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Gene Therapy: How close to clinical reality?

Genetherapy may bedefined astreatment by manipul ation of gene(s). At present, such
manipulation ispermitted only in somatic cells (somatic cell genetherapy) but notin
gonadal/gametic cells (germline gene therapy). In case of agenetic disease dueto a
defective/missing geneproduct, e.g. haemophiliaor cysticfibrosis, thediseasecan be
treated by inserting the ‘normal’ gene in cells of interest to produce the desired
therapeutic protein. On the other hand, in diseases where the manifestations of a
disease are due to the product of the gene itself (or dominant negative effect), e.g.
mutated proto-oncogenein various cancers, the disease can be corrected by shutting
off the responsible gene (by anti-sense technology or siRNA interference). A third
approach isto insert a gene that confers a new property which may be beneficial in
controlling the disease, e.g. agene for immune stimulation (such astheinterleukin-2
gene), or create anew metabolic path (such as herpes simplex tk [thymidine kinase]
gene) for thetreatment of cancer. Unlikehumantk, theintroduced viral tk metabolizes
ganciclovir (prodrug) to an active anticancer drug. All thethree approachesare being
tried in various ongoing gene therapy trials.

The first gene therapy trial in humans was approved by the Recombinant DNA
Advisory Committee (RAC) of theNational Institutesof Health (NIH), USA in1989.
Since then, more than 1300 clinical trials (the database is avail able at the Journal of
Gene Medicine’'s Gene Therapy Clinical Trials Worldwide websites at http://
www.wiley.co.uk/genmed/clinical and at http://www.genether apyreview.com), using
over 100 genes have been carried out all over the world till 2007.2 The review by
Edelstein et al. provides agood summary of the disease conditionstreated, the genes
and vectors used, and the phases of various clinical trials.? The status of research in
Indiain thisfield has been reviewed recently by Mulherkar.®

For a better understanding of various issues involved, it is necessary to have a
brief idea about the technique of gene therapy.* Simply, gene therapy consists of the
following steps:

1. Construction of a desired transgene with appropriate promoter, regulator and
integrationsignals

2. Genetransfer, viaviral or non-viral delivery methods; whichistargeted, efficient,
safe and long lasting

3. Gene expression, in an adequate number of desired cells, in adequate amounts
(regulated, if possible), for an adequate length of time and without any ill-effect
of the gene product

4. Therapeuticcorrectionand modification of thecourseof thediseasewithimproved
quality of life.

An approach that has been commonly used to achievelong-lasting expression of a
therapeuti c geneisto combinegenetherapy with stemcell therapy, alsoknown asstem
cell gene therapy. In this procedure, the bone marrow of the individual to be treated
is aspirated to obtain CD34 positive autologous haematopoietic stem cells (HSC).
Thesecellsarefirst enriched and expandedinvitro, and then transduced with anormal
genethat isdefectiveinthe condition to betreated, using asuitable vector. The vector
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commonly usedisgammaretrovirus(that hasbeen rendered replication-incompetent)
because of its capacity to stably integrate into the cell genome. The transduced stem
cells, with or without selection, are then transplanted back into the patient. This
procedure is called ex vivo gene therapy since the transduction is done outside the
body.

Experienceover thepast 20 yearshasshownthat all theabove stepscan beachieved
in humans, though safety and efficacy issues have not yet been resolved compl etely.
Of the 1309 trialsreviewed by Edelstein et al.,? only 32 werein phaselll. Most of the
others had not crossed phase | or phase Il. It was only in the year 2000 that a
breakthrough was achieved in the treatment of X-linked severe combined
immunodeficiency disease (SCID-X 1) dueto cytokine receptor gene (<c) deficiency,
producing agamma chain subunit of several cytokinereceptors(IL-2, 4, 7,9, 15and
21 R). In 2000, the group of Cavazzana-Calvo and Fischer from Paris reported
complete immunological reconstitution in 2 children with SCID-X1 following
transplantation of genetically corrected autol ogous CD 34+ stem cells.56 Both patients
showed a remarkable immunological recovery within 3 months of a gene-modified
autologousHSC transplantation. Ten childrenwererecruitedinthetrial between 1999
and 2002. Nine of the children showed emergence of gene-corrected T and NK
lymphocytes, andin 7 of them theimmunol ogical reconstitution hasbeen almost full.”
After 7.5 years, these children areliving normally. Another group of 10 children with
SCID-X1 has been successfully treated by the London group.t® Unfortunately, the
success hasbeen marred by devel opment of |eukaemiaduetoinsertional mutagenesis
in’5 of the 20 children who had been treated—4 in the Parisgroup and 1intheL ondon
group; of whom 1 has succumbed to the disease.>*2

A recent report of the long term success of gene therapy in 8 of 10 patients with
SCID due to adenosine deaminase (ADA) deficiency has rekindled the hope that
gene therapy might have arrived.’* These patients have remained clinically and
immunologically well without ADA replacement at 1.8-8.0 (median 4.1) years
followinginfusion of autologous CD34+ bonemarrow stem cells, transduced withthe
ADA gene, using a gamma retroviral vector (the European Medicines Agency has
designated the product as an orphan drug). The other 2 patients are alive but had to
restart ADA therapy, one at 0.4 yearsand the other at 4.5 years after the gene therapy.
In5responders, gammaglobulin replacement hasbeen stopped astheirimmunoglobulin
levels and response to antigens/vaccines has become adequate. Six children have
started going to school regularly. The success of the Italian group compared with
previous efforts in this area has been attributed to (i) stopping ADA replacement
therapy 3 weeks before infusion of transduced cells, providing selection pressure for
corrected cells to proliferate, (ii) use of non-myeloablative conditioning for HSCT,
and (iii) use of adequate numbers of infused transduced stem cells.”® There was no
adverse vector- or gene-related side-effect in these patients' unlike the SCID-X1
patients treated earlier with an almost similar protocol. While this can be considered
tobeadream cometrue, thiscorrection hasto persist for along time, and reasonshave
to be found for the lack of insertional oncogenesisin these patients.

The occurrence of insertional oncogenesis has raised serious concerns regarding
the safety of viral vectors, particularly gammaretroviruses.®® Four patients of SCID-
X1 treated at Paris developed T-cell acute leukaemia; 2 were reported in 2003 and 2
in 2008 after 30—68 months of successful genetherapy.'®! Three of the 4 patientshad
insertion of the vector 5 to LMO2 proto-oncogene (one had a second insertion near
BMI1 aso), and the fourth patient had an insertion near CCND2. Additional genetic
abnormalities were seen in all the patients. Integration of vector 5° to the gene was
associated with overexpression of related cellular oncogenes, but by itself was not
sufficient for leukaemogenesis. Therol e of thetransduced gene and al so the nature of
the underlying disease have been implicated. Incidentally, 1 of the 10 patientstreated
inLondon al so devel oped acuteleukaemia, and asimilar insertion near theLMO2 gene
wasal so seeninthispatient.? Ontheother hand, noneof the 10 patientsof ADA-SCID
treated with gene therapy developed any T cell clonal proliferation despite being
treated by a similar gamma retrovirus vector, and its insertion was also near the



THE NATIONAL MEDICAL JOURNAL OF INDIA

VOL. 22, NO. 1, 2009 3

LMO2 and CCND2 gene in some patients.’® Due to this reason, thetrial in Paris has
been put on hold and scientists are back to the bench to redesign safer methods of
introducing adesired geneinthetarget cells.2217 In addition, the choice appearsto be
shifting from retrovirusesto adenovirusesasviral vectorsfor genetherapy. But then,
we cannot forget the death of Jesse Gelsinger in 1999 caused by an overwhelming
systemicinflammatory reactiontotheadenoviral vector usedfor histreatment.'® (One
more patient died of arthritis on 24 July 2007 after receiving the second dose of an
experimental therapeutic gene. The US Food and Drugs Administration [FDA] did
not attribute the death to gene therapy.'®)

So, shall we celebrate the success or procrastinate due to the hazards? It would be
prudent to choose the middl e path. The success of genetherapy inimmune deficiency
statesmay beaspecial situationdueto proliferativeadvantage of genetically corrected
cells, but for other indications the challenge of targeted, safe, efficient, long term
transduction of transgenes still needsto be overcome.™ Theresults of ongoing phase
[11 clinical trialsof genetherapy areexpected to comeinthenext 12—-18 months, which
may provide amorerealistic assessment of the status of genetherapy. The State Food
and Drug Administration of China has licensed the manufacture and marketing of
adenovirus-p53 injection (trademarked as Gendicine) for treatment of head and
neck squamous cell carcinoma in 2003.24?? Five products in phase Il trials are
(i) adenovira (Ad) HSV tk for glioblastoma, (ii) Ad-p53 for head and neck cancer
and Li—Fraumeni syndrome in the USA, (iii) allogeneic prostate cancer cell line
transduced with granulocyte macrophage colony stimulating factor (GM-CSF) as
prostate cancer vaccine, (iv) tumour cells transduced with TGF-b for non-small cell
lung cancer, and (v) intratumoral injection of major histocompatibility complex
(MHC) antigen in anon-viral vector for melanoma.z

Thesuccessof genetherapy in SCID, bothin SCID-ADA and SCID-X 1, hasbeen
glaring.”*** Even though anumber of children did develop aleukaemia-likeillness, a
majority of them have been able to lead a quality of life which would have been
otherwiseimpossible. Considering the hopel essness of the alternatives, scientistsand
pharmaceuti cal companiesarelooking for whatever gainsarepresently possible, with
an eye on continued development in the future. Considerable effort is being made
to improve gene delivery tools, both viral and non-viral 13152 A group of scientists
havebeen abletotarget insertion of the phenylalaninehydroxylasegenetothedesired
site. Attempts are al so being made to swap the abnormal gene by anormal gene by
homol ogous recombination, or reversing the mutation in the defective gene.*® Thus,
while there have been setbacks, and no definite time-frame may belaid, the future of
genetherapy still remains bright. If not tomorrow, gene therapy in the clinic may be
there the day after tomorrow.
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L essons from the Challenges of
Polio Eradication in India

In 1988, Indiaresolved to eliminate the transmission of wild polioviruses (WPV's) by
the year 2000, but failed; in 2002, the target was revised to 2005. However, the
endemictransmission of WPV types1and 3 continuesevenin2009.2 India’ sproblems
onthepolio eradication front are symptomatic of thedefectsin her healthsystem.*The
only other countrieswith uninterrupted endemic transmission of WPV s are Pakistan,
Afghanistan and Nigeria, al with weak health systems.

Readersmay recall the debate on the proposed health system reformsbetween two
rival political party candidatesintherecent el ectionfor President of theUSA. InIndia,
the political party that winsamajority formsthe government, which implements the
party’s policy on health system. | am unaware whether any political party addresses
issues related to the maladies (and the possible remedies) of our health system. So,
thereisno reform to implement though, in my opinion, reformisurgently requiredin
the health sector.

The inordinate delay in polio eradication suggests systemic deficiencies in our
health infrastructure, especially regarding the organization of the health system and
the sharing of responsihilities between the Centre and the states.®

The health system in the context of polio eradication

India’s health system should consist of two arms: ‘medical care —focusing on
individuals, particularly after they fall ill, for restoration to health; and ‘public
health’—focusing on the community and the environment for breaking the chains of
transmi ssion of infectionsto control endemic diseasesand outbreaks. Medical carefor
rural communitiesispredominantly inthepublic sector but remainsminimalistinspite





