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Over 40 million peopleare currently infected with
the human immunodeficiency virus(HIV), and over
25 million deethshavebeen attributed tothevirussince
the beginning of theepidemic. 1t hasbeen theorized
that the virus originated from monkeys during the
development of an ord polio vaccineinAfricainthe
1950's.! TheHIV virusispart of thelentivirusfamily,
and isasexually transmitted pathogenic retrovirus
whichcanbedividedintotwotypes. HIV-1iscurrently
widespread among humans, and begins showing
symptomswithin5yearsof infection. HIV-2islocdized
inAfrica, and it takeslonger for symptomsto appear.
HIV-1isclassfiedinto three sub-groupsbased onthe
sequencesof gag and env genes:. Group O (outliers),
Group M (mgority), and Group N (non-M/QO). Within
GroupM lies10clades, classified A through J. Clade
B isthemost commonin North Americaand Western
Europe, B and FareprevadentinBrazil, Eisprevalent
inSouth EasternAsia, andA, C, D and Earelocadized
to thedevelopingworld.

TheHIV virustargets the host immune system,
making it avery difficult pathogenfor the human body
to fight. In addition to making the host highly
susceptibleto secondary infections, rapid mutation
rateswithinthevira genomemakevaccineand drug
development difficult. During the 20 yearssincethe
discovery of the HIV virus, many significant
breakthroughs have been made concerning the
molecular biology and pathogenesisof thevirus. This
review articleoutlinescurrent strategiesfor combating
thevirus, which havearisen thanksto these advances.

HIV infectionischaracterized by adeclinein T-
cdl count and function, leading to aweskenedimmune
system. HIV dsoinducesB-cdll polycond activation
and alack of antibody specificity. Thehost receptors
importantinvira recognition are CD4 and one of two
chemokinereceptors: CCR5 or CXCRA4.

Molecular Virology of HIV
Viral Structure

The HIV virion's diploid genome consists of 2
single-stranded RNA moleculeswithinahost-derived
lipid bilayer. Trimersof surfaceglycoproteinsgp4l and
gp120 protrudefromthevirion. Thelatter’ soutermost
part containsavariableregionknown asaV3loop,
and is responsible for inducing a strong immune
response.2 A p9 nucleocapsid protein interacts non-
covaently withtheviral genome, apl7 matrix protein
anchorstheinternal face of theviral envelope, anda
p24 capsid protein enclosesthe genome. Withinthe
capsid of thevirusparticle are enzymes essential to
reversetranscription and integration withinthe host.

Viral Entry

HIV has an affinity for CD4+ T-cells and
monocytes. Theviral glycoproteinsthat mediate entry
aretransmembrane protein gp41 and gp120.2 gp120
isnon-covaently linked to gp41, and recognizesthe
CD4 ligand on host cells. Upon binding, a
conformationd changewithin gp120isinduced which
exposes co-receptor binding sitesin gp120. The co-
receptors bind a host chemokine receptor - either
CXCR4 or CCR5 depending on the type of HIV
particle. M-tropic particlesrecognize CCR5, infect
macrophages and primary T-cells, and have alow
specificity for CD4+ T-cell lines. T-tropic particles
recognize CXCR4, whichishighly expressedin CD4+
T-cdlls, andinduce syncitia* (Syncitiaisthefusion of
cellsto createonelarge cell withmany nucle. Itisa
precursor of cell death.) Upon interaction between
gp120 and the host chemokine receptor, gp41 binds
toahost herparan sulfate, triggering fusion of thehost
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Figurel. Thegenera structureof theHIV virus

and vira membranes, and the entry of thecapsidinto
thecytoplasm.®

Life Cycle

Thevird lipid envelopeisleft behindinthehost’s
lipid bilayer, and theviral capsidisreleased into the
cdl. Immediately after entry, vird reversetranscriptase
(RTase) transcribesthevira genomeintocDNA, using
acellular lysnetRNA moleculeasaprimert. RTase
hasavery high error rate (as high as one mismatched
basepair per 1.5x 10° bases). In spite of havingas’
capandapoly Atail, theviral RNA doesnot serveas
MRNA. The RTase' snuclease activity degradesthe
vira RNA template, and the cDNA travelsto the
nucleus. Nuclear entry is mediated by Vpr and Vif
accessory proteins, aswell asby nuclear localization
sgnaswithintheVpr and p17 matrix sequences. Vird
integraseproteinsinsart thevird genomeintothehost’s
chromosomal DNA, and it has been proposed that
distortion characteristicsinthe DNA (for example
bound proteins) influencewheretheviral cDNA is
inserted.”

TheHIV RNA genome contains 9 open reading
frames and is about 9 kilobases in length. After
integration, cellular factorsmediatetranscription of vird

transcription factorslocated on the pol or env genes.
A protein called Tat increasestranscriptionrate®. Upon
transcription of theenv gene, Rev (aregulatory protein)
bindsaspecific region on both spliced RNA (usedfor
structural components) and un-spliced RNA (used for
genome packaging) and mediatesenv’'sexport from
thenucleus.

Vird structural componentsarelocated onthegag
gene, and areinitially transcribed and trandated (in
thecytoplasm) into aprs5 pre-protein, whichiscleaved
upon maturation of thevirus. A gag-pol derived pre-
protein, dsotrandatedinthecytoplasm, yiddsthevira
protease, integrase, and RTase. Boththegag and gag-
pol genescontain 2 different reading frameswhichare
differentially expressed, favoring transcription of
structural productsover enzymatic ones.’ ThemRNA
of the env gene, which codes for viral surface
glycoproteins, istrandated inthe ER toyield agp160
pre-protein. This precursor travels to the cell
membranewhereit remainsin anon-covaent trimer.
During virion formation, the gp160 polyproteinis
cleaved into gp120 and gp4l, and also yields 3
regulatory proteins. Vpr aidsinthetransport of cONA
into the nucleus, Vpu aidsin virion assembly, and if
isimportantin maintaininginfection efficiency.

Immunological Response

Infectionby HIV ischaracterized by severd effects
onthehostimmunesystem. B cellsdeclinein number
and function®?, and, because of thetoxicity of HIV
antigens, cytokineregulation isdistorted causing a
decreasein CD4+ T-cells. 23

Thereisadistinct interplay between HIV and the
immunedefenses. Typicad non-progressors(thosewho
have been infected with HIV but do not show
symptoms) display severa responsesthat aredifferent
than those of progressors. Non-progressors show
more T ,1-type cytokineslikeIL-2 and IFN-3, and
an elevated response by CD4+ T-cellsand cytotoxic
CD8+ T-cdlstowardsHIV isobserved. Additionally,
thereisanincreased synthesisof &chemokines. The
HIV viruscountersthesedefensesby varying antigenic
Stes, (preventing an effectiveimmuneresponseand
overwhelming theimmune system) and by reducing
MHC onthesurfaceof cells, and reducing the number
of CD8+ T-cells.®®
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Figure2. Thelifecycleof HIV and itsmechanism of infection.

Current Antiviral Srategies

Many methods of combating the HIV virushave
beeninvestigated over thelast two decades. Most of
thesedrategiesinvolveinhibiting normd vird functions.
|dedlly, drugsthat aredeveloped will provideeffective
resstancefor aslong aspossible, besafewith minimal
ddeeffects, and bechemically stableandinexpensive.
The following techniques are examples of newer
methodsfor combating HIV, and arecurrently entering
or undergoingclinical trids.

Antiretroviral Drugs

Inhibiting viral replication givesthehost immune
system achanceto recover frominfection. Thisisthe
ideabehind antiretrovira drugs. Although they inhibit
acrucia stepinviral replication, these drugs do not
addresslatent viral reservoirsand arethereforeonly a
temporary solution. The efficacy of these drugs
increaseswhen used intandemwith smilar drugs, the

dosagerequired of each drug islowered, and theside
effects are minimized. Drug resistance is also
minimalized becauseonly asmal amount of eachdrug
isused.

Therearetwo main categoriesof antiretrovird drugs
currently under investigation. Thefirst type, nucleoside
inhibitors, inhibitsRTaseby bindingtheenzyme' sactive
steand adding tothegrowing DNA chain. Asaresult,
norma 5' to 3’ synthesishalts.

The second category of antiretrovira drugsarethe
non-nucleosideinhibitors. Thesedrugsbind RTaseat
asitethat isdistal from the active site, inducing a
detrimental conformationa changewithintheenzyme.
Thesedrugsshow highantivira activity andlow toxicity
invitro, but aretoo highly specific. Singlemutations
have been showntoreduceor diminateefficiency. For
thisreason, drugsof thistypeareusualy administered
aongsideother drugs.®®

Inadditionto RTaseinhibitors, other enzymessuch
as protease have been identified as potential drug
targets. Drugswhich block the protease substrate site
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DRUG TOXICITY

nucleoside reverse transcriptase inhibitors

Class associated Lactic acidosis

Hepatic steatosis

Lipodystrophy (fat wasting)

Drug specific:

Zidovudine bone marrow suppression,
nausea, myopathy

Stavudine peripheral neuropathy, hepatits

Didanosine pancreatitis, dry mouth

Zalcitabine peripheral neurophathy, mouth
ulcers

Lamivudine Few side effects

Abacavir Hypersensitivity reaction

non-nucleoside reverse transcriptase inhibitors

Nevirapine rash, hepatitis, Steven-Johnson
syndrome
Efavirenz rash, dysphoria, mood changes,

vivid dreams

protease inhibitors

Class specific Lipodystrophy, hyperlipidaemia,

Didbetes Mellitus

Drug specific:

Nelfinavir Diarrhoea, rash

Saquinavir Few side effects

Indinavir hyperbilirubinaemia, nail changes,
nephrolithiasis, dry nails

Ritonavir perioral dysathesia, flushing,
hepatitis, diarrhoea, nausea

Amprenavir rash, nausea, diarrhoea

Lopinavir diarrhoea

Table 1. Sideeffectsof variousHIV drugs.

prevent the cleavage of gpl60 at the cell surface,
preventing virion maturation.

Currently, patientsinfected with HIV-1 undergo a
trestment called Highly ActiveAntiRetrovira Therapy
(HAART). Patients are administered cocktails
containing combinationsof drugsthat inhibit RTase
(suchasNevirmpineand Efavirez) or viral protease
(Sequinavir, Ritoavir, Indinavir, Nefinavir, Amprenavir,
and Lopinavir).
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HAART hasreduced HIV-relatedilinessand mortality
between 1994 and 1998. %

Inhibition of Fusion

Preventing HIV from ngitshost hasbeena
mag or focusin drug development. Although, intheory,
any of the proteins mediating viral fusion could be
potential drug targets, viral glycoprotein gp41 has
recently proven aworthy target in-vivo. A synthetic
peptide named T-20 targetstwo consensus motifsin
gp41 which occur commonly in hydrophobic al pha-
helices. The sequencestargeted by T-20 have been
shown to be flexible and important in mediating
movement of gp41 upon binding of gp120to the host
chemokinereceptor. Asaresult, fusion between the
vira and host membranes cannot occur, preventing
vira entry inthecell. In-vivo sudiesinhumanssaw a
reduced viral-load inal participants, even those that
had undergone HAART. Side effectswereminimal,
and because the sequencetargeted by T-20ishighly
conserved, mutationsarenot likely tonegatethedrug's
effects.

Other effortstoinhibit fusion haveincluded soluble
chemokine receptor ligands, which cause receptor
internalization, thereby preventing gp120 from
binding.’®

Integrase Inhibition

Drugsamedat vird integrasecan either actonvird
DNA by preventing itsassociation with the enzyme,
or they canact directly ontheenzymeitsdlf. A naturaly
occurring product of Actinoplanes sp., termed
Integramycin, hasbeen shownto prevent thetransfer
of viral cDNA into the host genome.*® Another small,
recently synthesized 12-mer called EBR28 hasbeen
found to interact with the catalytic core of integrase,
preventing 3' processing and strand transfer into the
host genome in-vitro. EBR28 targets a highly
conserved domain, making drug-resistance unlikely.
Thelack of integrase homologuesin humanssuggests
that integraseinhibitorsare non-toxic to humans.®

Accessory Proteins

Vird accessory proteinsplay numerouscritica roles
intheHIV lifecycle. Strategiesto combat thevirus
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fromthisstandpoint are currently under devel opment.
Onemethod of targeting accessory proteinsinvolves
theuseof lentivirusvectors, which can bepacked with
plasmids. Onesuch useof transducing vectorsincludes
themurineretrovirusvector, which can carry defective
transdominant-negative Rev (TdRev) genes. TdRev
inhibits nuclear export of Rev by forming useless
multimers. Rev servesto export un-spliced mRNA from
the nucleus. Blocking this function causes the
accumulation of transcription products within the
nucleus, preventing vira assembly.

Inadditionto using vectors, synthetic analogues of
a99 amino acid N-terminal stretch of Vif have been
shown to bind HIV-1 proteasein-vitro and prevent
vira replication. Vif normally functionsto prevent
processing of gag and gag-pol precursorsuntil viral
assembly, so it standsto reason that too much of this
proteinwould prevent proteasefrom ever carrying out
itsnormal function.?

Vaccine Development

HIV vaccines aim to reduce the spread of HIV
and eliminate viral existence in the host. The
development of immunostimulatory vaccineshasbeen
apriority inthefight against HIV, primarily because of
their low cost, simplicity of administration, and low
storagerequirements. Few HIV vaccineshave proven
themsalvesinphasel clinical trials. Many have been
proven unsafe and unableto elicit strong CD4+ and
CDB8+ responses. Only about athird of all vaccines
have been shown to €licit strong cytotoxic T-cell
responses, abeit with weak neutralizing antibody
responses. Many antigenshave beentried invaccine
development (Tablell), including env, gp120, gpl160,
120 multimers, V3 peptides, and recombinant
envelope proteins. Many vectors have aso been
investigated for their abilitiesto deliver theantigens,
such as alpha viruses, polioviruses, adenoviruses,
herpesviruses, and Venezuel an equine encephalitis
virusesto nameafew.

Severd vaccinesare currently going through phase
| dinicd trids. They takedifferent gpproachestowards
accomplishing the samegoal. Onemethod involvesa
plasmid that encodesenv and Rev genes, and hasbeen
shownto elicit strong T-cell responseand chemokine
secretion in non-HIV volunteers.® In addition to

antigen-encoding plasmids, immunostimulatory DNA
sequences and cytokine-encoding plasmidscan beco-
administered.®

Innate | mmunity

Inthemid-1980's, it wasdiscovered that individuds
withacertain CD8 T lymphocyte phenotype secreted
aprotein caled CAF and werehighly resstant tothe
effectsof HIV-1infection. Thisyear, usng genechip
technol ogy and antibody tagging techniques, agroup
discovered that expression of 3genes, dpha-Defensin-
1,-2, and -3 was stimulated during HI V-1 infection.
Synthetic preparations of these proteinswere shown
toinhibit HIV-1replicationin-vitro.?

Sex-workers known to be resistant to the
progression of HIV do not produce antibodiesspecific
to HIV. Instead, they have elevated CD8+ T-cell
counts, leading researchersto investigate vaccines
which stimulatetheir production. Studieson macagues
haveshown such drategiesto protect againgt thesmian
immunodeficiency virus®

Conclusion

Much of thework over thelast two decades has
elucidated the molecular workings of the HIV virus
and the human immunological responsetoit. Inspite
of themany antigenic Stestargetsavailablefor antivird
drugs or vaccines, only a small handful lacks the
variability whichinevitably leadsto drug resistance.
Of these, the EBR28 integraseinhibitor and the T-20
fusion inhibitor show the most promise. More
information needsto begathered onissueslikegenetic
factorsdetermining resistance, theroleof chemokines,
andtheroleof latent vird reservoirsbeforeasuccesstul
vaccine can be devel oped.

Theevidencereported in thisreview suggeststhat
thereishopethat humanity will eventualy conquer HIV.
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