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Introduction

In the dawn of this new century, advances in our understanding of the intricate molecular mechanisms of human life in health and disease states are introducing a paradigm shift in medicine. Disruptive innovations in the way diagnosis, prevention and therapy of most alienating diseases will be carried out, are underway. Three major technical developments in genomics, biological drugs design and gene editing are significantly reshaping the medical landscape. These developments are the results of the translation of a significant amount of scientific knowledge and technological advances into medical practices. This knowledge was accumulated in the fields of genetics and from the unraveling of the human genome [1], in biotechnology with the discovery of a more accurate ways to edit genes and in genetic engineering with the industrial production of powerful biological products (the "biologics") for the treatment of a variety of pathological conditions, ranging from cancer to chronic diseases.


Genomics

Genomics is the study of the genomes (genes+chromosomes) particularly the entire set of genes that are needed for the development and functioning of each cell of every living organism. Genomics refers to the analysis of a genome anatomically (sequences and organization) [2] and physiologically (expression and regulation) [3]. Genomics has evolved as a medical science and is becoming applied to the medical practice following the automation of the original set of enabling technologies such as gene cloning, DNA sequencing and DNA typing and profiling which emerged concomitantly with the completion of the human genome project [4]. The novel generation sequencing of DNA and RNA [5,6] combined with powerful computing analysis tools made all the patient genetic data at reach of the clinician. The latest DNA typing technologies allow timely genome wide scans [7]. Hence, medical applications for better diseases’ diagnosis, treatment, and prevention" are rapidly developing.


Numerous translations of genomics into medicine practice are recorded among which the following:


i.	The application of up to 50 tests for the diagnosis of inherited, treatable genetic diseases in newborn screening programs [8].

ii.	The use of Pharmacogenomics which involves using the data of an individual’s genome polymorphic markers to determine whether a particular therapy, or dose of therapy, will be effective [9].

iii.	The disclosure of pharmacogenomics information’s in the labels of about 100 drugs, in diverse fields such as analgesics, antiviral, cardiovascular drugs, and anti-cancer therapeutics.

iv.	The use of genome sequencing to detect mutations across the entire genome simultaneously for a much larger number of diseases or conditions. Indeed, this has been shown to provide a useful differential diagnosis within 50 hours for children in the neonatal intensive care unit [10].

v.	The testing of transplanted heart rejection by measuring the levels of cell-free circulating DNA from the donor organ in the recipient’s blood stream. The level of this DNA correlates with the severity of the rejection event [11]. Testing of Cell-free circulating DNA is also being explored as a biomarker for cancers. Tumor cells release fragments of their mutated DNA into the bloodstream. Sequencing this DNA can give insights into the tumor and possible treatments, and even be used to monitor tumor progression [12].

vi.	The availability of about 100 nucleic acid-based tests for microbial pathogens.

vii.	The use of DNA sequencing in the investigation of infectious disease outbreaks, including Ebola virus,drug-resistant strains of Staphylococcus aureas and Klebsiellapneumoniae, as well as diagnosis of bacterial meningoencephalitis and rapidly identifying the correct therapeutic agent for the patient.


Gene Editing

Gene editing is the latest development of genetic engineering. It is a set of technologies that allow to accurately modifying the genetic information contained in the DNA of a living organism. Gene editing enables the alteration of genetic information by adding or deleting DNA sequences and by replacing the genetic code in a precise position of the genome. It is achieved through the use of nucleases called "molecular scissors". Four major gene editing technologies are currently being used; all of them are based on the use of endonucleases. These technologies are namely, the Meganucleases, the Zinc Finger Nucleases (ZFNs), the Transcription Activator-Like Effector Nucleases (TALENs) and the Clustered Regulatory Interspaced Short Palindromic Repeats (CRISPRs) [13]. While they are equally highly specific, these technologies differ in their adaptability, with the mega nucleases and ZFNs being the most difficult and technically demanding and CRISPRs being the simplest and less expensive one. Even though CRISPRs is an error-prone process and may lead to off target alterations, it is the most popular among scientists and extensive research and development is showing that the drawback can be overcome. Gene editing can be carried out in ex vivo as well as in vivo.


Translations of gene editing into medicine practice are expected to explode and some applications are already progressing among which the following:


A.	For Hemophilia: Method of gene editing using a system that delivers a ZFNs and then inserts the corrected clotting factor gene to the liver of patients with hemophilia is underway. Trial enrollment is currently active at the City of Hope in California and the first patients expect to be treated in the very near future [14].

B.	For HIV: A clinical trials in humans targeting the CCR5 gene, which makes a protein that HIV needs to get into human cells was carried out in 12 patients. This was the first nuclease-mediated gene editing for HIV treatment [15].This trial started by designing zinc finger nucleases to target the CCR5 gene, for use ex vivo to knockout the CCR5 gene in immune cells collected from patients with HIV. Cells in which the CCR5 gene is knocked out were completely resistant to infection by HIV. It was also shown that these cells are able to function normally to fight infections, in contrast to cells infected with HIV.

C.	Gene editing trials for patients with Cancer have recently begun in China, and a number of other trials in the US [16,17].


Biologics

At the opposite of conventional chemical drugs, biological drugs or "biologics" [18] are biological products that are made of proteins, nucleic acids, carbohydrates or complex combinations of these substances. They can even be living entities such as cells and tissues. Biologic products are effective to treat, cure, prevent or diagnose diseases and medical conditions. These products are made from a variety of natural sources such as human, mice, bacteria, yeast, mammalian cell culture, avian cell culture, insect cell culture, plant cell culture, and transgenic animals and plants. Biological drugs can be human tissues, whole blood, blood derivatives or blood components, xenotransplantaion products, recombinant proteins such as insulin, human growth hormone, erythropoietin, interferon's and other cytokines to name but a few. Vaccines (preventive or therapeutic) as well as allergenic extracts, cellular therapies including the one that uses stems cells [19], gene therapy products, RNA interference [20] and antisense therapy [21], fall under the classification of "biologics" for most of the world health and pharmaceutical regulation agencies. Within the harmonious development of this new class of health care products, Monoclonal antibodies (Mabs) (humanized or human) have emerged as blockbusters of the biopharmaceutical industry after showing a significant advantage in the treatment of a variety of diseases mainly cancers. As a consequence Mabs became the hallmarks of cancer (Table 1). According to America"s biopharmaceutical research companies, in the year 2013, 65% out of the 900 "biologics" under development, was Mabs and vaccines, respectively 37% and 28% [22].



Table 1: Hallmark of cancer therapeutic monoclonal antibodies: The top five selling therapeutic Mabs in 2015 with their target antigens and clinical indications.
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The main features that distinguish "biologics" from chemical drugs are related to molecular weight and structural complexity. This complexity is reflected in the manufacturing processes used to produce "biologics" that are by far more sophisticated, costly and technically demanding. As a consequence "biological" are less easily characterized then chemical drugs which hampered the development of their generic form or Biogenerics. Indeed the world big regulation agencies such as the FDA (the US Food and Drug Agency) and EMEA (European Medicine Agency) have been approving biosimilars in a case by case through some kind of Habeas corpus (Figure 1).
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Figure 1:     The new medical paradigm shift: Between the middle age and the twentieth century, the medical practice shifted from anempirical patient centered model (home family doctor) to a doctor centered, population-based and ‘one drug fits all' treatment model within an established medical institution. The accumulation of tremendous medical scientific knowledge and technological advances are currently gearing the medical field toward another form of scientifically patient-centered model with focused personalized treatment and rational companion diagnostic.


 

No matter how fast these three technologies are making their way into the medical field, their development will always remain the underlying cause behind the shifting from the empirical 'one drug fits all' therapeutic practice to a novel type of personalized medical practice. Rational companion genetic testing will be used to back biological drug clinical efficiency by identifying the most genetically qualified patient subgroup. Precision gene editing will correct all genetic alterations associated with diseases and gene therapy should become a safe, routine procedure. The concomitant development of bioinformatics is playing a major role in accelerating the move toward the new 21st century medical paradigm. These technologies will definitely bolster medicine in the short term. Nevertheless, the use of these new technologies is not free from ethical [23] and economic [24] issues that urgently need to be sorted out for this new paradigm to thrive.
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