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Abstract: The use of gene therapy technology to treat genetic diseases has achieved great success in last few
years. The advance in biotechnology field provides much hope for the future of gene therapy and made this
method possible to treat and cure many genetic, infectious and chronic diseases. Furthermore the unavailability
of proper treatment and cure for many diseases made gene therapy urgent need. Gene therapy has sparked
great interest because it offers the possibility of a permanent cure. The recent discoveries in DNA technology
like mi RNA and CRISPER/Cas9 simplify the difficulties and challenges in gene therapy like the gene vector and
gene expression control. In addition, it is possible now to use gene therapy for germ-line correction. Gene
therapy consists of the introduction of normal genetic material into cells with genetic abnormalities for a
therapeutic purpose. A wide range of vectors have been developed and used for this biotechnology. The world
predicting that in the next twenty years DNA technology and gene therapy will change the practice of medicine
from a treatment-based to a prevention-based practice. Researchers are starting to move away from developing
new drugs, and towards finding an ultimate solution. They hope that in the coming years, every genetic disease
will have gene therapy as its treatment. Gene therapy could be the last therapy that the human race will ever
need. Gene therapy has some potential risks. A gene can't easily be inserted directly into patient’s cells. The
very expensive therapies have a lot of unknowns and raise a number of ethical and practicality questions. This
manuscript reviews the potential use of the gene therapy as well some of the pitfalls and challenges.
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I. Introduction

Gene therapy is the therapeutic delivery of nucleic acid polymers into a patient’s cells as a drug to treat
disease [1].The first attempt at modifying human DNA was performed in 1980 by Martin Cline, but the first
successful nuclear gene transfer in humans, approved by the National Health Institutes of Health, was performed
in May 1989[2].The first therapeutic use of gene transfer as well as the first direct insertion of human DNA into
the nuclear genome was performed by French Anderson in a trial starting in September 1990.Between 1989 and
February 2016,over 2,300 clinical trials had been conducted, more than half of them in phase 1[3].Not all
medical procedures that introduce alterations to a patient’s genetic makeup can be considered gene therapy.
Bone marrow transplantation and organ transplants in general have been found to introduce foreign DNA into
patients [4].The first commercial gene therapy, Gendicine ,was approved in China,2003 for the treatment of
certain cancers[5].In 2011 Neovasculgen was registered in Russia as first-in-class gene therapy drug for
treatment of peripheral artery disease, including critical limb ischemia[6].In 2012, Glybera, a treatment for a
rare inherited disorder, became the first treatment to be approved for clinical use in either in Europe ot the
United States after its endorsement by the European commission[7,8].

I1. Historical perspectives

As early as 1970 Friedman and Roblin authored a paper in Science titled “gene therapy for human
genetic disease”[9].Rogers(1970) was cited for progressing the exogenous good DNA be used to replace the
defective DNA in those who suffer from genetic defects[10].In 1980s a retrovirus vector system was designed
that could efficiently insert foreign genes into mammalian chromosomes [11].First approved gene therapy
clinical research in the US took place on 24 September 1990,ast the National Institute of Health(NIH),under the
direction of Willian French Anderson[12].Four year-old Ashanti DeSilva received treatment for a genetic defect
that left her with ADA-SCID, a severe immune system deficiency. The effects were temporary, but successful
[13].
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Cancer gene therapy was introduced in 1992/93(Trojan et al.1993)[14].The treatment of glioblastoma
multiforme ,the malignant brain tumor whose outcome is always fatal, was done using a vector expressing
antisense IGF-1RNA(clinical trial approved by NIH protocol no 1602 November 24 1993,and by FDA in
1994[15].This therapy also represents the beginning of cancer immonogene therapy, a treatment which proves to
be effective due to the anti-tumor mechanism of IGF-I antisense, which is related to strong immune and
apoptotic phenomena[15].In 1992, Claudio Bordignon, working at the Vita-Salute San Raffaele University,
performed the first gene therapy procedure using hematopoietic stem cells as vectors to deliver genes intended
to correct hereditary diseases[16].In 2002 this work led to the publication of the first successful gene therapy
treatment for adenosine deaminase deficiency(ADA-SCID).The success of a multi-center trial for treating
children with SCID(severe combined immune deficiency or “Bubble boy” disease).The study was questioned
when two of ten children in the trial’s developed leukemia-like condition. Clinical trials were halted temporarily
in 2002,but resumed after regulatory review of the protocol in the US, the United Kingdom, France, Italy and
Germany[17].Bottai and associates while working on non-viral gene therapy for breast cancer, advocated that
several challenges need to be addressed before considering gene therapy as an actual option for the treatment of
breast cancer[18].

In March 2014, researchers reported that 12 HIV patients had been treated since 2009 in a trial with a
genetically engineered virus with a rare mutation (CCR5 deficiency) known to protect against HIV with
promising results[19].Clinical trials of gene therapy for sickle cell disease were started in 2014[20].There is a
need for high quality randomized controlled trials assessing the risks and benefits involved with gene therapy
for people with sickle cell disease[21].

In February 2015,LentiGlobin BB 305,a gene therapy treatment undergoing clinical trials for treatment
for beta thalassemia gained FDA “ breakthrough” status after several patients were able to forgo the frequent
blood transfusions usually required to treat the disease[22].In March researchers delivered a recombinant gene
encoding a broadly neutralizing antibody into monkeys infected with simian HIV, the monkeys’ cells produced
the antibody, which cleared them of HIV. The technique is named immunoprophylaxis by gene
transfer(IGT).The animal tests for antibodies to Ebola, malaria, influenza and hepatitis were underway[23].In
October,researchers announced that they have treated a baby girl, Layla Richard, with an experimental treatment
using donor T-cells genetically engineered using TALEN to attack cancer cells. One year after the treatment she
was still free of her cancer ( a highly aggressive form of acute lymphoblastic leukemia (ALL)[24].Children with
highly aggressive ALL, normally have a very poor prognosis and Layla’s disease had been regarded terminal
before the treatment[25].In December 2015,scientists of major world academies called for a moratorium on
inheritable human genome edits, including those related to CRISPR-Cas9 technologies, but that basic research
including embryo gene editing should continue[26,27].

In April 2016 the Committee for Medicinal Products for human Use of the European Medicines

Agency endorsed a gene therapy treatment Strimvelis[28],and the European Commission approved in in
June[29].This treats children born with ADA-SCID and who have no functioning immune system, sometimes
called “bubble baby” disease. This was the second gene therapy treatment to be approved in Europe[30]
.In October, Chinese scientists reported they had started a trial to genetically modify T-cells from 10 adult
patients with lung cancer and can reinject the modified T-cell back into their bodies to attack cancer cells. The
T-cells had the PD-I protein (which stops or slows the immune response) removed using CRISPR-Cas9[31].A
2016 Cochrane systematic review looking at data from four trials on topical cystic fibrosis transmembrane
conductance regulator(CFTR) gene therapy does not support it clinical use as a mist inhaled into the lungs to
treat cystic fibrosis patients with lung infections. One of the four trials did find weak evidence that liposome
based CFTR gene transfer may lead to a small respiratory improvement for people with cystic fibrosis.This
weak evidence is not enough to make a clinical recommendation for routine CFTR gene therapy[32].In February
2017, Kite Pharma announced results from a clinical trial of CAR-T cells in around a hundred people with
advanced Non-Hodgkin lymphoma [33].In March, French scientists reported on clinical research of gene
therapy to treat sickle- cell disease[34].In August, the FDA approved tisagenlecleucel for acute lymphoblastic
lymphoma. The first gene therapy approved in the United States[35].

I11. Beginning of Gene Therapy

The first attempt, an unsuccessful one, at gene therapy(as well as the first case of medical transfer of
foreign gene into humans not counting organ transplantation) was performed by Martin Cline on 10 July
1980[36].Cline claimed that one of the genes in his patients was active six months later, though he never
published his data or had it verified[37].After extensive research on animals throughout the 1980s and a 1989
bacterial gene tagging trial on humans, the first gene therapy widely accepted as a success was demonstrated in
a trial that started on 14 September 1990,when Ashi DeSilva was treated for ADA-SCID[38].
The first somatic treatment that produced a permanent genetic change was performed in 1993[39].This
procedure was referred to sensationally and somewhat inaccurately in the media as a” three parent baby”,
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though mtDNA is not the primary human genome and has little effect on an organism’s individual
characteristics beyond empowering their cells[39]Early clinical failures led to dismissal of gene therapy.
Clinical successes since 2006 regained researchers’ attention, although ss of 2014,it was still largely an
experimental technique[7].These include treatment of retinal diseases Leber’s congenital amaurrosis [40],and
chorioderemia[41],X-linked SCID[42],ADA-SCID [43], adenoleukodystrophy [44],chronic lymphocytic
leukemia(CLL)[45],acute lymphocytic leukemia (ALL{46],multi myeloma [47],hemophilia[48],and
Parkinson’s disease[49].Between 2013 and April 2014,US companies invested over 600 million in the field[5].
The first commercial gene therapy,Gendicine,was approved in China for the treatment of certain cancers[5].In
2011 Neovasculgen was registered in Russia as first-in-class gene- therapy drug for treatment of peripheral
artery disease, including critical limb ischemia[6,].In 2012, Glybera,a treatment for a rare inherited disorder
became the first treatment to be approved for clinical use in either in Europe or United States after its
endorsement by the European Commission[7].

IV. Application of Gene Therapy and Type of Cell

Following early advances in genetic engineering of bacteria, cells, and small animals, scientists
startedconsidering how to apply it to medicine. Two main approaches were considered-replacing or disrupting
defective genes [28].Scientists focused on diseases caused by single gene defect, such as cystic fibrosis,
haemophilia, muscular atrophy, thassemia, and sickle cell anemia. Glybera treats on such disease, caused by a
defect in lipoprotein lipase[8].DNA must be administered, reach the damaged cells, center the cell and either
express or disrupt a protein[50].Multiple delivery techniques have been explored. The initial approach
incorporated DNA in to an engineered virus to deliver the DNA into a chromosome [51].Naked DNA
approaches have also been explored, especially in the context of vaccine development[52].
Generally efforts focused on administering a gene that causes a needed protein to be expressed. More recently,
increased understanding of nuclease function has led to more direct DNA editing, using techniques such as zinc
finger nuclease and CRISPR.The vector incorporates genes into chromosomes. The expressed nuclease then
knock out and replace genes in the chromosome.AS of 2014 these approaches involve removing cells from
patients, editing a chromosome and returning the transformed cells to patients [53].Gene editing a potential
approach to alter the human genome to treat genetic diseases[54],viral diseases and cancer[55,56].As of 2016
these approaches were still years from being medicine[57].

Types of cell: Gene therapy may be classified into two types, Somatic and Germline.

Somaticcell: In somatic cell therapy (SCGT),the therapeutic genes are transferred into any cell other than a
gamete, germ cell, gametocyte or undifferentiated stem cell. Any modifications affect the individual patients
only and are not inherited by offspring. Somatic gene therapy represents mainstream basic and clinical research,
in which therapeutic DNA (either integrated in the genome or as an external episode or plasmid) is used to treat
disease. Over 600 clinical trials utilizing SCGT are underway in the US. Most focus on severe genetic disorders,
including immunodeficiencies, hemophilia, thalassemia and cystic fibrosis. Such single gene disorders are food
candidates for somatic cell therapy. The complete correction of a genetic disorder or the replacement of multiple
genes is not yet possible. Only a few of the trials are in the advanced stages [58].

Germline: In germline gene therapy(GGT),germ cells(Sperm or egg) are modified by introduction of functional
genes into their genomes. Modifying a germ cell causes all the organism’s cells to contain the modified gene.
The change is heritable and passed on to later generations. Australia, Canada, Germany, lsrael, and the
Netherland prohibit GGT for application in human beings for technical and ethical reasons, including
insufficient knowledge about possible risks to future generations[59],and higher risks versus SCGT[60].The US
has no federal controls specifically addressing human genetic modification(beyond FDA regulations for
therapies in general)[59,61].

Viral vectors: In order to replicate, viruses introduce their genetic materials into host cell, tricking the host’s
cellular machinery inti using it as blueprints for viral proteins. Retroviruses go a stage further by having their
genetic material copied into the genome of host cell. Scientists exploit this by substituting a virus’s genetic
material with therapeutic DNA(The term DNA’ may be an oversimplification, as some viruses contain RNA,
and gene therapy could take this form as well).A number of viruses have been used for human gene therapy,
including retrovirus, adenoviruses, herpes simplex, vaccinia and adeno-associated virus[3].Non-viral gene
therapy for breast cancer also have been used[18].
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V. Pitfall and Mortality

Gene therapy is not free of obstacles and mortality. Frequent hindrances are:
a).Some therapies may breach the Weismann barrier(between soma and germ- line) protecting the testes,
potentially modifying the germline, falling afoul of regulations in countries that prohibit the latter practice[62].
b).Insertional mutagenesis-If DNA is integrated in sensitive spot in the genome, for example in a tumor
suppressor gene, the therapy could induce a tumor. This has occurred in a chemical trials for X-linked severe
combined immunodeficiency (X-SCID) patients, in which hemato poietic stem cells were transduced with a
corrective transgene using a retrovirus,and this led to the development of T cell lekumia in 3 of 20
patients[63].0ne possible solution is to add a functional tumor suppressor gene to the DNA to be integrated.
This may be problematic since the longer the DNA is, harder it is to integrate into cell genome.CRISPR
technology allows researchers to make much more precise genome changes at exact location [64].
c).Cost-Alipogene tiparvovec or Glybera,for example, at a cost of $1.6 million per patient, was reported in 2013
to be world’s most expensive drug [65].

Mortality: Three patients’ deaths have been reported in gene therapy trials, putting the field under
close scrutiny.the first was that of Jesse Gelsinger in 1999.Jesse Gelsinger was dead because of immune
rejection response [66].0ne X-SCID patient died of leukemia in 2003[38].In 2007,a rheumatoid arthritis patient
died from an injection, the subsequent investigation concluded that the death was not related to gene
therapy[67].

V1. Gene therapy in clinical practice
Frequently uses of gene therapy include:
Fertility: Gene therapy techniques have the potential to provide alternative treatments for those with infertility.
Recent, successful experimentation on mice has proven that fertility can be restored by using the gene therapy
method, CRISPR[68].Spermatogenical stem cells from another organism were transplanted into the testes of an
infertile mouse. The stem cells re-established spermatogenesis and fertility[69].
Gene doping: Athletes might adopt gene therapy technologies to improve their performance[70].Gene doping is
not known to occur, but multiple gene therapies may have such effects. Kayser et al. argue that gene doping
could level the playing field if all athletes receive equal access. Critics complain that any therapeutic
intervention for non-therapeutic/enhancement compromises the ethical foundations of medicine and sports [71].
Genetic engineering: Genetic engineering could be used to change physical appearance, metabolism, and even
improve physical capabilities and mental facilities such as memory and intelligence. Ethical claims about
germline engineering include beliefs that every fetus has right to remain genetically unmodified, that parents
hold the right to genetically modify their offspring, and that every child has right to be born free of preventable
diseases[72].For parents, genetic engineering could be seen as another child enhancement technique to add to
diet, exercise, education, training, cosmetic and plastic surgery[73].Another theorist claims that moral concern
limit but not prohibit germline engineering[74].

Possible regulatory schemes include a complete ban, provision to everyone, or professional self-
regulation. The American Medical Association‘s Council on Ethical and Judicial Affairs stated that “genetic
interventions to enhance traits should be considered permissible only in severely restricted situations (1) clear
and meaningful benefits to the fetus or child (2) no trade-off with other characteristics or traits, and (3) equal
access to the genetic technology, irrespective of income or other socioeconomic characteristics”[75].

As early in the history of biotechnology as 1990, there have been scientists opposed to attempts to modify the
human germline using these tools[76], and such concerns have continued as technology progressed[77].With the
advent of new techniques like CRISPR, in March 2015 a group of scientists urged a worldwide moratorium on
clinical use of gene editing technologies to edit the human genome in a way that can be inherited[78].In April
2015,researchers sparked controversy when they reported results of basic research to edit the DNA of non-
viable human embryos using CRISPR[68].A committee of the American National Academy of Sciences and
National Academy of Medicine gave qualified support to human genome editing in 2017[79], once answers
have been found and efficiency problems “but for serious conditions under stringent oversight”[80].

Gene therapy in cancer: Introduction of tumor suppressor genes into rapidly dividing cells has been thought to
slow down or arrest tumor growth. Adenoviruses are commonly utilized vector for this purpose. Much research
has been focused on the use of adenoviruses that cannot reproduce, or reproduce to a limited extent, within the
patient to ensure safety via avoidance of cytolytic destruction of noncancerous cells infected with the vector.
However, new studies focus on adenoviruses that can be permitted to reproduce, and destroy the cancerous cells
in the process, since the adenoviruses’ ability to infect normal cells is substantially impaired, potentially
resulting in a far more effective treatment [81].
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Microorganisms in cancer therapy: Chemotherapeutic drugs have a hard time penetrating tumors to kill them
at their core because these cells may lack a good blood supply. Researchers have been using anaerobic bacteria
such as Clostridium novyi, to consume the interior of oxygen-poor tumors. These should die when they come in
contact with the tumor’s oxygenated sides, meaning they would be harmless to the rest of the body .A major
problem has been that bacteria do not consume all parts of the malignant tissue. However, combining the
therapy with chemotherapeutic treatment can help to solve this problem. Another strategy is to use anaerobic
bacteria that have been transformed with an enzyme that can convert a non-toxic prodrug into toxic drug. With
the proliferation of bacteria in the necrotic and hypoxic areas of the tumor, the enzyme is expressed solely in the
tumor. Thus, asystematically applied prodrug is metabolized to the toxic drug only in the tumor. This has been
demonstrated to be effective with the nonpathogenic an aerobe Clostridium sporogenes [82].

VI11. Guidelines for human gene research and therapy

The Helsinki Declaration (Ethical Principles for Medical Research Involving Human Subjects)was
amended by the world Medical Association’s General Assembly in 2008.This document provides principles
physicians and researchers must consider when involving human as research subjects. The Statement on Gene
Therapy Research initiated by the Human Genome Organization (HUGO) in 2001 provides a legal baseline for
all countries. Hugo’s document emphasizes human freedom and adherence to human rights, and offers
recommendations for cosmetic gene therapy, including the importance of recognizing public concern about such
research [83].

An NIH advisory committee published a set of guidelines on gene manipulation[84].The guidelines
discuss lab safety as well as human test subjects and various experimental types that involve genetic changes.
Several sections specifically pertain to human genetic engineering, including Section I11-C-l1. This section
describes required review processes and other aspects when seeking approval to begin clinical research
involving transfer into a human patient[85]. The protocol for a gene therapy clinical trial must be approved by
the NIHs Recombinant DNA Advisory Committee prior to any clinical trial beginning this is different from any
other kind of clinical trial[84].As with other kinds of drugs, the FDA regulates the quality and safety of gene
therapy products and supervises how these products are used clinically. The therapeutic alteration of human
genome falls under the same regulatory requirements as any other medical treatment. Research involving human
subjects, such as clinical trials, must be reviewed and approved by FDA and institutional Review Board[86].

XI. Conclusions
The current available advanced technology made gene therapy possible and successful. It is hoped that
in the coming year’s gene treatment will be available for every disease like cancer, diabetes mellitus, and
infectious diseases etc. Researchers look forward that soon all difficulties and pitfalls using gene therapy like
vector selection, gene expression control as well as ethical issues will be resolved resulting in successful
treatment and cure for most of the human diseases.

References

[1]. Ermak Gennady(2015).Emerging Medical Technologies. World Scientific. ISBN 978-981-4675-81-9.

[2]. Rosenberg SA, Aebersold P, Cornnetta K, et al.Gene transfer into humans immunotherapy of patients with advanced melanoma,
using tumor-infiltrating lymphocytes modified by retroviral gene transduction. N Engl J Med. ;323(9):570-8.

[3]. Gene Therapy Clinical Trials Worldwide Database (Http:// www. abedia. com/wiley/ phases.php).The Journal of Gene Medicine.
Wiley(June 2016).

[4]. Zimmer  Carl(16  September 2013).”DNA  Double  Take”(http://www.nytimes.coom/2013/09/17/Science/dna-double-
take.html?pagewanted=all& 1=1).The New York Times.

[5]. Pearson Sue, Jia Hepeng, Kandachi Keiko.China approves first gene therapy.Nature Biotechnol.2004;22(1):3-4.

[6]. Gene Therapy for PAD Approved(http://www.dddmag.comnews/2011/12/gene-therapy-pad-approved). 6December 2011.Retrived 5
August 2015.

[7]. Richards Sabrina(6 November 2012).Gene Therapy Arrives in Europe. (Http://www..thescientist.com/?articlesNo/33166/title/Gene-
Therapy-Arrives-in-Europe/). The Scientist.

[8]. Gallagher James(2 November 2012) BBC Nes-Gene therapy:Glybera approved by European
Commission(http://www..bbc.co.uk/news/health-20179561).BBC.Retrived 15 December 2012.

[9]. Friedman T,Roblin R.Gene Therapy for Human Genetic Disease. Science. 1972;175(4025):949-955.

[10]. Rogers S, New Scientist 1970,p.194.

[11]. Cepko CL,Roberts BE, Mulligan RC.Construction and application of a highly transmissible murine retrovirus shuttle
vector.Cell.1984;37(3):1053-62.

[12].  The first gene therapy(http://web.archive.org/web/2012112820381

[13]. Blaese RM,Culver KW,Miller AD, et al. T Lymphocyte Directed Gene Therapy foa ADA-SCID:Initial Trials Results After 4
Years. Science.1995;270(5235):475-480.

[14].  Trojan JJohnson T,Rudin S,et al.Treatment and prevention of rat glioblastoma by immunogenic C6 cells expressing antisense
insulin-like growth factors 1 RNA.Science.1993;259(5091):94-97.

[15]. Trojan J,Pan YXWei MX,et al.Methodology for Anti-Gene Anti —IGF-1 Therapy of Malignant Tumors. Chem other Res
Prac.2012;721873.Nature

[16].  Abbott A. Gene therapy. Italians first to use stem cells..1992;356(6369):465.

[17]. Cavazzana- Calvo M, Thrasher A, Mavilio F. The future of gene therapy. Nature. 2004; 427(6977):779-781.

DOI: 10.9790/0853-1611128995 www.iosrjournals.org 93 | Page


http://www.nytimes.coom/2013/09/17/Science/dna-double-take.html?pagewanted=all&_1=1).The
http://www.nytimes.coom/2013/09/17/Science/dna-double-take.html?pagewanted=all&_1=1).The
http://www.dddmag.comnews/2011/12/gene-therapy-pad-approved
http://www..the/
http://www..bbc.co.uk/news/health-20179561).BBC.Retrived
http://web.archive.org/web/2012112820381

Gene therapy: Recent development, benefits and pitfall

[18].
[19].

[20].

[21].

[22].
[23].

[24].

[25].

[26].

[27].

[28].
[29].

[30].

[31].
[32].

[33].
[34].
[35].
[36].
[37].
[38].
[39].
[40].
[41].

[42].
[43].

[44].
[45].
[46].
[47].

[48].

[49].
[50].
[51].
[52].
[53].

[54].
[55].

[56].

Giulia Bottai,Marta Truffi,Fabio Corsi,et al. Progress in nonviral gene therapy for breast cancer and what comes next?.Exp Opin
Biolog Ther.2017;17(5).

Tebas P,Stein D,Tang WW,et al.Gene Editing of CCR5in Autologus CD4 T cells of persons Infected with HIV.N Eng JMed.
2014;370(10):901-10.

(15 December 2014).Stem Cell Gene Therapy for Sickle Cell Disease, Clinical
Triald.gov.ldentifier:NCT02247843(http://clinicaltrials.gov/ct2/show/NCT02247843).ClinicalTrials.gov.U.S.National Institutes of
Health. Retrieved 17 December 2014.

Olowoyeye Aiola,0kwundu 1.Gene therapy for sickle cell disease. The Chochrane Database of Systematic
Reviews.2016;11.CD007652.1SSN 1469-4093X.

Ten things you might have missed Monday from the world business. Boston Globe.3 February 2015.

Zimmer Carl((9 March 2015).Protection without vaccine. (Http:// www. nytimes. com/2015/03/10/health/protection-without-a-
vaccine.html).The New York Times. Retrieved 30 March 2015.

Henry Robin(2017-02-19)Leukemia cure hopes rise as girl is gene-edited. (http:// www.thetimes.co.uk/article/leukemia-cure--
hopes-rise-as-girl-isgene-edited-n35 md 69s).The Times.Retrieved 2017-02-19.

Sample lan(5 November 2015).Baby girl is first in the world to be treated with’designer immune
cells’(http://www.theguardian.com/science/2015/nov/05/baby-girl-isfirst--in-the-world-to-be-treated-with designer-immune
cells). The Guardian. Retrieved 6 November 2015.

Wade Nicholas(3 December 2015).Scientist Place Moratorium on Edits to Human Genome.That Could be Inherited (http:// www.
.nytimes. com/2015/12/ 04.science/ erispr-cas9-human genome-editing-moratorium.html)New York Timrs.Retrieved December
2015.

Walsh Fergus(3 December 2015).Gene editing:ls era of designerhumans getting closer.(http://www.bbc.co.uk/news/health-34994-
180).BBC News Health.Retrived 31 December 2015.

Summary of opinion A( initial authorization) Srimvelis.Eu Med Agen.1 April 2016.pp.1-2.Retrieved 13 April 2016.

Reeves Rachel(2016-06-06).Second gene therapy wins approval in Europe. (http://
www..bionews.org.uk/page_656359.asp)Bionews. Retrieved 2017-02-20.

Coghlan Andy(9 April 2016).Gene bTherapy Approved(http:// news scientis. com/article/2083180-gene-therapy-gets-approval-for
bubble-kids-in-world-first/). The New Scientist.pp.8-9.

Cyranoski David.Chinese scientists to pioneer first human CRISPR trial. Nature. 2016;535(7613):476-477.

Lee Tim WR,Southern Kevin W,Perry Luke A, et al. Trop[ical cystic fibrosis tensmembrane conductance regulator gene
replacement for cystic fibrosis-related disease.The Cochrane Database of Systematic Reviews(6):CD005599.I1SSN 1469-493.
Whipple Tom(2017-03-01).New gene therapy’ shrinks tumors like ice cube’.(http://www.thetimes.co.uk/article/new-gene-therapy-
offers-hope-for-cancer-patients-dl2m7zmzs).The Times.Retrieved 2017-03-01.

Bainbridge JWB,Smith AJ,Barker SS,et al.Effect of Gene Therapy on Visual Function in Leber’s Congenital Amaurosis. N Engl
JMed.2008;358(21):2231-2239.

https://www..fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm574058htm

Human gene therapy(https//books.google.com/?id=FxGjBqEL-3kC& pg+ PA45). DIANE Publishing.ISBN 9781428923713.
Justine Burley,John Harris,eds.(2008).A Companion to Genethics (https:// books. google.com/books?id=FzuwRwhb--
X4C&pg=PA30).John Wiley & sons.ISBN 9780470756379.

Sheridan C.Gene therapy finds its nich.Nat Biotech.2011;29(2):121-128.

Kohn Donald B.Clinical Trials of Gene Therapy for ADA-Deficient SCID(Http:// www. asgct.org/UserFiles/khonslides.pdf)(PDF).
Maguire AM,Simonelli F,Pierce E,et al.Safety and Efficacy of Gene Trandfer for Leber’s Congenital Amaurosis. N Engl
JMed.2008;359(21):2240-2248.

Ghosh Pallab(28 April 2016).Gene therapy reverses sight loss and is long lasting. (http://www.bbc.co.uk/news/science-
environment-36201786).BBC News,Science & Environment.Retrieved 29 Aporil 20016.

Fischer A,Hacein Bey —Abina S,Cavvazana —Calvo M.”20 years of gene therapy for SCID”.Nat Immunol.2010;11(6):457-60.
Ferrua F,Brigida I,Aiuti A.Update on gene therapy for adenosine deaminase deficient severe combined immuniodeficiency.
CurrOpin Allerg Clin Immunol.2010;10(6):551-56.

Cartier N,Aubourg P.Hemopoietic Stem Cell Transplantation and Hempoietic Stem Cell Gene Therapy in X-linked
adenoleukodystrophy. Brain Pathology. 2009; 20(4): 857-62.

Ledford H(2011).Cell therapy fights leikumia. Nature .doi: 10:103 8/ news. 2011. 472(https://doi.org/10:1038%2Fnews 2011.472).

Coghlan Andy(26 March 2013).Gene therapy cures leukemia in eight days
(https://www.newscientists.com/article/mg21729104.100-gene-therapy-cures-leukumia-in -eight-days.html).the News
Scientist.Retrieved 15 April 2013.

Coghlan Any.(11 December 2013)>Souped -up immune cell force lekumia into

remission(https://www.newscietist.com/article/dn22613-soupuped-immune-cells-force-leukimia-into-remission.html)>New
Scientist.Retyrieved 15 April 2013.

Geddes Linda(30 October 2013).’Bubble kid’ success puts gene therapy back on
track(https://www.newscientist.com/article/mg22029413.200-bubble-kid-success-puts-gene-therapy-back-on-
track.html#.UnUSrnC-068).The New Scientist.Retrieved 2 Novemver 2013.

Lewitt PA ,Rezai AR,Leechy MA et al. AAV2-GAD gene therapy for advanced Parkinson’s disease:A double-blind,sham-surgery
controlled,randomized trial. The Lancet Neurology.2011;10(4):309-319.

U.S.National Library of Medicine,Genomic Home Reference.How does gene therapy work
?(Http//ghr.nlm.nih.gov/handbook/therapy/procedures).

Pezzoli D,Chiesa R.De Nardo let al.We still have long way to go to effectively deliver genes. J Appl Biomat
FuncMater.2012;10(2):82-91.

Gothelf  A,Gehl JWhat you always needed to know about the electroporation based DNA
vaccines(Https://mwwnebi.nimnih.gov/pmc/articles/PMC361144).Hum Vaccin Immunother.2012;8(11):1694-702.

Urnov FD, Rebar EJ,Holmes MC,et al.Genome editing with engineered zin finger nucleases. Nature Reviews
Genetics.2010;11(9):636-646.

Porteus MGene Editing: A New Approach to Human Therapeutics. Ann Rev Pharm Toxicol.2016;56:163-90.

Stone D,Niyonzima N,Jerome KR.Genome editing and the next generation of antiviral therapy. Human Genetics.2016;135(9):1071-
82.

Khan FA, et al.( 26 May 2016)CRISPR/Cas9 therapeutics: a cure for cancer and other genetic diseases. Oncotarget. PMID
27250031 (https:// www. ncbi. nlm.nih. gov/ pubmed/27250031).

DOI: 10.9790/0853-1611128995 www.iosrjournals.org 94 | Page


http://clinicaltrials.gov/ct2/show/NCT02247843).ClinicalTrials.gov.U.S.National
http://www.theguardian.com/science/2015/nov/o5/baby-girl-isfirst--in-the-world-to-be-treated-with
http://www.bbc.co.uk/news/health-34994-180).BBC
http://www.bbc.co.uk/news/health-34994-180).BBC
http://www.thetimes.co.uk/article/new-gene-therapy-offers-hope-for-cancer-patients-dl2m7zmzs).The
http://www.thetimes.co.uk/article/new-gene-therapy-offers-hope-for-cancer-patients-dl2m7zmzs).The
https://www..fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm574058htm
http://www.bbc.co.uk/news/science-environment-36201786).BBC
http://www.bbc.co.uk/news/science-environment-36201786).BBC
https://doi.org/10:1038%2Fnews
https://www.newscientists.com/article/mg21729104.100-gene-therapy-cures-leukumia-in
https://www.newscietist.com/article/dn22613-soupuped-immune-cells-force-leukimia-into-remission.html)%3eNew
https://www.newscientist.com/article/mg22029413.200-bubble-kid-success-puts-gene-therapy-back-on-track.html#.UnUSrnC-068).The
https://www.newscientist.com/article/mg22029413.200-bubble-kid-success-puts-gene-therapy-back-on-track.html#.UnUSrnC-068).The
https://wwwnebi.nlmnih.gov/pmc/articles/PMC361144).Hum

Gene therapy: Recent development, benefits and pitfall

[57].
[58].
[59].
[60].
[61].
[62].

[63].
[64].

[65].
[66].

[67].

[68].
[69].

[701.

[71.
[72.

[73.
[74].
[75].
[76].
[771.

[78].

[79].
[80].

[81].
[82].

[83].
[84].

[85].

[86].

Ledford Heidi(12 October 2016).CRISPR deployed to combat sickle-cell anaemia(http//www.nature.com./news/crispr-deployed-to-
combat-sickle cell-anaemia-1.20782)Nature.Retrieved 13 October 2016.

MAwvillo F,Ferrari GGenetic modification of somatic stem cells.The progress,problems and prospects of a new therapeutic
technology.EMBO Rep 9 Suppl 1.2008;S64-9.

International Law(https://web. archive.org/ web/2014 0902072742/ http//
www.dnapolicy.org/policy.international.php?action=detail& laws_id=38),The Genetics and Public Policy Center,Johns Hopkins
University Berman Institute of Bioethics.2010.

Strachnan T,Read AP.(2004).Human Molecular Genetics(3™ ed.).Garland Publishing.p.616.ISBN 0815341849.

Hanna K(2006).Germline Gene Transfer(http://www.genome.gov/10004764).National Human Genome Research Institute.

Korthof G.the implications of Steel’s some-to-germline feedback for human gene
therapy(http://wasdarwinwrong.com/kortho39ahtm).

Woods NB,Bottero V,Schmidt M,et al.Gene therapy: Therapeutic gene causing lymphoma.Nature.2006;440(7088):1123.

Young Susan(1l February 2014).Genome Surgery(http:www..technology/ review.com/review/524451/genome-surgery/)MIT
Technology Review.Retrieved 17 February 2014.

Gene therapy needs a hero to live up to the hype. New Scientist(31 October 2013).
ORNL.gov(http://www.ornl.gov/sci/techresources/Human_Genome/medicine.genetherapy.shtml#status)ORNL.gov.Retrieved 15
December 2012.

Frank KM,Hogarth DK,Miller JL,et al.Investigation of the Cause of Death in a Gene Therapy Trial.N Engl J Med.2009;361(2):161-
169.

Liang Puping et al. CRISPR/Ca9-mediated gene editing in human tripronuclear zygotes.Protein & Cell.2015;6(5):363-72.

Wu Yuxuan,Zhou Hai,Fan Xiaoying ZY et al.Correction of a genetic disease by CRISPR-Cas9-mediated gene editing in mouse
spermatogonial stem cells.Cell Research.2015;25(1):67-79.

WADA Gene Doping (https:// web.archive.org /web/2009 1121 094012 /http//www.wada.ama.org/en/Science-Medicine/Science-
topics/Gene Doping/)WADA.

Kayser B,Mauron A,Miah A.Current snit-dping policy:A critical appraisal. BMCMedical Ethics.2007;8:2.

Powell R,Buchanan A.Breaking Evolution’s Chains:Prospect of Deliberate Genetics Modification in  Humans.J
MedPhilosop.2001;36(1):6-27.

Gene Therapy and Genetic Engineering(Http://ethics Missouri.edu./Gene-Therapy. aspx). Archieved 3 December 2013.

Allhoff F. Germ-line Genetic Enhancement and Rawlsian Primary Goods.Kennedy Institute of Ethics Journal.2005;15(1):39-56.
Ethical Issues related to prenatal genetic testing.The Council of Ethical and Judicial Affairs,American Medical
Association.Archives of Family medicine.1994;3(7):633-42.

The Declaration of Inuyama:Human Genome Mapping,Genetic Screening and Gene Therapy(https://web archive. org/web/ 20010
8050 855 35/ http:// www. Cioms.ch/frame_1990_texis_of_guidelines.htm).cioms.ch

Smith  KR,Chan S,Harris J.Human Germline genetic modification:scientific and  bioethical perspectives.Arch
MedRes.2012;43(7):491-513.

Wade Nicholas(19 March 2015).Scientists Seek Ban on Method of Editing the Human
Genome(https://www..nytimes.com/2015/03/20/science/biologist-call-for-halt-to-gene-editing-technoque-in-humans.html).New
York Times.Retrieved 20 March 2015.

Harmon Amy(2017-02-14).Human Gene Editing Receives Science Panel’s
Support.(https://www.nytimes.com/2017/02/14/health/human-gene-editing-panel.html).The New York Times.ISSN 0362-4331.
Scientists OK genetically engineering babies(Http//nypost.com/2017/02/14/scientists-ok-genetically-engineering-babies).New York
Post.Reuters.2017-02-014.

Rein DT,Breidenbach M,Curiel Dt.Current developments in adenovisus-based cancer gene therapy.Future Oncol.2006;2(1):137-43.
Mengesha.Clostridia in Anti-tumor Therapy.Clostridia:Molecular Biology in the Post-genomic Era.Caister Academic Press.ISBN
978-1-904455-38-7.
Human Genome Organization.HUGO Ethics Committee(april 2001).Statement on Gene Therapy Research (https:// web. Archive
.org/web /2008 0907 065932/ http: www..hugo-international.org/img/gene_2001.pdf).

National Institute of Healtg.NIH Guidelines for Research Involvinh Recombinant or Synthetic Nucleic Acid
Molecules(http://osp.od.nih.gov/office-biotechnplogy-activiries/ biosafety/nih-guidelines)Revised April 2016.

U.S.Department of Health &Human Services.The National Commission for the Protection of Human Subjects of Biomedical and
BehavioralResearch.The Belmont Report:Ethical Principles and Guidelines for the Protection of Human Subjects of
Research(https://www..gov./ohrp/humansubjects/guidance/belmont.html).18 April 1979.
U.S. Food and Drug Adminstration. Application of Current Statutory Authorities to Human Somatic Cell Therapy Products and Gene
Therapy Products. Federal Register.1993;58(197).

DOI: 10.9790/0853-1611128995 www.iosrjournals.org 95 | Page


http://www.genome.gov/10004764).National
http://wasdarwinwrong.com/kortho39ahtm
http://www.ornl.gov/sci/techresources/Human_Genome/medicine.genetherapy.shtml#status)ORNL.gov.Retrieved
http://ethics/
https://web/
https://www..nytimes.com/2015/03/20/science/biologist-call-for-halt-to-gene-editing-technoque-in-humans.html).New
https://www.nytimes.com/2017/02/14/health/human-gene-editing-panel.html).The
http://osp.od.nih.gov/office-biotechnplogy-activiries/%20biosafety/nih-guidelines)Revised
https://www..gov./ohrp/humansubjects/guidance/belmont.html).18

