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Entrance of the Tat protein of HIV-1 into human
uterine cervical carcinoma cells causes upregulation of
HPV-E6 expression and a decrease in p3S3 protein levels
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Abstract. The infection of uterine cervical epithelial cells by
oncogenic, high-risk human papilloma viruses (HR-HPVs)
may lead to the development of cervical carcinoma. Of note,
the incidence of this tumor is significantly increased in women
infected by both HR-HPV and human immunodeficiency virus
(HIV)-1.In this regard, previous studies have linked the HIV-1
Tat protein, a trans-activator of viral gene expression, to the
pathogenesis of HIV-associated malignancies. In particular,
it has been shown that upon its release by acutely infected
cells, Tat protein can enter human cells, thus modifying their
phenotype. Based on these findings, the present study evalu-
ated whether extracellular Tat protein could be taken up by
human uterine cervical carcinoma cells, and whether this
could affect the expression of HPV (E6 or E7) or cellular (p16
or p53) molecules, which are key to cervical carcinoma devel-
opment or progression. The results indicated that extracellular,
biologically active HIV-1 Tat protein is taken up by human
uterine cervical carcinoma cells, and that this is followed by
an increase in the expression of the E6 protein of HPV, and by
a reduction in the protein levels of the cellular oncosuppressor
p53. Since p53 loss is associated with cell dedifferentiation
and immortalization, these findings suggest a possible link
between extracellular Tat protein and the high incidence and
clinical aggressiveness of uterine cervical carcinoma observed
in HIV/HPV doubly infected women.
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Introduction

Uterine cervical carcinoma is very frequent and aggressive
in human immunodeficiency virus (HIV)/human papilloma
virus (HPV) doubly infected women, compared with the
general population (1). Although this is considered to depend
on HIV-promoted immune deficiency favouring high-risk
(HR)-HPV persistence in infected women (1), a direct
pathogenic link may exist between HIV and uterine cervical
carcinoma. In particular, it was previously shown that transfec-
tion of HR-HPV* human epithelial cells with HIV-1 Tat DNA
is followed by an increase in the expression of HPV genes,
including that encoding for the oncoprotein E6 (2). In this
context, other studies indicated that degradation of the cellular
oncosuppressor protein p53 by HPV-E6 prevents the differen-
tiation, senescence and apoptosis of HPV-infected cells of the
cervical epithelium basal layer (3).

Transfection of HIV DNA mimics HIV infection; however,
one should consider that among the cell types present in the
uterine cervix, only lymphocytes and macrophages permit
HIV-1 productive infection (4), and consequently, the efficient
expression of HIV-1 genes such as Tat.

Notably, previous studies have highlighted that
i) HIV-infected lymphocytes release the HIV-1 Tat protein
in a biologically active form that is able to enter neighboring,
HIV-infected or uninfected cells (5); ii) extracellular Tat
protein plays a key role in the pathogenesis of HIV-associated
malignancies, including Kaposi's sarcoma and non-Hodgkin
lymphoma (5); and iii) HIV-infected leukocytes infiltrate the
uterine cervix (6).

Based on these findings, one could hypothesise that upon
its release by HIV-infected leukocytes infiltrating the uterine
cervix, biologically active HIV-1 Tat protein is taken up by
HR-HPV* cervical epithelial cells, and that this could accel-
erate the progression of uterine cervical carcinoma.

Thus, the aim of the present study was to evaluate whether
extracellular HIV-1 Tat protein enters human uterine cervical
carcinoma cells, and whether this is followed by an alteration of
HPV-EG6 or p53 expression in these cells. In addition, the effect
of Tat on the HPV-E7 oncogene and the HPV-linked p16™hivitor of
cyclin-dependent kinase 4a (ink44) ce]] cycle inhibitor (7) was also evaluated.
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Materials and methods

Reagents. Recombinant Tat protein from HIV-1 (subtype B)
was expressed, purified, handled and tested for biological
activity as described earlier (8). The human cervical cancer
cell line SiHa harbouring HR-HPV16 DNA was cultured
according to the supplier's protocol (American Type Culture
Collection, Manassas, VA, USA). Growth medium (Dulbecco's
modified Eagle's medium), supplements, phosphate-buffered
saline (PBS) solution and the monoclonal antibody directed
against the E7 protein of HPV16 were obtained from Invit-
rogen (Thermo Fisher Scientific, Inc., Waltham, MA, USA).
Monoclonal antibodies raised against the E6 protein of
HPV16, human p53 (clone DO-1) and human pl6™* were
acquired from Santa Cruz Biotechnology, Inc. (Dallas, TX,
USA). Anti-p-actin monoclonal antibodies, human plasma
fibronectin (FN), bovine serum albumin (BSA, fraction V),
doxorubicin hydrochloride and the chemicals employed for
protein extraction were purchased from Sigma-Aldrich (St.
Louis, MO, USA). The primers and probes employed for RNA
analyses were purchased from Applied Biosystems (Thermo
Fisher Scientific, Inc.).

Cell adhesion, growth and viability assays. For the adhesion
assays, 96-well, flat-bottom, non-tissue culture-treated poly-
styrene plates (Invitrogen; Thermo Fisher Scientific, Inc.) were
coated overnight at 4°C with Tat, FN or BSA. Plates were then
rinsed and incubated for 3 h at room temperature with PBS-1%
BSA. A total of 100 ul of the cell suspension (5x10° cells/ml in
serum-free medium) was added to the wells (in quadruplicate).
Plates were incubated for 1 h at 37°C in a 5% CO, atmosphere
and washed with PBS. The adherent cells were then fixed
with 4% paraformaldehyde and stained with 1% toluidine
blue (Sigma-Aldrich). Cell adherence was quantitated using
a microtiter plate reader (Victor 1420; PerkinElmer, Inc.,
Waltham, MA, USA) set at 570 nM.

Cell growth or viability assays were performed by the cell
counting method (9) or the trypan blue cell exclusion test (10),
respectively.

Fluorescence microscopy. SiHa cells were plated on chamber
slides (Thermo Fisher Scientific, Inc.), starved in serum-free
medium, and then cultured in complete medium containing
Tat or its suspension buffer (PBS-0.1% BSA). After 30, 60 or
120 min of Tat addition to the growth medium, the cells were
fixed in 2% paraformaldehyde, treated with permeabilizing
solution (BD Biosciences, Franklin Lakes, NJ, USA), incubated
first with rabbit polyclonal affinity-purified anti-Tat antibodies
(dilution, 1:100; catalog no., ANTO0041; Diatheva s.r.l., Fano,
Italy) or rabbit immunoglobulin (Ig)G control antibodies
(dilution, 1:100; catalog no., I-5006; Sigma-Aldrich), then with
anti-rabbit fluorescein isothiocyanate-labeled antibodies (dilu-
tion, 1:100; catalog no., F-1262; Sigma-Aldrich) and finally
stained with 4',6-diamidino-2-phenylindole (Sigma-Aldrich).
Tat uptake and intracellular distribution were observed and
photographed using fluorescence microscopy.

Intracellular Tat staining and flow cytometry. SiHa cells were
suspended by trypsinization, incubated for 30 min at 37°C in
complete medium containing Tat or its buffer, washed with
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cold medium, treated for 5 min with trypsin-ethylenediamine-
tetraacetic acid solution (Invitrogen; Thermo Fisher Scientific,
Inc.) to remove cell surface-bound Tat, fixed for 10 min at 4°C
with BD FACS™ lysing solution (BD Biosciences), exposed
for 30 min at 4°C to permeabilizing solution (BD Biosciences),
stained with rabbit polyclonal affinity-purified anti-Tat anti-
bodies or rabbit IgG control antibodies, and analyzed by flow
cytometry (8).

Polymerase chain reaction (PCR). Total RNA was extracted
from the cells, purified and used to synthesise complementary
(c)DNA as previously described (9). The reverse-transcribed
(RT) cDNA from repeated, independent experiments was
used for quantitative (qQ)PCR analysis of HPV-E6 or HPV-E7,
according the TagMan™ technique (Thermo Fisher Scientific,
Inc.).

The primers for HPV16-E6 were: Forward, 5'-AATGTT
TCAGGACCCACAGG-3' and reverse, S-TTGTTTGCAGCT
CTGTGCAT-3". The probe for HPV16-E6 was 5'-AGCGAC
CCAGAAAGTTACCA-3'". The primers for HPV16-E7 were:
Forward, 5'-CAAGTGTGACTCTACGCTTCGG-3' and
reverse, 5'-GTGGCCCATTAACAGGTCTTCCAA-3". The
probe for HPV16-E7 was 5-TGCGTACAAAGCACACAC
GTAGACATTCGT-3".

The RT reaction was normalized by amplifying samples
for B-actin. The primers for (3-actin were: Forward, 5'-AAG
AGCTACGAGCTGCCTGA-3' and reverse, 5-TGGAGTTGA
AGGTAG TTTCGTG-3". The probe for [3-actin was 5'-CAT
CACCATTGGCAATGAGCGGT-3.

Amplification consisted of 20 sec at 50°C, 10 min at 95°C,
15 sec at 95°C and 1 min at 58°C for 45 cycles. The complexes
formed by PCR products and related probes were quantified
by the 2-AACq method (11).

In other experiments, cDNA was amplified using the
SYBR™ Green technique (Thermo Fisher Scientific, Inc.), and
the following oligonucleotide primers derived from the p53
cDNA sequence: Forward, 5"-TCTGACTGTACCACCATC
CACTA-3" and reverse, SCAAACACGCACCTCAAAGC-3".
gPCR was performed using the QuantiFast SYBR Green PCR
kit (Qiagen, Inc., Valencia, CA, USA). Amplification consisted
of 20 sec at 95°C, and 3 sec at 95°C followed by 30 sec at
60°C for 40 cycles. The reaction was normalized by ampli-
fying samples for glyceraldehyde-3-phosphate dehydrogenase,
which served as housekeeping gene (9).

PCR data were analyzed with the 7500 Fast System SDS
software version 2.0.5 (Applied Biosystems; Thermo Fisher
Scientific, Inc.).

Western blot analysis. Total proteins were extracted
from the cells, quantified, separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and transferred
onto membranes, which were probed with the corresponding
primary antibody [monoclonal mouse anti-HPV-E7 (dilution,
1:200; catalog no., MAS5-15439; Invitrogen; Thermo Fisher
Scientific, Inc.); monoclonal mouse anti-HPV-E6 (dilu-
tion, 1:200; catalog no., sc-460; Santa Cruz Biotechnology,
Inc.); monoclonal mouse anti-p53 (clone DO-1; dilution,
1:100; catalog no., sc-126; Santa Cruz Biotechnology, Inc.);
monoclonal mouse anti-pl16™#* (dilution, 1:100; catalog no.,
$¢-9968; Santa Cruz Biotechnology, Inc.); monoclonal mouse
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Figure 1. SiHa cells take up micromolar amounts of HIV-1 Tat protein. (A) SiHa cells were seeded on plates coated with 0.1, 1 or 10 yg/ml Tat. BSA or FN
concentrations equimolar to 10 pg/ml Tat were employed as the negative or positive control, respectively. Adherent cells were quantified as described in the
Materials and methods section. Results are expressed as mean optical density values from three experiments ("P<0.05). (B and C) SiHa cells were incubated
for 30 min in medium containing 0.1, 1 or 10 xg/ml biologically active Tat or its suspension buffer (phosphate-buffered saline containing 0.1% BSA, which
served as the negative control), and stained with anti-Tat or control antibodies. (B) Tat intracellular localization was visualized by fluorescence microscopy
and photographed. Blue color corresponds to SiHa cell nuclei stained with 4',6-diamidino-2-phenylindole, while green color indicated intracellular Tat protein,
which was revealed as described in the Materials and methods section. Magnification, x20. (C) The intracellular Tat content was evaluated by intracellular
staining and flow cytometry. The percentage of positive cells (compared with isotype-stained samples) is reported in the boxes. The data in panels B and C
correspond to a representative experiment. Repeated experiments produced similar results. OD, optical density; BSA, bovine serum albumin; FN, fibronectin;

aTat, anti-Tat antibody; CR, control; IgG, immunoglublin G; M1, marker 1.

anti-f actin (dilution, 1:500; catalog no., A5316; Sigma-
Aldrich)] and a specific horseradish peroxidase-conjugated
goat anti-mouse secondary antibody (dilution, 1:2,000; catalog
no., sc-2031; Santa Cruz Biotechnology, Inc.), as described
earlier (9). Filters were developed with the use of the Lite-
Ablot® Plus Enhanced Chemiluminescent Substrate Sample
(EuroClone S.p.A., Pero, Italy), and the intensity of the bands
was quantified by employing the ChemiDoc XRS+ imaging
system (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Statistical analysis. Data are presented as the mean + stan-
dard deviation from 3-4 experiments. Statistical analysis was
performed using the SPSS 15.0 software (SPSS Inc., Chicago,
IL, USA). P-values were determined with the Student's 7-test.
P<0.05 was considered to indicate a statistical significant
difference.

Results
Initial experiments evaluated whether the HIV-1 Tat protein

could promote the adhesion of human cervical cancer cells,
thus implying a contact between the surface of these tumor

cell types and extracellular Tat. Specifically, SiHa cells were
seeded onto plates coated with recombinant Tat protein,
immobilised at 0.1, 1 or 10 pg/ml. The pro-adhesive extra-
cellular matrix molecule FN was employed as the positive
control (12), whereas BSA was used as the negative control.
The results indicated that, when immobilised at 10 pg/ml, Tat
promoted SiHa cell adhesion to the same extent as FN, while
0.1 or 1 ug/ml of Tat had no significant effect (Fig. 1A).

Considering that cells can internalize the extracel-
lular-bound molecules onto which they are adhered (13),
additional experiments evaluated whether SiHa cells could
take up extracellular HIV-1 Tat protein. To this end, SiHa cells
were exposed to 0.1, 1 or 10 pg/ml of recombinant, biologically
active Tat protein, or to its suspension buffer (PBS-0.1% BSA),
which was employed as the negative control. The uptake of
Tat was then visualized at 30, 60 or 120 min by fluorescence
microscopy. In agreement with the results from the cell adhe-
sion assays, SiHa cells took up Tat protein only when it was
diluted at 10 pg/ml, this being fully appreciable at 30 min
(Fig. 1B and data not shown). These findings were confirmed
by intracellular staining with anti-Tat or control antibodies and
by flow cytometry (Fig. 1C).
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Figure 2. Uptake of extracellular Tat by SiHa cells is followed by a variation on HPV-E6 or p53 levels. SiHa cells were exposed for 48 h to 10 pzg/ml Tat or its
buffer. (A) Reverse transcription-quantitative polymerase chain reaction analysis of HPV-E6 (left panel), HPV-E7 (central panel) or p53 (right panel) RNA
levels in SiHa cells cultured in the absence or presence of Tat. The results refer to the relative HPV-E6, HPV-E7 or p53 expression, normalized to the levels of
B-actin or glyceraldehyde 3-phosphate dehydrogenase, which served as housekeeping genes. Bars represent the mean + SD from four experiments (‘P<0.05).
(B) Cells were lysed, and equal amounts of total proteins were electrophoresed and analyzed by western blotting using a monoclonal antibody directed against
the E6 or E7 protein of HPV16, human p53 or human p16™“*, Blots were re-probed with anti-B-actin monoclonal antibody to verify equal loading of protein
in each lane. The upper panels are representative western blots of HPV-E6, HPV-E7, p53, p16™“ or B-actin. The lower panels represent the quantitative
(densitometric) analysis of HPV-E6, HPV-E7, p53 or p16™* protein levels (normalized to those of B-actin) in control or Tat-treated SiHa cells. Bars represent
the mean + SD from 3-4 experiments ("P<0.05). SD, standard deviation; HPV, human papilloma virus; GAPDH, glyceraldehyde 3-phosphate dehydrogenase;

INK4, inhibitor of cyclin-dependent kinase 4.
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Figure 3. Entry of human immunodeficiency virus-1 Tat protein into SiHa cells partially rescues DOXO cytotoxic effect, with no impact on cell growth. SiHa
cells were seeded at a density of 1.5x10* cells/well in a 12-well cell culture plate. (A) Number of cells collected after 48 (white bars) or 96 h (black bars) of
culture in medium containing 0.1, 1 or 10 yg/ml Tat, or its buffer (indicated as O pg/ml Tat). Data are the mean from two experiments, each performed in
duplicate wells. (B) Cells were treated for 48 h with 10 gg/ml Tat or its buffer, and then grown for additional 48 h in the absence or presence of 2 M DOXO.
The results are expressed as the percentage of alive cells over the total cell number. Data represent the mean+ standard deviation from three experiments

("P<0.05). DOXO, doxorubicin.

Further assays evaluated whether, following its internaliza- In this context, Tat (compared with its suspension buffer)
tion, the Tat protein could modulate HPV-E6 expression by  upregulated HPV-E7 gene but not protein expression in SiHa
SiHa cells. As shown in Fig. 2A, SiHa cell exposure to 10 #g/ml  cells; however, these results were not significant (Fig. 2).

Tat increased HPV-E6 RNA levels by 1.54-fold (P=0.02), The E6 protein of HR-HPV promotes the degradation
compared with control cells. In addition, Tat augmented by  of the oncosuppressor protein pS3 by engaging the cellular

1.35-fold (P=0.04) the content of HPV-EG6 protein in SiHacells  proteasome, a cytosolic complex of enzymes that regulates
(Fig. 2B). the turnover of intracellular proteins (3). In agreement with its
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capability of upregulating E6 expression, Tat reduced by 40%
(P=0.04) the protein content of p53 in SiHa cells, while it had
no effect on p53 gene expression (Fig. 2).

In contrast to the p53 protein, Tat did not modify the
protein levels of the cell cycle inhibitor pl6™**in SiHa cells
(Fig. 2B). Consistent with this result, Tat did not increase SiHa
cell growth rate, neither at 48 or 96 h after its addition to the
growth medium (Fig. 3A).

Additional experiments next evaluated whether, in view of
its effect on p53 protein, Tat could reduce SiHa cell sensitivity
to doxorubicin, a drug that promotes the death of HR-HPV*
cervical cancer cells in a p53-dependent manner (10).

Preliminary cell viability assays indicated that doxoru-
bicin was cytostatic at 0.5-1.5 uM, and cytotoxic at 2-5 yM
(data not shown). Based on these data, SiHa cells were first
incubated with Tat protein (using its suspension buffer as
control), and then cultured in the presence or absence of 2 yM
doxorubicin. The results indicated that Tat partially rescued
doxorubicin-promoted SiHa cell death (Fig. 3B, P=0.03).

Discussion

The present study has demonstrated that extracellular, biologi-
cally active HIV-1 Tat protein can enter human uterine cervical
carcinoma cells, and this is followed by an increase in HPV-E6
protein and RNA levels in the cells. These findings, which
are consistent with previous results obtained with HIV-1 Tat
DNA (2), suggest a possible link between extracellular Tat
protein and the high incidence and clinical aggressiveness
of uterine cervical carcinoma observed in HIV/HPV doubly
infected women (1).

The present results reveal that the upregulation of HPV-E6
expression promoted by Tat parallels a decrease in the levels
of p53 protein, a potent antagonist of uterine cervical carci-
noma development and progression (3,14). The lack of any
effect on p53 gene expression suggests that Tat reduces p53
protein levels in SiHa cells only indirectly, via an increase of
E6 which, in turn, will commit p53 to proteasome-mediated
degradation (3).

In addition, it was also observed that, differently from what
occurred for p53, Tat had no effect on the cell cycle inhibitor
pl6i"™# Altogether, these results are consistent with earlier
studies reporting that, in cervical carcinoma tissues, low p53 and
high p16™** protein levels are indicative of HR-HPV intensity
of expression and predictive of tumor clinical progression (15).

Although the in vitro findings described in the present
study were observed at Tat concentrations exceeding those
present in the sera of HIV-infected individuals (5), evidence
suggests that in vivo uterine cervical cells are likely to be
exposed to Tat concentrations higher than its plasma levels. In
particular, earlier studies demonstrated that, in tumor lesions
of the uterine cervix, epithelial cells express intercellular adhe-
sion molecule (ICAM)-1, a leukocyte-binding cell membrane
receptor (16-18). Thus, due to the presence of ICAM-1 on their
surface, uterine cervical carcinoma cells would closely contact
HIV-infected, Tat-releasing leukocytes.

Notably, inflammation of the uterine cervix is frequent in
HIV-infected women (14,19,20). In this context, the capability
that inflammatory mediators have to induce ICAM-1 appear-
ance on epithelial cell surface (21,22) could favour the adhesion
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of HIV-infected leukocytes to the epithelium of the uterine
cervix, thus facilitating Tat uptake by cervical epithelial cells
prior to their transformation into carcinoma cells.

The present study has demonstrated that extracellular HIV-1
Tat protein is able to enter human uterine cervical carcinoma
cells, and that this is followed by upregulation of tumorigenic
HPV-E6 and downregulation of anti-tumorigenic p53. Future
work will evaluate whether the same events occur when cervical
carcinoma cells are co-cultured with HIV-acutely infected, Tat-
releasing lymphocytes. In addition, a clinical-epidemiological
survey will assess whether the presence of anti-Tat antibodies
is associated with a reduced incidence and/or delayed progres-
sion of uterine cervical carcinoma in HIV/HPV doubly infected
women.
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