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Co-operative roles of IL-4Rx and IL-13Ra1 in the progression
of ovarian carcinomas and the survival of ovarian carcinoma

patients

Dear Editor,

Recently, there has been a rise in interest in the roles
of cytokines and cytokine receptors in malignant human
tumors. Cytokine receptors, especially type II interleukin-
4 receptor (IL-4R), have recently been examined as novel
therapeutic targets of human cancers [1-3]. The type II
IL-4R complex is composed of IL-4Ra and interleukin-
13 receptor al (IL-13Ral), and the expression of IL-4Ra
and IL-13Ral was higher in cancer tissues compared with
normal counterpart tissues [3, 4]. Furthermore, higher
expression of IL-4Ra or IL-13Ral was associated with
shorter survival of cancer patients [5, 6]. This expression
of IL-4Rar and IL-13Ral in human cancer is related to their
roles in regulating signaling mechanisms involved in can-
cer progression, including the Janus kinase (JAK)/signal
transducer and activator of transcription (STAT) pathway
[3, 5]. Therefore, the IL-4R-related pathway is targeted
in anti-cancer therapeutic strategies [3, 5, 6]. However,
despite extensive investigations into the role of IL-4Ra and
IL-13Ral in the regulation of the biological mechanism
of immune cells and tumor cells [2-4], there have been
limited reports focused on the role of IL-4Rar/IL-13Ral
in ovarian carcinomas. Recently, cytokine-related activa-
tion of the JAK2/STAT3 pathway was implicated in the
progression of ovarian cancers through the induction of
epithelial-to-mesenchymal transition (EMT) [7]. In addi-
tion, it was shown that EMT is a vital mechanism in
the progression of human cancer and resistance of can-
cers to conventional anti-cancer therapies [8, 9]. Therefore,
when considering the roles of IL-4Ra and IL-13Ral in JAK-
related cancer progression [2, 3, 5], IL-4Ra and IL-13Ral
might be involved in the progression of ovarian cancers.
Therefore, this study investigated the expression of IL-4Ra

Abbreviations: IL-4R, interleukin-4 receptor; IL-13Ral, interleukin-13
receptor al; EMT, epithelial-to-mesenchymal transition; JAK, Janus
kinase; OS, overall survival; RFS, relapse-free survival; STAT, signal
transducer and activator of transcription..

and IL-13Ral in human ovarian cancer tissues and further
evaluated the roles of IL-4Ra and IL-13Ral in the progres-
sion of ovarian carcinomas in conjunction with the EMT
phenotype. Detailed study methods are described in the
Supplementary Materials and Methods.

In human ovarian carcinomas, IL-4Ra and IL-13Ral
were primarily expressed in the cytoplasm and nuclei of
tumor cells (Figure 1A). Clear expression of IL-4Ra or
IL-13Ral in the cytoplasmic membrane was not seen. The
positivity of immunohistochemical expression of IL-4Ra
and IL-13Ral was determined with receiver operating
characteristic curve analysis (Supplementary Figure
S1). IL-4Ra positivity was significantly associated with
older age, increased serum level of cancer antigen 125,
higher TNM stage, higher histologic grade, and IL-13Ral
positivity, whereas IL-13Ral positivity was significantly
associated with higher tumor stage and bilateral tumor
(Supplementary Table S2). In univariate survival analysis,
IL-4Raand IL-13Ral expression were significantly asso-
ciated with both overall survival (OS) and relapse-free
survival (RFS) (all P < 0.01; Figure 1B, Supplementary
Table S3). In addition, the expression of IL-4Ra and
IL-13Ral were significantly associated with OS and RFS
in 97 serous carcinomas (Supplementary Figure S2A),
but limited significance in low-grade serous carcinomas,
high-grade serous carcinomas, endometrioid carcinomas,
and mucinous carcinomas (Supplementary Figure S2B-E).
In multivariate analysis, IL-13Ral positivity (OS, P =
0.010) and IL-4Ra positivity (RFS, P = 0.029) were inde-
pendent indicators of patient survival (Supplementary
Table S3). Furthermore, the combined expression patterns
of IL-4Ra and IL-13Ral were significantly associated with
the survival of overall ovarian carcinomas (Figure 1C-D,
Supplementary Tables S4-S5), serous carcinomas, and
mucinous carcinomas (Supplementary Figure S3A-B),
but limited significance in low-grade serous carcinomas,
high-grade serous carcinomas, and endometrioid carcino-
mas (Supplementary Figure S3C-E). Multivariate analysis
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FIGURE 1 Theroles of IL-4Ra and IL-13Rad in 145 human ovarian carcinomas and ovarian cancer cells. (A) Immunohistochemical
expression of IL-4Ra and IL-13Rad in serous, mucinous, and endometrioid carcinoma of the ovary. (B) Kaplan-Meier survival curves for
overall survival and relapse-free survival according to the expression of IL-4Ra and IL-13Ral in 145 ovarian carcinoma patients. (C) Survival
analysis according to the co-expression patterns of IL-4Ra and IL-13Ral in 145 ovarian carcinomas. Kaplan-Meier survival curves for four
subgroups of ovarian carcinomas according to the expression of IL-4Ra and IL-13Ral: IL-4Ra IL-13Ral~, IL-4Ra~ IL-13Ral ™,
IL-4Ra*IL-13Ral™, and IL-4RatIL-13Ral™ subgroups. (D) Kaplan-Meier survival curves in two subgroups of ovarian carcinomas:
(IL-4Ra™IL-13Ral™) and (IL-4Ra~IL-13Ralt, IL-4Ra*IL-13Ral ™, or IL-4Ra " IL-13Ral™) subgroups. (E, F) CCKS proliferation assays (E) and
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indicated the combined expression patterns of IL-4Ra and
IL-13Ral to be an independent prognostic indicator of OS
(P =0.005) and RFS (P = 0.025) (Supplementary Table S5).

Furthermore, in OVCAR3 and SKOV3 cells, knockdown
of either IL-4Ra or IL-13Ral significantly inhibited the
proliferation of cells (Figure 1E-F, Supplementary Figure
S4). In contrast, overexpression of either IL-4Ra or IL-
13Ral significantly increased the proliferation of ovarian
cancer cells (Figure 1E-F, Supplementary Figure S4). In
addition, the knockdown of either IL-4Ra or IL-13Ral
significantly decreased the migration and invasion activ-
ities of OVCAR3 and SKOV3 cells, but overexpression of
either IL-4Ra or IL-13Ral significantly increased these
activities (Figure 1G-H, Supplementary Figure S5). Fur-
thermore, IL-4Ra- or IL-13Ra-mediated invasiveness of
ovarian cancer cells was associated with the expression
of the molecules related to EMT. The knockdown of IL-
4R or IL-13Ral increased the expression of E-cadherin,
an important indicator of EMT, and decreased the expres-
sion of N-cadherin, Snail, transforming growth factor f1
(TGF-P1), B-catenin, and Cyclin D1 (Figure 1I-J, Supple-
mentary Figure S6). In contrast, overexpression of IL-4Ra
or IL-13Ral decreased the expression of E-cadherin and
increased the expression of N-cadherin, Snail, TGF-f1, $-
catenin, and Cyclin D1 (Figure 11-J, Supplementary Figure
S6). The knockdown or overexpression of IL-4Ra influ-
enced the expression of IL-13Ral protein and vice versa
(Figure 11). However, the overexpression of IL-4Ra or IL-
13Ral did not influence the expression of mRNA of IL-4Ra
or IL-13Ral (Figure 1J). Therefore, these data suggest that
IL-4Ra and IL-13Ral might be involved in the stabiliza-
tion of each other. As expected, immunoprecipitation of
IL-4Ra or IL-13Ral showed direct binding of IL-4Ra and
IL-13Ral proteins (Supplementary Figure S7). In addition,
cycloheximide-mediated degradation of IL-4Ra was accel-

erated with the knockdown of IL-13Ral and vice versa
(Figure 1K). Furthermore, poly-ubiquitination of IL-4R«a
increased with the knockdown of IL-13Ral, and poly-
ubiquitination of IL-13Ral increased with the knockdown
of IL-4Rar (Figure 1L). This result suggests that both IL-
4Ra and IL-13Ral are involved in the post-translational
stabilization of each other.

Thereafter, we evaluated the co-operative effects of IL-
4Ra and IL-13Ral in tumor growth after co-transfection
(Supplementary Figure S8A). Overexpression of both
IL-4Ra and IL-13Ral significantly increased proliferation
and co-knockdown of IL-4Ra and IL-13Ral significantly
decreased proliferation of SKOV3 cells in a CCK8 assay and
a colony-forming assay (Supplementary Figure S8B-C). In
axenograft animal model, overexpression of either IL-4Ra
or IL-13Ral significantly increased proliferation compared
with controls (Figure 1M-0O). Furthermore, tumors over-
expressing both IL-4Ra and IL-13Ral were significantly
larger than tumors overexpressing IL-4Ra or IL-13Ral
(Figure 1IM-0). Knockdown of IL-4Ra, IL-13Ral, and both
IL-4Ra and IL-13Ral significantly decreased tumor size
compared with controls (Figure 1M-O). Therefore, when
considering the results of the expression of IL-4Ra and
IL-13Ral in human ovarian cancers and ovarian cancer
cells, our results suggest that IL-4Ra and IL-13Ral are
co-operatively involved in the progression of ovarian
carcinomas by stabilizing each other. In addition, based
on our finding that the knockdown of IL-4Ra and/or
IL-13Ral inhibits the proliferation and invasiveness of
ovarian cancer cells, blocking IL-4, IL-13, IL-4Ra, IL-
13Ral, or molecules downstream of IL-4Ra and IL-13Ral
signaling might be effective therapeutic targets for ovarian
cancers.

In conclusion, this study showed high expression
of IL-4Ra and IL-13Ral to be an indicator of poor

colony-forming assay (F) after knockdown or overexpression of IL-4Ra and IL-13Ral in OVCAR3 and SKOV3 ovarian cancer cells. (G, H)

Migration (G) and invasion (H) assays after knockdown or overexpression of IL-4Ra and IL-13Ral in OVCAR3 and SKOV3 ovarian carcinoma
cells. (I, J) Western blotting (I) and quantitative reverse-transcription polymerase chain reaction (J) after knockdown or overexpression of
IL-4Ra and IL-13Ral in ovarian carcinoma cells. (K) SKOV3 cells were transfected with the control vector or shRNA for IL-4Ra and IL-13Ral
and treated with 30 umol/L cycloheximide or 30 umol/L MG132 for 0.5 to 4.0 h. Thereafter, the protein lysates were immunoblotted with
IL-4Ra, IL-13Ral, and S-actin. (L) Total protein lysate from SKOV3 cells transfected with empty vector or shRNA for IL-4Ra and IL-13Ral and
treated with 30 umol/L MGI132 for two h was immunoprecipitated with IL-4Ra and IL-13Ral and immunoblotted with anti-ubiquitin and
anti-IL-4Ra or anti-IL-13Ral antibodies. (M) In vivo evaluation of tumor growth was assessed by subcutaneously implanting 2 x 10 SKOV3
cells that had been transfected with the indicated plasmids. Each week after tumor implantation, the volume of the tumor was measured by
the equation of “volume = length X width X height X 0.52” mm?. (N) Gross and histologic findings of resected tumors. The mice were

euthanized at 6 weeks after tumor inoculation, and histologic sections were H&E stained. (O) Weight of resected tumor at 6 weeks after

implantation. *P < 0.05, **P < 0.001. Abbreviations: ns, not significant; IL-4Ra, interleukin-4 receptor «; IL-13Rad, interleukin-13 receptor al;
IL-4Ra, negative for IL-4Ra; IL-4Ra™, positive for IL-4Ra; IL-13Ral ™, negative for IL-13Ral; IL-13Ral*, positive for IL-13Ral; CHX,
cycloheximide; EVs, empty vectors; ShRNA, short hairpin RNA; IL-4Ra-OE, vector for wild-type IL-4Ra; IL-13Ral-OE, vector for wild-type
IL-13Rad; IL-4Ra-OE + IL-13Ral-OE, vector for wild-type IL-4Ra and wild-type IL-13Ral; shControl, control vector for shRNA; shIL-4Ra,
vector for ShRNA for IL-4Ra; shIL-13Ra1, vector for ShRNA for IL-13Ral; shIL-4Ra + shIL-13Ral, vector for ShRNA for IL-4Ra and shRNA for

IL-13Rad; IP, immunoprecipitation; WB, western blotting.
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prognosis of ovarian carcinoma patients, and both IL-4Ra
and IL-13Ral are co-operatively involved in the progres-
sion of ovarian carcinomas by stabilizing each other from
proteasomal degradation. In addition, blocking IL-4R«a
and IL-13Ral inhibited proliferation, invasiveness, and
the EMT phenotype in ovarian cancer cells. Therefore,
this study suggests that a therapeutic modality targeting
the IL-4, IL-13, IL-4Ra, or IL-13Ral pathway might be a
novel therapeutic approach for ovarian carcinoma patients
with tumors expressing high levels of IL-4Ra and/or
IL-13Ral.
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