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ABSTRACT
Latent HIV infection needs a life-long antiretroviral treatment, as there is
no means to completely eradicate the virus. Therefore, to manage this
condition, new approaches should be developed. This article 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
complete viral eradication. Further, administration of engineered HIV re-
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 Science Inc. - INDIA
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INTRODUCTION

Antiretroviral therapy of HIV may reduce viral load
and stop the progress of disease in most patient. Treated
patients will develop latent infection due to provirus in-
tegration to host genome. Provirus integration occurs in
latently infected cells that become a reservoir, which
provide a shelter to the virus. Therefore, a life-long treat-
ment with antiretroviral is required, as until to date there
is no means to completely eradicate the virus[1,2].

Targeting viral-reservoir cells may destroy the shelter
and thus leads to complete viral eradication. The prob-
lem is that the latently infected cells are difficult to be
distinguished from uninfected cells[2]. Therefore, means
to identify the latently infected cells is crucial to target
and destroy these cells. Further, destroyed infected cells
should be replaced by engineered HIV virus resistant
cells. However, problems and limitations in the tech-

nology to provide resistant cells still needs to be solved.

MEANS TO IDENTIFY LATENTLY
INFECTED CELL

Various proteomic studies on HIV infected cells
compared to uninfected cells have been published [3-5].
A study on HIV-1 infected human T lymphocyte cell
lines (PM1) revealed changes in protein expressions
(proteome) over time i.e. 42 hours after a massive
amount of viral inoculation, and 7-10 days after inocu-
lation. Proteome changes at 42 hours after a massive
amount of viral inoculation were used to detect acute
infection changes, which were the results of a single
round of replication. Further, proteome changes around
7-10 days after inoculation represent changes at the
peak of infection, and were used to detect long term
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effect of viral replication. Proteome analysis at the peak
of infection showed 65 upregulated proteins, while af-
ter a single round of replication, only 8 proteins were
upregulated. Moreover, the HIV capsid protein (CA-
p24) and HIV accessory protein (Nef) were
upregulated in both[3].

Another proteomic study on chronic HIV-infection
of T cells showed the exclusive expression of a mem-
brane receptor protein tyrosine kinase (PTK) namely
Zeta chain tyrosine-protein kinase (ZAP-70) on the
plasma membrane of infected T cells. This PTK is as-
sociated with the zeta chain of T cell receptor (TCR)[4].

Further, a proteomic study on peripheral blood
mononuclear cells (PBMCs) that compared PBMCs
of HIV-positive patients to those of healthy controls
showed 12 upregulated proteins in HIV-positive pa-
tients. This finding was confirmed by mRNA expres-
sion that was analyzed by real time RT-PCR. The
upregulated proteins were cellular proteins, such as
vinculin, filamin-A, ENO1, and L-lactate dehydroge-
nase B chain (LDHB), which were related to viral pro-
teins to form compound viral-host proteins e.g. vinculin-
nef, filamin A-pol, ENO1-rev, and LDHB - gp41 or
gp120. In addition, there were other significantly in-
creased cellular surface proteins (e.g. talin) that may be
regarded as specific infected-cell proteins[5].

Reservoir cell identification might be possible by
using cell surface proteins that are expressed exclusively
in HIV infected cells, particularly in latently infected cells.
Therefore, knowledge of surface proteins that are ex-
pressed exclusively in those cells is needed. For this
purpose, revealing compound viral�host proteins by

proteomic studies on HIV-latency cell model is crucial
to develop a tool for the identification of latently-in-
fected cells.

A study has developed a stable in vitro model for
HIV-latency in T cells that can be activated using doxy-
cycline[2]. Proteomic studies on these cells may reveal
compound viral-host protein on the surface of latently
HIV infected cells, which may be used to eradicate the
reservoir cells.

To eradicate the reservoir cells, drugs (toxins) that
only kill the latently infected cells may be used. To avoid
destruction of normal cells the toxin can be linked to a
specific antibody against latently infected cell surface
protein, so that the toxin only targets the viral reservoir

and spare normal cells. Mutant Pseudomonas exotoxin
PE38QQR (PE) that was used to target glioma cells[6],
or other toxins may be used for this purpose.

REPLACEMENT OF ERADICATED
RESERVOIRS BY HIV RESISTANT CELLS

After infected cell eradication, administration of en-
gineered HIV resistant autologous stem cells is needed
to replace the eradicated cells. This approach is to pre-
vent subsequent infection by exacerbating reminiscent
HIV virus, which may lead to a final cure for HIV pa-
tients in the future. This point of view is supported by a
long term study[8-10], which reported the cure of an HIV
patient with acute myeloid leukemia who received al-
lotransplantation of hematopoietic stem cells from an
HIV resistant donor. The patient is viral-free without
anti retroviral therapy since more than 3.5 years[10], and
the patient�s blood cells were replaced by HIV resis-

tant blood cells[8-10].
The donor was homozygous for a 32 base pair

deletion of the CCR5 gene that causes a frame shift
and a premature stop codon, which renders the CCR5
to be inactive. Such deletion does not cause any harm-
ful effect on the donor health. CCR5 is a receptor on
CD4 cells that is required for CCR5 trophic (R5 type)
HIV-1 viral entry. Therefore, inactive CCR5 prevents
further viral entry[8-10].

The success of HIV resistant hematopoietic stem
cell allotransplantation was considered as a premature
conclusion[11], and as the transplantation was done on a
case of malignancy that received hematopoietic cell
ablation therapy, there is a possibility that the ablation
therapy contributed in the elimination of viral reservoirs.
Therefore, combination of viral reservoir targeting and
HIV-resistant stem cell therapy may become an inter-
esting approach in the future[12]. However, to find a
matching HIV resistant donor may pose a problem[12].
This problem can be overcome by engineering HIV
resistant stem cells using patient-derived cells.

Methods to induce patient-derived adult cells into
induced pluripotent stem cells (iPSCs) are available;
and further the iPSCs can be differentiated into desired
cells[13]. The desired patient-derived cells, which are
the target of HIV can be used to engineer HIV resistant
target cells. Perez et al (2008) has engineered HIV re-
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PROBLEMS AND LIMITATIONS OF
GENOME EDITING TECHNOLOGY IN
PROVIDING HIV RESISTANT CELLS

In the study of Holt et al (2010), cord blood de-
rived hematopoietic stem cells were used to engineer
HIV resistant cells, as cord blood is rich in hematopoi-
etic stem cells[15]. However, the use of cord blood will

sistant CD4 cells using Zinc (Zn) finger nuclease ge-
nome editing to disrupt the CCR5 gene. A Zn finger
nuclease is a nuclease that is linked to a Zn finger pep-
tide. The Zn finger peptide can be engineered to bind
to a particular DNA sequence in a highly specific man-
ner. The nuclease needs to form a dimer to be active.
Therefore, a pair of Zn finger nuclease monomers are
needed, one with a Zn finger that binds the upstream
sequence and another that binds the downstream se-
quence of the target site. Binding of a pair of Zn finger
nucleases causes a double strand DNA break at a spe-
cific site (Figure 1). The final result is disruption of the
gene due to addition or deletion of nucleotides during
DNA repairs[14].

Further, Holt et al (2010) engineered CCR5 knock
out human cord blood derived hematopoietic stem cells
using the same method, and succeeded in causing dis-
ruption in CCR5 gene. Further, the stem cells were trans-
planted in immune-deficient (NSG) mice. In the NSG
mice, the CCR5 knocked out hematopoietic stem cells
were able to engraft, proliferate and differentiate into the
needed blood cells, including CD4 cells. Further, chal-
lenge with HIV virus showed that CCR5 knocked out
stem cell transplanted mice had significantly lower HIV
level compared to untransplanted mice[15].

Another approach is to engineer hematopoietic stem

ds= double strand

Figure 1 : Generation of a double strand break by using a
pair of Zn finger nucleases

cells that harbor homozygous 32 base pair deletion in
the CCR5 gene, precisely the deletion that occured in
naturally resistant individuals. This deletion can be ac-
complished by using 2 pairs of Zn finger nucleases. The
two pairs of nucleases cause double strand DNA breaks
at two sites, precisely at the beginning and the end of
the 32 base pairs to be deleted (Figure 2-middle). Fur-
ther, addition of a donor DNA, which is complemen-
tary with the 32 base pair flanking region (Figure 2-
top), causes a repair with a 32 base pair deletion as the
final result (Figure 2-bottom)[16].

pose rejection problems, and the recipient should be
chosen carefully to match the donor. The need to match
the recipient to the donor leads to restriction in the use
of the engineered cells. Therefore, the use of autolo-
gous adipose tissue or other easily accessible tissue
derived hematopoietic stem cells using induced pluri-
potent stem cell method[13,17] may resolve the problem.

Replacement of eradicated reservoirs by engineered
HIV resistant cells involves genome editing technolo-

bp= base pair, DSB= double strand breaks

Figure 2 : Generation of a deletion by causing 2 double strand breaks
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gies. Though this new technology showed promising
results, the CCR5 disruption efficiency was still low,
i.e. 17±10% of the total CCR5 alleles, and only 5-7%

that were homozygous[15].
Moreover, to introduce the Zn finger nucleases into

the cells, various vectors can be used, including viral and
non viral vectors. Non viral vectors are more favored as
they may not give unexpected side effects. Non viral vec-
tors include Zn finger nuclease expressing plasmid. The
plasmid was successfully introduced into cells using
nucleofection technique. Though in a previous study, this
technique was showed to be toxic to human CD34 he-
matopoietic stem cells and lead to loss of engraftment
potential[18], a study that used different parameters of
nucleofection succeeded to get a better result[15].

Moreover, Zn finger nuclease genome editing may
cause off target double strand break due to homo-dimer-
ization, which may cause undesired disruption on other
genes, and thus cytotoxicity. Homo-dimerization oc-
curs at places where there are two identical sequences
at both upstream and downstream of a particular site[19].
Therefore, genome wide putative off target screening
should be performed, to ascertain that there are no off
target disruption.

Recently, to reduce off target disruption, a special
nuclease that can not form a homo-dimer was devel-
oped. This method showed that the obligate hetero-
dimer greatly reduce the off target disruption[20,21]. More-
over, transcription activator-like effector (TALE) nu-
cleases, which have the same mode of action with Zn
finger nuclease have been developed. TALE nucleases
that are less toxic to cells compared to Zn finger nu-
cleases[16] can also be used.

CONCLUSION

Targeting viral reservoir cells and administration of
autologous HIV- resistant hematopoietic stem cells seems
promising in providing a final cure for HIV patient.
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