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Abstract: Herpesvirus saimiri (HVS)-transformed human T cells expressing terminal membrane proteins (TMPs) tyrosine 

kinase interacting protein (Tip) and saimiri transformation associated protein strain C (StpC) are highly permissive for R5 

and X4 strains of HIV-1. StpC expression enhances replication of R5 and X4 strains of HIV-1 and induces latent reser-

voirs of replication competent HIV-1 in cell lines derived from T cells or monocytes. Paradoxically Tip expression re-

stricts replication and cytopathic effects of R5 and X4 strains of HIV-1 in T cells and monocytes post-retrotransposition. 

Understanding the canonical pathways whereby Tip and StpC alter HIV-1 replication may uncover novel therapeutic ap-

proaches to HIV-1 infection. Here we show Tip inhibits Tat-mediated transcriptional activation of the long terminal repeat 

(LTR). Tip mediated inhibition of Tat transactivation is reversed by Nef. Tip also mediates restriction of late-stage repli-

cation of HIV-1 by disrupting Nef interaction with lymphocyte-specific protein-tyrosine kinase (Lck) in lipid rafts. Spe-

cifically, in the presence of Tip, Lck does not localize to lipid rafts reducing Nef interaction with Lck within the lipid 

rafts. Finally, the permissive phenotype conferred by StpC is the result of synergy with Tat during transcriptional activa-

tion of the HIV-1 LTR. This transcriptional synergy between StpC and Tat requires Lck and NF- B consensus binding 

sequences. These findings demonstrate that the HVS TMPs influence transcriptional and post-transcriptional stages in 

HIV-1 replication. We propose that HVS-encoded TMPs associated with T cell transformation have evolved ability to 

modulate the replication of competing retroviruses. Gene based approaches utilizing Tip and StpC may provide therapeu-

tic models for treating acute and latent HIV-1 infections, respectively. 
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INTRODUCTION 

 Central to AIDS pathogenesis is progressive loss of 
CD4+ T-lymphocytes in peripheral blood and lymphoid tis-
sues, leading to severe immune dysfunction, opportunistic 
infections, and neoplasm associated with viral infection. The 
mechanism underlying CD4+ T cell depletion is unclear, 
evidence suggests that HIV-1 encoded negative effector of 
infection (Nef) plays an integral role. During HIV-1 infec-
tion the nef gene is transcribed early and abundantly, com-
prising over 80 percent of viral transcripts [37]. nef encodes 
a 25- to 32-kDa myristoylated protein found within the 
virion t localizing to plasma membranes, cytosol and nucleus 
of infected cells [13, 27]. Nef lacks known enzymatic activ-
ity; therefore, Nef-associated functions are likely due to in-
teractions with host-cell proteins [16]. Four distinct functions 
are associated with Nef. First, Nef inhibits apoptosis of in-
fected macrophages and dendritic cells contributing to reser-
voirs of replication competent HIV-1 [15]. Second, during 
HIV-1 infection of macrophages Nef activation of Hck 
kinase induces the production of cytokines and T cell 
chemoattractants resulting in the attraction, activation and 
priming of T cells for infection [38, 43, 44]. Virion-assoc- 
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iated Nef increases T-cell activation prior to retrotransposi-
tion [50] through activation of Lck [5, 17, 40] and IL-2 sig-
naling [20]. Third, Nef down regulates cell surface mole-
cules, CD4, and major histocompatibility complexes (MHC) 
I and II preventing anti-viral T cell priming [1, 14, 39]. 
Lastly, Nef down regulates co stimulatory molecules CD28, 
CD80 and CD86 further preventing T cell priming [10]. Nef 
also enhances virion infectivity by modulating the lipid 
composition of the viral envelope and increasing the effi-
ciency of reverse transcription [38, 52]. Overall, the role of 
Nef in HIV-1 induced pathogenesis is to prolong life of the 
infected cell, increase viral infectivity, and reduce immuno-
surveillance. 

 HVS encodes transforming proteins Tip and StpC, desig-
nated terminal membrane proteins (TMPs) to reflect localiza-
tion of their respective open reading frames (ORF) near viral 
genomic terminal repeats [8]. Previously, we have demon-
strated that the cytopathic effects (CPE) of R5 and X4 strains 
of HIV are enhanced by StpC expression while paradoxically 
CPE is restricted by Tip expression [25, 35]. The modifica-
tion of HIV replication and CPE by Tip and StpC suggests 
that they interact with host restriction mechanisms or HIV-1-
associated virulence factors. In this regard, Tip interacts with 
Lck, signal transducers and activators of transcription Stats 1 
and 3, and Tip associated protein (Tap) [6, 22, 49]. Since 
Lck and Stats play key roles in T cell signaling and gene 
expression, restriction of HIV-1 replication may involve Tip 
interactions with these host proteins. Tip is a type II mem-
brane protein containing a hydrophobic domain located in 
the C-terminus with a cytoplasmic N-terminus. Tip contains 
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two functional Lck-binding domains (LBD) -LBD1 and 
LBD2, also referred to as the SH3-binding site and the Src-
family regulatory site homology regions, respectively [4, 
26]. Nef has also been shown to interact with SH3 and SH2 
domains of Lck [11]. Lck kinase activity is increased by Tip 
[21, 30, 31], while several studies have indicated that Nef 
inhibits Lck kinase activity [11, 18, 19]. StpC, also a type II 
membrane protein interacts with the Ras GTPase, TRAF-2 
and -6 and leads to increase NF- B activation (reviewed in 
Brinkmann and Schulz [8]; Tsygankov [45]). Since Tip and 
StpC interact with or influence host factors integral to HIV-1 
replication we designed experiments to determine the role 
interactions between TMPs and host proteins have in the 
paradoxical effects of Tip and StpC on HIV-1 replication 
and reactivation. In this report, we show that Tip restricts 
late stage HIV replication by disrupting Nef-Lck interaction 
in lipid rafts resulting in an accumulation of Lck in non-raft 
fractions. StpC enhances HIV-1 replication by synergizing 
with Tat to increase transcriptional transactivation of the 
LTR. The results reported here contribute fundamental 
knowledge regarding the molecular mechanisms underlying 
the paradoxical effects of Tip and StpC on HIV-1 replica-
tion. 

MATERIALS AND METHODS 

Cells 

 Human T cell line Jurkat and the 293T cell line derived 
from a human renal embryo carcinoma were obtained from 
American Tissue Type Culture (ATCC). JCaM-C1 cells 
(Lck/JCaM1.6), an engineered variant of JCaM1.6 reconsti-
tuted to constitutively express Lck under the control of a 
tetracycline repressible promoter, were generously provided 
by Dr. D. Strauss (Virginia Commonwealth University, 
Richmond, VA). Jurkat and JCaM-C1 were maintained in 
RPMI 1640 supplemented with 10% fetal bovine serum, 100 
U/ml penicillin, 100 g/ml streptomycin (Mediatech, Hern-
don, VA), and gentamicin (1 g/ml) (GIBCO-BRL, Carlsbad, 
CA) (R10 media). Tetracycline (1 μg/ml) was added to the 
media of JCaM-C1 cells to repress Lck expression 48 hr 
prior to use. 293T cells were grown in DMEM supplemented 
with 10% fetal bovine serum and antibiotics as described 
above for RPMI 1640. 

Generation of Tip/Neo Lentiviral Vectors 

 Pseudotyped lentiviral vectors encoding the Tip/neo 
genes were produced as previously described [17] and either 
used immediately or stored at -80ºC. Briefly, using calcium 
phosphate (Promega, Madison WI) 293T cells were trans-
fected with the appropriate transfer vector (pCTPN or 
pCPN), packaging and envelope plasmids. Culture media 
were replenished 16 hours after transfection, and cells were 
cultured for an additional 60 hours. Culture supernatants 
were collected, filtered (0.45μ), and stored at -80ºC. 

Transduction of CD4+ T Cell Lines with pCTPN 

 JCaM-C1 expressing Lck from a tetracycline repressible 
promoter [42] were retrovirally transduced as previously 
described [24]. Briefly, HIV-1-based retroviral vectors driv-
ing the expression of Tip/neo (pCTPN) and corresponding 
control Neo (pCPN) vectors were transfected into the pack-
aging cell line 293T to generate lentiviral containing either 
the selection marker alone or the Tip transgene along with an 

antibiotic selection marker. JCaM-C1 clones expressing neo 
or Tip/neo were selected using G418 (250 μg/ml), and resis-
tant clones were obtained by subsequent limiting dilution. 
Studies were performed with heterogeneous populations of 
Tip-positive cells. 

Source and Propagation of X4 and R5 and Nef Minus 
Strains of HIV-1 

 Transductions, HIV-1 propagation and infections were 
carried out in the Biological Safety Level (BSL) 2 facility at 
Temple University School of Medicine using standard oper-
ating precautions. T-tropic (X4) strains (IIIB and RF) and the 
M-tropic (R5) strains (Ada-M, Ba-L, JRFL, and SF162) 
were obtained from the AIDS Research and Reference Rea-
gent Program (Division of AIDS, NIAID, Rockville, MD). 
X4 strains were propagated in MOLT4 cells, whereas pri-
mary cultures of normal peripheral blood mononuclear cells 
(PBMC) were used to propagate R5 strains. Viruses were 
purified from culture supernatants by ultracentrifugation at 
33,000 rpm for 1 h at 4ºC in a Ti60 rotor. Pellets were col-
lected, gently washed in PBS, and re-suspended in 1 ml 
complete medium per 50 ml of supernatant. Supernatants 
were filtered through a 0.8-  filter and then stored at -70ºC. 
X4 strain was titered on SupT1 cells by syncytia formation. 
Stocks ranged from 10

6 
to 10

7 
syncytia-forming units per 1 

ml. R5 strain was titered by limiting dilutions followed by 
p24 analysis to determine the highest dilution resulting in 
p24 values above background. Nef minus HIV-1 was propa-
gated by transfection of 7.5 x 10

6
 293T cells in 15-cm dishes 

with
 
25 g of pNL4-3 lacking a functional nef gene. 

Quantification of HIV-1 Replication in Cell Lines Trans-
duced To Express Tip 

 Infected cell culture supernatants were collected 7 days 
post-infection and stored at -80ºC. Viral concentrations de-
termined by a p24 capture enzyme-linked immunosorbent 
assay (ELISA) kit (SAIC-Frederick, Frederick, MD). ELISA 
performed in accordance with the SAIC-Frederick protocol. 
Briefly, viral particles within infected culture supernatants 
were lysed with 0.1% Triton X-100 solution for 1 h at 37ºC. 
Lysates were placed in wells pre-coated with a monoclonal 
anti-p24 antibody and incubated for 2 hours at 37ºC. Wells 
were washed and incubated with anti-p24 antibody (poly-
clonal) solution (100 μl/well) for 1 hour at 37ºC. Horse rad-
ish peroxidase (HRP)-labeled anti-rabbit secondary antibody 
solution was added to each well after washing and wells 
were incubated for 1 h at 37ºC. After incubation, wells were 
washed, the chromogenic substrate TMB (KPL, Gaithers-
burg, MD) was added to each well, and the plates were incu-
bated for approximately 30 min at room temperature. Absor-
bance of samples read at 450 nm. 

Immunoprecipitation and Western Blot 

 Immunoprecipitation and Western blotting of Tip were 
performed as previously described [33]. Briefly, cells ex-
pressing Tip were lysed in Tris/NaCl/EDTA (TNE) buffer 
containing 1% NP40 and 10 μM of aprotonin and leupeptin 
protease inhibitors. Tip was detected in 293T cells by 
immmunoblotting of whole cell lysates (100 μg of total pro-
tein per lane). Lysates were separated using SDS-PAGE and 
transferred to nitrocellulose membrane (BioRad, Hercules, 
CA), and the membrane was probed with anti-Tip sera [33] 
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followed by an HRP-labeled anti-rabbit secondary antibody 
(Amersham, Piscataway, NJ). Tip was then visualized using 
chemiluminescence using an ECL Plus kit (Amersham). For 
Lck detection the monoclonal antibody 3A5 was used (Santa 
Cruz Biotechnology, Santa Cruz, CA). 

Isolation of Lipid Rafts 

 Lipid rafts were isolated from 10
8
 293T cells lysed

 
in 

0.5% Triton X-100-containing buffer as described [2]. 
Briefly, 1 ml of lysates was adjusted to 40% sucrose and

 

layered with 2 ml of 30% and 1 ml of 5% sucrose and centri-
fuged

 
at 200,000g for 16 h at 4°C. Raft isolation, immuno-

precipitation, and western blot analysis performed on frac-
tions. Fraction #3 and Fractions # 9 and 10 were used for 
lipid raft and non-raft fractions, respectively. This was con-
firmed by anti-Flotillin-1 (Santa Cruz Biotechnology, CA) 
dot blot (not shown).

 
Fractions from the entire gradient were 

collected, solubilized
 
with 2% Triton X-100 at room tem-

perature for 15 min and were
 
either immunoprecipitated with 

a Lck polyclonal antibody [33] prior
 
to separation by SDS-

PAGE or applied directly to an SDS gel.
 
After SDS-PAGE, 

samples were analyzed by Western blotting with
 
a rabbit 

polyclonal for Nef (AIDS Reference and Reagent Program) 
and Tip [33] and monoclonal anti-Lck antibody (Santa Cruz 
Biotechnology, Santa Cruz, CA). 

Expression Plasmids 

 Tip and Lck expression plasmids were constructed as 
previously described [25]. To generate a Nef expression 
plasmid the nef gene was excised from transfer vector, 
pLconnefSN (AIDS Research and Reference Reagent Pro-
gram, cat# 3297) using EcoR1 and then inserted into a 
EcoR1 linearlized pCDNA3.1 (Invitrogen, Carlsbad, CA) 
backbone to yield pNef-Ex. Orientation of nef in pNef-Ex 
was confirmed by Xho1 digest, inappropriate orientation 
yield a 100bp product while the correct orientation results in 
a 500 bp product. Tat expression vector (pSVTat72) and 
reporter constructs in which expression of the chlorampheni-
col acetyl transferase (CAT) was driven by the complete 
HIV long terminal repeat (pHIV-CAT) or with mutated NF-

B sequences linked to the CAT gene (pD B-HIV-CAT) 
were obtained from the AIDS Research and Reference Rea-
gent Program (cat#294, cat#2619 and cat#2618 respec-
tively). Transient transfection of 293T, Jurkat, JCAM1.6, 
MOLT4, and JCaM-C1 cells were performed as described 
[25]. Transfection efficiency was normalized by co-
transfecting with luciferase plasmid (pGL3) (Promega, 
Madison WI) and measuring luciferase levels in the whole 
lysates using the Luciferase assay system (Promega, Madi-
son, WI). 

Reporter Gene Expression Assays - Chloramphenicol 
Acetyl Transferase (CAT) ELISA 

 Whole cell lysates of transfected cells were analyzed for 
CAT concentration using a CAT ELISA performed accord-
ing manufacturer’s (Hoffman-La Roche, Nutley, NJ) proto-
col. Briefly, total protein concentrations of whole cell lysates 
were measured using DC protein assay (BioRad, Hercules, 
CA). Cell extracts (200 μg total protein) were added to wells 
of a CAT ELISA plate coated with anti-CAT antibody. 
Plates were covered and incubated at 37ºC for 1 h. Solutions  
 

were then removed and the wells washed five times with 250 
μl of washing buffer. Anti-CAT-Digoxin-labeled (DIG) an-
tibody was then added to each well and the plate covers and 
incubated for 1 hour at 37ºC. After incubation, plates were 
again washed five times with wash buffer, and an anti-DIG-
peroxidase (POD) antibody solution was added to each well. 
Plates were incubated at 37ºC for 1 hour, after which the 
anti-DIG-POD antibody solution was removed and the plates 
washed five times with wash buffer. POD substrate was 
added to each well, plates were incubated at room tempera-
ture for approximately 10 minutes, and then absorbance of 
the samples measured at 405 nm. 

Statistical Analysis 

 Statistical significance (P < 0.05) was determined using 
unpaired Student’s t-Test comparisons between cells trans-
duced with either empty or Tip/StpC vectors. 

RESULTS 

Replication of an HIV-1 Nef Deletion Mutant is Not Re-

stricted by Tip 

 Tip expression restricts HIV-1 replication post-
integration in T cells [25, 35]. A HIV-1 nef deletion mutant 
was used to determine Nef’s role in Tip-mediated restriction 
of HIV-1 replication. JCaM-C1, which expresses Lck under 
control of a tetracycline repressible promoter, was trans-
duced with pCPN (Neo) or pCTPN (Tip/Neo). Replication of 
wild-type pNL4-derived HIV-l, but not pNL4 with nef de-
leted was restricted in JCaM-C1 transduced with pCTPN in 
the presence of Lck (Fig. 1A). In the absence of Lck, Tip did 
not restrict replication of pNL4-derived wild-type or pNL4 
with nef deleted (Fig. 1B). These results suggest that Nef and 
Lck are integral to Tip-mediated restriction of HIV-1 replica-
tion. Interestingly, the effects of Tip on the replication of 
wild-type and Nef-deficient virus were opposite (Fig. 1A). It 
is possible, therefore, that Tip has a potential to increase 
HIV-1 replication, for example, through activation of Lck [6, 
31], Stats [32] and/or NF-AT [34], but in the presence of 
Nef, the major effect of Tip on HIV-1 is Nef-dependent. 

Tip Inhibits Nef-Mediated Lck Translocation to Lipid 
Rafts 

 Tip and Nef have been shown to interact with Lck and 
affect it’s kinase activity [11, 18, 31, 47]. To determine 
whether Tip would disrupt Nef interaction with Lck vectors 
driving the expression of Nef and Tip were used to co-
express Nef and Tip (Fig. 2A, lanes 1-3). Transfection of 
293T with pLck, pNef-Ex, and pCep4-Tip expression plas-
mids followed by anti-Lck immunoprecipitation demonstrate 
that Tip and Lck interact directly in the whole cell lysates 
(Fig. 2A, lane 9). As expected from these results anti-Tip 
immunoprecipitation also showed interaction with Lck (Fig. 
2A, lane 10). In contrast, anti-Nef immunoprecipitation 
clearly showed that Nef does not interact with either Tip or 
Lck in the whole cell lysate (Fig. 2A, lane 8). Analysis of 
lipid rafts from 293T transfected with pLck and pNef-Ex or 
with pNef-Ex, pLck, and pCep4-Tip show that Nef-Lck in-
teraction occurs within the lipid rafts in the absence of Tip 
(Fig. 2B, lane 3). In non-raft fractions, Tip and Lck interact 
as observed in whole cell lysates (Fig. 2B, lane 6). Interest-
ingly, Lck localization to lipid rafts is dramatically reduced  
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Fig. (1). Tip rescues nef minus HIV-1 as measured by release of 

virus. JCaM-C1 expressing Lck under the control of a tetracycline 

repressible promoter cells were retrovirally transduced to express 

Tip/Neo(pCTPN) or neo(pCPN) alone, placed on selection for 7 

days and then infected with pNL4-derived wild type strain of HIV-

1(solid bar) or a pNL4-derived nef deletion mutant (hatched bars) in 

the absence (A) or presence (B) of tetracycline. Culture supernatant 

were collected 7 days post infection and viral infection monitored 

by p24 capture ELISA. *p-value < 0.05, Student’s T-test.when Tip 
is expressed interfering with Nef ability to interact with Lck 
in lipid rafts (Fig. 2B, lanes 1-3). These results show that Tip 
abrogates Lck-Nef interaction in lipid rafts resulting in reten-
tion and accumulation of Lck in non-raft fractions (Fig. 2B, 
lanes 5 and 6). 

Nef Reverses Tip-Mediated Inhibition of Tat HIV-1 LTR 
Transactivation 

 Tip restricts Tat-mediated transactivation of the LTR 
[36]. Since Nef has been shown to indirectly up-regulate 
HIV-1 replication [46, 51], we wanted to examine the effect 
of Nef on Tip inhibition of Tat transactivation of the HIV 
LTR. We co-expressed Nef and Tip in 293T cells containing 
a pHIV-CAT construct. Cells co-transfected with either 
pSVtat72 and pCEP4-tip or pSVtat72 alone show that Tip 
inhibits Tat-mediated transactivation of the LTR (Fig. 3, # 1-

3). In cells co-transfected with pNef-ex the ability of Tip to 
inhibit Tat transactivation of the LTR was reduced (Fig. 3, # 
4). These results provide evidence that Nef reverses Tip-
mediated inhibition of Tat transactivation of the LTR (Fig. 3, 
lane 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Nef does not form a complex with Lck in cytosol. (A) 

Immunoblotting of 293T cells transfected with Nef (lanes1, 4 and 

5) or Lck( lanes 2, 6 and 7) expression plasmids, or all three plas-

mids Nef, Tip, and Lck ( lanes 3, 8, 9 and 10) harvested 48 hours 

post transfection and lysates subjected to immunoprecipitation and 

western blot analysis. (B) Tip prevents Nef and Lck interaction 

in lipid rafts. WB-Western Blot, IP-Immunoprecipitation. Raft 

isolations and Lck immunoprecipitation were performed on lysates 

from 293T cells transiently transfected with Nef, Tip and Lck ex-

pression plasmids. Cells were harvested 48 hours post transfection. 

Raft isolation, immunoprecipitation, and western blot analysis per-

formed on fractions. Fraction #3 (raft) and Fraction # 9 and 10 

(non-raft) used in analysis raft confirmed by anti-Flotillin-1( Santa 

Cruz Biotechnology, CA) dot blot (not shown). 

NF- B Consensus Binding Sequences within the HIV-1 
LTR are Required to Enhance HIV-1 Replication 

 StpC activates the transcription factor NF- B [29, 34], 
and the HIV-1 LTR contains NF-  consensus binding se-
quences suggests the presence of a mechanism whereby the 
HVS encoded type II TMP could enhance HIV-1 replication. 
To determine the effects of StpC on HIV-1 LTR-driven tran-
scription and the role of NF- B, Jurkat cells were co-
transfected with CAT reporter construct linked to an HIV-1 
LTR with (pHIV-CAT) or without (pD B-HIV-CAT) NF-

B consensus sequence binding sites, along with 
(pSVTat72)(Tat) and pSIC2 (StpC). As expected Tat en-
hances LTR-driven reporter gene transcription independent  
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Fig. (3).  Nef reverses Tip-mediated inhibition of Tat transacti-

vation. Chloramphenicol acetyltransferase activity (CAT) of 293T 

cells transfected with PHIV-CAT reporter construct and pGL3 (Lu-

ciferase for normalization of transfection efficiency), Tat 

(pSVTat72), Tip (pCEP4-Tip) and Nef (pNef-EX) expression 

plasmids. Cells were harvested 48 hours post transfection and 

lysates assayed for CAT concentration using CAT ELISA and CAT 

values normalized to Luciferase activity. *p-value < 0.05, Student’s 

t-Test. 

of the NF- B binding site (Fig. 4, # 2). Interestingly StpC 
synergized with Tat to transactivate the LTR containing a 
complete NF- B binding site (pHIV-CAT) (Fig. 4, # 4). 
However, in the absence of a complete LTR NF- B binding 
site (pD B-HIV-CAT) StpC failed to synergize with Tat to 
transactivate the LTR (Fig. 4, # 4). 

Synergy of StpC and Tat in Enhancing HIV-1 LTR 
Transactivation is Lck-Dependent 

 The role of Lck in StpC-mediated effects on LTR-driven 
transcription was analyzed in JCaM-C1 (a cell line express-
ing Lck under a tetracycline repressible promoter) trans-
fected with pHIV-CAT along with expression plasmids for 
Tat (pSVTat72) and StpC (pSIC2). StpC enhanced Tat me-
diated transcription in the presence of Lck (Fig. 5A, # 4). In 
contrast StpC does not enhance Tat mediated transactivation 
of the LTR in T cells in the absence of Lck expression, sug-
gesting that synergy between StpC and Tat to enhance LTR-
driven transcription is Lck-dependent (Fig. 5B, # 4). 

DISCUSSION 

 HVS-encoded Tip and StpC have paradoxical effects on 
HIV-1 replication [25]. T cells that have been transduced to 
express Tip produce significantly lowered levels of HIV-1 
and exhibit reduced CPE [35]. Previously we have shown 
Tip restricts HIV-1 replication by inhibiting Tat transactiva-
tion of the LTR [36]. Here we show (1) Tip does not restrict 
HIV-1 replication as measured by release of virus in T cells 
without Lck; (2) since progeny virus is produced primarily 
from transcribed provirus, this suggests that Tip may also 
restrict a post-transcriptional step that is Lck-dependent and  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). StpC enhancement of Tat transactivation of the HIV 

LTR is NF- B binding sequence dependent. Jurkat cells were 

transfected with PHIV-CAT reporter construct with or without NF-

B sites along with expression plasmids for StpC (pSIC2) and Tat 

(pSVTat72). Cells were harvested 48 h post-transfection and CAT 

activity determined by ELISA and normalized to Luciferase activ-

ity. Hatched bars complete LTR solid bars LTR without NF-kB 

consensus binding site *p-value<0.05, Student’s T-test. 

that this effect of Tip is more important in its overall effect. 
Here we demonstrate that replication HIV-1 with nef deleted 
is not restricted by Tip, but is actually enhanced (Fig. 1A) 
providing evidence for a role for Nef in Tip-mediated restric-
tion of late-stage replication. The HIV-1-encoded nef gene is 
one of the crucial determinants of disease progression [7, 9, 
12, 28]. Tip targets an important molecular marker for HIV-
1-induced disease progression and may as a result occupy a 
unique position as a therapeutic strategy. 

 Tip [23, 31, 48] and Nef [3, 11, 18] interact with SH2 
and SH3 domains of Lck kinase, suggesting that Tip and Nef 
could compete for Lck binding. We show that Nef-Lck and 
Tip-Lck interactions occur in different cellular compartments 
(lipid rafts vs. whole cell lysates) and expression of Tip ab-
rogates Nef-Lck lipid interactions in lipid rafts (Fig. 2A and 
B). Nef controls the activation state of the infected cell, im-
proves efficiency of reverse transcription, and down-
regulates expression of key target molecules including CD4 
and MHC I to increase infectivity, pathogenicity and to 
evade immunosurveillance. It would be predicted that Tip-
mediated inhibition of Nef interaction with Lck would re-
strict HIV-1 replication and cytopathic effect. We show that 
Nef has the capacity to compensate for Tip-mediated inhibi-
tion of the Tat-transactivation of the LTR (Fig. 3). Tip ability 
to antagonize Nef suggests that these gamma herpes virus 
TMPs may have evolved a secondary role to restrict replica-
tion of competing non-complementary viruses. The functions 
of Tip could be developed as a therapeutic strategy to restrict 
acute HIV infection and suggest that targeting Nef may sig-
nificantly restrict HIV-1 replication. Since R5 strains of  
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Fig. (5). StpC ability to synergize with Tat to transactivation the 

HIV-1 LTR is Lck dependent JCaM-C1 cells cultured in the ab-

sence (A) or presence (B) of tetracycline, were transfected with 

PHIV-CAT reporter construct and expression plasmids for StpC 

(pSIC2), and Tat(pSVTat72). Cell were harvested 48 hours post-

transfection and CAT concentrations in lysates were measured by 

CAT ELISA. *p-value<0.05, Student’s T-test. 

HIV-1 are responsible for transmission and dominate during 
the early stages of infection and give rise to X4 syncytia in-
ducing HIV-1, the ability of Tip to restrict replication of R5 
strains of HIV-1 adds to the attractiveness of Tip as a gene 
based therapy. StpC, on the other hand, promotes HIV-1 
replication and CPE. In this report, using reporter construct 
studies in Jurkat cells we have shown that increase in HIV-1 
replication by StpC is due to an increase in Tat-mediated 
transcription of the HIV-1 LTR that is both NF-

B-consensus binding site and Lck-dependent (Figs. 4 and 
5). It is likely that StpC-mediated activation of NF- B tran-
scription factor is responsible for StpC-Tat synergy since the 
deletion of NF- B binding sites within the LTR abrogated 
the ability of StpC to synergize with Tat to increase LTR-
driven transcription. We have previously shown that StpC 
enhanced HIV replication independently of viral tropism in 
T cells and macrophages [35]. Therefore, these studies sug-
gest that two distinct mechanisms, one dependent on NF- B 
and the other dependent on Lck, may mediate the effect of 
StpC on viral replication. Alternatively, Lck may be essential 
for the effect of StpC on NF- B in T cells, but it may be 
substituted by another specific protein tyrosine kinase in 
monocytes. Our previous results indicating that the effect of 

StpC on NF- B activity in 293T cells is greatly up-regulated 
by Lck, but not by Src [41] argues in favor of the second 
explanation. 

 Overall, the results presented in this study suggest that 
Tip and StpC, in addition to inducing a T cell environment 
conducive to HVS survival, may restrict retroviral infection 
and latency in the host cell, preventing detrimental retroviral 
parasitism. This feature of Tip and StpC may eventually be 
harnessed for practical purposes. Highly active anti-retroviral 
therapy (HAART) eventually becomes ineffective due to 
resistance caused by the high mutation rate of HIV-1. Fur-
thermore only actively replicating virus is targeted by 
HAART, allowing latent reservoirs of replication competent 
virus to persist. The ability of StpC to up-regulate HIV-1 
replication via enhancing proviral transcription in T cells and 
macrophage suggests that it could be developed as a thera-
peutic strategy to reactivate latent HIV-1, improving the abil-
ity of HAART to eliminate reservoirs of replication compe-
tent HIV-1. In summary this study reveals aspects of the 
molecular mechanism(s) involved in the dichotomous effects 
of HVS-transforming proteins Tip and StpC on HIV-1 repli-
cation and points to new viral targets to treat acute and latent 
HIV-1 infection. 
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