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ABSTRACT

Novel targets for the management of HIV infection have become increasingly relevant in view of extensive drug resistance, side effects
and high pill burden of some of the conventional anti-retroviral agents. These agents include chemokine receptor antagonists and the
integrase inhibitors which were recently approved for HIV treatment, as well as numerous other agents directed to previously untested
targets such as the maturation inhibitors, pharmacological CDK inhibitors, TateTAR interaction inhibitors, anti-CD4 monoclonal
antibody, antisense oligonucleotides, Use of new agents with novel mechanism of action requires the development of new laboratory
assays to detect viral tropism and new resistance mutations. This review discusses issues surrounding the development of these new
agents as well as various traditional approaches for the treatment of AIDS.
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INTRODUCTION

ACQUIRED IMMUNO DEFICIENCY SYNDROME
(AIDS)

Acquired immunodeficiency syndrome (AIDS) is a
collection of symptoms and infections resulting from the
specific damage to the immune system caused by infection
with the human immunodeficiency virus (HIV) which is a
retrovirus of the lenitivirus family originally referred as
HTLV-IIL. It results from the latter stages of advanced
HIV infection in humans; thereby leaving compromised
individuals prone to opportunistic infections and tumors.
AIDS is the most severe manifestation of infection with
HIV. HIV is a retrovirus that primarily infects vital
components of the human immune system such as CD4+ T
cells, macrophages and dendritic cells. It directly and
indirectly destroys CD4+ T cells. CD4+ T cells are
required for the proper functioning of the immune system.
When HIV kills CD4+ T cells so that there are less than
200 CD4+ T cells per pl blood, cellular immunity is lost,
leading to AIDS. People with AIDS often suffer infections
of the lungs, intestinal tract, brain, eyes, and other organs,
as well as debilitating weight loss, diarrhea, neurologic
conditions, and cancers such as Kaposi’s sarcoma and
certain types of lymphomas.

ETIOLOGY OF AIDS

AIDS is caused by the HTLV-11l (Human T-cell Leukemia
Virus Type 3) and ARV (AIDS related virus) is now
known as human immunodeficiency virus (HIV). There
are two main types of HIV. HIV-1, which has 10
recognized subtypes (A-J), is responsible for the global
epidemic and seems to have originated in western Africa
in the early 1940s. The first documented case of infection
with HIV occurred in 1959. HIV-2 is a less easily
transmitted mutation of HIV-1 and remains primarily in
Africa, although it has recently spread to India. Cases of
HIV-2 infection have also been reported in the United
States’®>. HIV uses cells of the immune system
(macrophages and helper T cells) as sites for reproduction
and multiple copies of the viral genetic material (RNA) are

made and package into new viral particles ready for
dispersal into new viral hosts. More cells of the immune
system are killed or damaged with each round of infection,
when millions of viral particles may be produced each
day. Despite the production of antibodies and helper T
cells that fight the disease, eventually the virus prevails
and the infections and cancer associated with AIDS begin
to appear.

STRUCTURE OF HIV (the viral envelop)
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1. Binding - The HIV attaches to the immune cell when
the gp120 protein of the HIV virus binds with the
CD4 protein of the T-helper cell. The viral core enters
the T-helper cell and the virion's protein membrane
fuses with the cell membrane.

2. Reverse transcription- The viral enzyme, reverse
transcriptase, copies the virus's RNA into DNA.

3. Integration- The newly created DNA is carried into
the cell's nucleus by the enzyme, viral integrase, and it
binds with cell's DNA. HIV DNA is called a provirus.
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4. Transcription - The viral DNA in the nucleus
separates and creates messenger RNA (mRNA), using
the cell's own enzymes. The mRNA contains the
instructions for making new viral proteins.

5. Translation - The mRNA is carried back out of the

nucleus by the cell's enzymes. The virus then uses the
cell's natural protein-making mechanisms to make
long chains of viral proteins and enzymes.

6. Assembly- RNA and viral enzymes gather at the edge
of the cell. An enzyme, called protease, cuts the
polypeptides into viral proteins.

7. Budding- New HIV virus particles pinch out from the

cell membrane and break away with a piece of the cell
membrane surrounding them. This is how enveloped
viruses leave the cell. In this way, the host cell is not
destroyed. The newly replicated virions will infect
other T-helper cells.
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CCRS5 as a Target for HIV-1 Infection

Chemokine (C-C motif) receptor 5 (CCR5), is a
chemokine receptor. The natural chemokines that bind to
this receptor are RANTES, MIP-1a and MIP-15. CCRS5 is
also the name of the gene that codes for the CCR5
receptor. It is located on chromosome 3 on the short (p)
arm at position 21. CCR5 is predominantly expressed on T
cells, macrophages, dendritic cells and microglia. It is
likely that CCR5 plays a role in inflammatory responses to
infection. Its exact role in normal immune function is
unclear. CC chemokine receptors are integral membrane
proteins that specifically bind and respond to cytokines of
the CC chemokine family. HIV can infect a variety of cells
such as CD4+ helper T-cells and macrophages that express
the CD4 molecule on their surface. HIV-1 entry to
macrophages and T helper cells is mediated not only
through interaction of the virion envelope glycoproteins
(gp120) with the CD4 molecule on the target cells but also
with its chemokine coreceptors. Viruses that use only the
CCRS5 receptor are termed R5, those that only use CXCR4
are termed X4, and those that use both, X4R5. However,
the use of coreceptor alone does not explain viral tropism,
as not all R5 viruses are able to use CCR5 on macrophages
for a productive infection.

HIV uses CCR5 or another protein, CXCR4, as a co-
receptor to enter its target cells. Several chemokine

receptors can function as viral coreceptors, but CCR5 is
likely the most physiologically important coreceptor
during natural infection. The normal ligands for this
receptor, RANTES, MIP-14 and MIP-1q¢, are able to
suppress HIV-1 infection in vitro. In individuals infected
with HIV, CCR5-using viruses are the predominant
species isolated during the early stages of viral infection
suggesting that these viruses may have a selective
advantage during transmission of the acute phase of
disease.

A number of new experimental HIV drugs, called entry
inhibitors, have been designed to interfere with the
interaction between CCR5 and HIV, including PRO140
(Progenics), Vicriviroc, Aplaviroc and Maraviroc A
potential problem of this approach is that, while CCRS5 is
the major co-receptor by which HIV infects cells, it is not
the only such co-receptor. It is possible that under
selective pressure HIV will evolve to use another co-
receptor. However, examination of molecular antagonist
of CCRb5, indicated that resistant viruses did not switch to
another coreceptor (CXCR4) but persisted in using CCR5,
either through binding to alternative domains of CCR5, or
by binding to the receptor at a higher affinity. Two new
proteins are present on immune cells, CCR5 and fusin
(also known as CXCR4), play a key role in understanding
how HIV infects cells. Though these discoveries may not
have immediate impact on people with HIV, they may
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lead to important advances in HIV treatment, prevention
and research in the future. One way HIV disables the
immune system is by infecting and destroying CD4+ T-
cells. These cells are critical in managing immune
responses and when they are depleted, immune defenses
are weakened. When HIV and other pathogens enter the
body, CD4+ cells, operating through a network of
chemical interactions, instruct other cells to disable the
invading organisms. HIV actually attaches to the CD4+
protein on the surface of these and other cells to gain
entry.

APPROACHES FOR TREATMENT OF AIDS
1. NATURAL ANTI HIV AGENTS
Homalanthus nutans (Euphorbiaceae) (Mamala)

Still in the search for new anti-AIDS compounds,
Prostratin was isolated as the active constituent from an
extract of the wood of the tree, Homalanthus nutans
growing in Samoa. Prostratin is therefore, a potent
activator of HIV expression in latently infected T-cell
lines, and its potential value in HIV therapies more in its
possible utility as a viral activator rather than as an anti-
HIV agent.

OH

Prosratin

Catharanthus
Periwinkle)

roseus (Apocynaceae) (Madagascan

Vinorelbine, a semi-synthetic version of one anti-cancer
alkaloid from the Madagascan Periwinkle (Catharanthus
roseus, Apocynaceae) disrupts the spindle fibres that are
responsible for separating chromosomes during cell
division. It works at lower concentrations and with fewer
side-effects than the alkaloids derived directly from the
plants and it could be useful in combating Kaposis
sarcoma, a rare skin cancer associated with AIDS.

The crude extract from Ancistrocladus species has yielded
Michellamine B, a new alkaloid, which in the initial trials
has been shown to work against the HIV virus.
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Michellamine B

One of the most promising anti-AIDS compounds is
produced by the Malaysian tree and latex of Calophyllum
teysmanii yielded extracts with significant anti HIV
activity. The active constituent was found to be (-)-
calanolide B, which was isolated in yields of 20-30%.
Eight compounds have been isolated from C. lagenirum
with Calanolide A showing anti-HIV activity and C.
teysmanni has yielded Calanolide B, equally found to be
slightly less active than the (+)-Calanolide A, but it has the
advantage of being readily available from the latex which
is tapped in a sustainable manner by making small slash
wounds in the bark of mature trees without causing any
harm to the trees. Chemically, Calanolide A is a coumarin
and is now beingtested in human trials. The drugs are
being developed by Sarawak Medichem Pharmaceuticals,
a joint venture company formed between the Sarawak
State Government and Medichem Research, Inc. (+)-
Calanolide A (which has been synthesized by Medichem
chemists) is currently in Phase Il clinical trials, while (-)-
calanolide B is in pre-clinical development. These two
Calanolides can also be isolated from other Calophyllum
species, namely from the leaves or C. brasiliensis® and
exhibiting more or less the same pattern of activity.

(+) —Calanolide A
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2. CHEMOKINE (CCR5 and CXCR4) RECEPTOR
ANTAGONIST

Maraviroc

It inhibits entry of HIV into CD4 cells by blocking binding
of viral envelope protein gp120 to CCR5 co-receptor and
can acts on R5 tropic and dual tropic viruses. It is
pharmacologically a cyclohexane carboxamide with T %
(time taken for the serum drug concentration to decline by
50%) of 14-18 h and it is metabolised by CYP3A and P-
glycoprotein. It has an oral bioavailability of 33% which is
unaffected by food. It has an 1c90 of 2 nM *. The drug was
well tolerated but a few patients exhibited postural
hypotension (dose limiting toxicity of maraviroc),
headache, nausea, cystitis and myocardial ischaemia.

Vicriviroc (SCH-D, SCH 417690):

This medication is undergoing phase 11 trials in treatment-
experienced patients, and phase Il trials in ARV native
patients’. Previous trials in treatment native patients were
discontinued in October 2005 because of HIV viral load
rebound and not because of any side effects®. This drug is
piperazine based CCR5 antagonist.

Aplaviroc

Due to hepatotoxicity in 2005, GlaxoSmithKline halted
the development of these compound.

AMDO70

It inhibits entry of HIV into CD4 cells by blocking the
binding of viral envelope protein gpl20 to CXCR4
coreceptor. It acts on X4 tropic and dual tropic virus.
Pharmacologically it is a bicyclam derived from prototype
AMD3100. It has a half-life of 14 h and metabolised by
CYP3A4 and P-glycoprotein and inhibits CYP3D6.
Clinically it is likely to need ritonavir booster. The drug is
orally bioavailable with absorption unaffected by food.
The 1c50 is 12.5nM °©

INTEGRASE INHIBITORS

Integrase is a 32 kDa 288 amino acid HIV enzyme, which
enables the integration of the viral genetic material into
host cell DNA. The structure is confirmed by NMR
spectroscopy which elaborate that structure has 3 domain.
The C- terminal domain responsible for DNA binding as
well as catalytic activity. Integration of cDNA derived
from the retroviral RNA to the host cell DNA occurs
through the PIC (preintegration complex) in three steps: 3’
end processing, strand transfer and gap repairs. The first
two steps are mediated through the viral integrase whereas
the third step is mediated by cellular proteins’. Integrase
inhibitors such as raltegravir (previously known as MK-
0518; Merck & Co., Inc.) inhibit the strand transfer
process.  Raltegravir is a  hydroxypyrimidinone
carboxamide.

Elvitegravir

Elvitegravir is chemically a dihydroquinoline carboxylic
acid and structurally similar to quinolone antibiotics. It
binds to magnesium cations and inhibits the strand transfer
reaction. The common side effects being headache, muscle
spasm, increase in serum triglyceride and amylase ®. E29Q

and T66l are the two mutation pathways associated with
elvitegravir resistance °.

3. ANTI-SENSE OLIGONUCLEOTIDES

Anti-sense oligonucleotides are short RNAs, which can be
designed to target various functionally important sites of
HIV-1 RNA. The oligonucleotides act on targets such as
the 5-UTR region of HIV-1, TAR (transactivator
response region) of HIV-1 genome, Psi domain
responsible for dimerization of HIV-1 RNA, or HIV-1
envelope gene. These agents act by neutralisating HIV-1
expression. The LNA (locked nucleic acid) modified
antisense oligonucleotide was found to be superior to
DNAZzymes in inhibiting HIV expression’®t121314,

4. ANTI-CD4 MONOCLONAL ANTIBODY TNX -
355

This is a humanized anti-CD4 1gG4 monoclonal antibody,
which acts on domain 2 of the CD4 receptor. The agent is
not immunosuppressive and does on interfere with the
immunological functions of CD4 cells like antigen
presentation. It is administered by i.v. infusion once every
other week. The common adverse effects including
depression, vasovagal attacks, seizures and acute renal
failure™®*®,

One of the most important agent used in AIDS are
inhibitor of the interaction between between transactivator
of transcription (Tat protein) and the transactivator
response region (TAR) of HIV RNA. This interaction is
primarily between the ARM (arginine rich motif) of Tat
and the three base bulge region of TAR RNA. The
compounds within this category can be classified between
those that act on the 3 base bulge region and those that act
on the TAT protein. They include agents such as WM5 (6-
aminoquinolone derivative), which is a substituted purine
having side chains with amino or guanidyl group, and
trehalose derivatives with guanidine groups 8%,

5. NANOTECHNOLOGY FOR HIV/AIDS
TREATMENT

Nanotechnology involves the understanding, design,
engineering and fabrication of materials at the atomic and
molecular level. Applications of nanotechnology for
prevention and treatment of HIV/AIDS have also gained
attention in recent years. There are emerging novel
approaches in which nanotechnology can enhance current
treatment as well as advance new therapeutic strategies,
such as gene therapy and immunotherapy. Nanoscale
delivery systems also enhance and modulate the
distribution of hydrophaobic and hydrophilic drugs into and
within different tissues due to their small size. This
particular feature of nanoscale delivery systems appears to
hold the most promise for their use in clinical treatment
and prevention of HIV. Specifcally, targeted delivery of
antiretroviral drugs to CD4" T cells and macrophages as
well as delivery to the brain and other organ systems could
ensure that drugs reach latent reservoirs 202122232425 The

use of nanotechnology systems for delivery of
antiretroviral drugs has been extensively reviewed by
Nowacek et al. and Amiji et al %% |n a recent study
based on polymeric systems, nanosuspensions (200 nm) of
the drug rilpivirine (TMC278) stabilized by polyethylene-
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polypro-pylene glycol (poloxamer 338) and PEGylated
tocopheryl succinate ester (TPGS 1000) were studied in
dogs and mice %.

A part of these Dou et al. showed that nanosuspension of
the drug indinavir can be stabilized by a surfactant system
comprised of Lipoid E80 for effective delivery to various
tissues?****!, The indinavir nanosuspensions were loaded
into macrophages and their uptake was investigated.
Macrophages loaded with indinavir nanosuspensions were
then injected intravenously into mice, resulting in a high
distribution in the lungs, liver and spleen.

Macrophages, which are the major HIV reservoir cells,
have various receptors on their surface such as formyl
peptide, mannose, galactose and Fc receptors, which could
be utilized for receptor-mediated internalization. The drug
stavudine was encapsulated using various liposomes
(120-200 nm) conjugated with mannose and galactose,
resulting in increased cellular uptake compared with free
drug or plain liposomes, and generating significant level
of thedrug in liver, spleen and lungs %3323,

In  separate  work, a mannose-targeted poly
(propyleneimine) dendrimer nanocarrier was used to
deliver the drug efavirenz to human monocytes
/macrophages in vitro®.

In a more recent study, the tetra-peptide tuftsin (Thr-Lys-
Pro-Arg) was conjugated to the same dendrimer to target
the drug efavirenz to macrophages in vitro *. The targeted
dendrimer system resulted in sixfold prolonged release,
34-fold increased cellular uptake and sevenfold increase in
anti-HIV activity compared with free drug. In a new
approach to target macrophage HIV reservoirs, a peptide
nanocarrier was proposed as a model where a drug is
conjugated to the backbone of peptide-PEG and N-formyl-
methionyl-leucyl-phenylalanine  (fMLF), a bacterial
peptide sequence for which macrophages express a
receptor, is attached to the PEG for targeting. The study
found that fMLF-targeted peptide-PEG nanocarriers show
increased cellular uptake and increased accumulation in
macrophages of liver, kidney and spleen compared with
those which are nontargeted *°.
Nanomaterials as therapeutic agents ***’
e Various nanomaterials such as fullerenes, dendrimers,
silver and gold nanoparticles have shown anti-HIV
effects in vitro.

e Silver  nanoparticles  showed  size-dependent
interaction with HIV, inhibiting the virus from
binding to CD4+ T cells while gold nanoparticles
conjugated to the molecule SDC-1721 (a segment of
the CCRS5 inhibitor TAK-779) showed strong anti-
HIV activity compared with free SDC-1721.

Gene therapy for HIV/AIDS treatment 39404142

. Gene therapy based on siRNA has shown promise
for HIV/AIDS treatment. Nanotechnology platforms
for delivery of siRNA for HIV/AIDS treatment are in
their early stages but recent work has been met with
optimism.

e Single-walled nanotubes, dendrimers, fusion
proteins, peptide—antibody conjugates have all
been used for delivery of siRNA to HIV-specifc
cells.

Immunotherapy for HIV/AIDS **#

e Immunotherapy for HIV/AIDS based on viral
agents and administration of ex vivo-generated
autologous dendritic cells involves risks due to
the viral agents and the complicated procedures
used in ex vivo dendritic cell generation and
manipulation.

¢ Nanotechnology-based immunotherapy that uses
DNA plasmid delivered through mannose
targeted polyethyleimine has reached Phase Il
clinical trials.

All\slilenotechnology-based preventive HIV/AIDS vaccine

) Generation of an effective HIV/AIDS vaccine has
been notoriously difficult and new approaches are
always sought.

) Nanoparticles have various advantages in
improving delivery of antigens to enhance the
immune response. They can be used both for
encapsulating antigens in their core from which
antigen presenting cells can process and present and
cross-present antigen to CD4+ and CD8+ T cells
respectively, or absorbing the antigens on their
surfaces, allowing B cells to generate humoral
responses. Nanoparticle vaccines can also be
optimized for various routes of administration.

. Various polymeric and lipid-based nanoparticles
have been used to deliver DNA-, protein- or
peptide-based antigens in vivo, eliciting strong
cellular, humoral and mucosal immune responses.

Nanotechnology-based intravaginal microbicides

. Intravaginal microbicides are preventive agents that
are topically applied to the vagina to prevent the
transmission of HIV/AIDS or other sexually
transmitted diseases.

. Nanotechnology-based approaches are being
developed to use dendrimers, siRNA and
nanoparticles for microbicidal functions.

. VivaGel is a dendrimer-based microbicide gel that
has been shown to be safe in humans in Phase |
clinical trials.

. Polymeric nanoparticles have been used to deliver
the CCR5 inhibitor PSC-RANTES and HIV-specifc
SiRNA as microbicides.

6. MEDICINAL CHEMISTRY FOR THE
TREATMENT OF AIDS

) A part of these Kim RM et al in 2004 studied
HIV-1 protease inhibitors (PI’s) bearing 1,3,4-
oxadiazoles at the P1' position were
synthesized by a novel method involving the
diastereoselective installtion of a carboxylic
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acid and conversion to the P1' heterocycle . K. Shankaran et. al, described 4-

exhibited excellent activities *’. (heteroarylpeperidin-1-yl-methyl)-pyrrolidin-1-yl-
acetic acid as antagonists of the human CCR5
chemokine receptor *.
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L . Miscell If
hydroxypiperidine derivatives as CCR5 receptor Iscetianeouis suttones

antagonist *°.
Structure of classical antiretroviral agents
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Diphenylpropylpiperidine compounds

e Shinichi Imamura et. al, described synthesis and N

biological evaluation of N-[3-(4-benzylpiperidin-1-
yl) propyl]-N,N-diphenylureas >*.
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Zalcitabine .
Stavudine
Approved antiretroviral drugs*®
Generic Name Brand Name Manufacturer
Zalcitabine Hivid Hoffmann-La Roche
Stavudine Zerit Bristol-Myers Squibb
Lamivudine Epivir GlaxoSmithKline
Saquinavir Invirase (hard gel capsule) Hoffmann-La Roche
Ritonavir Norvir Abbott Laboratories
Indinavir Crixivan Merck
Nevirapine Viramune Boehringer Ingelheim
Nelfinavir Viracept Agouron Pharmaceuticals
Delavirdine Rescriptor Pfizer
Efavirenz Sustiva (USA) Bristol-Myers Squibb
Zidovudine Retrovir GlaxoSmithKline
Didanosine Videx (tablet) Bristol-Myers Squibb
Enfuvirtide Fuzeon Hoffmann-La Roche & Trimeris
Atazanavir Reyataz Bristol-Myers Squibb
Emtricitabine Emtriva Gilead Sciences
Fosamprenavir Lexiva (USA) GlaxoSmithKline
Tipranavir Aptivus Boehringer Ingelheim
Darunavir Prezista Tibotec, Inc.
Maraviroc Celsentri (Europe) Pfizer
Raltegravir Isentress Merck & Co., Inc.
Etravirine Intelence Tibotec Therapeutics
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