistula projects, both highlighted as significant
medical and psychosocial problems in several needy communities.
Collaboration with regional and international organizations in areas of preventive
medicine and community health education.
Scientific, professional and ethical jurisprudence related conferences, seminars
and publications.
Establishment of the Consortium of Islamic Medical Colleges ( CIMCO ), to
foster cooperation in improvement of curriculum, training, research,
administration, and up-bringing of model medical practitioners.
Establishment of the Islamic Hospitals Consortium ( IHC ), to pursue cooperation
and coordination among medical professionals and hospital administrators in
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areas of experience exchange, benchmarking, improvement of health care
delivery, ethical, administrative and operational activities, to meet the most
advanced international standards, in the context of Islamic principles.
6. Publication of FIMA Year Books, which address biomedical, scientific, ethical,
and other related issues that are needed for medical practitioners, educators as
well as Jurists.
7. In 2013, FIMA committee on Bioethics embarked on the project of Encyclopedia
of Medical and Health Ethics. In view of the extensive effort needed, this project
is expected to span over several years.
8. Medical studentsʼ activities, including conferences, seminars, publications,
camps, Umrah and Ziarah programs, pioneered by IMA-Saudi Arabia.
9. Collaboration to extend a helping hand to Muslim medical practitioners in
underprivileged countries, to work together and organize professional medical
societies, to serve their communities.
10. Activities to combat HIV/AIDS and sexually transmitted infections (STIs): FIMA
established long standing educational, prophylactic and capacity building
activities in many countries, especially in Africa and Asia, which was pioneered
by Uganda IMA in the 1980s. Ten years ago, FIMA launched the parallel project
[Protection of Our Youth From STIs and AIDS], pioneered in Jordan, with wide
spread activities of education, nurturing and preparation of thousands of local
youth leaders in around 30 countries in various regions of the world.
11. Activities to combat all forms of addiction. The project is organized and directed
by the Green Crescent Society, based in Istanbul-Turkey, with programs
conducted in several countries. The theme of FIMA Yearbook in 2014 was on
addiction.
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ETHICS IN GENETIC RESEARCH
Omar Hasan Kasule Sr*
Introduction
Genetic research is ijtihad involving reading Allahʼs signs in humans (ayat al Allah fi al
anfus). Its ethically adverse side effects can be avoided if we have a joint reading (al jamʼu
baina al qiraʼatain) of the book of empirical knowledge (kitaab al kawn) and the book of
revealed knowledge (kitaab al wahy). This paper explores issues of human dignity, underlying intentions, consent, disclosure, and genetic therapeutic intervention from the theory of
purposes of the law ( maqasid al shariʼat)1, and principles of fiqh (qawaʼid al fiqh)2.
Human Dignity
Human dignity is a concern in genetic research3. A human is a deliberate and best of creation being a duality between body and ruh. Allah dignified the human being giving him superior intelligence (ʻaql), a conscience to tell right from wrong (hidayah), limited willpower (iraadah) and control over the environment (tashkir). Preserving human dignity is
one of the fruits of the purpose of hifdh aldin. Genetic research if misconceived could lead
to loss of human dignity by looking at the human as a collection of genes with their random
mutations that determine both biology and behavior. Genetic research could lead to violation of human dignity if it results in discrimination based on genetic make-up4, commodification of the human corps, especially if commercialized5. On the other hand, by showing
the common origin of the human genome, genetic research can restore human dignity by
de-emphasis of external variations of race, color, ethnicity, tribe, and family lineage.
Intentions
According to the fiqh principle of intention
(qaʼidat al qasd) all matters are judged by
the underlying intentions (al umuur bi
maqasidiha) and not the outwardly expressed intentions, Genetic research can
have good underlying intentions in the diagnosis, prevention, and treatment of disease, for example genetic susceptibility
studies6 can lead to effective preventive
measures. Genetic research may have inten-

tions of financial gain from patenting new
diagnostic or treatment processes.
Genetic research may have bad underlying
intentions if it is used to (a) provide scientific support for forbidden sexual orientations7,8 and addictions (b) creating a potential for stereotyping such as genetic research
on intellectual disability9, community genetic survey for anti-social personality10 or
genetic research on intelligence11.
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Consent
Like all other forms of research, genetic research requires consent of the research subject. The process is more rigorous than other forms of research because more information must be provided to and must be
understood by the research subject mainly
related to the disclosure of both main and
incidental findings. Genetic findings in a
research subject disclose genetic details of
all members of the family or community
and require additional privacy and confidentiality measures. Some forms of findings
may upset the research subject or the family
and they need advance counseling and consent. Study of community genetic variation
requires consent at the level of the community. Study of individual disease risk requires consent by the individual. Genetic
therapy requires consent12.
Privacy, Confidentiality, and Disclosure
of Anticipated Findings
Strict privacy and confidentiality must be
maintained in genetic research to prevent
harm to patients and relatives. Nondisclosure, whatever its benefits, may lead
to loss of patients of trust in the researchers13. We may need to weigh the harm and
benefits of the disclosure according to detailed rules of the principle of injury
(qaʼidat al darar). Public interest (al
maslahat al ʻammah) of either disclosure or
non-disclosure takes precedence over individual interest (almaslahat al khaassah).
This principle can be applied in the following cases to allow disclosure to relatives: a
gene of a preventable or treatable condition
is found in a patient who refuses disclosure
to relatives who could benefit, a gene of
treatable disease is found from the patient
after death?14, and genetic data collected
from critically ill patients who die soon after?15.

2
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Disclosure of Incidental Findings
Issues of disclosure of anticipated findings
in research can be resolved in advance by
the consent process. Problems arise regarding disclosure of incidental findings.
Among questions that arise are: Is it ethical
to look for incidental findings? Should we
disclose incidental findings to the patient or
the family? Should we break the anonymity
of genetic research on bio-banked material
to disclose an incidental finding that will
require medical intervention? 16. Should we
disclose wrongly attributed parentage?
Should we disclose an incidental finding of
an unsuspected but treatable genetic disease? The genetic researcher must avoid the
complications of incidental findings by not
looking for them or even noticing them because he is bound by the principle of intention to carry out only what he set out to do.
It is therefore not obligatory to look for incidental findings17. According to the principle of certainty (yaqin) the findings must
have a high degree of certainty (validity:
analytical and clinical) before we even consider disclosure. According to the principle
of injury the disclosure must have benefit
(value, clinical utility, clinical relevance,
and actionability) and the patient must consent to be told (volition) because he/she is
the best protector of self-interest18,19,20.
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GENOMICS:
CONTEMPORARY SCIENTIFIC,
ETHICAL AND ISLAMIC PERSPECTIVES
Aly A. Mishaʼl *
Abstract
Significant progress and innovations in genomics have been achieved over the past several
decades, particularly after completion of the Human Genome Project (HGP) in April, 2003.
Sequencing of the human genome created breakthroughs in understanding, research and clinical applications. Parallel to that, was the progress in information technology which became
instrumental in establishing databases, along with marked improvements in sequencing of
known and hypothetical genes and proteins, and detailed analysis of various data.
This concise overview of Genomics will present an update of recent information of some aspects of this broad topic, aiming at better understanding of their scientific basis to both scientific-medical professionals, and to concerned scholars in ethical and Islamic jurisprudence. It
is hoped the interaction between the two groups will be instrumental in formulating ethicalIslamic guidance to researchers, practitioners and to the public at large.
Keywords: Genomics, Human Genome Project, ethics, Islamic Jurisprudence.
Contents
 Introduction.
 The Genetic code.
 The Human Genome Project.
 Genetic examination, counseling and testing.
 Pre-symptomatic genetic diagnosis and susceptibility testing.
 Genetic engineering.
 Gene therapy.
 Genetic improvement (enhancement).
 Ethical, legal and social issues.
 Jurisprudence on the Human Genome Project.
 Jurisprudence on Genetic engineering.
 Jurisprudence on Gene therapy.
 Genetically Modified Food.
Introduction
In the nucleus of the human cell, most of the
heritable genetic information is stored in the

deoxyribonucleic acid (DNA), a linear polymer comprising of the 4 bases: adenine,
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guanine, thymine and cytosine. A typical
DNA molecule comprises of 4 distinct nucleotides each composed of a sugar, a nucleoside base, and phosphate groups covalently linked to one another by phosphodiester bonds. The hydrogen bonding
that occurs between the complementary base
pairs of adenine- guanine and cytosinethymine results in the double helical structure1,2.
This sequence of complementarity, in which
the sequence of bases on one strand determines the sequence on the other, forms the
structural basis for DNA replication, in
which the two strands are separated and new
DNA is synthesized complementary to each
strand. Additionally, it forms the basis for
the sequence specific of hybridization, the
chemical reaction whereby two complementary strands of DNA bind2.The sequence of
the four nucleotides varies among the DNAs
of different organisms. Indeed this is the
nuclear basis of genetic diversity3.
All genetic characteristics are transmitted
from parent to progeny. This evolves by
unwinding of the two chains, and polymerization of two daughter chains along the separated parental strands.
The nucleotide sequence and the genetic information are conserved during this process,
because each nucleotide in the daughter
chains is paired specifically with its complement, in the parental or template chains
by polymerization.
DNA  RNA  Protein
To translate its genetic information into a
protein, a segment of DNA is first transcribed into messenger ribonucleic acid
(mRNA). The mRNA contains a sequence
of purine and pyrimidine bases that is complementary to the bases of the antisense
strand of DNA3.
Thus each DNA triplet codon is transcribed
into a corresponding RNA triplet codon that

6
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will be translated into a corresponding amino acid.
The mRNA for each gene is processed extensively within the cell nucleus, including
splicing to remove intronic sequences. It
then crosses the nuclear membrane and enters the cytoplasm, where it serves as a template for the synthesis of a specific protein.
The flow of information from DNA to RNA
to protein is predominantly unidirectional.
Unlike RNA and protein, DNA molecule is
extremely stable, and resists various environmental adversities, even many years following death of individuals4.
The Genetic Code
The sequence of the bases in a gene dictates
the sequence of amino acids in a specific
protein. This collinearity between the DNA
molecule and the protein sequence is
achieved by means of the genetic code5.
If one were to print one copy of one strand
of the haploid human genome, the information encoded in it would fill a text 170
times the size of Harrisonʼs Textbook3.
This analogy of the human genome to a
large text can be carried out further. The text
can be envisioned as being bound into 23
paired volumes of various sizes, each the
equivalent of one pair of chromosomes. Individuals would inherit one paternal set of
23 volumes and one maternal set of 23 volumes.
This text can also be envisioned as having
been copied over and over again for thousands of generations5.
When one thinks of this endless knowledge
of Allah that is encoded in His creation, one
would contemplate on this issue, by remembering some of the comprehensive Qurʼanic
verses, the following are just examples:

ِ  َﻜﻠِﻤﻮ َﻛﺎ َن اﻟْﺒ ْﺤﺮ ِﻣ َﺪ ًادا ﻟ"ﻗُﻞ ﻟ
ﻲ ﻟَﻨَ ِﻔ َﺪ اﻟْﺒَ ْﺤ ُﺮ ﻗَـ ْﺒ َﻞ أَن ﺗَﻨ َﻔ َﺪﺎت َرﺑ
ْ
َ
ُ َ
" ﻲ َوﻟ َْﻮ ِﺟ ْﺌـﻨَﺎ ﺑِ ِﻤﺜْﻠِ ِﻪ َﻣ َﺪ ًداﺎت َرﺑ
ُ َﻛﻠِ َﻤ

genomics

“Say: if the ocean were ink (where with to
write out) the words of my Lord, sooner
would the ocean be exhausted than would
the words of my Lord, even if we added another ocean like it …”6.
ِ  َﻤﺎ ِﻓﻲ اﻷ َْر“ َوﻟ َْﻮ أَﻧ
ُﻩُ ِﻣﻦ ﺑَـ ْﻌ ِﺪﻩِ َﺳ ْﺒـ َﻌﺔْﻼم َواﻟْﺒَ ْﺤ ُﺮ ﻳَ ُﻤﺪ
ٌ ض ِﻣﻦ َﺷ َﺠ َﺮٍة أَﻗ

"...  ِﻪﺎت اﻟﻠ
ْ ﻣﺎ ﻧَِﻔ َﺪ أَﺑْ ُﺤ ٍﺮ
ُ ت َﻛﻠِ َﻤ

“And if all the trees on earth were pens and
the ocean (were ink), with seven oceans behind it, to add to its (supply), yet would not
the words of Allah be exhausted (in the writing)…”7.
The Human Genome Project
The construction of genetic maps of different organisms and plants started as early as
1913, when elucidation of genetic maps of
some flies, bacteria, viruses, mice, corn and
wheat were accomplished with mapping the
locations of genes.
In the mid 1980s, an international effort
started, aiming at producing a comprehensive sequencing of the human genetic complement, the double helix of deoxyribonucleic acid (DNA) which contains all of human genes.
The Human Genome Project (HGP) was
launched in 1990, by collaboration and
funding from the US Department of Energyʼs Office of Health and Environment Research (DOE), and the National Institute of
Health (NIH). Very soon, this major undertaking culminated into an international scientific research project, that included, USA,
UK, Japan, France, Germany, Spain and
China8. The primary goal was to determine
the sequence of chemical base pairs which
make up human DNA, and to indentify and
map the total genes of the human genome,
from both physical and functional standpoints9. The HGP is the largest collaborative
biological project ever launched10.
Mapping of the human genome involves
sequencing multiple variations of each

gene11. There are approximately 20,500
genes in human beings12.
The essentially complete genome was announced in April 200313. In May 2006, another milestone was achieved, when the sequence of the last chromosome was published14. The accuracy rate of most samplings exceeded 99.99%15.
The “genome” of any individual is
unique.On each chromosome, the nucleotides are arranged in a way that distinguishes each individual from all others since
the creation of humans. This unique arrangement is referred to as: the genetic
map16, and later on the term (genetic print)
was used.
The sequencing of the (HGP) provided very
significant applications and benefits in the
understanding of diseases, including:
 Identification of oncogenes and mutations linked to different forms of
cancer17.
 Advancement in forensic applied
sciences.
 Genotyping of specific viruses to
understand their pathogenicity and to
direct appropriate treatment.
 Biofuels and other energy applications, agriculture, livestock breeding,
bioprocessing, risk assessment, evolution, anthropology, and bioarcheology.
 Commercial development of genomics research related to DNA
ـــbased personalized products.
The work on interpretation of genome data
is still in its initial stages. It is anticipated
that detailed knowledge of the human genome will provide new avenues for advances in medicine and biotechnology9.
Deeper understanding of disease processes
at the molecular level may determine new
therapeutic procedures and advances that
may not have been possible without them17.
The sequence of the DNA is stored in huge
databases accessible to anyone on the inter-
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net. Computer programs have been developed to analyze that data, which has significantly facilitated proper analysis and interpretation of the data.
Role of genetics in the practice of medicine
Genomic medicine is beginning to change
the way medicine is practiced, particularly
in regard to interventions for common diseases18.
Testing for predisposition to disease has the
potential of extraordinary benefits, but, it
has the potential for harm because it may
open the possibility of various forms of discrimination18.
Genotypic analysis is standard practice for
diseases in which a single gene plays a
prominent role, but, its role in complex disease traits, where multiple genes and non
genetic factors are implicated, is less established. It, nevertheless, has the potential of
reducing the burden of these disorders18.
Genetic Examination,
Counseling and Testing
Initially, the field of medical genetics sought
to explain the cause of rare diseases with a
single gene Mendelian inheritance pattern,
such as cystic fibrosis and Huntington disease. Recent discoveries have led to an exponentially increased understanding of
causes of many common diseases, in which
disease risk often is determined by the combined effects of genetic and non-genetic factors. This applies to adult onset conditions,
such as cancer, diabetes, and cardiovascular
disease19.
The hope of genetic screening and testing
for heightened genetic risk will allow specifically tailored (personalized) interventions, such as encouraging lifestyle changes,
and ultimately preventing disease.

8
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Targeting appropriate individuals for genetic counseling and testing is key to the successful transfer of genetics research to improvement of health and quality of life.
Genetic counseling depends mainly on the
primary care physicans20, proper family history21, and patientsʼ classification to average, moderate or high risk categories.
Genetic testing can be done for both diagnostic and predictive purposes such as identification of carriers of disease traits, preimplantation gamete testing, prenatal testing,
and newborn screening.
The predictive value of a positive genetic
test is limited by variable penetrance and
expression of various disease entities22. Genetic testing of an affected individual is important to facilitate interpretation of testing
in other family members.
The long-term management of patients who
have an inherited risk of a certain disease
may involve aggressive screening at an earlier age, counseling of lifestyle modifications, initiation of pharmacologic or other
interventional preventive measures including prophylactic surgery, and management
of related psychosocial issues23,24.
Genetic examination is usually the initial
step for most genetic interventions in humans. Genetic examination can also be undertaken for purposes such as contracts of
marriage, employment and insurance.
Jurisprudence on genetic counseling and
testing
Ethical, legal and psychosocial impacts of
genetic testing must be taken in consideration25.
The issue of genetic counseling and testing
is a new one, not tackled by past Muslim
jurists. Several seminars, fatwa councils and
individual scholars have addressed this issue
over the past several decades26-30.
In the International Islamic Code for Medical and Health Ethics31, the Islamic juris-
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prudence view was outlined in the following
account:
 Hereditary (Genetic) Counseling:
The (IOMS) seminar has discussed
this subject, and it recommends the
following:
A.Family genetic counseling services should
be made available on a large scale to families and those who plan to get married. These services should be staffed by qualified
specialists. In addition, public awareness
should be promoted and people should be
educated by every possible means to guarantee benefits to all.
B. Genetic counseling should not be compulsory, and its findings should not result in
any compulsory measure.
C. The findings of genetic counseling
should be kept completely confidential.
D. Services of genetic counseling should be
expanded in medical and health institutions,
schools, media, and mosques after sufficient
training is given to counselors to expand
their knowledge and make them qualified.
E. Since statistics show that the marriage of
relatives (as permitted in Islamic Law) may
result in a higher rate of transmission of
congenital anomalies, the public should be
made aware of this so that choices would be
informed, particularly in the case of families
where some members are afflicted with a
hereditary disease.
Diseases for which genetic testing must be
compulsory, and those where it is optional:
1.The seminar believes that efforts should
be made to spread awareness of genetic disorders and diseases and limit their incidence.
2. The seminar calls for the encouragement
of genetic tests before marriage through the
promotion of greater awareness in auditory
and visual media, symposia and mosques.

3. The seminar urges health authorities to
increase the number of human genetics
units, in order to make physicians available
for genetic counseling, and to extend health
services in the field of genetic diagnosis and
treatment to all pregnant women in order to
improve procreative health.
4.No person should be compelled to have a
genetic test.
Pre-symptomatic genetic diagnosis and
susceptibility testing
Genetic technologies have been proposed as
tools for identification of individuals who
may harbour pathological variations in
genes for a late-onset disease, if they live
long enough, such as Huntington disease,
Alzheimer disease, heart disease or breast
cancer, among many others.
Susceptibility, or predictive testing, may
identify risk of future disorders in certain
individuals, but it should be noted that these
individuals may never develop the disorders32-34.
The following potential benefits have been
cited by proponents of testing32.
 Testing can be instrumental in prevention of serious disorders, e.g. familial polyposis coli, breast cancer,
medullary thyroid carcinoma, and
heart disease. Other serious diseases
such as Type 2 diabetes, atherosclerosis can be prevented or their incidence significantly decreased by implementing changes in lifestyle or by
environmental modifications.
 Individuals could use testing results
to better plan for their own lives,
their reproductive choices, and for
the wellbeing of other family members who may be also at risk or affected.
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For proper planning, concerned individuals should be provided proper information related to the inherited disorder
in question: its risk, severity and timing.
Availability of support systems, and cultural/religious values should be taken into consideration32.
On the other hand, susceptibility genetic
testing may result in harms, including psychosocial disorders, breaches of confidentiality that result in stigmatization and discrimination in employment, insurance,
school and social relationships33-36.
Guidelines and recommendations have been
adopted by WHO to maximize benefits and
minimize harms of susceptibility testing32:
 Encourage genetic testing in individuals with pertinent family history
of the disease in question, e.g. heart
disease, cancer and other common
preventable or treatable diseases.
 Testing should be voluntary.
 Population testing: It is unethical to
screen for disorders that cannot be
treated or prevented.
On individual basis, however, this kind
of testing should be available for adults
who want it, provided confidentiality is
observed. Tested individuals should be
properly informed about limitations, uses and possible harms of testing.
In the area of prenatal and preimplantationgenetic diagnosis of inherited diseases
(and conditions) in fetuses, embryos, or preembryos, there are genuine ethical and religious implications. What are the pathological conditions that justify termination of
pregnancy, or justify selection of the preembryo, in IVF centers? If certain conditions (e.g. schizophrenia, depression, rheumatoid arthritis, certain tumors or autoimmune diseases) are proven to be inherited,
and are diagnosed that early,could the affected pre-embryos not be implanted, or the
affected embryos / fetuses aborted?
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The other extremely sensitive and complex
question is related to how to keep the privacy and confidentiality of this genetic information. If this issue is not properly and
carefully taken care of, subjects with certain
“faulty genes” could be stigmatized and discriminated against in employment, insurance, schools and social relationships.
Some other disadvantages are repeatedly
cited by human rights defendants. In view
of the high cost of genetic screening and
testing programs, and their future medical
utilizations, it is conceivable that only privileged individuals and societies could benefit
from them, thus reflecting on inequitable
access to services.
Genetic Engineering
Genetic engineering technological applications have progressed over the past 4 decades, but are still at early stages. Medications, especially hormones, vaccines and
other factors have been successfully produced.
Prior to that, gene transplantation was undertaken from one plant to another.
Experimentation on DNA in plants, microorganisms, animals, then in humans, with
modifications (engineering) of the genetic
code, represented the basis of many applications, including gene therapy.
The basic technological undertaking is introduction of a functional gene to replace, or
supplement, the activities of a resident defective gene37.
Transgenic animal models have been engineered for medical aims, such as organ
transplantation.
These new technologies have been instrumental in studying human illnesses, such as
diabetes, obesity, cancer, Parkinsonʼs and
many others 37,38.
The applications of this technology are still
somewhat uncertain in regards to future
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hazards to human beings or to other creatures.
The hazards involved in genetic engineering
applications in animals, plants and microorganisms, include the absence of scientific
controls to guarantee that no genetic tampering that threatens the safety of animals takes
place. Some genetically modified animals
have an obscure gene that may be hazardous
to human and environmental health.
The hazards involved in genetic engineering
applications in human beings include technical difficulties and risks of side effects
from genomic manipulations, gene delivery
tools, utilization in multigene disorders, and
more understanding of genes interactions
with environment. Another hazard is the
potential damage from gene therapy, which
is still in the stage of experimentation,
which poses the possibility of death or deformity caused by the viruses used in gene
transfer or by error in locating a gene on a
chromosome of the patient38,39.
Gene Therapy
Gene therapy is a term applied to therapeutic procedures in which genes are intentionally introduced into human somatic cells. If
the gene is inserted in the germline tissue, it
can be passed down to that personʼs descendants.
The goal of gene therapy is to correct the
deficiency by introducing a functional gene
to replace the patientʼs defective gene into
the appropriate cells40,41.
Gene therapy has the potential to cure genetically based diseases. The functional gene
must be introduced into a sufficient number
of cells, and also be adequately expressed
for its product to correct the deficiency.
There are two main approaches:
 In vivo therapy: in which genes are
delivered directly to target cells in
the body.

Ex vivo gene therapy, in which the
target cells are genetically modified
outside the body and then reimplanted42.
Gene transfer into human cells is not a new
concept. Viral genes, for example, are introduced into human cells when a viral vaccine
is administered to protect against disease43.
Technologies in gene therapy involve isolation (cloning) of certain genes, then manipulating them (engineering), followed by
transferring them into human cells.
Transfer of therapeutic genes into human
cells is accomplished by inserting them into
vectors that transport them into the nuclei of
target cells43-45. Vectors in gene therapy are
viral (from which the viral genes are removed to allow insertion of therapeutic
genes), or non-viral (synthetic), by condensing of DNA with lipids, proteins, or coated
onto micro projectiles.
Inside these target cells, transferred genes
are decoded (expressed) to produce therapeutic proteins, and, by doing so, stable genetic modification takes place in cells, tissues and organs in subjects suffering from
genetic disease to restore deficient functions.


Problems and limitations in these technologies include:
1.Gene therapy cannot be used for modification of human germline (in testis, ovary, or
zygote), in view of worldwide legal, ethical
or religious considerations.
It is not allowed in any country.43Gene therapy is solely directed to introducing genes
into somatic cells.
2.Much of earlier gene therapy research focused on single gene disorders. It has been
applied to diseases, such as sickle cell anemia, where vectors have been designed only
to deliver healthy genes. There is no way,
sofar, to remove or replace defective genes,
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in which case their products may continue to
produce disease pathology.
3.Current gene delivery systems are incapable of transferring therapeutic genes to most
affected cells.
Because of these limitations, research efforts
have concentrated on only a few genetic deficiency disorders, such as: cystic fibrosis,
hemophilia, and severe combined immune
deficiency, in which the target cells are relatively accessible.
Possible future applications of gene therapy
include:
 Improved manipulation of human
cells and tissues outside the body
will greatly facilitate implantation of
genes, and other genetically engineered products.
 Application of this new technology
could extend to the broader scope of
common diseases, such as diabetes,
cardiovascular, respiratory, gastrointestinal and neurological disorders.
 Future, more specific and effective
vectors may be developed: customized vectors.
 Application of gene therapy in the
area of cell and tissues implantation,
together with improvements in harvesting, processing, culturing, and
genetic modification: will need major resources, and specialized regional gene therapy centers46.
Gene therapy, which is still in its infancy,
has been recently tried in many clinical entities which have been so far, impossible to
cure.
It has to be noted, however, that gene therapy is complicated by technical difficulties
and significant risks of side effects,that may
be lethal, from genetic manipulations47,48.
Examples of published trials:
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(1 ) X-linked severe combined immune deficiency (SCID), which is caused by mutations in the gene encoding the cytokine receptor subunit gamma-C49.
From around 30 infants treated in this manner, 90% exhibited engraftment of fully
functional mature T cells. Five children,
however, developed T cell acute leukemia.
In older children, trials were not as successful44,45.
The US Food and Drug Administration
(FDA) initially prevented all “active gene
therapy trials using retroviral vectors to insert genes into blood stem cells”. The probable cause of the serious complications was
related to the retroviral vectors50.
Subsequently, such therapy was allowed on
a case-by-case basis, if no other treatment
was available.
Clinical trials of gene therapy in other conditions, e.g. chronic granulomatous disease
(CGD) were not successful, in view of occurrence of insertional activation of cancerassociated genes.
Severe limitations of gene therapy were encountered and formed important obstacles
for wider utilization51.
More advances in gene transduction protocols, and improved viral vectors are needed.
One new promising approach is mutationtargeted therapies, which are at their early
stages52.
(2) Familial hypercholesterolemia which is
known to be drug-resistant. Gene therapy
has been used in trials to supply a normal
LDL receptor gene, in mice and humans53,54.
This technology is still at an experimental
stage.
(3) Gene therapy for cystic fibrosis (CF) began in 1989 with the identification and cloning of the CF trans-membrane conductance
regulator (CFTR) gene, the mutations of
which account for the disease. Despite early
progress, many significant obstacles were
encountered. Research is still underway on
developing vectors for the safe delivery of
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the normal CFTR gene to the airways of affected subjects55,56.Other obstacles include
overcoming host immune responses.
(4) Beta thalassemia:
This condition is caused by mutations of the
beta globin locus. There has been some progress in gene therapy through globin gene
expression in murine models of beta thalassemia, but it was difficult to achieve significant progress in humans. The donor globin
gene must be inserted into the pluripotent
hematopoietic stem cells, which requires
further research57.
(5)Duchenne and Becker muscular dystrophy:
These are progressive myopathic disorders,
caused by mutations of the dystrophin gene,
and inherited as X-linked recessive traits.
Gene therapy, by transferring a functional
gene, raised hopes of cure, but the results
have not, sofar, been encouraging, due to
factors such as problems of cellular immunity58,59.
(6) Mitochondrial myopathies
Mitochondrial disorders are caused by mutations of genes related to mitochondrial respiratory chain, with wide range of clinical
expressions. There are no curative pharmacologic treatments. Genomic research has
been ongoing, with many obstacles, including the presence of multiple genomes with
multiple mutations. All genetic approaches
are, sofar, not standard therapies60.
(7) In other serious inherited clinical entities, such as: epidermolysis bullosa61, rheumatoid arthritis62, and other entities, trials
are underway to replace defective
genes.They are still at the experimental level, faced with obstacles, which are, more or
less similar to the hurdles of gene therapies
of the aforementioned entities.
Gene therapy applications in gynecology
and obstetrics are detailed elsewhere in this
volume.

Genetic Improvement (Enhancement)
Technologies of genetic improvement have
been successfully utilized in plants and animals for several decades. Engineering of
transgenic plants and animals has been to
replace defective genes undertaken for many
objectives, including scientific research,
production of medical materials, improved
productivity, resistance against infections
and herbicides, and environmental stresses63-65.
The complex issue of genetic improvement
in humans, aiming at selection of certain
features, not necessarily disease-related, to
improve physical or intellectual characteristics such as height, color of skin or eyes, and
intelligence of certain individuals or races,
using the genomic advances, is considered
unethical66-67
It is looked upon as reminiscent of “Eugenics”, a term used several decades ago, to describe the Nazi racial practices.
To the already prevalent unjust, and unbalanced distribution of wealth and social advantages, humanity could face further injustices in genetic qualities!
Interventions in this area are not directed
towards medical necessities or considered
needs. They only tackle improvement of
certain physical or intellectual features,such
as height, color of skin or eyes, and intelligence67.
With these possible applications, humanity
may be endangered by stepping into Eugenics68. People, because of their financial privileges, will be capable to use costly scientific breakthroughs, to acquire favorable
physical or intellectual status, even before
birth! This may widen social differences
between classes and nations. Privileged
people may add the fruits of science, to their
already acquired wealth and social advantages.
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There is universal understanding that priorities should be carefully set and addressed.
The real needs of the wide social classes
must be addressed.
Such real and wider needs should never be
sacrificed for the sake of narrow classes.
Efficient screening, diagnosis and management of genetic disorders, are extremely
costly. Proper selection of significant genetic disease entities that benefit the society at
large should be regulated and prioritized.
With the possibilities of genetic harm and
induction of new unexpected genetic disorders, that may result from the intervention,
and taking in consideration there is no necessity or considered need, it is too early to
allow these interventions.
Jurisprudence deliberations of this issue
were undertaken within the framework of
genetic engineering. There is agreement that
genetic engineering technologies could be
utilized in disease prophylaxis and cure, but
not to interfere in, or manipulate nonpathological human features, such as intelligence, character or appearance, height, eye
color or other normal heritable features69,70.
Sometimes, the distinction between cure and
enhancement can be difficult to establish71,72.All genetic undertakings in this regards must comply with Shari′ah rulings
and controls.
Ethical, Legal and Social Issues73
All these issues were raised in regards to
how this increased knowledge of the human
genome could be used to discriminate
against people. The main concerns are related to employers and health insurance companies,that may discriminate against some
individuals with possible health concerns
indicated by their gene testing74.
This issue may also play against minorities
and ethnic groups on which populationbased research is conducted.
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Psychological considerations may pose major problems, when healthy individuals discover they have certain susceptibility genes
that may, or may not, cause certain disease
entities in future years.
Jurisprudence on the Human Genome
Project
In its eleventh seminar in 1998, the IOMS75
ruled that the Human Genome Project is a
Fardh Kifayah (community obligation).
That is, an obligation for which all people
are responsible, but it is met if some people
undertake it. This is because it is a useful
scientific undertaking that helps in curing
patients. The IOMS seminar worked out the
legal controls for the protection of human
rights in the actual performance of human
genome tests.
The Eleventh seminarʼs recommendations
included the following:
The Human Genome Project that aims at
understanding the entire genetic blueprint of
a human being is part of manʼs effort to
know himself, to explore Godʼs laws of creation, and to apply the verse in the Glorious
Quran which says:

ِ
ِ
ِ
ﻖ ْﺤ
َ ﻪُ اﻟ َﻦ ﻟ َُﻬ ْﻢ أَﻧﻰ ﻳَـﺘَﺒَـﻴ“ َﺳﻨُ ِﺮﻳ ِﻬ ْﻢ آﻳَﺎﺗِﻨَﺎ ﻓﻲ اﻵﻓَ ِﺎق َوﻓﻲ أَﻧ ُﻔﺴ ِﻬ ْﻢ َﺣﺘ
ِ أَوﻟ َْﻢ ﻳَﻜ
“ ﻞ َﺷ ْﻲ ٍء َﺷ ِﻬﻴ ٌﺪ ﻪُ َﻋﻠَﻰ ُﻛﻚ أَﻧ
َ ْﻒ ﺑَِﺮﺑ
َ

“We will show them Our signs in the horizons and in themselves”76, and similar verses.
Since reading the human genome is a means
to identify some hereditary diseases and the
potential to be afflicted with them, it is a
valuable addition to healthcare, medical
studies and to disease prevention and treatment. As such, this pursuit is a community
obligation.
The first item of the recommendations,
which sets general principles, says:
No research, treatment of a human being, or
diagnosis related to the genome of a certain
person should be undertaken before a very
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strict advance assessment of potential risks
and benefits associated with such an undertaking is conducted. In the procedure, relevant rulings of Islamic Law must be observed, and voluntary, informed consent
must be obtained in advance from the person concerned. When that person does not
have the competence to express such consent, the consent or permission of his guardian should be acquired, while the ultimate
interest of the person concerned should be
sought. When that person does not have the
competence to give his consent, no genome
of his should be the subject of research, unless that research results in a direct enhancement of his health and the consent of
his guardian is obtained.
Every personʼs right to decide whether he
wants to be informed about the findings or
consequences of any genetic test should be
respected.
All genetic diagnoses, whether filed or intended to be used in research or for any other purpose, should be totally confidential. It
can be revealed only in the cases specified at
the third IOMS seminar on April 18,198777,
which dealt with professional confidentiality.
No person should be subject to any form of
discrimination which is based on his genetic
characteristics and which aims at, or results
in, undermining his basic rights, freedom
and dignity.
No research or research application related
to the human genome, particularly in the
fields of biology, genetics, and medicine,
should be beyond the scope of the rulings of
Islamic Law and of recognition of the human rights endorsed by Islam. Nor should it
reduce the basic freedoms or human dignity
of any individual or group.
Islamic countries should enter the field of
genetic engineering.
The IOMS should form committees concerned with the ethics of medical practice in

every Islamic country, as a step towards establishing an Islamic association of medical
ethics related to bio-technology.
Genetic engineering:
Overview of Jurisprudence Guidance
Genetic engineering is a new scientific issue
(nazilah) that was never addressed by past
Muslim jurists.
Jurisprudence foundations pertaining to genetics, genetic engineering and its practical
human applications are based on the broad
guiding principles of medical practice, as
perceived by past and contemporary Muslim
jurists, namely:
1.The five purposes of Shariʼah (Maqassid
al-Shariʼah)78:
Preservation of religion (Hifzul-din).
Preservation of life (hifzul-nafs).
Preservation of progeny (hifzulnasl).
 Preservation of intellect (hifzul-aʼql).
 Preservation of wealth ( hifzul-mal).
Any medical intervention must fulfill one or
more of these purposes.
2.Jurisprudence of seeking remedy79: Muslim jurists consider medicine (teaching,
training, research and practice) as a Fardh
Kifayah, that is an obligation, if not properly
met by some members of the Muslim Ummah, the whole Ummah is considered sinful.
Its obligation stems from the Shariʼah purposes, especially preservation of life, health
and intellect. Muslim jurists expressed variable opinions on seeking remedy that range
from obligatory, to permissiveness, advice
or dislike.
Most juristic evidence points towards permissibility and advice (recommendationIstihbab), rather than obligation80.
Jurists, however, consider it obligatory in
cases where cure is, or most likely, guaranteed as stated by ImamAl-Baghawi81:
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“If cure is known from therapy, that therapy
is a must”.
Ibn Taymiyyah states: “Some medical treatments may be obligatory (wajib), if they result in saving life, that could not be secured
by other means”82.
Quraʼnic verses and prophetic ahadith have
successively confirmed the concept of life
and health preservation and this concept
comes second to the preservation of religion
in the purposes of the Law (Maqassid AlShariʼah).
Medical interventions, including genetic undertakings, are some of the means by which
medical care providers infringe into human
body and tissues. General outlines of Islamic Jurisprudence have been discussed and
approved in several seminars, councils and
fatawa83-86.
The Council of Islamic Fiqh AcademyMuslim World League, in its 15th session
discussed and approved benefiting from the
science of genetic engineering in disease
prophylaxis, cure or minimizing harm, provided harm should not exceed benefits87.
The Council also approved utilization of
genetic engineering in the area of agriculture
and livestock breeding, provided all due
precautions are undertaken to prevent any
harm, even long term, to humans, animals
or environment88.
Here is an overview of these guiding principles:
( 1 ) It is permissible to pursue working in
the area of genetic engineering provided
the aims are to properly utilize these
technologies to explore and understand
the ways of Allah (Sunnan) in His creation, and to utilize them for human benefits in prevention and therapy of illness,
and in other perceived benefits of this science87.
( 2 ) Introduction of human genetic materials into animals or other organisms,
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aiming at production of medical preparations.
A. Jurists allowed using scientific
technologies to introduce human
genetic material to certain bacteria, with the aim of producing
therapeutic materials needed to
prevent or treat human diseases.
B. It is permissible to use scientific
technologies to introduce human
genetic material into animal fertilized ova (zygotes) with the aim of
producing milk that contains medical materials needed for prevention or therapy of human disease.
C. It is not permissible to use scientific technologies for purposes rejected by Islamic Shariʼah, such as
production of distorted creatures
(maskh), or to cause change of Allahʼs creation.
( 3 ) It is permissible to use genetic engineering technologies to introduce healthy
genetic materials into the human body in
individuals affected with inherited disorders, with the aim of treatment of these
disorders, provided Shariʼah controls are
observed, and provided these procedures
do not cause harm that exceeds their benefit.
In this regards, the Council of Islamic Fiqh
Academy, in its above mentioned deliberations87, ruled “It is not permissible to utilize any of the scientific instruments and
means of genetic engineering for evil or
hostile aims, and in all what are Shariʼahprohibited matters, including futile, useless or harmful manipulations of human
characteristics and personal responsibility, or interfering in his genetic constitution, on pretext of improvement of human
progeny”87.
(4) Aims of genetic engineering must be
lawful, such as curing a disease, disfig-

genomics

urement, organ transplantation, and other Shariʼah -approved aims.
This precaution was stressed in deliberations
of the seminar organized by IOMS on Genetics, Genetic Engineering, Human Genome and Gene Therapy held in Kuwait,
October, 1998, in which it is stated85:
It is not permissible to undertake any research, treatment or diagnosis related to any
individualʼs genetic constitution, unless a
strict evaluation is conducted of all possible
harms and benefits expected from these undertakings, with full compliance with Shariʼah rulings specific for such issues”.
(5) Individualsʼ right to decide their preferences and to be well informed of any genetic
testing and its ramifications, must be respected, with observation of confidentiality.
(6) It is not permissible to expose any individual to any kind of discrimination based
on his genetic characteristics, with the aim
of compromising his basic rights, freedom
and dignity.
(7) All experimenting and practical applications of genetic engineering and therapy
should be under strict scientific and Shariʼah supervision, conducted by a specific
Shariʼah-scientific forum composed of jurists, and specialist scholars in this vital area, in an effort to prevent mis-utilization of
this science for non-permissible objectives,
and to safeguard against possible dangers
and precautions that may occur from its
abuses.

will initiate effects on future generations
and produce mixing of lineages which is not
permissible89. Germline genetic therapy
could be for therapeutic purposes or for enhancement. When done for therapy there is
possible injury to the existing gene during
the procedures and may cause unexpected
harm. Islamic jurisprudence considers the
process haram if the expected benefit is
outweighed by the potential harm.
Further, genetic interventions with the aim
of improvement (enhancement) of certain
human characteristics are also not permissible in view of same reasoning as in therapeutic gene therapy. The non-permissibility
here is more significant in view of lack of
necessity or considered needs.
The Council of Islamic Fiqh AcademyMuslim World League, in its 15th session,
issued a ruling to ban genetic enhancement:
“It is not permissible to utilize any of the
instruments and means of the science of
genetic engineering to manipulate with
human personality, his individual responsibilities, or to interfere in his genetic
composition on the pretext of improving
human offspring”.
B.Somatic cells:

A. In germline cells:

Genetic intervention in somatic cells,
whether for therapeutic or improvement
(enhancement) purposes, is conducted by
introducing a healthy gene to substitute a
diseased one in somatic cells of a patient
afflicted by a genetic disorder, or by introducing a gene that imparts certain human
(non-pathologic) body features. This kind of
intervention is limited, in its effects, to the
recipientʼs body without transmission to future generations90.

Introduction of foreign genetic material into
genital cells will change their structure, and

The intervention could be looked upon as a
form of organ transplantation, or even to

Jurisprudence on gene therapy
Gene therapy could be conducted on
germline cells (sperms, ova, and zygotes) or
on somatic cells. We will discuss the jurisprudence on each type.
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blood transfusion which was allowed by jurists, provided it is properly prepared and
administered.
Jurisprudence opinion applies on a case-bycase basis. In cases where geneticists have
confidence of success that overweighs the
harms of a specific gene therapy, it may be
considered permissible; otherwise the treatment should not be provided. It is also not
permissible to undergo genetic therapy on
the basis of experimentation, unless it is performed within the course of well-designed
clinical trial.
In practice, however, this type of therapy is
still surrounded with doubts in its efficacy,
complications and long term effects in causing disease conditions and cancers that have
never been previously known. It is too early
to consider it an approved standard therapy.
Genetically modified organisms (GMO)
in food
Genetic modification (engineering) technologies have developed over the past several
decades. Manipulation of DNA and its insertion into the genomes of microorganisms, plants and animals have been
undertaken for scientific, medical, economic
and other purposes. DNA can also be synthesized then inserted into the host organism. Genes may be added, removed
(knocked out), exons removed and point
mutations added91. DNA could be injected
directly into the host, or into a cell that is
then fused (hybridized) with the host92.
If the genetic material is derived from another species then added to the host, the resulting organism is termed: transgenic.
If the genetic material is derived from the
same species, the resulting organism is
termed: cisgenic93.
If the procedure involves removal of genetic
material from the organism, it is termed:
knockout organism94.
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Polymerase chain reaction (PCR) can be
used to amplify up a gene segment to the
desired quantities, which can then be isolated and injected into the host organism95.
An organism that is generated through genetic engineering is considered a genetically
modified organism (GMO).
Bacteria were the first organisms to be genetically
modified.
Plasmid
DNAcontaining new genes can be inserted into
the bacterial cell, which will then express
those genes. Medications and vaccines have
been produced by this technology91.
Plants have been genetically modified for
insect protection, herbicide and virus resistance, enhanced nutrition, tolerance to
environmental stresses and other purposes1.
Animals have been modified to be used for
research, production of pharmaceutical and
agricultural products, e.g. cattle with ability
to express proteins in large quantities in
their milk. Drugs and medicinal proteins
have also been produced91.
Moreover, other forms of genetic modification and gene control mechanisms were introduced by Epigenetic technology of DNA
methylation and histone modifications
which affect product phenotype without altering their genetic code96-98.
Genetic engineering technologies in food
production continue to stir disputes among
scientists, consumers, advocacy groups and
biotechnology companies99.
There is broad scientific consensus that genetically modified (GM) food products pose
no greater risk than conventional food100-102.
A 2013 review of 1783 papers on GM crops
and food published between 2002 and 2012,
found no plausible evidence of dangers from
genetic engineering to humans or animals103.
The World Health Organization (WHO), the
American Medical Association (AMA), the
U.S. National Academy of Sciences, the
British Royal Society, and other respected
organizations, that have examined this issue,
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have concluded that consuming GM derived
food materials poses no risks more than
conventional food consumption.
There is, however, a view from many scientists and regulators, who support GM food,
that there is a continuing need for improved
testing technologies and protocols to identify and manage risks better104.
Advocacy groups still have concerns that
potential risks of GMOs (including food
products) on health and environment have
not yet been adequately investigated.
They believe that truly independent research
in GM food is systemically blocked by the
GM corporations that actually produce it.
These corporations own the GM seeds and
reference materials104.
Independence in research has been studied
by a 2011 analysis into conflict of interest.The study found a significant correlation
between author affiliation to industry and
study outcomes in the scientific work published on health risks of GM products105.
.Most studies were conducted by the biotechnology companies that commercialize
the plants106.
More scientific effort and investigation is
needed to ensure that consumption of GM
foods is not likely to provoke any form of
health problems107:
Other concerns:
(1) Gene flow: Genes from a GM organism
may pass to another organism, a process
called (out crossing). This may produce species of weeds resistant to herbicides108.
Gene flow may also affect plants, animals
and bacteria
(2) Monopolization, ethical issues and intellectual property (patency): Large corporations can manipulate food crops and create
unfair control and dependence, especially on
developing countries that have to buy seeds
every season, and fall under dependence on
giant corporations.

(3) Labeling: The controversy is raging between proponents and opponents of labeling
of GM food materials. European countries,
Australia, New Zealand, China and India
require mandatory GM labeling109,110.
Some other countries advocate voluntary
GM labeling, while in the USA no labeling
is required111.
(4) Objectivity of regulatory bodies: Advocacy groups have questioned the attitudes
and integrity of regulatory authorities in various countries as being too close to companies that seek approval of GM products, and
even suggested that they may have received
bribes from such companies.
Islamic perspectives on (GMO):
The Islamic Organization for Medical Sciences (IOMS) addressed this issue in its 11th
seminar held in Kuwait in 1998, under the
title: Heredity, Genetic Engineering, the
Human Genome and Genetic therapy, and
published its recommendations in the International Islamic Code for Medical and
Health Ethics in 200531,90:
1. Using genetic engineering for human
beings is permissible if it is for purposes of disease prevention or therapy,
provided that controls are applied to
seek benefit, avoid harm, and prevent
any confusion of lineage.
2. As for genetic engineering in the case
of plants and animals, it is generally
permissible, provided that three points
are taken into consideration.
The first point is a warning against the possibility of long-term diseases that are harmful to human beings and the environment.
The second is that it should be declared
whether an animal or plant source is natural
or produced through genetic engineering,
and the genetically engineered percentage
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should be pointed out, so that consumers
may know the facts.
The third point is that it is advisable to follow the recommendations and resolutions of
the United Sates Food and Drug Administration, the World Health Organization,
and the UN Food and Agriculture Organization.
The seminar calls for the establishment of
consumer protection and awareness organizations in Islamic countries.
The Islamic Fiqh Academy-Muslim World
League- discussed this issue in its 15th session, held in Makkah al-Mukarramah on 11th
of Rajab 1419 H (31st October 1998), and
decided:
 It is permissible to utilize the science of genetic engineering and its
means (technologies) in the area of
agriculture and animal growing,
provided all precautions are undertaken to prevent any harms on
humans, animals or environment,
including possible long term
harms.
 The Academy calls upon the companies and factories that produce
food and medical materials to
show the ingredients of these materials (labeling) to enable information about their utilization and
dealings, with precautions towards
harms or Shari′ah prohibition.
In conclusion, although the safety of consumption of genetically modified food
products has been, to a great extent, accepted sofar, there are considerable concerns of
long term and environmental safety. Moreover the issues of patency and monopolization are worrisome.
The scientific as well as the Islamic jurisprudence scholars are called upon to discuss
this issue in more depth, taking in consideration that the last jurisprudence discussions were undertaken in 1998.
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ROLE OF GENETICS AND GENOMICS IN THE PRACTICE OF MEDICINE
Hatem El-Shanti*
Abstract
The traditional practice of medical genetics has been limited to the management of rare disorders
that are of genetic etiology. The generation of the complete human genomic reference sequence,
the cataloging of genetic variations, and the generation of related datasets increased the
understanding of the genetic etiology of common disorders. This incorporation of the generated
knowledge in the medical practice of rare and common disorders, known as genomic medicine,
mandates the education of the health care providers and the public about the available tools and
its importance. Genomic medicine is evolving into personalized medicine in which the genetic
and genomic information associated with other biologic information aims at maximizing
wellness, through prediction, prevention and institution of early treatment, rather than the
customary reactive medical practice. In order to implement personalized medicine as a health
care system there is a need to develop national public and regulatory policies and establish
acceptable standards.
Keywords: Medical Genetics, Medical Genomics, Genomic Medicine, Personalized Medicine,
Predictive Medicine, Preventive Medicine, Pharmacogenetics, Pharmacogenomics, Systems
Biology, Systems Medicine.
Introduction
Historically, the contribution of genetics to the
practice of medicine has been limited to the
management of rare genetic disorders within
specialist genetic centers, clinics and academic
departments. It is now apparent that
integrating genetic and genomic knowledge
into health care heralds a major change in the
mainstream practice of medicine, including
primary care1,2. Since the initial publications
of the draft sequence of the human genome3-5,
substantial progress has been made in the

understanding of the etiology of common
complex disorders and traits6.
The diagnosis and treatment of rare, as well as,
common diseases are now better understood
due to the available genetic and genomic
information that has been provided by the
Human Genome Project (HGP) and its
derivatives, such as transcriptome (RNA),
proteome (proteins), epigenome (programing), metabolome (metabolites) and others7,8.
In addition, genetic and genomic knowledge
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helps in identifying individuals at risk for
certain diseases; thus enabling screening,
prediction and prevention. Most primary
health-care
providers
have
received
insufficient genetic education that allows for
accepting this major change in approach.
Similarly, the patients have not been informed
about the added value of their own genetic and
genomic information.
Although this manuscript does not address the
professional and public educational need in
details, it provides an overview of how
genetics and genomics are set to improve
health-care.
Traditional genetics and rare disorders
Within the nucleus of every cell in the human
body lies a full complement of the genetic
material of that individual in the form of DNA.
The DNA is organized into 20,000 to 25,000
gene pairs, each of which produces one or
more proteins that contribute to the cellular
and organ functions and structure. The World
Health Organization (WHO) defines genetics
as the study of heredity, and genomics as the
study of genes and their function and related
techniques9. While genetics examines the
function and composition of a single gene,
genomics addresses all genes and their interrelationship in order to identify their combined
influence on growth and development of an
organism. The genetic material, as well as, the
interaction of all genes contained within the
genetic complement determines the characteristics of an individual, including those related
to health and disease. Although genetic factors
contribute to the development of most
diseases, the prediction of whether a person
will develop a disease or not, its severity or
timing is not dependent on a single genetic
variant 10. This does not apply to the rare
single gene (Mendelian) disorders, in which a
disease-causing mutation will manifest a
specific phenotype. It is now apparent that
multifactorial disorders, such as diabetes
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mellitus, hypertension and autism spectrum
disorder, result from interactions between a
number of predisposing factors, including
genotypes at one or more loci and a variety of
environmental
exposures
that
trigger,
accelerate or exacerbate the disease process.
Medical genetics is a clinical medical specialty
that addresses the diagnosis and treatment of
conditions that are caused by alteration in the
genetic material. A medical genetics service
provides genetic counseling and genetic
testing to individuals with or at risk for
conditions that have a genetic basis such as
chromosomal abnormalities (Down syndrome), single gene disorders (cystic fibrosis and
Huntington disease), and various multifactorial
birth defects (cleft lip and palate).This
counseling and testing usually takes place
within the context of the family. Cancer is
quite common with a considerable percentage
of cases being due to predisposing dominantly
inherited germ-line mutations11,12. The
counseling and testing for the hereditary
cancer syndromes have been added to the
services provided by medical genetics and
currently constitutes a considerable proportion
of the practice. To mainstream the practice of
medical genetics, the American College of
Medical Genetics and Genomics issues
practice guidelines in a dynamic website that
is updated periodically13.
Reproductive genetics is one of the traditional
medical genetics services and it includes
premarital genetic testing, prenatal genetic
diagnosis, prenatal screening of maternal
serum for biomarkers, and preimplantation
genetic diagnosis14.
Genomic medicine
The concept of genomic medicine embraces
influencing or basing the clinical care of a
patient on the knowledge of the specific
genomic variants the patient has15. The
potential of the integration of the genetic and
genomic knowledge into health care and the
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development of genomic medicine has been
anticipated since the early stages of the HGP16,
but the pace of the clinical application of
genomic knowledge has been slow17.
However, an increasing number of success
stories are being reported in which a genomebased diagnosis is made and consequently
influenced treatment and produced a favorable
outcome. One example is a case in which an
accurate and novel genetic diagnosis was made
in a male child with intractable inflammatory
bowel disease. This was followed by
performing an allogeneic hematopoietic
progenitor cell transplant which resulted in
both
preventing
the
occurrence
of
hemophagocytic lymphohistiocytosis and in
ameliorating the bowel inflammation18.
Another example is that of using a genomic
approach to identify null mutations in NT5E,
which encodes CD73 enzyme, in patients with
lower-extremity arterial calcification and
demonstrating a potential successful treatment
that is based on rescuing the metabolic
pathway
involved
in
ectopic
tissue
calcification19. Clearly there have been failed
endeavors in this regards, which unlike
success stories are not usually published.
Therefore more robust genomic approaches
need to be developed to identify the cause of
various genetic diseases20,21.
Genomic discoveries may be leveraged in the
expansive field of pharmacogenomics to
improve health-care. One example is the
increased risk for serious adverse reaction to
carbamazepine (Tegretol) in individuals with
HLA-B*1502 and the elimination of that risk
with the proper pretreatment genotyping22.
Another example is the dramatic response
patients with metastatic melanoma and the
BRAF activating somatic mutation, p.V600E,
have to the BRAF kinase inhibitor,
vemurafenib23,24. Similarly, non-small-cell
lung cancer can now be treated with specific
agents that are chosen based on genotypes
analyzed from a panel of genetic variants 25.
The activation of clopidogrel (Plavix),

a widely prescribed antiplatelet drug, is
dependent on cytochrome P4502C19 and
about 30% of individuals carrying specific
CYP2C19 variants are unable to generate the
active form and will thus have a diminished
response to drug26,27. In addition to the
clopidogrel experience, there are now known
genomic factors that produce variable
responses to widely used cardiovascular drugs
such as warfarin, heparin, and statins28.
Disease prognosis is a prominent contribution
of genome medicine to health care. Tumorgene-expression signature models for a variety
of cancers are combined with clinical relevant
data to predict progress and outcome 29-31. A
70-gene signature that discriminates breast
cancer patient risk for metastatic recurrence
within five years was developed at the
Netherland Cancer Institute and gained
approval by the USA Food and Drug
Administration (FDA) in 2007 32. The clinical
trials that validated this signature model
reported accurate prediction33,34. Another
example, not pertaining to cancer, relates to a
specific B-cell lymphocyte signature that
identifies kidney transplant recipients who are
tolerant to the transplanted kidney and in
whom
immunosuppression
can
be
35
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Reproductive genetics has benefited from the
advances in genomic technology in several
aspects. Prenatal genetic diagnosis has moved
from traditional metaphase karyotyping to
microarray
based
testing
(molecular
karyotyping) with shorter turn-around time, as
there is no need to culture cells and higher
sensitivity in detecting chromosomal deletions
or duplications (unbalanced)36. However, this
genomic methodology brought a concern
regarding incidental findings, as well as
detecting Copy Number Variants (CNVs) of
unknown clinical significance 14.In addition,
the microarray based testing does not identify
balanced chromosomal rearrangements. The
detection of cell-free fetal DNA in the
maternal blood in 1997 opened a new field of
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non-invasive prenatal diagnosis of various
genetic conditions37. This not only developed
into the utilization of genomic technologies to
provide non-invasive prenatal diagnosis for
specific chromosomal aneuploidies38, but also
into producing whole genome sequencing of
the fetus39.
The wider application of genomic medicine is
contingent on the advances in technology that
allows providing low-cost, rapid and clinically
available tests that produce both interpretable
and applicable results. It is also contingent on
the education of the primary care health
providers about the role genetics and genomics
play in their day-to-day practice.
Personalized medicine
This emerging and evolving field is gaining
popularity as it advances the use of genomic
medicine and widens its application while
shifting the health care from being reactive to
being predictive and preventive. It involves
integrating and coordinating each personʼs
unique clinico-pathological, genetic, genomic
and environmental information to createan
optimized and evidence-based care plan at
every stage of disease, including prediction
and prevention40,41. It utilizes the molecular
understanding of common diseases to enhance
prevention of disease during wellness and
begin therapy at the earliest stages of disease,
if it occurs. The predictive and preventive role
of personalized medicine is discussed in the
next section. In addition, the characterization
and classification of disease based on
molecular determinants have been enhanced
by genomic technology and its derivative
products41. This has been applied to multiple
disorders both helping in the diagnosis and
promoting the understanding of the etiologic
mechanisms, such as in childhood epilepsy42,
autism43, and multiple cancer syndromes44-47.
The development of personalized medicine
into a comprehensive health care system that
maximizes wellness rather than just treating
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disease have been influenced by the
convergence of deeper understanding of the
system biology and the digital revolution with
its ability to generate and analyze large
datasets 48. Systems biology is the study of
biological systems as collections of networks
at multiple levels ranging from the molecular
level, through cells, tissues, organs, organisms,
to the population level. Systems medicine is
the application of system biology to human
disease with the aim of enhancing wellness49.
The terms “precision medicine” and “P4
medicine (predictive, preventive, personalized
and participatory)” are currently used
interchangeably to describe the ultimate
proactive health care model that can be
extended to a population level 50. What this
concept brought is that there is a wealth of
knowledge that has been derived from the
genomics information, mostly produced
through research projects, and that knowledge
must be integrated in the health care system
for the provision of personalized medicine for
the wider population51. The application of this
knowledge embodies the concept of systems
medicine and systems biology and bridges the
gap between the science of medicine and the
practice of medicine.
Predictive and preventive medicine
To promote the shift of the provision of health
care from being reactive to a preventive focus,
predictive strategies that assess health risk
should be adopted. The family history is a
valuable tool for gathering health risk
information
reflecting
on
complex
combination of shared genetic, environmental
and life style factors52. This simple tool
remains underutilized mainly due to lack of
standard collection methods and guidance for
interpretation and use specially by primary
health care providers53. An important
component to predictive medicine is the
standard health risk assessment that is based
on disease model such as in the Framingham
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heart study54, and in the Gail model for breast
cancer risk assessment55. Clinical decision
support systems, now being mostly
computerized, provide the physician and
patients with guidance and direction for
specific health care plan that is based on
patient information and thus optimize the
utilization of family history and the health risk
assessment in disease risk prediction56.
The incorporation of genomic information into
the predictive aspect of personalized medicine
has revolutionized the disease risk assessment
tool set. The HGP and the completion of the
human genome sequence provided derivative
datasets, such as the transcriptome, proteome,
epigenome, metabolome and others, all could
be incorporated in assessing health risks 16,41.
The value of genomic information lies in its
stability throughout life that is throughout the
continuum of health and disease and can be
quantified during health or even at birth41. For
example, long QT syndrome (LQTS) is a
heterogeneous autosomal dominant disease
that is associated with mutations in 12
different susceptibility genes57,58. Betablockers are effective in prevention of the
lethal complications of LQTS in patients with
mutations in KCNQ1 but not for those with
mutations in KCNH2 or SCN5A59. This
emphasizes the importance of genetic testing
for the disease risk prediction41. Another
example emphasizes the importance of the
identification of women with BRCA1 or
BRCA2 mutations, which puts them at risk for
developing breast and ovarian cancer60, with
the aim of initiation of screening programs or
preventive procedures that minimize this risk
and maximize wellness61. Other genetic
factors, also identified from genomic
approaches, play extensive roles in prediction
of risk for breast cancer development, as well
as choice of therapy or preventive
measures62,63.
Newborn screening for metabolic disorders
which started more than 50 years ago and have
saved newborns whom would have otherwise

died or suffered a life-long disability 64. It aims
at identifying disorders prior to the onset of
symptoms and providing the necessary
treatment that would prevent them from
occurring. The technology started with one
blood spot for one disorder (phenylketonuria)
with the metabolite measured by a bacterial
inhibition test and now it includes a screening
panel for detection of 29 core disorders and 25
secondary disorders by tandem mass
spectrometry65,66. Newer technology that may
lower the cost and decrease the time, such as
microfluidics are emerging with promising
results67. The utilization of genomic sequence
technology in newborn screening is being
explored with the promise that it will expand
the disorder list68,69. The experience form the
history of newborn screening exemplifies the
predictive, preventive and personalized nature
of genomic medicine and shows that the
testing is only a part of health care system 66. It
demonstrated that the posttest counseling and
the clinical follow-up are of substantial
importance.
Integration of genetics and genomics into
clinical practice
The rapid advance in genomic and
computational technologies led to an
exponential accumulation of genomic data
from research platforms and exposed the gaps
in the infrastructure needed for its
implementation into clinical practice. There is
a paucity in the standardization and the
translation of specific genomic findings into
clinical tests70. It is also clear that physicians
feel unprepared to deliver genomic
information to patients, and in turn patients do
not appreciate the value of this information71.
One barrier to the integration of genomic
information into clinical practice is the
deficiency in genetics knowledge amongst the
average health care provider72-75. It is
imperative that medical education, especially
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Continued Medical Education (CME), is
enriched with genetics and genomics
knowledge to advance the field76. The
implementation of clinical decision support
systems that provide guidance to the busy
physicians improves patient care and
constitutes
a
significant
venue
for
incorporating genetics and genomics data into
the practice77.
International standardization of genetic testing,
genomics-based pharmaceutical products and
genomic-based research and clinical tools are
of paramount importance for the integration of
genetics and genomics knowledge into clinical
practice. Adoption of these standards at a
national level is usually incorporated into
public and regulatory policies, albeit with
some adaptation to the acceptable cultural
norms.
Conclusions
The practice of medical genetics has been
restricted to managing rare disorders within
specialized clinical settings. Since the
completion of the HGP, a revolutionary
change in the practice of medical genetics took
place through the incorporation of genomic
knowledge. The genetic and genomic
knowledge are changing the mainstream
practice of medicine, including primary care,
and this change is forming the basis for
genomic medicine. Subsequently, genomic
medicine is evolving into personalized
medicine where the genetic and genomic
knowledge, associated with other biologic
determinants will maximize wellness, through
prediction, prevention and early treatment. To
utilize the conceptual
advantage of
incorporating the personalized medicine in the
health care system, it is necessary to educate
the health care providers and the public about
the importance of the genetic and genomic
knowledge. It is also advisable to encourage
the legislative bodies in the different countries
to develop public and regulatory policies and
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to establish acceptable standards to be able to
harness the benefits of this system.
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PHARMACOGENOMICS:
A BRIEF OVERVIEW
Zahurin Mohamed*
Abstract
The Human Genome Project (HGP) has irrevocably changed medicine and medical research. The
wealth of information gained from the HGP, in parallel with advances in technology, flowed into
various new disciplines, among which is pharmacogenomics. Pharmacogenomics is the scientific
field that attempts to search for the genetic basis for inter-individual variability in drug response.
Recognition of this inter-individual difference in drug response is an essential step towards
optimizing therapy.
While recognising that other factors such as age, health status and concurrent therapy play important
roles in variability of drug response, individualizing drug therapy with the use of pharmacogenomics
has the potential of providing the means for prescribers to identify patients for whom the drugs will
be both effective and safe.
Pharmacogenomics has been successfully applied in personalized medicine and some examples of
these in clinical practice will be presented. Some examples will also be presented of studies that
have been carried out in the Malaysian setting that could contribute to the database for future
application of pharmacogenomics in this region.
Keywords: Pharmacogenomics, Genomics, drug response
Background
The Human Genome Project, which started in
the early 1990s and took 13 years to complete,
had involved more than 1,100 biologists,
computer scientists, analysts and others with
various expertises at university laboratories in
six different countries, and had resulted in the
sequencing of the human genome. A peek at the
amazing wealth of information that has come
along with this decoding of the genome is
described by Ferguson1 in simple words as
below:
“There are three billion letters in the Human
Genome.
Written out, the Human Genome would
stretch 5,592 miles, (9,000 km).

It would take a typist working eight hours a
day half a century to type.
It would fill one million pages; 5,000 books
stacked 200 feet high; or two hundred
telephone directories.
Read out for 24 hours a day, it would take a
century to finish.
The human body has 100 trillion (100 000 000
000 000) cells – each contains a copy of the
entire Genome ----.”
This kind of simple description serves to spark
the imagination of many, as to the complex yet
marvellously organised machinery within us.
The Human Genome Project was hugely
significant to biology. It has influenced
biological research ever since.

*Zahurin Mohamed, PhD
Professor
Member of the Board of Directors of UM
Department of Pharmacology, Faculty of Medicine,
University of Malaya, Kuala Lumpur
E-mail: zahurin@um.edu.my
FIMA YEAR BOOK 2015

35

pharmacogenomics

At the macro level, it is easy to understand the
awe with which we view the vastness and the
complete order of this universe, with its
estimated 100 billion galaxies and an estimated
200 billion stars in each, but scientists now
realise that the human body, in its complexity
and amazing design is a universe in itself. In the
Glorious Quran2, it is stated that:
"We will show them Our signs in the universe
and within their own beings, until it will become
manifest to them that it is the truth."
Ibrahim Syed3, Clinical Professor of Medicine at
the University of Louisville, eloquently
described a part of this “universe” within us, as
follows “---- the human brain has 100 billion
neurons, with untold trillions of connections
and patterns of endless wiring sequences. We
are unaware of what goes on in our cells as
our genome tells our cells to assemble amino
acids into proteins to make cell walls, and cell
walls to split and divide and human beings
are unaware of the constant stream of virtual
miracles that keep human beings alive, alert
and
functioning. How
did
such
an
astonishingly complex process begin? How
did the billions of atoms in each DNA
molecule arrange themselves perfectly for the
self-perpetuation or what we call life? How
did cells, DNA and chromosomes come
about? Some argue that the greatest scientific
proof that human beings were designed by a
higher Power is this: The process of one
genome creating a living, self-perpetuating
organism cannot happen over time. It has to
be right the first time, and it must entail
literally billions of designed elements that
must be in place and functioning perfectly, or
else the cell cannot exist and reproduce. The
self-replicating cell exists only because its
inherent intelligent systems- each involving
billions of functions- interact perfectly.
Otherwise it is dead. The chromosomes and
cells are extremely complex and beyond
imagination that some scholars argue that
they could never have evolved through
random processes from nothing, even if given
the endless time spans evolutionists require
for their theory. Evolutionists are unable to
explain, for example, how and why heart
tissue, liver tissue, skin and blood are
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distinctly different and have dramatically
different functions despite the fact that,
surprisingly, each cell of these different
organs contains the same DNA. A liver cell's
DNA is identical to a brain cell's DNA. Still
the mystery is how each cell knows its
identity, function and position in the body.”
This glimpse of the complexity of the DNA, and
of the process involved in the perpetuation of
life is necessary in order to appreciate the
complexity that comes with the new knowledge
following the Human Genome Project (HGP). In
a transcript4 of an interview with Dr. Francis
Collins, Director of the HGP at the National
Institutes of Health, USA, carried out in 2001,
about two years before completion of the
project, Dr Collins stated that “For me, as a
person who believes in a personal God, the
opportunity to uncover something about us
that nobody knew before but God knew is
really a moment not to be missed. It expands
the experience of discovery. Itʼs an
opportunity both for scientific exhilaration
and actually for worship”. Indeed, in line with
this, the Glorious Quran, also invites us to look
within ourselves as a way to strengthen faith,
and has this to say5:
“Do they (that is, humans), not think deeply (in
their ownselves) about themselves”.
In looking into ourselves, we realise the beauty
of His creation and cannot help but be in awe of
the intricate physiological miracles that have
enabled our body to function. Hence, even when
we reflect upon the humble process of how the
body removes unwanted water through
urination, we cannot also help but be grateful for
His blessings upon us.
As we reflect on these verses and realize the
intricate design of the human body we will be
more at awe when we study one of the sciences
that have emerged in a big way following the
unravelling of the human code through the HGP,
namely, the science of pharmacogenomics.
Pharmacogenomics
The field of pharmacogenetics was introduced
more than 40 years ago to emphasize the role of
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heredity in person-to-person differences in drug
response6,7. The focus of pharmacogenetic
investigations in the early years was the unusual
and extreme drug responses resulting from an
effect from single gene. On the other hand,
pharmacogenomic studies encompass the sum of
all genes, that is, the genome. In general,
numerous genes play a role in determining drug
response and toxicity, introducing a daunting
level of complexity into the search for the right
candidate genes. The specificity and high speed
associated with newly emerging genomic
technologies enable the search for relevant genes
and their variants to include the entire genome.
These new technologies have essentially
spawned this new discipline of pharmacogenomics, which seeks to identify the variant
genes affecting the response to drugs in
individual patients.
Since the landmark completion of the HGP, and
with the development of newer and more refined
technologies, there have been major advances in
our understanding of genomics as a whole. This
genomic revolution continued within the next
important phase, which is, understanding the
meaning of all the information in the sequenced
DNA; in other words, understanding the function
of the proteins in the genomes. This new phase
involves a number of new genomics areas, and
pharmacogenomics is one of them.
Pharmacogenomics is a discipline which seeks
to apply knowledge, technologies and processes,
from the field of genomics, to improve the
efficacy and safety of drugs. It combines
traditional pharmacology with an understanding
of variations in the human genome. Two types of
variations are common in the human genome,
namely, (a) single nucleotide polymorphisms
(SNPs), which is a change in a single nucleotide
base (adenine, cytosine, guanine and thymine) of
the DNA, and (b) structural variation in which
changes affect portions of DNA which can
consequently alter the structure of the entire
chromosome. Structural variation can occur in a
number of ways, for example, copy number
variation (CNV) in which there is either an
increase or a descrease in the amount of DNA,
which can be due to deletion (an entire block of
DNA is missing), insertion (a block of DNA is

added in) or duplication (additional copies of a
portion of the DNA).
It is estimated that there are approximately 11
million SNPs in the human population, with an
average of one every 1,300 base pairs. An
individual's response to a drug is often linked to
these common DNA variations. In a similar
manner, susceptibility to certain diseases is also
influenced by common DNA variations.
Currently, much of the research in the field of
pharmacogenomics is focused on genes
encoding either metabolic enzymes that can alter
the activity of a drug or defective structural
proteins that result in increased susceptibility to
disease.
Pharmacogenomics has the potential to lead to
personalized medicine, which is the use of
information and data from the patientʼs
genotype, or level of gene expression to select a
medication, provide a therapy, or initiate a
preventative measure that is particularly suited
to that patient at the time of administration. This
concept has been high-lighted as “therapy with
the right drug at the right dose in the right
patient”8. Its urgency emerged in a survey of
studies on adverse drug effects in hospitalized
patients: adverse drug reactions may rank as the
fifth leading cause of death in the United States9.
Thus, as anticipated, pharmacogenomics is
slowly playing an integral role in disease
assessment, drug discovery and development,
and selection of the type of drug, thus potentially
improving treatment outcomes. Moreover, it
may provide information useful to the selection
of dosage regimen for an individual patient. It
has been said that pharmacogenomics may be
one of the most immediate clinical applications
of HGP.
It is a fact that humans share about 99 per cent of
their genomes.The remaining one per cent or so,
that differs between each of us, explains
variation in physical characteristics such as eye
color, body height, and in the context of
genomics, also to inter-individual variations in
susceptibility to diseases and response to drugs.
This one per cent may not sound like much, but
it does mean that there are still millions of
differences between the DNA of two
FIMA YEAR BOOK 2015
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individuals.Hence, even considering variations
due only to single nucleotide polymorphisms
(SNPs), it is difficult to work out which variation
in the DNA causes a particular disease and
which ones have no effect on health.
Practical Applications
Of Pharmacogenomics in Clinical Practice
Pharmacogenomics has been applied in
personalized medicine in the case of warfarin6. It
is estimated that the new prescriptions for
warfarin every year is between 300,000 and
500,000, and that on a daily basis, between 2
million and 5 million people are taking the
drug10. The use of warfarin has, however, long
been associated with risk of adverse bleeding
events. A study showed that over 2,000 bleeding
events were reported during a 30-month period,
of which more than 80% resulted in
hospitalization,
disability,
life-threatening
11,12
sequelae and/or death
. Furthermore, warfarin
was ranked in the top ten of all drugs with
serious adverse events over a 5 year period
(2000 to 2005) with more than 6000 reported
cases, and accounts for 3.6% of all drug-induced
adverse events and 15.1% of all severe druginduced adverse events. It is with this
background, that FDA, in August 2008, updated
the labeling for warfarin, to include genetic
testing information, stating that the information
can help physicians determine the safest starting
dose for their patients. The agency then
approved a genetic test that is capable of
determining patientsʼ variations in two genes,
CYP2C9, the enzyme primarily responsible for
warfarin metabolism, and VKORC1 gene, the
site of action for warfarin. The goal of the
warfarin genetic test is to decrease the time it
takes to titrate the dose to an effective level
while minimizing the risk of bleeding events.
Warfarin was not the first drug for which
pharmacogenomic information was included in
prescription drug labeling.
Herceptin is a
genetically specific drug developed earlier, and
indicated for the treatment of a type of breast
cancer which is usually aggressive, and with
high risk of relapse and even death13. This drug
is only effective in women with a genetic defect
which results in the overproduction of the
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HER2neu receptor which will be present in
excessive numbers on the surface of certain
breast cells. The HER2neu receptors promote
cellular growth which leads to breast tumors.
Herceptin is a monoclonal antibody directed
against the HER2neu receptor and therefore only
helps women who have an increased number of
copies of the relevant HER2neu gene, while in
all other women, this highly specific drug is
much less effective. Herceptin can therefore be
used only in conjunction with a genetic test
which measures HER2neu overexpression. A
positive result predicts response to the drug
whereas a negative result redirects therapy
elsewhere.
Genetic testing can also dramatically reduce the
number of people who are affected by adverse
drug effects. Abacavir is a drug that is used with
other antiretrovirals in the treatment of human
immune-deficiency virus (HIV) infection14. It is
highly effective for the mentioned indication but
approximately five to eight per cent of patients
are adversely affected, resulting in rash, fatigue
and diarrhea, suggesting that the affected
patients are hypersensitive to this medication. In
2002, two groups identified a particular gene
variant, called HLA-B*5701, as being the key
factor in hypersensitivity to abacavir15.
Individuals with this allele were found to be
more likely to have a hypersensitivity reaction to
it. The HLA-B*5701 allele occurs at a frequency
of around five per cent in European populations,
one per cent in Asian populations and less than
one per cent in the African populations. Clinical
trials later indicated that screening patients
for HLA-B*5701
before
treatment
has
dramatically reduced the number of side effects
experienced from abacavir use. In individuals
found to have the HLA-B*5701 allele, abacavir
is avoided, and alternative HIV treatments are
given. The test is now a routine part of clinical
practice in certain parts of the world15,16.
There are now numerous other examples of how
the power of genetics, molecular biology,
chemistry, and other advanced tools can be
harnessed to transform information about
molecular mechanisms and targets into therapies
directed against diseases, thereby creating
methods for preventative care, diagnostics, and
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ultimately personalized medicine. Today, the
USA Food and Drug Administration (FDA)
requires pharmacogenomics information to
appear on the labels of hundreds of medications
that are currently on the market, whereas before
the Human Genome Project, only four drugs
carried such a label.
Studies in a Malaysian population
Presently, genomic technologies are being
extensively used to identify variants for a
specific disease, as a possible target for drug
therapy. This is done by comparing the genetic
makeup of a large number of people with that
specific disease with those who are not afflicted
with the disease. This allows the identification of
genetic variants that are more common in people
with a particular disease as compared to people
without it. Hence, if a particular genetic variant
is present in 85 per cent of patients with the
disease and in only 15 per cent of the healthy
population, this is an indicator that this variant is
likely associated with risk of that disease.
Searching for variants in a single gene that may
be associated with a particular disease will not
be as complicated as trying to identify variants
in many different genes that might be involved
in a complex disease such as obesity or
metabolic syndrome. In order for this type of
comparison to be effective, large sample size is
needed, usually in the tens of thousands, to find
the variants with subtle effects on disease risk.
This approach was used in our laboratory, to
study non-alcoholic fatty liver disease
(NAFLD), which is the commonest cause of
chronic liver disease in many countries and has
emerged as an important global health problem,
in parallel with increased incidence of obesity.
The reported prevalence of NAFLD in the
general population is as high as 35%. NAFLD
comprises a wide spectrum of derangements,
ranging from simple steatosis (presence of fat in
the liver) to non-alcoholic steatohepatitis (NASH
– presence of fat in the liver, with inflammation
and/or fibrosis) and cirrhosis. Simple steatosis is,
in general, a benign condition whereas NASH
can potentially progress to serious liver
complications, including liver cancer. Genetic
factors have been shown to play a significant

role in the pathogenesis of NAFLD and may be
responsible for the different phenotypes among
individuals, including predisposition to severe
liver disease. Genomic variability in the case of
NAFLD may present in various forms such as
single nucleotide polymorphisms (SNPs), or
structural alterations (deletion, duplication and
inversion), however, the commonest is the SNP.
Copy number variation (CNV) is another type of
mutation that could serve as a genetic marker for
the spectrum of NAFLD. The general aim of the
NAFLD studies was to investigate the
association between SNPs of candidate genes
with susceptibility to NAFLD and with severity
of the underlying liver disease17-27. This study
further aimed to identify genomic amplifications
and deletions (CNVs) in the spectrum of
NAFLD. One hundred and forty-four biopsyproven NAFLD patients and 198 controls
without
NAFLD
were
genotyped
for
polymorphisms of various candidate genes.
Whole-genome array comparative genomic
hybridization (aCGH) method was used to detect
CNVs in a total of 40 patients with NASH and
40 other age, gender, and ethnicity-matched
controls. Polymorphisms of the genes PNPLA3
and LEPR render susceptibility to NAFLD (OR
2.23, 95% CI 1.60-3.11, P< 0.0001 and OR 1.64,
95% CI 1.18-2.28, P = 0.003, for PNPLA3 and
LEPR respectively) while SNPs of the
AGTR1gene render protection against the
condition (OR 0.40, 95%
CI 0.20-0.81, P
= 0.01). The G allele of both the PNPLA3
rs738409 and the AGTR1rs3772622 were
associated with increased fibrosis score (P<
0.05). For LEPR rs1137100, the G allele was
associated with lower fibrosis score (P< 0.05).
Analysis of gene-gene interaction revealed a
strong interaction between the AGTR1 and the
PNPLA3 genes (empirical P = 0.007), and the
LEPR and the PNPLA3 genes (empirical P =
0.001). A total of 73 CNVs were identified in
patients with NASH. It can be hypothesised that
these CNVs may be implicated in mechanisms
that lead to progression to NASH. Of particular
note was a 2.63MB deletion on Chromosome X
at position 60,000bp to 2,698,000bp. This region
is very gene rich and includes ZBED1 (Zincfinger DNA replication binding factor) and
CRLF2 (Cytokine receptor). Overall, the study
FIMA YEAR BOOK 2015
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showed associations of SNPs in PNPLA3,
AGTR1 and LEPR genes across the NAFLD
spectrum. The copy number findings are novel
and could serve as potential genetic markers for
the identification of the potentially progressive
form of NAFLD.
Similar study design has been employed in
association studies with regard to drug response.
Accumulating evidence strongly suggests that
genetic polymorphisms in drug metabolizing
enzymes, transporters, receptors, and other drug
targets are linked to inter-individual differences
in the efficacy and toxicity of many medications
and have been studied in many laboratories
worldwide.We have carried out several studies
on the role of genetic variants in response to
drugs that are used in epilepsy patients28-38.
Epilepsy is a common neurological disorder
affecting over 50 million people worldwide.
While seizures can be effectively controlled with
anti-epileptic drugs (AEDs) in most, about 20-30
percent of the epilepsy patients do not
adequately respond thereby affecting these
patientsʼ health and quality of life. The general
objective of this set of studies is to determine
whether polymorphisms in the transporter and
target genes can explain the biological
mechanism underlying the response to AEDs,
with a potentially significant impact on clinical
practice. Genotyping was carried out using
Sequenom Mass ARRAY PCR on numerous
relevant single nucleotide polymorphisms
(SNPs) of drug transporter genes, including
ABCC2, ABCB1 and its regulator PXR, and of
drug targets, including SCN1A, SCN2A and
SCN3A in more than 1100 patients and 1500
controls. Results showed that ABCB1 rs3789243
C>T, C1236T, G2677T/A, rs6949448 C>T, and
C3435T polymorphisms and their haplotypes,
PXR G7635A polymorphism and interaction
between these genes do not contribute to
response to carbamazepine (CBZ) or sodium
valproate (VPA) monotherapy. However,
significant association was observed between
ABCC2 rs2273697-rs3740066 GT haplotype
with drug responsiveness in the Malaysian
Chinese. Data analysis of 39 polymorphisms of
the SCN1A, SCN2A and SCN3A genes in
Malaysian and Hong Kong epilepsy cohorts
showed no significant association with AED
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responsiveness. The conclusion from these
studies suggests that unlike the ABCC2
rs2273697-rs3740066 GT haplotype in the
Malaysian Chinese, the common polymorphisms
in ABCB1, PXR, SCN1A, SCN2A, and SCN3A
do not play significant roles in influencing
response to AEDs.
Moving on to another clinical condition, namely
schizophrenia, we carried out a study39 in
schizophrenia patients who are on antipsychotic
drugs. Many antipsychotic drugs can cause
weight gain as an adverse effect. The aim of the
study was to determine whether a polymorphism
in the α-2A adrenergic receptor is associated
with changes in weight and body mass index
(BMI) of the patients following switching of
antipsychotics which would normally cause
increase in weight, to either of two drugs,
namely, aripiprazole or ziprasidone. Both of
these latter drugs have been reported to have less
tendency to cause weight gain. Results showed
an association between polymorphism in the α2A adrenergic receptor and reductions in mean
BMI, especially in those receiving ziprasidone.
In yet another study, many female patients with
Major Depressive Disorder (MDD), who were
treated with Selective Serotonin Reuptake
Inhibitor (SSRI), were found40 to have sexual
dysfunction. This study showed that this side
effect was associated with Serotonin 2A-1438
G/A single nucleotide polymorphism.
Efforts are continuing to discover and
characterize gene polymorphisms for different
diseases. These are being carried out in different
subpopulations within the Malaysian population,
with the hope of discovering new diagnostic
tests for different medical conditions and for
devising better strategies for pharmacotherapy.
Ethical concerns
The sequencing of the human genome and
developments in the study of genes has brought
with it numerous ethical concerns. It has raised
serious questions about the limits to privacy and
genetic discrimination that may be used, for
example by employers, with regard to diagnosis
of diseases at early age or susceptibility of
individuals to a given disease or even to adverse
drug effects which may come about as a result of
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the hereditary genetic make-up. This may
perhaps lead to denial of jobs or to the denial of
insurance to those with certain genetic
predispositions. Concerns have also been raised
with regard to the use of such techniques for
gene therapy or for customizing personal genetic
traits in babies such as physical appearance or
level of intelligence.
Conclusions
The human body is so complex and so perfect in
its design. Following the Human Genome
Project, the sequencing of the three billion base
pairs which constitute the human genome has led
to major advances in our understanding of
genomics and related fields, among which is
pharmacogenomics. Pharmacogenomics is a
science that attempts to look at the genome of an
individual to identify genetic factors that
influence their response to a drug. It can
potentially lead to personalised medicine if and
when genetic tests become available to predict
how a certain patient will respond to the drug,
what dose is to be given, and which drug is least
likely to cause side effects in that particular
patient.
Pharmacogenomics
has
been
successfully applied in clinical practice, and
some pharmacogenomics studies are being
carried out in Malaysia with the hope that data
from these studies can be utilised to fill in the
missing gap to make personalised medicine a
reality for this region.
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EPIGENETICS IN HEALTH AND DISEASE
Ammar K. Daoud*
Abstract
Epigenetics or epigenetic control was noted along with understanding of modern genetics but it lagged
behind it because of the lack of the tools to understand its exact mechanisms. Recent advances in the
genetic studies and tools made it now possible to try to understand how multiple genes are turned on and
off.
Multiple mechanisms are proposed to explain this epigenetic control. DNA methylation levels affect the
structure of the DNA double strands making them more or less accessible to the transcription process to
RNA. Methylation and other types of chemical modifications affect also the histone structure which is
responsible for the tight folding of the DNA strands in the nucleus. Small pieces of RNA (of different
sizes), which are non-coding, have been recently discovered in cells and are thought to be capable of
turning genes on and off. The aim of this line of studies is first to explain normal development and
disease causation or pathogenesis, especially for complex multifactorial traits. The other aim is to
discover new “drugs or interventions” to modify disease processes such as autoimmune diseases and
cancers. However, epigenetic like genetic studies raise many ethical questions that need to be addressed.
Keywords: Epigenetics, DNA methylation, epigenetic control, pathogenesis,
Introduction
The term of epigenetics was first coined by
CH Waddengton in 19421, and it focused on
explaining the control mechanisms for the
genetic material. The number of publications
in this field is exploding and it is stirring great
interest among many kinds of scientists in
different fields such as medical doctors,
pharmacists, biologists and researchers.
Figure 1 shows the number of articles
published so far by a recent Pubmed search.
Conducting this type of research is

demanding for resources, but promising for
future understanding of the pathogenesis of
many diseases and possible treatments and
cures.
This presentation reviews and discusses the
roles of epigenetic factors on the normal and
abnormal cell development and behavior,
mostly by selecting and quoting key ideas and
concepts on each topic especially from the
abstracts and conclusion sections from the
listed references.

*Ammar K. Daoud, MD, FAAAAI
Associate Professor of Medicine
Jordan University of Science and Technology (JUST)
Irbid- Jordan
E-mail: amdaoud@just.edu.jo
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Genetics
The mechanisms that underlay how genetics
work are probably better understood than the
mechanisms of epigenetics. The specific
composition of the DNA molecule and the
sequence of its nucleotide bases dictates the
structure of the needed proteins at the end, by
first the transcription process of DNA into
mRNA then translation to polypeptide chains.
In each human cell (with few exceptions)
there is 109 single nucleotide bases in 2 sets
of chromosomes. The term genome refers to
either the complete gene complement (in the
sense “geneotype”), or the total DNA amount
per haploid chromosome set as thought from
the initial use of the term2.
The DNA double helix is very long and needs
to be tightly coiled to fit in the nucleus of the
cell, while the genes that need to be
transcribed in each cell have to be unfolded to
be accessible for the transcription enzymes.
There are mechanisms that regulate where to
start or end the transcription including stop
codons, but this does not explain all the
phenomena we observe3. In the case of cell
division by meiosis or mitosis, DNA has to
condense into the visible chromosomes, align
itself in the middle of the cell then separate
into the opposite poles equally. Structure of
the chromatins help in performing these steps
of the DNA folding, unfolding, condensation
and replication4,5.
Dynamic structural properties of chromatin
play an essential role in defining cell identity
and function. Transcription factors and
chromatin modifiers establish and maintain
cell states through alteration of DNA
accessibility and histone modifications4.
Diseases are the result of the interplay
between genetic factors and environmental
ones, with varying roles of each of them in
each disease. Some diseases are mainly
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environmental, while in others genetic factors
play the major role. Single gene diseases are
called Mendelian traits and are organized by
the Online Mendelian Inheritance in Man
(OMIM) database in the US National Library
of Medicine-National Institute of Health,
website, part of the main website of the
“National Center for Biological information
NCBI”. OMIM is a comprehensive,
authoritative compendium of human genes
and genetic phenotypes that is freely available
and updated daily. The official site
www.omim.org and the reference link for the
site is http://www.ncbi.nlm.nih.gov/omim/
Even for single gene diseases, there is
variation in disease severity or presence due
to levels of gene expressions variation or
phenomena of gene penetrance variance and
the degree of environmental role in the
disease.
Epigenetics
Epigenetics deals with the control of genetics
and the needed fraction of the almost 25000
total genes becomes activated in each cell
type. Authors, like Horsburgh, defined
epigenetics stating:
“It is the study of mitotically or meiotically

heritable phenotypes that occur as a result of
modifications to DNA, thereby regulating gene
expression independently of changes in base
sequence due to manipulation of the chromatin
structure. These modifications occur through a
variety of mechanisms, such as DNA
methylation,
post-translational
histone
modifications, and non-coding RNAs, and can
cause transcriptional suppression or activation
depending on the location within the gene.
Environmental stimuli, such as diet and
exercise, are thought to be able to regulate
these mechanisms, with inflammation as a
probable contributory factor. However,
6
research into these areas is still in its infancy” .

epigenetics

The authors noted that epigenetics is
consistent with a theory proposed in 1809 as
Lamarkʼs theory of heritability of acquired
characteristics. Lamark suggested that “traits

acquired during a lifetime can be passed on to
future generations. This theory was generally
abandoned in biology and replaced by the
classical Mendelian laws of inheritance,
namely, the law of segregation, the law of
independent assortment, and the law of
dominance. Indeed, it was widely accepted that
the only way for traits to be passed on through
generations was through the inheritance of
genes and that the environment could not
inﬂuence them. Lamarkʼs theory, that
environment plays a role in inherited
phenotype, is now being accepted by the
6
scientiﬁc community .
“DNA consists of nucleotides: a deoxyribose
molecule bound to a phosphate group on one
side, creating the backbone of DNA, and bound
to one of four nitrogenous bases on the
opposite side. The double-ringed purine bases
adenine (A) and guanine (G) pair with the
single-ringed pyrimidine bases thymine (T)
and cytosine (C) (A with T, G with C) (ﬁgure
2). Nucleosomes, which consist of ~147 base
pairs of double helix structured DNA wrapped
around an octamer of histone proteins, are the
packaging units of DNA that form chromatin
ﬁbers, and when condensed further, form
chromosomes (Figure 3).
Post-translational modiﬁcations to histones are
key moderators of gene activity.
Acetylation and methylation are the best
characterized of these modiﬁcations but
ubiquitation , phosphorylation, sumoylation,
ADP-ribosylation and citrullination also
occur.
Acetylation of lysine (K) residues within the Nterminal tail of the histone proteins is
associated with gene activation by neutralizing
the positive charge of lysine, thus decreasing
attraction between histones and DNA.
Additionally, the attachment of an acetyl
group, via histone acetyltransferase (HAT),

can act as an attachment site for other proteins
that are able to recruit chromatin remodeling
complexes. Consequently, chromatin is less
tightly bound which allows transcription factor
binding, thus resulting in gene activation and
protein formation. In contrast, methylation of
histones, catalyzed by histone methyltransferase (HMT), can correlate with either
transcription or repression, depending upon
the locus of modiﬁcation. For example, trimethylation of lysine residue 4 of histone 3
(H3K4me3) causes gene transcription, whereas
tri-methylation
of
lysine
9
or
27
(H3K9me3/H3K27me3) results in gene
silencing.
Non-coding RNAs (ncRNA), RNA molecules
that are not translated into a protein, can be
classiﬁed into many subgroups, including, but
not limited to, micro RNAs (miRNA), involved
in post-transcriptional gene silencing; piwiinteracting RNAs (piRNA), which direct DNA
methylation at transposable elements; and long
non-coding RNAs (lncRNA), which direct
epigenetic machinery such as chromatin
6
remodeling complexes” .
In prokaryotes, DNA sequence information is
maximally used, whereas in higher organisms
there is a large amount of DNA which is
apparently functionless. However, this concept is
rapidly changing in light of recent discoveries of
small nuclear RNAs. Prokaryotes are devoid of
Cytosine phosphate Guanine (CpG) islands. Even
in lower eukaryotes there are no deﬁned CpG
islands. In cold blooded animals primitive type of
CpG islands are observed. The higher vertebrates
(warm blooded animals) have well deﬁned CpG
islands. CpG islands get methylated and
demethylated. Methylation of CpG islands is the
founding phenomenon of epigenetic operations.
In the heavily methylated eukaryotic genome,
CpG islands in promoter regions have been kept
free of methylation which is an interesting
7
mechanism of gene expression regulation .

Development and Embryogenesis
According to Naumova et at:
FIMA YEAR BOOK 2015
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“Epigenetic modifications are crucial for
maintaining and faithfully transmitting the
identity of each cell type during cell division.
During mammalian germ cell development, the
acquisition of the ability to form a totipotent
zygote is associated with extensive epigenetic
reprogramming that affects all major
developmental processes, including genomic
imprinting, X-inactivation, retroelement (a
gene segment from the proviral origin like
HIV) silencing and gene expression”8.
Tollefsbol addressed the issue of epigenetics
of aging:

“Recent advances have merged the broad
fields of epigenetics and aging. For instance,
global hypomethylation of the genome and
regional hypermethylation of specific genes
occur during the aging of cells. Age-related
diseases such as cancer, Alzheimerʼs disease,
autoimmunity, and osteoarthritis may be
associated with epigenetic alterations and or
changes in the epigenetic machinery. These
have also been reported in premature aging
diseases such as progeria. While epigenetics
impacts many different biological processes
other than aging and aging involves numerous
mechanisms other than epigenetics, it is clear
that these two processes are linked and it
seems likely that epigenetics will be proven to
have a major role in aging, not only in the
9
aging of cells, but also in organismal aging” .

A recent review by Coppede discussed how
“epigenetic control plays a role in the normal

or abnormal development as in the example of
Down syndrome (DS) where incidence
increases with advancing maternal age. This
review has shown the role of folate
supplementation or deficiency in this disease
caused by the faulty segregation of the two
number 21 chromosomes at the time of meiosis
10
in the ovum” .

Coppedeʼs large-cohort study revealed that
lack of maternal folic acid supplementation at
peri-conception resulted in increased risk for
a DS birth due to errors occurring at maternal
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meiosis in the aging, oocyte, and it was
shown that the methylation status of
chromosome 21 peri-centromeric region
could favor recombination errors during
meiosis leading to its malsegregation.
In this regard, two recent case – controlled studies
revealed association of maternal polymorphisms
or haplotypes of the DNMT3B gene, coding for an
enzyme required for the regulation of DNA
methylation at centromeric and peri-centromeric
regions of human chromosomes, with risk of
having a birth with DS. Furthermore, congenital
heart defects (CHD) are found in almost a half of
DS births, and increasing evidence points to a
possible contribution of lack of folic acid
supplementation at peri-conception, maternal
polymorphisms of folate pathway genes, and
resulting epigenetic modifications of several
10
genes, at the basis of their occurrence .

Epigenetics and Diseases
Epigenetics is considered to play roles in the
pathogenesis of wide varieties of disease
entities and an explosion of results are
coming out from recent research about this
association. Different modes of epigenetic
modification and candidate genes affected by
these factors are proposed for different
diseases in populations. In the following
sections, examples of the reports of the
associations will be listed.
Diabetes Mellitus, Hypertension,
Obesity and the Metabolic Syndrome
Smith, in his review, stated:
“Historical epidemiologic observations have

led to further study of the association between
the intrauterine environment and subsequent
disease11.

Most notably, the Dutch famine of 1944–
1945 led to the epidemiologic observation
that children born to mothers who were in the

epigenetics

early stages of pregnancy during the famine
were at significantly increased risk of
cardiometabolic disorders in adulthood. A
relationship between low birth weight and
increased risk for type 2 diabetes (T2D) in a
British cohort was also observed, leading to
the proposal of the “thrifty phenotype”
hypothesis, which posited that malnutrition
during pregnancy results in structural and
functional changes in the developing fetus11.
Since the proposal of the thrifty phenotype
hypothesis in 1992, numerous studies have
replicated the finding that low birth weight
and other pregnancy complications confer
increased risk for adult chronic disease in the
offspring, including hypertension, T2D, and
cardiovascular disease. There is strong
evidence both on epidemiological human
research and in experimental animal models
for the relationship between maternal and
early postnatal diet, maternal obesity, insulin
resistance
and
metabolic
syndrome,
pregnancy complications and epigenetic
programming and subsequent risk of obesity,
diabetes and metabolic syndrome in the
offspring. It is clear that many of these factors
overlap and may mutually confound these
relationships12.
Multiple genes (two mitochondrial genes,
ATPASE6, CYTB, lipogenic genes, Srebf1,
Fasn, Pparg1 and Pparg2 and IGF2) and
epigenetic factors like microRNAʼs are found.
Animal models of intrauterine exposures and
pregnancy complications and the resulting
changes in the offspring, including structural
and epigenetic, have been particularly
valuable for studying the developmental
origins of chronic diseases from a developmental programming perspective.
In particular, rodent models of maternal
obesity and insulin resistance, nutrition
intervention, intrauterine growth restriction
(IUGR), and early postnatal growth provide a

rich source of evidence for the developmental
programming of metabolic syndrome and
other metabolic disorders13.
As for hypertension, Zang stated that
“The epithelial Na+ channel (ENaC) consists of

α, β, γ subunits. Its expression and function are
regulated by aldosterone at multiple levels
including transcription. ENaC plays a key role
in Na+ homeostasis and control of blood
pressure. Mutations in ENaC subunit genes
result in hypertension or hypotension,
depending on the natureof the mutations.
Studies suggest that a gene of Dot1a-Af9
complex represses αENaC by directly binding
and regulating targeted histone H3 K79
hypermethylation at the specific subregions of
αENaC promoter as an example for epigenetic
14
control over hypertension” .

It was noted by Yang that:
“Heart failure (HF) is a complex patho-

physiological syndrome that arises from a
primary defect in the ability of the heart to
take in and / or eject sufficient blood. Genetic
mutations associated with familial dilated
cardiomyopathy, hypertrophic cardiomyopathy, and arrhythmogenic right ventricular
cardiomyopathy can contribute to the various
pathologies of HF. Therefore, genetic screening
could be an approach for guiding individualized therapies and surveillance.
In addition, epigenetic regulation occurs via
key mechanisms, including ATP-dependent
chromatin remodeling, DNA methylation,
histone
modifica-tion,
and
RNA-based
mechanisms. MicroRNA is also a hot field in
15
HF research” .

Malignancy
There is a wealth of research about the
epigenetic control and its role and
participation in the malignant phenotype.
Research can be found either in single articles
and even books or volumes about the
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association between many types of cancers
and certain epigenetic modifications.
Yi, et. al. discussed the association between
epigenetic control and many different cancers
of the lungs, colon, blood, breast and
prostate16. Morales et al found links between
a certain rare brain tumor (diffuse intrinsic
pontine glioma) and the histone modifications
giving rise to possibilities for the treatment by
studies about this tumor17. References like the
ones edited by Sarkar18 and Minarovits19 are
examples of comprehensive overviews
illustrating the complexities of the regulation
and deregulation of genes in the development
and progression of human malignancies
through epigenetics.
According to Sarker, cancers of the colon,
prostate, breast, brain and many other types
are associated with epigenetic changes18.
It is well known that genetic aberrations,
especially those inherited through parents
(somatic genetic alterations), contribute to the
development of less than 10 % of all cancers,
yet epigenetic alterations in genes are
responsible for the development and
progression of the vast majority of cancers.
Among many alterations in the expression of
genes, epigenetic regulation of genes,
especially through selective methylation and
acetylation, appears to play an important role
in the development and progression of human
cancers.
Understanding the role of epigenetics in the
regulation of genes, especially through
deregulated expression of microRNAs
(miRNAs), will allow scientists to devise
targeted therapeutic strategies for reexpression of the lost genes or downregulating the genes that are over-expressed
in order to eradicate cancer.
It is hoped that targeting epigenetics will not
only target cancer cells, but it will also target
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the whole tumor micro-environment in the
entire host aiming for the objective of
complete eradication of cancer18.
Psychological, Behavioral
And Neurological Disease
There is a wealth of literature addressing
behavioral and brain epigenetics, representing
a novel frontier in neurobiological and
psychiatric research. A significant statement
by Petronis et al elustrates this concept:
“One of the primary objectives of behavioral

epigenetics is to understand the molecular
basis of various brain functions (e.g., memory,
cognition, homeostasis, and adaptation to new
environments). Of particular interest is the
putative role of epigenetic dysfunction in brain
pathology and mental illness. Epigenetic
mechanisms -often more efficiently than
genetic ones-are able to integrate a number of
apparently unrelated clinical, epidemio-logical,
and molecular data into a new theoretical
framework. It is important to note that
epigenetic changes that are partially both
inherited and acquired can be the primary
disease causes, rather than just one of
numerous secondary or further downstream
epiphenomena. Another pertinent question is
how exposure to a wide scope of environmental
factors, such as toxins, drugs of abuse,
infection, nutrition, and stress can affect
epigenetic regulation in the brain that
ultimately translate into alterations in
behavior. Epigenetic studies will provide new
insights into the interface between the
environment and the genome, and the
mechanisms by which exposures at key points
in development may mediate long-term effects
20
on behavior” .

Another statement by Sassone-Corse, et al
shed additional dimensions:
“On a daily basis, neurons convert a variety

of external stimuli into rapid or long-lasting
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changes in gene expression. A variety of studies
have centered on the molecular mechanisms
implicated in epigenetic control and how these
may operate in concert. It will be critical to
unravel
how
specificity
is
achieved.
Importantly, specific modifications seem to
mediate both developmental processes and
adult brain functions, such as synaptic
plasticity and memory. Many aspects of the
research in neurosciences and endocrinology
during the upcoming decade will be dominated
by the deciphering of epigenetic control. The
physiological implications of epigenetic
regulation of neuronal functions were highlighted. Also highlighted is the increasing
understanding of the molecular mechanisms
that operate within neurons to translate
epigenetic control into long-lasting neuronal
21
responses” .

Autoimmune and Allergic Diseases
Wu, et. al., and other workers, reviewed the
possible epigenetic contribution to a disease
like Systemic lupus erythematosus (SLE), an
autoimmune disease involving multiple
organs in which anti-nuclear antibodies are
present.
“The pathogenesis of SLE has been intensively
studied but remains far from clear. B and T
lymphocyte abnormalities, dysregulation of
apoptosis, defects in the clearance of apoptotic
materials, and various genetic and epigenetic
factors are implicated in the development of
SLE. The latest research findings point to the
association between abnormal epigenetic
regulation and SLE, which has attracted
considerable interest worldwide. Research is
done to investigate the relationship between
aberrant epigenetic regulation and SLE. These
include studies of DNA methylation, histone
modifications and microRNAs in patients with
SLE, as possible mechanisms of immune
dysfunction caused by epigenetic changes. A
better understanding of the roles of aberrant

epigenetic regulation in the initiation and
development of SLE is hoped to provide an
insight into therapeutic options in SLE22.

Yi et al addressed this concept:
“Recently significant effort has been invested

in uncovering genetic and epigenetic factors,
which may increase the risk of Inflammatory
Bowel Disease (IBD), but progress has been
slow, and few IBD-specific factors have been
detected so far. It has been known for decades
that DNA methylation is the most well studied
epigenetic modification, and analysis of DNA
methylation is leading to a new generation of
cancer biomarkers.
It was suggested that DNA methylation should
be studied in depth to understand the
16
molecular pathways of IBD pathogenesis” .

Allergic tendency or atopy is another example
of research for epigenetic control over
phenotypes. Evidence for this type of
phenomena has been provided by a study
from Li et al on the transgenerational link of
smoking and asthma. It was found that there
was an increased risk (odds ratio 2.1) of an
unexposed child developing asthma if the
grandmother smoked during the motherʼs
pregnancy23. They hypothesize that tobacco
products alter the DNA methylation patterns
in fetal oocytes and the changes in immune
function and detoxification can be passed on
to subsequent generations, increasing the risk
for asthma. While interesting, much work is
needed to verify this concept24.
Modifications and treatments
for epigenetic abnormalities
The value and aim of any scientific or
medical research, after knowing the
pathogenesis or causes, is to design or come
up with treatment or cure for the disease. The
initial possible advice for the Mendelian traits
is avoidance of the disease by minimizing
consanguinity, or early diagnosis by genetic
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screening. Changing the genes of a human is
unavailable or difficult to achieve because of
the need to change in the makeup in every
cell genes (bone marrow transplantation
nowadays is rare exception because of the
ease to handle blood cells). Research is being
done to be able to produce drugs that affect
the steps involved in the epigenetic
modifications.
A study by Hui and Ye on the lysine
methyltransferase which catalyzes methyltion of histone and non-histone proteins,
showed that “it plays a crucial role in diverse

biological processes and has emerged as a
promising target of treatment for various
human
diseases,
including
cancer,
inflammation, and psychiatric disorders.
However, inhibiting lysine methyltransferases
selectively has presented many challenges to
medicinal chemists. During the past decade,
lysine methyltransferase inhibitors covering
many different structural classes have been
designed and developed. That article discussed
the current state of lysine methyltransferase
inhibitors and discuss future directions and
opportunities for lysine methyltransferase
25
inhibitor discovery” .

Histone deacetylases are enzymes that modify
chromatin structure and contribute to aberrant
gene expression in cancer. Research over the
past decade has led to the development of
histone deacetylase inhibitors as anticancer
agents. In addition to their effect on
chromatin and epigenetic mechanisms,
Histone Deacetylases (HDAC) inhibitors also
modify the acetylation state of a large number
of cellular proteins involved in oncogenic
processes, resulting in antitumor effects 26.
While all these drugs are promising, this
research is still in its infancy and far from
being used in clinical trials27.
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Ethical, Moral
And Legal Considerations
Epigenetics, like genetics, raises a lot of
issues and considerations from the ethical,
moral and legal aspects, although there are
some clear differences between them.
Epigenetics is still in its infancy as a science
and there are not as many opinions or laws
about them in the developed world.
Epigenetics falls under the guidance of how
to perform medical research in general, as
developed by the World Health Organization
(WHO) and the Helsinki Declaration. Respect
for the human life and the ethical
considerations of patientʼs information,
privacy, governance of medical research by
peer review approval before a study, and
informed consent should be observed.
Equality in health services and nondiscrimination against the handicapped also
apply to treatment, medical insurance and
employment should be used at both the stage
of research or clinical practice of epigenetic
results 28.
Usually these aspects are observed and
regulated by the national laws and practices,
and in the developed world courts have clear
guidelines for them. One potential difference
from genetics, is that epigenetics are more
variable in its markers than the genes and are
dose
dependent
when
affected
by
environmental exposures leading to confusion
in cases of litigation28.
The general principles of human and life
respect, equality and non-discrimination are
consistent with the Islamic principles of the
Shari`ah and Laws and I hope that Islamic
countries apply and adopt them.
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Conclusions
Epigenetics is a new and promising area of
science and medicine trying to explain what is
not yet understood in areas of health and
disease. Epigenetics will work only if there is
proper genetic machinery. Only few
mechanisms for epigenetic control have been
discovered so far that indicate that they are
involved in many diseases including
malignancies,
non-communicable
and
autoimmune diseases. Till now no therapeutic
treatment resulted from this research but few
of them are being investigated. Ethical, moral
and legal considerations have to be
established and followed in this new arena of
medicine.
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Figure 1. Number of articles about epigenetics published yearly accessed on August 16-2015 url link
http://www.ncbi.nlm.nih.gov/pubmed/?term=epigenetics (The number for year 2015 is an estimate by the same trend)

Figure 2 Structure of the DNA.
From https://upload.wikimedia.org/wikipedia/commons/e/e4/DNA_chemical_structure.svg
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Figure 3:

Structure of the DNA strands into nucleosomes around histones, to be condensed into chromosomes.
From http://circres.ahajournals.org/content/102/8/873.
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GENETIC FINGERPRINTING:
IMPLICATIONS ON ISLAMIC LAW ON PATERNITY
Aly A. Mishaʼl *
Abstract
DNA fingerprinting is one of the applications of the Human Genome Project. This new technology is
currently utilized, with unprecedented precision, for paternity establishment and negation.
Muslim scientists and jurists started discussions on the relevance of using this technology within the
framework of the classical Islamic rulings pertaining to paternity issues.
This paper addresses the new innovations on DNA structure, and genetic diversity responsible for a wide
range of physical characteristics, as a prelude to the study of its implications on ethical, legal issues and
the Islamic Shair`ah established methods of establishing and negating paternity. Specifically addressed
is the extent to which DNA testing may be utilized within the hierarchy devised by Muslim jurists.
Contemporary Jurisprudence outcomes, especially of the two Islamic Fiqh Academies, and the
combined scientists-jurists seminars held by the Islamic Organizations of Medical Sciences (IOMS),
together with individual new publications, were the main sources for this paper.
Keywords: DNA fingerprinting, DNA testing, Human Genome Project, paternity testing, Islamic
Jurisprudence, paternity negation.
Introduction
Genetic fingerprinting is also referred to in the
literature as DNA typing, DNA profiling and
genotyping. The DNA (deoxyribonucleic acid)
molecule varies in different organisms, and
this forms the basis of genetic diversity1. The
Human Genome Project (HGP) has opened
unprecedented avenues to understand the
unique details of the human DNA and to
identify and map the sequences of all genetic
and translated protein arrangements which
constitute the distinguished DNA structure of
each individual in a way that distinguishes
him/her from all other individuals in the world,
since human creation, except his / her own
identical twin. These genetic variations have
been extensively studied to understand their
roles in disease associations and drug

responses2. Variation of the DNA sequence
contributes to the inter-individual variability
for a wide range of physical characteristics3.
There are three categories of genetic
variation3:
 DNA sequence variation.
 Structural variation.
 Epigenetic variation.
DNA sequence variation has been extensively
studied, with single nucleotide polymorphisms
(SNPs) standing as the most common form of
DNA variation3. The unique DNA molecular
sequences entail unique sequence of genetic
information, which is the same in every cell of
the organism, being a skin cell, a hair root or
cells from the gums on a tooth brush.
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The specific DNA sequences at a particular
gene (or locus) are termed alleles3. An
individualʼs
genotype
refers
to
the
combination of multiple of loci joined
together in 23 pairs of chromosomes.
If an individual has 2 copies of the same allele
at a particular locus on each of the two
chromosomes, that individual is homozygous
for this locus (or gene)3.
If, on the other hand, the 2 alleles differ, that
individual is heterozygous for this gene.
The term (haplotype) refers to the combination of alleles in a region of DNA sequence3.
DNA features retain their distinctiveness,
prolonged stability and durability throughout
the life of the organism, and continue after its
death4,5.
Structural genetic variation affects large
segments of DNA (i.e. >1000 bases) or a
whole chromosome, commonly affecting the
function of multiple genes and having
pronounced phenotypic effects. This class
includes copy number variation (CNV), and
chromosomal translocations, inversions and
rearrangements.
Epigenetic variation refers to modifications
of DNA, by methylation or histone
modulation. Such variation does not directly
alter the DNA sequence but can have
significant effects on protein expression.
There are multiple technologies for DNA
fingerprinting, the choice of which depends on
their specific applications in3,6,7:
 Medical diagnosis.
 Criminal and forensic science.
 Identity verification.
 Parental testing.
 Food production and quality.
And many others.
The role of genetic testing in modern clinical
medicine is termed (Personalized medicine)3.
Its main utilities are in areas of:
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Genetic counseling and testing.
Prenatal screening, including free fetal
DNA in maternal blood.
Prenatal testing.
Pre-implantation genetic diagnosis
(PGD).
Newborn screening.
Carrier testing, and others.

Genetic fingerprinting in paternity issues in
Western countries has been utilized for more
than a decade in legal disputes and paternity
verification, to impose or revoke parental
obligations, paternal disputes and verification
of fidelity of spouses8,9,10.
Some countries have developed national DNA
databases for several purposes including
paternity issues and identity verification.
Ethical and legal concerns
With continuously expanding utilizations of
the DNA fingerprinting technologies, there
have been concerns related to sample
contamination, faulty preparation and issues
of interpretations.
Initially, Restriction Fragment Length Polymorphism (RFLP) was utilized. This
technology requires large quantities of highquality DNA, which may not be guaranteed
with degraded, scanty samples taken from
postmortem sources.
The use of RFLP technology therefore
subsided with development of the Polymerase
Chain Reaction (PCR) technology which
amplifies the desired fragment of DNA many
times, creating thousands of copies. Moreover,
this technology works even with partially
degraded DNA11.
Other ethical concerns stem for the increasing
commercialization and lack of governmental
regulations and supervision, to guard against
technical and human errors.
Many paternity testing laboratories provide
services through mail-order operations, by
phone or on the internet 9,10. Experts also warn
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of lack of guidance and supervision to
preclude abuses, especially against minorities
and disadvantaged groups10-12.
Another significant concern is the lack of
safeguards to preclude misuses of such
sensitive information to reveal possibilities of
latent genetic illnesses or future health
conditions these tests can reveal10-13.
More than any other modern scientific
discovery, DNA fingerprinting raises crucial
issues about balancing the use of technology
to help society, against an individualʼs right to
privacy.
These concerns prompted the establishment of
a research group, within the Human Genome
Project, that focuses on ethical, legal and
social issues. The group found it necessary to
develop a statement on the proper conduct of
genetic research10-14,15.
The above multiple considerations related to
ethics, data retrieval, accuracy, interpretation
and data storage remain to be further explored.
Lineage in Islamic Shari`ah
As a necessary prelude to the discussions on
Islamic law pertaining to paternity, the
Shari`ah principles of human lineage will be
briefly outlined.
Two basic principles are established in Islamic
Shari`ah:
A) Establishment of Paternity:
Shari`ah always looks forward to establishment and confirmation of lineage, even with
the least means, methods and evidence16.
Lineage is one of the five aims (Maqassid) of
Shari`ah17.
Ibn Qudamah states18:
“Lineage is established upon the testimony
(shahadah) of only one woman, on the birth of
a child, and is confirmed merely by the
claim”.
This principle of Islamʼs utmost care of
lineage,
is
manifested
by
severe

disappointment and strict warnings to parents
when they proceed to deny the established
paternity or maternity of their children, and to
exonerate themselves from them.
The same Shari`ah ruling also applies to those
who link to themselves the parentage of
children who, in fact, are not from their
lineage. In this regards, the Prophet ()ﷺ
says: “Any woman who introduces ( a child )
on a people (family) who is not really so, she
is devoid of anything (that pleases) Allah, and
Allah will never grant her admission to
Paradise (al-Jannah), and any man who denies
(disclaims) his son looking at him (in the eye),
Allah will not reveal Himself to him on the
Day of Judgment, and Allah will expose
(disgrace) him towards the first and last
people”19.
The Prophet ( )ﷺalso says: “Anyone who
linked himself (to the paternity) of a father,
knowing he is not his father, paradise
(Jannah) is forbidden (haram) on him”20.
Islam connects the person whose lineage is
unknown, to a father that claims him by
merely
declaring
that,
taking
into
consideration the son is most likely the son of
that father.
All these are clear evidences of the utmost
care of Shari`ah towards progeny and lineage
in the context of Divine wisdom to fulfill
significant aims in stability of family and
society.
On the other hand, Shari`ah is extremely strict
on the issue of negation of lineage, and
established to that the strongest measures, and
the mutual oath of condemnation (li`an) is the
principle means in this regards21.
Establishment of paternity within the
context of Shari`ah:
Islamic law provides a comprehensive legal
structure that governs various aspects of
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Muslimʼs life. In no other area has Shari`ah
been as detailed and specific as it is in the area
of family law16. Rules pertaining to marriage,
divorce, inheritance and family matters are
rooted in the Qurʼan and the Sunnah of the
Prophet ()ﷺ.
Within this Islamic legal structure, paternity
has always been linked with licit sexual
relationship, either through marriage, or, at
certain earlier times, ownership of a slave
woman16.
In the case of marriage, children born within
wedlock are automatically attached to the
bona fide husband who also becomes the bona
fide father16.
Based on the Qurʼan and Sunnah of the
Prophet ( )ﷺthe formal kinship system in
Islam is built on patrilineal pedigree16.
Establishment of paternity, in classic Islamic
family structure, is based on a primary
principal method10,16, namely: al-firash (the
shared marital bed), which is the licit sexual
relationship through marriage, and through
ownership of a slave woman, when this was a
recognized system in the early history of
Islam.
The Prophet ( )ﷺis reported to have said.
“The child belongs to al- firash, and the
adulterer receives the stone”22.
" اھاش و "ا
Ibn al-Qayyim stated: “And for establishment
of lineage by al-firash, this is the consensus of
the Ummah”23.
In cases where fulfillment of this primary
principle method is absent, or difficult to
achieve, four other methods could be resorted
to, in a hierarchical manner10,16:
1. Admission of paternity by the father (iqrar).
Another term used is (istilhaq), when the
father accepts attachment of a child to himself
as a son. The man who makes iqrar must meet
certain conditions, and the person for whom
iqrar is made must be of unknown or disputed
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paternity, such situations were prevalent in
Jahiliyyah ( era of ignorance , before the
advent of Islam) and the transition period to
Islam.
2. Evidence (bayyinah), usually by testimony
of qualified witnesses, that a child is the
son/daughter of a father, based on his (their)
knowledge the parents were married, and
hence the child is legitimate.
3.Resemeblance of physical features between
a child and a father, as judged by known
experts in examination and comparing of
physical features (qiyafah), which is resorted
to in the absence of al-firash, or witnesses, in
situations with un-established paternity, or
when there is dispute between 2 or more men
who claim paternity. It is not unanimously
approved by jurists:
4. Lot-casting (qurʼah): Its admission is
questionable among many jurists, and was not
approved by al-jamhoor. Some jurists resorted
to it in the post-Jahiliyyah period, in situations
of disputes where it is extremely difficult for
any one claim to outweigh other claims (such
as disagreement among witnesses, or between
experts in qiyafah), especially when a woman
was married to more than one man
(polyandry).
B) Negation of Paternity
Negation of paternity under Islamic law is
only conducted by li`an, the mutual oath of
condemnation, as clearly established in the
Qurʼan24:

ِ
ُ أَﻧ ُﻔ ُﺴ ُﻬ ْﻢ ﻓَ َﺸ َﻬﺎ َدة ُﻬ ْﻢ ُﺷ َﻬ َﺪاء إِﻻاﺟ ُﻬ ْﻢ َوﻟ َْﻢ ﻳَ ُﻜﻦ ﻟ
َ ﻳﻦ ﻳَـ ْﺮُﻣﻮ َن أَ ْزَو
َ ﺬ" َواﻟ
ِ ِ  ﻪُ ﻟ َِﻤﻦ اﻟ ِﻪ إِﻧات ﺑِﺎﻟﻠ
ٍ أَﺣ ِﺪ ِﻫﻢ أ َْرﺑﻊ َﺷ َﻬﺎ َد
 ِﻪﺖ اﻟﻠ
َ َن ﻟ َْﻌﻨ َ َواﻟْ َﺨ ِﺎﻣ َﺴﺔُ أ،ﻴﻦ
َُ ْ َ
َ ﺼﺎدﻗ
َ
ِ
ِ
ِ
ِ
اب أَ ْن ﺗَ ْﺸ َﻬ َﺪ أ َْرﺑَ َﻊ
َ  َوﻳَ ْﺪ َرؤا َﻋ ْﻨـ َﻬﺎ اﻟ َْﻌ َﺬ،ﻴﻦ
َ َﻋﻠَﻴْﻪ إِن َﻛﺎ َن ﻣ َﻦ اﻟْ َﻜﺎذﺑ
ِ ٍ
ِ
ِ
 ِﻪ َﻋﻠَْﻴـ َﻬﺎ إِنﺐ اﻟﻠ
َ َن ﻏ َ َواﻟْ َﺨ ِﺎﻣ َﺴﺔَ أ،ﻴﻦ
َ ِﻪُ ﻟَﻤ َﻦ اﻟْ َﻜﺎذﺑﻪ ِإﻧَﺷ َﻬﺎ َدات ﺑِﺎﻟﻠ
َﻀ
ِ
ِِ
"ﻴﻦ
َ ﺎدﻗَﻛﺎ َن ﻣ َﻦ اﻟﺼ

“And those who accuse their wives [of
adultery] and have no witnesses except
themselves - then the witnesstes of one of them
[shall be] four testimonies [swearing] by
Allah that indeed, he is of the truthful. And the
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fifth [oath will be] that the curse of Allah be
upon him if he should be among the liars. But
it will prevent punishment from her if she
gives four testimonies [bear witness] by Allah
that indeed, he is of the liars. And the fifth
[oath will be] that the wrath of Allah be upon
her if he was of the truthful”.
These methods reveal how Shari`ah
established paternity with the least available
evidence, while negation of paternity was
established with very strict methods.
There are also several supportive prophetic
traditions. In one of them, narrated by Ibn
Umar (RA): “A man conducted li`an against
his wife at the time of the Prophet ()ﷺ, and
denied her son. The Prophet ( )ﷺseparated
them, and annexed the son to the woman”25.
The husband can negate the child who is born
within marriage, when he is confident his wife
has committed adultery, with his inability to
produce the four witnesses10.
Li`an should be initiated upon the husbandʼs
request to the judge or ruler. Followed by that
of the wife. There are Islamic legal conditions
for the validity of li`an, and there are specific
statements to make it valid.
The jurists stipulated that the statement uttered
by the disputing spouses during the exchange
of oaths of condemnation must follow the
manner and order specified in the li`an
verses24,27.
Three conditions for the validity of li`an are
needed: Immediacy, absence of prior
acknowledgment, and life of the infant (must
be living).
The jurists have disagreement on timing of
paternity negation: during pregnancy, after
childbirth, etc.
Jurists are in agreement that denial of
paternity is not valid if it is preceded by prior
acknowledgement and acceptance of paternity
of the same child.

Li`an is initiated to resolve a complicated
marital dispute involving children whose
paternity is cast in doubt, in a manner that
allows both parties to save face and preserve
their dignity.
This resolution of dispute, however, is not
meant to establish guilt or to verify the
veracity of the claims10. (Although the parties
save face and preserve dignity in this life, one
of them will suffer in the Hereafter).
Li`an, therefore, cannot remove the ambiguity
that results from the unverified claims of the
disputing spouses, which are bound to remain
at that level of uncertainty.
In the context of the new innovation of the
Human Genome Project and discovery of
DNA printing, it became possible this new
technology can now be used to resolve the
question of paternity, almost beyond doubt. It
is, therefore, being debated by Muslim jurists
whether DNA testing could replace the
traditional method of li`an10.
This issue was discussed by Islamic seminars,
conferences, Fatwa councils, and Muslim
jurists, over the past two decades, following
innovations of DNA testing.
The Islamic Organization of Medical Sciences
(IOMS), held its 11th seminar in 1998, on
genetics, human genome project, genetic
engineering and gene therapy28. The issue of
DNA printing and its use in confirming and
negating paternity was discussed in detail.
One of the main topics in these deliberations
was the extent to which DNA testing may
impact the continued validity of li`an. The
majority of participating jurists, ruled that
DNA testing cannot replace li`an, but it was
given the weight to replace qiyafah, and to
assume its position in the hierarchy devised by
the classical Muslim jurists, in both the
establishment and negation of paternity10,29
The majority of jurists adopted the opinion
that li`an is the only legal method for paternity
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negation. Without li`an, paternity cannot be
denied. In certain exceptional cases, however,
denial of paternity can occur without li`an.
The jurists gave some examples that include30:
 If a wife gives birth immediately after
marriage, or less than six months after
marriage.
 If the husband is less than ten years
old.
 Or if the husband is impotent.
The tenacity of Islamic law and its procedures
in the modern times, including the issue of
li`an, is ascribed as much to the religious
dimension of Islamic law as to the decisionmaking process in areas of interface between
Islamic law and modern science and
technology10. The underlying argument in
giving priority to li`an over DNA testing is
both textual and rational10.
The textual component pertains to the
authentic and clear sources in the Qurʼan and
prophetic tradition.
The rational component, on the other hand,
refers to the Divine wisdom and Shari`ah aims
that emphasize the need to avoid grave social
and psychological consequences that often
accompany and follow such disputes, and to
safeguard
peopleʼs
privacy
and
confidentiality, even if this means the
disputing claims will remain forever
unverified10. There are much to relegate to the
consciences of disputants.
The majority of participants in the two IOMS
seminars held in 199828, as well as the rulings
of the International Islamic Fiqh Academy
held in Bahrain in 199831, favored the
admission of DNA testing in paternity
disputes as the modern equivalent of qiyafah,
and refrained from acknowledging it as a
substitute for li`an.
In the 11th IOMS seminar in 1998, the
following overview and recommendations on
the issue of genetic printing were adopted28:
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The seminar has discussed the question of the
genetic imprint, which is the elaborate genetic
structure that establishes the identity of a
particular individual. In practice, the genetic
imprint is an almost error-proof method of
determining
biological
parentage
and
confirming identity, particularly in the field of
forensic medicine, and is equal to other items
of strong evidence that are admitted by most
jurists in cases other than those of applying
prescribed punishments (hudud). It is a great
contemporary development in the area of
tracing similarities, on which the majority of
Islamic jurisprudence (fiqh) schools rely in
determining a contested parentage. A genetic
imprint test, however, should be made at
several laboratories.
On May 3rd-4th, 2000, IOMS held a special
session, in response to a recommendation
from the 11th seminar in 1998, to address the
validity of a genetic imprint in confirming
parentage. This special session issued the
following recommendations32:
Having looked into those rulings, the
comments of jurists, the explanation of the
genetic imprint made by scientists from the
Genetics Center, and the detailed
discussion and debate on the subject….the
participants have arrived at the following:
1. Every human has his own, unique
genetic pattern in every cell in his
body, which is not shared by any
other individual throughout the
world. This pattern is known as the
genetic imprint. In practice, the
genetic imprint is an almost errorproof method of determining
biological parentage and confirming
identity, particularly in the field of
forensic medicine, and is equal to
other items of strong evidence that
are admitted by most jurists in cases
other than those of applying
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prescribed punishments. It is a great
contemporary development in the
area of tracing similarities, which
the
majority
of
Islamic
jurisprudence (fiqh) schools rely on
in
determining
a
contested
parentage. Therefore, the seminar
decides that, with all the more
reason, the genetic imprint evidence
should be admitted in all the cases in
which tracing similarities (qiyafah)
is applied.
2. The discussion session rules that the
genetic imprint should be resorted to
in cases where, in the absence of
other evidence or with both (or all)
sides having equal evidence, more
than one man claims the fatherhood
of a child whose lineage has not been
established.
3. A person who claims to be the
parent of a child, whose lineage is
unknown, is entitled to the
parentage of that child when his
claim satisfies the conditions set by
Islamic law. Consequently, such a
person has no right to withdraw his
claim, and any denial of one of that
personʼs other children of the
kinship of the claimed child, is not
admitted, and the genetic imprint
evidence is not applicable in such a
case.
4. The admission of some siblings that
a child of unknown lineage is their
sibling is not binding to the other
siblings, the lineage cannot be
confirmed, the consequences of the
admission are limited to the
inherited share of the siblings
making the admission, and the
genetic imprint evidence is not
admitted in such a case.

5. In the discussions of this subject,
varying points of view were made
and the debate went on for a long
time on whether a womanʼs claim of
parentage of the child to a particular
father is admissible in the case of a
child of unknown lineage. It was
therefore decided to allow more time
for
the
consideration
and
investigation of this question.
6. The genetic imprint is not accepted
as evidence of a “conjugal bed”,
since the proof of marriage has to
follow the procedures set in Islamic
law.
7. The participants believe that the
following
controls
should
be
operative when a genetic imprint
test is to be made:
a. A test should be made only after
permission from the concerned
authority is obtained.
b. The test should be made in at
least two different accredited
laboratories,
with
proper
precaution taken to guarantee
that none of the laboratories
involved has access to the
findings of the other (s).
c. Government-owned laboratories
are preferable, but if such
laboratories are not available,
the test can be made at
government-supervised
laboratories. Whatever the case
is, one condition that has to be
met is that the applicable local
and international conditions and
controls are met.
d. Another condition is that the
staff of these laboratories must
be qualified and trustworthy,
and none of them should be on
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terms of kinship, friendship,
enmity or common interest with
any of the claimants, nor should
have a record of a dishonorable
offence or an act of dishonesty,
or common interest with any of
the claimants.
It is pertinent here to enlist the comprehensive
rulings of the Council of The Islamic Fiqh
Academy of the Muslim World League, in its
16th session, held in Makkah Al-Mukarramah
on 21-26 Shawwal, 1422 H, (January 2002)33,
that states:
The results of genetic printing are almost
conclusive in confirming or negating
paternity of children to their parents, and
in confirming the specimen (blood, semen,
saliva ….), that may be located in the scene
of accident, to its real owner, being much
stronger than expert physical resemblance
(qiyafah). Error in genetic printing is not
existent in it as a technology, but may exist
due to human error or factors of
contamination and other factors (not
related to the technology), and depending
on the above, the Council decided:
First:
There is no Shari`ah objection to depend on
the genetic print in criminal investigations,
and to consider it a confirmation evidence
in criminal acts that do not include
Shari`ah punishment (Hudud or Qissas), in
view of the principle (avoid hudud by
suspicions), in order to fulfill societyʼs
justice and safety, and to end up in
punishing the criminal and aquitting the
aquisited (accused), which is an important
aim (maqssid) of Shari`ah.
Second:
Utilization of genetic print in the area of
lineage should be surrounded by utmost
attention, precaution and confidentiality,
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therefore the Shari`ah statements and
principles should have precedence on
genetic print.
Third:
It is not permissible to depend on genetic
print to negate paternity, and it should not
be given precedence over the mutual oath
of condemnation (Li`an).
Fourth:
It is not permissible to use the genetic print,
with the intention to confirm the validity of
Shari`ah established lineage (paternity) by
al-firash. The official authorities should
prevent
that,
and
should
impose
punishments, since this prohibition is
instrumental in protection of peoples'
honor and lineage.
Fifth:
It is permissible to depend on the genetic
print in the area of lineage (paternity)
confirmation, in the following situations:
A. Cases of conflict on an individual
with unknown lineage, in all types of
conflict mentioned by jurists.
These cases include conflicts
stemming from lack of evidence (e.g.
conflicting testimonies), or balance,
or from taking part in suspected
sexual relations (watu al shobhah)
and other similar situations.
B. Situations in which there is suspicion
in identification of newborns in
hospitals,
child care centers or
similar situations. This also includes
suspicions of mixing in In-vitro
fertilization (IVF) centers.
C. Situations of loss and mixing of
children in wars, disasters or
accidents,
where
it
becomes
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impossible for their families to
identify them.
This includes identification of
unidentified corpses, or confirming
identities of prisoners of war or lost
individuals.
Sixth:
It is not permissible to sell or grant the
human genomes of races, peoples or
individuals for any purpose, in view of the
harms (mafasid) that result from this sale
or grant.
Seventh:
The
Council
recommends
the
following:
A. The State should prevent conduction
of the genetic print, except upon a
judicial demand. This testing should
be limited to laboratories that
belong to special official authorities.
Laboratories of the private sector,
that aim at profit, should be
prevented from conducting this
testing, in view of great dangers if
conducted that way.
B. Formation of a (special genetic
imprint committee) in each state,
with participation of
jurists,
physicians and administrators, with
responsibility to supervise the
outcomes of genetic print and
authenticate its results.
C. A meticulous mechanism should be
adopted to prevent fraud, cheating,
contamination and other human
errors, in genetic print laboratories,
to insure quality and correctness of
results and prevent doubt.
Recent Jurist Opinion
The issues of paternity establishment and
negation in the wake of recent breakthroughs

of the Human Genome Project and DNA
fingerprinting, have been comprehensively
addressed in several new publications by
Ayman Shabana, a leading researcher of the
Islamic Medical and Scientific Ethics Project
at Georgetown Universityʼs School of Foreign
Service in Qatar.
His three published essays10,26,34, are most
informative and elaborative on the very
significant issues of family structure in
Islamic teachings, classical Islamic law and
contemporary Islamic jurisprudence and
various arguments related to paternity
establishment and negation.
According to Shabana34, contemporary jurists
are classified into those who adopt a limited
incorporation of DNA analysis in paternity
verification, as long as it does not conflict
with the established methods of Shari`ah,
who adopt a
namely li`an, and those
comprehensive incorporation of DNA
analysis. The latter group emphasizes the need
to utilize new DNA technology as a definitive
way to establish and negate paternity.
Their views will be discussed in some detail in
the following segments.
Other contemporary jurists have individually
addressed the issue of DNA fingerprinting,
specifically in negation of paternity34.
Saʼad el-Din Hilali, professor of comparative
fiqh at al-Azhar University in Egypt35 calls for
integration of DNA analysis in paternity
verification, calling the technology as a type
of strong circumstantial evidence that denotes
definitiveness.
A similar stance was taken by Muhammad
Uthman36, from the same institution.
Although this line of thinking does not
explicitly call for replacement of the legal
method of al-firash by the DNA testing, the
argument is clear that DNA analysis can be a
method for true identification of the “true”
firash.
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One of other strong promoters of this line of
thinking is Abdul Rashid M. Bin Qasim, who
wrote a comprehensive essay on this issue.
The following is a pertinent segment37:
“Al-Bayyinah (evidence) in Qurʼan and
Sunnah is not limited to the testimony only. It
includes all what is capable of exposing and
proving the truth”. He quoted a statement of
ibn al-Qayyim:
ّ  و،ه و ا    ا "
ّ
"...  ھ ف
 ،ا..... ر أو اھ
“Al-Bayyinah (evidence) is a term for all what
clarifies the truth and exposes it. And anyone
who limits it by the two or four witnesses
…etc, fails to provide the truth of this term”.
He also quoted the prophetic Hadith:
    أن: اد وا،" ا " ا
 أن ر و، ا انھ وا، ُ اهد
" ا.... ىن أ  اع ا أ ھ
“Al-Bayyinah is the responsibility of the
claimant, which means it is incumbent on the
claimant to support and authenticate his claim
in order to secure ruling to his favor. The two
witnesses (or more) are one type of alBayyinah. Undoubtedly, other types of
Bayyinah may be stronger (than the witnesses)
…etc.
Bin Qasim included several other pieces of
evidence from the Qurʼan and Sunnah to
support his view, and concluded that DNA
fingerprinting could be depended upon to
negate paternity, and could nullify the
husbandʼs claim to deny paternity, because in
that situation, his claim is against intellect and
fact. In such situations, the judges should
consider DNA testing prior to li`an, since
li`an is conditioned on absence of witnesses.
So, if one of the couple has this evidence
(Bayyinah) to support his/her view, there will
be no reason for li`an. Using this technology
fulfils the objectives of Shari`ah in the context
of the proper preservation of lineage.
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The validity of DNA fingerprinting in these
cases is a strong Bayyinah (evidence) that is
considered a strong witness.
Concluding remarks
Contemporary innovations in DNA sciences
have opened unprecedented avenues in
applications of human genetics, including
utilization in paternity establishment and
negation. Across the world, concerns over
ethical and legal issues stirred continued
debates. In the Islamic world, scholarly
deliberations among jurists and specialists in
medical sciences took place over the past two
decades. As in other new achievements of
medical sciences, Muslim jurists confirmed
the Shari`ah principles of safeguarding family
structure, lineage, psychosocial integrity and
peopleʼs privacy.
Genetic fingerprinting, in the majority jurists
opinion, is considered as corroborative
evidence used within the framework of the
established Shari`ah methods, even though
this undertaking may not definitively verify or
negate the disputed claims.
Some contemporary Muslim jurists, however,
argue that DNA fingerprinting could be
considered as the required testimony
(Shahadah / Bayyinah) that negates the need
for li`an in classical Islamic law. In view of
earlier precedents in Islamic legal tradition,
and of the differences among contemporary
jurists, more Juristic deliberations and ijtihad
are needed to explain Shari`ah standpoints, in
the wake of DNA technological discoveries.
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CONSANGUINEOUS MARRIAGE
Arif O. Khan*
Abstract
Consanguineous marriage such as marriage between cousins carries a stigma in Western countries and is
often associated with Islam. However, consanguineous marriage is actually part of shared human history,
continues to be preferred in many parts of the world, and is not advocated by Islam. There are genetic
consequences for offsprings, particularly if a recessive disease is known to run in the community, but for
certain families this risk is outweighed by social benefits of consanguineous unions. Modern
genetic/genomic techniques with proper counseling can minimize and even eliminate specific recessive
diseases that recur in a given community.
Keywords: Consanguineous, endogamous, homozygous, recessive, Islam, heterozygous, genetic
counseling.
Definitions
“Consanguineous” refers to a union between
two individuals who have a recent common
ancestor, as opposed to between two random
individuals from the human population at large.
The term “inbreed” is sometimes used
synonymously. “Endogamous” refers to a
union between two individuals from the same
tribe or clan. Humans are diploid organisms,
meaning that autosomal genes are present in
pairs, one copy (allele) coming from each
parent. Consanguineous and endogamous
marriages, as opposed to outbreed unions,
increase the percentage of autosomal gene pair
in which both alleles are the same in the
offspring. When both alleles in an autosomal
gene pair are the same, the genotype at that
locus is “homozygous.” When the two alleles

at a given autosomal gene locus are different,
the genotype is “heterozygous” for such locus.
Autosomal recessive disease occurs when both
alleles of a given autosomal gene pair have a
detrimental recessive mutation, with either both
alleles of the gene pair having the same
identical mutation (homozygous recessive
disease) or each allele of the gene pair having a
different mutation (compound heterozygous
recessive disease).
Autosomal recessive disease is classically fully
penetrant, i.e, biallelic mutations in a given
individual results in the disease phenotype.
However, there can be exceptions with reduced
penetrance, for example, certain biallelic
mutations can cause cystic fibrosis in some
individuals but not in others1.
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In addition, autosomal recessive disease
classically has minimal variable expressivity,
i.e., it presents with the same degree of
severity in all individuals with the biallelic
mutations. However, there can be exceptions
where some individuals have a less severe or
later-onset phenotype. For example, recessive
mutations in the gene CYP1B1 typically
cause severe newborn glaucoma, but can
sometimes cause a later onset juvenile or
even adult-onset glaucoma2.
In clinical genetics, consanguineous marriage
is defined as a union between individuals
related as second cousin or closer, which
results in their offspring having a co-efficient
of inbreeding (F) of >=0.01563. Second
cousin and first cousin marriages are the most
common forms of consanguineous marriage
worldwide. Unions between biological firstdegree relatives (e.g, siblings), considered
incest, are socially reprehensible to most
individuals across cultures, are generally
illegal, and are not well-studied. They were
common in ancient times among some ruling
classes such as in Pharonic Egypt4.
Background
And Contemporary Attitudes
Our human ancestors successfully migrated
out of Africa some 40,000–70,000 years ago
in relatively small breeding populations,
perhaps in groups no more than 1000
individuals5.
Thus in the past, consanguineous/endogamous marriage was commonplace and a
necessity.
As humans settled in different environments
throughout different parts of the world, local
societies developed with different forms of
social class stratification. Mate choice was
often encouraged within one's social class,
which continued to promote consanguinity
and endogamy, particularly in geographic
isolates, villages, and tribal groups.
With population growth, urbanization,
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international trade, and technological
advancements, the human population has
since globalized. Consanguineous marriage is
still practiced in several regions of the world,
but there have been major attitudinal shifts in
Western populations and some Asian
countries3.
In Western societies prior to the midnineteenth century, first-cousin marriages
were common in Europe particularly among
elite ruling families, while in the United
States, it was restricted, particularly among
poorer immigrant populations6. In the mid1800's in the United States, anecdotal
observations that physical or mental
disabilities could occur in some offspring of
some first-cousin marriages prompted vocal
critics to argue that the practice was
unhealthy. This was before the era of medical
genetics as a specialty and was largely based
on anecdotal observations rather than
scientific study. For example, an often cited
example of the potential detrimental effects
of inbreeding was the increased incidence of
hemophilia in European royal families of
18th and 19th centuries. However, it is to be
noted that this increased incidence would
have occurred even if those families were not
consanguineous because hemophilia is an Xlinked rather than an autosomal recessive
disease7. In any case, the ensuing debate, met
with little or no opposition, led to many
American states passing legislation prohibiting first-cousin marriage. Currently more
than half the states in the United States ban
the practice or stipulate special requirements
before it can be allowed6. Given our current
knowledge that there are greater genetic risks
to offspring in other situations for which
there are no prohibitions, this legal restriction
of first-cousin marriage is somewhat
illogical. As discussed below under “Genetic
Consequences,” the risk for a congenital
malformation from a first-cousin marriage, in
general is in absolute terms only 1-3% over
that of the general population8. In contrast,
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for a given individual with recognized
autosomal dominant disease, such as the fatal
neurodegenerative disease Huntington's disease, the affected individual has 50% risk of
passing the disease to his/her offspring when
the spouse is not affected and there are no
legal restrictions regarding marriage for such
an individual.
In the mid-1800's a similar debate regarding
consanguineous marriage as a potentially
unhealthy practice also took place in Great
Britain and Ireland. First-cousin marriages
among the local population thereafter
declined, although no legislation prohibiting
first-cousin marriage was passed, and to date,
there are no laws banning the practice in
Europe. However, in some countries in Asia,
legislation has been passed banning firstcousin marriage-these include China, Taiwan,
both Koreas, and the Philippines6. Currently,
there continues to be stigma and taboo
regarding first-cousin marriage among the
general population in Western and certain
Asian countries, particularly in the United
States8.
In contrast to these developments in Western
and certain Asian countries over the last 150
years, in many cultures in Africa, Asia, and
the Middle East, first-cousin marriages
continue to be preferred3. There are various
reasons for this continued practice.
Economically, the family benefits as assets
and family property stay within the family.
Socially, because the in-laws are known
beforehand, pre-nuptial understandings and
agreements are simplified. There tends to be
better harmony between the spouse and
his/her new in-laws in consanguineous
unions9, and divorce rates have been reported
as lower10. In addition, the fact that the
practice is traditional, is itself a reason for its
continued preference in certain cultures.
Consanguineous Marriage and Islam
Consanguineous marriage is common in the

Middle East, particularly in Muslim communities. Prior estimates have varied between
25% in Beirut to 60% in Saudi Arabia,
reaching 90% or more among some Bedouin
communities in Kuwait and Saudi Arabia3,11.
Currently the average consanguinity rate in
Saudi Arabia seems to be 56% although this
can be higher in certain regions12,13.
Because consanguineous marriage is often
preferred in many Muslim countries, it is
often assumed that Islam recommends the
practice. This is not necessarily the case.
There is nothing in the Qurʼan advocating
consanguineous marriage, while there is
reportedly a Hadith that discourages it.
“Marry outside the family, lest the offspring
be thin and weak.” [Ibn Hajar, Talkhis alHabir]”14.
In addition, the second Caliph, Omar ibn alKhattab, was said to have advised the Bani
Assayib tribe to intermarry with other tribes
and avoid cousin marriage.
“Marry from far away tribes, otherwise you
will be weak and unhealthy"15.
Clearly, consanguineous/ endogamous marriage is a pre-Islamic tradition. However, the
practice may have been encouraged by
Qurʼanic rules of inheritance16. Daughters
inherit half of the amount received by sons
and the wife inherits a determinate share
from her husband17. According to Islamic
law, a dower (mahr) is specified as part of the
marriage contract, and these goods are
transferred to the bride at the time of
marriage18,19. Thus a womanʼs share of her
family wealth would be retained within the
family or tribe by marriage to her paternal
cousin.
Also, although there is the aforementioned
Hadith reportedly discouraging consanguineous marriage14, there are examples of
consanguineous marriage in the early history
of Islam. For example, Fatima, the daughter
of the Prophet  ﷺ, married Ali (RAA), the
Prophetʼs ward and first cousin16.
While the Glorious Qurʼan does not recomm-
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end first-cousin marriage, it does not
explicitly prohibit the practice. On the other
hand, the Glorious Qurʼan does specifically
prohibit certain intra-familial marriages:
“Prohibited to you (in marriage) are: Your
mothers, daughters, sisters; father's sisters,
mother's sisters; brother's daughters, sister's
daughters; foster-mothers (who gave you
suck), foster-sisters; your wives' mothers;
your
step-daughters
under
your
guardianship, born of your wives to whom
you have gone in,- no prohibition if you have
not gone in, (those who have been) wives of
your sons proceeding from your loins; and
two sisters in wedlock at one and the same
time, except for what is past; for Allah is Oftforgiving, Most Merciful”20.
While the prohibition on uncle–niece
marriage is observed in Middle Eastern Arab
communities21, in different regions of India,
uncle–niece marriages have been reported in
Muslim communities22, possibly reflecting
pre-Islamic marital customs among converts
from the Hindu or Buddhist faiths.
Genetic Consequences
When both parents of a child share a recent
common ancestor following a consanguineous marriage, each parent will inherit an
identical copy of certain chromosomal
regions (haplotypes).
Some of these haplotypes shared by both
parents will be received by their offspring as
a double copy in a homozygous, or more
precisely autozygous state.
If there is a deleterious recessive gene
mutation on a parental shared haplotype, the
homozygous child will inherit two copies of
the recessive disease gene (i.e., have biallelic
homozygous mutations) and thus be affected
by the disease. The closer the biological
relationship between the parents, the greater
is the homozygosity of the offspring, and thus
the greater the probability their offsprings
will inherit a detrimental recessive gene
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mutation. First cousins are predicted to share
12.5% (1/8) of their genes. Thus, on average,
their progeny will be homozygous at 6.25%
(1/16) of gene loci.
Because all individuals carry different
recessive gene mutations in the heterozygous
state, the fact that consanguineous marriage
results in increased homozygosity in
offspring means an increased probability for
expressing a recessive disease in offspring23.
However, overall, first-cousin marriages do
not carry a high risk of congenital disease,
particularly if there is no history for
significant disease in the family, and it is only
a minority of consanguineous unions that are
at high risk for such disease. In general, firstcousin marriage increases the risk of
significant birth defects in offspring only 13% over that of the general population (from
0.8-2.1% to 2.5-4.5%)8. In absolute terms this
is approximately double the risk, but in
relative terms it is only a 1-3% increased risk.
The risk for consanguineous marriage is
higher when a recessive disease is known to
run in a particular community or family,
when there is concurrent endogamy, and/or
when families have large numbers of
children. A recessive founder or de novo
mutation can quickly rise to a high frequency
in a tribal sub-community that practices
endogamy, due to population stratification24.
In this way, an otherwise rare genetic
condition can become relatively common
from a single founder mutation in particular
subgroup in a country, such as congenital
glaucoma (caused by recessive mutations in
the gene CYP1B1) in Saudi Arabia2,23.
Moreover, a high birth rate in the setting of
consanguinity/endogamy further increases
the probability that new recessive mutations
inherited by both parents from a recent
common ancestor will come together in the
homozygous state in at least one of the
several offspring and thus cause disease. This
combination of consanguinity, endogamy,
and preference for a large number of

consanguineous marriage

children, as seen in several Arab countries,
clearly increases the incidence of homozygous recessive disease mutations in offspring
and thus the number of children affected by
rare autosomal recessive disorders23,25,
sometimes to alarmingly high levels, and
sometimes including diseases that are not
seen elsewhere in the world23,25. When both
parents are carriers for a given autosomal
recessive disease with full penetrance, the
chance of an affected offspring is 25%, the
chance of a carrier (heterozygous) offspring
is 50%, and the chance of a non-carrier
offspring is 25%. If carrier parents have one
or two children, the likelihood is none will be
affected by the disease. However, if the
carrier parents have 10 children, the
likelihood is that more than one will be
affected by the disease and several will be
carriers.
Offspring of consanguineous unions may also
be at increased risk for additional disorders
other than single gene autosomal recessive
ones, such as disorders of multifactorial or
complex inheritance26. These include
congenital abnormalities/ syndromes, hypertension, high blood pressure, and adult-onset
glaucoma. However, there are few studies
evaluating the effect of consanguinity on
multifactorial diseases of childhood and
adulthood and the studies to date are not
conclusive as to whether consanguinity
increases the risk for multifactorial disease,
as it is difficult to separate out confounding
socioeconomic,
environmental,
and
subpopulation-related factors8.
Furthermore, the increased prevalence of
Downʼs syndrome observed in the Middle
East, relative to the West could be related to
an autosomal recessive gene predisposing to
non-disjunction in certain families26.
Similarly, it is difficult to separate a
predisposeing role of consanguinity in this
increased prevalence from the other
confounding regional factors, such as
advanced maternal age, high birth rate, and a

preference not to terminate pregnancy based
on results of prenatal genetic testing27.
On the other hand, it has been suggested that
consanguinity can “weed out” deleterious
gene mutations, resulting in overall more
healthy offspring other than the occurrence of
autosomal recessive diseases in the minority
of cases. However, again this is difficult to
prove as it is difficult to separate out
socioeconomic,
environmental,
and
subpopulation-related factors8.
What can be done
about Homozygous Recessive Disease?
When a homozygous recessive disease is
known to run in a particular family or group
that wants to continue to practice
consanguinity/endogamy, genetic testing and
counseling
to
identify
carriers
(heterozygotes) is recommended. Marriage
unions between carriers and non-carriers or
between two non-carriers should be
encouraged, and unions between two carriers
should be strongly discouraged. Done in an
organized fashion, this strategy can
dramatically reduce the incidence of a
recessive disease that is associated with a
specific population, as was achieved with the
reduction of Tay-Sachs disease in Jewish
populations28.
Genetic testing and counseling to identify
carriers has been implemented by the
government of Saudi Arabia for two common
hereditary hemoglobinopathies in the region,
thalassemia and sickle cell disease. On
February 21, 2004 it became mandatory for
potential Saudi couples to undergo carrier
testing for thalassemia and sickle cell disease
before they could be issued a marriage
certificate29. Those found to be at high risk
for having affected offspring have the right to
marry regardless of the results of the testing,
but they must undergo counseling before they
are issued a marriage certificate. In the first
two years of the program, it was estimated
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that nearly 90% of potential Saudi couples
who were found to be high risk couples as a
result of the testing (both were carriers for
the recessive gene) proceeded with marriage
regardless of their high risk of having
affected offsprings29.
However, with improved counseling and
awareness, over the next five years, the
frequency of voluntary marriage cancellation
has increased five-fold30. During the same
period, the incidence of β-thalassemia has
dramatically decreased30. Nevertheless, there
is some discussion about legislation to ban
marriage of couples who are both carriers for
the recessive gene.
When a recessive disease occurs in a
particular family or group that wants to
continue to practice consanguinity/endogamy
but the disease gene is not known, modern
genomic techniques that take advantage of
consanguineous family structure can often
identify the underlying disease gene which in
turn can facilitate genetic counseling and
treatment research31.
Homozygosity mapping, a genomic technique that tracks patterns of homozygosity that
result from the bi-parental inheritance of a
shared ancestral haplotype, has been very
successful in helping to uncover new
recessive disease mutations in affected
consanguineous families, sometimes even
from a single affected patient31. The clinician
plays a key role in such situations as careful
phenotyping is essential. For example this led
to the gene discovery in the syndrome of
ectopia lentis, spontaneous filtering blebs,
and craniofacial dysmorphism32.
Homozygosity-analysis
guided
exome
sequencing in a Saudi woman from a
consanguineous family who was clinically
recognized to have this rare but distinct
phenotype, uncovered the mutated gene,
ASPH, which was then confirmed to be
mutated in other similarly affected
individuals from Lebanon32.
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Summary and Recommendations
Consanguineous marriage is part of our
shared human heritage and continues to be
preferred in many parts of Asia, Africa, and
the Middle East. Over the last 150 years the
practice has become stigmatized in Western
and some Asian countries through anecdotes
and legislation rather than on the basis of
scientific study.
Consanguineous marriage increases homozygosity in offspring and thus the risk for
expressing
recessive
gene
mutations
(homozygous recessive disease). In general,
the overall risk of significant congenital
disease from first-cousin marriage is not
much higher than the risk from a nonconsanguineous marriage (1-3% greater).
However, if a recessive disease is known to
run in a family or community, the risk is
greater. Also, the coupling of consanguinity
with endogamy and a preference for a large
number of children, as is often seen in Arab
Muslim communities, can increase the
number of offspring with an autosomal
recessive disease that is rare or virtually
absent in the rest of the world to
unacceptably high levels.
In many families/communities without a
history for significant recessive disease, there
are cultural, social, and economic reasons for
consanguineous marriage that outweigh a
theoretical increased 1-3% probability of a
rare disease. Islam does not advocate firstcousin marriages but does not prohibit it.
When a recessive disease associated with an
identified gene is known to run in a particular
family / community and consanguineous
marriage is desired, genetic testing/
counseling can reduce the burden of the
disease and even effectively eliminate it from
the family/ community. If the recessive
disease gene is not known, modern genomic
techniques
that
take
advantage
of
consanguineous family structure, can allow
discovery of the gene, which in turn can lead

consanguineous marriage

to better treatments as well as enable genetic
testing/counseling that can reduce the burden
of the disease and even effectively eliminate
it from the family/community.
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PREMARITAL GENETIC TESTING FOR HEREDITARY DISEASE
IN LIGHT OF ISLAMIC MEDICAL JURISPRUDENCE
Abul Fadl Mohsin Ebrahim*
Abstract
Premarital genetic testing (PGT) for prospective couples includes tests for genetic, infectious and
blood transmitted diseases to prevent any risk of transmitting these diseases to their children. It is
deemed important in view of the increasing number of children affected with genetic or blood
transmitted diseases. In Arab countries, for example, in United Arab Emirates (UAE), Saudi Arabia
and Bahrain, their Ministries of Health have made it mandatory for all prospective married couples to
undergo this screening process before getting married. This is being enforced precisely because of
the high prevalence of hereditary diseases, like sickle cell disease and Thalassemia which may be
associated with the high prevalence of consanguineous marriages in such countries. Whilst there are
obvious benefits of PGT, Muslim scholars are divided on the issue of the enforcement of this test
upon the population. This paper addresses their concerns and an attempt is made to justify mandatory
PGT in light of Islamic Medical Jurisprudence.
Keywords: Premarital genital testing, genetic diseases, consanguineous marriages, Islamic
jurisprudence.
Introduction
Generally, diseases that affect humans are
categorized as acquired or hereditary. An
acquired disease is not present at birth
(congenital), but develops later on in life, for
example, tuberculosis, etc. Hereditary diseases,
on the other hand, are diseases that are present in
the genetic makeup of a person and may to be
passed on from generation to generation1.
Premarital genetic testing (PGT) is a test carried
out on prospective couples who intend to get
married. The objective is to test them in order to
ascertain whether they are carriers of genetic
diseases which could be transmitted to their
offspring2.
It is important to note that many parents are
unaware that they are carriers of certain genetic
disorders in view of the fact that a carrier of a
genetic disorder does not carry any morbidity
nor does the disorder manifest in oneʼs physical
constitution (normal phenotype). Hence they

only become aware that they are carriers of a
particular disorder after their children are born
with that specific genetic disorder.
For example, in the United Arab Emirates, Saudi
Arabia and Bahrain there is a high prevalence of
hereditary diseases like sickle cell anemia and
Thalassemia which resulted from consanguineous marriages.
This reality prompted the governments in these
countries to make it mandatory for all
prospective couples to undergo PGT3.
Merits of Premarital
Genetic Screening
In a study conducted in Bahrain4 where
consanguineous marriages were prevalent, it was
found that as a result of mandatory premarital
genetic counseling and screening, the following
positive results were achieved:
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Increase of ʻseparation before engagementʼ
in ʻarrangedʼ marriages.
Decline of 50% in the incidence of sickle
cell disease in neonates.
Decline in the rate of cousin marriages from
45.5% in the previous generation to 39.4%
in the present generation.
Increased awareness of the negative effects
of consanguineous marriages.
Shaykh `Abd al-Rashid Qasim5 concedes that
PGT will enable prospective marriage couples
who were unaware of the fact that they were
both carriers of the same genetic disease to be
better informed. They would have the option to
either call off the marriage or to take
precautionary measures not to have children if
they nevertheless wish to get married to each
other.
Concerns
In the context of mandatory PGT, however,
several concerns may be raised and some of
them are hereunder discussed:
(a) Violation of autonomy
Autonomy is deﬁned as a principle of medical
ethics which necessitates one to respect the
rights of others so that they could freely make
their own choices and decisions6. Thus the
imposition of mandatory PGT by the State
compromises the autonomy of the populace and
may be considered un-ethical.
(b) Falsiﬁcation of medical certiﬁcates
According to Albar7(1998) when the Arab
countries were contemplating making PGT
mandatory in the latter part of the 1900s for their
citizens, it was feared that the cost of such a test
would be too exorbitant and hence most
governments would not be able to fund such a
test for their subjects. Moreover, citizens
residing in the less afﬂuent Arab countries, like
for example, Egypt, Morocco and Syria, would
decline the test or evade it on the grounds of
poverty. Furthermore, it was argued that if PGT
were to be imposed as a precondition for the
solemnization of marriage, then that would
inadvertently open the doors for trafﬁcking in
false medical certiﬁcates. However, today, PGT
78 FIMA YEAR BOOK 2015

is a gratis routine mandatory procedure for the
populace in the afﬂuent Middle Eastern
countries.
(c) Breach of conﬁdentiality
The results of PGT ought to be conﬁdential in
the sense that a physician or other health
professionals are expected to hold secret all
information related to the clientele, unless the
clientele gives consent permitting disclosure
(thefreedictionary.com). Hence breach of
conﬁdentiality insofar as the results of PGT is
concerned will undermine their (especially
women) chances to have further marriage
proposals8 if they are tested positive as carriers
of genetic disorders.
(d) Limitations of PGT
It is important to note that due to the cost factor,
mandatory PGT is limited to two or three genetic
diseases common amongst the local population.
However, having undergone PGT, the
prospective couples, who ﬁnd out that they are
non-carriers of any of the genetic diseases for
which they had been tested for, may have the
false notion that their offspring would be
immune from other forms of genetic disorders9.
In order to circumvent this, the State which
imposes mandatory PGT safeguards itself by
making the prospective couples sign an
indemnity form clearly stipulating the genetic
disease/s they had been tested for so as to
indemnify the State from litigation.
Dissenting Views
There are some Muslim scholars who oppose
mandatory PGT and they substantiate their
objections on the basis of the following
arguments10:
Firstly, they state that the conditions for
contracting nikah (marriage) have clearly been
deﬁned in both the Glorious Qurʼan and in the
Sunnah. For example, Muslim women are not
allowed to marry non-Muslims11, Muslim men
are not allowed to marry two sisters at one and
the same time and likewise Muslims in general
are cautioned against marrying those who are
related to them through blood relationship12.
Hence they point out that PGT cannot be made a
condition for marriage since Sayyiduna
Muhammad (SAAS) said: “Every condition that
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does not exist in the Book of Allah (Qurʼan) is you”18 justifies Muslims to uphold the Stateʼs
invalid13”.
imposition of mandatory PGT in the interest of a
Secondly, while one of the primary objectives of pressing social need, namely, to safeguard its
marriage is procreation, women who have population from inheriting genetic disorders.
passed the age of child-bearing may also wish to Moreover, the Qurʼanic ayah: “Do not make
marry for the sake of companionship and not for your hands contribute to your own
procreation. It would therefore be meaningless to destruction”19 may be cited to justify prospective
impose PGT on such prospective elderly Muslim parents taking the initiative to avoid
couples14.
producing offspring who would be suffering
Thirdly, undergoing PGT does not in any way from genetic disorders. Caring for children with
guarantee that the offspring of the prospective genetic disorders would place them in financial
couples would be totally safeguarded from difficulties which would have adverse effects on
genetic disorders. Hence, they are of the view their mental sanity.
that prospective couples ought to supplicate for (b) Maqsid al-Shari`ah20
pious and healthy offspring just like Sayyiduna One of the five objectives of Islamic Law is hifz
Zakariyya did: “Then Zakariyya prayed unto His al-nasl (protection of progeny). Hence taking
Lord and said: “My Lord! Bestow upon me Your steps to ensure that future generations are free
bounty, a goodly offspring. Lo! You are the from genetic disorders is in conformity with this
Hearer of prayer”15. In other word, the objective.
prospective couples must place their tawakkul (c) Justifications for the compromizing of
(trust) in Allah (SWT) and acknowledge the
autonomy on the basis of al-Qawaʼid alpower of du`aʼ (sincere supplication).
Fiqhiyyah21 (Legal Maxims).
Fourthly, while they do concede that the Muslim One of the Legal Maxims is akhaff al-dararayn
ruler has the prerogative to enforce certain (lesser of two evils). In the context of this paper,
matters as mandatory, they are of the view that it the two evils are (i) mandatory PGT and (ii) the
should be restricted to matters which involve the prevalence of birth of children with genetic
interest of wider public. They do not accept PGT disorders. It would therefore be a lesser evil to
to be in the interest of public welfare since its compromise autonomy for the sake of a pressing
negative consequences far outweigh its social need, i.e. to prevent the births of children
benefits16. Thus in the context of mandatory with genetic disorders.
PGT, they contend that an individualʼs Another principle of Islamic Jurisprudence is
autonomy should not be compromised and hence sadd al-dhara`i which implies blocking the
prospective couples should be encouraged to means to an expected end (evil) which is likely
undergo PGT and to be educated about its to materialize if the end towards it is not
benefits, but at the same time they should be obstructed. In other words, therefore, it would be
allowed to exercise their autonomy either to permissible to block autonomy in the context of
undergo the test or not.
PGT to an expected end of safeguarding the
progeny from inheriting genetic disorders.
Endorsement of Mandatory PGT
(d) Genetic counseling
Genetic counseling for the prospective couples
Islamic Medical Jurisprudence is in essence the who are at risk of passing the genetic disorder to
science which deals with bioethical issues in the their unborn offspring should be encouraged in
field of healthcare and medicine17. Thus in light view of the fact that such counseling conforms
of Islamic Medical Jurisprudence, mandatory to the following hadith: “Al-Din nasihah”22
PGT can be substantiated on the basis of the (Religion is sincere advice). They should be
following considerations:
advised on contraception and if they wish to
(a) Textual Evidence
have children, it is important that they are made
aware of that in light of Islamic Medical
The Qurʼanic ayah: “Obey Allah and obey His Jurisprudence, it is unacceptable for them to
messenger and those in authority amongst resort to sterilization, to solicit third party
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intervention in the form of artificial insemination
with donor sperm, egg donation and surrogate
motherhood and adoption23. Likewise, they
cannot legally adopt children, but they could
foster a child, but that would entail observance
of the rules of `awrah (privacy) within their
homes. In other words, when the female who is
foster-parented attains puberty, she would not be
able to freely come out in the presence of her
foster father without observing the rules of
seclusion of her privacy. In the same way, the
foster mother will have to observe the rules of
seclusion in front of her foster son. A viable
option for them would be to resort to preimplantation diagnosis (PGD), if they so wish to
have a child who would be free from hereditary
disease24.
Reflection on the above two viewpoints
It is important to note that under dissenting
views, the first objection raised implies that PGT
is a (condition) for marriage, which is not
necessarily the case. PGT is only required prior
to marriage, and the decision to go ahead with
the marriage is left entirely to the prospective
couple intending to be married.
Under endorsement of mandatory PGT, it should
also be noted that undergoing PGT before
marriage can effectively avert the procreation of
children who could be susceptible to inheriting
chronic and disabling genetic disorders thus
reducing the severe psychosocial problems on
the family and the economic burdens on both the
family and the State. Hence, imposing PGT upon
all prospective marriage couples would
markedly outweigh the costs of testing.
Moreover, under (d) above, genetic counseling,
it should equally be noted that in the area of
reassurance and counseling of carriers, it is
important to educate the prospective couples
that25:
 Being a carrier is not a disease, and not
shameful.
 It may be associated with some health
advantages for survival: e.g., established
Malaria survival in carriers of sickle cell
trait noted in Africa.
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The advantage of knowing one is a carrier
enables him/her to better plan for a healthy
family and avoid genetic diseases.
 Any carrier can safely marry a non-carrier.
Conclusions


In countries where certain genetic disorders are
prevalent, it would be perfectly in order, in light
of Islamic Medical Jurisprudence, for the State
to impose mandatory PGT upon its populace
who intend to get married for that would be in
fulfilment of a pressing social need, namely, to
safeguard them from bearing children with
genetic diseases. However, confidentiality ought
to be guarded at all times. Thus, it is important
that the populace receive genetic counseling
both prior to and after PGT26. However, if a
couple who are both carriers of a particular
genetic disorder were to still wish to take the risk
and be married to each other, they should not be
discouraged to do so, bearing in mind the power
of du`aʼ (supplication). They should thus be
counseled about contraception and if they do
want to have children they should be advised as
to what is acceptable within the ambit of Islamic
Medical Jurisprudence vis-à-vis their right to
procreate27.
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PRENATAL DIAGNOSIS:
A MODEL FOR GENETIC COUNSELING AND TESTING
Hassan M. Harirah*
Abstract
Over the past 4 decades, there have been revolutionary changes in the approach to prenatal
diagnosis of fetal congenital defects during pregnancy. Prenatal diagnosis evolved from
assessment of risk based on maternal age alone to the advent of serum screening and ultimately
combined testing utilizing serum markers and ultrasound nuchal translucency (NT) to detailed
evaluation of fetal anatomy and invasive diagnostic procedures involving sampling of
intrauterine amniotic fluid, placental villi or fetal blood. The result is improved detection rates of
Downʼs Syndrome from approximately 30% to greater than 90% over the past 20 years. The
recent introduction of non-invasive prenatal testing (NIPT) via cell-free fetal DNA analysis has
created exciting opportunities to expand and improve genetic testing options with a high
sensitivity (>99%) coupled with a low false positive rate.
A pendulum has swung back and forth, between which test to start with, as new technologies
have been developed. The novelty and complexity of these technologies, combined with the
commercial interest to implement these tests rapidly into clinical care, have created challenges
for physicians and patients. Overall, prenatal diagnosis has moved along two parallel paths
(imaging and tissue diagnoses) that sometimes converge. Often, clinicians are experts in one
diagnostic modality or the other and there are a very limited number who are experts in both. As
a result, there is often a huge variability in approach to screening and diagnosis depending on by
whom and where a patient is seen.
Keywords: prenatal screening, DS, plasma free fetal DNA, Mendelian disorders, genetic
counseling.
Introduction
From the moment of conception to the time of
delivery, the growing baby (fetus) goes
through several stages of development before
he or she is ready to be born. Fortunately, the
majority of babies are born healthy; however,
2-3% of infants are born with congenital
abnormalities or defects, some of which are
major ones that endangers their health. Fetuses

with abnormal number of chromosomes
(aneuploidy) account for 6–11% of all
stillbirths and neonatal deaths.
Fetal congenital defects might be hereditary
due to chromosomal or genetic disorders, or
spontaneous
non-hereditary
due
to
developmental defects, genetic mutation, or
exposure to teratogens.
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Parents are always anxious about their fetus
and eager to know if it has any problem before
it is born. Certain fetal conditions can be
treated before the baby is born, while others
may need special treatment immediately after
delivery. Without knowledge gained by
prenatal diagnosis, there could be an untoward
outcome for the fetus or the mother or both.
Prenatal diagnosis provides prospective
parents with information that enables them to
make decisions about the health care for their
infant.
Prenatal diagnosis is a new field in which
doctors, Maternal-Fetal Medicine specialists
(perinatologists) and geneticists, determine
whether a fetus has a problem or congenital
defects. Prenatal diagnosis involves genetic
counseling to prospective parents, performing
screening tests on mothers to assess their risks
for having a child with congenital
abnormalities, and diagnostic tests to confirm
or disprove the results of maternal screening
tests. Prenatal diagnosis is now a part of
routine prenatal care. Ideally, every pregnant
woman is to be offered screening for
hereditary disorders and chromosomal
aneuploidy. The aim is to detect birth defects
such as neural tube defects, Downʼs syndrome,
other chromosome abnormalities, and hereditary genetic disorders.
In the past decades, numerous markers and
strategies for screening and diagnosing
congenital fetal defects and chromosomal
aneuploidies have been developed. The recent
advances in technology have created exciting
opportunities to expand and improve genetic
testing options that are available to women
during pregnancy. The novelty and complexity
of these technologies, combined with the
commercial interest to implement these tests
rapidly into clinical care, have created
challenges for physicians and patients.
Obstetric
providers
are
challenged
continuously with the evaluation of the
potential benefits and harms of new screening
and diagnostic procedures or technologies for
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their patients (mother and fetus). The pregnant
women are challended to understand the
intricacies of these tests and to make the
appropriate decision based on the results of
these tests.
The purpose of this article is to present and
evaluate the available screening and diagnostic
strategies offered in clinical practice and to
help prospective parents to better understand
the pros and cons of each method.
Chromosomes and Genetic Disorders
Few areas in science and medicine have
advanced at the pace we are experiencing as
the fields of genetics and genomics. The
Human Genome Project, at the beginning of
the 21st century, have provided a complete
sequence of our genome that now serves as the
foundation to our understandings of gene
regulation and genetic disorders. This
knowledge of genetic principles are now not
restricted to any one medical specialty but in
fact have permeated all areas of medicine as
virtually any disease is the result of the
combined action of genes and environment.
The human genome consists of large numbers
of deoxyribonucleic acid (DNA) molecules
that contain within their structure the genetic
information needed to specify all aspects of
embryogenesis,
development,
growth,
metabolism, and reproduction, essentially all
aspects of what makes a human being a
functional organism. Every nucleated cell in
the body carries its own copy of the human
genome, which contains approximately 20,000
to 25,000 protein coding genes. The genes
are the functional units of genetic information
encoded in the DNA of the genome. These
genes are organized into a number of rodshaped organelles in the nucleus of each cell,
called chromosomes.
The composition of genes in the human
genome, as well as the determinants of their
expression, is specified in the DNA sequence
of the 46 human chromosomes in the nucleus
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plus the mitochondrial chromosome. Each
human nuclear chromosome consists of a
single continuous double helix DNA and the
nuclear genome consists, therefore, of 46
linear DNA molecules totaling more than 6
billion nucleotide pairs. The DNA helices are
packaged with several classes of specialized
proteins (histone and non-histone) to make
chromatin. In the non-dividing cell,
chromatin is distributed throughout the
nucleus, and as the cell divides, its genome
condenses to appear as microscopically visible
chromosomes.
Each species has characteristic chromosome
compliment (karyotype) in terms of the
number, morphology, and contents of the
chromosomes that make up its genome. The
genes are localized in linear order along the
chromosomes and each gene has a precise
position or locus. The study of the
chromosomes, their structure and inheritance
is called cytogenetics1. With the exception of
cells that develop into gametes (the germline);
all cells that contribute to oneʼs body are
called somatic cells. The genome contained
within the nucleus of human somatic cells
consists of 46 chromosomes arranged in 23
pairs. Of those 23 pairs, 22 pairs are alike in
males and females and are called autosomes.
The remaining pair is the two different types
of sex chromosomes: an X and Y
chromosome in males and two X
chromosomes in females. Members of paired
chromosomes (referred to as homologous)
carry matching genetic information, same
genes in the same order. At any specific locus,
the genetic information might be identical or
may vary slightly in sequence; these different
forms of a gene are called alleles. One
member of each pair of chromosomes is
inherited from the father and the other from
the mother2.
Mitochondrial chromosome is a small but
important part of the human genome. Human
cells can have hundreds to thousands of
mitochondria, each containing a number of

copies of small circular mitochondrial
chromosome. The mitochondrial DNA
molecule is only 16 kb in length. It is just a
tiny fraction of the length of even the smallest
nuclear chromosome. It encodes only 37 genes
and the products of these genes function in the
mitochondria. The genes of the mitochondrial
chromosome exhibit exclusively maternal
inheritance.
Among congenital anomalies caused wholly or
partially by genetic factors, three main types
are recognized: chromosome disorders, singlegene disorders, and multifactorial disorders3.
Chromosome disorders are due to the excess
or deficiency of the genes located on entire
chromosomes or chromosome segments. As a
group, chromosome disorders are common,
affecting approximately 7 per 1000 live born
infants and accounting for approximately half
of all spontaneous abortions occurring in the
first trimester of pregnancy.
Single-gene defects are caused by pathogenic
mutations in individual genes. The mutation
may be present on both chromosomes of a pair
(homozygous) or only on one chromosome of
a pair (heterozygous). This leads to a critical
error in the genetic information carried out by
these individual genes with a classic
Mendelian inheritance patterns in families
(autosomal recessive, autosomal dominant, or
X-linked). Most of single-gene defects
disorders are rare, with a frequency that varies
between 1 in 500 to 1 in 1000 individuals.
However,
single-gene
disorders
are
responsible for a significant proportion of
disease and death. Overall, the incidence of
serious single-gene disorders in pediatric
population is estimated to be approximately 1
per 300 live born infants.
Multifactorial
disorders with complex
inheritance contribute to the majority of
diseases in which there is a genetic
contribution. Multifactorial disorders include
congenital heart defects, cleft lip and palate,
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and Hirschsprung disease, as well as many
common disorders of adult life, such as
diabetes, coronary heart disease, and
Alzheimer disease. There appears to be no
single error in the genetic information in many
of these conditions. Rather, the disease is the
result of the combined impact of variant forms
of many different genes; each variant may
cause, protect from, or predispose to a serious
defect, often in concert with or triggered by
environmental factors. Estimates of the
impacts of multifactorial disease range from
5% in the pediatric population to more than
60% in the adult population4.
Understanding the genetic origin, prevalence,
and inheritance mechanism of these congenital
anomalies are crucial for proper prenatal
screening and counseling of pregnant women,
as well as for determining their proper
diagnosis.

the probability that the fetus might be affected
and in offering the particular test (s) to
diagnose the condition.

Genetic counseling

Single-gene (Mendelian inheritance) conditions are inherited as either autosomal
dominant, recessive or sex linked patterns.
Certain conditions are more common in
specific ethnic groups, although it is essential
to note that there are no disorders found
uniquely in a certain ethnic or racial group and
that many families may not have an obvious
predominant ethnicity. If carrier testing is to be
done on the basis of ethnicity, it is reasonable
to offer this to the pregnant woman first and
then test the father only if the mother is
positive. If testing is being considered on the
basis of an affected relative, the test is offered
to the family member of the affected
individual first. Table 1 includes recommendations for genetic testing based solely on ethnic
identity.

The initial step in providing prenatal diagnosis
for every prospective parents is receiving
genetic counseling. Family history plays a
critical role in assessing the risk of inherited
medical conditions and single gene disorders.
A common tool used is the family history
questionnaire or checklist. Positive responses
on the questionnaire are usually followed up
by the healthcare provider to obtain more
detail, including the relationship of the
affected family member(s) to either parent,
exact diagnosis, age of onset, severity of
disease, and if there is evidence of
consanguinity (relation by blood or by
common ancestor).
Another family history assessment tool,
commonly used by genetics professionals, is
the family pedigree. The pedigree may assist
in determining the mode of inheritance of a
specific condition and identify the members at
increased risk of being carriers or of
developing the condition. This will help the
healthcare provider or geneticist in estimating

Apart from genetic counseling based on single
gene disorders or family history the most
common risk assessment is that for
aneuploidies,
specifically
for
Downʼs
Syndrome (DS). Aneuploidies,DS and other
trisomies are primarily the result of meiotic
nondisjunction, which increases with maternal
age. Fetuses with aneuploidy may have major
anatomic malformations that often are
discovered during an ultrasound examination.
An abnormality involving a major organ, or
the finding of two or more minor structural
abnormalities in the same fetus indicates an
increased risk of fetal aneuploidy. Although
advanced maternal age (> 35 years) is by itself
a risk for fetal aneuploidy, genetic counseling
and screening for aneuploidy is offered to all
women who seek prenatal care regardless of
their age. Women should be counseled
regarding the differences between screening
and diagnostic tests. Genetic counseling also
should include information about the detection
and false-positive rates of the screening test to
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be used. Information about the limitations as
well as the risks and benefits of any diagnostic
procedure that might follow the screening tests
should be available to patients so that they can
make informed decisions. In couples in which
the male partner is 45 years or older,
counseling should also address the increased
risk of new onset autosomal dominant
disorders (such as neurofibromatosis or
Marfan syndrome) that are associated with
increased paternal age. Some patients may
benefit from a more extensive counseling with
genetics professional or a Maternal-Fetal
Medicine specialist, especially if there is a
family history of a chromosome abnormality,
genetic disorder, or congenital malformation.
It is very important that the patient be
informed during genetic counseling that
screening test results only represent numerical
information regarding her risk of having a
fetus with aneuploidy. Communicating and
interpreting the numerical risk assessment is
crucial to enable women and their partners to
balance the consequences of having a child
with the particular disorder against the risk of
an invasive diagnostic test that she might
consider. It is often useful to contrast this risk
with the general population risk and their agerelated risk before screening.
Prenatal screening
In the 1970s, prenatal screening was simple
and included carrier screening for some
Mendelian disorders and for those who are at
increased risk for chromosomal aneuploidy
because they will be 35 years or older at the
time of delivery. Since then, there has been an
explosion of testing possibilities and a
simultaneous significant increase in the
number of births to women 35 years of age
and older. These now constitute almost 15% of
all pregnant women6. Today, there are
dramatic differences in approach, including
acceptance and tolerance of genetic risk and an
increase of the available pan-ethnic screening

5
for dozens of genetic Mendelian disorders .
Much of the change in attitude has been due to
improvements in the ability to accurately
detect genetic health status of the fetus.

The main indications for prenatal screening are
maternal risk for non-disjunctional aneuploidy
because of advanced maternal age and for
neural tube defects (NTDs). Although Downʼs
syndrome (DS) represents only a small
proportion of the serious genetic disorders
observed worldwide (Box 1), it continues to be
the forefront indication. Other indications
include a previous affected offspring, patients
with a balanced structural rearrangement of
parental chromosomes, or structural fetal
anatomical abnormality noted on ultrasound
examination6. There are now many strategies
available to screen for chromosomal
abnormalities. These incorporate maternal age
and a variety of first-trimester and secondtrimester ultrasonography and biochemical
markers that include nuchal translucency (NT)
measurement and pregnancy associated plasma
protein-A, human chorionic gonadotropin
(hCG),
maternal
serum
α-fetoprotein
(MSAFP), estriol, and inhibin-A levels5. The
choice of a screening test depends on many
factors, including gestational age, number of
fetuses, test sensitivity and limitations, desire
for early test results, and reproductive options.
The goal is offering screening tests with high
detection rates and low false-positive rates.
Ideally, patients seen early in pregnancy can
be offered first-trimester aneuploidy screening,
or integrated or sequential aneuploidy
screening that combines first-trimester and
second-trimester testing.
The options for women who are first seen
during the second trimester are limited to
quadruple (or “quad”) screening and
ultrasound examination (Table 2).
Ultrasound (US) evaluation of fetal anatomy in
the second trimester is another strategy for
prenatal screening. US markers for fetal
chromosome anomalies are observed in 3% to
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5% of pregnancies7. Some major structural
defects are frequently associated with
chromosomal anomalies such as omphalocele
and heart defects. Other US anatomical
findings called “soft markers”, such as choroid
plexus cyst, echogenic focus of left ventricle
of the heart, single umbilical artery,
pyelectasis (dilated renal pelvis), and
echogenic bowel have been associated with
increased risk for chromosomal aneuploidy8.
Second trimestr US evaluation of fetal
anatomy is also the main screening and
diagnostic tool for fetal NTDs, such as spina
bifida, and abdominal wall defects, such as
omphalocele and gastroschisis. Patients with
elevated MSAFP levels should undergo
detailed US evaluation by a Maternal-Fetal
Medicine specialist to rule out the existence of
fetal neural tube defects, abdominal wall
defects, or central nervous system (CNS)
structural abnormalities.
The single, most important advance in the
prenatal diagnosis of DS in the past 2 to 3
decades has been the understanding that the
US visualization of fetal nuchal translucency
(NT) was a very powerful marker of DS. US
measurement of fetal NT in the first trimester
is a powerful marker of DS, aneuploidy, and
congenital heart defects9.
However, pregnancies with increased NT
measurements
and
normal
karyotypes
represent a distinct risk group. More than 100
genetic conditions have been found in such
cases—the most common of which are cardiac
anomalies and Noonan syndrome10.
Therefore, when NT measurements greater
than 3-3.5 mm is noted on first trimester US
examination a fetal echocardiogram in the
second trimester to search for cardiac
anomalies should be recommended.
Recently, other first trimester US markers
have been suggested, including hypoplasia of
nasal bone, tricuspid valve regurge, and
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abnormal cardiac axis of fetal heart, and are
increasingly incorporated in prenatal screening
for fetal aneuploidy.
Prenatal Diagnostic Procedures
Prenatal diagnostic tests or procedures are the
next step offered for pregnant women with
positive screening tests or structural
anatomical abnormalities noted on US
examination. Diagnostic procedures often
involve direct assessment of fetal tissue. This
has been possible via US guided aspiration of
placental chorionic villi or amniotic fluid or
occasionally fetal blood. Other tissues such as
skin, muscle, and liver, have been obtained
occasionally for those diagnoses that cannot be
accomplished by sampling of amniotic fluid,
chorionic villi or fetal blood.
As in prenatal screening testing, prenatal
diagnostic
procedures
require
proper
counseling for patients about the aimed
benefits, possible risks, and limitations.
Patients should also be informed beforehand
that normal karyotype results after the
diagnostic procedure does not eliminate
submicroscopic chromosomal aberrations and
other
non-chromosomal
developmental
abnormalities.
Patients should be also informed about their
options, including termination of pregnancy
(TOP) if the diagnostic procedure confirmed
serious
fetal
congenital
defects
or
chromosomal aneuploidies. Personal and
religious perspectives need to be considered
and respected as part of the patientʼs
autonomy. For the Islamic perspective of the
termination of pregnancy, specifically for a
fetal malformation, the reader is referred to a
comprehensive review published in FIMA
yearbook 201311.
Genetic Amniocentesis: Invasive procedures
for diagnosis of fetal genetic disorders have
been available since techniques for culturing
and karyotyping of amniotic fluid fibroblasts
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were developed in the late 1960s to early
12
1970s . It has been the mainstay for 40 years,
however
a
major
disadvantage
of
amniocentesis is that results are usually not
available until late in the second trimester,
generally at 17 to 20 weeks of gestation, by
which time the pregnancy is very visible, the
mother has felt the baby moving, the bonding
process has been established and accelerated,
and consideration of TOP is more ethically,
emotionally and physically burdensome than
earlier in gestation13. Improvements in US and
increasing expertise in US-guided procedures
enabled physicians in the 1980s to move to the
first trimester, introducing chorionic villous
sampling (CVS) which can be done at 12
weeks and then early amniocentesis (EA)
which can be done between 10 and 14 weeks
of gestation. However, EA has been almost
completely abandoned because it has almost
the same risk of fetal loss and in addition was
associated with amniotic fluid leakage that led
to talipes equinovarus14,15.
Occasionally, an abnormally elevated amniotic
fluid alphafeto protein-AFP (AF AFP) is noted
when there is no obvious cause, such as USvisualized neural tube defect (NTD). This
situation indicates the need to test for
acetylcholinesterase (AChE) which, if
positive, suggests the presence of a small nonvisualized NTD. The combination of an
abnormally elevated AF AFP and a negative
AChE is associated in most cases with fetal
malformations or with fetal death16.
The safety and complications of genetic
amniocentesis were the subject of many
investigations17. As with all prenatal
procedures, there is always a constellation of
factors that render definitive assessment of the
risks and complications of amniocentesis
difficult. There is a well-understood
background rate of fetal loss and there is a
dramatic correlation between maternal age and
the risk of spontaneous loss. A randomized
trial of amniocentesis versus no amniocentesis
in low-risk patients found nearly a 1% increase

in pregnancy loss following amniocentesis.
More recent studies have suggested a much
lower complication rate, with the general
consensus being that, in experienced hands,
fetal loss after amniocentesis is approximately
1 in 350 to 40018. Trauma to the fetus during
amniocentesis has been reported; including
19
central nervous system injury. However,
fetal injury caused by the amniocentesis needle
was never common and should now be very
rare with US-guided procedures. Maternal
complications, such as sepsis and death are,
also very rare20,21.
Chorionic Villous Sampling: Since the
introduction of genetic amniocentesis, there
has been a constant desire to move prenatal
diagnoses as early in gestation as possible6. In
the
mid-1980s,
the
combination
of
increasingly sophisticated US imaging and
laboratory cytogenetic advances made firsttrimester sampling of chorionic villi possible.
With the rare exception of those patients
whose primary risk is for a NTD, virtually any
patient seen in the first trimester, who would
be considered a candidate for amniocentesis, is
also a candidate for CVS6. CVS has the
advantage of earlier diagnosis, allowing earlier
intervention when chosen, and increased
privacy in patientsʼ reproductive choices. With
developments in screening, principally the first
trimester, combined protocol of free β-hCG,
PAPP-A, and NT, most DS pregnancies can
now be identified in the first trimester.
Therefore, it is not reasonable to identify highrisk patients in the first trimester and then let
them wait a month for an amniocentesis when
a CVS could provide the answer much sooner.
CVS is now routinely performed at about 12
weeks. In general, placental location
determines whether the approach will be transcervical (TC) or trans-abdominal (TA). For
most cases, this decision is straightforward. If
the placenta is low-lying, posterior, or previa,
a TC approach is appropriate. If the placenta is
higher or lateral, if the uterus is retroverted, or
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if there are fibroids, TC CVS becomes more
technically challenging. However, the
placental “position” can often be maneuvered
by judicious manipulation of bladder volume
(by its overfilling).On the other hand, if the
placenta is anterior or fundal, a TA approach is
usually indicated22.
Safety of chorionic villus sampling was always
a concern since inception. In the early 1990s, it
was suggested that CVS might be associated
with specific fetal malformations, particularly
limb reduction defects (LRDs)20,23. Based on
published data, it is clear that there is no
increased risk for LRDs or any other birth
defect when CVS is performed at greater than
70 days of gestation. There is a minimal risk
between 8 and 9 weeks, and about a 1% risk of
LRD, if the procedure is performed between
28 and 42 days after fertilization (6–8 weeks
LMP)22. Recent data suggest that CVS is in
fact safer in experienced hands than mid
trimester amniocentesis21. A meta-analysis has
shown that the loss rates from amniocentesis
and CVS were equivalent and that the
incidence of late-term complications is
actually lower in the CVS group than in those
who had amniocentesis21,24.
Post diagnostic procedure counseling
This is an important step in assisting patients
to clearly understand the meaning of the
results, and the expected short and long term
effects on the fetus / newborn infant.
Counseling should include the availability of
both medical and surgical antenatal treatment
for some of the diagnosed abnormalities.
There are specialized fetal therapy centers for
in-utero intervention for some fetal structural
defects, such as NTDs, posterior urethral valve
obstruction, diaphragmatic hernia, or for twintwin transfusion syndrome. Consultation with
neonatal and pediatric surgery specialists are
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often needed to coordinate post-delivery
management.
Non-Invasive Prenatal Screening
with Cell-Free Fetal DNA
For decades the ultimate goal of prenatal
screening was to develop a method whereby
one can obtain fetal cells from a maternal
blood sample and thus avoids the need and risk
of an invasive, diagnostic procedure for
aneuploidy. Non-invasive prenatal testing
(NIPT) for aneuploidy using cell-free DNA in
maternal plasma is revolutionizing prenatal
screening and diagnosis. Traditional fetal
aneuploidy screening tests, based on
ultrasonography and maternal biochemistry,
have a detection rate of 50–95% at a 5% falsepositive rate25. The discovery of cell-free fetal
DNA in maternal plasma26, and the invention
of massively parallel sequencing (MPS)27
techniques have made NIPT for DS a clinical
reality27,28. NIPT has been proved to be highly
accurate in detecting fetal trisomy 21, with
sensitivity and specificity both > 99% and a
non-reportable (failure) rate of 0–4.9%29.
Although initially less successful, the detection
rates for trisomy 18 and 13 were reported to be
100% and 91.7%, respectively30,31. The
detection
rate
for
sex-chromosome
abnormalities has been reported to be 96.2%,
with a false-positive rate of 0.3%32.
However, it is important to recognize that,
despite the reported high sensitivities
approaching 99% for DS, 99% sensitivity is
not a 99% positive predictive value33. Of those
cases “at risk,” diagnostic procedures such as
amniocentesis or chorionic villus sampling
(CVS) must then be offered for confirmation.
It is also well-appreciated that although
statistical dogma of sensitivity and specificity
do not vary with prevalence, the predictive
values do.23 Thus, although in a 40 year old
woman with a positive DS screening using
cffDNA, the likelihood of actually having a
fetus with DS may be 70% or greater, in
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younger women the likelihood is much lower.
For example, with a 99% sensitivity and a
99% specificity (1% false positives), the
positive predictive value in a 26 year old
woman can be as low as 11%. That would be
comparable to a 3-mm NT measurement on
US. Therefore it should be understood that
both the NT measurements and NIPT results
are indicators of the odds and not a definitive
answer for the presence of the chromosomal
aneuploidy. These results ought to be looked at
as screening tests and followed by a detailed
ultrasound examination to identify ultrasound
markers of fetal aneuploidy or anatomical
malformations. This needs to be followed by a
diagnostic test such as amniocentesis or CVS
to obtain chromosomal karyotyping or
molecular microarray so as to have a definitive
diagnosis.
Summary
There have been tremendous advances in the
ability to screen for the “odds” of having a

genetic disorder (both Mendelian and
chromosomal). At the same time, diagnostic
capabilities have increased as genetics
research moves into more accurate cytogenetic
and
molecular
techniques
for
both
chromosomal and Mendelian disorders. With
safe ultrasound guided procedures to obtain
fetal samples, karyotype and microarray
analyses-to reach a definitive diagnosis-can be
offered to pregnant women at risk for
chromosomal aneuploidy and genetic disorders
regardless of age.
Ultimately, as sequencing techniques replace
other laboratory methods, the only question
will be whether these tests are performed on
villi, amniotic fluid cells, or maternal blood.
Recently NIPT has been added to the
armamentarium. It is a sensitive tool in
prenatal screening and diagnosis, provided
adequate genetic counseling regarding its
strengths, limitations, and interpretation of its
results is provided.

Box 1. Worldwide birth defects in 2006
Congenital heart defects
Neural tube defects
Hemoglobin disorders
Downʼs syndrome
Glucose-6-phosphate dehydrogenase deficiency

Data from Global report on birth defects: the hidden toll of dying and disabled children
White Plains (NY): March of Dimes Birth Defects Foundation; 2006.(34)

1,040,835
323,904
307,897
217,293
177,032

Table 1. Recommended prenatal genetic carrier screening tests based on ethnic background(35)
Ethnic
Background
Caucasian
African
descent
(African, AfricanAmerican, AfricanCaribbean)

Screening Tests to Offer
Cystic fibrosis
Sickle hemoglobinapathies,
ß-thalassemia,
α-thalassemia

Additional screening Tests
to make available
Cystic fibrosis
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Ethnic
Screening Tests to Offer
Background
Ashkenazi Jewish Tay-Sachs disease, familial
(European Jewish)
Dysautonomia, cystic fibrosis,
Canavan disease
Southeast Asian

ß-thalassemia
α-thalassemia
(if microcytic anemia)
Canadian Tay-Sachs disease

French
and Cajun
Mediterranean

Additional screening Tests
to make available
Mucolipidosis IV, NiemannPick disease type A, Fanconi
anemia group C, Bloom
syndrome, Gaucher disease
Cystic fibrosis
Cystic fibrosis

ß-thalassemia

Cystic fibrosis

Table 2. Downʼs syndrome screening protocols over the past 50 years (36)
Method

Components

Time Frame

Sensitivity

Positive rate (%)

(%)FPR*
False

Maternal age

Birthday

1960s to present

35

15

Low MSAFP + age

AFP

1980s

50

~5

Double

AFP/HCG

1990s

55

~5

Triple

AFP/HCG/estriol

1990s

60

~5

Quad.

AFP/HCG/estriol/inhibin

1990s/2000s

65

~5

NT

US measurements

1990s to present

60

~5

Combined

Free B HCG/PAPP-A/NT

2000s to present

85

~5

Sequential

Combined + quad

2000s to present

85-90

~5

Free fetal DNA

Sequencing/targeted

Since 2011

98

0.2-1
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PREIMPLANTATION GENETIC SCREENING
AND DIAGNOSIS
Mazen Y. El Zibdeh*

Abstract
Preimplantation genetic screening and diagnosis (PGS, PGD) is a contemporary measure to reduce
the incidence of congenital malformations, which account for 20-30% of perinatal deaths, in addition
to significant morbidity and poor quality of life.
PGD is performed in assisted reproductive centers as part of in-vitro fertilization (IVF) procedures,
when one or both parents is genetically screened, prior to conception, and found to be a carrier of a
certain genetic or chromosomal disorder. Implantation of only the unaffected embryos is undertaken
into the wifeʼs womb.
High costs and low success rates are the major drawbacks, in addition to lack of proper
standardization, guidelines and regulation of the clinical and technological aspects in most countries.
This article summarizes the techniques used for embryo biopsy, and addresses medical, ethical, legal
and religious considerations.
Keywords: Pre-implantation genetic diagnosis, embryo biopsy, congenital abnormalities, in-vitro
fertilization.
Introduction
Preimplantation genetic screening and diagnosis
(PGS, PGD) is an increasingly utilized
contemporary undertaking to identify embryos
with genetic defects so as to avoid implanting
them into the motherʼs womb.
It is performed in IVF centers, when one or both
parents is found to be a carrier of a certain
genetic disorder, or a chromosomal abnormality,
or when the woman is at an increased risk for
karyotypic abnormalities because of advanced
reproductive age1,2. Many serious genetic
diseases could thus be avoided, including beta
thalassemia, sickle cell disease, spinal muscular
dystrophy, Tay Sachʼs disease, and others.
Moreover, since X-linked recessive disorders
such as hemophilia A and B are known to be
passed on to male children, it is possible,
through PGD, to discard all of the male embryos
and only implant female embryos.
PGD detects “at risk” cytogenetic and
Mendelian disorders, but cannot detect fetal
structural anomalies or any other unforeseen
genetic disorder.

PGD has an advantage over the conventional
prenatal diagnosis, that is avoidance of the need
for pregnancy termination in case an
abnormality is found 3,4.
PGD, at this stage, does not involve
manipulation of genes in embryos. Possible
future use for gene therapy (Germ-line gene
therapy)
needs
further
research.
In
preimplantation genetic screening or diagnosis,
embryo biopsy can be done at different stages of
embryo development during IVF procedures by
one of the following techniques:
A. Polar body biopsy (PB): is usually
performed 8-14 hours after Intracytoplasmic Sperm Injection (ICSI). The
perivitelline space of the fertilized ovum is
entered either by mechanical or laser
dissection. PB biopsy analysis provides
important information about aneuploidies.
This technique has drawbacks; limited
diagnosis of genetic and chromosomal
abnormalities and the high incidence of
post meiotic chromosome abnormalities.
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B. Cleavage stage biopsy: this is typically
performed on day 3 of in vitro
development
by
extracting
one
blastomere. Extracting two blastomeres
from an embryo with at least 4
blastomeres was shown to have
detrimental effect on embryo and should
be avoided. The major drawback of
blastomere biopsy is the risk of
mosaicism which might be responsible
for false positive or negative results5.
C. Blastocyst stage biopsy: it consists of
removing 5-10 trophectoderm cells on
day 5 or day 6 of embryo development.
Blastocyst biopsy provides more DNA
templates than day 3 biopsy, which
should improve the sensitivity and
specificity of PGD and is associated with
lower rates of mosaicism, and increased
chance of live birth rate6.
The use of PGD is increasing in particular
among women of advanced age; and it has
been suggested that PGD will become a
standard procedure for women undergoing
IVF.
Although observational studies comparing
IVF with and without PGD have shown that
the use of PGD is associated with higher
implantation rates for transferred embryos but
not with an increase in the rate of ongoing
pregnancy per initiated cycle or per follicular
aspiration7.
PGD procedure starts by fixing the blastomere
and analysis using fluorescence in situ
hybridization (FISH). Nuclei then are
analyzed for the different chromosomes
according to the probe used.
The genetic material obtained is tested for
either single gene mutation using molecular
biology techniques, Polymerase Chain
Reaction (PCR, PCR-multiplier) or for
chromosomal translocation and aneuploidy,
using cytogenetic techniques such as FISH or
Comprehensive Chromosomal Screening
(CCS)8,9. The latter is the emerging new
cytogenetic technique that consists of
identifying
the
whole
chromosomal
compliments (24 chromosomes)10. CCS can be
accomplished by microarray technology such
96 FIMA YEAR BOOK 2015

as Comparative Genomic Hybridization
(CGH) or Single Nucleotide Polymerase
(SNP) or through PCR11-13.
Embryos are classified as:
- Normal: if two copies of each
chromosome are present and the sex
chromosomes are either XX or XY.
- Abnormal: if a different chromosomal
constitution is found.
- Undetermined: if no determination of
chromosomal constitution could be
made either due to absence of nuclei
after fixation of the blastomere or if the
biopsy was not performed because the
embryo contained fewer than four
blastomeres.
Indications for Preimplantation
Genetic Diagnosis:
Patients with a hereditary genetic
disorder such as cystic fibrosis with a
high risk for transmission to the fetus.
- In cases where one or both biological
parents is a carrier of an abnormal
chromosome.
- Gender selection.
- Compatible HLA typing for a savior
sibling: fertilized zygotes are tested for
genetically compatible human leucocyte
antigen; HLA antigen.Only zygotes that
are compatible with an existing child
with, for example combined immune
deficiency disorder, are implanted14,15.
- Indentifying hereditary cancers with
variable penetrance, eg. BRCA 1, 2
status and late onset genetic diseases
such as Huntington's disease.
- In infertility treatment, particularly in
women delaying child bearing to older
age (>35 years) as aneuploidy is
increased, and in women with repeated
IVF failure and recurrent spontaneous
miscarriages.
Examples of single gene disorders indicating
PGD16:
- B-Thalassemie
- Cystic fibrosis
- Huntington's disease.
- Fragile X chromosome.
-

preimplantation genetic screening

-

Myotonic dystrophy
Spinal muscle atrophy
Hemophilia-A
Duchene's muscular dystrophy.
Neurofibromatosis.

Cytogenetic techniques used in PGD and PGS:
1. Fluorescence in situ hybridizationFISH.
2. Array comparative genomic hybridization -ACGH.
3. Single nucleotide polymerase array,
SNP micro array.
4. Relative quantitative polymerase chain
reaction (qPCR).
1. Fluorescence in Situ Hybridization
(FISH):
This cytogenetic technique uses
fluorescent probes that bind to only
those parts of the chromosome with
high degree of sequence complimentarity.
It is used to detect and localize the
presence or absence of a specific DNA
sequence on chromosome.
Fluorescence microscopy can be used
to find out where the fluorescent probe
is bound to the chromosome. It is
indicated for aneuploidy screening and
chromosomal translocation.
2. Polymerase chain reaction (PCR):
This technique is used to amplify a
single copy or few copies of a piece of
DNA across several orders of
magnitude, generating thousands to
millions of copies of a particular DNA
sequence.
PCR is used in PGD for an x-linked
disorder.
This
allowed
the
determination of embryo sex and the
transfer of unaffected females.
The number of diseases currently
diagnosed
via
PGD-PCR
is
approximately 200 and includes some
form of inherited cancer such as

retinoblastoma and breast cancer
susceptibility gene BRCA-2 and in
HLA matching17-19.
PGD for Chromosomal Translocation
There are two types of chromosomal
translocations; Robertsonian and reciprocal. If
the translocations are balanced, these
individuals will be phenotypically normal.
But these individuals carry the risk of
producing zygotes in which the translocation
is unbalanced. These will result in infertility,
spontaneous abortion and / or delivery of
babies with mental retardation, developmental
delay or structural malformations20. These
reproductive risks, can be significantly
reduced by transfer of only embryos which are
chromosomally normal or with balanced
translocations following PGD. The technique
usually used is FISH-PGD. A CGH and SNP
microarray using trophectoderm biopsy are
now used for PGD in couples carrying
balanced translocation21,22.
Embryo-screening in IVF cycles
In IVF cycles, 40-60% of human embryos are
abnormal and this number increases to 80% in
women 40 years or older. These abnormalities
result in low implantation rates of embryos
transferred in IVF cycles23.
The risk of chromosomally abnormal
blastocysts is 2-6% in women aged 26-37
years, but rises to 33% at the age of 42 and
rises to 53% at the age of 44. Embryo's
potential to implant depends mainly on its
chromosomal status.
Assessment of the embryosʼ chromosomal
status can be done by a technique called
Comprehensive Chromosomal Screening
(CCS), where all 24 chromosomes obtained
from trophectoderm biopsy were assessed.
Implantation and pregnancy rates were
reported to be higher in cases where embryos
are screened before transfer using array
comprehensive
genomic
hybridization
aCGH.Using this technique, the implantation
rate was 72.2% but on embryos selected on
morphologic criteria alone, the rate was
46.5%6.
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Nowadays, new IVF outcome data showed
clearly that implantation rates were
significantly higher in groups using frozen
single blastocyst transfer following CCS
(65.1%), than with either frozen single
blastocyst transfer (52%), or day-5 fresh single
embryo transfer (49.2%) based on morphology
alone. Therefore, chromosomal aneuploidy
screening represents a promising way to reach
the full objective of routine single embryo
transfer (eSET)24.
Counseling of couples undergoing PGD
In 2007, the American Society of
Reproductive Medicine (ASRM) published
recommendations regarding PGD counseling
which should include information relating to
the following25:
1. Couples should be informed about
risks of IVF technologies.
2. Couples should be able to not choose
IVF and PGD.
3. Couples should know the risk
associated with embryo biopsy.
4. Carriers of X-linked disorders should
be informed about the disorder and
quality of life for an affected child.
5. Couples should know the technical
limitations and pitfalls of PGD
including the risk of misdiagnosis and
the need for subsequent confirmatory
prenatal diagnosis tests via CVS or
amniocentesis.
6. The possibility that no embryos may
be transferred if all are affected.
7. The disposition of embryos that are not
transferred due to inconclusive results.
Recommendations
Given the advent of new cytogenetic
techniques the practice of prenatal diagnosis
has seen major advances in the reproductive
science. Although amniocentesis and CVS
remain the main techniques of traditional
prenatal testing, improvements in pre
implantation
genetic
diagnosis
have
revolutionized the world of genetic diagnosis.
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The following are recommendations which
need to be respected as outlined by the
European Society of Human Reproduction and
Embryology (ESHRE) and Society of
Obstetricians and Gynecologists of Canada
(SOGC):
1. Before
preimplantation
genetic
diagnosis is performed, genetic
counseling must be provided by a
certified genetic counselor to ensure
that patients fully understand the risk
of having an affected child, the impact
of the disease on the affected child and
the benefits and limitations of all
available options for pre implantation
diagnosis.
2. Couples should be informed that pre
implantation genetic diagnosis can
reduce the risk of conceiving a child
with a genetic abnormality carried by
one or both parents if that abnormality
can be identified with tests performed
on a single cell or multiple
trophechtoderm cells.
3. Trophechtoderm biopsy has no impact
on embryo development as compared
to blastomere biopsy and should be the
method of choice in embryo biopsy.
Summary
Pre implantation genetic diagnosis for singlegene
disorders
and
chromosomal
translocations is an alternative to prenatal
diagnosis for detection of genetic disorders in
couples at risk of transmitting genetic
conditions to their offspring. Ideally, detection
should be performed by multiple PCR genetic
analysis on trophectoderm cells.
Ethical considerations
PGD provides the facility to avoid the
implantation of defective embryos, thus giving
the couple, who are at risk of having an
affected child with chromosomal and genetic
defects, the chance to avoid implantation of
defective embryo and avoiding the need for
the prenatal diagnosis and abortion.
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In various countries with various ethical or
religious denominations, there are different
views on PGD and selection of embryos, on
that basis, for implantation in the motherʼs
womb.
In certain countries PGD is regulated by law
or by professional recommendations, with
three different attitudes:
(1) Those who consider the pre-embryo as a
group of cells with no consideration of interest
or rights, and can be discarded in case it
carries genes for serious diseases26.
(2) Those who view the pre-embryo as the
early stage of a human being, and thereby
prohibit performance of PGD and subsequent
steps of selective implantation in the motherʼs
womb.
(3) A third view considers the pre-embryo as a
potential human being, that should be handled
with dignity and respect, but still can be
biopsied and discarded if found to be
defective.
Other related considerations:






PGD to avoid genetic/chromosomal
disorders should not be confused with
“eugenics” where embryo selection
aims at achieving desirable (non
pathological)
features,
or
improvements of human race.
The PGD proceduresʼ safety and
efficiency should be clearly explained,
with its limitations, especially related
possible lack of accuracy, and the
possibility of unknown genetic
anomalies not discovered by the tests
provided.
This counseling should be documented
by a fully informed consent.

Ethical-Islamic Perspectives
PGD was discussed by Professor Fadel27, and
a combined seminar organized by the Jordan
Society for Islamic Medical Sciences, with
participation of scholars in Islamic
jurisprudence and medical specialists. The
outcome of deliberations was published in

September 2000, in a book titled:
Contemporary Medical Issues in Light of
Islamic Jurisprudence. The following is a
summary of these outcomes28:
A- It is permissible to conduct scientific
research on human sperms and ova,
prior to fertilization, to diagnose
heritable disorders, provided proper
consents are obtained from concerned
subjects, and provided that sperms and
ova are not used in any impermissible
fertilization. Obtaining sperms and ova
should be undertaken by means
approved by Shari`ah. Such research
should be supervised by expert and
trustworthy committees in ethics and
science.
This permissiveness includes surplus
ova in in-vitro fertilization centers, and
ovaries removed surgically for approved therapeutic purposes.
B- Human ova fertilized in IVF
laboratories (outside the womb): It is
permissible to conduct scientific
experimentation on fertilized ova in
case of necessity, such as identification
of heritable diseases carried by these
ova, aiming at diagnosis, prevention or
treatment of these diseases.
Examples include availability of family
history of certain hereditary diseases in
one or both parents that may appear in
their offspring.
Medical practitioners are permitted not
to implant affected ova into the
motherʼs womb, if it was proven to
produce an affected fetus with the
heritable disease.
This issue was more recently discussed
by the Academy of the Islamic
International Fiqh Council- Islamic
Cooperation Organization, in its 21st
session held in Riyadh, Saudi Arabia,
on November 18-22, 201329. Among
several juristic rulings that addressed
the (human genome, gene therapy,
genetic engineering, genetic counseling
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and prophylactic genetic screening), the
Academy issued the following ruling to
implanting the fertilized ovum in the
motherʼs womb:
It is permissible to undertake genetic
diagnosis following fertilization
outside the womb (test tube babies),
provided all necessary procedures
are implemented to guarantee nonmixing and safety of samples (ova).
Using PGD in IVF centers for the purpose of
fetal sex pre-selection was discussed by
individual jurists, seminars and Fiqh councils.
It has been unanimously approved in families
with known sex-related inherited diseases. In
other situations, juristsʼ opinion is divided
between
rejection
and
approval
for
“considered needs” on a case by case basis
[see a comprehensive review published in
FIMA Yearbook-2013]30.
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ETHICAL AND LEGAL IMPLICATIONS
OF MITOCHONDRIAL DONATION
(This article is a modified part of MSc degree theses submitted by the author in 2014)

Sarah Salman*
Abstract

The mitochondrial DNA has distinctive features with high mutations, that may cause significant and serious medical syndromes, the management of which is currently mainly supportive and symptomatic. Recent advances in Mitochondrial replacement therapy (MRT)
have added new hopes of preventive measures.
Mitochondrial donation is a new form of IVF that was approved by the UK parliament in
February 2015.The aim is to remove mitochondrial disease caused by pathogenic maternal
mitochondria to prevent a disorder and its transmission. This is done at the level of fertilization. The technology uses the egg of a donor with healthy mitochondria.
This article will address the scientific advances in MRT, and explore its legal and ethical
repercussions.
Keywords: Mitochondrial genetics, mitochondrial disorders, mitochondrial donation, egg
donation, reproduction, ethics, Islam.
Introduction
As of October 29th 20151, treatments relating to
mitochondrial replacement therapy (MRT) can
now take place in the UK. There was much debate about this new form of IVF and it was reflected in the UK parliament on February 2015
when the vote took place2. This is the first time
that a human egg can legally be altered for therapeutic purposes. This article explores the scientific nature of the two proposed methods and
thereby concludes on their ethical applicability,
specifically in the Muslim world.
A case study into Sharon Bernardi3, highlights
the extent to which mitochondrial disease can
affect its carriers. Sharon had 7 pregnancies,
most were miscarriages, and those that survived,
did so until the age of two years. Sharonʼs
fourth child, Edward, was the exception, he
lived until the age of 21 years. At the beginning,
it was difficult to diagnose why Sharon had
miscarriages. There was a strong genetic link

but where? It was not found in the nuclear genome itself, but in the DNA of the mitochondria. By the time Sharon was delivering Edward, doctors were prepared, as they knew the
cause. Sufferers of mitochondrial disease express it in differing ways. However, they will
usually have three or more organs affected and
that is a key sign4.
Mitochondria are organelles found in the cell
cytoplasm. They produce energy required for
normal cellular function of organelles and
thereby the cell.
The kinds of diseases suffered by mitochondrial
defect carriers are dependent on the pathogenic
mitochondrial load. The diseases relating to defective (mtDNA) vary. Discrete and sometimes
serious clinical syndromes have been described.
The following are examples5:
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Kearns-Sayre syndrome (KSS): Pigmentary retinopathy, cerebellar ataxia,
heart block. Additional features may include deafness, myopathy, diabetes,
dementia and others.
 Chronic progressive external ophthalmoloplegia, bilateral ptosis, and proximal myopathy.
 Encephalopathy with lactic acidosis and
stroke-like episodes (MELAS).
 Myoclonic epilepsy with ragged-red fibers (MERRF).
 Neurogenic weakness with ataxia and
retinitis pigmentosa (NARP).
 Leigh syndrome (LS): Relapsing encephalopathy, cerebellar and brain stem
signs.
Considerable clinical variability exists, and
many individuals do not fit neatly in one particular category.
Moreover, a high incidence of mid and late
pregnancy fetal loss is also a common feature
of mitochondrial disorders.
Mitochondrial disorders are more common than
was previously thought. In the literature, more
than 12 clinical syndromes of mitochondrial
disease have been reported. Epidemiological
studies reveal the prevalence of all mitochondrial disease at around 11.5 in 100,000.
Mitochondrial dysfunction should be considered in the differential diagnosis of any progressive multisystem disorder.

fining feature of a mitochondrionʼs function.
The mitochondrion also has its own DNA,
which spans 37 genes. This mitochondrial
DNA (mtDNA) is separate from the nuclear
DNA (nDNA).
Mitochondrial defects occur in most of us naturally through the process of aging7.This is
through the release of free radicals due to the
specific reactions taking place in the mitochondria. This causes a slow natural deterioration in
a person. On the other hand, mitochondrial defects can also be caused by mutations in
mtDNA, or in nDNA. Both these defects lead
to disease entities. The mitochondrial defect
caused by mtDNA is of interest in the techniques proposed for MRT.
mtDNA is circular, and spans 16.6 kilobase
pairs with almost no introns. There are no
checking features in mtDNA replication, so
errors are likely, and thereby mutations in
mtDNA8. Thirteen of the 37 genes found in
mtDNA are related to OXPHOS. The rest of
the genes encode for translation of organelle
via transfer RNAs (22 genes) and ribosomal
RNA (2 genes).
The mitochondrial function is dependent on the
type of cell it is in. Nuclear-encoded genes and
mitochondrial genes instruct function for the
mitochondria.

The discussion in this article will start with the
science of mitochondria, MRT and the potential ethical dilemmas of its proposed methods.
Then, various scholarly opinions taken regarding MRT will be addressed. The UK and US
law will be briefly described followed by conclusions, high lighting potentially the most favorable method of MRT in the Muslim world.

A given cell can have all normal mitochondria.
On the other hand, a personʼs cells can have all
abnormal mitochondria. These are both
homoplasmic respectively. The individual with
homoplasmy of defective mitochondria will die
soon after birth. There are also those who
possess both normal and mutant forms of
mitochondria. This is known as heteroplasmy.
In this circumstance, the healthy mitochondria
make up in function for the mutant
mitochondria. However, if the mutant load
reaches a certain threshold, there may not be
enough healthy mitochondria to make up for
them in function.
The way in which mtDNA is inherited is
entirely different from the Mendelian mode of
inheritance of nDNA. This difference is vital in



The Science
There are about 1000-2000 mitochondria in the
cytoplasm of each cell depending on the cellʼs
function6. Their primary role is respiration,
which is vital for the survival of cells. The release of adenosine triphosphate (ATP) through
oxidative phosphorylation (OXPHOS) is a de104 FIMA YEAR BOOK 2015

Factors relating to disease transmission in
mitochondria
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understanding the ethical dilemma and its
proposed solution. When fertiliza-tion occurs,
pronuclei with nDNA of egg and sperm come
into contact, and the chromosomes form a
spindle.
A recombination of DNA from both mother
and father occurs. This is the nature of meiosis.
Alternatively, the mitochondria are replicated
onto daughter cells post meiosis straight from
the maternal egg cell. The sperm cell has no
contribution as it loses its mitochondria during
the fertilization process. There is no
recombination that occurs. Hence, the
mitochondria are only inherited maternally.
There is an interesting phenomenon which
occurs during the fertilization process. It is
known as the mitochondria bottleneck9. A
woman carries eggs, and each egg has its own
DNA. A woman with mitochondrial defect will
have eggs that reflect this. The higher her
number of defective mitochondria, more of her
eggs will reflect this.
As fertilization occurs, the mitochondria from
only the mother are replicated onto daughter
cells. These cells are then divided further in
order to form a zygote. The dividing cells will
also be dividing mitochondria. So, as this
occurs, the small number of mitochondria that
the initial ooplasm contained has now been
amplified in number in the resulting offspring.
Thereby, worsening the prognosis of the
resultant child and increasing the mutation load
of carriers. If the mutation load reaches a
certain threshold, multi-system decline occurs
because normal functioning cells cannot
compensate for the loss caused into this
heteroplasmy10.
Current methods of treament
There is no cure for mitochondrial disease. The
current treatment lies in managing the disease
to make life as comfortable as possible, for the
possessor, by avoiding an energy crisis11.
It is possible to use pre-implantation genetic
diagnosis (PGD) or go through prenatal
diagnosis (PND), but the aim of both is to
discard an embryo or abort a fetus in which the
disease mutation is suspiciously high. PGD
could perhaps be useful in finding those eggs

with low levels of mutated heteroplasmy. PND
can be used to confirm this. Neither can be
considered an effective method of eradicating
mitochondrial defects. These techniques aid in
acquiring only the most heteroplasmic entity of
normal mitochondria, but this is no solution for
people like Sharon Bernardi with badly
affected eggs.
Proposed techniques for MRT
There are two novel forms of IVF for
mitochondrial donation; pronuclear transfer
(PNT) and maternal spindle transfer (MST).
Both of these techniques are for those couples
where the mother has pathogenic mitochondrial
defects exclusively due to mtDNA. These
techniques will have no impact on a person
presenting with mitochondrial defects from
mutation in their nDNA.
It is important to understand the differences
between these two techniques because these
differences form the basis of the ethical
solution proposed. Prior to either form of MRT,
the affected couple will need an egg donor
with healthy mitochondria to donate her egg(s)
for this form of therapy.
In PNT, an egg cell from intended mother is
fertilized with the intended fatherʼs sperm. At
the same time, the donor egg is also fertilized
with intended fatherʼs sperm. The two pronuclei from the donor-father combination are removed and discarded leaving behind an enucleated cell with healthy mitochondria. The two
pronuclei formed in the intended mother-father
are taken out of the egg cell, with defective mitochondria, and placed into the enucleated cell.
This new cell formed from the egg donor and
intended parents is now placed in a medium to
grow until it is ready for implantation.
The research done by Akitsugu Sato and his
team in 200512 found that the offspring of mice
resulting from PNT were free from symptoms
of the parent mice. This means that PNT can
enable offspring entirely free from mitochondrial defect. Lindsay Craven and colleagues13
showed that the resulting zygote can progress
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on to a blastocyst following PNT. This is indicative of potential successful pregnancy.
In MST, the transfer occurs at the oocyte level,
as opposed to the zygote level as is the case in
PNT. The maternal spindle is removed from
the donor with healthy mitochondria. Then the
maternal spindle, which is at metaphase II, is
removed from the intended motherʼs egg and
placed in the enucleated donor egg. Fertilization is then initiated with the use of intended
fatherʼs sperm. Once this occurs, the egg forms

daughter cells and this zygote is prepped for
implantation into the uterus of the intended
mother.
The difference between the two forms of MRT
is simple. Figures 1 and 2 below highlight the
difference and the ethical point of contention.
This difference makes one technique more favourable than the other. In PNT, fertilization
has occurred between father and donor egg.
The transfer of pronuclei is after fertilization.
This is destroying a zygote.

Figure 1: Authorʼs method of explaining the ethical qualm in PNT.
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In MST maternal spindle at metaphase II is transferred before fertilization.

Figure 2: Authorʼs method of explaining the ethical difference found in MST compared to PNT.

There have been alternative methods to these
two techniques, like ooplasmic transfer14
where healthy donor ooplasm was injected
into unhealthy ooplasm to rejuvenate it, but
due to the lack of success, its use has been
discontinued. There were however, a couple
of successful deliveries and the children are
completely healthy15.
Egg donor
An aspect of MRT that bears heavily ethically
is the use of donor eggs. In PNT, the donor
egg is also being fertilized, despite absence of
donor-father nDNA in offspring. This can be
a cause for concern ethically to those parents
who only wish for the married coupleʼs
egg/sperm to fertilize. On the other hand, in
MST, the egg donor is being used for her
enucleated egg prior to fertilization. This kind
of egg usage is similar to tissue transplant as

no fertilization has occurred between fatherdonor.
Germline changes
The vertical, uniparental transmission of donor mtDNA is inevitable. Any girl born will
be transmitting donor mtDNA to generations
to come. On the other hand, there will be no
transmission of donor mtDNA if a baby boy
is born.
Ethical concerns
Physicians have a consensus that faulty
mtDNA defects cause array of harrowing disorders for the sufferer, and quality of life may
be extremely poor. In order to protect a patientʼs welfare and interest, it is important to
look at all related potential therapies. Hence,
MRT techniques are being explored along
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with consideration of the ethical issues of
their implementation.
Experimental
There is a risk that the procedures of MRT are
not safe as they have been in use for only a
short time, and complications may develop
later. The UK government is urging scientists
to prove their safety and efficacy before trying it on the public16.If any problems arise,
then, like the case of ooplasmic transfer, the
therapy shall be stopped. This will be easier
to do when the affected child is a boy, because boys do not cause germline effects. Due
to this, it will be important to ensure only
boys are being born, until MRT is honed.
Identity
An issue, which often surfaces, is that the baby will not know its identity. This is because
of its tri-genetic makeup. nDNA comes directly from the intended parental unit but
mtDNA comes from the donor woman. The
genes relating to us as humans, and our traits,
all come from nDNA. mtDNA is like a battery in a car17,18. Its only contribution is in
releasing fuel. Hence, this angle of discussion
is a gross misnomer. The child should be considered his/her genetic parentsʼ baby. The donor woman should have no contribution in the
childʼs life.
Germline modification
mtDNA can only be replicated onto daughter
cells. It is unlike the process of fertilization
whereby egg and sperm nDNA recombines
(meiosis) to form daughter cells. mtDNA is
inherited as nDNA, however, mtDNA is inherited only through the maternal line. Therefore, daughters will carry this donor mtDNA
for generations to come but sons will not.
Hence, it is hoped that when MRT is implemented, it will initially be only for boys.
Once it is confirmed there are no negative
side-effects, then girls can also be born
through MRT. The aim is to have disease-free
individuals whilst putting as few people at
risk as possible.
108 FIMA YEAR BOOK 2015

Counseling
MRT is still at an experimental level, so
counseling is vital. The intended parents need
to understand the risks involved and be psychologically sound to take them on. There
may be dire side effects in the resultant offspring due to MRT, so they need to be prepared for this possibility. However, because
these parents have had much trouble conceiving normal healthy children, they will, most
likely, be all set for the newest resort.
It is important to have regular check-ups and
follow-ups with parents and their children
born as a result of MRT. This would provide
a platform for counseling to the parents, as
well as a way in which efficacy of MRT can
be analysed. Dr Cohen and his team in 199714
conducted ooplasmic transfer on 25 women.
This had limited results and the main drawback to the report was the lack of follow-ups
of the successful deliveries. Although ooplasmic transfer proved unsuccessful overall,
something good could have come out of it if
regular follow-ups were enforced as part of
the therapy.
A question related to germline modification is
that would MRT be entering a slippery slope
to further gene manipulations19? MRT aims to
retain the integrity of the nuclear genome itself, hence it is hoped the sanctity of the individual born is maintained.
Rights of the egg donor
The egg donor woman has her own rights.
She is to be given the opportunity of informed
consent under all circumstances. In general, if
a woman knew her egg was simply used for
its healthy ooplasm, she may be more inclined to donate her egg. This is because there
would be no repercussions of the offspring
being her child.
It is important to inform the egg donor that
her egg could be used for either PNT or MST.
Therefore, she should be aware that potentially her zygote or egg will be destroyed. She
could have a contention with the destruction
of her zygote as there is potentiality of life.
Egg retrieval is a painful procedure and hence
the egg donor needs to be made aware of this.
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Who can be eligible for MRT?
A woman with proven mitochondrial defect
of high mutant load is most eligible. This is
likely to be an intending mother who has had
a couple of failed attempts already, or had
children with mitochondrial disease. The mitochondrial disease needs to be localised to
the mitochondria, not to the mitochondrial
genes found in nDNA. The woman would
need to be of a child-bearing age. She should
otherwise be healthy and mentally stable. A
good support network of family and friends
will act as an asset through-out this process.
Cost to public
A person affected with mitochondrial disease
will have a low quality of life. They will have
a constant need for medical intervention and
they will be highly dependent. Despite all of
that, they will never be healthy. This will inevitably be a high cost to maintain for public
health services, as well as the family. On the
other hand, if MRT is conducted successfully,
this will be a one-off cost directly reducing
the cost for not only the offspring, but potentially generations to come.
The law
In January 2012, the Human Fertilization and
Embryology Authority (HFEA) was asked to
ascertain public opinion on new IVF techniques including those for prevention of mitochondrial disease20.The results of which can
also be found on the HFEA website. The
themes discussed were based on germline
modiﬁcations, identity issues, treatment of
mitochondrial egg donor, regulation of MRT
and views on the law.
The results showed that educating a person on
the procedure makes them more open to
MRT. There were workshops given to ensure
people had a good understanding of the techniques proposed. Peopleʼs reservations lay in
ʻplaying Godʼ, creating ʻdesigner babiesʼ and
entering the ʻslippery slopeʼ. “Patient focus
groups” on the other hand, are involved with
those in contact with or affected by mito-

chondrial disease. They were all in support of
MRT. This comes as no surprise.
When alternatives of MRT were discussed
such as PGD/PND, people were not too keen
on them either. This is because there was a
potentiality of discarding a zygote. Hence,
there was a group of people who were against
PNT form of MRT and not MST.
UK law
As of 29th October 2015, extensive regulatory
information is outlined in the law on mitochondrial donation. It covers the techniques
used, the scope of the egg donor, and licensing of this form of IVF in institutions.
The HFEA now allows for an egg/embryo of
mixed genetic origin to be placed inside a
woman for speciﬁcally MST and PNT. The
components must all be of human origin.
The second section in the HFEA Act relates
to ʻparenthoodʼ of the child. This part states
that an egg donor for her mitochondria will
not be considered a mother of the child.
United Nations Educational Scientiﬁc Cultural Organization (UNESCO) has a constitutional commitment to ʻthe democratic principles of dignity, equality and mutual respect of
menʼ. The constitution covers respect for human dignity. This should be reﬂected in molecular terms including the genome.
In 2009, Dr Hwan Woo-suk was in violation
of this basic right21. His quest for new medical technologies led him to fabricating fabulous results as well as many other offences
against his colleagues. He was tried and prosecuted for his offences.
US law
The Food and Drug Administration (FDA) is
the governing body pertaining to experimental techniques. The FDA limited Jacques
Cohenʼs research into ooplasmic transfer22,23.
Ooplasmic transfer involves the transfer of
egg cytoplasm from a healthy egg donor to
rejuvenate eggs of intended mothers. MRT, is
a complete transfer of ooplasm so it is a more
reﬁned version of ooplasmic transfer. Of the
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fer, only 15 are thought to be normal. Two
have Turnerʼs syndrome. This information is
hazy because follow-ups were not made rigorously. The issues raised varied from entering a possible slippery slope with a rouse for
curing mitochondrial disease, to potential interaction of donor ooplasm and maternal
nDNA.
The FDA is strict in its regulations relating to
MRT due to lack of safe results. The UK is
hopeful its proposed MRT techniques are effective.

ovum, which is devoid of its DNA (nucleus
totally discarded). The donated ovum could
be considered as donated tissue. On this basis
both Dr. Tariq Ramadan and Professor Abul
Fadl M. Ebrahim (Professor Emeritus-School
of Religion, Philosophy and ClassicsUniversity of Kwazulu-Natal-South Africa),
approved of the MST technique.
Jurists and scientists need to conduct dialogue, seminars and deliberations to reach at
sound standpoints in accordance with Shari`ah.

Islamic perspectives

Concluding remarks

MRT is a new form of preventive medicine
aimed at removal and replacement of disordered mitochondria at the fertilization level.
So far, the issue of MRT has never been discussed by any Fiqh council or at any combined Islamic jurist-scientist forums.
Individual opinions, however, have been issued by notable Muslim jurists and scholars,
in forms of personal communications.
Dr. Mohammad Ali Albar, Chairman of Medical Ethics Center in Saudi Arabia, stated that
“donating an un-nucleated ovum from a
healthy donor to save an embryo from a serious genetic disorder is commendable in view
of necessity. The number of genes in mitochondria is so small (around one in a thousand of the total number of genes). Moreover,
it may be acceptable, within the Muslim family structure, to have more than one mother,
such as a milk mother. MRT has been approved in UK, and if outcomes are safe, then
jurisprudence scholars could provide a constructive opinion to deal with this issue”. Dr.
Tariq Ramadan, from the Research Center for
Islamic Legislation and Ethics in Qatar, responded that MRT is acceptable if the ovum
donor is another wife of the husband, provided this marriage is based on sound Shari′ah
grounds. It is not acceptable for a marriage to
take place for the sake of the wifeʼs ova. Marriages are meant to be a life-time union.
The issue of PNT as compared to MST is
worthy of analysis and deliberations. Unlike
PNT, in MST no fertilization occurs between
the intended fatherʼs sperms and the donorʼs

Mitochondrial disorders and mitochondrial
replacement therapy have been progressively
studied, aiming to minimize the harrowing
medical disorders, and to prevent their propagation from affected women to their offspring
at the fertilization level.
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The proposed MRT techniques are surrounded by safety, legal and ethical concerns. In
UK, concerned authorities had urged scientists to prove MRT safety and efficacy prior
to trying on the public. Subsequently, in February 2015, mitochondrial donation was approved by the UK parliament, when a panel
of expert scientists reported no evidence to
suggest that MRT was unsafe.
Ethical concerns are still debated. In the Muslim world, no systematic discussions were
undertaken by fiqh councils, or by combined
jurist-medical scholars. Only few individual
opinions have been reported in the form of
“personal communications”. Muslim jurists
and medical scientists are called upon to
study MRT in depth in pursuit of approved
Shari`ah guidelines.
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MOLECULAR GENETICS OF CANCER:
A REVIEW
Le DN, Wilde DC, Fish E, Patel RD, Pathan SS, Haq MM*
Abstract
Cancer is an abnormal growth of cells, presenting as a tumor. It is believed to arise from a
single cell with altered genetic material, which undergoes multiple divisions producing a
clone of cells with same abnormality. These genetic defects are identifiable in all subsequent
cells, which arise from this initial cell, also referred to as the cancer stem cell. Recent advances have provided a detailed view of the mechanisms involved in the development and progression of cancer. A thorough understanding of the molecular mechanisms at play in malignant cells provides us the tools necessary to interrupt these aberrant genetic pathways and
successfully treat this dreaded disease. This review provides a brief overview of the molecular
abnormalities in the aberrant genes causing cancer. The history of evolution of knowledge in
the field, and technologies involved are described. Therapeutic interventions currently based
on molecular targets are tabulated. Ethical issues raised by this knowledge are discussed.
Keywords: Cancer, Genetics, Molecular Genetics, Genes.
Introduction
There is general consensus that cancer results
from somatic mutations, which allow cells
with abnormal genes to have competitive advantage over normal cells1. They not only
proliferate but also invade neighboring tissue
and spread to distant sites eventually leading
to mortality. Advances in molecular biology
and genetics have allowed scientists to study
the mechanisms at the level of DNA, RNA,
protein transcription, and post transcriptional
activity in the malignant cell. These insights
have opened new vistas for developing targeted drugs specifically neutralizing the effects of aberrant genes. These new treatments
are more efficacious and less toxic than conventional treatments. Every area of cancer
research and clinical practice has been affected by the evolving knowledge in this
field.

Molecular level abnormalities are being targeted not only for therapy but also for
screening and prevention. However, this
knowledge also raises ethical issues about
knowing the future, its implications are not
only medical, but emotional and financial.
Society is debating and learning how to handle this information in an ethical and socially
responsible way. This article briefly provides
an overview of the current state of
knowledge in the field.
History
In 1855 Rudolph Virchow, a German physician published his famous paper “Omnis cellula e cellula” meaning “Every cell arises
from another cell”2. This set the stage for
study of cell as the fundamental unit of body
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for understanding its physiology and pathology. The source of all cells in the human
body is the embryonic cell. A little over a
decade later, an Austrian monk Gregor Mendel applied scientific principles to study the
enigma of heredity – like father like son observation. In the garden of a monastery he
demonstrated that specific traits like color of
flowers was passed from one generation to
the next in a mathematically predictable fashion3. The mysterious processes of inheritance
were governed by a set of rather simple laws.
Mendel recognized that traits were carried by
discrete factors later called genes. Mendelʼs
work was not appreciated until the turn of the
20th century. The actual substance in the cell,
which carried these discrete factors, was unknown. Friedrich Miescher had isolated a
substance from the nucleus, which he called
nuclein4. He determined that it was made up
of Hydrogen, Oxygen, Nitrogen, and Phosphorus. The Phosphorus and Nitrogen were
in a unique ratio. He published his findings
in 1871. The significance of Miescherʼs discovery only recognized when Oswald Avery
in 1944 showed that DNA contained in the
nucleus was the carrier of these hereditary
factors now called genes5. This set the stage
for Watson and Crickʼs famous paper proposing a model of the molecular structure of
DNA.6Rapid advances subsequently have not
only allowed analysis of the DNA but its
manipulations. Today, scientists are not only
able to study DNA for understanding the molecular mechanisms of life, but they have also developed interventions ranging from
production of human insulin by inserting
human genes in algae to developing drugs for
cancer targeting the specific molecular abnormality.
Molecular Alterations in Carcinogenesis
In the normal process of cell division, the
DNA is passed on to daughter cells without
alteration. There are many steps involved in
the cell cycle leading to cell division, and
114 FIMA YEAR BOOK 2015

there are several major regulatory mechanisms that a healthy cell employs to ensure
its genome remains stable throughout this
process. In the DNA synthesis phase of the
cell cycle (S-phase), DNA polymerase replicates the genetic code, proofreading for errors in replication. Errors that occur through
the process of division are corrected. A cell
that has damaged DNA is not allowed to
progress to the next phase of the cycle, but it
is channeled to the programmed cell death
(apoptosis) pathway. These mechanisms ensure that daughter cells receive identical
chromosomes creating two perfect clones.
An unstable genome arises when these regulatory mechanisms malfunction. When a cell
with altered genomic material survives, it
could lead to the development of cancer. This
altered genome could involve overexpression of a gene involved in growth or
suppression of a gene involved in apoptosis,
which can lead on to a path of pre-cancerous
growth. Subsequent additional genetic abnormalities at the molecular level may confer
not only a growth advantage but also an ability to metastasize leading to clinically evident metastatic disease.
When there are mutations in hereditary genes
such as those coding for DNA repair proteins, an individual will be more predisposed
to cancer. These proteins, like the very important tumor suppressor p53, usually recognize damage in the DNA. When they are not
fully functional, cancerous DNA can slip
through the cracks more easily. Also, certain
inherited mutations in genes BRCA1 and
BRCA2 carry a 75% risk of breast and ovarian cancer. Overall, 3-10% of all cancer is due
inherited abnormal genes.
Genetic alterations can result from environmental carcinogens that damage DNA, such
as the chemical benzopyrene in tobacco
smoke and charred coal. Other environmental
carcinogens that can alter the genome direct-
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ing it towards malignancy include radiation,
either ionizing or UV. Ionizing radiation
physically damages DNA altering the chromosomes. If this alteration involves a gene
coding for growth, it could lead to development of a malignant clone. Even nonionizing radiation such as UV light from the
sun or tanning beds can physically alter the
DNA of skin cells leading to the development of cancer.
Certain individuals are born with inherited
abnormal genes, which do not by themselves
lead to cancer unless additional environmental factors come into play. Individuals with
such inherited abnormal genes, in the presence of social factors such as poor diet, obesity and smoking play a role in bringing to
surface genes that cause cancer which otherwise would remain benign.
Certain infectious agents are also a known
cause of cancer, with 18% of cancer deaths
worldwide are attributed to them. These
agents are primarily viruses known as oncoviruses. These include human papillomavirus, which causes cervical carcinoma, and
the Epstein-Barr virus, which causes B-cell
lymphoproliferative disease and nasopharyngeal carcinoma.
Hormones that naturally induce cell proliferation are often linked to cancer. For example,
a correlation has been established between
testosterone levels and occurrence of prostate
cancer. Obesity is related to 30-35% of cancer deaths for many reasons, one of them being higher levels of growth hormones such as
estrogens.
MMR, BER, NER
There are three primary repair mechanisms a
cell employs when it encounters DNA damage. These include, in the order from small to
large DNA lesions: mismatch repair (MMR),
base excision repair (BER), and nucleotide

excision repair (NER). Each step involves a
group of proteins that are designed to recognize and repair specific types of DNA damage. Genes involved in these repair proteins,
when damaged, would allow altered DNA to
remain in the cell, which would have normally been fixed. Ultimately, a malignant cell
can result from malfunctioning DNA repair
proteins.
DNA mismatch repair (MMR) is aimed at
correcting wrongly incorporated nucleotides
in DNA replication, and repairing small
DNA damage sites. An example of an MMR
target would be a mismatch of bases, such as
an incorrect guanine-thymine pair when the
DNA polymerase should have instead placed
a cytosine to match its complement guanine.
In this case, three “Mut” proteins nick the
daughter strand, make a loop, and excise the
mutated DNA. DNA polymerase and ligase
then correct the error. The proteins are
named “Mut” because upon discovery, they
were inactivated in bacteria and resulted in
hypermutable strains.
Microsatellite instability is implicated in mutations of the “Mut” proteins and is present in
most human cancers. Cancers with high microsatellite instability (MSI-H) carry a better
prognosis. An example is colon cancer where
MIS-H confers a 15% better prognosis compared to itʼs absence.7 Microsatellite instability is also a marker suggesting the possibility
of hereditary nonpolyposis colorectal cancer
also known as Lynch syndrome8.
Base excision repair (BER) comes into play
when the base itself is chemically altered but
does not alter the helical shape of the DNA.
These alterations can occur naturally and include oxidization, alkylation, or deamination.
BER involves DNA glycosylases that recognize problem sites and apurinic/apyrimidic
endonucleases that cleave the altered bases9.
Once the damage is removed, the DNA can
be replaced by one of two repair processes
known as short patch and long patch. Both
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involve proteins normally found in the DNA
replication process. BER malfunctioning has
been linked to cancer. Mutations in polymerase β (involved in the long-patch repair) has
been found in 30% of human cancers10. Mutations in a specific BER glycosylase can increase susceptibility to colon cancer11.
The cell employs nucleotide excision repair
(NER) when a large portion of the DNA is
damaged enough to alter the shape. This
mechanism is complicated, involving nine
different proteins specifically aimed at
recognition of lesions, adducts or structures
that disrupt the DNA double helix, removal
of a short oligonucleotide containing the offending lesion, synthesis of a repair patch
copying the opposite undamaged strand, and
ligation, to restore the DNA to its original
form12. One of the most common ways bulky
lesions are created in DNA is through UVlight exposure. The high-energy electromagnetic waves can cause two thiamine bases at
different locations in the helix to link and
form a dimer. In patients with xeroderma
pigmentosum, NER is dysfunctional and unable to repair these large DNA lesions. Patients with this genetic disorder display multiple basal cell carcinomas (basaliomas) and
other skin malignancies such as malignant
melanoma and squamous cell carcinoma.
Epigenetic alterations favoring malignant
transformation
Epigenetics involves modifications of gene
expression rather than alterations of the genetic code itself. Changes in posttranscriptional mRNA can lead to a variety
of phenotypic changes in the cell, which may
facilitate development of cancer. The common epigenetic mechanisms that favor biological processes fundamental to the genesis
of cancer include altered DNA maturation
and histone modification. Epigentic mechanisms can also confer the ability for the malignant cells to self-renew, block differentia116 FIMA YEAR BOOK 2015

tion, evade apoptosis, and develop potential
for tissue invasion, all hallmarks of malignancy13.
DNA methylation is a way of inactivating
genes. Tumor cells are often found to have
hypermethylation of tumor suppressor genes
such as cell cycle regulators APC, p16, and
BRCA1 a DNA repair gene. This hypermethylation inactivates the suppressor genes
allowing unopposed activity of promoter
genes leading to development of cancer.
The length of the DNA requires it to be condensed so it can fit in the nucleus. It is condensed with histones into structures called
nucleosomes. Histones can be modified via
methylation, similar to DNA methylation and
acetylation. Alterations in the histones can
affect the function of DNA, which is another
mechanism that can facilitate development of
cancer.
MicroRNA (miRNA) regulates about 60% of
the transcriptional activity of proteinencoding genes14. MicroRNAs are responsible for down-regulating oncogene activity to
protect against cancer. When transcription of
these miRNAs is silenced by methylation,
the oncogenes they usually suppress are expressed.
Human genome and the cancer genome
A genome is a complete set of genes of an
organism, which is necessary for its formation and development. In humans, it consists of 3 billion base pairs of DNA and is
present in every cell with a nucleus. Since
cancer is a disease caused by mutations in the
genes, understanding both the normal human
genome and the cancer genome is necessary
for understanding the molecular basis of cancer. Understanding the differences between
the human genome and the cancer can guide
the path to development of cancer therapies.
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The proof that mutation of normal genes
could cause cancer led scientists to the realization that a sequence of all human chromosomes would be the foundation for understanding cancer15. The human genome project was the worldʼs largest collaborative biological project16. In a span of 13 years beginning in 1990, the human genome was sequenced, revealing 3.3 billion base pairs. It
was a collaborative endeavor of the U.S. National Academy of Science, National Institute
of Health, and the Department of Energy.
This provided the blueprint for further work
to analyze and compare a cancer genome to
that of a healthy human one. With the genome sequenced, identification of mutations
linked to different forms of cancer was made
possible.
Rapid advances in technology have allowed
complete DNA sequencing of a large variety
of cancer cells17. The somatic mutations that
are seen in this so-called cancer genome include substitutions of one base by another;
insertions or deletions of small or large segments of DNA; rearrangements, in which
DNA has been broken and then rejoined to a
DNA segment from elsewhere in the genome; copy number increases from the two
copies present in the normal diploid genome,
sometimes to several hundred copies (known
as gene amplification); and copy number reductions that may result in complete absence
of a DNA sequence17. Additionally, the cancer genome may contain exogenous DNA
such as that from human papilloma virus (associated with cervical cancer), epigenetic
changes, and alterations to the mitochondrial
genome. Currently, there are 350 cancer
genes catalogued, with many more infrequently mutated genes playing a role as
well18.
The Cancer Genome Atlas Map
The cancer genome, which is the entire genome for cancer cells, was a natural sequel to

the human genome project to unravel the
mechanisms of malignancy and find avenues
for therapeutic interventions. In 2004, about
291 abnormal genes were identified in the
cancer genome. This accounted for about 1%
of the total genome. 90% of these genes were
somatic mutations, 20% showed germ line
mutations, and 10% involving both.
The Cancer Genome Atlas (TCGA) was a
project started in 2006 by the National Cancer Institute and the National Human Genome Research Institute, both parts of the
National Institutes of Health, with a goal of
mapping and highlighting the key changes
occurring at the molecular level in brain and
ovarian cancers. A secondary goal of the project was to build a genomic database with a
compilation of cancer causing mutant genetic
sequences.
As the project progressed, the initial focus
was expanded to encompass several different
types of cancers. The TCGA first began
studying glioblastoma, the most common
primary form of brain cancer. 6 years into the
study, the TCGA researchers discovered 5
specific mutated genes, which were also
linked to other cancers such as breast cancer
and neurofibromatosis. Glioblastoma was
also noted to have an incorrect translation of
the enzyme responsible for telomere production on chromosomes. These findings have
provided potential loci for targeted therapy in
tumor cells. Four of the most common mutant oncogenes in glioblastoma are epidermal
growth factor receptor (EGFR) and platelet
derived growth factor(PDGFR), and deletion
mutations in the DNA of tumor suppressor
genes PTEN and p53. These genes are regulatory genes, which affect many pathways in
the progression to cancer cells. Knowing the
genome of glioblastoma cells can provide the
necessary information to develop and use
inhibitors in the pathways of cancer progression19.Adenocarcinoma, the leading cause of
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cancer death in the world, was found to have
18 significantly altered somatic genes,
caused by intercellular alternative RNA
splicing20. The analysis of proteins and
growth factors made by genes and the subsequent antibodies to affected tissues in adenocarcinoma has led to the advancement of targeted therapies for adenocarcinoma. The
Cancer Genome Atlas also documented 279
head and neck squamous cell carcinomas
(HNSCCs) containing somatic genetic mutations21.
The future goals of TCGA include using genomics to devise a more effective diagnosis
of cancer and using information about a patientʼs genetic mutations to provide tailored
treatment unique to the specific cancer of the
patient.
A majority of the mutations studied were a
result of chromosomal translocations.22 Before the human genome project, the tyrosine
kinase gene was identified as a high frequency mutation site in cancer genes. After the
human genome project, 90 different tyrosine
kinases were identified from the genome23.
This discovery was one of several that contributed to the understanding and development of targeted treatments for cancer.
The hallmark of identified cancer genome is
the alterations of the nucleotide base pairs in
chromosomal segments24. Mutations in the
cancer genome are common. Mutated genes
in cancer cells encode for many proteins that
are involved in the cell cycle and DNA regulation, leading to abnormal growth. Identifying the differences in base pairs between a
cancer genome and a normal human genome
could identify specific loci that are responsible for causing malignancy25.
As of 2014, TCGA has completed wholegenome sequencing on 1,000 tumor samples,
which has led to more than 2,700 publica-
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tions in research journals. Aside from great
progress in identifying subtypes of gastric,
prostate, and head and neck cancers, the effort has also yielded potential drug targets for
bladder cancer and others26.
The research being conducted by TCGA has
increased our understanding of the genetic
drivers of cancer exponentially. Many of the
common pathways and several specific mutations occurring in malignant disorders have
been described. Louis M. Staudt, Director of
the Center for Cancer Genomics explains
that, “TCGA has led to an appreciation of
cancer pathways that werenʼt even considered 5 or 10 years ago”20. This growing database of genetic information will continue to
play a large role in understanding the molecular genetics of cancer and provide targets
for developing better and safer drugs.
Methodology for Studying
Molecular Genetics
The study of the molecular genetics of cancer
requires the use of various techniques that
can provide information about the genetic
material and proteins associated with malignancy. Lab techniques used in identifying
cancer have revolutionized cancer diagnosis
and treatment.
Sanger Sequencing
Genome sequencing before the 1970s was
merely a concept. In 1975, Frederick Sanger
discovered a fundamental key to understanding the makeup of genes: the sequence of nucleotides in conjunction with chemically altered nucleobases, leading to a chain termination method27. The double stranded DNA
is initially heated to form two single stranded
pieces of DNA. These strands are added into
a reaction vessel containing a primer and a
DNA polymerase. This DNA is then placed
into 4 reaction vessels, each containing a radio labeled version of the four-nucleotide
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bases. As the reaction proceeds, every time a
radio labeled nucleotide attaches to the template DNA strand, the replication of that
strand would be terminated. Gel electrophoresis can then separate out the DNA chains
by size and the overlaying of the DNA can
provide the sequence of DNA. One of the
shortcomings of the Sanger sequencing
method in cancer diagnostics is that it is unable to detect mutations when there are mixtures of normal and cancerous tissues in a
heterogeneous solution28.
PCR
Kary Mullis first discovered the polymerase
chain reaction technique, or PCR, an enormously useful technique in the study of
DNA. It is widely used to multiply small
quantities of DNA into larger amounts.
When a small quantity of DNA is available,
it can be heated, which breaks up the double
stranded DNA. The single stranded DNA is
then attached to an initiator primer sequence,
a sequence that functions as the starting point
for replication. If DNA polymerase and base
nucleotides are presented in the solution,
which then is cooled to allow replication of
the single stranded DNA to two exactly similar double stranded DNAʼs. This process can
be repeated by alternative heating and cooling the solution to continuously double the
DNA content with each heating and cooling
cycle. The exponential increase in DNA allows for ample quantities of DNA for various
analyses.
cDNA
Complimentary DNA, or cDNA, is a simple
way to document coding sequences of genes
in cells. cDNA is formed by the reverse transcription of mRNA in the cell. cDNA is preferred over mRNA sequences because
mRNA is regularly degraded in the cell and
is difficult to isolate. Once the mRNA of

choice is identified, the enzyme reverse transcriptase in the presence of deoxy-nucleotide
bases builds the complementary DNA strand
to the mRNA sequence. A DNA polymerase
through standard replication then replicates
this single stranded DNA. The double
stranded cDNA can be transcribed to produce
mRNA, which can synthesize essential proteins and identify mutations in the transcription and translation mechanisms in the cell.
A compilation of an organismʼs reverse transcribed mRNA makes a cDNA library. A
cDNA library compiles the mRNA sequences, which together make up an individualʼs
transcriptosome. cDNA library can allow the
insertion of specific mutant transcription factors, oncogenes, and tumor suppressors into
model organisms and observe phenotypic
changes within the organism compared to the
phenotypic picture before insertion. This
analysis is utilized to identify transcripts such
as alternative splicing variants, fusion genes,
and regulatory RNAs29.
Whole-Exome Analysis
The human genome is a vast, with parts of
the genome that code for proteins and other
portions that do not code for proteins. Study
of the coding portions, the Exons a small part
of the entire genome is easier and faster.
Once the mRNA is processed from the DNA
within the nucleus of a cell, a spliceosome, a
ribonucleoprotein, removes the non-coding
parts of the mRNA known as introns30. What
remains are the exons. The processed transcript is then translated outside of the nucleus. About 180,000 exons exist in the human
genome, making up 3% of the genome. These 180,000 exons are arranged in about
22,000 genes. About 85% of diseases caused
by genetic variances contain mutations in the
exons31. Therefore, sequencing all the exons
in a genome, known as the exome, is thought
to be an efficient method of analyzing a patient's DNA to discover the genetic cause of
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diseases or disabilities. Exome sequencing
allows for the detection of variations in the
protein-coding region of any gene to be identified, rather than the sequencing of individual genes of interest.
The advent of whole-exome sequencing has
catalyzed the use of a specialized technique
known as mRNA profiling, which compiles
the transcriptosome in one or more cells.
Transcriptosome mapping in specific cancer
cell groups has shown genetic variability
compared to the mRNA produced by the
wild- type gene. These cancer-causing genes
can be grouped as either tumor suppressor or
oncogene. In head and neck squamous cell
carcinomas, NOTCH1 was initially thought
to have been an oncogene, but whole-exome
analysis of the carcinoma found the
NOTCH1 geneʼs translation stopped early in
nearly 40% of all cases, predicting NOTCH1
may be a tumor suppressor gene rather than
an oncogene in the cancer 32.
Mutations that cause disease mostly occur in
exons. Exome and whole genome sequencing has led to discovery of DNA variations
outside of exons that can alter gene activity
and protein production and potentially lead to
cancer.
Next-Gen Sequencing – Whole Genome
Sequencing
Next Generation Sequencing (NGS) is widely considered to be one of the most revolutionary technological innovations in molecular genetics in the last century. In NGS, a relatively large sample of DNA is broken down
into 100-150 base pair (bp) segments to be
analyzed. These DNA samples have adapters
attached to them in order for them to be attached to the surface of the slide and then
through bridge amplification, each 100-150
bp segment is copied repeatedly. These double stranded bridges then become single
stranded bridges by breaking the hydrogen
bonds between the two strands. The slide is
flooded with nucleotides and DNA polymer120 FIMA YEAR BOOK 2015

ase. These nucleotides are fluorescently labeled, with a particular color corresponding
to a particular DNA base. A terminator is
included so that only one base is added at a
time. Every time a base is added, a particular
color is emitted, indicating the order of bases
at one particular location on the slide. An
accumulation of many color emissions at a
particular location illuminates the order of
the DNA bases on that particular 100-150
bp(base pairs) strand of DNA. By identifying
the overlaps in the DNA sequences and placing the strands on top of each other in terms
of overlaps, the entire genome can thus be
pieced together33.
Prior to NGS, the only genes that were sequenced fully were genomic loci, which were
mutated. NSG is significantly cheaper, faster,
requires a small sample and is more accurate.
This has led to rapid advances in identifying
oncogenes and tumor suppressor genes. Additionally, mutations in epigenetic regulators
and RNA splicing mechanisms were found
through the systematic Whole Genome sequencing using NGS34.
Next generation sequencing provides the entire sequence of an individualʼs genome,
which can then be compared to a reference
genome to determine rates of mutation at
specific oncogene and tumor suppressor gene
loci. The discovery of independent mutations
within these genes can lead to specific targeted gene therapies. As more evidence
emerges on common driver-mutations found
across a number of cancer types, newly developed molecularly targeted therapies will
provide a means to improve cancer treatment
outcomes across a number of cancers with
common biological/molecular mechanistic
pathways.
Genetic Abnormalities in Cancer
Numerical Abnormalities
Cancer is a disease that is caused by accumulation of multiple mutations in the somatic
cells. Various factors can cause these muta-
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tions. The various genetic abnormalities noted in the cancer cells include abnormal number of chromosomes, abnormal structures of
chromosomes. These chromosomal abnormalities create mutations or abnormal genes.
In a typical human cell there are 23 pairs of
chromosomes. Numerical abnormalities in
the chromosomes include aneuploidy i.e. unequal number of chromosomes, hypodiploidy
i.e.decrease in the number of chromosomes,
or hyperdiploidy i.e. increase in the number
of chromosomes.
Structural Abnormalities
The second type of chromosomal abnormalities is structural, which include deletions,
translocations, inversions, rearrangements,
and amplifications.
A deletion involves the removal of a chromosomal segment from the set. A terminal
segment of the chromosome can be deleted,
i.e. terminal deletion, or a segment from the
non-terminal part of the chromosome can be
deleted which would require 2 breaks and a
fusion of the remaining part of the chromosomes, which is known as interstitial deletion. This process of deletion and fusion can
activate an oncogene or inactivate a tumor
suppressor gene35.
Translocation is a genetic change that results
from one piece of chromosome breaking off
and attaching to a different, nonhomologous,
chromosome or to a new site on the same
chromosome. Translocation is most commonly seen in lymphomas, sarcomas, and
leukemias. The most well-known being
chronic myelogenous leukemia (CML). In
CML the long arm of chromosome 22 is attached to chromosome 9 resulting in the oncogene BCR-ABL that is discussed in another section in detail. Multiple advances have
enabled scientists to screen for translocation
through a special karyotyping technique
called multi-color fluorescence in situ hybridization (FISH). When translocation is

present, FISH is able to detect the translocation due to its sensitive genome-wide overview on the patientʼs chromosomes.
In inversions a segment of a chromosomes
gets detached and re-inserted in the opposite
direction. This leads to an aberrant expression in the genome, either activating an oncogene or de-activating a tumor suppressor
gene. The oncogene can become activated by
being exposed for transcription after an inversion. The tumor suppressor gene could be
interrupted by an inversion leading to its inactivation. An example would be an inversion seen at band 11q23 which juxtaposed
the Mixed-Lineage Leukemia gene (MLL) to
the Clathrin Assembly Lymphoid Myeloid
Leukemia (CALM) gene which leads to
acute myeloid leukemia (AML) of infants.
Amplifications can lead to increased production of RNA found in a cell thus leading to
an increase in the amount of protein production. If the excess production involves proteins promoting cell cycle pathway, it could
lead to uncontrolled growth of cells manifesting as cancer. Amplifications can happen anywhere in the genome but the most alarming
amplifications would be the amplifications of
oncogenes. These amplifications are usually
detected through DNA-based techniques,
molecular cytogenetic techniques, and comparative genomic hybridization. An example
would be the epidermal growth factor receptor 2 (HER2) amplicon which is one of the
oncogenes for breast cancer. About 20-30%
of patients with breast cancer have this amplification36,37. Multiple other rearrangement
of chromosomes can occur leading to malfunction of genes.
Most tumors have concurrent multiple abnormalities. Higher grade tumors have more
abnormalities than lower grade tumors. Cancer cells can, not only have abnormalities in
the chromosome but they can have abnormalities at the molecular level also. These molecular abnormalities involve oncogenes, tuFIMA YEAR BOOK 2015 121
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mor suppressor genes, fusions genes, mutations in metabolic and enzymatic pathways,
which can lead to malignant proliferation of
cells.
Oncogenes
Oncogenes are genes that are capable of
transforming regular cells into tumor cells.
They are a mutated form of normal genes
called proto-oncogenes. Proto-oncogenes
have three functions: promoting cell growth,
regulating differentiation, and minimizing
apoptosis. These functions all take part in the
growth and development of the body, and are
necessary for embryogenesis. When a protooncogene is mutated, it has the potential to
become cancerous38.
Proto-oncogenes have the potential of becoming oncogenes due to outside factors
such as mitogens and carcinogens. Carcinogens damage DNA and can increase the
chance of error during replication. These outside factors can also make the process of repairing damaged genes ineffective, and they
can also overpower the effects of tumor suppressor genes. Carcinogens can be found in
both natural and synthetic substances. Examples can include tobacco smoke, radiation,
and asbestos39.
There are several mechanisms that can convert proto-oncogenes into oncogenes. The
three mechanisms that cause a protooncogene to convert into an oncogene are
mutations in the DNA, gene amplification,
and chromosomal rearrangement. The mutation of the DNA of the gene itself or in a
regulatory region of the gene, such as the
promoter, can cause the overproduction of
proteins, potentially leading to a malignant
outcome. Gene amplification and increased
mRNA stability prolongs the existence of
mRNA in the gene, which can cause a normal protein to be over-expressed. Translocations of genes to nearby regulatory elements
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such as promoters can induce the overexpression of proteins38.
An example of a common oncogene is the
Src oncogene, which is present in sarcoma, a
tumor found in mesenchymal cells. The oncogene was initially found in a chicken retrovirus, and functions as an oncogene because it causes the overproduction of a certain protein.15 Just like a car needs a brake
pedal; a normally functioning cell has a
mechanism to regulate the production of proteins. An oncogene has no “brake” mechanism, making it continuously active, just as a
car would continuously accelerate. The Ras
oncogene is also a common oncogene, and it
codes for guanosine triphosphate hydrolase
enzymes (GTPase) in cells40. This oncogene
is found in thyroid tumors and certain types
of leukemia. Another example of an oncogene is the Myc oncogene, which codes for
transcription factors that induce cell proliferation. The Myc oncogene is overexpressed
due to the translocation of chromosomes 8
and 14. This translocation commonly leads to
Burkittʼs lymphoma41. RTK oncogenes are
similar to Src oncogenes in that they code for
tyrosine kinases. In this case, the RTK oncogene codes for receptor tyrosine kinases
(hence the name RTK) which are located
along the cell surface. This oncogene can
turn on receptors permanently even in the
absence of signals, which can cause cancer.
An example of a receptor tyrosine kinase is
vascular endothelial growth factor (VEGF).42
A well-known example of an oncogene is the
BCR-Abl fusion gene, which is associated
with chronic myelogenous leukemia.43 The
BCR-Abl gene, which is located on the Philadelphia chromosome, is derived from the
translocation that occurs between chromosomes 9 and 22. It was known as the first
gene and oncogene known to induce malignant growths. Because of the translocation,
the gene is separated from the controlling
gene and transferred to another gene, which
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causes the continuous and unregulated production of tyrosine, leading to excess cell
growth44.
Tumor Suppressor Gene
A tumor suppressor gene is involved in repairing DNA mistakes, controlling the rate of
cell division based on the need, and regulating the process of apoptosis, or programed
cell death. The tumor suppressor gene was
first described from a study of retinoblastoma, a form of childhood eye tumor. In order
to become susceptible to retinoblastoma a
child must not only have inherited a single
dominant trait but two additional mutations
which both result in the loss of the retinoblastoma protein tumor suppressor
gene(Rb)45. Another notable tumor suppressor gene is the p53 gene which when mutated
or inactivated is linked to leukemias, lymphomas, sarcomas, brain tumors, and carcinomas of the breast, colon, and lung. When
there is a mutation or error in a tumor suppressor gene it loses its function. This occurs
because the inactivation of the tumor suppressor gene eliminates the regulatory protein, which if especially combined with an
activation of an oncogene, could lead to the
development of cancer.
Fusion Gene
A fusion gene is created by joining two different genes together through structural abnormalities in the chromosome. 20% of morbidities from cancer in humans are caused by
gene fusion abnormalities46. These fusion
genes lead to cancer through multiple pathways. The abnormal pathways include overexpression, suppression, changing the location of a protein, and removing the regulatory
domains of specific genes. Recent data suggest that fusion genes are commonly seen in
epithelial cancers. Advancement in technology has allowed scientists to disrupt the ef-

fects of malfunctions created by fusion genes
for therapeutic benefits.
Passenger and Driver Mutations
The mutations involved in the cancer can also be classified as passenger and driver mutations. Driver mutations are mutations
which confer growth advantage to the cancer
cell and are required for maintenance and
survival of the cancer cell47. As the cancer
has multiple mutations some of them are
nonfunctional but persist in the cancer cell
and these are called “passenger mutations”.
These mutations sometimes could be of value
in research and in diagnosis as they are frequently present with the driver mutations.
Mutations in Metabolic Enzymatic
Pathways
Mutations in the metabolic enzymatic pathways can provide the cancer cells with a favorable environment to proliferate. In the
normal cellular metabolic pathway glucose is
converted to pyruvate, which then enters the
Krebs Cycle in mitochondria to generate
adenosine triphosphate (ATP). Cells under
hypoxic conditions convert pyruvate to lactic
acid. This is an inefficient system for generating energy. However, cancer cells are able
to use this effectively as they are frequently
proliferating under hypoxic conditions because they are separated from the underlying
stroma and blood vessels because of their
rapid growth48. This increase in non-aerobic
glycolysis creates acidic microenvironment
which is toxic to the normal cells but mutations in the malignant cells allow them to
adapt and resist the acid induced cell toxicity49.
In the process of cell division and metabolism abnormalities can occur. There are inbuilt mechanisms in the cell machinery to
check and repair these abnormalities or destroy the cells, which cannot be repaired.
When these checkpoint processes become
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deranged or defective, the potential for developing cancer increases or favorable environment for creation of a malignant clone
occurs.
Exciting recent developments in manipulating the checkpoint mechanisms to control
cancer have resulted in approval of drugs,
which work through this pathway. One example is the newly approved drug nivolumab
(Opdivo) which is a human immunoglobulinG4 monoclonal antibody that specifically
targets
programmed
death-1
(PD-1)
50
receptor .
Metastasis
Cancer cells not only have the potential to
grow and invade locally but also to spread to
other parts of the body, a process known as
metastasis. Any kind of cancer can become
metastatic, and most commonly spreads to
the bone, liver, and lung. Approximately
90% of deaths caused by cancer are from metastasis51. Although metastasis can happen
with any type of cancer there are genes
which suppress the metastatic process.
These genes which have been studied include
nonmetastatic gene 23 (NM23), and Kangai
1 (KAI1). The deactivation of these metastatic suppressor genes allows the tumor to
spread in the body.
Angiogenesis
Angiogenesis, which is the creation of new
blood vessels is a pivotal step in the growth
and spread of cancer.
The process of angiogenesis itself involves a
complex multi-step cascade, which is regulated through different angiogenic factors.
The key growth factors necessary for angiogenesis are the vascular endothelial growth
factor (VEGF) and the hepatocyte growth
factor (HGF).
Mutations leading to overproduction of these
growth factors or increasing the sensitivity of
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the receptors to these growth factors assists
the malignant cells to grow and metastasize.
Apoptosis
Apoptosis, the process of a programed cell
death is activated when there is unrepairable
damage or the cell is no longer necessary for
the bodyʼs functioning. The process of apoptosis is genetically controlled. P53, a tumor
suppressor gene, when downregulated decreases the functioning of the apoptotic process. A cell which has undergone mutations,
which are deleterious would normally be
channeled to the apoptotic pathways to rid
the body of this cell. When the apoptotic
pathway is nonfunctional as in the suppression of p53, this cell would proliferate and
manifest as cancer. Disruption in the balance
between pro-apoptotic and anti-apoptotic
proteins can facilitate development of malignancy. An example of the genes involved in
pro-apoptotic and anti-apoptotic mechanism
is the Bcl-2 family. Abnormalities in Bcl-2
genes are commonly seen in B-cell lymphoma. Downregulation of these genes allows a
lymphocyte to survive much longer than its
usual lifespan while the body continues to
produce new lymphocytes leading to a
marked increase in the number of lymphocytes. This is one of the mechanisms leading
to the development of chronic lymphatic leukemia52.
Drug Resistance
Tumors, like humans, are capable of adapting
for survival, as therapies directed against
cancer interrupt the growth and metastatic
process they develop mechanisms to resists
the drugs targeting them. The resistance to
chemotherapy can be either intrinsic or acquired. Intrinsic resistance to chemotherapy
implies that the tumor contains resistancemediating factors. Acquired resistance involves mutations that are developed during
treatments. Several studies have shown that
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the primary mechanism of resistance involves over expression of the P-glycoprotein
and the multidrug resistance-associated protein (MRP). These two proteins play a key
role in the molecular pumps, which eliminate
the drugs from the cell so that the drug is unable to reach its target. Unfortunately targeting these two proteins with specific drugs is
toxic to the body because the liver, kidneys,
and gastrointestinal tract use the same mechanism to eliminate toxins from the cell.
Cancer genome and
New taxonomy of Tumors
Malignant tumors traditionally have been
classified based on the site of origin, like
breast cancer. They have also been classified
based on the morphology like adenocarcinomas or glandular cancers.
The classification provided the basis for staging, understanding biological behavior and
planning treatment. However it has been recognized that tumors arising from same organs behave in different ways. Genomic
analysis now has clarified the reasons for this
heterogeneity. The classic example is lung
cancer, where a tumor with a mutation in
EGFR leads to a different natural history. It
has a different cause (these generally occur
in nonsmokers), and responds to anti-EGFR
tablets while the other lung cancers do not53.
Similar information has changed our understanding of several other cancers. This
knowledge of molecular abnormalities in the
cancer is redefining the way we classify tumors providing a more rational understanding of their biology, prognosis, and appropriate treatment options. This will eventually
lead to a new classification and nomenclature
of all malignant tumors.
Molecular Genetics of Selected Tumors
The classification and characterization of this
large collection of diseases called cancer is
essential for understanding and treating them.

While all cancers share certain commonalities, gaining insight on what makes each cancer unique has vastly expanded the number
of strategies we currently have to combat
them. Clinicians have classified cancers
based on site of origin, histopathology and
biological behavior.
In the last few decades, with the advent of
many advanced molecular techniques, researchers have been able to characterize these different diseases with a much higher level
of detail and precision. Modern technology
has allowed researchers and physicians to
understand and target specific molecular abnormalities in cancer with greater success
and less toxicity. Such approaches have also
allowed scientists to design drugs targeting
those abnormalities. The sheer number of
publications detailing the molecular pathways observed in cancer is a testament to the
promise and proven results of this basic science approach to fighting cancer.
CML
One of the first cancers to be understood on
the molecular level is Chronic myeloid leukemia(CML). This manifests as uncontrolled
proliferation of granulocytic series of white
blood cells. In 1845 John Hughes Bennet
first described this disease. It almost always
meant a death sentence. It was believed then
that the underlying pathology was due to,
“the presence of purulent matter in the
blood.”54
The first breakthrough in the disease did not
occur until over a century later when Peter
Nowell and David Hungerford noticed a
small, aberrant chromosome in patients with
CML55. This structure, later deemed the Philadelphia chromosome (Ph1), is a result of a
translocation between chromosomes 9 and
2256. As a consequence of this molecular rearrangement of genetic material, an abnormal
fusion gene is created called Break point
FIMA YEAR BOOK 2015 125

molecular genetics of cancer

cluster region/Ableson murine leukemia
(BCR/ABL). This is an oncogene, which
continuously produces a tyrosine kinase leading to uninhibited growth and production of
white cells. The discovery of the Ph1 has given researchers a very specific understanding
of this disease and a specific target for therapeutic intervention. However, most other
cancers have not yielded such specific clues
yet.
Breast Cancer
Breast cancers are a much more heterogeneous collection of tumors than CML. In contrast to CML, common solid tumors of the
breast, colon, brain or pancreas have an average of 33 to 66 somatic mutations57. In his
book biography of cancer, Siddhartha
Mukherjee writes of a forty-three year old
woman whose breast cancer had 127 mutated
genes. In view of such genetic diversity, it is
hard to come up with a simple, allencompassing description of the genome of a
breast tumor. Scientists have identified a
subset of oncogenes and tumor suppressor
genes believed to play a large role in many
cases of solid tumors
A clinically relevant mutation seen in 2030% of breast cancers is the amplification of
the human epidermal growth factor receptor
2 gene (HER2)36,37. HER2 is a transmembrane tyrosine kinase which increases cell
growth, proliferation, angiogenesis, motility,
and resistance to apoptosis. Scientists have
been able to target the overexpression of
HER2 by monoclonal antibodies, which has
improved outcomes of patients with this subset of this disease. The gene coding for the
estrogen receptor (ER) also seems to play a
significant role in as many of two-thirds of
breast cancers. When activated by estrogen,
or growth factors, ER activates transcription
by oncogene c-MYC and cyclin D158. Fortunately, this also has been exploited as a therapeutic target by developing drugs that are
anti-estrogenic.
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While only 5-10% of breast cancers are hereditary, they have been the subject of extensive research59. The two most well characterized genes responsible hereditary breast cancers are breast cancer susceptibility gene 1
and 2 (BRCA1 and BRCA2). These genes
are found in 80% of familial breast cancers.
They are tumor suppressor genes that normally function to repair of DNA breaks60,61.
The presence of these genes not only increases the lifetime risk of breast cancer, but
it also occurs at a younger age62.
Colorectal Cancer (CRC)
Colorectal neoplasms are inherited in 1025% of cases.63 One of the inherited mutations leading to colorectal cancer is the familial adenomatous polyposis syndrome.
These mutations have been studied in detail
and have helped elucidate some of the defining features of this type of cancer. Familial
adenomatous polyposis (FAP) is one of these
inherited diseases. FAP is a disease in which
thousands of polyps begin to develop in the
colon during the individuals in their 20ʼs63.
These polyps, if not treated early, will develop into CRC in 100% of patients64. The
cause of FAP is the mutation in the tumor
suppressor gene adenomatous polyposis coli
(APC). The APC gene normally functions to
regulate proliferation, differentiation, apoptosis, and migration. Acquired mutation of
this gene subsequently have been implicated
in approximately 85% of sporadic CRC65,66.
Hereditary nonpolyposis colorectal cancer
(HNPCC), also known as Lynch syndrome,
is the most common inherited colon cancer
syndrome. It is caused by mutations in no
fewer than five mismatch repair genes. When
mutated, they allow DNA replication to continue in spite of errors leading to malignant
clones. HNPCC compromises around 5% of
colorectal cancers.
Many other mutations occur in colorectal
cancer. A common mutation seen in most
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human cancer is that of the tumor suppressor
gene p53. This gene is a transcription factor
that can arrest cellular growth and lead to
apoptosis when triggered by cell stress.67 KRAS is another cell proliferation controlling
protein that has been noted to be defective in
many CRC patients. It is mutated in one third
of all human cancers.40,68 While there are
many other genetic abnormalities seen in
CRC, the mutations described here encompass a large number of cases, and can provide targets for therapeutics.
Molecular Target

Targets for Therapeutic Interventions
The chart below is a selected group of targeted drugs developed from the understanding
of the molecular genetics of specific neoplastic diseases. These drugs have already
been approved based on their efficacy. There
are many other drugs currently in trials, or in
advanced stages of development holding
great promise for the future.

Generic Name
(Trade Name)
Afatinib (Gilotrif) -oral

•Non-small cell lung cancer
•Advanced pancreatic
cancer

Gefitinib (Iressa) -oral

•Non-small cell lung cancer

Trastuzumab (Herceptin) -IV

•Breast cancer
•Gastric adenocarcinoma

Lepatinib (Tykerb) -oral

•Breast cancer

Bevacizumab(Avastin) -IV

•Colorectal cancer
•Non-squamous non-small cell
lung cancer
•Breast cancer
•Glioblastoma
•Renal cell carcinoma

Axitinib (Inlyta) -oral

•Renal cell carcinoma

Sorafenib (Nexavar) -oral

•Hepatocellular carcinoma
•Renal cell carcinoma

Sunitinib (Sutent) -oral

•Gastrointestinal stromal tumors
•Renal cell carcinoma
•Pancreatic neuroendocrine tumors

VEGF

Multi-Kinase

•Non-small cell lung cancer

Erlotinib (Tarceva) -oral
EGFR

HER2

FDA Approved Use(s)
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Molecular Target

BCR/ABL

ALK
BRAF

Generic Name
(Trade Name)
Imatinib (Gleevec) -oral

JAK2
CD20

•Chronic myeloid leukemia

Bosutinib (Bosulif) -oral

•Chronic myeloid leukemia

Dasatinib (Sprycel) -oral

•Chronic myeloid leukemia
•Acute lymphoblastic leukemia

Crizotinib (Xalkori) -oral

•Non-small cell lung cancer

Ceritinib (Zykadia) -oral

•Non-small cell lung cancer

Dabrafenib (Tafinlar) -oral

•Melanoma

Idelalisib (Zydelig) -oral

•Chronic lymphocytic leukemia
•Follicular lymphoma
•Small lymphocytic lymphoma

Nivolumab (Opdivo) -oral
Ruxolitinib (Jakafi) -oral
Rituximab (Rituxan) -IV

Prevention
Advances in understanding of the molecular
genetics of cancer will allow us to predict the
probability of disease in healthy people who
can be screened. Interventions could be developed before the disease manifests. This
would not only apply to cancer but more
common disease like diabetes and hyperten-
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•Chronic myeloid leukemia
•Acute lymphoblastic leukemia
•Dermatofibrosarcoma protuberans
•Gastrointestinal stromal tumors

Nilotinib (Tasigna) -oral

PI3K5

PD1

FDA Approved Use(s)

•Melanoma
•Non-small cell lung cancer
•Renal cell carcinoma
•Myelofibrosis
•Polycythemia vera
•Non-Hodgkin's lymphoma

sion, which have a multifactorial etiology
combining a genetic predisposition with lifestyle69.
Future prospects
The future of cancer management appears
very bright with a deeper understanding of
the molecular mechanisms at work leading to

molecular genetics of cancer

this illness. This knowledge has already
yielded many applications in practice today
from diagnostics to therapeutics. Current
work in progress suggests that a majority of
cancers will become easily manageable in the
near future.
Ethics
Cancer in majority of the cases is a result of
sporadic mutations in somatic cells, while
only a fraction of them are inherited genetically. Currently tests are available for identifying healthy people who are at risk for developing certain cancers from inherited or
familial factors. This knowledge, while
providing advance information to allow preventive measures, also creates stress, anxiety
and social stigma70. Additionally, such
knowledge, if made available to others could
be exploited for denying employment and
insurance. Laws have been enacted to protect
such individuals. However, the potential for
misuse of this information exists. Predicating
the future may have its benefits but society
has to learn how to handle such information
in an ethically and socially responsible way.
Islamic Perspectives
“Iqra,” meaning to read, was the first word
revealed in the Glorious Qurʼan71. The command to read has been interpreted by scholars as an obligation to seek knowledge. In
one of the early revelations, the Glorious
Qurʼan states:

who have the knowledge of the cure know it
and those who are ignorant of it do not“73.
There are nearly 750 verses in the Glorious
Qurʼan directing and encouraging mankind
to ponder and fully utilize the wonderful creations of the Almighty. Thus, it is clear that
seeking knowledge, including medical
knowledge, is a part of the faith. The ultimate
goal of medical knowledge and research is to
save lives. The Glorious Qurʼan emphasizes
the value of saving a life, stating:

ِ ﺲ أ َْو ﻓَ َﺴ ٍﺎد ِﻓﻲ اﻷ َْر
ٍ ﻪُ َﻣﻦ ﻗَـﺘَ َﻞ ﻧَـ ْﻔ ًﺴﺎ ﺑِﻐَْﻴ ِﺮ ﻧَـ ْﻔأَﻧ..."
 َﻤﺎ ﻗَـﺘَ َﻞض ﻓَ َﻜﺄَﻧ
"...ﺎس َﺟ ِﻤ ًﻴﻌﺎ
ْ  َﻤﺎ أَﺣﻴَ َﺎﻫﺎ ﻓَ َﻜﺄَﻧ
ْ ﺎس َﺟ ِﻤ ًﻴﻌﺎ َوَﻣ ْﻦ أ
َ َﺣﻴَﺎ اﻟﻨ
َ اﻟﻨ

“…whosoever killeth a human being for other than manslaughter or corruption in the
earth, it shall be as if he had killed all mankind, and whoso saveth the life of one, it
shall be as if he had saved the life of all
mankind…”74.
This was revealed when Adamʼs son Cain
killed his younger brother Abel. Humanity
today is about 7.2 billion people. Saving a
life is the greatest reward one can seek in this
world. The pursuit of knowledge to discover
and administer treatments to save people
from deadly diseases is an act of worship of
the highest order.
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USING GENETIC ENGINEERING TO TREAT CANCER
Roslan Harun*
Abstract
Cancer development and progression are driven by genetic and epigenetic aberrations in multiple
oncogenes and tumor suppressor genes (TSGs). Recent large scale genome sequencing efforts have
identified increasing numbers of candidate oncogenes and TSGs with novel driver mutations that can
be potential therapeutic targets. Recent advances in genetic engineering technologies have made it
possible to modify specific DNA sequences and proteins in cancer cells and explore the roles of the
genes or proteins in cancer development, progression and therapeutic response. In this review, several novel approaches to treat cancer using genetic engineering methods will be discussed.
Keywords: cancer, genetic engineering, genome editing, immunotherapy.
Introduction
Cancer is characterized by multiple genetic and
epigenetic alterations in oncogenes and tumor
suppressor genes. Several large-scale cancer genome sequencing efforts have identified increasing numbers of genetic alterations present in
human tumors. Amongst a background of passenger mutations, which are presumed not to directly affect the tumorigenic process, driver mutations directly promote the transformation of
normal cells to cancer cells through mutational
activation of oncogenes and/or inactivation of
tumor suppressor genes. Oncogenes are typically
activated via gain-of-function mutations, whereas tumor suppressor genes are usually inactivated via loss-of-function mutations.There is an increasing body of evidence to suggest that the
immune system also acts as a significant barrier
to tumor initiation and progression. Evasion of
immune destruction has been recognized as one
of the two emerging hallmarks of cancer. In recent years, immunotherapy has been used to manipulate patient's own immune system to kill
cancer cells.

Surgery, chemotherapy and radiation therapy
have been the cornerstones of cancer treatment
for many years. Specific biologic therapies targeting specific molecular changes, seen primarily in cancer cells, have also emerged as standard
treatments for certain types of cancer for the last
decade. Genetic engineering technologies have
made it possible to modify specific DNA sequences in the genomes of cells to explore the
role of genes implicated in cancer development,
progression and therapeutic response.
Bispecific Antibodies
Monoclonal antibodies (mAbs)have become an
important class of protein-based drugs for the
treatment of cancer and other diseases. More
than 20 mAbs have been approved by the USA
Federal Drug Administration (FDA) for the
treatment of cancers and other diseases.
Several approaches have been used to enhance
the efficacy of mAbs to target tumor antigens
including direct conjugation with various effector compounds, such as toxins and cytotoxic
drugs.
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Another novel strategy to increase anticancer
antibody potency is using dual-targeting antibodies referred to as bispecific antibodies
(biAbs).Variable domains of the desired mAb
scan be genetically engineered into a single
bispecific antibody. Anticancer response can be
increased by targeting both cellular and humoral
immune responses. Bispecific antibodies activate immune effector cells by targeting the CD3
complex, costimulatory CD28 molecule on Tcells or Fcγ receptors (FcγRs) on accessory cells,
and can bind simultaneously to tumor-associated
antigens (TAAs) on tumor cells. Several clinical
trials have been conducted with chemically
linked or genetically engineered biAbs targeting
TCRs or FcγRs and TAA, either alone or in
combination with IFNγ, GM-CSF or G-CSF 1,2.
A variety of immune effector cells, such as
CTLs, NK cells, neutrophils, and macrophages,
can be activated and redirected using biAbs. For
T-cells, cytotoxicity is redirected to tumor targets, bypassing MHC restrictions by targeting
CD3 on T-cells.
Cellular immunotherapy is
administered after debulking chemotherapy, surgery and/or radiation, highlighting the importance of lymphodepletion, decreased tumor
burden and/or regulatory T-cell depletion.
Oncolytic Viruses as Cancer Vaccines
Oncolytic viruses (OVs) are tumor-selective
agents with multi-mechanistic antitumor activities. They have the ability to selectively infect
and replicate in cancer cells and associated endothelial cells. Cytokines, particularly interferons
and tumor necrosis factors, and complement systems play important roles in dictating the viral
tropism. The viruses kill the infected cancer cells
via direct oncolysis causing apoptosis, necrosis,
pyroptosis and autophagic cell death. Oncolytic
viruses also have anti-angiogenesis and antivasculature properties which promote apoptosis
and necrosis of uninfected cancer cells. In addition, OVs activate innate and tumor-specific
immune cells and help eliminate the uninfected
cancer cells in primary and metastatic nodules.
Genetic engineering of OVs further potentiates
the viruses as cancer vaccines. Oncolytic viruses
armed with GM-CSF (such as T-VEC and PexaVec) or other immunostimulatory genes, induce
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potent anti-tumor immunity in both animal models and human patients.
Tumor cells and associated stromal cells express
a wide variety of tumor associated antigens
(TAAs) including mutated proteins, fusion proteins, developmental proteins or tissue-specific
proteins. The TAAs are targets for cancer immunotherapy, either through active immunization or adoptive transfer of activated immune
cells. Cancer cell death induced by OVs is
mostly immunogenic. Oncolytic viruses, delivered either intratumorally or systemically, will
replicate in tumors and stromal cells causing induction of immunogenic cell death (ICD). Then
ecrotic cells present signals on the cell surface
and release danger signals such as HMGB1,
HSP90/70, ATP and PAMPs. Apoptotic bodies
are engulfed by antigen presenting cells (APCs)
and TAAs are processed and presented along
with MHC complex and costimulatory molecules. The danger signals activate and mature
dendritic cells (DCs), and TAAs are crosspresented to naive T cells.
Oncolytic viruses have been explored as therapeutic cancer vaccines for few decades. Genetic
engineering has been used to make OVs better
cancer vaccines that produce potent oncolysis
and antitumor immunity. For example, Toda et
al. have shown that a genetically engineered oncolytic HSV G207 induced specific anti-tumor
immunity in CT26 colon cancer model3. Genetic
modifications of OVs aim to reduce suppression
of immune responses by the OVs with deletion
of viral immune evasion genes, and to enhance
antitumor immune responses by inserting immune-enhancing transgenes into the OV vectors.
Toll-like receptors (TLRs) play key roles in
modulating the innate immunity. These receptors recognize pathogen-associated molecular
pattern (PAMPs) and damage-associated molecular pattern (DAMPs) molecules and trigger the
activation and maturation of DCs. For example,
TLR9 recognizes unmethylated CpG motifs in
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the viral dsDNA; thus OVs enriched with CpG
sequences are believed to be stronger immunogens. Raykov et al. demonstrated that rat lung
hepatoma cells infected with CpG enriched parvovirus had a significant reduction in metastatic
rate compared with controls4.
Other important proteins that are induced and
released during cellular stress and necrosis are
heat shock proteins (HSPs). Due to their abilities to act as molecular chaperones, HSPs can
bind potential antigens and deliver them to a variety of APCs. Oncolytic adenoviruses can be
modified to overexpress several HSPs such as
HSP70, HSP90 and HSF1. The HSPs can function as oncolytic cancer vaccines and induce an
MHC associated tumor antigen-specific CD8+ T
cell response in syngeneic melanoma, colorectal
and prostate cancer models in immunocompetent
mice5.
An HSP70-overexpressing oncolytic adenovirus
has also been tested in a phase I clinical trial6.
Oncolytic viruses can be engineered to express
cytokines, chemokines or costimulatory molecules to enhance immune response and antitumor immunity.
Talimogenelaherparavec (T-VEC) is a good example of an engineered oncolytic virus that can
be potentially used as an oncolytic vaccine. Liu
et al.showed that mutations of several herpes
simplex virus (HSV) genes CP34.5 and ICP47 of
a potent JS1 strain enhancedtumor cell killing
and replication of HSV mutants in tumor, and
improved the immune stimulating properties of
the virus7.
In addition the human GM-CSF-encoding gene
was inserted into the JS1/34.5-/47- construct to
provide viruses with maximum immune stimulating properties. When OV is armed with GMCSF gene, its antitumor immunity and cytotoxicity are further enhanced. GM-CSF mediates
antitumor effects by recruiting NK cells and by
induction of tumor antigen-specific cytotoxic T
cells through the action of APCs.

Engineering Immune Cells
To Treat Cancers
More recently, evasion of immune destruction
has been recognized as one of the two emerging
hallmarks of cancer8. This capability allows
cancer cells to evade immunological destruction,
particularly by T and B lymphocytes, macrophages and natural killer cells. In recent years,
there is an increasing body of evidence to suggest that the immune system acts as a significant
barrier to tumor initiation and progression. Previous studies have shown that tumors grew more
frequently and rapidly in the immunodeficient
mice compared to immunocompe-tent controls,
in particular deficiencies in the function of
CD8+ cytotoxic T lymphocytes, CD4+ TH1
helper T cells or natural killer (NK) cells9. This
indicates that both innate and adaptive immune
systems contribute significantly to immune surveillance and tumor eradication.
Immunotherapy has been used to manipulate patient's own immune system to kill cancer cells.
This adoptive immunotherapy, using viral antigen-specific T cells, is a well-recognized procedure and has been proven to be effective in the
treatment of transplant-associated viral infections and viral related malignancies. In a study
in 1988, tumor infiltrating lymphocytes were
isolated from 20 patients with melanoma, expanded in vitro and subsequently transferred
back to the same individuals. This method did
mediate metastatic melanoma regression10.The
tumor infiltrating lymphocytes (TILs) were expanded ex vivo and re-infused back into the patients. Unfortunately the results were modest
and not durable. Furthermore, the generation of
TILs requires good manufacturing procedurescompliant facilities and laborious ex vivo expansion procedures.
As an alternative, T cells can be genetically engineered, by using gene transfer vector, to express a T cell receptor (TCR) or a chimeric antigen receptor (CAR) specific for antigens expressed by the tumor. TCRs and CARs enable
the T cells to recognize specific tumorassociated antigens on tumor cells. These engineered T cells are then expanded in the laboratory and then infused back into the patient. With
guidance from their engineered receptors, the T
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cells are able to recognize and kill cancer cells
that harbor the antigen on their surfaces.Treatments using these engineered immune
cells have shown remarkable outcomes in patients with advanced cancer in several small clinical trials.
TCR engineered T cells
In this approach, T cells are transduced with
transgenes encoding for α and ß TCR chains
specific for a given tumor associated antigen.
Most of the earlier clinical trials have adopted
TCRs targeting HLA restricted tumor-associated
antigens, such as gp100 and Melan-A/MART-1,
or cancer germline antigens such as NY- ESO-1
and MAGE3. TCR-directed T cells recognize
tumor-associated antigen-derived peptides after
being presented by HLA molecules. Unfortunately, some of these antigens, in particular the
former antigens, are also expressed in healthy
cells, which leads to "off-tumor-on-target" toxicity11. The side effects associated with TCR
transfer approach are either due to crossrecognition of non-tumoral targets, generation of
unexpected antigen specificities or autoimmune
reactions. The toxicity is much less when
germline antigens are used as targets.
More efforts have been focused to identify TCRs
that recognize cancer-specific mutated antigens,
particularly in the cancer-driving genes. Most
recently, Tran et al. demonstrated that a CD4+ T
helper 1 cell response against a mutated antigen
could be harnessed to mediate regression of a
metastatic cholangiocarcinoma12. Using a wholeexomic-sequencing-based
approach,
they
demonstrated that the tumor-infiltrating lymphocytes (TIL) contained CD4+ T helper 1 cells that
recognized a mutation in ERBB2 interacting
protein (ERBB2IP) expressed by the cancer. After adoptive transfer of TIL containing about
25% mutation-specific polyfunctional T(H)1
cells, the patient achieved a decrease in the metastatic lesions with prolonged stabilization of
disease.
Chimeric Antigen Receptors (CAR)
Unfortunately, tumors often evade T-cell immune surveillance by down regulating HLA or
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molecules involved in antigen processing and
presentation. The advantage of the recombinant
CARs over the TCRs is that CARs recognize
cell surface molecules independently of HLA
expression.CARs are constructed by fusing the
extracellular antibody-derived single chain variable fragment (scFV), capable of recognizing
TAA, with one or more TCR-derived signaling
domains. This chimeric receptor provides T cell
specificity and simultaneously enhances responsiveness of transduced T cells. Interaction of
scFV with a given TAA induces T cell activation
and consequent tumor killing. The promise of
this approach has been recently highlighted by
the success of CAR T cells specific for the CD19
antigen.
In an early proof-of-principle clinical trial involving patients with chronic lymphocytic leukemia (CLL), chimeric antigen receptor–
modified T cells that target CD19 produced a
durable complete remission in a small number of
patients13. Relapsed acute lymphoblastic leukemia (ALL) is a considerable therapeutic challenge, particularly in patients who do not have a
complete remission or have a relapse after stemcell transplantation. Brentjens et al. used engineered CD19-targeted T cells (CTL019 cells) to
treat refractory B-cell ALL and they found profound responses in a small number of children
and adults14.In their study, an anti-CD19 singlechain Fv domain was coupled to intracellular Tcell signaling domains of the T-cell receptor,
thereby redirecting cytotoxic CD8+ T lymphocytes to cells expressing this antigen. The
CTL019 (or CART19) T cells express a chimeric
antigen receptor in which the T-cell activation
signal is provided by the CD3-zeta domain, and
the co-stimulatory signal is provided by the
CD137 (4-1BB) domain.
In a more recent study by Maude et al., treatment
of relapsed and refractory ALL with CTL019 T
cells was associated with a high remission rate
and durable remissions up to 24 months, even
among patients whom stem-cell transplantation
had failed15. Thirty children and adults with
relapsed or refractory ALL were infused with
autologous T cells transduced with a CD19directed chimeric antigen receptor (CTL019)
lentiviral vector and they were monitored for a
response, toxic effects, and the expansion and
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persistence of circulating CTL019 T cells. All
the patients had cytokine-release syndrome
which was effectively treated with the anti–
interleukin-6 receptor antibody tocilizumab. Severe cytokine-release syndrome (27%) was associated with a higher disease burden.
Genome Editing
Genomic instability and mutability provide cancer cells with genetic alterations that drive tumor
development and progression. Therefore, experimental approaches to manipulate specific DNA
sequences in the genome of normal and cancer
cells are critical for modeling the disease as well
as systematically studying the many genes involved in cancer initiation, progression and therapeutic response.
Targeted genome editing is a novel approach
that can efficiently modify any sequence of interest in living cells including cancer cells. This
technology depends on the use of engineered
nuclease, a sequence-specific DNA-binding domain fused to a nuclease that cleaves DNA in a
non-sequence-specific manner. These nucleases
are capable to induce double-strand breaks into
specific DNA sites, which are then repaired by
mechanisms that can be exploited to create sequence alterations at the cleavage site. Geneediting nucleases offer the potential to directly
assess the impacts of gene disruption or alterations of specific sequence variants on gene function in somatic cell-based models of disease. In
addition, targeted nucleases also offer the potential to both gene-correction or gene-disruption
strategies for the treatment of a wide range of
genetic diseases.
Zinc Finger Nucleases
Majority of the studies using targeted genome
editing have been performed using zinc finger
nucleases (ZFNs)16. ZFNs can be used to introduce genomic alterations including point mutations, deletions, insertions and translocation.
ZFNs can also be used for therapeutic purposes
such as disruption of the expression of HIV coreceptor CCR5 gene by a specific ZFN for
treatment of AIDS. The high efficiencies of alterations observed have already inspired efforts

to use ZFNs as a potential therapeutic approach
for genetic-based diseases.
Transcription activator-like effector nucleases
(TALENs)
Transcription activator-like effector nucleases
(TALENs) have rapidly emerged as an alternative to ZFNs for genome editing and introducing
targeted double-strand breaks. These engineered
nucleases consist of a non-specific FokI nuclease
domain fused to a customizable DNA-binding
domain which is composed of highly conserved
repeats derived from naturally occurring transcription activator-like effectors (TALEs) encoded by Xanthomonas proteobacteria. TALENs
have a very high success rate for highthroughput genome editing, thus can be used to
target essentially any DNA sequence of interest
in human cells17.
CRISPR-Cas9 System
The prokaryotic type II clustered regularly interspaced short palindromic repeats (CRISPR)Cas9 system has rapidly revolutionized the landscape of genetic engineering. CRISPR-Cas9
system allows researchers to alter the genomes
of a large variety of organisms with relative
ease. This highly versatile system, which is derived from a prokaryotic adaptive immune system, comprises of two biological components:
the RNA-guided DNA endonuclease Cas9 and a
chimeric single guide RNA (sgRNA). The sgRNA molecule contains both a CRISPR RNA
(crRNA) component and a trans-activating crRNA (tracrRNA) component. sgRNA binds to
Cas9 and directs it to a genomic sequence of interest via base pairing to the target sequence18.
Large-scale cancer genome sequencing efforts
have produced an expanding catalogue of the
genetic alterations present in human tumors19.
Driver mutations promote the transformation of
normal cells to cancer cells through mutational
activation of oncogenes and/or inactivation of
tumor suppressor genes. In contrast, passenger
mutations are presumed not to directly affect the
tumorigenic process. In addition to simplifying
the study of oncogenes and tumor suppressor
genes, the CRISPR-Cas9 system also allows for
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rapid discrimination between driver and passenger mutations. Matano et al. used the CRISPRCas9 system, which acts as a molecular “scissor”
that can cut and paste any piece of DNA, in his
studies.They recently demonstrated the utility of
this system to systematically engineer both lossof-functions (LOF) in tumor suppressor genes
and gain-of-functions (GOF)in oncogenes mutations in untransformed human intestinal organoids in order to model human colorectal cancer
(CRC)20. The ability of the CRISPR-Cas9 system to modify multiple target mutations offers
the opportunity to investigate combinatorial vulnerabilities in cancer cells and synthetic lethal
interactions.
Conclusions
Surgery, chemotherapy, radiation therapy and
more recently specific biologic therapies have
been the cornerstones of cancer treatment. However, the prognosis for many cancers, particularly when at the advanced stages, is still poor.
Evasion of immune destruction and genomic instability has been recognized as the two emerging hallmarks of cancer. Novel genetic engineering technologies allow modification of the
immune system and correction of the cancer genome mutations. They offer the opportunity to
develop effective novel strategies to treat this
deadly disease.
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GENE THERAPY APPLICATIONS
IN MODERN GYNECOLOGY AND OBSTETRICS
Marwa Badr* and Ayman Al-Hendy**
Abstract
Gene Therapy is a novel therapeutic approach which allows using the recombinant DNA technology to
create a functional gene-expressing unit. This unit can deliver DNA or RNA and allows the replacement
of the absent, or integration with diseased DNA of targeted tissues, to change the transcription function
responsible for the pathologic expression, and suppress this function or change its function to a nonpathological one.
This chapter is a comprehensive review that focuses on the application of gene therapy in gynecology
and obstetrics. However, because numerous challenges remain, including the safety of gene-therapy
approaches, it is critical to concisely summarize the current status of the experimental gene-therapy
studies conducted in animal models and refer briefly to some of the available clinical trials on gene
therapy. In addition, we briefly summarize the recent advances in gene delivery technologies in the
context of gene therapy.
Keywords: Gene Therapy, viral vectors, Adeno-associated viruses (AAVs), Plasmid DNA (pDNA),
uterine fibroids, endometriosis, premature ovarian failure, ovarian cancer, pelvic adhesions, intrauterine
growth restriction (IUGR), Induced pluripotent stem cells (iPSCs).
Introduction
Gene Therapy (GT) allows the use of
recombinant DNA technology to create a
functional gene-expressing unit that delivers
the DNA or RNA nuclear parts and allows its
integration with diseased nuclei of targeted
tissues to change their transcription function
and correct the pathology1. The mechanism of
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gene therapy is its ability to utilize the nucleic
acids (DNA or RNA) for the treatment and
prevention of human disorders by uploading
new genetic codes that will change the current
gene function and set up the new gene function
to either restore lost function or initiate new
targeted function to achieve therapeutic goals2.
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Gene therapy has several successful
applications in clinical medicine reported
through successful animal trials, and the
concept of gene therapy has become very well
established in therapeutic approaches.
Examples include treatment of cancer,
chronic or progressive diseases such as heart
failure, neurodegenerative and metabolic
disorders, including Parkinsonʼs disease, and
diabetes3-5.
In addition, there are reasonable gene therapy
applications in animal studies in the field of
obstetrics and gynecology.
This comprehensive review focuses on the
application of gene therapy in gynecology
with specific focus on arresting the
proliferative pathophysiology of uterine
fibroids while briefly highlighting other
applications.
Gene delivery methods
Vectors are known as the gene delivery
vehicles. There are two classes: DNA (nonviral) vectors and viral vectors (Figure 1).
Circular plasmid DNA enters cells in its
naked form, or can be treated with chemicals
to enhance stability and delivery efficiency.
Viral vectors take advantage of the infectious
nature and gene-shutting (capable of inactivetion) capability of certain viruses but are
deliberately engineered to minimize harm by
removing as many viral genes as possible.
Both types of vectors can directly deliver
genes into the human body. Alternatively,
gene transfer may be applied to isolated
human cells, which can then be re-infused
into patients to function.
DNA (non-viral) vectors
A gene functional unit is typically composed
of a promoter that drives gene transcription,
the transgene of interest, and a termination
signal to end gene transcription(Figure 1).
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Such an expression unit can be integrated into
a plasmid (circularized, double-stranded DNA
molecule) as a delivery vehicle. Plasmid
DNA (pDNA) can be directly injected in vivo
by a variety of injection techniques, among
which hydrodynamic injection achieves the
highest gene transfer efficiency in major
organs by quickly injecting a large volume of
pDNA solution and temporarily inducing
pores in cell membrane6.
High delivery can be achieved by using
chemicals including cationic lipids and
cationic polymers to condense pDNA into
lipoplexes and polyplexes, respectively to
negatively charge pDNA molecules and
facilitate penetration of the hydrophobic cell
membranes.
These nanoparticles shield pDNA induce
nuclease degradation in extracellular space
and facilitate entry into target cells7.
Following cellular uptake, pDNA travels with
cytoplasmic vesicles known as endosomes,
where cellular surveillance mechanisms that
clear foreign DNA pose significant barriers to
achieving efficacious transgene expression
and some gene receptors can mount a
destructive innate immune response8.
A major advancement in DNA vector design
is mini-circle DNA (mcDNA), which differs
from pDNA in the lack of bacteria-derived,
CpG-rich backbone sequences9.
When administered in vivo, mcDNA
mediates safer, higher and more sustainable
transgene expression than conventional
pDNA10. Novel methods for large-scale
production of mcDNA will boost further
evaluation on its therapeutic efficacy11,12.
Viral Vectors
Viruses are the main gene delivery vehicles
for gene therapy. The virus invades the cells
by the endocytosis process. In order to start
this uptake process, the viral surface proteins
have to interact with the correspondent
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receptors on target cells. The viruses
eventually integrate their DNA into the
nucleus for viral gene expression to deliver
their genetic information. The most widely
used viral vectors in gene therapy studies are
the gamma retrovirus, lentivirus, adenovirus
(AdV), adeno-associated virus (AAV) and
herpes simplex virus (HSV) vectors.
Gamma retrovirus and lentivirus are both
retroviruses, with RNA genome. They utilize
virus-derived reverse transcriptase and insert
their DNA into the host genome (Genome
integration).
Lentiviral vector is more favorable in many
gene therapy settings because lentivirus can
transduce replicating and non-replicating
cells, whereas gamma retrovirus can only
transduce replicating cells6.
The genome integration property makes these
retroviral vectors more preferred for the
stable gene transfer into proliferating cells.
The recent advances in GT are adding some
modification of these two vectors by
engineering their envelope glycoproteins.
These modifications enhance their function;
increase vector stability, and expand their
receptiveness to wide range of cell types.
To make viral vectors targeted to a specific
cell type, it can be either pseudotyped with a
viral glycoprotein that recognizes a specific
membrane receptor of targeted cell type, or
integrated with a ligand protein or antibody to
the viral glycoproteins that binds to specific
cell type surface molecules6.
Integration into the host genome, is the
distinctive feature of retroviral vectors.
Genomic integration ensures the stability of
transgene and persistent transgene expression

in daughter cells following genome replication and cell division, but its randomness
results in the risk of insertional mutagenesis
by potentially disrupting tumor suppressor
genes or activating oncogenes6.
One of the biggest challenges that face gene
therapy is the massive immune reaction that
can develop secondary to the reaction of
human immune system against the capsid of
the infused adenoviral vector. In recent study
one out of the 17 subjects treated died, likely
secondary to cytokine storm and anaphylactic
- like shock13.
If adenoviral vector is injected into a tumor
mass, AdV vector triggers antitumor
immunity inside the tumor, and fight the
tumor13.
Elaborated technologies have been developed
to shield the viral capsid proteins from
recognition by the host immune system, and
to provide clinical trials with non‐integrating
vectors especially in the area of cancer gene
therapy14.
Ex vivo gene transfer
Ex vivo gene therapy means cell isolation
from the patient followed by their genetic
modification outside the body and subsequent
re‐introduction into the patient as an
autologous transplant. Ex vivo gene therapy
has been used for further improving the safety
profile of gene therapy.
It also lowers the risk of unwanted off‐target
effects, such as toxicity due to ectopic
expression of the therapeutic gene in
off‐target organs and excludes germ‐line
transmission15.
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Figure-1:In vivo and ex vivo gene therapy concepts. Gene therapy vector, the therapeutic transgene expression cassette can
be carried by DNA vector or viral vector. In vivo application can be introduced directly into the body (e.g. muscle, liver) of
the patient, while for ex vivo applications, patient cells are first isolated from the body, genetically modified outside the
body and reintroduced into the patient as an autologous transplant

Cell-based gene therapy
Cell-based gene therapy often utilizes stem or
progenitor cells with an integration of the
transgene into a host genome, so that their
gene-engineered progeny can induce a longterm therapeutic response. T cell receptors
(TCRs) identify specific molecules on the
surface of target cells, and mediate target cellspecific killing. This target cell-specific
killing capability has been invested in killing
tumor cells. This is achieved by armed- T
cells with receptors that redirect T cells to
target tumor-specific surface molecules16.
Such receptors include TCRs cloned from
natural tumor-targeting T cells and chimeric
antigen receptors (CARs) that are engineered
by fusing an antibody fragment targeting
tumor antigen with intracellular signaling
domains triggering T cell activation17. After
the CAR-armed T cell is re-infused into the
human body, the CAR identifies specific
molecule on the tumor cell surface. The
interaction triggers a cascade of cell signaling
event, and eventually allows the T-cell to kill
the tumor cell. Several early phase clinical
trials have shown the successful use of CARs
in recognizing CD19, a B cell surface
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molecule in B cell lymphomas. The infusion
of genetically modified T cells expressing
anti-CD19 CAR led to partial remission of
advanced-stage lymphoma18. Currently, a
handful of clinical trials are underway to treat
B cell malignancies with anti-CD19 CAR T
cells19. A recent study has explored the use of
ex vivo modified regulatory T cells to
dampen immune response and to modulate
autoimmune diseases20.
Induced pluripotent stem cells (iPSCs) are
generated by injecting the set of gene
transcription factors into ex vivo somatic cells
such as skin fibroblasts, which transform
somatic cells to pluripotent stem cells that can
differentiate into almost all cell types such as
muscle, blood, and neuronal cells22.
Combining the iPSC and ex vivo gene
transfer technologies to develop cell-based
gene therapy has promoted several studies but
none of them are in obstetrics and gynecology. Inserting a functional beta-globin
transgene into a “safe harbor” in the genome
of a beta-thalassemia patientʼs iPSCs, and
then differentiating the transduced iPSCs to
erythroid lineage yielded therapeutic levels of
beta-globin expression23.
As the targeted genomic editing technology is
rapidly evolving, many studies have shown
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that iPSCs derived from patients with various
diseases are amenable to non-viral or viral
vector-mediated genomic editing.
Importantly, patientʼs iPSCs or their differentiated progeny with a corrected genome
demonstrated normal or improved cellular
phenotype compared to the uncorrect-ed,
diseased counterpart24.
Adopting the same reprogramming concept,
several recent studies have reported the
successful development of actively pumping
cardiomyocytes by the direct conversion of
mouse fibroblasts25. In July 2013, Japan has
officially approved the worldʼs first clinical
trial evaluating the use of iPSCs to treat agerelated macular degeneration [Clinical trial
ID: JPRN-UMIN000011929]25. In the future,
we would like to see several iPSC
applications combined with ex vivo gene
transfer in the clinical application of cellbased gene therapy in obstetrics and
gynecology.
Integrating vectors, risk of insertional
transformation and improved vector
design
In molecular biology and genetics,
a promoter is a regulatory region of DNA
that regulates gene transcription. The
promoter contains specific DNA sequences
that are recognized by proteins known as
transcription factors. Promoter activation by
transcription factor trigger synthesizes the
RNA from the coding region of the gene. The
cell regulates the converting DNA to RNA by
process called Transcriptional regulation (or
transcription).
As mentioned before, genomic integration
(virus integration into gene regulatory regions
(promoters, enhancers, locus control regions),
is the distinctive feature of retroviral vectors.
Extensive studies showed that this genomic
integration increases the risk of transcriptional dysregulation.
This was attributed to the tendency of gamma

retroviral vectors to integrate into gene
regulatory regions (promoters, enhancers,
locus control regions).
Extensive studies were started to overcome
the severe adverse events that were observed
in the early gene therapy trials using gamma
retroviral vectors. In these trials, the process
of retroviral integration in human cell lines
and primary human hematopoietic stem cells
(CD34.) were tried26-29.
They found that the probability of dysregulation of gene expression was exacerbated after
the discovery of hot spot regions for retroviral
integration.
The genomic loci for MDS‐EVI1 and LMO2
which are currently known to be the
integration hot‐spots for gamma retroviral
vectors in murine and human HSCs30-31.
This explained the clonal dominance and the
leukemogenesis case that happened in the
SCID‐X1 and X‐CGD trials, in which a strong
increase in either LMO2 or EVI1expression
was observed due to insertional activation of
these genes at their genomic loci32-33.
These and further observations promoted the
creation of transcriptionally inactive LTR by
designing the self‐inactivating (SIN) retroviral vector with deletions in the U3 region of
the 50 LTR. Using an internal heterologous
promoter to drive transgene expression has
compensated for the lack of promoter
activity34-35. Although the SIN configuration
does not alter the integration profile of
gamma retroviral vectors, by measuring
transformation in an in vitro immortalization
assay, the genotoxicity of vectors was
strongly reduced36.
In contrast to gamma retroviral vectors, the
lentiviral vector has lower risk of genotoxicity
because their insertion sites are underrepresented in regulatory regions with high
preference of integration into the body of
genes. This was recorded in studies
addressing the oncogenic potential of these
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vectors either in vitro or in vivo37-39.
Gene therapy in benign gynecological
diseases:
Uterine Fibroids
Uterine fibroids are the most common benign
uterine tumors. They occur in nearly 70% of
white women and in over 80% of African
American women. The majority of fibroids
are asymptomatic. Patients with large size
fibroids ( 4 cm or larger)usually present with
symptoms such as uterine bleeding, pelvic
pain, and infertility. The pathology of uterine
fibroid is still unknown. This pathologic
condition is benign and the curative treatment
can easily be achieved by surgical strategies.
Worldwide, fibroids is the leading indication
for hysterectomy: 55,000 hysterectomies a
year are still performed for fibroids in the
United Kingdom and 600,000 in the United
States, resulting in a heavy economic
burden40.
Recently, gene therapy as an on-surgical
alternative therapeutic approach of the uterine
fibroids seems to provide a promising hope in
the reduction in the number of hysterectomyies, and myomectomies worldwide. Al-Hendy
and his group were the first to pursue this
goal. Uterine fibroidsʼ growth appears to
depend on sex steroids; estradiol plays a vital
role in fibroid growth via its receptor ER and
progesterone through its receptors PRA and
PRB40,41.This suggested that a therapy based
on ER inactivation might be a successful
strategy in arresting the growth of fibroids
and achieving tumor reduction. Dominantnegative mutants of ER have been used to
inactivate ER on estrogen- dependent tumors
like pituitary lactotrophes42. These mutants
bind heterodimers with wild-type ER and
change the binding site of estrogen receptor
elements (ERE) to make them unable to
activate transcription when bound to ERE.
Al-Hendy et al 2004, created a model of nude
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mice by growing rat ELT3 fibroid cells for ex
vivo gene therapy application40. A nude
mouse is a laboratory mouse with inhibited
immune system as a result of a genetic
mutation that causes absent or degenerated
thymus gland with low or absent T cells. To
perturb the estrogen-signaling pathway, they
transduced nude mice with Dominantnegative estrogen receptor adenovirus (AdER-DN) by direct injection into preexisting
fibroid lesions and then injected Adenovirus
expressing a marker gene coding for bacterial
ß-galactosidase (Ad-LacZ) in a control group.
They also assessed the ability of adenovirus
to infect fresh 2-3 uterine fibroid tissue disks
resected from hysterectomy specimens. The
tissues were incubated with an adenovirus
expressing a marker gene (Ad-LacZ). In an in
vitro system, the Ad-ER-DN treated human
and rat fibroids cells demonstrated induced
apoptosis. By using the western blot, human
fibroids cells and rat fibroids cells infected
with Ad-ER-DN demonstrated lower amounts
of the anti-apoptotic Bcl-2 protein and a
higher amount of the pro-apoptotic Bax
protein compared with control with evident
apoptosis
in
the
TdT
(terminal
deoxynucleotidyl transferase)- mediated
dUDP nick-end labeling (TUNEL) assay,
suggesting marked inhibition of cell
proliferation. They also recorded a significant
increase in caspase-3 protein levels in Ad-ERDN treated cells compared with Ad-LacZ
treated control groups (P =.001).This denotes
that dominant-negative ER works centrally on
the nuclear level to induce apoptosis. The
caspase-3 is an apoptosis factor that causes
degradation of structural and nuclear
proteins43.
The gene therapy of fibroids works by
switching on the apoptosis mechanism
through both extrinsic and intrinsic pathways
[by delivering apoptosis-inducing ligands,
such as the TNF-related apoptosis-inducing
ligand (TRAIL), tumor-necrosis factor (TNF),
and FasL or by delivering proapoptotic
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members of the Bcl-2 family, such as Bax or
active caspase molecules]. Angiogenesis,
which is essential for fibroids growth is
driven by different growth factors such as
vascular endothelial growth factor (VEGF),
basic fibroblast growth factor (bFGF) and
platelet-derived endothelial growth factor
(PDGF)44-47
Al-Hendy group has tried a different method
of applying gene therapy called suicide gene
therapy described earlier by Vassaux and
Martin-Duque 48(Figure-2).Their method was
based on transfection with the herpes simplex
virus thymidine kinase gene (HSV-TK)
followed by ganciclovir (GCV) administration49.
GCV is phosphorylated to a toxic metabolite
“triphosphorylated form (GCVTP) “by
HSV1-TK and mammalian cellular kinases50
which cause cells to die through apoptosis by
inhibiting DNA synthesis and blocking the
cell cycle51-52. The Ad-TK/GCV system has
been represented in previous clinical trials as
an effective gene therapy strategy in tumor
cells eradication in several malignant
diseases49,53-55 and in benign conditions such
as vascular smooth muscle proliferative
disorder56. Using HSV-TK approach has an

advantage of “bystander effect” by which the
HSV-TK/GCV kills the recipient (HSV-TK+)

tumor cells and the surrounding non-recipient
(HSV-TK–) tumor cells57. Bystander killing
effect works mainly on the Gap junctional
intercellular communication (GJIC)58,59 with
the special target a protein called “Connexin
43”that forms part of GJIC57. This connexin
43is highly expressed in fibroids (leiomyoma)
tissues compared with the adjacent normal
myometrium60. The higher expression of
connexin 43 in fibroids provides physiological selectivity for Ad-TK/GCV gene therapy
approach. Furthermore, the discrete and welldefined nature of leiomyomas (LM) makes
them ideal target for localized adenovirusmediated herpes simplex virus thymidine
kinase (Ad-TK)/GCV gene therapy administration.
The Al-Hendy groupʼs use of the potent
bystander killing effect will ensure specific
focused delivery of high concentration of AdTk/GCV which compensates for any potential
segmental transfection of parts of the fibroid
tumor with adenovirus and will lead to
significant ablation of most of fibroid
lesions49.

Viral Vector

Figure-2: Transfection with the herpes simplex virus thymidine kinase gene (HSV-TK) is followed by ganciclovir
(GCV) administration. GCV is phosphorylated to a toxic metabolite “triphosphorylated form (GCVTP) “by HSV1-TK
and mammalian cellular kinases which cause cells to die through the apoptosis by inhibiting DNA synthesis and
blocking the cell cycle.
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To test the efficacy of a “bystander killing
concept”, Salama et al 2007, established a
nude mice model with fibroid lesion, by
subcutaneous injection of ELT-3 cells49. By
direct intratumor delivery of the Ad-TK
followed by GCV treatment, they found a
significant suppression of leiomyoma tumor
growth compared with the control groups
treated by intratumoral injection of vehicle or
Ad-Lac Z vector only, after 1 week of
treatment. The sustained effect persisted until
the end of a 4-week treatment period. These
results demonstrate the efficacy of in vitro
application of Ad-TH/GCV as the potential
gene therapy approach for the treatment of
LM and also demonstrated the significant
inhibition of the growth of both ELT-3 cells
and the primary human LM cells by using
Ad-TK/GCV49.
The application of gene therapy of human
serotype 5 recombinant adenoviruses (Ad5) in
clinical trials of tumor gene therapy has some
limitations. These include the development of
Ad-neutralizing anti-bodies limiting the gene
transfer to the target cells61, the inability of
Ad5-based vectors to transduce important
therapeutic target cell types62, short life span
of gene expression due to the local immune
response against Ad563,the paucity of the
primary coxsackie/Ad receptor (CAR) in
many human tumors, in addition to the virus
dissemination to normal tissues that might
cause organ toxicity63-65.So it was necessary
to overcome these limitations in order to
achieve the highest therapeutic target and
maximum volume of focused adenovirus
delivery to the pathologic organ with less
toxicity. Al-Hendy group, had tested the
selectivity of Ad5-luc when injected
intratumorally in the Eker rat model of uterine
leiomyoma. Forty percent of the Ad5-luc
particles were disseminated in the
myometrium and 30% in the liver66.So, to
achieve a higher level of tumor cell
selectivity, the viruses have been developed
using “transcriptional targeted” strategy in
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which the expression of the gene of interest is
placed under the control of a tumor-specific
promoter (TSP) to maintain a tumor-on status,
a normal tissue-off status and/or liver-off
status.
A subgroup C adenovirus (Ad) vectors
possess low efficient transduction properties
because they express low levels of the highaffinity Coxsackie virus and adenovirus
receptor (CAR). Al-Hendy group, in their
study, modified the Ad vectors to achieve
high therapeutic targeting to human fibroids
cells with minimal off target toxicity67.
They used what is called “CAR-independent
pathways”, in which they inserted short
peptide (21 amino acids) composed of
arginine, glycine and aspartate (RGD) to the
H1 loop of the wild serotype 5 recombinant
adenoviruses (Ad5) fiber knob domain to
reroute Ad5 binding to the cellular integrin.
The transductionally enhanced Ad5 includes
Ad5- Arg-Gly-Asp peptide(Ad5-RGD-luc),
Ad5 canine adenovirus serotype 2 (Ad5CAV2-luc), Ad5-sigma-luc and Ad5/3-luc.
The two adenovirus panels used in this study
exploit two main strategies: Ad5-transduction
targeting and Ad5-transcriptional targeting.
Transductional targeting aims at deletion of
the broad tropism of Ad5 toward normal
epithelial cells and/or enhances virus
infectivity of CAR deficient tumor cells.
Efficiency of subsequent gene transfer by
standard Ad5-based vectors and Ad5-based
vectors was evaluated67.
Ad5-RGD-luc and Ad5-CAV2-luc showed
significantly higher expression levels of
luciferase activity in both primary and
immortalized human leiomyoma cells when
compared with Ad5-Luc. Additionally, these
modified viruses demonstrated selectivity
toward leiomyoma cells, compared with
myometrial cells and exhibited lower liver
cell transduction, compared with Ad5-luc, at
the same dose levels67.
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Endometriosis
Endometriosis is a devastating benign disease
of reproductive-age women that manifests
during reproductive years with chronic pelvic
pain, dysmenorrhea, deep dyspareunia,
dyschasia, and infertility. It is now well
recognized that a genetic susceptibility to
endometriosis appears probable. The actual
pathophysiology has never been clearly
established.
A commonly accepted theory is that
endometriosis is the result of implantation of
retrograded endometrial tissue on the
peritoneal surface after menstruation70.
Several factors are important in the
progression of ectopic endometriotic implants
such as an impaired immune defense71,
stimulation of endometrial cell proliferation72,
and adherence of the endometrium to the
peritoneal surface by the production of
adhesive factors and matrix metalloproteinases73.
Endometriosis is simply defined as growing
endometrial-type mucosa outside the uterine
cavity. Since it is endometrial in origin,
endometriosis is estrogen-dependent74, only
manifest during the reproductive life and
vanishes with menopause75.
Aromatase enzyme that converts androgens to
estrogen76 and the estrogen receptor isoforms
(α and β)77 are both over expressed locally in
the endometriotic peritoneal lesions.
After implantation of endometriotic lesions
into the peritoneal cavity, they start to secrete
local inflammatory cytokines, especially the
vascular epithelial growth factor (VEGF)
which is very critical in the angiogenesis
process and formation of new vascularization
to further the progress of endometriosis.
Because angiogenesis plays a critical role in
establishing peritoneal implantation and
progression of endometriosis, antiangiogenetic therapy would be a potential treatment option for this disease. Angiostatin is an
endogenous peptide portion of plasminogen

and known to have potent anti-angiogenic
properties. Angiogenesis is also essential for
the normal ovarian physiological function79.
Administration of Angiostatin in normal
cycling mice will cause ovarian dysfunction,
defective corpus luteum, and anovulation. It
also decreases ovarian, and uterine weight,
decreased production of estradiol and
progesterone but did not cause complete
castration. Dabrosin et al 200280, successfully
eradicated established endometriosis in
estrogen-supplemented ovariectomized mice
by transient (10 days) over expression of the
angiogenesis inhibitor angiostatin gene. This
was accomplished by intra peritoneal delivery
of replication-deficient adenovirus vector
(Ad-Angiostatin). Ad-Angiostatin is simply
an angiogenesis inhibitor which eradicates the
endometriosis by inducing apoptosis of the
most vascular endothelial cells after
treatment, but it has no direct apoptotic effect
on the endometriosis cells. The same group
have published a recent study, that confirmed
the high expression of abiologically active
replication-deficient adenovirus vector (AdAngiostatin) proteins after delivery by 6 to 10
days in vivo81. This is supported by the
findings that vascular endothelial growth
factor, the most potent and specific
angiogenic factor, is found in women with
endometriosis at elevated levels in peritoneal
fluid and macrophages, where it appears to be
regulated by ovarian steroids82-84.
Angiogenesis plays a vital role for the
maintenance of normal physiological function
79,85
.
of the female reproductive system

These authors further investigated the effect
of Ad-Angiostatin on their model mice and
compared this effect on normal cycling mice
as a control group. They measured the
ovarian function, uterine weight, levels of
estrogen and progesterone three weeks after
administration of Ad-Angiostatin to normal
cycling mice. They reported that both the size
and weight of the ovaries had decreased up to
50% with overall decrease in secondary
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follicles, decreased corpus luteum development, and a loss of stroma on the histological
evaluation and quantitative morphometry of
ovaries. Serum levels of both estradiol and
progesterone were decreased in AdAngiostatin-treated normal cycling mice.
Control mice showed physiological normal
levels of estradiol (46 to 401 pmol/L) versus
60% of normal levels in Ad-Angiostatintreated mice. Uterine weight is known to be
an accurate assessment of systemic estrogen
exposure.Uterine weight of normally cycling
mice was decreased significantly after AdAngiostatin treatment (P 0.0001).80 Since AdAngiostatin treatment lowered the levels of
sex steroids, local or targeted delivery of the
gene should be considered to avoid prolonged
systemic hypo-estrogenic effects and
impaired ovarian function.
Othman et al, 200786, used the adenovirus
vector to deliver an altered estrogen receptor
(ER) form called wild-type ER (WT-ER) or
dominant negative mutants of estrogen
receptors ER1- 536 (DN-ERs) that allow
estrogen binding to the transcription factors
without activating the estrogen responsive
genes. They showed in this study that
delivering DN-ER genes to endometriosis
cells arrested the cell proliferation,
suppressed various cytokine production and
apoptosis. In addition to blocking WTER,
they found that ad-DN-ER vector mediates its
anti-proliferative effect of Ad-DN-ER vector
on endometriosis. The Ad-DN-ER transfected
endometrial cells secreted less inflammatory
cytokines (IL-6, IL-8, IL-10, TNF-α and GMCSF) in the culture medium in comparison
with the untreated endometrial plates.
Surprisingly, the treated endometrial plates
contained less angiogenic cytokine of
vascular endothelial growth factor (VEGF).
This means that the Ad-DN-ER possess antiangiogenic effect through causing a
significant suppression of the production of
important angiogenic factor (VEGF) that
leads to suppression of angiogenesis in
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endometriotic implants.
The intra peritoneal delivery of replicationdeficient
adenovirus
vectors
induces
production of angiostatin in vivo within only
10 days. This transient expression was
enough to eradicate endometriosis in their
mice model80.
Considering these mechanisms, Adenovirusmediated expression of mutant Ad-DN-ER
vector provides a revolutionary approach for
eradication of human endometriosis. It
conveys the advantage of blocking estrogenic
action in situ at the level of endometriosis
cells through functional inactivation of ERs
without the unwanted hypoestogenic side
effect. The confined nature of endometriosis
to the peritoneal cavity allows easy clinical
application of gene therapy by injecting the
Ad-DN-ER into the peritoneal cavity either as
an office procedure through transvaginal
ultrasound-guided culdocentesis or as an
adjuvant therapy after laparoscopic ablation
of visible endometriosis84.
Adenoviruses can transfer genetic materials
effectively in a wide spectrum of dividing and
nondividing cells. This is the problem for
gene therapy, as this can lead to nonspecific
gene transfer and of transgenes into undesired
organs or tissues. This, not only can increase
toxicity to the organs, but also drains the
fraction of the virus that is intended to target
the desired origin of the pathology. For a trial
to achieve better-targeted desired effects of
gene therapy, adenovirus vector should target
only the origin of the pathology by targeting
strategies called “transduction targeting”87.
This can simply be achieved by small
modifications to the adenovirus capsid
proteins (fiber) to reroute through its journey
through receptors that are expressed on the
pathological target. Transcriptional targeting
not only allows for specific targeting to the
pathology but also allows delivery of a large
number of modified vectors to the targeted
organ to achieve better therapeutic results.
Trying to apply the transduction-targeting
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conception an animal trial. Othman et al,
2008,87 compared different modifications to
the adenovirus to identify which one would
sustain a higher gene transfer and expression
in human endometriosis cells and would have
lower activity in normal organs. They
compared the fiber-modified adenoviruses
(Ad5-integrin-binding peptide [RGD]-luc,
Ad-sigma-luc,
and
Ad5/3-luc)
(as
transductional
targeted
viruses)
and
replication-defective wild-type adenoviruses
with a luciferase reporter gene in the E1
region under the transcriptional control of the
corresponding promoters (Ad5-CMV-Luc).
Human endometriotic cells were transfected
by
targeted
adenoviruses
expressing
luciferase reporter gene. Luciferase activity
that was mediated by each virus was
expressed as a percentage of adenovirus
serotype 5 activity. The transductional
activity and efficacy of gene transfer of each
virus were reflected by its luciferase
transactivation level.
They measured the luciferase activities by the
Promega Luciferase Assay System. Ad5RGD-luc significantly enhanced endometriotic cell transduction with a reporter
gene expression 2.5-fold higher, compared
with Ad5-CMV-luc (P < .001). They also
compared the transcriptional activity that was
mediated by 3 adenoviruses with tissuespecific promoters (Ad-survivin-luc, Adsecretory leukocyte protease inhibitor[SLPI]luc, and Ad-heparanase-luc) to Ad5-CMV-luc
(the wild-type adenovirus under the
ubiquitously
activated
cytomegalovirus
promoter) in endometriosis cells. The AdSLPI-luc– and Ad-heparanase-luc–mediated
luciferase activation was 3-fold higher,
compared with Ad5-CMV-luc (P=.008 and
.012, respectively)87.
The nuclear factor kappaB (NF-kappaB) is a
transcription factor playing vital roles in
innate immunity and in regulating any other
body
processes
involving
cellular
proliferation, survival, and differentiation.

González-Ramos et al, 200888studywas the
first to demonstrate the implication of NFkappaB pathway in the development of
endometriotic lesions in vivo.They proved
that NF-kappaB inhibition decreases cell
proliferation through reducing ICAM-1
expression, but increases apoptosis of
endometriotic lesions, diminishing the initial
development of endometriosis in nude animal
model. NF-B also mediates its inhibitory
effect of proliferation through control of the
cell cycle (through reducing cyclin D1 and
enhancing G1-to-S-phase progression), which
is a vital mechanism in the cellular apoptosis
and proliferation. Previous studies also have
proven that the Inhibition of NF-B activation
decreases cyclin D1 activity, the positive
regulator of G1-to-S-phase progression,
leading to delayed cell cycle progression
which can be used in cancer the treatment89.
Zhu et al 201590, and his group were able to
inhibit the development of endometriosis
through reducing cell proliferation of ectopic
endometrial
cells
and
eliminating
angiogenesis through targeting suppressed
NF-κB gene expression by NF-κB shRNA. In
this study, they injected high specificity
adenovirus vector-mediated shRNA targeting
NF-κB gene into the endometriosis lesions of
the experimental group by laparoscopic
surgery while injecting normal saline in the
control group. Then endometriotic lesions
were taken through laparoscopy after 4 weeks
of injection and evaluated for microvessel
density in each group using the CD34
immunohistochemistry. Western blot test was
used to detect the expression of the NF-κB
and proliferating cell nuclear antigen
(PCNA)90.
Premature ovarian failure
Gonadotropins; follicle stimulating hormone
(FSH), and luteinizing hormone (LH) are
integral parts of the neural (hypothalamus)
and endocrine (gonads and pituitary)
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regulation that controls steroid hormone
synthesis and gamete production91. FSH
receptor (FSHR) mediated FSH signaling
plays a vital role for follicular maturation in
females, and for initiation and maintenance of
spermatogenesis in males92. It is also essential
for gamete production in the pre-pubertal
stage of male and female life93.
LH works on its receptors (LHR) on theca
cells (females) and Leydig cells (males) to
produce testosterone, which in turn is
converted to estradiol by the aromatase
enzyme in granulosa cells (Two-Cell theory).
During ovulation in mammals, LH surge
induces a cascade of events that is resumption
of the arrested meiotic maturation, cumulus
expansion, and follicular rupture 94. In the LH
receptor knock- out mice or LH-subunitdeficient mice, females are infertile. Follicles
are able to develop to the antral stage but then
fail to continue because they degenerate 95.
The dominant follicle produces the estradiol
that triggers the surge of gonadotropins (FSH
and LH) which, in turn, stimulates the
preovulatory follicle(s) to ovulate and
luteinize (form the corpus luteum) which
produces progesterone96. For gonadotropins
(FSH/LH) to exert their hormonal actions on
the target cells, they should bind to their G
protein-coupled receptors FSHR and LHR96.
FSH is a glycoprotein hormone, which shares
α sub-unit with luteinizing hormone (LH),
human chorionic gonadotrophin (hCG) and
thyrotrophic hormone. Aittomaki et al,
199597,reported the first mutation detected in
the FSHR gene. It was an inactivating point
or missense mutation (C566T), resulting in an
Ala189Val change. This mutation results in a
significant decrease in the response to FSH by
reduced cyclic adenosine monophosphate
production and binding capacity96. Males
with homozygous mutation of the C566T,
show some degree of spermatogenic failure
but are not azoospermic92. Adult women with
the same homozygous mutation are
completely infertile due to premature ovarian
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failure secondary to resistant ovary syndrome
(ROS). Their clinical manifestations include
hyper-gonadotrophic primary amenorrhea,
variable degrees of development of secondary
sex characteristics, normal internal and
external genitalia and normal karyotype97.
This heterogeneous disorder is inherited as an
autosomal recessive in most cases98.
Unfortunately, at the present time, there is no
effective treatment for these patients, other
than symptomatic relief with hormone
replacement therapy. Their only hope to get
pregnant is with donated oocytes followed by
in vitro Fertilization (IVF). However, there is
a case report of a successful ovarian
stimulation in a patient with ovarian resistant
syndrome by using human menopausal
gonadotropin99.
Al-Hendy group100, had recently created new
modification to an adenovirus vector that is
capable of expressing full-length normal
human FSHR gene (Ad-hFSHR). This new
Ad-hFSHR proved to restore FSH
responsiveness to cells in various tissues that
lack internal FSHR and had shown a
successful
FSHR
responsiveness
on
inactivating C566T point mutation.
This indicates that Ad-hFSHR responds to
FSH and can functionally transcomplement
C566T-mutated hFSHR in various cell
lines100.
Adenovirus has been shown to transfect the
human granulosa cell line, the target cell for
hFSHR expression101-102. Al-Hendy et al
2005102 have shown 100% transfection of
murine (KK-15) granulosa cells with AdLacZ both in vitro and in vivo. Ghadamiʼs
study had shown the ability of adenoviral
vectors (Ad-hFSHR) to transfect COS-7 and
porcine JC-410 granulosa cell lines and
restore the FSHR responsiveness to FSH
stimulation and successfully transcomplement
the malfunctioning form of human FSHR
gene with C566T mutation100. As the first
step for ovarian failure gene therapy, COS-7,
JC-410, JC-410-StAR- scc-luc and JC-410-
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P450-scc-luc cell lines were transfected by
Ad-hFSHR. This was followed by stimulation
with different concentrations of FSH. FSHdependent cAMP production and luciferase
activity measurement indicated that the vector
construct used in the study was functionally
active to express the hFSHR gene in all
transfected cells with 3.7 – 4.6-fold increases
in the cAMP generation and 2 – 3-fold
increases of luciferase activity in appropriate
cells. More importantly, the data from this
study demonstrated that the Ad-hFSHR
vector is able to correct the Finnish C566T
mutation in those cells that express
malfunctioning hFSHR with 2.2 – 7.4-fold
increases in the cAMP generation. In this
study the functional activity of the AdhFSHR was tested by measuring cyclic
adenosine monophosphate (cAMP) or
luciferase activity in response to FSH
stimulation. After FSH stimulation, there was
a 2–4.6-fold increases in the functional
activity of Ad-hFSHR transfected cells
compared with Ad-LacZ transfected or
untransfected cells (control group), indicating
that Ad-hFSHR is functionally active and
expressing hFSHR. After FSH stimulation,
also there was minimal generation of cAMP
in cells expressing mutated hFSHR-T566
only. Co-transfection of Ad-hFSHR in these
cells carrying the malfunctioning form of
human FSHR caused significant increases of
2.2–7.4-fold in FSH dependent cAMP
generation (P= 0.0007). Based on these
findings the authors concluded that the
adenovirus expressing a normal human FSHR
can be used to compensate for the inactivating
human FSHR-C566T mutation and can
restore FSH responsiveness100.
Al-Hendyʼs group had confirmed the positive
FSH responsiveness and investigated the
effects of bilateral injection of Ad-hFSHR
into the ovaries of female mice with deleted
FSHR gene called follitropin receptor
knockout (FORKO) mouse on the
reproductive system and ovarian function103.

FORKO mouse is an appropriate animal
model for studying human hypergonadotropic
ovarian dysgenesis and infertility and its
FSHR(2/2) phenotype is close to human
ROS. Female FORKO mice display high
serum level of FSH, low estrogen, thin uteri,
and small ovaries and are sterile due to failure
in ovarian folliculogenesis at the primary
Intraovarian
injection
of
follicle104.
adenovirus vector was not associated with
systemic viral toxicity and has no drawbacks
on fecundity or pregnancy outcome102,105.
One of the major limitations of the vector that
was used in this study is that the hFSHR is
under the control of the strong constitutive
CMV5 promoter which will not allow the
expected down-regulation of hFSHR later on
in the follicular cycle to support increased
expression of LHR, which will induce
follicular rupture and successful ovulation.
Based on these data, the authors concluded
that intra-ovarian injection of Ad-hFSHR
vector in FORKO mice was successful in
restoring ovarian folliculo-genesis to the
antral stage but not to the ultimate ovulation.
To overcome such limitation, the autors plan
future experiments with an improved AdhFSHR vector using the authentic human
FSHR promoter103.
Another method of application of gene
therapy in enhancing the steroidogenesis is to
try to study the functional action of α-enolase
(ENO1) with regard to the processes of goose
ovary development and egg laying. Previous
studies had shown that the relative expression
levels of α-enolase (ENO1) in the ovaries of
laying geese increased by 2.34 ± 0.67 folds
compared with those of the pre-laying
geese106. Enolases are glycolytic enzymes that
are
responsible
for
ATP-generating
conversion
of
2-phosphoglycerate
to
phosphoenolpyruvate.
In vertebrates, there are three different tissuespecific isoenzymes: α-enolase (ENO1),
which is expressed in a wide variety of
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tissues, whereas β-enolase is expressed in
muscle cells and γ-enolase is expressed in
neuronal tissues107.
Post-operative Adhesions
Postoperative adhesions have been a major
surgical consequence that causes a lot of
morbidity with a recorded high incidence (up
to 90%) after open gynecological pelvic
surgeries108.
Common consequences of postoperative
adhesions are chronic abdominal and pelvic
pain, intestinal obstruction, female infertility,
and ectopic gestation109-111. There are three
possible mechanisms of initiating and
maintaining pelvic adhesions induced by local
trauma of surgery on the tissue: (1) local
tissue trauma causes mesothelium cell injury
that results in decreased release of
plasminogen activator activity (PAA) which
is the key regulator for the fibrinolysis
process that is responsible for the rapid
healing of the peritoneum without fibrous
tissue formation. Decreased plasminogen
activator activity leads to inhibition of

fibrinolysis, more deposition of extracellular
matrix, including collagen and bronectin from
the underlying fibroblast,and delay of the
intrinsic vascular growth factor[Figure-3]. (2)
The trauma, as well as foreign bodies, induce
an inflammatory response that causes a surge
in the cytokines formation, mainly transforming growth factor-β(TGF-β1), the master
113-115

; and other
factor of tissue fibrosis
cytokines as interleukin-1 and 6, tumor
necrosis factor (TNF), (3) trauma also induces
tissue hypoxia as a result of interruption of
the blood supply to mesothelial cells and
submesothelial fibroblasts, leading to
increased expression of hypoxia inducible
116,119

and vascular endofactor-1 α (HIF-1α)
thelial growth factor (VEGF), which are
responsible for collagen formation and
120

angiogenesis . Reduced PAA activity and
increased release of plasminogen activator
inhibitors PAI-1 and PAI-2 are the main
mechanisms for developing a severe
adhesion111-113,116.

Figure-3: The role of trauma, hypoxia, and inflammation in adhesion formation. PAA: Tissue plasminogen activator antigen; PAI-1:
Plasminogen activator inhibitors 1; MMP: Matrix metalloproteinase; TIMP: Tissue inhibitors of MMP; TGF-β1: Transforming growth
factor-β; TNF-α: Tumor necrosis factor-α; IL: Interleukin; HIF-1α: Hypoxia inducible factor-1α; VEGF: Vascular endothelial growth
factor; CTGF: Connective tissue growth factor.
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Adenovirus (Ad) vectors have many
characteristics to make them a potential
effective solution for postoperative adhesions.
Adenovirus is easy to deliver in vivo gene
transfer to both dividing and non-dividing
cells, has high in vivo stability, and nonintegrating nature into the host genome. The
infective nature of the virus allows the rapid
dissemination to distant organs. The therapy
can be applied locally at the end of the
surgery before suturing the abdominal wall.
This will alter the molecular aberrations (e.g.,
depressed PAA, elevated PAI-1, TGF-β1,
HIF-1α, etc.) (Figure-3) through different
mechanisms reported by different studies.
Two studies attributed the adhesion reduction
mechanism to the stimulation of mesothelial
cells to proliferate and migrate influenced by
the ability of adenovirus to encode the
hepatocyte growth factor (HGF) genes itself
or its down- stream signaling molecule
117,118

.
sphingosine kinase 1 (SK-1)
In addition, several studies stated that seven
days are enough to achieve gene expression
after intra-peritoneal administration in a rat
117-119,121

adhesion model
.
The latter authors have shown that a firstgeneration replication-incompetent Ad vector
encoding htPA can effectively regulate levels
of PAA/PAI without any postoperative
complications, and decrease recurrence of
peritoneal adhesionsin a rat model121.
Gene therapy applications in ovarian
cancer
Ovarian cancer either originates from the
cells on the surface of the ovary (ovarian
epithelial carcinomas) or from the egg cells
(germ cell tumors). Current therapies used for
ovarian carcinoma are ineffective because of
delayed diagnosis, resistance to platinumbased chemotherapy, high tumor recurrence,
and the side effects of the various
chemotherapeutic drugs. Searching for new

therapeutic strategies such as gene therapy is
necessary, not only to cure cancer, but also to
improve the quality of life, reduce recurrence
and eliminate the side effect of cytotoxic
medications.
Lentiviral vectors are potentially capable of
stable transgene expression that is particularly
useful for long-term expression and delivery
of therapeutic genes in the tumor microenvironment.
In particular, lentiviral vectors could be used
to deliver antiangiogenic factors to the tumor
microenvironment. Lentiviral vectors are also
capable of resting cells transduction in vivo.
This feature is theoretically well suited for
gene transfers in ovarian cancer cells because
all solid tumors contain a certain fraction of
cells that are within the G0 stage of arrest122.
Lentiviral vectors were used to deliver the
enhanced green fluorescent protein (EGFP)
gene to ovarian cancer cells to enable its
tracking for an evaluation purpose123. A study
comparing lentiviral and retroviral vectors in
gene transfer applications in ovarian cancer
cells, showed the therapeutic efficacy of
lentiviral vectors. They were efficient in gene
transfer both in vitro (both vectors infected
ovarian cancer cells under standard culture
conditions) and in vivo (intraperitoneal (i.p.)
injection of the vector in severe combined
immune-deficient (SCID) mice. Using the
intraperitoneal route for delivering the gene
therapy is well suited in the case of ovarian
cancer because the disease remains
disseminated in the abdominal cavity124.
The tissues were evaluated by confocal
microscopy analysis of tumor sections,
quantitative analysis by flow cytometry and
real-time polymerase chain reaction (PCR)123.
Quantitative analysis by flow cytometry
showed 0.05 and 5.6% EGFP(+) tumor cells
after administration of the retroviral and
lentiviral vector, respectively. In another
study, silencing in vivo has been observed
after gene transfer by retroviral vectors125. To
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deal with this, the authors injected tumor cells
in SCID mice, which were ex vivo transduced
by the two vectors, and expressed EGFP at
comparable levels. This indicated that the
lentiviral vector was more resistant to in vivo
silencing in comparison with the retroviral
vector. The therapeutic efficacy of lentiviral
vector was assessed by i.p. administration of a
murine IFN-α1-expressing lentiviral vector to
deliver this cytokine to ovarian cancerbearing SCID mice. IFN-α1 delivered by
retroviral vectors was shown to have strong
antitumor effects in a breast cancer model in a
previous study because of its antiangiogenic
activity123.
Multiple injections of a murine IFN-α(1)lentiviral vector to ovarian carcinoma-bearing
mice significantly prolonged the animals'
survival, indicating the therapeutic efficacy of
this approach. These promising findings
indicated that lentiviral vectors might have a
role in future gene therapy of ovarian cancer
aimed at achieving long-term expression of
therapeutic genes123.
A randomized Phase II/III trial of p53 gene
therapy for use as a first-line treatment of
patients with ovarian cancer was conducted
by Buller et al126.
Intra-peritoneal administration of a replication-deficient adenovirus encoding human
recombinant wild-type p53(SCH 58500)
alone and sequentially in combination with
platinum-based chemotherapy substantially
reduced serum CA125 levels in patients with
recurrent ovarian cancer126. SCH 58500 was
administered i.p. to three groups of patients
with a heavily pretreated recurrent disease.
Group 1 (n=17) received a single dose of
SCH 58500. Group 2 (n=9) received two or
three doses of SCH 58500 given alone for one
cycle, and then with chemotherapy for two
cycles. A third group (n=15) received a 5-day
regimen of a single daily dose of SCH 58500
i.p. alone for cycle 1 and then with
intravenous carboplatin/ paclitaxel chemotherapy for cycles 2 and 3. Vector-specific
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transgene expression in the tumor was
documented by RT-PCR in cells from both
ascitic
fluid
and
tissue
biopsies.
Intraperitoneal SCH 58500 was found to be
safe and well tolerated, as there was no doselimiting toxicity after the injections of
236/287 (82.2%) documented doses of SCH
58500.
Few patients reported fever, hypotension
abdominal complaints, nausea, and vomiting
secondary to adenoviral induced peritoneal
inflammation. Despite marked increases in
serum adenoviral antibody titers, transgene
expression was measurable in 17 of 20
samples obtained after two or three cycles of
SCH 58500. Vector was detectable in the
peritoneal fluid by 24 hours and persisted for
7 days whereas none was detected in urine or
stool. There was a poor correlation between
CT scans and CA125 responses indicating
that CT scans are not a valid measure of
response to i.p. SCH 58500 due to extensive
adenoviral-induced inflammatory changes.
Serum CA125 decreased greater than 50%
from baseline, in 8 of 16 women who
completed three cycles of planned
chemotherapy regimen. However, the first
interim analysis of the study resulted in its
closure because it did not show the adequate
therapeutic benefits that were expected such
as a regression of tumor size on CT scan126.
The failure of p53 gene therapy might be
attributed to several reasons that include the
multiple epigenetic dysregulations in cancer
that lead to aberrant silencing of genes. It may
be that the suitable strategy to treat cancer
might be targeting several genes instead of
targeting a single gene at a time. One of the
strong reasons that could seriously
compromise the effectiveness of p53 gene
therapy is the dominant negative cross-talk
between ectopic wild-type p53 and over
expressed dominant p53 mutants, p63 and
p73. In addition, the lack of expression of
coxsackie-adenovirus receptors and integrin
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co-receptors in ovarian tumors also
compromised the therapy. The presence of
adenovirus-neutralizing antibodies in ovarian
cancer-related ascites added a reason for the
failure127.
When the gene for a foreign enzyme (i.e. one
from a virus, bacteria, or yeast) is used and
delivered to cancer cells, it is called suicide
gene therapy (SGT). To apply SGT approach
to ovarian cancer therapy a recent study128
used HPV-16 pseudovirion encoded with
HSV-1-TK gene followed by ganciclovir
administration into ovarian cancer bearing
mice. In this study they used a concept of
injecting a vector capable of delivering a
specific enzyme-encoding gene that will
enable ovarian cancer cells to metabolize a
non-toxic prodrug and convert it into a potent
cytotoxin, which will be able to kill the
infected cancer cells. There were marked
therapeutic antitumor benefits in ovarian
cancer-bearing mice128.
The suicide gene/prodrug system works by
the use of HSV-thymidine kinase (HSV-tk)
combined with ganciclovir (GCV)129.
HSV-tk catalyzes the first phosphorylation of
GCV that can then be tri-phosphorylated by
cellular kinases.
Triphosphorylated GCV then can be
integrated into replicating DNA, which leads
to polymerase inhibition and eventually
apoptosis129-131. The advantage of using SGT
over conventional gene therapies is that it has
a bystander effect, which is able to kill the
transfected neighboring cells. The active drug
can diffuse into neighboring non-infected
cells, and also kills them. The dying cells are
also able to induce natural killer (NK) cells
and T cells to induce a distant bystander
effect 128. In previous studies, DNA plasmids
were packaged into the papillomavirus L1
and L2 capsid proteins to generate the
ʻpseudovirionʼ that can efficiently deliver the
DNA into multiple cell lines132-134. In
particular, 293TT cells were cotransfected
with HPV expression plasmids pShell16 and

the plasmids of choice (such as GFP,
luciferase or HSVtk) using Lipofectamine
2000 (HPV16-GFP, HPV16-Luc (luciferase),
and HPV16-tk (HSVtk Herpes Simplex
Virus-Thymidine Kinase) pseudovirions128. In
this study mice were injected intraperitoneally
by luciferaseon day 1 and luciferase activity
was examined on day 2 for anumber of the
tumors per mouse and for luminescence
image acquisition. Mice were injected with
HPV16-GFP psV or HPV16-TK psV on day
3. Mice were treated daily with ganciclovir or
PBS from day 5 to day 18. Mice were imaged
again by luminescence imaging on day 20.
While mice without tumors did not show any
luciferase activity, tumor-bearing mice
intraperitoneally injected with HPV-16/Luc
psV demonstrated significant luciferase
activity. The mice without tumors did not
show any luciferase activity while the tumorbearing mice injected i.p with HPV-16/Luc
psV demonstrated
obvious luciferase
activity128.
These data suggest the HPV pseudovirion
preferentially infects the tumor cells in tumorbearing mice. They further showed that the
tumor-bearing mice treated with HPV16/HSV-tk psV followed by ganciclovir
exhibited significantly better therapeutic
antitumor effects than mice treated with
HPV-16/GFP psV followed by treatment with
ganciclovir.
These data indicate HPV-16 pseudovirion can
be used to effectively deliver the HSV-tk
gene to ovarian tumor cells to render ovarian
tumor cells more susceptible to treatment
with ganciclovir128.
The standard systemic chemotherapy of
choice for treating primary ovarian cancer
with high efficacy is the combination of
Docetaxel with a platinum compound
(carboplatin) but there are two major issues of
this regimen. These are dose-related toxicity
and resistance. Studies reported a progressive
increase in the number of drug-resistant
tumors with cases of recurrent ovarian cancer
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with rates around 10–28% 135. To counteract
these challenges in ovarian cancer, in vitro
use of combination therapy of docetaxel with
a low dose anti-MUC1 monoclonal antibody
(MAb C595) on cultured ovarian cancer cells
have demonstrated a suppression of ovarian
cancer cell proliferationand caused cultured
human ovarian cancer cells to undergo
apoptosis. This combination may provide a
treatment strategy to improve anti-cancer
efficacy while reducing the toxicity often
seen in patients treated with docetaxel alone.
Low-dose MAb C595 combined with
docetaxel greatly enhanced killing of MUC1positive EOC cells136. MUC1 is a tumorassociated antigen with high cellular
transformation and tumorigenicity. MUC1 is
a highly glycosylated type I transmembrane
glycoprotein that is over expressed in > 90%
of advanced epithelial ovarian cancers.
Hence, trials of anti-MUC1 antibody use in
combination with docetaxel, theoretically
speaking should be able to reduce tumorsʼ
growth in a mouse model of ovarian
cancer136. Tumor-associated MUC1 is an
attractive target for gene therapy because it
has a reduced glycosylation that is exposing
novel regions of the protein core and
normally masked epitopeswhich permits the
immune system to develop antibodies against
the peptide core of the under glycosylated
MUC1 antigen (uMUC1) that differentiates
normal from adenocarcinoma cells. Enhanced
levels of MUC1 expression by cancer cells
may cover extra-cellular domains from
immune surveillance, conferring a survival
advantage on malignant cells and playing an
important role in the ability of tumors to
invade and metastasize137. The immune
system produces an IgG3 called Monoclonal
antibody (MAb) C595 against the protein
core of human MUC1 (urinary epithelial
mucin1)138. In a previous study, the ability of
C-emitting radioisotope (111In) labeled MAb
C595 to localize and identify the tumor in 19
patients with a clinical suspicion of ovarian
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malignancy was tested. Accuracies of 79%
and 64% were achieved compared with
conventional MRI and ultrasound 139.Another
study demonstrated that MAb C595 is over
expressed in over 90% of advanced ovarian
cancer sections while no staining was found
in normal ovaries140.
The MAB C595 induced apoptosis of ovarian
cancer cultured cells suggests that MAb C595
alone, or combined with docetaxel, is a
possible future treatmentstrategy for ovarian
cancer. Colony forming assays havefurther
confirmed cell death following treatments that
was associated with the release of cytochrome
c and increased caspase-3 activity140.
Wang et al 2011136, have conducted more
studies to further evaluate the mechanisms of
this combination-mediated apoptosis, they
investigated the effectiveness of this
combination therapy in vivo by i.p. injection
into a mouse model implanted with human
ovarian tumor xenografts. Mice were then
treated with single MAb C595, docetaxel,
combination test (MAb C595 and docetaxel),
combination control (negative MAb IgG3 and
docetaxel) or vehicle control i.p for 3 weeks.
After sacrificing mice, they assessed ascites
fluid volume, tumor weight, CA-125 levels in
the ascites fluid and survival rate.
Immunohistochemistry was used to evaluate
MUC1, CD31, Ki-67, TUNEL and apoptotic
proteins in tumor xenografts.
Dose dependent-MAb C595 alone was able to
inhibit ovarian tumor growth and decreased
ascites production but did not prevent tumor
development. However, combination test
showed a marked reduction in tumor and
ascites volume as well as metastases, reduced
CA125 levels in ascites fluid and improved
survival of treated mice compared with single
agent-treated mice, combination control or
vehicle control-treated mice (P<0.05)136.
Another study141has delivered bystander
effect in vivo through the Intra-peritoneal
administration of genetically engineered
mesothelial cells expressing herpes simplex
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virus thymidine kinase (HSVTK) into in an
established mouse model with xenograft
ovarian cancer tissue to deliver “bystander”
cytotoxic treatment to human primary ovarian
cancer cells. Mesothelial cells properties
qualify them to be the choice for this
technique. They are easily retrievable by a
simple needle aspiration, can easily be
cultured with previously characterized in vitro
growth requirements142,143, and their reimplantation into the peritoneal cavity is
usually successful134. This technique has
shown that HSVTK-engineered mesothelial
cells are sensitive to acyclovir (GCV) killing
in vitro leads to substantial suppression of
tumor growth and a statistically significant
improvement in the survival of animals with
ovarian cancer 141.
Virotherapy strategies in treating ovarian
cancer utilizing conditionally replicative
adenoviruses
(CRAd)
and
advanced
generation CRAd agents have been proposed
to overcome some of the virotherapy
limitations such as imprecise tumor cell
replicative specificity and inefficient tumor
cell infectivity144. These approaches have
shown
to
enhance
specificity
and
infectivity/replication rate in ovarian cancer
cells 144.To improve specificity of tumor cell
replication, tumor- specific promoters (TSPs)
able to drive adenoviral E1 gene expression in
tumor cells and thereby accomplish targeted
transcription based upon the induced
specificity of viral replication145.The optimal
TSP restricts replication to tumor cells alone
with the highest activity in tumor cells
(“tumor on”) and lowest activity in normal
cells (“normal off”). Adenovirus vector has a
dose-limiting hepatotoxicity due to its
predilection to the hepatocytes. The optimum
therapeutic index can be achieved when TSPdirected adenovirus recorded the highest
“tumor on/liver off” ratio. The CXCR4
promoter is ideal for transcriptional targeting
for ovarian cancer gene therapy because, first,
it had a “tumor on” and “liver off” phenotype

in both in-vitro and in vivo experiments in
ovarian cancer146 and second, CXCR4 gene
expression has been undetectable in normal
ovarian epithelial cells but markedly
expressed in the primary ovarian cancers 147149
. For enhancing tumor cell infectivity, the
adenoviral vector can be used to target tumor
cells via the alternative pathway. Tumor is
resistant to adenovirus infection due to a
relative paucity of the primary receptor CAR
on tumor cell surface 150-151. For that reason,
native Ad5 tropism is modified with two
capsid proteins (the fiber and the penton base)
which bind to the coxsackie–adenovirus
receptor (CAR), and to the integrins αvβ3 and
αvβ5, respectively to facilitate Ad binding
and entry into tumor cells via integrin
receptors that are abundantly expressed on
tumor cells. They constructed two CRAds
(Ad5-CXCR4-RGD and Ad5-CXCR4-F5/3)
that control viral replication through the
CXCR4 TSP and subjectively enhanced viral
infectivity via the capsid modifications (RGD
and F5/3)152,153.
Resistance to chemotherapy is another
problem that is observed in numerous cancer
types. In this regard, Lui et al154 used
adenovirus-mediated transfer of cytosine
deaminase and uracil phosphoribosyl
transferase genes that were driven by
multidrug resistance gene 1 promoter (MDR1
promoter), They demonstrated a significant
targeted killing effect of 5-flurocytosine on
taxol-resistant ovarian cancer cells 154.
They concluded that the AdMDR1‐CD:UPP
in combination with 5‐FC is an effective
approach to suppress the growth of
Taxol‐resistant ovarian cancer. In their study,
they infected Taxol‐resistance (A2780/Taxol,
SKOV3/Taxol) ovarian cancer cells and
Taxol‐sensitive (A2780, SKOV3) ovarian
cancer cells with the adenovirus vector
carrying the CD: UPP gene that was
previously prepared to be driven by the
MDR1 promoter. AdMDR1‐CD: UPP was
delivered through subcutaneous injections
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into the xenografts of the nude mice and 5‐FC
intraperitoneally, and the overall survival and
anti‐tumor effects were observed. The
AdMDR1‐CD: UPPcauses a stronger
cytotoxicity in A2780/Taxol cells and
SKOV3/Taxol cells than in A2780 cells and
SKOV3 cells in vitro. The subcutaneous
injection of AdMDR1‐CD: UPP into the
xenografts of mice bearing tumors of
A2780/Taxol cells significantly suppressed
the tumor growth and prolonged survival as
compared with the group of A2780 cells154.
Gene Therapy and Human Papillomavirus
(HPV) Vaccine
Cervical carcinoma remains one of the most
common malignancies worldwide. Human
papillomavirus type 16 (HPV-16) is the
predominant etiologic agent of cervical
cancer. HPV possesses three transforming
oncogenes, E5, E6, and E7155-157.T-cell-based
immunotherapy of cervical cancer usually
targets E6 and E7 oncoproteins because they
are consistently expressed on the HPV cell
surface. For that reason, E6 and E7 oncogenes
products are unique tumor antigens and can
be ideally used as tumor vaccines158. The
HPV antigen-directed immunotherapy against
papillomavirus-associated cervical cancer
works by different modes of immunization
with E7 antigen, such as (i) recombinant
vaccinia viruses encode E7 and E6159-164 (ii)
syngeneic cells transfected with E7
oncogene158,165, (iii) E7 oncoprotein-loaded
dendritic cells166,167 (iv) cytotoxic T
lymphocyteepitope-containing peptides168, (v)
E7 vaccine based chimeric papillomavirus
virus-like particles 169-171, and (vi) Hepatitis–
B virus core loaded by Salmonella enterica
serovar
typhimurium
expressing
E7
172,173
.
epitope
Adeno-associated virus (AAV), a singlestranded virus, has so many features to make
it an attractive virus for gene therapy such as
pathogenicity, and targeted integrating
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capability. In addition, AAV does not express
any viral genes; the only gene expressed by
AAV vectors is that for the antigen itself. One
of the promising studies showed a successful
application of gene therapy in the vaccination
filed 174.Thetumor vaccine was designed by
constructing a chimeric gene containing the
HPV-16 E7 cytotoxic T-lymphocyte (CTL)
epitope 168,173 and heat shock protein (hsp)
DNA. Results showed that intramuscular
vaccination could efficiently eliminate tumor
cells, indicating that vaccination with this
gene could be a therapeutic treatment for
cervical cancer containing HPV-16 E7. They
used
adeno-associated
virus
(AAV)
vectorencoding the viral E7 oncoproteins as
the tumor antigens from HPV serotypes 16
(HPV16) and 18 (HPV18).
This study showed the AAV1 vector triggered
a HPV-specific cytotoxic response of T
lymphocyte (CTL) and secreted an interferongamma after a single intramuscular injection
when compared with the AAV2 vector.
A study by Zhou et al174 showed that after
prophylactic vaccination with AAV1, 100%
of the mice were protected from tumor
growth for more than 1 year, in comparison
with control mice immunized with either a
LacZ vector or saline which continued to
grow tumor and died within 6 weeks after
inoculation of E7-positivetumor cell line TC1174. In addition, therapeutic immunization
with AAV1 inhibited palpable tumor growth
and induced tumorsuppression in some mice.
Despite lower CTL responses against the E7
antigens,
AAV2
vector
prophylactic
immunization was also sufficient to protect
70-100% of the mice against the tumor174.
Obstetric applications of Gene Therapy
The main application of gene therapy in
obstetrics that is being developed at present is
the treatment of intra uterine fetal growth
restriction (IUGR) due to placental in
sufficiency.
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However, with further development of new
gene delivery vectors, additional obstetrical
disorders such as preterm labor, twin-to-twin
transfusion as well as specific fetal anomalies
can be novel targets for gene therapy
intervention.
Intra-uterine Growth Restriction (IUGR)
One of the most promising recent applications
of gene therapy in obstetrics was the intra
placental injection of Adenovirus of IGF-1
for the treatment of intra uterine growth
restriction (IUGR) caused by placental
insufficiency in a rabbit model. The normal
weights of fetal liver, and musculoskeletal
tissues were restored after intraplacental AdIGF-1 gene therapy, with no change in the
placental weight176,177.John et al, 2013,
demonstrated that the growth enhancement
effect of intra placental Adenovirus-IGF-1
therapy is mediated through the enhancement
of GLUT isoform transporter expression and
this may be an important mechanism of AdhIGF-1 induced correction of placental
insufficiency177.Another opinion interpreted
the results shown in these studies as minimal
transgene expression that continues to occur
in the fetus or mother following placental
delivery of gene therapy. Therefore, a recent
study163 was developed the first novel nonviral tissue-specific transgene delivery
systems to ensure safe gene therapy
application in the developing human placenta.
Despite evidence that nanoparticles and
environmental nano-sized materials cross the
placental barrier178, there is no current
literature
investigating
the
use
of
nanoparticles for gene delivery to the
placenta. Historically, nanoparticles have
been designed for imaging and destruction of
unwanted cells such as carcinogenic cells
179. Nanoparticles are unsafe for placental
use due to undesired accumulation within the
tissue and their toxicity. Controlled release of
protein from parenteral formulation can be

achieved by a matrix-type delivery system.
However, the development of polymer-based
biodegradable nanoparticles180 holds distinct
advantages of employing microspheres
formulation for delivery of proteins.
The nanoparticles offer stability for rapidly
degraded molecules that are otherwise
eliminated quickly in vivo.
Encapsulation in microsphere prevents
contact of protein (gene) from cells or
enzymes such as proteases/ esterases in
surrounding tissues, until its release from
microsphere. Microsphere formulation can be
easily delivered to the target sites via IV, IM
or oral route. With recent advances of
polymers science, polymers were added to the
microspheres that led to the development of
controlled release microspheres.
The polymers have no harmful side effects or
toxic degradation products and do not alter
any pharmacological properties of the active
ingredient.
In a recent study181, the authors employed
poly [2-hydroxypropyl) methacrylamide
(HPMA), a water soluble polymer that
increases delivery of IGF-1 through
absorptive endocytosis and is biocompatibile
182
non-immunogenic183 and specific. Purified
plasmid DNA containing a sequence for IGF1 is complexed by poly2-N,N-dimethylaminoethyl
methacrylate
(DMAEMA)
complexed to hIGF-1 plasmid DNA under the
control of trophoblast-specific promoters
(Cyp19a or PLAC1), a tertiary amine that acts
as a weak base capable of being protonated at
biological pH184. Together these co-polymers
provide a non-viral nanoparticle alternative
for gene transfer into the placenta. The same
group had previously characterized IGF-1
complex formation using these co-polymers
transfection
of
pEGFP-C1-containing
nanocarriers that was measured via
fluorescence microscopy. In vivo transfection
was assessed by direct placental-injection into
a mouse model of IUGR. Complexes formed
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by pHPMA-b-pDMAEMA and CYP19a-923
or PLAC1-modified plasmids, induced
trophoblast-selective in vitro transgene
expression. Placental injection of PLAC1hIGF-1 produces measurable RNA expression
and enhanced growth of the growth restricted
fetusin the mouse model, representing first
novel human placental gene therapy176.
Gene therapy from bench to bedside:
Clinical trials
Gene therapy continues to extend from preclinical testing in animal models to clinical
trials. Application of gene therapy in clinical
trials is necessary as not all animal studies
will predict the outcomes in clinical
applications.
This is attributed to several discrepancies that
range from adverse immune response to
vector tissue tropism185,186.
More than 65% of the gene therapy trials
have been done in relation to cancer187.
Various vectors and methods have been
employed in gene therapy clinical trials:
retroviruses (20%); adenoviruses (18%);
adeno-associated viruses (5%); lipofection
(6%); and naked/plasmid DNA (18.5%).Out
of 1843 cancer gene therapy trials, only 45
have reached Phase III and one is in Phase
IV. Based on the outcome, only nine gene
therapy clinical trials have been conditionally
approved so far. According to the US
National Cancer Institute (NCI), a Phase IV rAd-p53 gene therapy developed for advanced
malignant thyroid tumors is active. The
primary objective of this study is to determine
the efficacy of intra-tumor injection of rAdp53 when coupled with radioactive iodine or
combined with surgery in advanced thyroid
cancers (www.cancer.gov). Preclinical studies
employing gene-therapy strategies are
encouraging in the case of certain endocrine
tumors, and gene therapy is expected to
successfully treat these tumors187.
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The challenges ahead
There are a lot of challenges to be addressed
in gene therapy before gene-based products
enter the routine clinical application to
provide safe and affordable therapeutic drugs
for otherwise non‐treatable chronic diseases.
In particular, nonhuman primate models will
continue to play a pivotal role in studying
safety, toxicity and biodistribution of gene
delivery vectors. Some of the clinical applications require a lot of vectors for efficient
genes delivery, such as delivering the
efficient viral vector doses in treating muscular dystrophy disorder.
For example how to deliver a high quantity of
viral vectors and in the same time ensure their
safety still needs a trustworthy study on nonhuman models. Manufacturing high-quality
vectors will significantly expedite clinical
translation188-190.
Some of the challenges are:
1-Safety concerns
Since some patients treated with gamma
retroviral vector-mediated gene transfer
developed leukemia due to mutagenesis
insert191, the risk of genotoxicity remains a
major safety concern particularly for the cellbased gene therapy despite vigorous efforts to
improve. This risk is associated with not only
integrating gene transfer platforms such as a
retroviral vector or transposon/ transposasebased systems but also “non-integrating” gene
transfer vectors such as AAV vector that may
integrate at a much lower rate192. Developing
safer gene delivery methods should be
coupled with thorough characterization and
evaluation of genotoxicity. As ex vivo gene
transfer and cell-based gene therapy enters a
personalized medicine era, rapidly evaluating
genome modification profile by genome-wide
sequencing and screening for safe cell clones
will be required.
Another safety issue is immunotoxicity that
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mainly concerns in vivo gene transfer using
viral vectors. The lethal immunotoxicity of
AdV vector greatly limits its clinical use193.
Although the low immunogenicity of AAV
vector has not caused acute life-threatening
side effects, in several clinical trials it
certainly triggered immunotoxicity that could
eliminate transduced cells and suppress
therapeutic outcome194-196.
Further understanding of the immune
responses against both viral and therapeutic
antigens following in vivo gene delivery and
deliberately modulating host immune
responses will be crucial for developing
clinical gene therapy particularly to treat
systemic diseases.
2- Transgene expression
To ensure correct application of gene therapy,
the more targeted gene delivery with targeted
transgene expression and the less off-target
delivery is mandatory to guarantee highest
therapeutic efficacy, and subsequently, prevent side effects associated with off-target and
non-physiological transgene expression.
Currently, most of the gene therapy approaches work by inducing tropism modification
through engineering viral vector surface
proteins and designing expression cassette of
the host cells 197.
3- Nanoparticle Gene therapy
Future studies will be necessary to assess
long-term
gene expression
following
nanoparticle delivery.
4- Cell-based Gene Therapy
We encourage the scientists to focus on the
application of iPSCs combined with ex vivo
gene transfer to broaden the clinical
application of cell-based gene therapy.
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ONCOGENESIS OF THYROID CANCER
Enas Younis*
Abstract
Thyroid neoplasms encompass a variety of lesions that range from benign adenoma to malignant tumors. Malignant thyroid tumors can be well-differentiated, poorly differentiated
or undifferentiated (anaplastic) carcinomas. More than 95% of thyroid cancers are derived
from thyroid follicular cells, while 2-3% of thyroid tumors (medullary thyroid cancers) are
derived from the calcitonin producing C-cells. Over the last decade, investigators have developed a clearer understanding of the genetic alterations underlying thyroid carcinogenesis. A number of point mutations and translocations are involved in thyroid cancer, not only
in its tumorigenesis, but also as being potentially useful as diagnostic and prognostic indicators and therapeutic targets. These point mutations and translocations occur in genes for
several important signaling pathways, in particular the mitogen-activated protein kinase
(MAPK) pathway.
Medullary thyroid carcinoma (MTC) is a distinct thyroid carcinoma that originates in the
parafollicular C cells of the thyroid gland. These C cells produce calcitonin. Sporadic (isolated) MTC accounts for 75% of cases, and inherited MTC constitutes the rest. Inherited
MTC occurs in association with multiple endocrine neoplasia (MEN) type 2A and 2B syndromes, but non-MEN familial MTC also occur. Advances in genetic testing have revolutionized the management of MTC, with prospects of genetic screening, testing and early
prophylactic thyroidectomy. Ethical concerns of these advances will be addressed.
Keywords: thyroid cancer, mutations, undifferentiated thyroid cancer, differentiated thyroid cancer, medullary thyroid cancer, genetics
Introduction
Thyroid cancer is the most common type of endocrine malignancy with an incidence that has
steadily increased for the past three decades.
Deaths from thyroid cancers alone account for
more deaths than all of the other endocrine malignancies combined1. In the U.S., 62,450 new
cases and 1,950 deaths are estimated for 2014 2.
The increased incidence of thyroid cancer diagnoses has been attributed, in part, to improved
detection of small or subclinical thyroid nodules

by thyroid ultrasonography and by other imaging techniques; however, increased incidence of
thyroid tumors of all sizes has also been reported3.
Thyroid cancer typically presents as a thyroid
nodule. However, thyroid nodules are commonly found incidentally and may be seen in up to
50% of patients older than 60 years of age. Only
5% of thyroid nodules are malignant4.
Epithelial malignant cancers of the thyroid
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arise from two different types of parenchymal
cells, follicular and parafollicular. Follicular
cells line the colloid follicules, concentrate iodine and are predominantly involved in production of thyroid hormones. From these cells arise
well differentiated and anaplastic thyroid cancers. The parafollicular or C cells, which are
spread among the thyroid follicules, are responsible for the production of calcitonin and from
these cells arise medullary thyroid cancers5.
Well differentiated thyroid carcinomas (DTC)
account for 90% of all thyroid cancers, while
medullary thyroid carcinomas (MTC) account
for 2-3%, anaplastic carcinomas and poorly differentiated carcinomas for the remaining 7 to
8%. Well differentiated carcinomas are further
subdivided histologically as papillary thyroid
cancer (80–85%), follicular thyroid cancer (10–
15%) and Hurtle cell carcinoma (3–5%). Overall, DTCs have a very good prognosis with long
term disease free survival close to 95% for papillary thyroid cancers (PTC) and 80% for follicular thyroid cancers (FTC).
Medullary thyroid cancers are clinically classified as sporadic or familial cancers. Sporadic
MTCs occur as localized cancers with infrequent lymph node involvement (unifocal) and
correspond to 70% of all cases, while familial
cancers are typically diagnosed as advanced
disease (multifocal) in the remaining 30% of the
cases6. Familial MTCs have been described as
part of the multiple endocrine neoplasia (MEN
2a) syndrome which includes the presence of
pheochromocytoma and parathyroid hyperplasia, and of the MEN 2b syndromes that also include pheochromocytoma and mucosal neuromas and/or gastrointestinal ganglioneuromas.
Most thyroid cancers are well-differentiated papillary carcinomas or follicular carcinomas and
are associated with a low mortality rate, particularly in patients with stage I or II disease (survival rate more than 98%). However, a subset of
these patients will have recurrent disease. In
addition, patients who present with higher-stage
disease or distant metastases and patients with
poorly differentiated or anaplastic thyroid cancer have higher mortality rates7. Accurate identification of subsets of patients with risk factors
for aggressive disease and higher mortality rates
172 FIMA YEAR BOOK 2015

can help to guide management and prevent
overtreatment of patients with low-risk disease.
In addition to environmental factors, genetic
factors are involved in thyroid cancer predisposition. Aside from the well-characterized familial forms of medullary thyroid cancer, an individual whose first degree relative is diagnosed
with non-medullary thyroid cancer has a fourfold to tenfold higher risk than those in the general population8,9.
The last several years have seen dramatic advances in our understanding of the genomics of
thyroid cancer. Major technological advances
have allowed scientists to interrogate DNA and
RNA changes at a depth and speed that were
previously impossible. Several genetic abnormalities have been involved in the pathogenesis
of thyroid cancers, that induce dysregulation of
the MAPK and phosphatidylinositol-3 Kinase
(P13K)/AKT signaling pathways10. (fig.1)
Mutations
1.

RET/PTC rearrangements

The RET proto-oncogene is a 21-exon gene located on chromosome 10q11-2 that encodes a
membrane tyrosine kinase receptor. It is expressed in thyroid C cells, but not in normal follicular cells11.
The RET gene can be activated by fusion with
various partners, in which the 3ʼ or tyrosine kinase domain of the RET gene is fused with the
5ʼ domain of a foreign gene. The foreign gene
is constitutively expressed, resulting in a permanent expression of the rearranged RET gene.
These rearranged genes have coiled-coil domains that activate ret kinase through permanent dimerization. Because these rearrangements were originally found only in papillary thyroid cancers they were called
RET/PTC12,13.
Point mutation of the RET proto-oncogene results in an unregulated dominant activation of
receptor.
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RET mutation and medullary thyroid carcinoma
Somatic and germ-line mutations of the RET
gene play an important role in the development
of sporadic and familial forms of medullary thyroid carcinoma, respectively. Genetic diagnosis
has an important role in differentiating sporadic
from familial MTC. Furthermore, depending on
the location of the mutation, patients can be
classified into risk classes. Therefore, genetic
screening of the RET gene plays a critical role
not only in diagnosis but also in assessing the
prognosis and course of MTC14.
MTCs are characterized by activating mutations
of RET proto-oncogene which occur prevalently
as point alteration of codons. In 98% of MEN
2a families, a germ-line activating RET mutation can be detected. Germ-line RET mutations
indicate hereditary MTC and determine the lifetime risk for developing MTC, which is nearly
100% for RET mutation carriers. A high prevalence of “de novo” RET mutations (over 50%)
has been identified in MEN 2b patients, and to a
lesser extent in MEN 2a⁄FMTC patients15.
Also, germ-line RET mutations are frequently
detected in apparently sporadic MTC patients,
indicating the importance of genetic testing in
all MTC patients, even without a clear indication for hereditary disease. Somatic RET mutations can be detected in tumor tissue of 40-60%
of sporadic MTC patients. The contribution to
tumor development of somatic RET mutations
in MTC pathogenesis is unclear. Somatic RET
mutations are not consistently distributed within
primary tumors and metastases, indicating that
the mutation can occur during progression of
the tumor or that MTC is a disease of polyclonal
origin (15) . Probably in these cases, somatic
RET mutations merely contribute to the disease
phenotype instead of causing it. (fig.2)
2.

RAS mutations

The RAS genes (H-RAS, K- RAS and N- RAS)
encode a 21 kD protein (p21) involved in signal
transmission from cell membrane receptors to
growth factors to the nucleus to both the MAPK
and PI3K/AKT pathways. (fig.3)

The RAS gene is activated by point mutations
mostly in codon 12 or 61 and sometimes in codon 13 or 59. In thyroid cancers, point mutations are found in the three RAS genes, with NRAS being the most frequently mutated. RAS
mutations are found in 10-20% of papillary thyroid carcinoma and in 25% of poorly differentiated thyroid cancers. RAS-mutated papillary
thyroid carcinomas typically are of the follicular
variant. RAS mutations are also seen in 2040% of follicular adenomas16.
RAS mutation mostly HRAS, KRAS and NRAS
have been found in 68%of sporadic MTC without RET mutation17.
3.

Mutations in the P13K/AKT pathway

P13K/AKT pathway may be driven by activating RAS point mutation. Inactivating mutations
or deletions of the tumor suppressor gene PTEN
activate the P13K/AKT pathway and are the
genetic basis for follicular thyroid cell tumorigenesis in Cowdenʼs syndrome18. Activating
mutations of PIK3CA are common in follicullar
thyroid carcinoma, poorly differentiated thyroid
carcinoma and anaplastic thyroid carcinoma.
AKT1 mutations were only found in metastatic
thyroid cancers.
Promoter methylation of
PTEN, which is consistent with the loss of its
expression is associated with genetic alterations
of P13K-AKT pathway in follicular thyroid carcinoma and anaplastic thyroid carcinoma, including mutations of RAS, PIK3CA and
PTEN19,20. Over expression of proteins involved in this pathway is frequently found in
aggressive thyroid cancers.
4.

BRAF

The BRAF gene provides instructions for making a protein that helps transmit chemical signals from outside the cell to the cell's nucleus.
This protein is part of a signaling pathway
known as the RAS/MAPK pathway, which controls several important cell functions. Specifically, the RAS/MAPK pathway regulates the
growth and division (proliferation) of cells, the
process by which cells mature to carry out speFIMA YEAR BOOK 2015 173
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cific functions (differentiation), cell movement
(migration), and the self-destruction of cells
(apoptosis). Chemical signaling through this
pathway is essential for normal development
before birth21,22.
Point mutation in BRAF are found in approximately 45% of papillary thyroid cancers(PTC)
and less frequently in poorly differentiated and
in anaplastic thyroid cancers .In most cases, the
V600E mutation causes constitutive activation
of this serine/threonine kinase. In few cases
other BRAF mutations such as the K601E mutation, small in frame insertions or deletions, or
BRAF rearrangement can occur23,24.
BRAF mutations are identified in 60% of classic PTC , 80% of tall cell varient PTC, and only
10% of follicular variant PTC.
Many studies demonstrated a significant association of BRAFV600E with poor clinicopathological outcomes of PTC, including aggressive
pathological features, increased risk of recurrence, loss of radioiodine avidity, treatment
failures and mortality. However, other small
number of studies have not confirmed the prognostic impact of BRAF mutation25,26.
In addition to serving as a driver mutation in
papillary thyroid cancer, activation of the
MAPK pathway via BRAF mutation results in
decreased expression of sodium iondine symporter, TSH receptor, and thyroglobulin resulting in relatively iodine refractory state27.
5.

Other genetic abnormalities

Mutations in hTERT have been found in follicular cell derived thyroid cancers, but were absent
in benign lesions and in medullary thyroid cancers28. These hTERT mutations have a significantly higher prevalence in aggressive thyroid
tumors including widely invasive oncocytic carcinoma and anaplastic thyroid carcinoma.
In papillary thyroid cancer, a hTERT mutation
has been more frequently found in advanced
tumors and in tumors with a BRAFV600E mu174 FIMA YEAR BOOK 2015

tation, and the rate of recurrence is 8 times
greater in tumors with both mutations, as compared to patients who lack both mutations29.
Other important genes that are mutated in thyroid
tumorigenesis
include
β-catenin
(CTNNB1) that is involved in Wnt signaling,
TP53 a tumor suppressor.These mutations have
been mostly found in poorly differentiated and
anaplastic thyroid cancer, in particular the TP53
mutations that may participate to dedifferentiation of these tumors30,31.
Mutations in thyroid stimulating hormone receptor (TSH-R) are found in 40% to 60% of benign hyperfunctioning adenomas. Activating
mutations of the TSH-R have also been found in
the rare hyperfunctioning follicular carcinomas
with high radioiodine uptake and thyrotoxicosis.
The role of TSH-R and gsp mutations in the tumorigenesis of some hypofunctioning thyroid
tumors is unclear32.
In Hűrthle-cell thyroid carcinoma, mutations of
NADH dehydrogenase (ubiquinone) 1α subcomplex 13 (NDUFA13 or GRIM19) are fairly
common but classical genetic alterations frequently found in other thyroid cancer subtypes,
such as RET/PTC, RAS or BRAF mutations are
not found33.
Oncogenic gene amplification or copy-number
gains are more prevalent in poorly differentiated
and anaplastic than in differentiated thyroid carcinomas, suggesting that these genetic alterations are important for the progression and aggressiveness of thyroid cancer. This is particularly the case for genes encoding receptor tyrosine kinases (RTKs) and for the genes encoding
P13K-AKT pathway members. Many of the
genes with copy-number gains are protooncogenes, and an increased protein expression
will induce activation of the signaling pathways
in which they are involved34.
TRK rearrangements are found in 1-5% of papillary thyroid carcinomas and at higher frequencies in patients with a history of radiation
exposure35.
Anaplastic lymphoma kinase (ALK) gene was
found in 9% of poorly differentiated thyroid
cancers, 4% of anaplastic thyroid cancers, and
1% of papillary thyroid cancers36. The
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PAX8/PPARɤ rearrangement is found in 3040% of follicular carcinomas. It is also found,
at lower prevalence, in the follicular variant of
papillary thyroid carcinoma and in follicular
adenomas37,38.
Altered Signaling Pathways in Thyroid Cancer
The MAPK and P13-1AKT signaling pathways
The importance of the MAPK pathway has been
well established in the tumorigenesis of papillary thyroid cancer. The MAPK pathway is
driven by activating mutations, including BRAF
and RAS mutations, by RET/PTC, TRK or
ALK rearrangements. One of these mutations
was found in 70-80% of papillary thyroid cancers and genetic abnormalities are found in over
95% of cases by using next generation sequencing (NGS). These driver mutations are mutually exclusive, indicating that this mutation may
be responsible for the occurrence of the papillary thyroid cancer. Activation of this pathway
induces the activation of phosphatases, resulting
in feedback mechanisms that will limit the activation of the pathway39.
MAPK-mediated thyroid tumorigenesis involves a wide range of secondary molecular alterations that synergize and amplify the oncogenic activity of this pathway, such as genomewide hypermethylation and hypomethylation
and altered expression of miRNAs. Upregulation of various oncogenic proteins can occur
that drive cancer cell proliferation, growth, migration and survival, as well as tumor angiogenesis, invasion and metastasis. These include
chemokines, vascular endothelial growth factor
A (VEGFA), C-MET, nuclear factor ҝB (NF
ҝB), matrix metalloproteinases (MMPs), hypoxia-inducible factor 1α (HIF1α), transforming
growth factor β1 (TGFβ1). Many of these proteins are key constituents of the extracellular
matrix microenvironment40,41.
All these alterations permit the distinction of
two main groups of papillary thyroid cancers:
one group includes tumors that harbor a RAS
mutation and another group includes tumors
that harbor a BRAF mutation. This second

group is heterogeneous but in general tumors
have a more aggressive and less differentiated
phenotype.
The MAPK and P13K-AKT pathways are primarily involved in differentiated papillary and
follicular thyroid carcinoma, respectively. As
genetic alterations accumulate and both pathways become activated, the tumor progresses
into poorly differentiated and anaplastic thyroid
carcinoma42. The coexistence of multiple genetic alterations to members of the MAPK
pathway also occurs, as exemplified by the simultaneous presence of BRAFV600E mutation,
RAS mutations and RET-PTC in some aggressive recurrent papillary and anaplastic thyroid
cancers. In metastatic tissues, the dominant genetic abnormalities present in the primary tumor
are usually found with additional abnormalities
in some.
Impairment of the Iodide-Handling Machinery
Aberrant activation of the MAPK pathway
has a crucial role in the impairment of the iodide uptake and metabolism. In addition to
serving as a driver mutation in papillary thyroid
cancer, activation of the MAPK pathway via
BRAF mutation results in decreased expression
of NIS, TPO, TSH-R, and Tg resulting in a relatively iodine refractory state. Inhibition of the
activated MAPK pathway with a BRAF inhibitor or a MEK inhibitor was able to restore the
effectiveness of RAI therapy in mouse thyroid
cancers with BRAF activation, and in small cohorts of RAI refractory differentiated thyroid
cancer patients. Activation of the PI3K-AKT
pathway was also shown to down regulate the
iodide uptake and metabolism in thyroid cells
both in vitro and in vivo43.
Clinical implications:
Remarkable advances in the translation of molecular findings in thyroid cancer to the clinic
have occurred recently.
Diagnosis of thyroid cancer
The diagnostic accuracy for thyroid nodules that
are otherwise diagnostically indeterminate by
FIMA YEAR BOOK 2015 175
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conventional cytology assessment is improved
by the search for genetic markers in fine needle
aspiration biopsy (FNAB) samples, including
BRAF mutation, RAS mutations, RET-PTC and
PAX8-PPAR rearrangements. More recently the
diagnostic performance of this strategy was further improved by the use of NGS.
Also, the use of a gene-expression classifier
permits to rule out malignancy in half of the
nodules with indeterminate cytology results44,45.
The differentiation of radiation induced thyroid
tumors from thyroid tumors occurring in the
absence of radiation exposure may benefit from
mutation analysis. Rearrangements are more
frequently and point mutations less frequently
found after radiation exposure. Also the study
of the expression of a panel of genes helps in
this differentiation.
Prognosis
The prognostic application of BRAFV600E mutation has also been the subject of many clinical
studies. It appeared that BRAFV600E is associated with poorer clinicopathological outcomes
even in conventionally low-risk patients. However, the use of mutation status in clinical practice is unclear and most patients are treated according to their risk of death and of recurrence;
furthermore in patients with refractory advanced
disease, the RAS or BRAF mutation status did
not appear to be an independent factor of survival or a predictive factor of response to antiangiogenic therapy42,46.
Medullary thyroid carcinoma:
MTC accounts for approximately 5-8% of all
thyroid cancer. Clinically, MTC is mainly sporadic (70-80%), but hereditary pattern is present
in 20-30% of cases, transmitted as an autosomal
dominant trait12. The sporadic form of MTC is
observed in 60-70 years old patients with a palpable thyroid nodule indistinguishable from any
other thyroid nodule. Neck lymph node metastases are detected in at least 50% of patients and
may reveal the disease. Metastases outside the
neck, in liver, lungs or bones, are initially pre176 FIMA YEAR BOOK 2015

sent in 10 - 20% of the cases. Hereditary MTC
may be part of “multiple endocrine neoplasia
type 2” (MEN2) and is divided into three clinical forms:
A) MEN2a is characterized by the presence of
MTC in combination with pheochromocytoma
and/or hyperparathyroidism. Cutaneous lichen
amyloidosis has been observed in some families13 and Hirschsprungʼs disease has been observed in a few families with MEN2a47 .The
typical onset of this condition is in the third or
fourth decade of life. Nearly the 100% of gene
carriers will develop MTC, but this depends on
the mutation14.
The risk of developing unilateral or bilateral
pheochromocytoma is as high as 57% (both for
germ-line mutations of codon 918 and 634), and
15– 30% of codon 634 mutations carriers will
develop hyperparathyroidism.
B) MEN2b in which MTC is accompanied by
pheochromocytoma, multiple mucosal neuromas and marfanoid habitus. MEN2b is the rarest
and most aggressive form of MEN 2 based on
its development of MTC earlier in life, usually
before the age of 5-10 years. It is frequently associated with extension beyond the thyroid capsule, with lymph node and distant metastasis at
the time of diagnosis. Patients also have chronic
constipation and colonic cramping due to the
presence of megacolon disorder. More than
50% of cases are “de novo” germline mutations.
The higher mortality rate of MEN 2B reflects its
more advanced stage at presentation, rather than
the tumour behavior once established46,47.
C) FMTC (Familiar Medullary Thyroid Carcinoma) occurs when MTC is the only clinical
feature. Clinical presentation of cancer is at a
later age and a relatively more favorable prognosis. The most rigid definition is multigenerational transmission of MTC in which no family
member has pheochromocytoma or hyperparathyroidism; a less rigid definition is the presence of MTC in four affected family members
without other manifestations of MEN 2A. Histology is peculiar in hereditary MTC; C-cell hyperplasia is always associated with hereditary
MTC with bilaterality and multicentricity as a
consequence when the patients over 5-years old,
carry the codon 918 or codon 634 mutations.
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Whereas, sporadic MTC generally presents as a
single tumor confined to one thyroid lobe, except for a 5- 9% of patients. Tumor metastasizes
early to paratracheal and lateral cervical lymph
nodes; lymph nodes metastases are found in 2030% of patients with MTC < 1 cm in diameter,
in 50% with tumor > 2 < 4 cm and in up to 90%
of the patients with tumors that are more than 4
cm in diameter or infiltrating surrounding tissues. The prognosis of MTC is intermediate between well differentiated and anaplastic thyroid
cancer. Its prognosis is worse compared to papillary and follicular thyroid cancer and better
than the prognosis in anaplastic thyroid cancer.
Therefore, an early diagnosis is fundamental for
a good prognosis in these patients15. Genetic
abnormalities are present in MTC. Hereditary
forms are characterized by germline mutations
while sporadic MTC showed somatic alterations
in 40-60% of patients48,49.
Recently a French study has demonstrated that
the prognostic factor of disease free survival
after surgery in young patients with RET
germline mutation is best predicted
by TNM staging and preoperative basal CT level below 30 pg/ml. Basal CT, class D genotype,
and age constitute key determinants to decide
preoperatively timely surgery50. Moreover, genetic screening of germline RET mutations
permits the identification of unsuspected FMTC
in apparently sporadic MTC patients. Therefore,
RET genetic screening of patients with apparently sporadic MTC represents a major tool for
the preclinical diagnosis and early treatment of
unsuspected affected family members and allows the identification of a relevant percentage
of hidden FMTC (56). Given the high chance of a
RET gene carrier of developing MTC at some
point during their life, these patients should be
offered prophylactic thyroidectomy. In cases of
MEN 2a/FMTC mutations of ATA level C risk,
prophylactic total thyroidectomy should be carried out before 5 years of age. In patients with
RET mutations of ATA level A and B risk,
prophylactic thyroidectomy may be delayed beyond the first 5 years in the setting of a normal
basal and/or stimulated serum CT and normal
annual cervical ultrasound starting at 5 years of
age. Prophylactic level VI central compartment

neck dissection may not be necessary in patients
with MEN 2a/FMTC who undergo prophylactic
thyroidectomy within their first 3-5 years of life
unless there is clinical or radiological evidence
of lymph node metastases, thyroid nodules >5
mm in size or a serum basal CT >40 pg/ml in a
child >6 months old . Children with MEN 2b
(ATA level D risk) should have thyroidectomy
as soon as possible, preferably within the first
year of life. Prophylactic level VI neck dissection may not be necessary in patients with MEN
2b, unless there is clinical or radiological evidence of lymph node metastases. In RETmutation-positive patients, screening for pheochromocytoma, including annual plasma metanephrines and normetanephrines, or 24-h urine
collection for metanephrines and normetanephrines, begins by 8 years of age in carriers of the RET mutation associated with MEN
2b and codons 630 and 634, and by 20 years of
age in carriers of other MEN 2a RET mutations.
Patients with RET mutation associated with
FMTC alone should be screened periodically
from 20 years of age. Abdominal imaging is not
indicated in the absence of symptoms or biochemical data. Screening for hyperparathyroidism should be carried out with the same interval
by measuring serum calcium and parathyroid
hormone51.
Molecular targeted therapy
The MAPK and P13-AKT pathways, from tyrosine kinase receptors in the cell membrane to
the various downstream signaling relay molecules, such as BRAF, MEK, AKT and mTOR,
are therapeutic targets that are being actively
tested for treatment of RAI refractory thyroid
cancer with novel small-molecule proteinkinase inhibitors. A promising therapeutic
strategy is genetic-based targeting of thyroid
cancer, as supported by many preclinical studies
demonstrating the selective inhibition of
BRAFB600E-mutant thyroid cancer cells targeting of the P13K-AKT pathway may also be
genetically guided, as genetic alterations that
activate this pathway confer thyroid cancer cells
with remarkable increased sensitivities to AKT
and mTOR inhibitors52.
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The involvement of multiple signaling pathways
in aggressive thyroid cancer suggests that it may
be necessary to target them simultaneously for
effective treatment. Synergistic effects of simultaneously targeting the MAPK and P13KAKT pathways were even more pronounced in
cells that harbored genetic alterations in both
pathways53.
Summary and Conclusions:
From the 1990s, when pathogenesis of only approximately 25% of thyroid cancers was understood, to the present, when genes involved in
the pathogenesis of over 90% of thyroid cancers
have been described, much progress has been
made in elucidating the molecular mechanisms
underlying thyroid cancer. This progress provides the basis upon which new diagnostic and
prognostic markers, as well as new targeted
therapies, have been developed.
The molecular pathogenesis of differentiated
thyroid cancer, with specific signaling pathways
and activating point mutations, has been successfully elucidated. Some of the specific genes
tend to be mutated in more aggressive and advanced thyroid cancer. Other discoveries include mutations in thyroid stimulating hormone
receptor (TSHR) that were shown to play a role
in thyroid tumorigenesis.

Medullary thyroid carcinoma (MTC), whether
sporadic or hereditary, with or without other
combinations, have specific genetic abnormalities in the RET proto-oncogene system. The issue of prophylactic thyroidectomy, and its timing, have been outlined and debated.
Ethical and psychosocial considerations of predictive testing for mutations have been discussed and debated.
Hereditary MTC, as part of MEN2, is one of the
first hereditary syndromes to be described. The
syndrome has been utilized as an example for
understanding and analyzing the prediction of
testing for gene carriers and timing of prophylactic thyroidectomy at the proper age in childhood.
Related ethical issues, including, the ethics and
legality of genetic testing prior to employment
and insurance, and involving other family
members in hereditary cancer syndrome screening and management have been debated. Ethicists advocate safeguarding individuals and
family members by strict measures of privacy
and confidentiality.
The possibility of performing reimplementation
genetic diagnosis (PGD) to identify genetic mutations in fertilized ova has not been discussed,
so far, in medical-jurisprudence or fatwa forums, and should properly addressed.

Susan J Hsiao and Yuri E Nikiforov Endocrine-Related Cancer (2014) 21, T301–T313
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Fig. (2).Shows the RET receptor, the gene with its exons and the most common mutations in hereditary and
sporadic MTC.

Fig.3 Molecular pathway in thyroid cancer. The molecular pathogenesis of thyroid cancer includes dysregulation of the MAPK, phosphatidylinistol-3kinase (PI3KYAKT, and the TSHR cAMP signaling pathway. Thae
MAPK pathway is frequently activated in thyroid cancer through point mutation of the BRAF and RAS and
RET/PTC.
Susan J Hsiao and Yuri E Nikiforov Endocrine-Related Cancer (2014) 21, T301–T313
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STEM CELLS AND HUMAN CLONING
Aly A. Mishaʼl *
Abstract
Recent advances in stem cell and cloning research have made steady progress and created
hopes to cure disease entities deemed incurable in the past.
In view of ethical concerns, stem cell-based research and possible clinical applications have
witnessed new hopes with new reprogramming technologies that produced induced pluripotent (iPSCs) stem cells from various somatic tissues. These cell lines could be further programmed to form the desired cell types, with promise in regenerative medicine and pharmacogenetics.
Other significant hopeful stem cell types are human adult (non-embryonic) and animal stem
cells, which have already been used clinically.
Human cloning is currently more based on the technologies of somatic cell nuclear transfer
(SCNT). Reproductive human cloning has reached a closed end, in view of both ethical considerations and technological failures.
Therapeutic cloning, on the other hand, has witnessed steady progress with promise in regenerative medicine, disease prevention and organ transplantation.
This presentation will highlight updates in these two inter-related issues from the aspects of
technology, research, clinical and ethical dimensions.
Keywords: Stem cells, reproductive cloning, therapeutic cloning, regenerative medicine, ethics.
Stem cells
Stem cells (SCs) are primitive, pluripotent or
multipotent cells that have the capability of
differentiating into specialized, committed
cells of various body tissues and organs.
Advances in stem cell research have progressed steadily over the past three decades,
with tens of thousands of publications across
the world1.
More than 700 companies are working
worldwide in areas of SCs utilization in re-

generative medicine, which have witnessed
significant recent advances2.
Impressive therapeutic products have been
marketed to cure diseases considered incurable in the past.
Other hopes include gene therapy, functional
genomics and pharmacogenomics.
Reviewing recent literature, the following
types of stem cells, related to their origin,
have been described:
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Human embryonic stem cells (hESC)
They are obtained from the earliest stages of
embryos: the morula and the inner cell mass
of the blastula, within the first 5-7 days after
fertilization. Special media and feeder cells
were designed to grow and maintain hESCs,
to acquire the capacity of self-renewal, and to
maintain their characteristic of being flexible
pluripotent cell lines3-5.
Compared to other types of stem cells,
hESCs are the most stable (immortal), with
distinguished pluripotency and capability of
indefinite, unlimited expansion in vitro, as
undifferentiated colonics.
It is also possible to produce diseasespecific5 stem cells by the technology of nuclear transfer from patients with cancer and
other diseases.
HESCs could be genetically manipulated by
transfecting them with DNA constructs6 for
specific desired properties.
HESCs have been produced from aborted
fetuses but primarily from excess human embryos in in-vitro fertilization (IVF) centers.
Optimization and sophistication of culture
conditions of hESCs is important for safety,
and proper differentiation into the desired
specific cell lines. Prevention of contamination or infection, with minimal human handling, is an important part of the current culture techniques.
Moreover, for research purposes, diseasespecific hESCs were derived from embryos
with diagnosed mutations by preimplantation genetic diagnosis (PGD), such
as Fanconi disease, cystic fibrosis7…..etc.
HESCs are considered one of the most clinically promising sources of SCs, but their use
may result in tumor formation. HESCs have
been tested in research centers8 as a cure for
retinal diseases which so far, are incurable,
but were reported to pose risk of teratoma
formation. While hESCs have great potential
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of curing diseases and advancing regenerative therapy in humans, their use raises major
ethical concerns because they cannot be obtained without causing destruction of a human embryo1.
HESCs are considered by some as morally
equivalent to a human being, especially by
the Roman Catholic Church9. Followers of
many other faiths and ethical denominations
do not share this view, and accept using them
for research and in regenerative medicine,10,11.
Induced pluripotent stem cells (iPSCs)
Human-induced pluripotent stem cells (iPSCs) could be derived from various somatic
tissue sources, by reprogramming. Most past
work was on fibroblasts, whereby somatic
cells could be “instructed” to become pluripotent. Their use circumvents ethical and
immunological concerns related to hESCs.
They have the capacity of unlimited selfrenewal and are pluripotent12,13.
IPSCs could be programmed to form the desired cell types in vitro, and represent promise in cell therapy for many diseases14.
Human (adult) non-embryonic stem cells
To avoid ethical concerns, somatic or adult
human stem cells have been resorted to.
Adult stem cells normally exist in all body
tissues for continuous repair and regeneration
albeit in very small numbers. Sources of
adult stem cells used in therapy include bone
marrow15, peripheral blood, cord blood16,
mesenchymal cells from adipose tissue17, exfoliated deciduous teeth18, and other tissue
types.
These stem cell types are easily accessible,
and pose no ethical concerns.
Genetic engineering of stem cells
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All types of stem cells could be differentiated
into various cell types in the body. Special
bioreactors have been designed to provide for
the desired tissue-speciﬁc functions 19.
In molecular cloning, a DNA sequence of
interest is isolated, and multiple copies are
obtained in vitro, with increasing uses in microbiology in the context of recombinant
vaccines, antigens, cytokines…etc. These
advances are currently utilized in screening
for HIV,HCV, HBV and CMV20.
Stem cells derived from somatic cell nuclear transfer (SCNT)
This has been recently developed and holds
promise in regenerative medicine21.
SCNT-derived stem cells share the same totipotent capabilities of embryonic stem cells.
Their use, however, raises ethical concerns in
view of their source from cloned embryos
which, in view of some ethicists, share a
common moral status as natural embryos. If
applied with interspecies, (iSCNT) could be
instrumental in production of transgenic animals to cure human disease and produce
therapeutics. Moreover, it could be used for
conservation of endangered animal species22.
Animal stem cells
Genetically modiﬁed pig mesenchymal stromal stem cells (PMSCs) could potentially be
utilized in xenotransplantation23. They could
also be used in regenerative medicine because of their anti-inﬂammatory and immunomodulatory effects. They are easy to
obtain in large quantities, and their genetic
modiﬁcation can be related to the therapeutic
goal of MSCs.
Hematopoietic stem cell transplantation
This type of transplantation was one of the
main successes of stem cell-based therapy.
Signiﬁcant achievements were acquired in

many hematological malignancies24. One of
the challenges is the behavior of the immune
system in the transplant recipients, particularly the development of graft versus host reaction that could be serious. Strategies to deal
with this possibility and to improve graft
function are being further developed.
Other non-malignant disorders, including
hemoglobinopathies, inborn errors of metabolism, some autoimmune conditions and others, have been treated with stem cell transplantation. Stem cells for these trials can be
derived from bone marrow, peripheral blood
or umbilical vein cord blood25.
Ethical, Moral and Religious Concerns
The Roman Catholic Church, and many ethicists in the West, have strong objections on
stem cell research and its clinical applications, considering it as aggression on early
human life9.
Islamic ethical perspectives of stem cells in
research and medical applications were addressed by several forums and individual
scholars26-28.
The Council of IslamicFiqh Academy- Muslim World League, in its 17th session held in
Makkah 2003 (1424H) issued the following
decree29:
After due consideration of scientiﬁc research and opinion of members and experts on this subject matter, the following
decision was adopted:
First:
It is permissible to obtain stem cells, to
culture and use them in research, with the
intention of curing human disease, or to
perform permissible scientiﬁc research, if
their sources are duly permitted. The following are examples of permitted sources
of stem cells:
1.Adults, if they consented, provided that it
will not cause harm to them.
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2.Children, with consent of their parents or
guardians, provided that it will not cause
harm to them.
3.Placenta and umbilical cord, with parentsʼ
consent.
4.Spontaneously aborted fetuses, or those
fetuses which were aborted for an approved
therapeutic reason, with parentsʼ consent.
5.Surplus fertilized ova, if they existed in
centers of assisted conception, with parentsʼ
consent, with strict assurance that such ova
will never be used to induce illegal pregnancies.
Second:
It is not permissible to obtain stem cells
and utilize them if their source is impermissible.
Examples:
1.Inducing unapproved abortion with the
aim of obtaining stem cells.
2.Intentionally fertilizing human donated
ova-sperm with the aim of producing stem
cells.
3.Therapeutic human cloning.
This jurisprudence decision was a signiﬁcant
landmark in the area of stem cell research. It
opens the doors in Islamic countries for ethical stem cells research.
It is pertrinent to state that recent advances
and technologies in areas of adult (nonembryonic), induced pluripotent (iPSCs) and
animal stem cells, that have been used, or
have potential uses to prevent or cure diseases, make it incumbent on scientists and Muslim Jurists to undertake further discussions to
arrive to new Shariʼah-approved stand
points.
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Human Cloning
Cloning of plants, animals and other organisms has been going on for many years, aiming at production of food materials and medical products in desired quantities and qualities.
The announcement of the successful cloning
of the sheep “Dolly” in 1997 heralded a
worldwide attention from amongst the scientiﬁc, ethical, legal communities and the public at large.
In summary, mammalian cloning is based on
the technology of somatic cell nuclear transfer (SCNT). The nucleus of a somatic cell is
transferred into an enucleated ovum, under
speciﬁc conditions. This ovum becomes “fertilized” by the somatic nucleus, acting similarly to an ovum fertilized by a sperm, enters
into the usual cascade of cell division ending
up as an embryo30-31.
This scientiﬁc and technological breakthrough has stirred worldwide debate in view
of its possible application to human cloning.
Cloning of embryos has been used in the
breeding of cattle and sheep since the late
1980s. The technique started by producing
monozygotic (identical) twins, triplets or
quadruplets32. Subsequently, ambitious researchers became interested in the area of
human cloning using the technology of SCNT.
Despite governmental and ethical groupsʼ
limitations and objections, some researchers
did not conceal their plans to enter the arena
of human cloning to produce adult individuals.
Richard Seed, of Illinois- USA, announced
that his human cloning clinic was close to
attempting the cloning of humans33.
The South Korean veterinarian Woo Suk
Hwang, published his ﬁrst paper in February
200434, and a second one in May 200535, in
which he reported the ﬁrst astounding success in creating human stem lines from
cloned human embryos36.
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In November 2005, amid increasing evidence
of falsification of data, Hwang admitted that
he had lied37, and in January 2006, Hwangʼs
human cloning research was deemed fraudulent by an investigation committee from his
university (SNO).
Reproductive cloning
This technique uses SCNT technology to fertilize eggs with somatic cells which could
later develop into a human being. Philosophically, it is not possible to clone a human individual, with identical genetic and phenotypic qualities to the person from whom the
somatic cells were derived37.
Cloning of the genome of an individual is
possible, despite significant technical obstacles, but the individual as a whole cannot be
cloned. This is in view of the many crucial
influences of environment, lifestyle, education, and society as well as the individualʼs
own intellectual abilities, moral and religious
values, and other characteristics acquired by
his or her experience, learning, and imitation
through life from conception to death37.
Another hurdle is the immense technological
obstacles. The group of Ian Wilmut of the
Roslin Institute in Scotland, succeeded with
“Dolly” only after more than 270 attempts,
that induced only 13 pregnancies, and only
one culminated into a live birth, Dolly.
The success rate for cloning animals has notably improved over the years, but without
ever reaching 100%. Presently, cloned animals include mice, rats, goats, dogs, sheep,
cows, pigs, horses and others.
The great majority of pregnancies end in
spontaneous abortion38. Moreover, fetal
death occurs close to term.
If animals survive after birth, serious health
problems are encountered, such as gross obesity, disfigured limbs, dysfunctional immune
systems, with maladies of liver, kidney and
other systems37.

It is significant to note that “Dolly” had to be
euthanized in 2013 at 6 years of age in view
of severe health deterioration with progressive lung disease and arthritis39,40.
The cloning technologies have not yet been
well developed to an extent that would produce a healthy human individual37.However,
the low success rate of cloning may improve
in the future through technical advances.
Therapeutic cloning
This technique is also termed nuclear transplantation therapy. Contrary to reproductive
cloning, which is inefficient and error-prone,
therapeutic cloning does not suffer these major handicaps, because the process depends
on the selection of functional pluripotent
stem cells with the potential to differentiate
into any of the three germ layers characteristic of humans and other animals: endoderm,
ectoderm and mesoderm41.
Using the technology of somatic cell nuclear
transfer (SCNT), it generates autologous embryonic stem cell (ESC) lines derived from
cloned embryos for the purpose of tissue replacement, thus eliminating immune rejection as the transplanted tissue or organ is derived from the same individual and has the
same DNA.
The process, moreover, could be repeatedly
conducted in view of its renewable source.
This technology is very promising in:
-Regenerative medicine.
-Therapy or prevention of diseases.
-Organ and tissue transplantation.
Subsequently, researchers started to combine
nuclear cloning with gene and cell therapy.
Nuclear-transfer ESCs have been derived
from mouse cumulus or fibroblast cells
which could be programmed, or induced (iPSCs) into becoming somatic cells of the desired tissues to be treated or replaced.
It has to be stated that SCNT is more effective and less costly than the iPSCs.
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At the present time, therapeutic cloning is
widely used in bone marrow transplantation.
Blood stem cells are used in the therapy of
sickle cell anemia.
Promising utilizations of therapeutic cloning
include42:
Organs grown for transplantation by
using stem cells that have the genome
of the recipient.
Therapeutic cloning using stem cells
that have the genome of the recipient
of organ/tissue transplantation needs
further progress to overcome two
hurdles: the possibility of immune
rejection, and the availability of organs from suitable donors37.
Another anticipated regenerative application is therapeutic growth of
nerve cells.
Currently, the one gene therapy that can be
practiced is mitochondrial replacement therapy (MRT)43, which has been recently legalized in the UK. This issue has been addressed in a separate chapter in this volume
of FIMA yearbook.
MRT, however, has limited success rate in
view of heteroplasmy effects, and also if utilized for genetic conditions that appear in
older age.
Very recently, the technology of mesenchymal stem cells has shown possible uses in
regenerative medicine. These cells could be
obtained, with relative ease, through noninvasive methods from adult tissues. They have
promising uses for autologous cell transplantation, and regenerative medicine, without
the risk of immune rejection.
These SC have the important features of high
yield, plasticity, immunomodulatory and anti-inﬂammatory effects, and lack of tumorigenicity.
Another recent development is the technology of induced pluripotent stem cell (iPSC)
production. These cells can be derived from
somatic cells through gene programming,
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and could be used in regenerative medicine
and other utilizations of therapeutic cloning.
This technology avoids embryo destruction
to generate the needed pluripotent cells, an
undertaking that avoids ethical implications
related to embryonic stem cells therapy.
Like mesenchymal stem cells, iPSC scan be
used for the same medical purposes44.
Ethical, social and religious perspectives of
cloning
Apart from the limitations and shortcomings
of cloning technology, it has provoked
worldwide controversies and opposition from
the scientiﬁc, legal, ethical, religious communities and the public at large45,46.
Opposition to human cloning research began
soon after the birth of “Dolly” in 199741, 42.
In June 1997 and 1999 the Southern Baptists
Annual Conventions passed resolutions supporting a US governmental ban on funding
human cloning and asked that such cloning
be prohibited.
In August 2000 the Roman Catholic Church
issued a ban on human cloning, considering
any form of experimenting on human embryos, ova or sperms as unapproved aggression
on early human life9.
Many countries have prohibited human cloning47-48.
On March 12, the Canadian Parliament
passed legislation banning human cloning,
the sale of sperm, and payment to egg donors
and surrogate mothers.
On July 9, 2004 the French Parliament
adopted a new bioethics law considering human cloning a “crime against the human species” with prison punishment of up to 20
years.
In UK, the Human Fertilization and Embryology Act of 2008 explicitly prohibited reproductive cloning.
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In the US, 13 states banned reproductive
cloning and 3 states prohibited use of public
funds for research on reproductive cloning49.
Surprisingly, some researchers seemed not to
be deterred by these measures, or by the reported high mortality, deformities and other
genetic disorders in animal cloning, and human cloning research is going on overtly and
covertly.
In the Islamic World, every Islamic seminar,
Fatwa council or individual scholar had considered cloning procedures aiming at producing human clones as not permissible. The
majority of scholars considered it Haram
(forbidden) in all its details (on its own features). Others considered it Haram as a way
to prevent a cause of harm, an opinion keeping possible exceptions to be entertained in
the future, in case new information about
beneﬁts becomes more clear and approved
by Shari`ah. Such exceptions, when and if
they arise, should be discussed, as per case
basis, in the light of the Shari`ah.
There was discussion of the case of using
nuclear transfer technology between the husband and wife. Even this issue was not approved as per the following reasons mentioned below,for the purpose of reproductive
cloning.
All scholars unanimously approved the prohibition of introducing any third party element upon the marriage relationship, whether
this party is a womb, ovum, sperm, or somatic cell for cloning50-53.
The Basis for Prohibition (Tahrim)
1. The basic concept in reproduction is to
abide with the Shari`ah -approved system of legally binding marriage,
through the union of sperm and ovum.
2. Human cloning is against the natural
process (Fitrah) of human relationships
of marriage and reproduction.

3. The major harms far exceed any beneﬁts. Such harms include disturbance
and impurity of lineage, family relations, social structure, and disruption of
many Shari`ahʼs principles dependent
on lineage. There is major difﬁculty in
classifying the “cloned” person, as a
son (or daughter), or identical twin of
the person from whom the somatic nucleus was derived.
4. The issues of identical features of the
clones, and their social, moral, psychological and legal implications.
5. The problem of safety: There is no
guarantee that cloned humans will be
normal, either shortly after birth, or later in life. In cloned animals, mortality,
deformities and genetic disorders and
premature ageing were reported. There
is no reason to assume that such problems will not take place in human
clones. Another safety concern is the
likelihood of concentration and proliferation of certain genetic illnesses, mutations…etc, which are expected from
the lack of neutralization of lethal
genes as a result of human cloning. It is
known that natural union of ovumsperm neutralizes or abolishes many lethal genes.
6. The likelihood of disturbance of the
time-honored balance between males
and females, when left to the wishes of
people.
Concluding remarks
Stem cell research and medical applications
have progressed signiﬁcantly over the past
few years.
In some medical disorders, suchas hematopoietic
malignancies, other malignant and non-malignant
diseases, stem cell transplantations have been
very successful.
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In most other hoped-for clinical applications,
they are still at investigational or pre-clinical
stages.
Human ESCs are more flexible, stable, durable and pluripotent than other types of SCs.
Ethical concerns of hESCs research have
been largely minimized by careful derivation
form excess fertilized ova, or from preimplantation human embryos in IVF centers.
This allows for more research towards clinical applications.
Technologies of other types of SCs, including human non-embryonic and animal stem
cells have progressed with promise in several
research and medical applications, with significantly limited ethical obstacles.
There are various ethical/religious opinions
related to SC research and its medical applications, which range from complete rejection
to liberal (unquestioned) approval. Islamic
bioethics in general, and specifically in regards to stem cell research and cloning,is
based on flexible interpretation of Shari`ah
(Divine Law). Jurisprudence (fiqh) is characterized by careful intellectual balancing (Ijtihad) with broad understanding of benefits of
relieving human suffering, quest for new
knowledge, versus the need for proper regulation/governance. That is exposing and bar-

ring of irresponsible aggressive undertakings
to change human genetic blueprint and tampering with human non-pathologic qualities.
Moreover, Islamic guidance prohibits any
form of monopolization of technologies and
therapies that will create and widen gaps
among individuals, social classes and nations.
Human reproductive cloning is out of the
picture, technologically, ethically and legally.
As for therapeutic cloning, ethical and religious debates are still intense.
In the Islamic World, this issue was discussed in scientific-jurisprudence forums,
and clear rulings were issued and published,
as outlined earlier.
It should be stated, however, that all Islamic
Shari`ah opinion was formulated prior to the
successes of newer technologies that pose no
aggression on early human embryos, namely
the technologies of induced pluripotent stem
cells (iPSCs) and their uses in therapeutic
cloning. This issue needs further discussions
between scientific and jurisprudence scholars.
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