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Abstract

Interleukin-6 (IL-6) has received particular attention in the pathogenesis of cervical cancer,
though the underlying mechanism remains elusive. This Study revealed that IL-6 promotes in vivo
tumor growth of human cervical cancer C33A cells but does not substantially alter their in vitro
growth kinetics. The in vivo angiogenic assays showed that IL-6 increases angiogenic activity in
human cervical cancer cells, an effect which is specifically associated with up-regulation of
vascular endothelial growth factor (VEGF). Also, using anti-VEGF antibody to blockade VEGF
function significantly inhibited IL-6-mediated angiogenesis and tumor growth in nude mice,
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strongly supporting the critical role of VEGF in the IL-6-mediated cervical tumorigenesis.
Accordingly, the signaling pathway downstream of IL-6/IL-6R responsible for the regulation of
VEGF was investigated. Notably, pharmacological inhibition of PI3-K or MAPK failed to inhibit
IL-6-mediated transcriptional up-regulation of VEGF. Meanwhile, blocking STAT3 pathway with
dominant-negative mutant STAT3D effectively abolished IL-6-induced VEGF mRNA. In transient
transfections, a luciferase reporter construct containing the full-length 1.5-kb VEGF promoter or a
1.2-kb fragment lacking the known hypoxic-response element also exhibited the same degree of
response to IL-6. Additionally, transient transfection of STAT3D down-regulated the 1.2-kb VEGF
promoter luciferase reporter stimulated by IL-6. Based on the above phenomenon combined with
the concomitant increased tumor expression of IL-6 and VEGF in cervical cancer tissues, we
conclude that IL-6 may promote cervical tumorigenesis by activating VEGF-mediated angiogenesis

via a STAT3 pathway.

Keywords: angiogenesis, cervical cancer, cytokine, interleukin-6, STAT3, vascular endothelial

growth factor
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Cervical cancer is a leading neoplastic disease that inflicts women worldwide. An etiologic
relationship between high-risk human papillomavirus (HPV) and cervical cancer has been firmly
established (Zur Hausen, 2002). The local immune system of the genital tract is assumed to be
important in the monitoring of HPV-related cervical cancer. Consequently, various cytokines have
been implicated in the pathogenesis of cervical cancer, among which interleukin-6 (IL-6) has
received particular attention. Epidemiologic studies have shown that the development of cervical
cancer is associated with chronic inflammation resulting from multiple sexually transmitted agents
(Schiffman and Brinton, 1995). Viral infection and exposure to proinflammatory cytokines such
as IL-1a and tumor necrosis factor a can stimulate IL-6 gene expression by the keratinocytes

(Iglesias et al, 1995). IL-6 expression in tumor tissues is high and correlates with the severity of



cervical cancer (Tartour et al, 1994; Tjiong et al, 1999; Wei et al, 2001a). Also, IL-6 may
contribute to a local immunosuppressive effect that protects the tumor cells from the host immune
system (Tilg et al, 1997). These works support the hypothesis that IL-6 promotes the development

of cervical cancer, though the underlying mechanism remains elusive.

IL-6 is a secreted, multi-functional glycoprotein. Through binding to a-chain (IL-6-Rp80) and
subsequently recruiting the B-chain (gp130) of the receptor, IL-6 performs various biological
functions (Kishimoto et al, 1995). Specifically, the IL-6/IL-6Rp80 complex initiates
homodimerization of gp130, activates a cytoplasmic tyrosine kinase bound to gp130 (Murakami et
al, 1993), and then triggers signaling cascades through the Jak/STAT, Ras/MAPK, and PI 3-K/Akt
pathways (Hirano et al, 1997). The diversity of IL-6 signaling mediated via gp130 explains its
functional pleiotrophy. IL-6 regulates inflammatory reactions, immune responses, hepatic
acute-phase protein synthesis, and several other important physiological processes (Taga and
Kishimoto, 1997). Interestingly, the influence of IL-6 in human cancers is varied depending on the
cell types. For example, IL-6 has been demonstrated to promote growth of multiple myeloma,
Kaposi’s sarcoma and prostatic cancer cells, while inhibiting the proliferation of lung and breast

cancer cells (Danforth and Sgagias, 1993; Klein et al, 1995; Nicholas et al, 1997; Okamoto et al,

1997; Takizawa et al, 1993).

Angiogenesis is essential for the development, growth, and progression of cervical cancer
(Hanahan and Folkman, 1996; Sillman et al, 1981; Smith-McCune et al, 1997;
Smith-McCune and Weidner, 1994). The angiogenic process is balanced by various positive
(such as bFGF, VEGF, and PD-ECGF) and negative (such as thrombospondin-1, platelet factor-4,
and interferon o/p) regulatory molecules of endothelial proliferation and migration (Carmeliet,
2000). Previous investigations have confirmed that IL-6 is important in both physiological and
pathological angiogenesis (Mahnke ef al, 2000; Mateo et al, 1994; Motro et al, 1990), raising the

possibility that elevated IL-6 in the uterine cervix promotes the development of cervical neoplasm
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via angiogenesis stimulation.

This work focused on the angiogenic and tumorigenic potential of IL-6 overexpressed C33A
cervical cancer cells. The experimental results revealed that IL-6 overexpressed C33A cells
displayed accelerated tumor growth and neovascularization in nude mice. Furthermore, blockage of
VEGF function was found to inhibit IL-6-mediated angiogenesis and reduce IL-6-induced tumor
growth in nude mice. IL-6 specifically up-regulates VEGF in C33A cells via a STAT3 pathway.
Earlier studies have demonstrated consistently higher expression of IL-6 and VEGF in cervical
cancer tissues (Wei et al, 2001a). Therefore, we believe strong evidence exists to support the

hypothesis that IL-6 facilitates tumorigenesis of cervical cancer via VEGF-mediated angiogenesis.

=~ R

Growth properties of IL-6 overexpressed cervical cancer cells

Five C33A clones with stable IL-6 gene transfection were established and designated as C33A/IL-6
cells (C33A/IL-6-cl, -c2, -c3, -c4, and -c5), while that with control vector were designated as
C33A/neo cell. ELISA confirmed that C33A/IL-6 cells produced significantly higher levels of IL-6
(> 2,000 pg/ml) than did C33A/neo cells (< 50 pg/ml). Neither the IL-6 overexpressed cells nor the
neo control cells caused changes in IL-6 receptor levels, which were measured by immunoblotting
with an antibody that recognized the ligand binding subunit of the IL-6 receptor (Wei et al, 2001b).
Also, the in vitro growth properties of C33A/IL-6 and C33A/neo cells were examined. Figure la
shows that IL-6 overexpression did not affect cell proliferation rate. Additionally, treatment with
exogenous IL-6 did not influence the proliferation rate of parental C33A cells (data not shown).
Collectively, the above results suggest that overexpression of IL-6 does not affect receptor levels
and anchorage-dependent growth in C33A cells.

IL-6 accelerated tumor growth in nude mice

Next the influence of IL-6 on in vivo tumorigenesis was examined. Two IL-6 overexpressed cells
(C33A/IL-6-c1 and —c5) and neo control cells were subcutaneously injected into 4 to 5 week-old

nude mice. Then tumorigenicity was assessed weekly according to tumor volume. The tumors



derived from C33A/IL-6-cl cell grew faster than those from C33A/neo cell after 2 to 3 weeks of
initial development. The mean tumor size in C33A/IL-6-c1 transplanted nude mice was around
3500 mm at the 6™ week post-transplantation, but in nude mice injected with C33A/neo cells mean
tumor size reached merely 1100 mme (Figure 1b). In a separate experiment, the mean volume of
C33A/IL-6-¢5 tumors grew to a similar size to C33A/IL-6-c] tumors at the 6™ week and was
approximately 7 times the size of C33A/neo tumors at the 8" week after transplantation (F igure Ilc).
These experimental results clearly verify that IL-6 can enhance in vivo tumor growth of cervical
cancers without significantly altering their in vitro growth rate.

Angiogenic activity of C334 cells is augmented by IL-6

Angiogenesis is a prerequisite to the rapid clonal expansion associated with the formation of
macroscopic tumors. Gross examination of the peripheral segments of C33A xenografts revealed
that the tumors produced by the IL-6 overexpressed C33A cells were highly vascularized, whereas
those produced by the C33A/neo cells displayed slight new blood vessel growth (data not shown).
The in vivo model of chick embryo CAM assay can be used to clarify the influence of IL-6 on
cervical tumor angiogenesis. Upon dissection of the CAM of a 12-day-old chick embryo, low
angiogenic activity in CAM was observed using the conditioned-medium (CM) from parent C33A
or neo control cell cultures (Figure 2a). Importantly, high angiogenic activity was found on CAM
treated using CM from IL-6 transfectant. To quantify the different types of tumor angiogenic
activity before the appearance of a grossly visible tumor, in vivo Matrigel plug assays were
performed. The experimental results revealed that CM from IL-6 overexpressed cells displayed
more vascularization in the matrigel plug on the 7" day after inoculation (Figure 2b, left). The
degree of vascularization can be measured based on the hemoglobin contents (Figure 2b, right).
These biological assays confirm that IL-6 may eincrease angiogenic activity in human cervical

cancer cells.



Up-regulation of VEGF by IL-6 in cervical cancer cells and tumors

RT-PCR was used to assess expression of various angiogenic factors, including VEGF, bFGF,
PDGF, and IL-8, that previously have been reported to contribute to tumor angiogenesis in cervical
cancer (Cheng et al, 1999; Fujimoto et al, 1997; Fujimoto et al, 2000; Fujimofo et al, 1999a;
Kodama et al, 2001). Of the genes tested, VEGF-A mRNA but not other factors, was elevated in
IL-6 overexpressed C33A cervical cancer cells (Figure 3a). Consistent with the mRNA level, CM
contained a significant amount of VEGF-A protein from IL-6 overexpressed C33A cells (Figure 3b).
Moreover, the gene expression of VEGF was measured in tissue from C33A/neo and C33A/IL-6
tumors transplanted to nude mice. RT-PCR revealed that tumors from the IL-6 overexpressed C33A
cells had significantly higher VEGF mRNA levels than those from neo control cells (Figure 3c).
These experimental results indicate that VEGF is the major mediator of IL-6-induced tumor
angiogenesis.

Blockage of VEGF function inhibits IL-6-mediated angiogenesis and inhibits IL-6-induced tumor
growth in nude mice

To clarify whether VEGF influenced IL-6-mediated tumorigenesis, 10 mg/kg anti-VEGF antibody
was intraperitoneally injected on alternative days specifically to block VEGF function in nude mice
transplanted with IL-6 overexpressed C33A cells. From the second week after tumor inoculation,
tumor growth was significantly delayed in the anti-VEGF antibody treated group (Figure 4a). The
tumors in the C33A/IL-6-c5 and control mouse IgG antibody groups (10 mg/kg) grew steadily
during the experiment, but those in the anti-VEGF antibody treated group did not. On day 29 after
tumor implantation, the tumor weight was 4345 mg in the anti-VEGF antibody group compared to
625+155 mg in the untreated group (p<0.003) and 201+50 mg in the control antibody group
(p<0.006). Meanwhile, the tumor weight in the C33A/neo group reached just 123458 mg.
Furthermore, the relative mRNA expression of mouse PECAM-1 in C33A/IL-6-c5 and C33A/neo
tumors was examined using RT-PCR. The experimental results revealed that expression of
PECAM-1 mRNA was considerably up-regulated in C33A/IL-6-c5 tumors (Figure 4b), which was
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consistent with the more vascularized appearance of IL-6 overexpressed tumors. Treatment with
anti-VEGF antibody led to a marked down-regulation of PECAM-1 mRNA expression in the
C33A/IL-6-¢c5 tumors as compared to the control antibody (Figure 4b). These works indicate that
VEGEF is responsible for IL-6-mediated tumorigenicity in cervical cancer.

STAT3 pathway is essential for VEGF up-regulation by IL-6

To define the signaling pathway involved in transcriptional up-regulation of VEGF by IL-6, C33A
cells were treated with different pharmacological inhibitors. Treatment with PD98059 and
1Y294002, which specifically inhibit MEK1 and PI3-K respectively, did not influence
IL-6-mediated up-regulation of VEGF (Figure 5a). Consequently, the involvement STAT3 pathway
in the IL-6-mediated VEGF up-regulation was examined. To address this issue, control vector and
STAT3 dominant-negative mutant (STAT3D), in which E434 and E435 of STAT3 were replaced
with alanines (Horvath et al, 1995), were introduced into C33A cells. As shown in figure 5b,
transfection of STAT3D in C33A cells significantly inhibited the VEGF expression as compared to
the parent C33A and neo control cells, suggesting that STAT3 is crucial to the IL-6-mediated
VEGF up-regulation. Since tissue hypoxia is a potent inducer of VEGF induction, reporter gene
assay was used to examine whether the IL-6 up-regulated VEGF through a hypoxia-dependent
mechanism. Figure Sc indicated that only the 1.5kb promoter responded to cobalt chlorides, but
both thel.5kb and 1.2kb (lacking HIF-1 biding site) promoters of VEGF were markedly activated
by IL-6 treatment, suggesting IL-6 is capable of stimulating VEGF promoter through a
HIF-1-independent mechanism. However, when STAT3D transiently transfected into C33A cells,
the activation of VEGF promoter by IL-6 reduced significantly (Figure 5d).

Co-expression of IL-6 and VEGF in human cervical cancer

The close association between IL-6 and VEGF revealed above prompted investigation of the
expression of IL-6 and VEGF in cervical cancer tissues. To address this issue, biopsies of cervical
cancer tissues and adjacent noncancer tissues were taken from four patients with invasive cervical

cancer to analyze the levels of IL-6 and VEGF proteins by Western blotting analysis. Figure 6



displayed that both IL-6 and VEGF expressions were significantly more abundant in cancer tissues
than in noncancer tissues. This finding provides clinical evidence to support a close relationship

between IL-6 and VEGF in the development of cervical cancer.
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