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Abstract
The host cell infection by Human Immunodeficiency Virus (HIV) is initiated through 
the entry of the virus into the cell. The major target cells of HIV are cluster of 
differentiation 4 (CD4)+ T lymphocytes, which express co-receptors, chemokine 
receptor 5 (CCR5) or C-X-C chemokine receptor type 4 (CXCR4). HIV-1 envelope 
glycoprotein 120 (Gp120) binds to its primary receptor CD4, a member of the 
immunoglobulin superfamily enhances T-Cell Receptor (TCR)-mediated signaling, 
is absolutely required for the infection. Recent reports on cell surface marker 
expression levels by infecting CD4+ T cells with HIV-1 viruses gave an insight into 
host cell responses. In our study, we infected Jurkat, SupT1 cells and PBMCs with 
HIV-1 and analyzed the expression of cell surface markers gp120, CD4, CCR5 and 
CXCR4 levels by quantitative real time PCR (qRT-PCR) at different time intervals 
of post infection. Our study shows that there is ~ 5-fold increase in expression of 
gp120 1 h post infection and 1.5-fold increase in relative expression of CD4 and 
CCR5 at 2 h post infection, whereas CXCR4 showed differential up-regulation in 
different cell lines which needs further analysis.
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Introduction 
Human Immunodeficiency Virus (HIV) is a retrovirus that causes Acquired Immune 
deficiency Syndrome (AIDS). One of the principal cellular targets of HIV infection 
is the cluster differentiation 4 positive (CD4+) T lymphocytes [1]. HIV leads to the 
loss of T lymphocytes are a central factor in the progression of the disease, due to 
their central role in controlling immune responses. HIV infects T cells via interaction 
between glycoprotein gp120 and the CD4 molecule [2]. Infection of T cells is assisted 
by the interaction of T cells with C-X-C Chemokine receptor type 4 (CXCR4) and C-C 
Chemokine receptor type 5 (CCR5) co-receptors. The envelope of HIV-1 mediates 
virus entry into cells, which comprises surface gp120 glycoproteins non-covalently 
linked to transmembrane gp41 glycoprotein that/which embed the complex into the 
viral membrane. HIV-1 entry is initiated by gp120 binding to cellular CD4 [3], which is 
a high-affinity interaction that facilitates the initial attachment of virus to the target 
cell. The binding of gp120 to receptor CD4 results in a conformational change in gp120 
which exposes the binding site for chemokine receptors CCR5 or CXCR4 [4,5].

Another study on CEM (lymphoblastic cells) and C8166 CD4+ T cells in vitro infection by 
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HIV-1 virus effects on cellular gene expression on these different two 
cell lines reported in which the expression of 1506 cDNAs during HIV-
1 infection using cDNA microarrays and identified 20 differentially 
expressed genes that function in a variety of cellular pathways [6]. 
Out of the 20 genes 140 (RIP14000, T cell receptor α (TCRα) and 
Translocase of the Outer Membrane 34 (TOM 34) genes were found 
to be upregulated and prothymosin α and type IV protein tyrosine 
phospatase (type IV PTP) were downregulated [7]. 

Their study was the first quantitative large-scale analysis of host 
cell gene expression in HIV-1-infected cells and results supported 
the hypothesis that HIV-1 infection alters cellular gene expression 
at a global level which has not been recognized previously [8]. 
According to another cDNA analysis study human T cells upon 
HIV-1 infection showed that 15% of 2,000 cDNA were differentially 
expressed after infection, in which 27 markers were found to 
be significantly down-regulated and were up-regulated at peak 
HIV infection [9]. An in vitro study showed the level of mRNA in 
(Peripheral Blood Mononuclear Cells) PBMCs does not indicate 
the effects of HIV infection on the different cell populations that 
are present in the peripheral blood. PBMCs include monocytes, 
lymphocytes and circulating dendritic cells. The kinetics of virus 
replication depends on the stage of cellular differentiation at the 
time of virus infection [10]. CD4 (T helper) cells, the main target 
for HIVs, expression of the CD4 receptors and their destruction 
is associated with the deterioration of the immune system. 
T-lymphocytes do not support a productive infection with HIVs 
in vitro, unless they are first stimulated with agents such as 
mitogens or antigens. Activated T lymphocytes are easier to 
infect than non-activated ones [11].

In this study, we investigated the expression profile of cell surface 
markers in three types of cells infected with HIV-1 virus using 
quantitative RT-PCR analysis. Our study is an effort to fill the gap 
in knowledge of very early changes in host proteins after HIV 
infection at transcriptional level.

Materials & Methods 
Cell and virus culture 
SupT1 cells, Jurkat cells and PBMCs were propagated in RPMI 
(Gibco-BRL, Invitrogen, CA, USA) with 10% FBS (Gibco-BRL) at 
standard conditions of 5% CO2 and 37oC. HIV-1 93IN101 (subtype 
C) was cultured by infecting the SupT1 cells with cryopreserved 
viral stock in the presence of 8 µg/mL Polybrene (Sigma, St. Louis, 
MO, USA) overnight. The unbound virus was removed by washing 
the cells with 0.1M Phosphate Buffered Saline (PBS) three times 
and the cells were seeded back to complete medium. After 4 
days of infection, the shedding virus was quantified in the culture 
supernatant with p24 ELISA kit (ABL Inc, Kensington, MD, USA), 
filtered using 0.45µ membrane filter (Pall Corporation, USA) and 
used for infection experiments. Infection was given at 20 ng (100 
MOI) viruses for every 2x106 cells in the presence of 8 µg/mL 
Polybrene in serum free media. 

HIV-1 p24 antigen assay 
Cells were infected with HIV-1 for 2 h in the serum free media. 

The unbound virus was washed with 0.1M PBS, three times and 
the cells were seeded back in the complete medium. After 4 
days of infection, the shedding virus was quantified in the free 
culture supernatants with p24 ELISA kit following manufacturer’s 
instructions. 

PBMCs isolation and culture
PBMCs were obtained from healthy volunteers as per Institutional 
Ethics Committee approval. PBMCs from healthy individuals were 
isolated and cultured from the blood drawn into heparin-coated 
tubes (Vacutainer; Becton Dickinson) as per standard protocol, 
with slight modifications. PBMCs were isolated by gradient 
centrifugation using Ficoll-Hypaque (Amersham Pharmacia). 
RPMI 1640 medium was used to re-suspend PBMCs and were 
cultured with PHA/IL-2 (2.5 µg/mL and 50 units/mL IL-2, 
respectively), supplemented with antibiotics penicillin (100 units/
mL) and streptomycin (100 µg/mL) along with Polybrene 2 µg/
mL. After 3 days of culturing, antibiotic was removed 24 h prior to 
harvest of cells and used for viral infections.

Viral infection 
In all protein expression studies, cells were infected with live and 
heat inactivated virus separately. For each time point 5 x 106 cells 
were infected with HIV-1 and collected at 0, 1, 2, 4, 6 and 8 h of 
post infection.

Total RNA isolation and qRT-PCR
Total RNA from the cells was isolated using Trizol reagent (Sigma). 
The concentration of total RNA was assessed using NanoDrop 
(ND-1000, NanoDrop technologies, USA) spectrophotometer 
and the quality was checked by formaldehyde agarose gel 
electrophoresis First strand cDNA synthesis was carried out 
using superscript III (Invitrogen, USA) following manufacturer’s 
protocol. The primer sets used for qRT-PCR were designed using 
Primer Express software (Applied Biosystems, USA) such that at 
least one primer in each set flanked the intron-exon boundary 
to prevent amplification from genomic DNA (Table 1). All target 
genes analyzed and the endogenous control used in the present 
study (Gapdh). All qRT-PCRs were carried out in triplicates using 
power SYBR Green PCR master mix (Applied Biosystems) in an 
ABI-7500 fast real time PCR machine (Applied Biosystems) at an 
initial hold of 95oC (10 min) followed by a 2-step PCR reaction 
of 95oC (15 s) and 60oC (1 min) for 40 cycles according to the 
manufacturer’s protocol. Dissociation or melting curve analysis 
was performed for each gene to check for single amplification. 
During PCR, fluorescence accumulation resulting from DNA 
amplification was recorded using the ABI 7500 sequence 
detection system (SDS) software. Cycle threshold (Ct) values were 
obtained from the exponential phase of PCR amplification by SDS 
software. Gapdh was used as an endogenous control as it did not 
show any significant change in expression after infection. The 
target gene expression was normalized against gapdh expression 
taking o hour after infection as reference as per 2-ΔΔCT method.

Statistical analysis
Data were presented as mean ± SEM (standard error of mean). 
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Number of samples/repeats for each experiment/assay is 
indicated in the legends to figures. All statistical analyses were 
done using the SPSS 10.0 software package (SPSS Inc., Chicago, IL, 
USA). Differences between groups were compared using Anova 
(single factor) test and for each test, P value of <0.05 (*) were 
considered significant.

Figure 1 Standard curves of GAPDH (slope= -3.56), gp120 (slope= -3.23) and CD4 (slope= -3.85).

Results
Primer sequences use for amplification of different genes is gives 
in Table 1. Primer specificity for each primer pair was confirmed 
by dissociation curve analysis given in Figure 1 and amplification 
plots of each gene given in Figure 2.

Name of Gene Amplicon Forward primer Reverse primer
GP120 204 bp 5'- CAA TGT ATG CCC CTC CCA TCA GTG GAC -3' 5'- CCT TGG TGG GTG CTA CTC CTA ATG GTT CA -3'
CD4 191 bp 787 5' CTC CCG CTC CAC CTC ACC CTG 3' 807 5'- CTC AGC ATC AGC TTA GGG GAG GTG G -3'
CCR5 183 bp 5'- GAA GGT CTT CAT TAC ACC TGC AGC TCT C -3' 5'- CCT GTG CCT CTT CTT CTC ATT TCG ACA C -3'

CXCR4 183bp Ref No seq: 
NM_003467 336  5'- CTG TCA GTG GCC GAC CTC CTC TTT GTC -3' 355 538  5'- GCT TCC TTG GCC TCT GAC TGT TGG TGG -3' 519

Table 1: The primer sequences used for qRT-PCR.
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Expression of cells surface markers gp120, CD4, 
CCR5 and CXCR4 by qRT-PCR in infected cells at 
different points after HIV-1 infection in Jurkat 
cells 
Expression analysis of different cell surface markers at different 
time points after HIV infection in Jurkat cells (Figure 3). Gp120 
up-regulated at 1 h after HIV infection and showed a steady 
decrease from 2 h to 4 h. Both CD4 and CCR5 up regulated by 2 h 
of post infection in cell lines and decreased at later time points. 
CXCR4 showed a significant up regulation by 1 h in Jurkat cells 
after infection.

Expression of cells surface markers after HIV-1 
infection in SupT1 cells 
Expression analysis of different cell surface markers at different 
time points after HIV infection in SupT1 cells showed gp120 up-
regulated at 1 h after HIV infection and showed a steady decrease 
from 2 h to 4 h (Figure 4). Both CD4 and CCR5 up regulated by 2 
h of post infection in the cell lines and decreased at later time 
points and CXCR4 showed a significant up regulation at 2 h post 
infection in SUP T1 cells.

Expression of cells surface markers after HIV-1 
infection in PBMCs 
Expression analysis of different cell surface markers at different 
time points after HIV infection in PBMCs (Figure 5). Gp120 and CD4 
showed up-regulation at 1 h and 4 h post infection respectively in 
PBMCs but CCR5 and CXCR4 did not show significant difference in 
the expression at different time points after HIV infection.

Discussion
CCR5 and CXCR4 receptor interaction with the HIV-1 surface 
envelope glycoprotein gp120 triggers molecular events that 
eventually result in HIV infection. It has been shown that gp120 
can induce rapid internalization of these receptors [12,13]. We 
studied this expression by using three different CD4+ T cell lines 
(Jurkat, SupT1 and PBMCs) and infected the cells with HIV-1 
in vitro. Jurkat, SupT1 and PBMCs cells upon HIV-1 infection 
shows an up-regulation in gp120 and other surface receptor 
expression after 1 hpi, with a steady decrease in expression 
after 2 and 4 hpi in Jurkat and SupT1 cells. At early infection, 
the available transcripts of gp120 are from virions infected the 
host cell because the viral gene transcription occurs after 12 
hpi only. There are several studies stating that, to prevent super 

Figure 2 Amplification plots of GAPDH, gp120, CD4, CCR5 and CXCR4.
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infection and to escape from immune recognition the cell surface 
receptors of the host cell are generally degraded [14-16]. Hence, 
in this study we have used gp120 marker as an infection marker. 
Results show that viral infection occurred in our study till at 1 hpi. 
Later further infection of infected cells (super infection) may be 

restricted as well as the existing viral genomic RNA was reverse 
transcribed into cDNA or dsDNA. As a result of this, at later hpi 
the gp120 marker levels gradually decreased. The expression 
pattern of host cell surface markers correlates with earlier report 
that gp120 down-regulates the expression of both the surface 

Figure 3 Expression of cell surface marker gp120, CD4, CCR5, CXCR4 after HIV infection in Jurkat cells by qRT-PCR calculated using 2-ΔΔCT 
method. X-axis represents hours after HIV infection. Values are mean ± SEM, n=3. * indicates significance at p<0.05.

Figure 4 Expression of cell surface marker gp120, CD4, CCR5 and CXCR4 after HIV infection in SupT1 cells by qRT-PCR calculated using 2-ΔΔCT 
method. X-axis represents hours after HIV infection. Values are mean ± SEM, n=3. * indicates significance at p<0.05.   
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Figure 5 Expression of cell surface marker gp120, CD4, CCR5 and CXCR4 after HIV infection in PBMCs by qRT-PCR calculated using 2-ΔΔCT 
method. X-axis represents hours after HIV infection. Values are mean ± SEM, n=3. * indicates significance at p<0.05. 

receptors and CD4 in T Cell Depleted Marrow (TCDM) post 
infection of HIV, but our reports differ with the existing reports 
temporally i.e. instead of getting effects at 6-12 h after treatment, 
in our study we found these effects as early as 2 hpi. As reported 
previously [17] at 24 h infection the expression of CD4 remains 
low. Studies suggest that gp120-induced down-modulation of 
the CXCR4 and CD4 receptors may involve different mechanisms 
but that CXCR4 down-modulation induced by gp120 requires CD4 
[17]. Our data supports this finding as in our study the CXCR4 
and CCR5 receptors were observed to be up-regulated and this 
up-regulation dependent on the CD4 receptor. In PBMCs, we 
observed a similar up-regulation of gp120 and CD4 expression 
with no significant change in the CCR5 and CXCR4 expression. 
These studies provide new information about interaction of HIV-
1 envelope protein gp120 to the CD4 receptor and co-receptors 
CCR5 and CXCR4. 

CD4, CCR5 and CXCR4 are cellular receptors for viruses are often 
down-regulated [18] from the plasma membrane following 
productive infection, making infected cells refractory to super 
infection by other viruses that use the same receptor for entry 
[19,20]. The decrease in surface expression may be caused in part 
by the formation of a complex between the viral receptor binding 
protein and cellular receptors in intracellular compartments [21]. 
Several mechanisms have been proposed to account for the 
down-regulation of CD4 following primate lentivirus infection 
[22]. Internalization of CD4 can occur upon binding of HIV-1 
envelope glycoproteins [23]. In our study down-regulation of CD4 
observed in SupT1cells. Followed by an up-regulation after 2 hpi 
and decreased at later time points.

Down-regulation of CD4 may also be mediated by the HIV-1 Nef 

and Vpu accessory proteins [24]. In CD4+ T cells there is an up-
regulation of CXCR4 expression after 1 hpi in Jurkat cells, CXCR4 
up-regulation also observed in SupT1 cells after 2 h of HIV-1 
post infection. Up-regulation of the CXCR4 co-receptor during 
productive infection by CD4-dependent HIV-1 strains was not 
observed in previous studies [25], thus, supporting our data.

CXCR4 is also down-regulated in cells infected with CD4-
independent X4 HIV-1 isolate m7NDK [25]. HIV-1 cytopathic 
effects are responsible for the decrease in surface CXCR4 in RH9 
and Jurkat cultures, CXCR4. CXCR4 is uniformly present on the 
cells in the RH9 and Jurkat cultures [26]. It is also possible that 
differences in the ability to down-regulate CXCR4 are cell specific. 
However, in current studies we observed that HIV-1 induces 
CXCR4 up-regulation in Jurkat and SupT1 cells lines 1 h and 2 h 
of post infection respectively we also observed a slight down-
regulation of CXCR4 in PBMCs after 1 hpi. 

Alteration in CXCR4 [27] expression after infection by HIV-1 could 
result from sequestration of CXCR4 intracellular or from the 
direct effects of other HIV-1 proteins on the synthesis of CXCR4 or 
its transport to the cell surface. Several studies have shown that 
HIV-1 gp120 can displace chemokines from their receptors [28]. 
Interactions between gp120, CD4, and CXCR4 have also been 
well established [29]. Reduced levels of CXCR4 mRNA transcripts 
were observed in cells infected with CD4-independent HIV-1 
isolate [25]. Furthermore, the modulation of CCR5 expression 
by the HIV viruses is at the level of transcription [30]. Further 
experiments will be needed to determine the mechanisms of 
down-modulation of surface CXCR4 by HIV-1.

In Indian patients elevated levels of CCR5 expressing target cells 
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have reported, which may be due to abnormal immune activation 
from environmental sources. Increased expression of CCR5 on 
uninfected T cells may make them more susceptible to infection 
by CCR5-utilizing HIV-1 isolates, favoring selection and evolution 
of CCR5-utilizing isolates [31]. Our finding supports this study as 
we found an up-regulation of CCR5 receptor in both Jurkat and 
SupT1 cell lines after 1 and 2 hpi. Through this finding we can 
also propose that down-regulation of CCR5 after viral infection 
can prevent super infection and premature apoptosis of infected 
cells. It is therefore important to analyze CCR5 expression on 
different lymphocyte sub-populations.

Our results demonstrated that the release of the viral accessory 
proteins Vif, Vpr, and Nef which were enclosed with in the virion 
particle immediately after fusion can show regulatory effects in 
the host cell. The comparison of the viral infection in the form 
of gp120 transcripts showed nearly 2-fold decreased infection 
in Sup-T1 cells than others at 1 hpi. Hence, we can assume less 
availability of accessory proteins. Both Jurkat and Sup-T1 cells 
after infection showed increased transcripts of CD4 and CCR5 at 2 
hpi but CXCR4 levels elevated at different time points. Surprisingly 
in PBMCs, no effect of HIV-1 infection on CXCR4 up to 4 hpi and 
at later time point i.e. at 6 hpi all receptor levels were decreased. 
Collectively, our results show at early hours of post infection 
there is less effect of viral factors on the transcriptional regulation 
of cell surface receptors. The modulations appeared at early 
hours may be due to the effect of host intrinsic antiviral factors 
or maybe the involvement of other cell signaling pathways which 

regulates transcription of these markers. Our data revealed some 
intra cellular signaling or may be due to the host intrinsic antiviral 
factors regulates cell surface receptors transcription up to 4 hpi. 
But at later stages accessory proteins of HIV related from virions 
might disrupt cellular functions of the infected T-cell even before 
the time of peak intracellular viral protein and virion production.

Conclusion
Our results support the hypothesis that surface markers of host 
cells alter very early after the HIV infection may be due to the cell 
signaling cascades activated during infection. This effects docent 
involves viral loaded accessory proteins. Over expression of these 
markers at early hours of post infection instead of decreased levels 
supports our conclusion. After 4 hpi, the decreased transcription 
of markers along with constant decrease of gp120 explains the 
viral loaded accessory proteins role in it. And further analysis of 
these markers at protein level can help us to understand host cell 
expression pattern after infection, which can lead to identification 
of novel surface markers.
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