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Course A: Medicinal Chemistry:

A. Gene therapy: 
· Gene therapy is defined as a modern tool that involves the replacement of a faulty or disease-oriented gene responsible for causing a certain disease with a normal new gene in order to prevent or stop the disease in humans. In simple words, treating genetic disorder-induced diseases, which generally cannot be treated by conventional methods
· The term "gene" was coined by the Danish plant scientist Wilhelm Johannsen in 1907. ( “gen” in Danish and German). With the advancement and knowledge of molecular biology in the early fifties, the gene is simply defined as a nucleotide sequence that stores the genetic information which determines the order of the monomers in a functional polypeptide or RNA molecule or set of closely related isoforms. 
· The current human genome sequence contains 2.85 billion nucleotides interrupted by only 341 gaps which reside in the 23 pairs of chromosomes within the nucleus of all cells.  It covers approximately 99% of the euchromatic genome and is accurate to an error rate of approximately 1 event per 100,000 bases. The near-complete sequence, the first for a vertebrate, greatly improves the precision of biological analyses of the human genome including studies of gene number, birth, and death. Interestingly, the human genome seems to encode only 20,000-25,000 protein-coding genes. 
· DNA consists of two twistings, paired strands which are made of four nucleotide bases viz.  adenine (A), thymine (T), guanine (G) and cytosine (C). 
· Being a unique technology, Gene therapy is treating of genetic disorder-induced diseases, which generally cannot be treated by conventional methods. Thus, Gene therapy holds promise for curing many diseases viz.  Cancer, cystic fibrosis, heart disease, diabetes, hemophilia, and AIDS. Thus, Gene therapy has emerged as a promising strategy for the specific treatment of human genetic diseases
· Extensive efforts have been made across the world to formulate a convenient way for Gene therapy; however, the safety and effectiveness of gene carriers remain as major challenges. Researchers are still searching for  a way how and when to use gene therapy. 
· The most difficult task is the delivery of a gene into the stem cell. 
· Commonly applied” viral vectors should be very specific, show efficiency in the release of genes of the various sizes require for clinical applications, not be recognized by the immune system, and easy to purify in large quantities and high concentrations for general use. 
· Once the vector is inserted into the patient, it should be safe and not induce allergic reactions or inflammatory processes; it should increase the normal functions, correct deficiencies, or inhibit deleterious activities.  More importantly, the vector should be capable to express the gene for the patient’s entire life.
Example 1: 
An   adenovirus vector (Adv)   was modified using maleimide polyethyleneglycol (PEG).  Further, Adv-PEG was cross-linked through with tumor homing peptide, CGKRK to CGKRK-conjugated Adv. The internalization of the CGKRK-conjugated Adv. was easily achieved since the cell surface contains through the strong affinity of cell-surface heparan sulphate present on the cell surface to CGKRK-conjugated Adv    gave better internalization and hence inhibition of gene expression in the liver.
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              Figure 1.  Synthesis of Adv-PEG- CGKRK
                       Ref. Biomacromolecules 2012, 13, 8, 2402-2409
· Other than viral vectors, several other options have been explored.  Non-viral carriers and more recently nanoparticles based have shown very promising results. But still needs more research. 

· Nonetheless, wide range application of gene therapeutics still faces many unavoidable challenges related to disease prevention and treatment. Dilemmas encountered in polycation-based non-viral gene therapy, include surface potential, particle size, molecular weight, cytotoxicity, amphiphilicity, and stability of nanoparticles. 
Example 2.  It is an example of non-viral gene carriers having low toxicity and high transfection efficiency.  It is synthesized using the hyperbranched hydroxyl-rich polycations (TE) was synthesized by reaction between   ethylenediamine (ED) and 1, 3, 5-triglycidyl isocyanurate (TGIC).  TE showed low cytotoxicity and good protein absorption property. Anti-oncogene p53 was delivered using TE for in-vivo tumor inhibition and in vivo results were encouraging.  
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Figure 2.   Schematic illustration of the preparation process of hyperbranched hydroxyl-rich TE  (Ref. ACS Appl. Mater. Interfaces 2016, 8, 43, 29334-29342
Example 3 
Synthesis of folic acid coated PEI/pDNA complex   is very simple.  Being a positively charged pDNA will strongly interact with negatively charged PEI to form PEI/pDNA complex.  Folic acid was   decorated on PEI/pDNA complex electrostatically that will form anionic nanoparticles at a   charge ratio greater than 60. The addition of folic acid to the PEI/PDAN complex reduces its cytotoxicity significantly to the melanoma cell line B16-F10 cells which expressed FA-specific receptor (FR). The gene expression of FA60/PEI/pDNA complexes showed significant inhibition of gene expression. 
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Figure 3. Formation of novel gene delivery vector electrostatically coated by folic acid.   Mol. Pharmaceutics 2011, 8, 3, 913-919

B. Antigene and antisense Oligonucleotides 
· Antisense DNA technology is a method to downregulate the production of a protein by using antisense DNA or RNA molecules. An antisense sequence is 15-20 nucleotides DNA or RNA that is perfectly complementary to the target nucleotide sequence present in the cell. There are two possible mechanisms for an antisense effect. The method that relies on targeting of the mRNA is called the antisense strategy through Watson-Crick hydrogen bonding. When the double-stranded DNA or genes situated in the nucleus are targeted, the approach is called the antigene strategy through Hoogstein base pairing. (Figure 4).   The antisense strategy is well established with several examples of in vitro and in vivo applications, the antigene approach is still in its infancy and research is still   in progress.

·  The antisense effect of an oligonucleotide was first successfully demonstrated in 1970 by      PC Zamecnik and Stephenson in Roussarcoma virus and antisense oligonucleotide binds through Watson-Crick hydrogen bonding. (Figure 5).

· Since phosphodiester oligonucleotides are degraded by the intracellular endonucleases and exonucleases activity, several modifications such base modifications, sugar modifications, and phosphate modifications have been made in order to make oligonucleotides nuclease resistance as shown in   Figure 6.   All these modifications were within the phosphodiester oligonucleotides.
·  Recently, Peptide-nucleic  acid ( PNA ) was invented by Danish Scientist Prof. Peter E Nielsen  in  1991 in which sugar phosphate back has been replaced by pseudo-peptide 2-aminoethlyglycine which make it nuclease resistance in cell..
· PNA shows better affinity and strong binding with complementary DNA or RNA due to absence of charge since PNA is neutral molecule unlike DNA or RNA.  Therefore, it is widely used as antisense through Watson Crick hydrogen bonding and antigene through Hoogstein binding. However, it poor cellular uptakes. 
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                   Figure 4. Chem. Rev. 2012, 112, 3, 1284-1309
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                                 Figure 5.  Hydrogen Bonding   in DNA
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Figure 6:  Various Modifications in DNA
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Figure 7: Structures of PNA and DNA monomers.
