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Abstract: Previous studies had demonstrated that IL-13 and its receptor IL-13Ra2 participated in the process of
onset and development of colorectal cancer, however, its detailed mechanism was still unclear. Herein, we dem-
onstrated that IL-13 induced the expression of 11BHSD2 in an IL-13Ra2 dependent manner in colorectal cancer
cells. Furthermore, we indicated 11BHSD2 was critical for IL.-13 to induce the expression of COX2 and activated Akt,
which was essential for IL.-13 to promote the colony formation abilities and migration abilities of colorectal cancer
cells. Inhibitor of 11BHSD2 glycyrrhizic acid (GA) significantly reduced the liver metastasis of colorectal cancers cells
seeded in the Appendix serous of the nude mice. These results provide evidences to reveal the molecular mecha-
nism in the process of colorectal cancer involving IL-13 and its receptor IL-13Ra2, and may provide new therapeutic

target for treatment of colorectal cancer.
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Introduction

Colorectal cancer, one of the common malig-
nancies with high morbidity and lethal rate, and
liver metastasis is the prominent death-related
cause of this disease [1, 2]. It is critical for us to
address the mechanism that is responsible for
liver metastasis of colorectal cancer.

Interleukin-13 (IL-13) is one of the cytokines
secreted by activated Th2 cells [3], which is
previously indicated to participate in the regula-
tion of inflammation and immune response [4].
Recently, IL-13 was found to be take part in the
process of tumor onset and progression [5-7],
including colorectal cancer [6, 8]. High expres-
sion of IL-13 and its receptor in the colorectal
cancer tissues was negative correlation with
tumor-free survival of the patients [8]. Kanai
and his colleagues found that overexpression
of IL-13 reduced the adhesion of colo205
colorectal cancer cells [9]. To the present, stud-
ies found IL-13 elicits its function via its recep-

tor on the surface of the cell. IL-13Ral and
IL13Ra2 are the two receptors of I[L-13.
IL-13Rad forms a heterodimer with IL-4 recep-
tor, which transduces the signal from IL-13 via
activating MAPK and STAT6 pathways [5].
IL13Ra2 has a higher affinity with IL-13 than
that of IL-13Ral [10], thus considering as spe-
cific receptor of IL-13. The expression of
ILL13Ra2 has been reported significantly
increased in many kinds of tumors, such as
head and neck neoplasm [11], ovarian cancer
[12], Kaposi's sarcoma [13], pancreatic cancer
[14, 15], adrenocortical carcinoma [16] and
colorectal cancer [6, 8]. Although the pivotal
role of IL13Ra2 in cancer onset and progres-
sion is due to the lacking of interacting domain
with effect protein Box I/Il Jak, the detail mech-
anisms through which IL-13Ra2 takes part in
the process of cancer is still unclear.

11B-hydroxysteroid dehydrogenase type Il
(11BHSD2) is a key enzyme regulating the activ-
ities of endogenous glucocorticoids and partici-
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pates in the regulation of inflammation [17].
Recently, 11BHSD2 has been reported involv-
ing in the regulation of tumor cell proliferation
and chemo-resistance [9, 17, 18]. In our previ-
ous studies, we found that the expression of
11BHSD2 was increased in clinical colorectal
cancer tissues and participated in the process
of metastasis of colorectal cancer [19, 20].
Although the role of 11BHSD2 in the tumorgen-
esis of cancer has been well studied, the mech-
anism regulating the expression of 11BHSD2 in
cancers, especially in colorectal cancer, is still
unclear.

In the study, we demonstrated that IL-13 could
induce the expression 11BHSD2 in IL-13Ra2
dependent manner. 11BHSD2 is a crucial
downstream molecule of IL-13, and mediates
the activation of Akt as well as increase the
expression of COX2 in CT26 and SW480
colorectal cancer cell lines. What's more we
used in vitro assay as well as in vivo assay to
demonstrate that 11BHSD2 was essential for
IL-13 to promote the colony formation abilities,
migration abilities and metastasis abilities of
colorectal cancer cells. Our results presented
here may provide new experimental evidence
as well as new therapeutic targets for colorec-
tal cancer prevention and treatment.

Materials and methods
Cell culture and treatment

CT26 and SW480 cells were cultured in RPMI-
1640 Medium (ATCC 30-2001), L-15 Medium
(Catalog No. 30-2008), respectively, supple-
mented with 10% FBS and 1% penicillin-strep-
tomycin and maintained at water-jacketed CO,
incubator at 37°C with 5% CO,. Transfections
were performed with LipofectamineTM 2000
reagent (Invitrogen, Carlsbad, CA) per manufac-
turer’s instructions. For IL-13 and/or GA treat-
ment, the culture medium was replaced with
mediun containing 10 ng/ml IL-13 or culture
mediun with 10 ng/ml IL-13 and 10 uM GA for
indicated times.

Western blot

The lysis used for western blot was prepared
by adding RIPA (0.1% SDS, 1% NP-40, 1 mM
MgCI2 and 10 mM Tris, PH 8.0) with 1xcoktail
proteinase inbitor directly to the cells with indi-
cated treatment. Equal amount of protein was
separated by SDS-PAGE and then transferred
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to PVDF membrane pretreated with methanol.
Primary antibodies used in this study were pur-
chased from Abcam. HRP-conjugated anti-
mouse or anti-rabbit 1gG was used and the
bands were visualized by chemiluminescence.

Quantitative real-time reverse transcription
PCR

Total RNAs were extracted from the cells with
Trizol reagent (Invitrogen, Carlsbad, CA) accord-
ing to manufacturer’s instructions. The first-
strand cDNA was synthesised with MMLV
reverse transcriptase (TAKARA, Dalian, China)
with one microgram total RNAs. Real-time PCR
was performed using iQ SYBR Green Supermix
and the iCycler real-time PCR detection system
(Bio-Rad), and the fold change in expression of
each target RNA relative to U6 snRNA or beta-
actin mRNA was calculated based on the
threshold cycle (Ct) as 24%, where ACt=Ct,___ -

target

Ct, and A (ACt) = ACt sample -ACt control.

U6/actin’

MTT assay

CT26 or SW480 cells were seeded in the
96-well plate and then the culture medium was
replaced with culture medium containing 10
ng/ml IL-13 or culture mediun with 10 ng/ml
IL-13 and 10 uM GA for indicated times.
Following the treatments, 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromi-
de was added to the medium to final concentra-
tion of 500 ug/ml, and the cells were stated at
37°C for four hours before culture medium was
discarded and 100 ul DMSO was added. The
absorbance at 570 nm wavelength was
determined.

Colony formation assay

CT26 and SW480 cells were seeded at 24-well
plate at 300 cells per well 300 cells and treat-
ed with 10 ng/ml IL-13 or 10 ng/ml IL-13 and
10 mM GA. The culture medium was changed
every other day for seven times before the cells
were fixed with paraformaldehyde and stained
with crystal violet. The number of colones with
more than 50 cells was counted, and the colo-
ny formation rate was calculated as (number of
colones/300)*100%.

Transwell migration assays

The 24-well Boyden chamber with 8 um pore
size polycarbonate membrane (Corning, Cam-
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Figure 1. IL-13 induces 11BHSD2 expression in colorectal cancer cells. A. Mouse colorectal cancer cells CT26 were
treated with 10 ng/ml IL-13 for indicated time before total RNAs were extracted. The mRNA level of 11BHSD2 was
determined by qRT-PCR, mRNA level of beta-actin was detected to serve as an inner control. Relative expression
level of 11BHSD2 was calculated using 244% method with that of O h set to one. * p<0.05. B. Human colorectal can-
cer cells SW480 were treated with 10 ng/ml IL-13 for indicated time before total RNAs were extracted. The mRNA
level of 11BHSD2 was determined by qRT-PCR, mRNA level of beta-actin was detected to serve as an inner control.
Relative expression level of 11BHSD2 was calculated using 224 method with that of O h set to one. * p<0.05. C.
Mouse colorectal cancer cells CT26 were treated with 10 ng/ml IL-13 for indicated time before the cells were lysised
with RAPI. The protein level of 11BHSD2 was determined by western blot, GAPDH served as a loading control. D. Hu-
man colorectal cancer cells CT26 were treated with 10 ng/ml IL.-13 for indicated time before the cells were lysised
with RAPI. The protein level of 11BHSD2 was determined by western blot, GAPDH served as a loading control.

bridge, MA) was used to analyze the migration Animal Care guidelines for human treatment of
and invasion of tumor cells. Briefly, about animals and adhered to national and interna-
5x105 cells, resuspended in culture medium tional standards.

without FBS but with/wihout 10 ng/ml IL-13

and/or 10 nM GA, were seeded in the chamber Results

of the well, and then the well was put into ] o
24-well with 600 ul culture medium containing IL-13 induces 11BHSD2 expression in colorec-
20% FBS. About 48 hours later, the cells were tal cancer cells

fixed with paraformaldehyde and then stained
with crystal violet, and the cells went through
the membrane were counted.

Previous studies have demonstrated that IL-13
induced the expression of 11BHSD2 in lung
epithelial cells [21]. To investigate whether

In vivo tumor metastasis assay IL-13 induces 11BHSD2 expression in colorec-

tal cancer cells, we treated mouse colorectal
About 5x10° CT26 cells were seeded in the cancer cell line CT26 or human colorectal can-
Appendix serous of nude mice. When the in situ cer cell SW480 with IL-13. The expression of
tumors were formed, GA was administered via 11BHSD2 mRNA and protein were detected by
drinking water for 24 days. The mice were then gRT-PCR and western blot, respectively. The
sacrificed and the metastasis sites in the liver results indicate that IL-3 increased the mRNA
were counted. All the animals used in this study level of 11BHSD2 in time dependent manner in
were cared in accordance with American both cell lines (Figure 1A and 1B). Ant the
Association for the Accreditation of Laboratory results of western blot further support that
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Figure 2. IL-13Ra2 is essential for IL-13 to induce the expression of 11BHSD2 in colorectal cancer cells. A and B.
The protein level of IL-13Ra2 in CT26 (vector, IL13Ra2#23 and IL-13Ra2#28) and SW480 (vector, IL-13Ra2#09
and IL-13Ra2#12) cells stable transfected with IL-13Ra2 konckdown plasmid or respective control was determined
by western blot, GAPDH served as a loading control. C and D. Stable cell lines indicated above were treated with 10
ng/ml IL-13 for indicated time before total RNAs were extracted. The mRNA level of 113HSD2 was determined by
gRT-PCR, mRNA level of beta-actin was detected to serve as an inner control. Relative expression level of 113HSD2
was calculated using 244 method with that of O h set to one. NS non-significant. E and F. Stable cell lines indicated
above were treated with 10 ng/ml IL-13 for indicated time before the cells were lysised with RAPI. The protein level

of 11BHSD2 was determined by western blot, GAPDH served as a loading control.

IL-13 increased the expression of 11BHSD2 in
colorectal cancer cells (Figure 1C and 1D).
Together, these results demonstrated that
IL-13 increased the expression of 11BHSD2 in
colorectal cancer cell lines.

IL-13Ra2 is essential for IL-13 to induce the
expression of 11B3HSD2 in colorectal cancer
cells

In previous studies, we had demonstrated that
11BHSD2 promotes the migration and invasion
of colorectal cancer cells via modulating COX2/
AKT pathway. IL-13Ra2 is highly expressed in
colorectal cancer and promotes the invasion of
the cancer cells in PI3BK/AKT pathway depen-
dent manner [8]. Based on these studies, we
speculated that IL-13 might regulate the expres-
sion of 11BHSD2 in IL-13Ra2 dependent man-
ner in colorectal cancer cells. To validate this,
we constructed colorectal cell line that stable
knockdown of IL-13Ra2 (IL-13Ra2#23 and
IL-13Ra2#28 for CT26 cell, IL-13Ra2#09 and
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IL13Ra2#12 for SWA80 cell). As shown in
Figure 2A and 2B, the expression of IL13Ra2
was significantly reduced in the stable cells.
The promoting effects of IL-13 on the expres-
sion of 11BHSD2 were abrogated by knock-
down of IL-13Ra20 (Figure 2C-F). These results
indicated that IL-13 induced the expression of
11BHSD2 in IL-13Ra2 dependent manner.

IL-13 promotes the expression of COX2 and
activates Akt in 11BHSD2 dependent manner

Previous studies had found that both IL-13 and
11BHSD2 activate PI3K/Akt pathway. The
above results demonstrated that IL-13 could
induce the expression of 113HSD2 in IL-13Ra2
dependent manner. We inferred that IL-13 may
activate Akt via enhancing the expression of
11BHSD2. To address this question, we used
glycyrrhizic acid (GA) to inhibit the activities of
11BHSD2 in the cells to evaluate its role in the
activation of Akt by IL-13. Treatment of CT26
cells and SW480 cells with IL-13 significantly

Am J Transl Res 2016;8(2):1064-1072
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Figure 3. IL-13 promotes the expression of COX2 and activates Akt in 11BHSD2 dependent manner. A. Mouse
colorectal cancer cells CT 26 were treated with IL-13 alone or simultaneously treated with IL-13 and 11BHSD2
inhibitor glycyrrhizic acid (GA). The protein level of COX2 was determined with western blot, and GAPDH served as a
loading control. For determining the activation of Akt, phosphorylation specific antibody to Akt was used for block-
ing, and total Akt served as a loading control. B. Human colorectal cancer cells CT 26 were treated with IL.-13 alone
or simultaneously treated with IL-13 and 11BHSD2 inhibitor glycyrrhizic acid (GA). The protein level of COX2 was
determined with western blot, and GAPDH served as a loading control. For determining the activation of Akt, phos-
phorylation specific antibody to Akt was used for blocking, and total Akt served as a loading control.
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Figure 4. IL.-13 increases cellular viabilities and colony formation abilities of CT26 and SW480 colorectal cancer
cells in 11BHSD2 dependent manner. A and B. CT26 or SW480 colorectal cancer cells were seeded in 96-well plate
and then treated with IL-13 alone or simultaneously with IL.-13 and GA for indicating time, the viabilities of the cell
were determined by MTT assay. Data were presented as absolute absorbance at wavelength of 570 nm. *p<0.05.
C and D. 300 cells were seeded in 24-well and treated with IL-13 or IL-13 and GA as indicated. The culture medium
was changed every other day for seven times before the cells were fixed with paraformaldehyde and stained with
crystal violet. The number of colonies with more than 50 cells were counted, and the colony formation rate was
calculated as (number of colonies/300)*100%. *p<0.05.

Colony formation

SW480

CT26 SW480

increased the expression of COX2 (Figure 3A lines (Figure 3A and 3B). Simultaneously treat-
and 3B), IL-13 also activates Akt in both cell ed the cells with GA abrogated the impacts of
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Figure 5. IL-13 increased the migration abilities of CT26 and SW480 colorectal cancer cells in 11BHSD2 depen-
dent manner. (A and B) 5%10° CT26 or SW480 cells were seeded in the upper chamber of tanswell device, and
then treated with I1L-13 or simultaneously treated with IL-13 and GA for 48 hours before the well was fixed and then
stained with crystal voilet. The cells passed through the well were counted. The histogram indicates the mean num-
ber of the cell perfiled (A), and the representative images were showed in (B). *p<0.05. (C and D) CT26 or SW480
cells were seeded in 12-well plate, and when the cells came to about 90% confluence, a scrape was made with a
tip, and then washed the cell twice with culture medium. The cells were then cultured with medium containing IL-13
and/or GA, the healling rates of the scrapes were measured 48 hours post treatment.

IL-13 on the expression of COX2 and the activa-
tion of Akt (Figure 3A and 3B). The results indi-
cated that in colorectal cancer cells IL-13 acti-
vated Akt in 11BHSD2 dependent manner.

11BHSD2 is essential for IL-13 to promote the
malignancy of colorectal cancer cells

The above results manifested that 113HSD2
was essential for IL-13 to activate Akt in colorec-
tal cancer cells. We sought to find out whether
IL-13 affected the malignancy of colorectal can-
cerin 11BHSD2 dependent manner. The results
of MTT assay demonstrated that in contrast to
vehicle treated cells, As a result, IL-13 signifi-
cantly increased the viabilities of CT26 and
SWA480 cells (Figure 4A and 4B). Meanwhile,
inhibited the activities of 11BHSD2 with GA
abrogated the promoting effects of IL-13 on
activities of both cell lines (Figure 4A and 4B).
We further used soft agar colony formation
assay to demonstrate that IL-13 elicits its pro-
moting impacts on colorectal cancer cells in
11BHSD2 dependent manner. In accordance
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with the results of MTT assay, IL-13 significantly
increased the colony formation abilities of
CT26 and SW480 cells, while GA treatment
obviously reduced the promoting effects of
IL-13 (Figure 4C and 4D).

Next, we used transwell migration assay to
assess the impacts of IL-13 on the migration
abilities of colorectal cancer cells, and to evalu-
ate the role of 11BHSD2 during this process.
IL-13 significantly increased the migration abili-
ties of CT26 and SW480 cells (Figure 5A and
5B). Simultaneously treated the cells with GA to
inhibit the activities of 11BHSD2 abolished the
promoting effects of IL-13 on the migration of
colorectal cancer cells (Figure 5A and 5B). We
further used scrape healing assay to validate
the results of transwell migration assay. The
same as the results of transwell assay, the
healing rates of IL-13 treated cells were grater
than that of control cells (Figure 5C and 5D), GA
treatment abrogated the promoting effects of
IL-13 (Figure 5C and 5D). Together, these
results indicated that IL-13 conducts its tumor

Am J Transl Res 2016;8(2):1064-1072
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which IL-13 modulates the malignancy of colorectal cancer cells.

promoting effects in part dependent on the
activities of 11BHSD2 in colorectal cancer cell.

11BHSD2 is critical for the metastasis of
colorectal cancer in mouse model

To further investigate the role 11HSD2 in the
process of colorectal cancer metastasis, we
used a mouse model to test the impacts of GA
treatment on the migration of colorectal cancer
cells in vivo. Treatment with GA significantly
reduced the metastasis of colorectal cancer
cells to the liver in compared with that of the
control group (Figure 6A). This results further
support that 11BHSD?2 is critical during the pro-
cess of metastasis of colorectal cancers.

In conclusion, we demonstrated that IL-13
induced the expression of 11BHSD2 in
IL-13Ra2 dependent manner in colorectal can-
cer cells. And we indicated 11BHSD2 was
essential for IL-13 to activate PI3K/Akt pathway
and took part in the regulation of the malignan-
cy of colorectal cancer cells (Figure 6B). Our
findings shed new light on the mechanism
through which IL-13 regulates the malignancy
of colorectal cancers.

Discussion

In this study, we used series of experiments to
demonstrate that in colorectal cancer cells
IL-13 induced the expression of 11BHSD2 in
IL-13Ra2 dependent manner, which was critical
for tumor promoting effects of IL-13. The inhibi-
tor of 11BHSD2 could abrogate the function of
IL-13 on colorectal cancer cells further support-
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ing its role in IL-13 related pathway in colorectal
cancer.

Due to lack effectors’ protein interacting
domain existed in IL-13Rad, IL-13Ra2 was con-
sidered as a “decoy receptor”, which negative
regulates the activities of IL-13 [10, 22], for a
long time. But, recently IL-13Ra2 was found
activating signaling pathway in many kinds of
cells, such AP1/TGF-B1/Smad3 pathway in
activated lung fibroblast, MEK/ERK/NOX1/
ROS pathway in intestine epithelial cells [23],
and ERK/AP-1 pathway in pancreatic cancer
and ovarian cancer [12, 15], implicating the
pluripotential function of IL-13Ra2. Here, we
found that IL-13 could induce the expression of
11BHSD2 in colorectal cancer cells. IL-13Ra2
is an essential mediator of IL-13 to induce the
expression of 11BHSD2, as knocking down the
expression of IL-13Ra2 abrogated the influenc-
es of IL-13 on the expression of 11BHSD2. Our
results further support that IL-13Ra2 is potent
receptor of IL-13, and participates in many
aspects of IL-13 function.

11BHSD?2 is a critical enzyme, regulating the
activities of endogenous glucocorticoids, which
has been reported to participate in the process
of oncogenesis [9, 18, 24]. In a previous report,
the researchers found that IL-13 could induce
the expression of 11BHSD2 in lung epithelial
cells during asthma [21], while, our findings
here further support the role of IL-13 in the reg-
ulation of 11BHSD2 expression.

Both IL-13 and IL-13R has been reported highly
expressing in cancer tissues compared with

Am J Transl Res 2016;8(2):1064-1072
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non-cancerous tissues [6, 8, 25]. Herein, we
found that IL-13 could significantly increase the
cellular viabilities, colony formation abilities as
well as the migration abilities of CT26 and
SW480 cells, and this is in accordance with
previous reports [7, 26]. 11BHSD2 inhibitor GA
could reverse the impacts of IL-13 on the viabili-
ties and colony formation abilities of colorectal
cancer cells, indicating that 11BHSD2 func-
tions downstream of I1L-13 during the process of
oncogenesis.

Activation of PI3K/Akt pathway is one of the
mechanisms responsible for the tumor promot-
ing effects of IL-A3Ra2. For a while, the details
how IL-13Ra2 activates PI3BK/Akt pathway are
unclear. Herein, we demonstrated that
11BHSD2 was the downstream molecule of
IL-13Ra2 mediating the activation of Akt. This
supports the crucial role of 11BHSD2 in the
function of IL-13. When we inhibited endoge-
nous 11BHSD2 with it inhibitor GA, the metas-
tasis of colorectal cancer to the liver was
reduced supporting its tumor promoting
effects.

Although we provided evidences demonstrated
that IL-13 could induce the expression of
11BHSD2 in IL-13Ra2 dependent manner, the
detail mechanism through which I[L-13Ra2
induces the expression of 11BHSD2 is still
unknown. Efforts should be made in finding out
the effecter proteins of IL-13Ra2 responsible
for the induction of 11BHSD2.

In conclusion, here we clarified that 11HSD2,
induction by IL-13 in IL-13Ra2 dependent man-
ner, is an essential downstream component of
IL-13/1L-3 Rs pathway in respect to the malig-
nancy of colorectal cancers. Our study may
shed new light on the role of IL-13Ra2 in trans-
ducing the signal of IL-13 in colorectal cancer,
and may provide new targets for prevention and
treatment of colorectal cancer.
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