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Interleukin (IL)-6 as an inflammation factor, has been proved to promote cancer proliferation in several
human cancers. However, its role in endometrial cancer has not been studied clearly. Previously, we dem-
onstrated that IL-6 promoted endometrial cancer progression through local estrogen biosynthesis. In this
study, we proved that IL-6 could directly stimulate endometrial cancer cells proliferation and an auto-

Keywords: ) crine feedback loop increased its production even after the withdrawal of IL-6 from the medium. Next,
:':L“d°memal carcinoma we analyzed the mechanism underlying IL-6 production in the feedback loop and found that its produc-
6 ) tion and IL-6-stimulated cell proliferation were effectively blocked by pharmacologic inhibitors of
Proliferation . . .
Autocrine nuclear factor-kappa B (NF-«xB) and extra-cellular signal-regulated kinase (ERK). Importantly, activation

of ERK was upstream of the NF-kB pathways, revealing the hierarchy of this event. Finally, we used an
orthotopic nude endometrial carcinoma model to confirm the effects of IL-6 on the tumor progression.
Taken together, these data indicate that IL-6 promotes endometrial carcinoma growth through an
expanded autocrine regulatory loop and implicate the ERK-NF-kB pathway as a critical mediator of IL-

6 production, implying IL-6 to be an important therapeutic target in endometrial carcinoma.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Endometrial carcinoma is the most common gynecologic malig-
nancy in the United States [1]. The hallmarks of cancer originally
reviewed by Hanahan and Weinberg have been recently extended
to include inflammation [2]. Inflammatory processes accompany
the regular growth, shedding, and repair of the endometrium over
the course of the menstrual cycle, which are controlled by sex hor-
mones and possibly also inflammatory mediators themselves [3].
Additionally, chronic inflammation may play a central role in the
development of endometrial cancer through both intrinsic (tumor
promoting) and extrinsic (tumor initiating) cancer pathways [4].

Interleukin (IL)-6 is a pleiotropic cytokine that plays an impor-
tant role in multiple pathological and physiological processes. IL-6
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regulates immune and inflammatory responses in physiological
conditions, but recent reports suggest that IL-6 expression is impli-
cated in the regulation of tumor growth and metastatic spread,
including breast cancer and hepatoma [5,6]. Previously we demon-
strated that IL-6 activation was associated with endometrial cancer
development by inducing aromatase expression in intratumoral
stromal cells [7]. Additionally, the clinical relevance of recent stud-
ies was demonstrated by the strong association between serum IL-
6 levels and poor clinical outcome in endometrial cancer patients
[8]. But the exact role of IL-6 in endometrial cancer tumorgenesis
and progression remains elusive. IL-6 autocrine feedback loop
has been reported to trigger cells proliferation and trastuzumab
resistance in breast cancer [9,10]. And IL-6 links inflammation to
malignant transformation in several malignant tumors by constitu-
tively activating the nuclear factor-kappa B (NF-«kB) pathway,
which, in turn, drives further IL-6 production creating a positive
feedback loop [11].

Here, we show that IL-6 promotes endometrial cancer cells pro-
liferation by an autocrine feedback loop and this loop also involves
NF-kB and extra-cellular signal-regulated kinase (ERK) signaling
pathways. The regulatory circuit links inflammation to malignant
tumor promotion and blocking this loop may provide alternative
strategy to overcome endometrial cancer progression.
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2. Materials and methods
2.1. Reagents and antibodies

Recombinant human IL-6 was purchased from Peprotech
(Rocky Hill, NJ). Bay 11-7082 and PD98059 were from Selleck
Chemicals (Houston, TX). Anti-p65, anti-p65 Phospho (Serine
529), anti-ERK, anti-ERK Phospho antibodies were from Epitomics
(CA).

2.2. Cell culture and cell proliferation assay

Human endometrial carcinoma cell lines, Ishikawa and RL95-2
were purchased from the American Type Culture Collection (ATCC,
Manassas, VA) and maintained according to the provider’s instruc-
tion in DMEM/F12 (Gibco, Auckland, NZ) supplemented with 10%
fetal bovine serum (FBS). To determine cell proliferation, cells were
plated into 96-well plates with 2000 cells per well. At each indi-
cated time, the number of metabolically active cells was measured
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT)
(Sigma; St. Louis, MO, USA) assay.

2.3. Enzyme-linked immunosorbent assay (ELISA)

IL-6 protein levels were detected in culture medium using solid
phase sandwich ELISA assays according to the manufacturer’s pro-
tocol (D6050, R&D Systems). The IL-6 assay sensitivity was 0.7 pg/
ml, and the assay range was 3.12-300 pg/ml. For the statistical
analysis, culture medium was collected three times independently.

2.4. Total RNA extraction and real-time reverse transcription-PCR

Total RNA from Ishikawa, RL95-2 cells was isolated by Trizol
(15596-026, Invitrogen) and cDNA was prepared using the reverse
transcriptase kit. Real-time reverse transcription (RT)-PCR was
conducted using an ABI Prism 7500 sequence detection system
(Applied Biosystems, Foster City, CA) and performed with SYBR
Green PCR Master Mix (Toyobo, Osaka, Japan). A comparative CT
method (224€T) was used to analyze the relative changes in gene
expression. The results are expressed relative to the number of
GAPDH transcripts (internal control). For IL-6 mRNA real-time
RT-PCR, the forward and reverse primers were 5'-GAC-
ATCATTGGCTGACACTTTC-3’ and 5'-TCCAGCAGAAAGAGAAGAGGA
G-3', and for GAPDH mRNA (control), the forward and reverse
primers were 5-GAAGGTGAAGGTCGGAGTC-3' and 5'-GAA-
GATGGTGATGGGATTTC-3'.

2.5. Immunofluorescence

Cultures growing on chamber slides or were fixed in 4% parafor-
maldehyde and permeabilized with 0.2% Triton X-100 for 5 min.
Cells were incubated with the diluted primary antibodies for p65
or p-ERK for overnight at 4 °C. Cells were then treated with tetra-
methyl rhodamine isothiocyanate-conjugated or fluorescein isothi-
ocyanate-conjugated secondary antibody (BD Biosciences, San Jose,
CA) for 1 h. Nuclei were visualized by counterstaining with DAPI.
Samples were then analyzed using a fluorescence microscope (Lei-
ca DMI 3000B, Solms, Germany). The control slides received PBS in
place of the primary antibody.

2.6. Western blot

For Western blot analysis, cells were lysed in lysis buffer for
30 min at 4 °C. Total proteins were fractionated by SDS-PAGE
and transferred onto nitrocellulose membrane. The membranes

were then incubated with appropriate primary antibodies (p65,
p-p65, ERK, p-ERK and B-actin), followed by incubation with horse-
radish peroxidase-conjugated secondary antibody (Santa Cruz).
The probed proteins were detected by enhanced chemiluminescent
reagents. B-Actin was used as an internal control.

2.7. Cell stable transfection and orthotopic endometrial carcinoma
model in nude mice

The IL-6 over-expressing plasmid was generated by GENECHEM
(Shanghai, China), the transfection reagent was obtained from Qia-
gen (Shanghai, China). Transfection of Ishikawa cells with the IL-6
over-expressing plasmid was done according to the manufacturer’s
instructions. To obtain a stable cell line, selection pressure was
maintained by supplementing the cultures with either G418
(300 pg/ml, Sigma, St. Louis, MO, USA) or puromycin (1.5 pg/ml,
Sigma) for a period of 2-8 weeks. Clonal populations of cells de-
rived from the clonal ancestor, were selected by isolating single
colonies of cells from each well.

Athymic female nude mice (BALB/c, 4-6 week-old, n=5 per
group) were used. The animals were maintained in pathogen-free
conditions. All mice were handled according to the Guide for the
Care and Use of Laboratory Animals. The procedures were ap-
proved by the Department of Laboratory Animal Science Shanghai
Jiao Tong University School Of Medicine.

The surgical procedures were carried out as described previ-
ously [7]. Briefly, 5 x 10° Ishikawa cells were injected into the sub-
scapular region of nude mice. After 4 weeks, the animals were
killed and the subcutaneous tumors were taken off for orthotopic
implantation. Mice were anesthetized with intraperitoneal 10% so-
dium pentobarbital. A transverse incision was performed and the
uterus was exposed. A tumor sample of 1 mm> was immediately
implanted onto the posterior face of the uterus and fixed with a
5-0 surgical suture. After 8 weeks, the animals were killed and
the peritoneal cavity was examined macroscopically and micro-
scopically. The tumors were measured using digital caliper, and tu-
mor volumes were calculated according to the equation:
tumor volume = (short diameter)® x (long diameter) x 0.5.

2.8. Statistical analysis

Continuous variables were recorded as mean + SD and analyzed
with the Student’s t-test. Correlation analysis was performed with
Spearman’s test. All statistical analyses were done using Statistical
Package for the Social Sciences version 17.0 (SPSS, Chicago, IL). P
values <0.05 were considered statistically significant. All experi-
ments were performed at least three times.

3. Results

3.1. IL-6 increases in the growth of endometrial cancer cells and
promotes its production through an autocrine feedback loop

We found that administration of IL-6 significantly increased
cells growth of Ishikawa and RL95-2 cells (Fig. 1A and B). Further-
more, once exposed to IL-6 (20 ng/ml for 24 h), Ishikawa and RL95-
2 cells also exhibited the increased growth ability compared with
the control group, even after the withdrawal of IL-6 from the med-
ium (Fig. 1A and B), thus signifying the importance of autocrine IL-
6 signaling. Compared with untreated cells, the cells treated or pre-
treated with IL-6 displayed significantly increased proliferation
ability at 5th day for Ishikawa cells and 3th day for RL95-2 cells.
Then we examined the IL-6 protein concentration in the culture
medium of the pretreated group and found that there was approx-
imately a 2-fold increase in IL-6 secretion when cells were cultured
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Fig. 1. IL-6 promotes endometrial cell lines proliferation and an autocrine loop increases IL-6 protein levels. (A, B) Growth curves of Ishikawa and RL95-2 cells treated and
pretreated with IL-6 (20 ng/ml). Cell growth was measured by MTT assay. (C, D) IL-6 protein concentration was stepwise increased by pretreated with IL-6 in Ishikawa and
RL95-2 cells culture media. IL-6 protein levels were measured by ELISA analysis. Pre-IL-6, pretreated with IL-6. *P < 0.05, **P < 0.01 versus control group.

for one week. Stepwise increase of IL-6 protein concentration over
time of culture was observed in Fig. 1C and D.

3.2. NF-xB and ERK signaling inhibitors suppress IL-6 production and
IL-6-induced endometrial cancer cells proliferation

Using IL-6 to stimulate Ishikawa and RL95-2 cells, we found
that IL-6 significantly elevated its own mRNA levels after incuba-
tion for 18 h determined by real-time RT-PCR. The NF-xB tran-
scription factor is known to transcribe a number of cytokine
genes. Accordingly, we utilized NF-«xB inhibitor Bay 11-7082 and
ERK inhibitor PD98059 to determine their effects on IL-6 produc-
tion in Ishikawa and RL95-2 cells. Simultaneous addition of Bay
11-7082 or PD98059 reduced the enhancement of IL-6 production
in Ishikawa and RL95-2 cells (Fig. 2A and B).

Next, to investigate whether activation of the NF-kB and ERK is
directly involved in IL-6-induced proliferation of endometrial car-
cinoma cells, we studied the effect of Bay 11-7082 and PD98059
on pretreated IL-6-induced stimulation of proliferation. As shown
in Fig. 2C and D, administration of Bay 11-7082 or PD98059 in
Ishikawa and RL95-2 cells inhibited their ability to proliferate.
Thus, it was possible that NF-kB and ERK were capable of inhibit-
ing cell growth by decreasing IL-6 production.

To observe the activation of p65 (a subunit of NF-kB) and p-ERK
induced by IL-6, we examined the expression of p-ERK and the
localization of p65 stimulated by IL-6 in Ishikawa cells using
immunofluorescence. Increase in p-ERK immunoreactivity in plas-
ma and p65 nuclear translocalization were observed after IL-6
treatment for 1 h (Fig. 2E).

3.3. The ERK-NF-kB signaling pathway axis mediates IL-6 production

To gain insight into the mechanism underlying the production
of IL-6, we next examined the activation of NF-xB and ERK stimu-
lated by IL-6. An increase in p65 and ERK phosphorylation was ob-
served when cells were stimulated by IL-6 for 1h (Fig. 3).
Immunoblots were reprobed with antibodies against total p65
and ERK, showing that the increase in p65 and ERK phosphoryla-
tion was not due to the increased protein expression. Next, to
investigate if activation relationship of the ERK and NF-kB path-
way, we studied the effects of Bay 11-7082 and PD98059 on NF-
kB and ERK activation. Treatment of cells with PD98059 decreased
the phosphorylation of both ERK and p65 significantly, whereas
Bay 11-7082 only decreased the phosphorylation of p65 without
affecting levels of phosphorylated ERK (Fig. 3).

3.4. IL-6 promotes endometrial carcinoma growth in orthotopic tumor
model

We then examined whether IL-6 could promote endometrial
cancer growth in vivo using orthotopic endometrial carcinoma
model. To ensure that IL-6 was stably overexpressed in Ishikawa
cells, we established IL-6 stable transfected Ishikawa cell line and
confirmed that IL-6 mRNA and protein levels in the transfected
cells were significantly increased compared with the parental cells
(Supplementary Fig. 1). As shown in Fig. 4A, tumor was obviously
growing in the implantation area in the uterus. Histological exam-
ination showed that the tumor developed from the uterine cavity
and was surrounded by normal endometrial glands (Fig. 4B). The
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Fig. 2. NF-kB and ERK inhibitors decrease IL-6 mRNA levels and endometrial cancer cells growth ability. (A, B) Ishikawa and RL95-2 cells were stimulated with IL-6 (20 ng/ml)
for 18 h with or without Bay 11-7082 (NF-«B inhibitor, 5 pM) and PD98059 (ERK inhibitor, 25 jM). The IL-6 mRNA levels were measured by real-time RT-PCR. Bay, Bay 11-
7082; PD, PD98059; IL-6/Bay, IL-6 with Bay 11-7082; IL-6/PD, IL-6 with PD98059. *P < 0.05, “*P < 0.01 versus control group; *P < 0.05, **P < 0.01 versus IL-6-treated group. (C,
D) Growth curves of Ishikawa and RL95-2 cells pretreated with IL-6 in the present or absent of Bay 11-7082 and PD98059. Cell growth was measured with the MTT assay. Pre-
IL-6, pretreated with IL-6; pre-IL-6/Bay, pretreated with IL-6 and cultivated with Bay 11-7082; pre-IL-6/PD, pretreated with IL-6 and cultivated with PD98059. (E)
Immunofluorescence images of Ishikawa cells showing the increase in p-ERK (red) and the nuclear translocalization of p65 (green) after IL-6 incubation. Blue, DAPI-stained
nuclei. Bar = 20 um. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

mean volume of IL-6 overexpression tumors was significantly lar-
ger than the control group (Fig. 4C).

4. Discussion

Although it is well established that estrogens and insulin play
important roles in endometrial carcinogenesis, the role of inflam-
mation still has to be demonstrated. Several studies have contrib-
uted to look for biomarkers of endometrial cancer including
inflammation factors tumor necrosis factor-alpha (TNF-a), C-reac-
tive protein and IL-6 [8,12]. And there was also finding that high IL-
6 serum levels in endometrial cancer patients are associated with
endometrial carcinogenesis and cancer progression [13]. Previ-
ously, we proved that IL-6 localized in endometrial cancer cells
and promoted cancer progression via a paracrine manner [7]. Here-
in we investigated the effect of IL-6 on the endometrial cancer cells
proliferation and, for the first time, demonstrated that an autocrine
feedback loop existed in the endometrial cancer cells.

In our study, we found that, in addition to IL-6-induced endo-
metrial cancer cells proliferation, if pretreated with IL-6, the endo-

metrial cancer cells still displayed increased growth ability
compared with untreated cells, even one week after the with-
drawal of IL-6 from the medium. Furthermore, once endometrial
cells were exposed to IL-6, IL-6 concentration in the culture med-
ium showed the stepwise upregulation during culture process.
These results suggested that IL-6 autoregulation might perpetuate
phenotypic changes caused by exposing endometrial cancer cells
to IL-6. IL-6 production through an autocrine positive feedback
loop has been demonstrated in breast cancer transformation [11],
in which once the loop is activated, the regulatory circuit is suffi-
cient to generate and maintain the chronic inflammatory state
without the original signal, i.e., without IL-6 existence. Impor-
tantly, this inflammatory feedback loop has been proved to occur
in diverse cancer cells including lung, hepatocellular, prostate,
and colon cancer cells. Additionally, the role of an IL-6-mediated
inflammatory loop in trastuzumab resistance has been proved in
breast cancer [10]. Combined with our study, we reasoned that
[L-6 might promote tumor carcinogenesis and progression through
a regulatory circuit and stepwise amplification.

By combining with their ligand-specific binding subunit, IL-6
activates receptor-associated tyrosine kinases janus kinase (JAK)
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Fig. 3. Activation of ERK is upstream of the activation of the NF-kB pathways after stimulation with IL-6 in endometrial cancer cells. (A, B) Western blot analysis to measure
the phosphorylated and total p65 and ERK levels in Ishikawa and RL95-2 cells after treatment with 20 ng/ml of IL-6 with or without Bay 11-7082 (NF-«B inhibitor, 5 uM) and
PD98059 (ERK inhibitor, 25 uM). The representative histogram is the densitometric analysis of bands showing fold increase in levels of phosphorylated forms with respect to
total protein. C, control; Bay, Bay 11-7082; PD, PD98059; 6, IL-6; IL-6/Bay, IL-6 with Bay 11-7082; IL-6/PD, IL-6 with PD98059. *P < 0.05, **P < 0.01 versus control group;
#p<0.05, #P<0.01 versus IL-6-treated group.
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1, JAK2 and leads subsequently to phosphorylation of gp130 and mediates the inflammatory response, and it stimulates IL-6 expres-
recruitment and phosphorylation of signaling molecules, such as sion in response to inflammatory signals [16]. Furthermore, IL-6
signal transducer and activator of transcription-3 (STAT3), mito- feedback mediated by IL-6-activated NF-xB signaling has been re-
gen-activated protein kinase (MAPK), and phosphoinositide 3-ki- ported in breast cancer [10,11]. Recently, there has been reported
nase (PI3K) [14,15]. NF-xB is the critical transcription factor that that ERK2 small interfering RNAs could reduce IL-6 levels [17].
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Consistent with these studies, we found that IL-6 significantly ele-
vated its own mRNA levels and simultaneous addition of NF-kB or
ERK inhibitor reduced the enhancement, which indicated that NF-
kB and ERK participated in the production of IL-6. Immunofluores-
cence analysis and Western blot confirmed two signaling pathways
mentioned above were activated by IL-6. To reveal the hierarchy of
these events, we observed the effect of inhibitors of signaling path-
way on their activities respectively. NF-xB inhibitor had no effect
on the activation of ERK but PD98059, an ERK inhibitor, could block
NF-xB activity. These data suggest that activation of ERK is up-
stream of the NF-xB pathway and IL-6 induces its own production
through the ERK-NF-kB signaling axis, paralleling by an enhance-
ment of tumor cells proliferation. Inhibition of NF-kB or ERK sig-
naling could decrease endometrial cancer cells growth ability,
indicating that such features were dependent upon an autocrine
IL-6 feedback loop. Finally, we confirmed the IL-6 action on endo-
metrial cancer growth in vivo. In particular, we used the orthotopic
xenograft models to elucidate the effect of IL-6 on the progression
of tumor, which better mirrored the tumor growth environment.

In summary, we demonstrated exist of an autocrine positive
feedback loop in which IL-6 promotes endometrial cancer cells
proliferation and meanwhile it stimulates its own production
through the ERK-NF-kB pathway. Once the loop is activated, the
regulatory circuit is sufficient to maintain the tumor growth and
progression. These findings highlight the important role of inflam-
mation state in regulating malignant tumor growth and identify a
novel carcinogenesis mechanism of endometrial carcinoma. We
suggest that the IL-6-ERK-NF-kB signaling axis defined could
prompt new therapeutic or prevention strategies for treatment of
endometrial cancer.
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