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A variety of sexually transmitted diseases fre-
quently accompany iufection with buman papil-
lomavirus and stimulate inflammation of the cer-
vical mucosa. Inflammation and cell injury cause
release of proinflammatory cytokines, which in
turn  might regulate growth of buman
Dpapillomavirus-infected cells. This study com-
pared the interaction of the proinflammatory
cytokine, interleukin-G (1L-6), and its soluble re-
ceptor with normal ecto- and endocervical cells,
Dbuman papillomavirus-immortalized ectocervi-
cal cells, and squamous carcinoma-derived cell
lines. Proliferation of normal cervical cells was
enbanced by IL-6 but inbibited by its soluble re-
ceptor. However, both IL-6 and its soluble recefs-
tor significantly stimulated growth of the three
immortal and four cervical carcinoma-derived
cell lines analyzed. Stimulation by IL-6 was dose
dependent and was blocked by an antibody that
neutralized IL-6 activity. IL-6-mediated prolifera-
tion was accompanied by increased expression of
RNAs encoding transforming growth factor-aand
ampbiregulin, two epidermal growth factor re-
ceptor ligands. Furthermore, growth stimulation
by IL-6 was significantly inbibited by antibodies
that either blocked signal transduction by the epi-
dermal growth factor receptor or that neutral-
ized transforming growth factor-aor amphiregu-
lin activity. Thus, IL-6 stimulates proliferation of
buman papillomavirus-immonrtalized cervical
cells via an epidermal growth factor receptor-
dependent patbway involving autocrine stimula-
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tion by transforming growtb factor-a and amphbi-
regulin. (Am J Pathol 1995, 146:944-952)

Interleukin 6 (IL-6) serves an important function in the
host response to infection as it participates in regu-
lation of the immune response,’? hematopoiesis,3*
and the acute phase reaction.® IL-6 is expressed by
a wide variety of different cell types, including kera-
tinocytes of the uterine cervix.® IL-6 gene expression
is stimulated by virus infection™® and exposure to
proinflammatory cytokines such as IL-1e or tumor ne-
crosis factor-a (TNF-¢).B-'" Furthermore, the IL-6
gene contains regulatory elements that stimulate tran-
scription in response to serum' and inhibit expres-
sion in the presence of glucocorticoids.®

As expected from the pleiotrapic functions of IL-6,
the receptor is expressed by various cells including
lymphocytes, hepatocytes, and keratinocytes (re-
viewed by Taga and Kishimoto*#). The IL-6 receptor
is a heterodimeric membrane glycoprotein consisting
of a low-affinity, ligand-binding peptide, IL-6R, and a
signal-transducing peptide, gp130, which does not
bind IL-6. Together these form a high affinity receptor.
A soluble form of the ligand-binding domain, IL-6sR,
is released from the cell surface by proteolytic cleav-
age of the membrane receptor.’® IL-6sR has been
observed in normal urine'®; however, increased IL-
6sR levels are detected in culture medium condi-
tioned by the growth of a human myeloma cell line,”
cellfree supernatants of phorbol myristate acetate-
activated peripheral blood mononuclear cells,'® and
human immunodeficiency virus-seropositive blood
donors,’® suggesting a role for this receptor in the
pathogenesis of these diseases.

A subset of human papillomaviruses (HPVs) are
associated with the majority of cervical cancer.’®




However, additional factors must contribute to patha-
genesis because only a minority of HPV infections
results in persistent lesions or progress to malig-
nancy. Cervical cancer frequently develops in close
association with chronic inflammation due to infection
with a variety of other sexually transmitted agents.
Furthermare, epidemiological studies suggest that
the presence of multiple sexually transmitted dis-
eases represents a risk factor for progression to high
grade cervical malignancy in women with HPV infec-
tion.2%-21 One explanation is that cervicitis may cause
tissue damage and release of proinflammatory cyto-
kines that may in turn stimulate growth of HPV-
immortalized epithelial cells.

The current study examines the praduction of and
response to IL-6 and IL-6sR in cultures of human cer-
vical epithelial cells. The response at different stages
leading to malignancy was compared by examining
normal cells, three nontumorigenic cell lines immor-
talized by transfection with HPY DNAs,22 and four cell
lines derived from cervical carcinomas. Results indi-
cate that IL-6 stimulates growth of normal, immortal,
and malignant cervical cells and that IL-6 mediated
proliferation is dependent upon autocrine stimulation
by two epidermal growth factor (EGF)-like growth fac-
tors, amphiregulin and transforming growth factor-c
(TGF-g).

Material and Methods

Cell Culture

Cultures of human ectocervical and endocervical
cells were established from tissues obtained aiter
hysterectomy due to fibroids or endometriosis.® Fi-
broblast cultures were derived from cervical connec-
tive tissue according to methods of Pirisi.2® The HPV-
immortalized cell lines were obtained by transfection
of normal primary cervical cell cultures with recom-
binant HPV-16 or -18 DNA, as described.22 Both nor-
mal cells and HPV-immortalized cell lines were main-
tained in serum-free MCDB153-LB  medium.23
Fibroblasts were cultured in Dulbecco's modified Ea-
gle's medium (DMEM) containing 10% calf serum.
Cervical carcinoma-derived cell lines, SiHa, HT-3,
and ME-180 (American Type Culture Collection,
Rockville, MD) were maintained in a 50/50 mixture of
Hams F12 nutrient medium/DMEM (F12/DMEM) con-
taining 0.4 pg/ml hydrocortisone and 5% fetal bovine
serum. The CXT-1 cervical carcinoma cell line was
derived and maintained in MCDB153-LB medium
(unpublished data).

Immunoassay for IL-6 and IL-6sR

Levels of IL-6 and IL-6sR in conditioned culture media
were measured by enzyme-linked immunosorbent
assays (R & D Systems, Minneapolis, MN). Second-
ary cultures of ectocervical epithelial cells, secondary
and tertiary cultures of cervical siromal fibroblasts,
HPV-immortalized cell lines, and the CXT-1
carcinoma-derived cell line were maintained in mono-
layer culture in the appropriate medium. Because IL-6
expression is positively regulated by serum' and
negatively regulated by glucocorticoids,’® assays
were performed in basal medium lacking these fac-
tors. Basal media were MCDB153-LB lacking insulin,
EGF, bovine pituitary extract (BPE), transferrin, hydro-
cortisone, trilodothyronine (for normal epithelial cells,
HPV-immortalized cell lines, and the CXT-1 carcinoma
line), and DMEM without serum (used for fibroblasts).
When cultures grown in complete media became 60
to 90% confluent, they were washed once with
phosphate-buffered saline and switched to basal me-
dia for 24 hours. After 24 hours, fresh basal media (5
ml) was added and cells were cultured for an addi-
tional 24 hours in the presence or absence of 1.0
nmol/L recombinant human IL-1e or TNFa {(specific
activities of 1.6 % 10° and 1.1 x 10° U/mg protein,
respectively; R & D Systems). Samples of conditioned
media were collected, supplemented with proteinase
inhibitors, including 0.2 mmol/L 4-{2-aminoethyl) ben-
zenesulfonylfluoride hydrochloride and 2 mg/ml leu-
peptin, and centrifuged for 10 minutes at 2000 X gto
remove cell debris. Aliquots of 0.5 ml were stored at
-80 C for 24 to 48 hours before use.

Cell Growth Assay

Cells were seeded at clonal density (1 X 103 to 2 X
103 cells/well) in 6-well cluster dishes (Costar, Cam-
bridge, MA) containing complete medium. After 18
hours cultures were rinsed with phosphate-buffered
saline and shifted to basal media (as described
above) for 48 hours to arrest cell growth. In some ex-
periments basal media were supplemented with 10
ug/ml heparin sulfate (Sigma Chemical Co., St. Louis,
MO) to facilitate growth arrest.24 To measure growth
stimulation, either recombinant human IL-6 (specific
activity, 7 X 10® U/mg protein) or IL-6sR (both from R
& D Systems) was added to either 2 ml of complete
media or media lacking specific growth factors
(MCDB153-LB lacking EGF and BPE or F12/DMEM
lacking fetal bovine serum). Media were changed ev-
ery 2 days and after 8 to 11 days the total number of
cells was determined with a Coulter counter. Speci-
ficity of growth stimulation by IL-6 was assessed with




a goat polycional antibody that neutralized human
IL-6 (R & D Systems). Normal goat immuneglobulin
(lg) G (R & D Systems) served as the negative control.
In some experiments specific inhibitors of the EGF
receptor signaling pathway were used including a
mouse monoclonal antibody that blocks signaling by
the human EGF receptor (clone LA-1, Upstate Bio-
technology, Lake Placid, NY), a polyclonal goat an-
tibody that neutralizes human TGF-« (R & D Systems),
and a mixture of three mouse 1gG, monoclonal anti-
bodies that bind amphiregulin at different sites and
neutralize biological activity (clones 4.14.18, 12.38.4,
and 6RIC2.4; G. Plowman, unpublished results).

ANA Analyses

Monolayer cultures were washed in sterile
phosphate-buffered saline, and cells were lysed in
guanidine thiocyanate. RNA was purified by centrifu-
gation through cesium trifluorcacetate (Pharmacia
Biotech, Piscataway, NJ), and 10-pyg samples of total
cellular RNA were separated on 1.2% formaldehyde
agarose gels and transferred to GeneScreen nylon
membranes (DuPont NEN Research Products, Bos-
ton, MA). Filters were prehybridized for 2 hours at 42
C in Hybrisol | {Oncor, Gaithersburg, MD), containing
50% formamide, 10% dextran sulfate, 1% sodium do-
decyl sulfate SDS, 6X standard saline citrate SSC,
and blocking agents, and hybridized for 20 hours in
the same solution containing [32P] dCTP-labeled ran-
domly primed probes (specific activity, 1.2 x 10°
cpm/ug DNA). Probes included cDNAs encoding hu-
man amphiregulin,®® human TGF-«,28 rat glyceralde-
hyde phosphate dehydrogenase,?” and the complete
HPV-16 genome. Filters were washed twice (30 min-
utes each) at room temperature in 2X SSC and 0.1%
SDS, twice at 42 C in 0.1X SSC and 0.1% SDS, and
then exposed to Kodak X OMAT AR film.

Results
Differential Production of IL-6 and IL-6sR

The current experiments were designed to quantita-
tively compare release of IL-6 and IL-6sR into the me-
dium by cultures of human fibroblasts or ectocervical
epithelial cells. Furthermore, the effect of immortal-
ization with HPV on secretion was assessed. Both
constitutive production of IL-6 and IL-6sR and their
inducibility by two proinflammatory cytokines, IL-1a
and TNF-a, were measured.

Cervical stromal fibroblasts maintained in basal
DMEM constitutively secreted into the culture me-
dium significant amounts of IL-6 (Figure 1A). In con-
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Figure 1. Enzyme-linked immunosorbent assay analyses of IL-G (A)

and IL-GsR (B) secretion by monolayer cultures of buman cervical
cells. Human fibroblasts (HfY), normal ectocervical epithelial cells
(Hcx) and HPV-immonalized cell lines (HPV) were maintained in
basal mediim (cross-batched bars) or were stimulated by addition of
1 nmoll IL-1a (diagonally striped bars) or 1 nmol/ll TNFu (open
bars). Values represent the mean * standard error of three to five dif-
Jerent experiments, each done with cultures of fibroblasts or epitbelial
cells derived from different individuals. The means for immontal lines
represent the average of three different cell lines, each examined in
three different experiments,

trast, ectocervical epithelial cells secreted lower lev-
els, and production was detectable in only three of
five samples. This difference was statistically signifi-
cant (P = 0.05, +test). Differences in production of
IL-6 by fibroblasts and epithelial cells were enhanced
when cells were stimulated by either IL1a or TNF-c,
two proinflammatory cytokines that induce IL-6
expression.®="" Fibroblasts grown in medium supple-
mented with IL-1a or TNF-a secreted 2150 and 1200
pa/10© cells/24 hours IL-6, respectively (an increase
of 200- and 120-fold over base line secretion). IL-1a
and TNF-a also enhanced secretion of IL-6 by cul-
tures of epithelial cells although the increase (9- and
1.5-fold, respectively) was significantly less than ob-
served with fibroblasts.

Infection with HPV may activate IL-6 gene expres-
sion in keratinocytes.” To determine whether immor-
talization and expression of HPV genes stimulated
IL-8 secretion, three cervical cell lines immortalized




by recombinant HPV-16 (CX16-2, CX16-10) or
HPV-18 (CX18-1) DNAs were examined. Constitutive
release of IL-6 was not detected in the conditioned
medium in any of these cell lines (Figure 1A). How-
ever, all cell lines released IL-6 after stimulation with
IL-1e or TNF-a. A cervical carcinoma-derived cell line
CXT-1, containing integrated HPV-16 DNA, also se-
creted IL-6 after treatment with IL-1e or TNF-ce: levels
were similar to the immortal cell lines CX16-10 and
CX18-1 {data not shown).

The presence of the soluble form of the IL-6 re-
ceptor in culture supernatants was also analyzed
(Figure 1B). Normal ectocervical cells produced IL-
6sR; however, the three different HPV-immortalized
cell lines released significantly greater amounts. The
tumor line CXT-1 also released high levels of IL-6sR
(1950 pg/10" cells/24 hours). In contrast, IL-6sR was
not detected in conditioned medium from fibroblast
cultures (Figure 1B). Furthermore, neither IL-1a nor
TNF-a augmented production of IL-6sR in any cell
type examined (Figure 1B). These results demon-
strate that cultures of fibroblasts, cervical epithelial
cells, and HPV-immortalized cells differed signifi-
cantly in production of IL-6 and IL-6sR.

Effects of IL-6 and IL-6sR on
Cell Proliferation

The ability of IL-6 and IL-6sR to stimulate cell prolif-
eration was evaluated with epithelial cells derived
from normal ecto- or endocervix, three cell lines im-
mortalized with HPV DNA, and four cervical
carcinoma-derived cell lines. The effects of IL-6 and
IL-6sR on cell growth were examined in both com-
plete culture medium supplemented with growth fac-
tors and in medium lacking specific factors
(MCDB153-LB lacking EGF and BPE or F12/DMEM
without serum). When cervical cells were maintained
in complete medium they grew rapidly, and neither
IL-6 nor IL-6sR significantly stimulated or inhibited
cell proliferation in any line (data not shown). In con-
trast, when cells were maintained in medium lacking
exogenous growth factors, IL-6 significantly stimu-
lated proliferation of each of the normal, immortal, and
carcinoma-derived cell cultures (Figure 2A). How-
ever, growth stimulation was cansistently higher in the
immortal cell lines than in normal epithelial cells (2- to
4.5-fold). IL-6 also enhanced growth significantly in
three of four carcinoma cell lines compared with nor-
mal ectocervical cells (P = 0.05, ttest).

In contrast to IL-6, which stimulated growth of all
epithelial cultures, IL-6sR had a differential effect on
the normal versus the immortal or malignant cells. IL-
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Figure 2. Regulation of cell proliferation by IL-6 (A) and IL-6sR (B)

Normal ectocervical (Hex ecto) and endocervical (Hex endo) epithe-
lial cells Ccross-hatched bars), three HPV-immontalized cervical cell
lines (diagonally striped bars), and four carcinoma-derived lines
(open bars) were treated with 1L-6 (0.1 nmol/L) or H-GsR (1 nmol/L)
Jor 8 or 11 days, respectively, as described {see Materials and Meth-
ods). IL-65R assays were stightly longer as growth stimulation was
slightly less. Net growth represents cell number in the presence of each
Jactor divided by cell number in its absence. Values represent the
mean of three (o five independent experiments = standard error. As-
terisks indicate values that were significantly different from normal
ectocervical cell cultures (P = 0.05, I-test).

6sR promoted growth of immortalized and
carcinoma-derived cell lines (Figure 2B); however, it
consistently failed to stimulate cultures derived from
normal ectocervical or endocervical epithelia (Figure
2B). In fact, growth inhibition was observed in four of
five strains of normal ectocervical cells analyzed.
Thus, growth stimulation by IL-6 and IL6sR was a
common response in several HPV-immortalized and
cervical carcinoma cell lines.

The CX16-2 immartal line was particularly sensitive
to growth stimulation by both factors; therefore, sub-
sequent work focused on this cell line. CX16-2 cells
maintained in medium lacking exagenous growth fac-
tors formed small, compact colonies that grew slowly
and progressively (Figure 3A). Treatment with IL-6
caused cells to become rounded (Figure 3B} and to
divide rapidly. In addition, IL-6 induced motility re-
sulting in formation of large diffuse colonies that filled




Figure 3. Phase-contrast microscopy of a HPV-
immortalized ectocervical cell line (CX16-2)
maintained in the absence of growth factors
(A) or in the presence of 0.1 nmol/L IL-6 (B) or
1.0 nmol/L IL-65R (C) for 5 days.

the 100-mm culture dish after 3 to 5 days. IL-6sR also
stimulated proliferation of HPV-immortalized cells.
Approximately 50% of colonies grew progressively
after treatment with IL-6sR for 5 days (Figure 3C).
However, after 10 days all cells were dividing.

Dose-Response Analysis and Specificity
of IL-6-Mediated Proliferation

To determine whether growth stimulation by IL-6 and
IL-6sR was dose dependent and whether the re-
sponse was specific, additional studies were under-
taken. Both IL-6 and IL-6sR stimulated growth of
CX16-2 cells in a dose-dependent manner (Figure 4).
Both factors induced growth at a concentration as low
as 0.03 nmol/L. For comparison, TGF-«, a potent mi-
togen for cervical cells, stimulated proliferation at
0.001 nmol/L.

To confirm that growth stimulation by IL-6 was a
specific response and not due to contaminating pro-
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Figure 4, Dase-response analyses of 1L-6 and IL-65R on cell prolifera-
tion. The HPV-immortalized cell line, CX16-2, was maintained in
MCDB153-LB medium lacking EGF and BPE in the presence of the
indicated concentrations of IL-G (@), IL-6sR (W), or TGF«a (V) as
posttive control. Each point represents the mean of three independent
experiments * standard error.

teins, growth assays were performed in the presence
of a specific antibody that neutralized IL-6 activity.
Growth stimulation by IL-6 was completely blocked
by a neutralizing goat polyclonal antibody to human
IL-6 (Figure 5). Inhibition was dose dependent (data
not shown) and maximal at the highest concentration
of antibody used, 3 pg/ml. In addition, growth inhibi-
tion was not observed when purified goat anti-human
|gG was added to the medium, confirming the speci-
ficity of IL-6 (Figure 5).

Mechanism of Cell Growth Stimulation
by IL-6

When cervical cells were cultured in complete me-
dium, they grew rapidly, and addition of IL-6 did not
enhance proliferation {data not shown). Growth stimu-
lation by IL-6 was observed only in medium lacking
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Figure 5. Inbibition of IL-G-mediated growth by neutralizing anti-
bodies to 11-6. The HPV-immortalized cell line, CX16-2, was ctltured
in MCDBI153-LB medium lacking EGF and BPE. Cells were main-
tained in medium without antibodies (open bars), in the presence of
normal IgG (3 pg/mi; biack bars), or with goat polyclonal anti-
buman I1L-6 IgG (3 pg/ml; diagonally striped bars). Values represent
the mean of three independent experiments * standard error. The as-
terisk identifies a value that was significantly reduced relative to cells
grown in the absence of antibodies (P < 0.005, I-test).

nocytokine




EGF. Therefore, studies were undertaken to examine
whether IL-6 stimulated proliferation by increasing ex-
pression of specific EGF-like growth factors. Northern
analyses indicated that the HPV-16-immortalized cell
line, CX16-2, expressed low levels of RNAs encoding
two EGF receptor ligands, TGF-e and amphiregulin
(Figure 6). When CX16-2 cells were incubated with
IL-6 for various intervals (2, 4, 8, 24, 48, and 72 hours),
an increase in TGF-« RNA was first detected after 24
hours. Furthermore, induction of TGF-a occurred be-
fore increased cell division, which was observed be-
tween 48 and 72 hours (data not shown). In contrast,
induction of amphiregulin RNA was first detected at
72 hours (Figure 6). IL-6 did not alter expression of
ANAs encoding the HPV-16 E6 and E7 oncoproteins
{(data not shown). Hybridization to a housekeeping
gene, glyceraldehyde phosphate dehydrogenase,
indicated that each lane contained equivalent
amounts of RNA. These results suggest that induction
of TGF-a and amphiregulin contributed either directly
or indirectly to growth stimulation by IL-6.

To test whether autocrine production of TGF-a or
amphiregulin directly contributed to mitogenic stimu-
lation by IL-6, studies were undertaken with specific
inhibitors of the EGF receptor signaling pathway (Fig-
ure 7). CX16-2 cells were treated with IL-6 for 10 days
in the presence or absence of specific inhibitors in-
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Figure 6. Nortbern analysis of immontal cervical cells treated with
I-6. A HPV-immortalized line (CX16-2) was maintained in
MCDB153-LB medium lacking EGF and BPE either in the absence
(=) or presence (+) of T nmol/L IL-6 Jor 24 or 72 bours. Pesitions of
the 28 and 185 ribosomal RNAs are shown at the right. AR, aniphi-
reguling GAPDH, glyceraldelyde phosphate dehydrogenase.
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Figure 7. inbibition of I-G- or TGF-a-induced mitogenesis. The
HPV-immertalized cell line, CX16-2, was maintained  in
MCDB153-1B medium lacking EGF and BPE in the absence (diago-
nally striped barsy or presence of specific inbibitors, including 1
pe/mi of a polyclonal neutralizing antibody 1o TGF-« (black bars), 1
pg/mi of a monoclonal antibody preventing signal transduction by
the EGF receptor (horizontal stripes), 1 Hg/mi beparin sulfate (open
barsy, 3 pg/mi of a mixture of three monoclonal antibodies that new-
tralize ampbiregulin activity (spotted bars). Results represent the
mean of three independent experiments * standard error. Asterishs
indicate values that were significantly reduced cotnpared with cells
incubated in the absence of inbibitors (P < 0.01, i-test).

cluding 1), an anti-EGF receptor monocianal antibody
that prevents signal transduction by the receptor,?s;
2), a polyclonal antibody that neutralizes activity of
TGF-a; 3), heparin sulfate, a sulfated glycosaminogly-
can that binds to specific EGF receptor ligands, in-
cluding amphiregulin, and inhibits mitogenic activ-
ity?*, and 4), a mixture of three monoclonal
antibodies, each known to bind to amphiregulin at
distinct sites resulting in neutralization of biological
activity (G. Plowman, unpublished results). In three
independent experiments, growth stimulation by IL-6
was significantly inhibited by the anti-EGF receptor
antibody (bars with horizontal stripes). This indicates
that IL-6 stimulates growth of the immortalized cells
indirectly through activation of the EGF receptor. Fur-
thermore, neutralizing antibodies to TGF-a inhibited
IL-6 mitogenesis by approximately 35% {black bars).
These antibodies completely inhibited growth stimu-
lation by exogenous TGF-e, indicating their effective-
ness. In contrast, cell growth due to IL-6 was dra-
matically inhibited after treatment with heparin sulfate
(1 pg/ml; open bars). This suggests that autocrine
production of heparin-binding EGF receptor ligands
such as amphiregulin represented an important fac-
tor in IL-B-stimulated growth. To directly test this hy-
pothesis, growth assays were performed in the pres-
ence of neutralizing antibodies to amphiregulin.
These antibodies inhibited IL-6-induced growth by
95% (spotted bars). However, they did not influence
TGF-a-induced growth, indicating that they were not
simply cytotoxic. These results provide direct evi-
dence that IL-6-stimulated growth is mediated via an
EGF receptor-dependent pathway that involves au-
tocrine stimulation by both TGF-a and amphiregulin.




Discussion

The epithelium of the uterine cervix is exposed to a
variety of infectious agents that cause tissue damage
and inflammation. The present studies demonstrate
that IL-6, an important mediator of the inflammatory
response, is secreted by both epithelial cells and fi-
broblasts isolated from the cervical mucosa. Further-
more, IL-6 stimulates proliferation of cells derived
from normal cervical epithelia, cell lines immortalized
with HPV-16 or HPV-18 DNAs, and lines derived from
cervical carcinomas. Previous studies have shown
that IL-6 enhances proliferation of carcinoma lines de-
rived from several different organs,®®-2" including the
cervix.?2 The present results extend these observa-
tions to normal cervical epithelial cells and nontumaori-
genic HPV-immertalized cell lines. Thus, in vitro ex-
periments demonstrate that IL-8 is mitogenic for
cervical cells at different stages leading to malig-
nancy and thus might promote growth in vivo when
produced in response to inflammation or tissue dam-
age. The relevance of this fact is that infection with
multiple sexually transmitted agents stimulates cer-
vicitis and may represent a risk factor for progression
to high grade neoplasia in women with HPV infec-
tign.20.21

In contrast to IL-6, IL-6sR regulated cell growth dif-
ferentially in normal, compared with abnormal, cer-
vical cells. IL-6sR significantly stimulated proliferation
of three HPV-immortalized cell lines and four
carcinoma-derived cell lines but inhibited epithelial
cells derived from normal ectocervix. IL-6sR was also
released in significantly greater amounts (ninefold) by
HPV-immortalized and carcinoma-derived lines than
by normal cells. Therefore, increased production of
and responsiveness to IL-6sR is a property of both
premalignant HPV-immortalized cells and carcinoma
lines, implying that IL-6sR provides a selective growth
advantage for these cells. Although soluble forms of
murine IL-6R potentiate IL-6 activity,'>33 the present
results are the first to demonstrate that IL-6sR stimu-
lates praliferation of HPV-immortalized cervical cells
in the absence of detectable IL-6.

Amphiregulin and TGF-a are members of a family
of polypeptide growth factors that bind to and activate
the EGF receptor. TGF-a secreted by keratinocytes
stimulates cell proliferation.34-3% Amphiregulin is pro-
duced by normal colon and epidermal epithelia®42%
and is often overexpressed in carcinomas of the
breast and colon37-28 gr in human mammary cell lines
transformed by an activated ras gene.®® Amphiregu-
lin is a major autocrine growth factor for keratino-
cytes.“® The current results provide direct evidence
that mitogenic stimulation by IL-6 is mediated by an

EGF receptor-dependent pathway involving auyto-
crine stimulation by TGF-e and amphiregulin. First,
the mitagenic effect of IL-6 on HPV-immaortalized cer-
vical cells is inhibited by a monoclonal antibody that
blocks EGF receptor signal transduction.®® This ig
consistent with our observations and those obtained
with epidermal keratinocytes®'42 that growth stimy.
lation by IL-6 is apparent only in the absence of ex-
ogenous EGF. Secondly, IL-6 stimulates expression of
both TGF-a and amphiregulin RNAs. Most impor-
tantly, monoclonal antibodies that neutralized the ac-
tivity of either TGF-a or amphiregulin inhibited [ -g-
mediated growth stimulation. Of particular interest,
antibodies to amphiregulin inhibited mitogenesis by
95% even though IL-6 stimulated amphiregulin RNA
only aiter 3 days. In contrast IL-6 stimulated TGF-q
RNA before increased cell division (as early as 24
hours); however, a neutralizing antibody to TGF.q
only partially inhibited proliferation. Whether IL-6 g-
ters regulation of amphiregulin expression by addi-
tional post-transcriptional or translational mecha-
nisms that might result in accumulation of the growth
factor before mitogenesis is unclear.

Cervical fibroblasts constitutively secreted IL-6 in
significantly greater amounts than normal ectoceryi-
cal epithelial cells. This difference was enhanced
after stimulation of IL-6 expression by two proinflam.-
matory cytokines, IL-1x or TNF-a. These observations
suggest that fibroblasts are a significant source of
IL-6 production in the cervix and that they stimulate
epithelial cells in a paracrine manner. Constitutive
production of IL-6 was not detected in cervical callg
immortalized with HPV-16 or HPV-18 DNAs or in the
CXT-1tumor line. These results are in contrast to other
reports that cervical carcinoma-derived cell linegs.az
and a HPV-harboring line derived from vulvar bowe-
noid papules’ constitutively secrete IL-6. One pos-
sible explanation for these differences is that consti-
tutive IL-6 expression was induced by serum in the
culture medium. The current experiments were per-
formed in serum-free medium. Another possibility js
that the HPV-immortalized cells and CXT-1 cell ling
used in the current experiments produced abundant
IL-6sR that might interact with secreted IL-6 and in-
terfere with the enzyme-linked immunosorbent assay,
The mechanism responsible for shedding of the |-
6sR as well as the biological function of these solubleg
receptors is unclear. However, overexpression of |-
6sR renders cells more susceptible to mitogenic
stimulation by 1L-6.%3 Our results indicate that high
levels of IL-6sR are released by HPV-immortalizeq
and carcinoma-derived cervical cells, suggesting
that IL-6sR may be a marker associated with an early
stage of malignant development. Previous studies




have suggested that increased production of IL-6sR
is @ marker for myeloma and myelomonocytic cells.!?
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