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Editorial

According to an estimate of WHO, 35.3 million people were living
with HIV/AIDS (PLWH) globally at the end of 2012 which included
about 0.8% of adults aged 15-49 years. According to (NACO) of India,
the prevalence of AIDS in India in 2013 was 0.27 million. In low and
middle income countries, more than 8 million PLWH are receiving
antiretroviral therapy (ART) at the end of 2011. Application of highly
active antiretro viral therapy (HAART) worldwide has been able to
significantly reduce the death rate of human immunodeficiency virus
type 1 (HIV-1) infected individuals. However, the appearance of
clinical drug resistance in AIDS patients due to nonadherance to
medication (intake of antiretroviral) has been one of the primary
reasons associated to chemotherapeutic and virologic failure. In
addition, high rate of viral replication, appearance of heterogenous
circulating viral quasispecies, infidelity in proviral cDNA synthesis as
well as immunological and pharmacological facors are also associated
to drug resistance [1].
The virus develops resistance when it evades the effects of the
treatment of AIDS patients by antiHIV-1 drugs resulting into no effect
on viral replication [2,3]. Antiviral drug resistance is defined by the
presence of viral mutations that reduce drug susceptibility compared
with the susceptibility of wild-type viruses. It happens because as
a retrovirus, HIV employs reverse transcriptase (HIV-1RT) to
synthesize a double stranded proviral DNA from its RNA genome.
HIV-1RT lacks a proof reading mechanism for correcting errors made
during replication of its genome and therefore HIV introduces several
mutations in its newly synthesized genomic cDNA [4]. Some of these
viral mutants naturally select as drug resistant variants with higher
fitness thereby posing serious threat to chemotherapy of AIDS patients
[3,5].
WHO has licensed six antiretroviral classes of antiHIV drugs so far
which have been found to induce more than 200 mutations in the viral
genome. These mutations have been reported to be associated with
drug resistance with enhanced fitness: The number of total RT
mutations associated with nucleoside/nucleoside reverse transcriptase
inhibitor (nRTIs/NRTIs) resistance is more than 50; total number of
RT mutations associated with nonnucleoside reverse transcriptase
inhibitor (NNRTIs) resistance is more than 40; total mutations
associated with protease inhibitor (PIs) resistance are more than 60;
total integrase mutations associated with the licensed integrase strand
transfer inhibitors are more than 30 and the number of gp41
mutations associated with the fusion / entry inhibitor resistance is
more than 15. The mutations in the inhibitor binding sites of coreceptors such as CCR5 or CXCR4 have been reported to cause
CCR5 / CXCR4 inhibitor resistance [5,6].
All of these mutations have not been verified via site-directed
mutagenesis to confer resistance to a specific drug or drugs. Further,
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the extent of resistance may be complicated after emergence of any
additional mutations in response to application of a specific regimen
leading to therapeutic failure [7,8]. A total of 19 antiretroviral drugs
approved by WHO for the treatment of HIV-1 infection include 1
nucleotide and 7 nucleoside reverse transcriptase inhibitors (NRTIs), 7
PIs, 3 NNRTIs and 1 fusion/entry inhibitor. The analysis of three
dimensional crystal structure of the inhibitor-enzyme complexes and
mutational modeling studies have lead to a better understanding of
how these drug-resistance mutations exert their effects at a structural
level. This information may be exploited towards design and
development of new drugs and therapeutic strategies to combat drug
resistance to AIDS. A variety of mechanisms have been identified that
differ both for different classes of drugs and for drugs of a given class.
The NRTI drugs cause inhibition of the enzyme by competing with
the regular dNTPs during DNA synthesis. The type of enzyme
inhibition in this case is competitive in nature. The NRTI drug
resistance follows two different biochemical mechanisms: (1)
mutations mediated resistance that makes HIV-1 RT more fidel so as
to discriminate against binding of NRTIs in the catalytic pocket of
enzyme during DNA replication, thereby preventing the addition of
nucleoside/nucleotide analogs to the growing DNA chain [9-11]. (2)
The resistance mediated by those mutations that promote the
hydrolytic removal of the chain-terminating NRTI making 3’ terminus
of the primer containing –OH group free for continued DNA
synthesis [12,13]. It occurs via pyrophosphorolysis, nucleotide excision
and primer unblocking in association to excess of PPi or ATP in most
cells [14,15].

On the other hand, the NNRTIs bind to a hydrophobic pocket in
HIV-1 RT located between the ß6-ß10-ß9 and ß2-ß13-ß14 sheets of
the p66 subunit [16] involving a small portion of the pocket from p51
subunit of enzyme. The NNRTIs inhibit HIV-1 replication
allosterically by displacing the catalytic aspartate residues relative to
the polymerase-binding site [17,18]. It results in an altered orientation
of the 3’ end of the primer terminus thereby not allowing it be
accessible to RT to catalyze DNA synthesis. A single mutation in the
NNRTI-binding pocket may cause high-level resistance to one or more
of the NNRTIs [7]. The mechanism of resistance to NNRTIs may
involve the decreased susceptibility of binding of the inhibitor
molecules to the enzyme’s hydrophobic pocket. The mechanism of
actions of fusion inhibitors involves blocking of the conformational
change in the gp41 subunit after gp120-CD4-coreceptor binding
responsible for fusion of viral and cellular membranes resulting into
entry of the viral core into the cell [19]. The viral mutants make the
fusion/entry inhibitors ineffective possibly by decrease in binding
affinity of inhibitors to gp41. However, in the absence of the drug
pressure, the existing canonical transitional mutations such as
T215S/C/E/D exhibit ability to convert the mutants into wild type
variants turning them to be highly susceptible to the drugs. The
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antagonistic mutations in HIV-1are those mutations which possess
ability to generate resistance to one specific drug but they can turn the
virus to be more sensitive to a second drug. Very recently, rilpivirine
(RPV) and emtricitabine (ETV), the second generation NNRTIs that
are known to efficiently inhibit HIV-1 resistant to first generation
NNRTIs (nevirapine, delavirdine, and efavirenz), have been found to
be ineffective with the appearance of E138K and M184I mutations in
RT. The mechanism of viral resistance to RPV has been studied using
transient kinetics approaches (quench-flow and stopped-flow)
transient kinetics approaches to determine how subunit-specific
mutations in p66 or p51 subunits of HIV-1RT influence association
and dissociation of RPV to the NNRIs’ binding hydrophobic pocket in
RT. They have suggested that E138K mutation in p51 confers reduced
susceptibility to RPV in presence and absence of M184V mutation
[20].
Keeping in view the challenges posed by emergence of potential
drug resistant mutants leading to therapeutic failure, serious global
efforts are required to be made to design effective strategies to
combating this issue in order to eradicate this scourge. The current
antiviral research is at the forefront to tackle the drug resistance.
According to recent reports, many new antiretroviral targets (both
viral and that of host) [21] are being identified and many new
structure based small molecules are being developed to potentially
block viral replication in infected individuals and also the emergence
of drug resistance in them with least or no toxicity [22-24]. Recently
researchers have initiated attempting isolation and evaluation of
activities of phytochemicals showing aniHIV-1 potential with almost
no toxicity to the host [25]. Molecules are needed not only to inhibit
the wild type viruses but also to the mutants displaying mono-, di- or
multi drug resistance. Recent approaches have focused on
development of chimeric molecules (peptide nucleic acid, PNA)
involving back bone of repeating N-(2-aminoethyl)-glycine units
linked by peptide bonds. The nucleic acid bases (purines and
pyrimidines complimentary to the conserved base sequences of LTR,
U5PBS,TAR, stem or loop regions of HIV-1 genome) are linked to the
backbone by a methylene bridge (-CH2-) and a carbonyl group ((C=O)-) which may specifically mimic viral replication without
emergence of drug resistant mutants [26,27]. Apart from suitable
retroviral drug development approaches, other strategies such as
increasing drug adherence, conducting drug resistance genotyping, the
frequent monitoring of patients and drug resistance surveillance,
switching the classes of retrovirals in response to resistance and
selection of best drugs combination may be employed to combat this
issue effectively.
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