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Objective: To examine the effects of soluble factors secreted
by human papillomavirus (HPV)-associated cells on human
immunodeficiency virus (HIV) expression.

Methods: Supernatants collected from cultured cervical
biopsies and cervical cancer cell lines, and HPV-
immortalized and normal keratinocytes were tested for the
ability to induce HIV p24 production in two cell lines that
contained latent HIV (the U1 monocytic line and the ACH-2
T cell line). Levels of HIV p24 were measured by enzyme-
linked immunosorbent assay (ELISA). Culture supernatants
were also assayed for the inflammatory cytokines interleu-
kin 6, tumor necrosis factor, and interleukin 1b by ELISA.

Results: Supernatants from all epithelial cells tested up-
regulated HIV p24 expression in the U1 line but not in the
ACH-2 cells. Only differentiated normal keratinocytes in-
duced p24 production by ACH-2 cells. Neutralization of the
cytokines, particularly interleukin 6, partially reduced the
level of HIV-inducing activity in the culture supernatants.
Additionally, cervical biopsies from HIV-infected women
cultured in vitro also were able to induce HIV in U1 cells but
not ACH-2 cells.

Conclusions: Our results suggest that HPV infection of the
cervix might influence HIV pathogenesis by inducing the
production of immune and inflammatory factors that en-
hance HIV expression. (Obstet Gynecol 2000;96:879–85.
© 2000 by The American College of Obstetricians and
Gynecologists.)

Human papillomaviruses (HPV) cause chronic, perhaps
life-long, infections of the uterine cervix and have been
associated with cervical cancer.1 Human papillomavi-
rus infects basal cells of the cervical epithelium, and
completion of its life cycle is linked fastidiously to the
state of differentiation of the infected cell.2 Human
papillomavirus-associated lesions are usually transient
and presumably regress as a result of a cellular immune
response characterized by infiltration by T lymphocytes
in humans3 and animal models.4,5 Human papillomavi-
rus then goes through a period of clinical latency but
frequently reappears, especially in human immunode-
ficiency virus (HIV) seropositive women.6 Additionally,
HIV-infected women have greater frequency7 and se-
verity8 of HPV-associated cervical dysplasia than unin-
fected women. Therefore, the presence of HIV, and the
immunosuppression associated with HIV infection, ex-
acerbate coexisting HPV infections.

We hypothesize that chronic HPV infections might
influence the progression of HIV disease by the follow-
ing two mechanisms: recruitment of HIV target cells,
such as CD41 T cells and macrophages, into the site of
active HPV infection, and inducing production of in-
flammatory cytokines, including interleukin 6, tumor
necrosis factor, and interleukin 1b. Those inflammatory
cytokines induce HIV replication and transcription.9–12

Cervicovaginal washings from HIV-infected women
have elevated levels of interleukin 6, tumor necrosis
factor, and interleukin 1b, showing that the cytokines
are present in vivo.13 Interleukin 6 can also induce
peripheral blood mononuclear cells to express mono-
cyte chemotactic protein 1, a chemokine involved in
recruitment of macrophage precursors to infected
tissues.14
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In this study, we examined the ability of HPV-
associated epithelial cells and normal human epithelial
keratinocytes, and cervical biopsies collected from HIV-
infected women, to produce factors that induce HIV
expression in monocytes or macrophages and T cells,
using two cell lines that are latently infected with
HIV—U1 cells (a monocytic line) and ACH-2 cells (a T
cell line). We found that HPV-associated epithelial cells
produce inflammatory cytokines, particularly interleu-
kin 6, and that those factors enhance HIV expression in
the U1 monocytic cell line.

Materials and Methods

The cervical cancer cell lines SiHa, HeLa, and HT-3
were obtained from the American Type Culture Collec-
tion (Manasses, VA) and maintained under standard
culture conditions. HOK-16B cells were provided by Dr.
No-Hee Park and maintained as described.15 Normal
human epidermal keratinocytes, derived from neonatal
foreskin (Clonetics Corp., San Diego, CA), were grown
according to the supplier’s recommendations. Cycling
normal human keratinocytes were maintained as sub-
confluent monolayers, whereas differentiated normal
human keratinocytes were grown to confluency, then
supplemented with 10% fetal bovine serum (Sigma
Chemical Co., St. Louis, MO) and 0.85 mM CaCl2 for 48
hours to induce differentiation.

HeLa, SiHa, HOK-16B, HT-3, and normal human
keratinocytes were grown as monolayers to approxi-
mately 70% confluency. The cells were then fed with
medium alone or with medium that contained interleu-
kin 6 (10 ng/mL), tumor necrosis factor (10 ng/mL)
(R&D Systems Inc., Minneapolis, MN), or HIV Tat (10
ng/mL) (ImmunoDiagnostics Inc., Bedford, MA) for 24
hours. The cell monolayers were then washed exten-
sively to remove all treatments and refed with fresh
untreated medium. The cells subsequently were cul-
tured for 48 hours to allow accumulation of soluble
factors in response to cytokine or Tat treatments, and
the supernatants were collected for HIV induction as-
says or cytokine measurements. Where indicated, cyto-
kines present in the culture supernatants were neutral-
ized by the addition of antibodies to interleukin 6
(1 mg/mL) or tumor necrosis factor (1 mg/mL) (Bio-
source International Inc., Camarillo, CA). Interleukin 1
activity was neutralized by pretreating the U1 effector
cells with interleukin 1 receptor antagonist (1 mg/mL)
(R&D Systems Inc.) for 1 hour before addition of test
supernatants. The levels of neutralizing antibodies and
interleukin 1 receptor antagonist were calculated by the
manufacturers to block the level of cytokines found in
those culture supernatants completely.

Cervical biopsies were collected from HIV-infected
women who had abnormal cervical cytology results in a
colposcopy clinic, after giving informed consent, as
approved by the UCLA Human Subject Protection
Committee. Women were enrolled sequentially, regard-
less of disease status, to determine the potential role of
cervical epithelium in induction of HIV gene expres-
sion. The specimens were treated with 0.25% trypsin
and 0.1% ethylenediaminetetra-acetic acid for 30 min-
utes at 37C, and tissues were then gently teased apart
and placed in T-25 tissue culture flasks for 72 hours.
Culture supernatants were collected and assayed for the
ability to induce HIV gene expression in U1 or ACH-2
cells.

U1/HIV-1 and ACH-2 cells were obtained from Dr.
Thomas Folks through the AIDS Research and Refer-
ence Reagent Program, Division of AIDS, NIAID, Na-
tional Institutes of Health. U1 or ACH-2 cells were
seeded in 48-well tissue culture plates at a cell density
of 105 cells in 0.4 mL per well. An equivalent volume of
test or biopsy supernatants or medium containing cy-
tokine controls was added to each well. Cells were
incubated for 4 days, and the supernatants were col-
lected for HIV p24 testing, as a measure of HIV induc-
tion. HIV p24 levels were determined by enzyme-linked
immunosorbent assay (ELISA) (Coulter, Miami, FL),
and were done by the UCLA AIDS Institute Core
Facility. Statistical significance was determined by anal-
ysis of variance.

Kits to measure tumor necrosis factor and interleukin
1b in culture supernatants were obtained from Bio-
source International Inc., and done according to manu-
facturer’s protocols. The ELISA to measure interleukin 6
has been described.16

Results

The epithelial cells chosen for this study included HeLa
and SiHa cells, which are derived from cervical cancers
and contain HPV-18 and 16, respectively, and HT-3
cells, which are also derived from cervical cancer but
contain no known HPV. We also used the HOK-16B cell
line, which was derived by transforming oral keratino-
cytes with the HPV-16 genome by transfection15 and
which represents an HPV-infected epithelial cell with-
out the inherent genomic alterations caused by long-
term culture that are seen in the cervical cancer cell
lines. We also examined primary normal human epithe-
lial keratinocytes, which are maintained as actively
cycling subconfluent monolayers or induced to differ-
entiate and which represent targets of HPV infection in
this model.

We first examined the ability of U1 and ACH-2 cells
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to respond directly to physiologically relevant doses of
interleukin 6, tumor necrosis factor, interleukin 1b, and
Tat, using HIV p24 production as a measure of HIV
induction. As expected, HIV p24 antigen production by
U1 cells was induced by interleukin 6 and tumor
necrosis factor, whereas ACH-2 cells responded only to
tumor necrosis factor (not shown). The HIV Tat is a
transactivator of viral and cellular gene transcription,
which is shed abundantly by HIV-infected cells. The
latent HIV in the U1 cell line contains two defective Tat
genes17 that can be rescued by addition of exogenous
recombinant Tat.18 The level of Tat used to stimulate

epithelial cells in our experiments (10 ng/mL) was
sufficient to induce Tat-mediated effects in other cell
types and assays19 but was too low to directly enhance
HIV expression in U1 and ACH-2 cells.

Next we examined the ability of epithelial cells to
produce factors that induce HIV-1 expression. As
shown in Figure 1, supernatants from the HPV-
associated cell lines HeLa, SiHa, and HOK-16B readily
induced HIV p24 production in the U1 monocytic line.
Pretreatment of SiHa and HOK-16B cells with interleu-
kin 6, tumor necrosis factor, or Tat did not significantly
alter the ability of those cells to induce p24 production
in U1 cells, whereas pretreatment of HeLa and HT-3
cells with tumor necrosis factor greatly enhanced the
level of HIV p24 production in U1 cells (not shown).
The cervical cancer cell line HT-3, which does not
contain any known HPV, did not induce HIV-1 in the
U1 cells without tumor necrosis factor pretreatment,
and both cycling and differentiated normal human
keratinocytes induced only moderate levels of p24
relative to the HPV-associated cell lines. In contrast,
only cycling keratinocytes induced a small but repro-
ducible increase in HIV p24 levels in the ACH-2 T cell
line, and that effect was not influenced by any pretreat-
ments (not shown).

The epithelial cell culture supernatants used in the
HIV induction assays were examined for inflammatory
cytokines interleukin 6, tumor necrosis factor, and in-
terleukin 1b (Table 1). Only SiHa and HT-3 cells pro-
duced levels of interleukin 6 that were detectable by
ELISA (more than 5 U/mL). SiHa cells produced the
highest basal levels of interleukin 6 and were upregu-
lated by all treatments, including Tat, consistent with

Figure 1. Epithelial cell culture supernatants induced latent HIV in
U1 and ACH-2 cells. U1 cells (black bars) and ACH-2 cells (gray bars)
were exposed to culture supernatants collected from epithelial cells.
The data shown represent the mean values of the results of two
independent experiments and are expressed as the percentage of HIV
p24 production by untreated U1 or ACH-2 cells. Error bars represent
the standard error of the mean. cNHEK 5 cycling normal human
epidermal keratinocytes; dNHEK 5 differentiated normal human
epidermal keratinocytes. *P , 0.05.

Table 1. Inflammatory Cytokine Production by Epithelial Cells

HeLa SiHa HOK-16B HT-3 cNHEK dNHEK

IL-6 (U/ml)*
Medium† ,5 34 ,5 16 ,5 ,5
IL-6 ,5 67 ,5 32 ,5 ,5
TNF ,5 114 ,5 53 ,5 ,5
Tat ,5 51 ,5 16 ,5 ,5

Tumor necrosis factor (pg/mL)
Medium ,0.1 ,0.1 0.2 0.5 ,0.1 0.1
IL-6 ,0.1 ,0.1 0.2 0.3 ,0.1 ,0.1
TNF ,0.1 0.1 ,0.1 0.5 ,0.1 0.3
Tat 0.1 0.4 0.1 0.6 ,0.1 0.2

IL-1b (pg/mL)
Medium ,1 ,1 ,1 ,1 ,1 ,1
IL-6 ,1 ,1 ,1 ,1 ,1 ,1
TNF ,1 ,1 ,1 2.6 1 1.5
Tat ,1 ,1 ,1 ,1 ,1 ,1

cNHEK 5 cycling normal human epidermal keratinocytes; dNHEK 5 differentiated normal human epidermal keratinocytes; IL-6 5 interleukin
6; TNF 5 tumor necrosis factor.

* Approximately 5 units of interleukin 6 activity per nanogram of protein.
† Cells were pretreated with medium or cytokines, as indicated.
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results from other studies.20 In contrast, interleukin 6
production by HT-3 cells increased in response to
interleukin 6 and tumor necrosis factor treatments but
not to Tat (Table 1). When detectable, the levels of
tumor necrosis factor and interleukin 1b production by
all cell types were extremely low, usually near the limits
of detection (over 0.1 pg/mL and 1 pg/mL, respective-
ly), as shown in Table 1.

To assess the contribution of the individual inflam-
matory cytokines to HIV induction, epithelial cell cul-
ture supernatants were treated with neutralizing anti-
bodies to interleukin 6 or tumor necrosis factor before
addition to U1 cells. Interleukin 1b activity was inhib-
ited by treating the U1 cells with excess interleukin 1
receptor antagonist before the addition of test superna-
tants. As shown in Figure 2, the addition of anti-
interleukin 6 antibodies partially reduced induction of
p24 by SiHa, HOK-16B, HT-3, and differentiated kera-

tinocytes. Neutralization of tumor necrosis factor or
interleukin 1b did not inhibit p24 production by most of
the epithelial cell supernatants (Figure 2). Supernatants
from epithelial cells pretreated with interleukin 6, tu-
mor necrosis factor, and Tat also were neutralized
before testing in the U1 assay, and those results are
summarized in Table 2. Supernatants collected from
SiHa and HT-3 cells, which had the highest levels of
interleukin 6 (Table 1), were significantly neutralized by
anti-interleukin 6 antibodies. The anti-interleukin 6 an-
tibodies inhibited HIV p24 induction in many superna-
tants that did not contain detectable interleukin 6 (un-
der 5 U/mL) (Table 1). In contrast, neutralization of
tumor necrosis factor and interleukin 1b activity inhib-
ited HIV induction in only a few instances. Neutraliza-
tion of those cytokines individually (Figure 2 and Table
2) or simultaneously (not shown) did not completely
abrogate p24 production, suggesting that other mole-
cules that were inducing HIV in this system were
present in those supernatants. Treatment of U1 and
ACH-2 cells with isotype control antibodies had no
effect on p24 production (not shown).

Cells from cervical biopsies from HIV-infected
women with abnormal cervical cytology results also
were tested for the ability to stimulate HIV expres-
sion in U1 and ACH-2 cell lines. All of the superna-
tants from biopsies cultured in vitro readily induced
p24 production in U1 cells but not in ACH-2 cells
(Figure 3). The supernatant from the biopsy of one
woman appeared to inhibit HIV p24 production in
the ACH-2 cell line.

Discussion

The vagina and cervix are the first line of physical and
immunologic defense against sexually transmitted
pathogens, so cervical epithelial cells can be critical in
the transmission of HIV. In particular, persistent viral
lesions caused by HPV infection can cause chronic

Figure 2. Inflammatory cytokines produced by epithelial cells in-
duced latent HIV in U1 cells. Interleukin 6 (black bars), tumor necrosis
factor (gray bars), and interleukin 1b (white bars) present in epithelial
cell culture supernatants were neutralized and tested for the ability to
induce HIV p24 expression. The data represent means of the results of
two independent experiments and are expressed as the percentage of
p24 production of supernatants without neutralization. Error bars
represent the standard error of the mean. IL6 5 interleukin 6; TNF 5

tumor necrosis factor; IL-1RA 5 interleukin 1 receptor antagonist;
ND 5 not done. Other abbreviations as in Figure 1.

Table 2. Inhibition of HIV Induction in U1 Cells by Neutralization of Inflammatory Cytokines*

HeLa SiHa HOK-16B HT-3 cNHEK dNHEK

Anti-
IL-6

Anti-
TNF

IL-1
RA†

Anti-
IL-6

Anti-
TNF

IL-1
RA

Anti-
IL-6

Anti-
TNF

IL-1
RA

Anti-
IL-6

Anti-
TNF

IL-1
RA

Anti-
IL-6

Anti-
TNF

IL-1
RA

Anti-
IL-6

Anti-
TNF

IL-1
RA

Medium 111 1 1 11 ND 1 1

IL-6 111 11 11 ND ND 1 11 11 11

TNF 11 1 11 111 11 1 1

Tat 111 11 111 1 11 1

IL-1RA 5 interleukin 1 receptor antagonist; ND 5 not done. All other abbreviations as in Table 1.
* Cell culture supernatants were collected from pretreated cells. Cytokines in the supernatants were neutralized and are indicated under each

cell type. The level of inhibition is defined by the amount of HIV p24 antigen produced by U1 cells in response to neutralized supernatants relative
to the identically produced supernatants without neutralization. 111 5 greater than 50% inhibition, 11 5 25–50% inhibition, 1 5 10–25%
inhibition.
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inflammation during induction of anti-HPV immune
responses and production of cytokines that can affect
HIV expression. Although the tissue culture model
presented here did not address issues of transmission
directly, it did provide evidence of a potential effect of
cervical epithelial cells in HIV activation.

Cell lines that contain HPV (HeLa, SiHa, and HOK-
16B) and genital epithelial cells without HPV (HT-3 and
normal human keratinocytes) were tested for the ability
to induce HIV in U1 monocytic cells and ACH-2 T cells.
To simulate growth conditions of HPV-infected and
HIV-infected individuals in vivo, the epithelial cells
were pretreated with the inflammatory cytokines inter-
leukin 6 and tumor necrosis factor, and the HIV-
encoded transactivating protein Tat. All epithelial cells
tested except HT-3 (a HPV-negative line), with or
without treatments, were capable of inducing HIV in
the U1 monocytic line. Epithelial cells that contained
HPV were more potent positive regulators of HIV
activation than HPV-negative cells. Only supernatants
collected from cycling keratinocytes induced latent
HIV-1 in the ACH-2 T cell line, and neutralization of the
inflammatory cytokines had no effect on HIV activation.
Spear and coworkers21 detected a heat-stable activator
of T-tropic HIV-1 replication in cervicovaginal lavage
samples from HIV-infected and uninfected high-risk
women. Although the source of that activator is not
known, it is possible that keratinocytes in the genital
tract are responsible for it, and perhaps the activator
accounts for the HIV-inducing activity in the superna-
tants from cycling keratinocytes.

Based on neutralization experiments, interleukin 6
was the predominant cytokine involved in inducing
HIV in U1 cells, particularly by SiHa, HOK-16B, and
HT-3 cells. Interleukin 6 in the cell supernatants gener-
ally correlated with the ability to neutralize antibodies

to interleukin 6 to inhibit HIV-1 induction. However,
some supernatants that did not contain detectable in-
terleukin 6 also were neutralized by anti-interleukin 6
antibodies, indicating that interleukin 6 is an extremely
potent activator of HIV in U1 cells. It is also possible
that suboptimal doses of interleukin 6 might synergize
with other factors, such as interleukin 10, to induce HIV
in this system.11,12,22 HT-3 cells, which make adequate
levels of interleukin 6, were poor inducers of HIV
activation. It is possible that HPV in the other cervical
cancer cell lines was responsible for the greater poten-
cies of those cell types. That could be due to HPV gene
products, such as the transactivators E6 or E7, or to
cellular genes, other than the inflammatory cytokines
examined in this study, that have been turned on by
HPV transactivators.

Tumor necrosis factor was not detectable in most
supernatants, and when present, was not always inhib-
ited by anti-tumor necrosis factor neutralizing antibod-
ies. In some cases, anti-tumor necrosis factor antibodies
inhibited HIV induction although no detectable tumor
necrosis factor was present. Our results indicate that
tumor necrosis factor activity in this system might be
potentiated by other factors, as with interleukin 6.
Tumor necrosis factor also synergizes with interleukin
10 to activate HIV in monocytes.22 Interleukin 1b was
not detected in most supernatants, and the addition of
interleukin 1 receptor antagonist to the epithelial cell
supernatants rarely inhibited HIV activation. Therefore,
interleukin 1b and its receptor antagonist probably
have little effect in activating HIV in this system.

In support of our hypothesis that cervical epithelial
cells can enhance HIV pathogenesis, cervical biopsies
from HIV-infected women uniformly showed an ability
to induce p24 expression in the U1 monocytic line.
Because biopsies contain a heterogenous mixture of cell
types, including lymphoid cells and epithelial cells, the
origin of the HIV-inducing activity cannot be deter-
mined from this system. However, this cell population
clearly has the ability to influence HIV expression.
Because of the limited number of biopsy cultures,
neutralization experiments were not possible with bi-
opsy supernatants, so participation of cytokines in the
induction of HIV by cervical explants could not be
determined from this study. However, Woodworth and
Simpson23 showed expression of inflammatory cyto-
kines by cultured normal exocervical and endocervical
cells, providing further evidence that the cervical envi-
ronment is rich in HIV-inducing molecules. A recent
cross-sectional study by Luque et al24 also found an
association between active HPV disease and high levels
of HIV RNA in plasma.

Although HIV tropism is primarily determined by
expression of CD4 and coreceptors on the cell sur-

Figure 3. Cervical biopsies cultured in vitro induced HIV in the U1
cell line. Supernatants from cultured cervical biopsies from HIV-
infected women were exposed to U1 cells (black bars) or ACH-2 cells
(gray bars). Samples 99601/1 and 99601/2 are serial biopsies from the
same woman. ND 5 not done.
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face,25,26 Henderson and Calame27 determined that a
particular transcription factor, CCAAT/enhancer bind-
ing protein b, is important for replication in macro-
phages but not T cells. Interleukin 6 signal transduction
can proceed by two pathways,28 activation of signal
transducer and activator of transcription 3, or
CCAAT/enhancer binding protein b. Activated
CCAAT/enhancer binding protein b binds to the inter-
leukin 6-responsive element in the interleukin 6 pro-
moter and to several acute-phase proteins and cytokine
gene promoters, such as those for tumor necrosis factor
and interleukin 8.28 There are two CCAAT/enhancer
binding protein b binding sites in HIV, which appar-
ently are used only in macrophages.27 Therefore, it is
possible that interleukin 6 produced by HPV-infected
epithelial cells induces HIV p24 production in mono-
cytes by enhancing that interleukin 6 signaling path-
way.

Human papillomavirus infection might contribute to
HIV pathogenesis by inducing chronic expression of
inflammatory cytokines, which are capable of upregu-
lating HIV replication in macrophages, and by produc-
ing HPV-induced molecule(s) that might activate HIV
replication and transcription. Our results indicate that
HPV-associated epithelial cells can enhance HIV repli-
cation in monocytes and suggest that the effect is
mediated by the secretion of cytokines, especially inter-
leukin 6, by epithelial cells.
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