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Alternative but not Opposing 
Path to Gene Therapy
Maria Kontoyianni*
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USA

A decade ago, the human genome project was released 
making available an individual’s or an organism’s approximate 
23,000 protein-coding genes with the underlying and seemingly 
well-founded hope at the time that gene therapy was closer than 
ever [1]. In a strict sense, gene therapy equates with replacing 
a faulty gene or adding a new one in order to cure a disease or 
improve the organism’s ability to fight disease. However, this 
implies that challenges pertaining to uptake and regulated 
expression of foreign genes by host cells ought to be addressed.  
Specifically, gene delivery to the right cells, activation of gene 
expression, immune responses and ability to escape the body’s 
natural surveillance systems are well documented and critical 
issues remaining problematic to date [2]. Despite an explosion 
in the understanding of the basic biological processes underlying 
many human diseases, the prospects for the widespread use of 
successful gene therapy are yet to meet the hype and excitement 
of the early days.   Thus, the question arises: “Is gene therapy an 
unattainable dream? Have we made strides in spite or because of 
its severe hurdles?”  

The industry has historically proven to be adaptable and 
resilient in its ability to capitalize on the enormous masses of 
data stemming from various technologies introduced over the 
years. Consequently, it has: 1) Exploited genomics results and 
the congruent choice of receptors on a support basis in hopes 
of revolutionizing major bottlenecks in gene therapy, and 2) 
Focused on a path deviating from the original, highly ambitious 
goal of gene-based disease treatment toward genetic testing and 
personalized medicine [3,4].  Admittedly, we are removed from 
the days when we dreamed that surgically replacing a defective 
gene to cure a genetically inherited disease would be a smashing 
success. Nevertheless we adopted a two-fold approach, in that 
we shifted toward addressing the immune-mediated response 
and the complications stemming from insertional mutagenesis in 
gene therapy protocols, while at the same time pursued genetic 
tests and molecular diagnostics to enable disease treatment on an 
individual level. Addressing the variability in patients and their 
responses to therapeutic interventions, as opposed to treating 
all individuals as a continuum, has expedited the momentum in 
clinical medicine. 

Personalized medicine is an integrated approach to targeted 
therapy driven by and adjusted to the genetic variability of 

patients’ responses to drug treatments. In spite of obstacles and 
unlike gene therapy, which is still in clinical trials at best, [5] 
personalized medicine has made its way to clinical practice with 
FDA-approved companion diagnostics.  The National Institutes 
of Health (NIH) and the Food and Drug Administration (FDA) 
joined forces in envisioning an in-sync scientific and regulatory 
approach to steering patients to the right drug. The critical 
steps to marrying personalized medicine with the clinic are: 1) 
Identification of individuals with a predisposition for a certain 
disease; 2) Assessment of the precise nature of a disease; 3) 
Matching an individual’s genetic profile with the likely effect of a 
particular drug; 4) Development of policy and education strategies. 
It would help to address the objectives of the two disciplines, 
pharmacogenomics and pharmacogenetics, inherently associated 
with three of the critical steps at the outset, even though they have 
consistently been used interchangeably. Pharmacogenetics is the 
study of genetic variation that is deemed responsible for varying 
responses to drugs, while pharmacogenomics is the broader 
application of genomics to drug discovery. Thus, matching an 
individual’s genetic profile to the likely effect of certain drugs [6] 
can help avoid hypersensitivity reactions to certain medications, 
[7,8]  correlate tumor mutations with drug efficacy, [9-11] 
and identify poor metabolizers, that will inadvertently reduce 
the drug’s efficacy. Genomics technologies have brought the 
cost of sequencing from the original US$1 billion price tag to 
approximately $1,000, [4] and in turn enabled the identification 
of novel targets, including mutants in disease states. The latter has 
successfully been coupled with drug discovery specifically aimed 
at the mutant protein [12]. The aforementioned technologies 
resulted in 1,000 to 1,300 genetic tests for a total of 2,500 rare and 
common conditions; genetic testing uses diagnostic approaches 
to analyze various aspects of an individual’s genetic material, 
as well as gene by-products (biomarkers), such as proteins, 
enzymes, metabolites. Diagnostic testing identifies patients who 
can benefit from targeted therapies. It would thus follow that the 
success of personalized medicine is highly dependent upon the 
accuracy of diagnostic tests that identify patients who can benefit 
from targeted therapies. This is also tied with the review and 
approval processes by the FDA in order to avoid erroneous usage 
of these tests. Consequently, the road to individualized medicine 
is mapped out and well on its way to making headways. 
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Have we then moved fast enough in the last 10 years? Given 
the complexity of the human body and the molecular processes 
involved, we have definitely made advances that are noticeable. 
Gene therapy may have not materialized yet, but the reality that 
almost all genetic tests are available in clinical settings provides 
us with the reassurance that the last decade has been prolific 
in moving forward by appreciating individualized responses to 
therapy and how to circumvent them. Besides, the potential of 
microRNAs to be used as vectors modulating gene expression 
offers a new avenue in gene therapy that parallels the progress 
made in personalized medicine.     
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