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ABSTRACT

The introduction of combined therapy has been an important breakthrough in the treatment of HIV-1 infection,
however for proper eradication, HIV pathogenesis has to be understood. Despite treatment with combinatorial
therapies, a functional cure approach would be very effective in suppressing viraemic load in the host to such low
levels that the immune system would be able to control the infection without the need for antiretroviral therapy,
neither inflicting harm upon the host nor transmission to other individuals. Scientific focus should be on proper
approach, that is direct functional cure, which provides present and future possible treatment strategies to
completely eradicate HIV persistence in the reservoirs within the host through full understanding of the mechanism
behind HIV pathogenesis. However, for proper eradication of HIV in infected individuals, there should be a better
understanding of the immunologic and virologic mechanisms that contribute to viral persistence in infected

individuals. The full understanding of HIV pathogenesis is the only scientific way by which its eradication will be
fully accomplished.
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INTRODUCTION

The human immunodeficiency virus (HIV) is a retrond belonging to the family of lentiviruses. Reiroges
generally contain ribonucleic acid (RNA) and noboxigibonucleic acid (DNA). They are unable to repte
outside of living host cells but are able to useitlRNA and host DNA to make viral DNA through rese
transcription [1]. Once the virus is within the haell, the viral particle uncoats from its sphatienvelope to
release its RNA where it continuously uses new beli$ to replicate itself.

The virus is diploid and contains two plus-strand®dA copies of its genome. The approximately 9kbARN
genome encodes at least 9 proteins, Gag, Pol, EatyRef, Nef, Vif, Vpu and Vpr. The three prindiggenes are
gag, pol and env. The gag encodes core proteiagydhgene encodes the enzymes reverse transetipiadease
and integrase while the env gene encodes the Hiétsral components known as glycoproteins. TheroRNA
genome are important for viral replication and exdirag HIV's infectivity rate [2,1,3].

HIV consists of a cylindrical centre surroundedabgphere-shaped lipid bilayer envelope. Therevewenajor viral
glycoproteins in this lipid bilayer, gp120 and gp4lhe major function of these proteins is to medigte
recognition of CD4+ cells and chemokine receptoasnty CCR5 and CXCR4, thereby enabling the viruattach
to and invade CD4+ cells [4]. Other cells beariri@4Gand chemokine receptors are also affected, diroduresting
CD4 T cells, monocytes and macrophages, and dandeiis. HIV exists in two different types, HIVdnd HIV-2,
both believed to have been transmitted to humamms f&frican non-human primates by blood [5,6,3].

The use of highly active antiretroviral therapy (MRRT) has significantly reduced the mortality ratedahas
increased the lifespan of HIV- infected patientsnbgintaining viral loads below detection levelsjgtpreventing
the onset of AIDS [7]. HAART drug cocktails primigritargets the reverse transcriptase (RT) and pset€PR)
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enzymes potently suppressing viral loads and trassom rates, but complications can arise from caumil
toxicity and the emergence of resistant strains [4]

HIV Lifecycle

HIV replication cycle is complex and not completelgderstood. HIV-1 life cycle can be categorizeth itwo
phases. The early stage occurs between entry ggbdells and integration into its genome. The fdiase occurs
from the state of integrated provirus to full viredplication [8,9]. The HIV lifecycle characterizaultiple
interactions between viral and host-cell proteirtgese interactions aid viral replication or invohwest defences and
their counteraction by the virus [10].

One of the HIV proteins proven to be essentiatlierreplication of the virus and progression of Al3 Nef. Nef is

a regulatory protein present only in the primatgiléruses HIV-1, HIV-2 and SIV. Theef gene is situated at the
3’-end of the viral genome. Originally it was bekel that thenef gene inhibits transcription from where it got its
name the negative factor. The Nef protein functiahandantly in the early stages of viral replicatiuring the
interaction of HIV infected cells and CD4+ celld[12,13].

Over time, virus replication leads to a slow andgpessive destruction of the immune system. Oneitapt issue
is that HIV-1 makes use of the replication machjrerthe host cell, which minimizes the number ofgntial viral

targets. On the other hand, the close host-virasioaship limits the evolutionary freedom for thieal components
that interact with the host molecules [2].

The HIV lifecycle involves six stages: binding arfidsion, reverse transcription, integration, train,
translation or assembly and budding. All theseestage involved in the replication of the virughe host cell.

» Binding and Fusion

HIV binds to the CD4+ receptor on the outside ofdC&ells using gp120 found on the surface of thesvieind
macrophages, which in turn allows the entry of Hitt6 host cell. Once HIV bounds to the receptongotproteins
such as CCR5 and CXCR4 are activated in ordernmptaie its fusion with the cell. There are essdégtfaur steps
of viral entry, attachment, CD4 binding, co-recefimding and membrane fusion [14].

The binding of gp120 to CD4 and the viral coreceptoesults in conformational changes and triggées t
establishment of a “fusion complex” composed of gpémers [15]. The trimers play important rolessnembrane
fusion and cell entry. After fusion, the virusekeeses RNA, its genetic material, into the hodt cel

It is interesting to know that individuals withoQCR5 expression are highly resistant to HIV infectj10].
Binding and fusion can be blocked by entry inhitstand fusion inhibitors respectively.

* Reverse Transcription

This stage involves the conversion of single-steahdlVV RNA to double-stranded HIV DNA by an enzyradled

reverse transcriptase. Before HIV RNA can be inooated into the DNA of the CD4+ cell, it must bengerted to
DNA. Reverse transcription can be blocked by Nusild® Reverse Transcriptase Inhibitors (NRTIs) armh-N
Nucleoside Reverse Transcriptase Inhibitors (NNR[Ak

* Integration

Once reverse transcription has occurred, the @R can enter the nucleus of the CD4+ cell. Thalvenzyme
‘integrase’ then incorporates the viral DNA inteet&D4+ cell's DNA. HIV-1 integrase is a viral protewith
several roles. After reverse transcription of tr@\RNA genome into DNA, it appears in part toresponsible for
transporting and inserting the viral DNA into thacteus of the cell, where it has the ability toselty associate with
one of the chromosomes of the host cell [16,17 [b8¢gration can be blocked by integrase inhibitors

* Replication

The new DNA formed by integration causes the prédnof messenger DNA that initiates the synthesisilV
proteins. Vpr is a virus-associated and multifumaal protein, localized in cytoplasm as well asleus of infected
cells, which functions in the regulation of viraplication, cellular events like NiEB-mediated transcription,
apoptosis and cytokine production. It is esseritinlviral replication in T cells but indispensalife macrophages
[19,20,21,22].

e Transcription and Trandation
Transcription involves the formation of a new sttaf viral RNA, sometimes called messenger RNA (RN
from the division of the two strands of DNA.
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» Budding
Viral budding is blocked by Interferons.

» Assembly and M aturation
Virus assembly and maturation is blocked by Pratéalsibitors.
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Figure 1: Diagram showing thereplication cycle of HIV-1
Source: Weizman and Tor [23].

M echanism of Pathogenesisof HIV Infection

The pathogenesis of HIV infection is a functiontleé virus life cycle, host cellular environmentdaguantity of
viruses in the infected individual [24]. HIV pathegsis is basically a competition between HIV agilon and the
immune responses of the subject or patient vizélenediated and immune-mediated reactions [25].

Having established that the main target of HIVdswated CD4 T lymphocytes [3] through the depletad the total
host cell CD4+ T-cell pool, via interactions withD& and the chemokine co-receptors, CCR5 or CXCRé4, t
mechanism of pathogenesis still has to be undets®athogenesis results in host immunodeficienéy. [2

Pathogenesis of HIV-1 is complex and is charaatdrizy the interaction of both viral and host fastpf]. In HIV

infection, disease progression correlates both imitheased viral load [27] and elevated levels péosis [28].
Usually, T-lymphocyte cells inversely correlate lwievels of apoptosis [29]. T-cell apoptosis, a ptar process,
involves both HIV-infected and uninfected cells 30

HIV-1 uses different strategies to survive withifeicted individuals. Importantly, the HIV-1 Nef pein aids in
viral infection with three main functions. It chasgythe signalling pathways of the cell, increases infectivity
and down regulates the surface antigens of infeptdld [31,32]. Nef is a small HIV protein thatassential for the
replication of the virus, progression of acquirgdriune deficiency syndrome (AIDS), and is expresgmtchdantly
during the early stages of infection in a host {&3]]. It is composed of a flexible N-terminal merabe bound loop
and a well reserved C-terminal core region.
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According to Weber [6], Garciet al, [34] and Sundquist and Krausslich [1], the med$rarof HIV-1 infection can
be explained with respect to the level of infectionthe host; primary HIV-1 infection, chronic pleasf

asymptomatic HIV infection and late HIV diseaseeTrobability of infection is a function of bothetmumber of
infective HIV virions in the body fluid which contts the host as well as the number of cells availabthe site of
contact that have appropriate CD4 receptors.

Primary HIV-1 infection is manifest by a viraemiegk associated with a temporally related declin€+ T-
cells; the viraemia is probably curtailed by an Hiptcific CD8+ CTL (cytotoxic T lymphocyte) resper$,34].
Chronic asymptomatic HIV infection is associatedhwhighly dynamic, persistent viral replication, thvithe
production of approximately £@irions per day. Viral replication leads to loss@b4+ T-cells, which could be due
either to increased cell death, or to reduced mbidn, or both. The increased turnover of both €@#d CD8+ T-
cells in HIV-1 infected subjects compared to colstisupports the killing of virally infected celly bHIV-specific
CTL as a leading hypothesis for CD4+ T-cell declineHIV infection. However, the direct relationshigtween
plasma viral load and rate of CD4 decline suggtwis viral replication also contributes, directlyiadirectly, to
CD4 loss [6].

Late stage HIV-1 infection manifests an increasme of CD4 loss through expansion or broadeninthefviral
tropism mediated by a switch in co-receptor usagenfCCR5 to CXCR4. Thus, the loss of cellular immun
regulation results in AIDS which in turn suppresgesregulation of the SI/CXCRA4 variants [6,34].

As reported by Battistini and Sgarbanti [35], thajon obstacle towards HIV-1 eradication is the-ldag continuity
of the virus in reservoirs of latently infectedlselAlso, cell-to-cell transmission of HIV represgan obstacle as it
allows the infection of cell types which are nosigainfected by HIV, leading to the establishmefhtlong-lived
viral reservoirs. This phenomenon allows the esadgélV elimination by the immune system [36]. Imese cells,
the proviral DNA remains bound to the host's gendmu does not actively replicate, becoming invisilaind
unaffected by existing antiviral drugs. Latentlyfeicted cells do not express viral proteins, herloey remain
hidden to the immune system. In reservoirs of kyeinfected cells integrated provirus remains guent due to
transcriptional silencing which makes them una#dcby c-ART that normally targets actively replingtvirus.
Interestingly, these cells can be activated thepbynoting new rounds of viral replication with smic infection.
Study suggests that at least two reasons explairrghson behind the persistence of infected cetlexttended
periods. First, the latently infected, resting CD#+cells exhibited primarily a memory phenotype GBO+,
implying that such infected cells could be longeliv Second, resting CD4+ T cells carrying infectitilV could
do so without expressing viral antigens on thelt serface, thereby enabling them to escape retiognby the
host’s immune system as well as resist virus-indu@gtopathic effects [37].

Cell-to-cell transmission aids in viral pathogesesith the following characteristics: HIV escapenfr suppressive
effects of antiretroval drugs, promotion of viraksemination including various types of cells oé ttmmune
system, with important role in sexual and mothechidd transmission of HIV and spread within thextal nervous
system and gut-associated lymphoid tissues [36].

Interferons, importantly interferom-has been identified as one of the key cytokinekerarof HIV pathogenesis.
While IFN expression in the initial stages of Hiviféection can restrict viral replication, the HIV-tdiated
overstimulation of IFN responses during chronieatfon fuels pathogenesis and disease progres3sjn [

According to Lane [26], immune activation in HIVf@ttion includes two components; the homeostaspaase to
CD4+ cell depletion and an inflammatory responsat tincludes both an HIV-specific immune responsd an
“bystander” immune activation as a result of the/idpecific immune response thereby leading to surtistl
endorgan damage outside of the immune system. édpikains the difference between CD4+ and CD8+ imenun
activation. Lane [26] reported from a study in whit-cell proliferation was measured in HIV-infecteatients with
respect to viral load and CD4+ count that the le@feCD8+ cell activation correlated almost excledjwwith viral
load while the level of CD4+ cell activation assded with both viral load and CD4+ cell depleti@D8+ cell
activation can likely suggest ongoing viral repfioa.

According to Fraseet al. [39], HIV pathogenesis should not only includetrensd its immune responses but greater
emphasis should be on the virus and its genotype, \iral variation interacts with the host respgnaed how
certain heritable viral characteristics influenke tourse of disease.

HIV Eradication
According to Tae-Wook and Anthony [37], plasma Hiivaemia can be suppressed and maintained belolinths
of detection for prolonged periods of time in tlastymajority of HIV-infected individuals who receiantiretroviral
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therapy (ART). However, ART alone cannot eradiddt¥ in infected individuals due to the persisterafeviral
reservoirs in the peripheral blood and lymphoidues of infected individuals despite the suppressioplasma
viraemia.

According to Battistini and Sgarbanti [35], as aule of the present failure in the eradication ¢¥/# infection,

novel therapeutic approaches have been adoptegetoane viral resistance to drugs, however the inerfactors
responsible for maintaining natural suppressivporse have to be taken into consideration befoveldping safe
and effective immune interventions [40]. The twojonaapproaches to cure HIV-1 infection include cive
strategies (or sterilizing cure) and reducing teervoir strategy (that is, reaching a drug-freetrob of infection-
functional cure), however, a functional cure is enfgasible than a sterilizing cure [36]. AccordiogSivroet al.

[38], functional cure cannot be achieved due toetstablishment of viral reservoirs.
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Figure 2: Diagram showing the novel therapeutic approach to HIV-1 infection
Source: Battigtini and Sgarbanti [35].

Interestingly, some HIV-infected patients tend xbibit control of viral replication in the absenoktreatment. This
control appears to be mediated by a unique CD8+e&gbonse that identifies an important targetpiotential HIV
vaccines and HIV-specific, immune-based theraf#é$ [

e Therapeutic vaccines

Therapeutic vaccines are immunotherapies aimeglsaining a cellular immunity importantly througtetbontrol of
HIV-1 reservoir size. For a therapeutic vaccind#oeffective, it should induce HIV-1 specific imneuresponses
that have been previously absent [40]. This approaccording to studies could re-stimulate CTL reses,
reactivate virus and induce HIV-1 replication [42,413,44,45,46,47,48,49,50].

Based on the observation that several vaccinadgimens and pathogen infections have been showratiually
increase viral RNA in plasma of HIV-1 infected metis undergoing ART, recently, the use of Toll-lieeeptors
(TRLs) agonist has been recommended to both redeti|V-1 from latently infected cells and boosM-Hpecific
cytotoxic CD8+ T cell immunity [49].
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e Immune-based therapies

Immune-based therapies in combination with reatitigagcompounds enhance the clearance of reactivatenitly-
infected cells as well as improving host immungoeses. Cytokines and agents that antagonize wegatjulators
of immune activation have been considered amonguneabased therapies in their ability to reversimgisy
silencing and restoring immune functions [49,35}tdRines, also, functions to stimulate HIV-1 replion and
interfere with mechanisms responsible for HIV-Efaty [50].

A recent study found the use of pegylated interfeatpha-2A (clinical trial NCT005948) as anothermiome-
mediated approach, which controlled HIV replicataond decreased HIV-1 integration in patients dftesrruption
of ART [51,38].

CONCLUSION

Although ART has suppressed viral load in infeqiatients, complete eradication is not possible auittclearance
of HIV-1 from latent reservoirs. Therefore, theiedties of the current antiretroviral agents aedtiment strategies
cannot be simply assessed by quantitation of CD4ymiphocytes but on their ability to reconstitube immune
system on a wider scale. In the future, combinatdhierapies equipped with precise delivery to@s tlfil the
scientific dream of the complete eradication of HIWtom infected patients.

However, for proper eradication of HIV in infectedlividuals, the followings need to be put in mikdrst, there
should be a better understanding of the immunolagid virologic factors/mechanisms that contributeviral
persistence in infected individuals receiving ARiKihg note of the precise mechanism by which thentaviral
reservoir is established and maintained, the rbtessue-derived productively infected cells in theal persistence,
the origin of rebounding plasma viraemia upon disicmation of therapy and the effect of immune\atton on
viral burden in infected individuals receiving AR®econd, the impact of the use of aggressive ARjimens
administered following the course of HIV infectishould be addressed. Third, clinically relevant eetoducible
high-throughput virologic assays need to be deesldp order to measure the efficacy of agentsatatesigned to
target persistent HIV reservoirs. Fourth, strategigned at targeting both latent and non-lateral vesservoirs may
need to be pursued simultaneously in order to eateliHIV. Finally, eradication strategies may néadnclude
immune-based therapies such as therapeutic vaiceirihtit are capable of boosting the host's immasponses.
Given the many strategies HIV employs to evade imentecognition and susceptibility to antiviralsfuactional
cure would be very effective in suppressing it tiehslow levels that the host’s immune system wdiddable to
control the infection without the need for anticsfral therapy, harm would not be inflicted upoe thost and HIV
would not be transmitted to other individuals.
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