ISSN : 0974 - 7435 Volume 7 I'ssue 6

LioSechn o/oyy

A Judian Joarnal

Review

BTAIJ, 7(6), 2013[215-218]

HIV eradication: Targeting viral reservoir cells and replenishing
with HIV resistant cdlls

Jeanne Adiwinata Pawitan
Department of Histology, Faculty of M edicine, Univer sitasIndonesia, JI. Salemba6, Jakarta, INDONESIA)
E-mail : jeanneadiwip@fk.ui.ac.id; jeanneadiwip@gmail.com

ABSTRACT

Latent HIV infection needsalife-long antiretroviral treatment, asthereis
no means to completely eradicate the virus. Therefore, to manage this
condition, new approaches should be developed. Thisarticle highlighted
the results of molecular and proteomic studies that can be used in identi-
fying viral reservoir cells to destroy viral shelter, which might lead to
completeviral eradication. Further, administration of engineered HIV re-
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sistant autologous hematopoietic stem cells will prevent subsequent in-
fection by exacerbating reminiscent HIV virus. However, problems and
limitations in the technology to provide resistant cells still needs to be

solved. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Antiretrovird therapy of HIV may reducevird load
and stop the progress of diseasein most patient. Treated
patientswill devel op latent infection dueto provirusin-
tegration to host genome. Provirusintegration occursin
latently infected cellsthat becomeareservoir, which
provideashdter tothevirus. Therefore, alife-longtreat-
ment with antiretrovird isrequired, asuntil to datethere
isno meansto completely eradicatethevirug*2.

Targeting vird-reservoir celsmay destroy theshdlter
and thusleadsto completevira eradication. Theprob-
lemisthat thelatently infected cellsaredifficult to be
distinguished from uninfected cellg3. Therefore, means
to identify thelatently infected cellsiscrucid totarget
and destroy these cells. Further, destroyed infected cells
should bereplaced by engineered HIV virusres stant
cells. However, problemsand limitationsin thetech-

nology to provideresstant cells<till needsto besolved.

MEANSTOIDENTIFY LATENTLY
INFECTED CELL

Various proteomic studieson HIV infected cells
compared to uninfected cell shave been published 291,
A study on HIV-1infected human T lymphocyte cell
lines (PM1) revealed changesin protein expressions
(proteome) over timei.e. 42 hours after a massive
amount of viral inoculation, and 7-10 days after inocu-
lation. Proteome changes at 42 hoursafter amassive
amount of viral inocul ation were used to detect acute
infection changes, which weretheresultsof asingle
round of replication. Further, proteome changesaround
7-10 days after inocul ation represent changes at the
peak of infection, and were used to detect long term
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effect of vird replication. Proteomeanalyssat the pesk
of infection showed 65 upregul ated proteins, while af-
ter asingleround of replication, only 8 proteinswere
upregulated. Moreover, theHIV capsid protein (CA-
p24) and HIV accessory protein (Nef) were
upregulatedin both3.

Another proteomic study on chronic HIV-infection
of T cdlsshowed theexclusive expression of amem-
brane receptor protein tyrosine kinase (PTK) namely
Zetachain tyrosine-protein kinase (ZAP-70) on the
plasmamembraneof infected T cells. ThisPTK isas-
sociated withthezetachain of T cell receptor (TCR)™“.

Further, a proteomic study on peripheral blood
mononuclear cells (PBMCs) that compared PBMCs
of HIV-positive patientsto those of healthy controls
showed 12 upregul ated proteinsin HIV-positive pa-
tients. Thisfinding was confirmed by mRNA expres-
sion that was analyzed by real time RT-PCR. The
upregulated proteinswere cellular proteins, such as
vinculin, filamin-A, ENOL, and L-lactate dehydroge-
nase B chain (LDHB), whichwererdatedto vira pro-
teinstoform compound vird-hogt proteinse.g. vinculin-
nef, filamin A-pol, ENO1-rev, and LDHB - gp41 or
gp120. In addition, there were other significantly in-
creased cdllular surface proteins (e.g. talin) that may be
regarded as specificinfected-cell proteing®.

Reservoir cdl identification might be possible by
using cdl surfaceproteinsthat areexpressed exclusivey
inHIV infected cdls particulaly inlaently infected cdls
Therefore, knowledge of surface proteinsthat are ex-
pressed exclusively in those cellsisneeded. For this
purpose, revealing compound vira—host proteins by
proteomic studieson HIV-latency cell model iscrucia
to develop atool for theidentification of latently-in-
fectedcells.

A study hasdevel oped astablein vitro model for
HIV-latency in T cdllsthat can beactivated using doxy-
cycling?, Proteomic studieson these cellsmay reved
compound vira-host protein on the surface of latently
HIV infected cells, which may be used to eradicate the
reservoir cels.

To eradicatethereservoir cells, drugs (toxins) that
only kill thelatently infected cellsmay beused. Toavoid
destruction of normal cellsthetoxincanbelinkedtoa
specific antibody against latently infected cell surface
protein, sothat thetoxin only targetsthevira reservoir
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and sparenorma cells. Mutant Pseudomonasexotoxin
PE38QOR (PE) that was used to target gliomacel 159,
or other toxins may be used for thispurpose.

REPLACEMENT OF ERADICATED
RESERVOIRSBY HIV RESISTANT CELLS

After infected cell eradication, administration of en-
gineered HIV resi stant autologous stem cellsisneeded
to replacetheeradicated cells. Thisapproachisto pre-
vent subsequent infection by exacerbating remini scent
HIV virus, whichmay lead to afinal curefor HIV pa-
tientsinthefuture. Thispoint of view issupported by a
long term study®?, which reported thecureof anHIV
patient with acute myel oid leukemiawho received al-
| otransplantation of hematopoietic stem cellsfroman
HIV resistant donor. The patient isviral-free without
anti retrovira therapy sincemorethan 3.5years™, and
the patient’s blood cells were replaced by HIV resis-
tant blood cel g%,

The donor was homozygous for a 32 base pair
deletion of the CCR5 gene that causes aframe shift
and apremature stop codon, which rendersthe CCR5
to beinactive. Such deletion does not cause any harm-
ful effect on the donor health. CCR5 isareceptor on
CDA4 cdllsthat isrequired for CCR5 trophic (R5 type)
HIV-1vira entry. Therefore, inactive CCR5 prevents
further vird entry®9,

Thesuccessof HIV resistant hematopoietic stem
cell dlotransplantation wascons dered asapremature
conclusion™, and asthetransplantation wasdoneona
case of malignancy that received hematopoietic cell
ablation therapy, thereisapossibility that the ablation
therapy contributedintheeimination of vira reservairs.
Therefore, combination of viral reservoir targeting and
HIV-resistant stem cell therapy may becomean inter-
esting approach in the future*?. However, to find a
matching HIV resistant donor may poseaproblem2,
This problem can be overcome by engineering HIV
resi stant stem cellsusing patient-derived cells.

Methodsto induce patient-derived adult cellsinto
induced pluripotent stem cells (iPSCs) areavailable;
and further theiPSCscan bedifferentiated into desired
cellg3, Thedesired patient-derived cells, which are
thetarget of HIV can beusedtoengineer HIV resistant
target cells. Perez et a (2008) hasengineered HIV re-
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sistant CD4 cellsusing Zinc (Zn) finger nuclease ge-
nome editing to disrupt the CCR5 gene. A Zn finger
nucleaseisanucleasethat islinked toaZnfinger pep-
tide. The Znfinger peptide can be engineered to bind
toaparticular DNA sequencein ahighly specific man-
ner. The nuclease needsto form adimer to be active.
Therefore, apair of Znfinger nuclease monomersare
needed, onewith aZnfinger that bindsthe upstream
sequence and another that binds the downstream se-
guence of thetarget site. Binding of apair of Znfinger
nucleases causes adouble strand DNA break at aspe-
cificdte(Figurel). Thefina result isdisruption of the
genedueto addition or deletion of nucleotidesduring
DNA repairg™.,

Further, Holt et a (2010) engineered CCR5 knock
out human cord blood derived hematopoieticstem cells
using the same method, and succeeded in causing dis-
ruptionin CCR5 gene. Further, thestem cdlsweretrans-
planted inimmune-deficient (NSG) mice. IntheNSG
mice, the CCR5 knocked out hematopoietic stem cells
wereableto engraft, proliferateand differentiateinto the
needed blood cdlls, including CD4 cells. Further, chal -
lengewith HIV virus showed that CCR5 knocked out
stem cdll transplanted micehad significantly lower HIV
level compared to untransplanted mice™.

Another gpproachisto engineer hematopoieticstem
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bp= base pair, DSB= double strand breaks
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cellsthat harbor homozygous 32 basepair deletionin
the CCR5 gene, precisely the deletion that occured in
naturally resistant individuas. Thisdeletion canbeac-
complished by using 2 pairsof Znfinger nucleases. The
two pairsof nucleases causedoublestrand DNA bregks
at two sites, precisely at the beginning and theend of
the 32 basepairsto beddeted (Figure 2-middle). Fur-
ther, addition of adonor DNA, whichiscomplemen-
tary with the 32 base pair flanking region (Figure 2-
top), causesarepair with a32 base pair deletion asthe
fina result (Figure 2-bottom) €,

’ Double strand (ds) DNA ‘

_L ’ ds DNA - Zn finger nucleases l
——— ‘ ds DNA with ds breaks ‘
[} ‘ Nuclease (monomer) ‘

‘ Up stream Zn finger ‘

‘ Down stream Zn finger ‘

ds= double strand

Figurel: Generation of adoublestrand break by usinga
pair of Zn finger nucleases

Donor DNA — complementary
with 32 bp flanking region

CCRS5 gene with DSEB

CCRG& gene with 32 bp deletion

Figure?2: Generation of adeletion by causing 2 doublestrand breaks

PROBLEMSAND LIMITATIONSOF
GENOMEEDITING TECHNOLOGY IN
PROVIDINGHIV RESISTANT CELLS

In the study of Holt et a (2010), cord blood de-
rived hematopoietic stem cellswere used to engineer
HIV resistant cells, ascord blood isrich in hematopoi-
etic stem cell9%. However, the use of cord blood will

posere ection problems, and the reci pient should be
chosen carefully to match thedonor. Theneed tomatch
therecipient to thedonor leadsto restrictionintheuse
of theengineered cells. Therefore, the use of autolo-
gous adiposetissue or other easily accessibletissue
derived hematopoietic stem cellsusing induced pluri-
potent stem cell method™3*" may resolvethe problem.

Replacement of eradi cated reservoirsby engineered
HIV resistant cellsinvolves genome editing technol o-
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gies. Though thisnew technology showed promising
results, the CCRS5 disruption efficiency wasstill low,
i.e. 17+10% of'the total CCRS5 alleles, and only 5-7%
that were homozygoug™.

Moreover, tointroducetheZn finger nucleasesinto
thecdlls, variousvectorscan beused, includingvird and
nonvird vectors. Nonvird vectorsaremorefavored as
they may not give unexpected Sdeeffects. Nonvird vec-
torsincludeZnfinger nucleaseexpressngplasmid. The
plasmid was successfully introduced into cellsusing
nucleofectiontechnique. Thoughinapreviousstudy, this
techniquewas showed to betoxic to human CD34 he-
matopoi etic stem cellsand lead tol oss of engraftment
potential®, astudy that used different parameters of
nucleofection succeeded to get abetter resulti*s,

Moreover, Znfinger nucleasegenome editing may
causeoff target doublestrand bresk dueto homo-dimer-
ization, which may cause undesired disruption on other
genes, and thus cytotoxi city. Homo-dimerization oc-
cursat placeswherethere aretwo identical sequences
at both upstream and downstream of aparticular Ste2.
Therefore, genomewide putative off target screening
should be performed, to ascertain that thereare no of f
target disruption.

Recently, to reduce off target disruption, aspecia
nuclease that can not form ahomo-dimer was devel-
oped. This method showed that the obligate hetero-
dimer greetly reducetheoff target disruption?24, More-
over, transcription activator-like effector (TALE) nu-
cleases, which havethe same mode of actionwith Zn
finger nucl ease have been developed. TALE nucleases
that arelesstoxic to cellscompared to Zn finger nu-
cleases®® can a'so be used.

CONCLUSION

Targetingvira reservoir cdlsand administration of
autologousHI V- res gant hematopoietic tem cdllsseems
promisnginprovidingafind curefor HIV patient.
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