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Interleukin 25 (IL-25) expression in cholangiocarcinoma
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Abstract. Various cytokines are involved in carcinogenesis
and tumor progression. Some tumor cells produce cytokines
by themselves. Using secretome analysis, a high expression of
APEX-1 was found in cholangiocarcinoma (CCA) cell lines.
During this secretome analysis, it was found that CCA cell
lines overexpressed some cytokines and related molecules,
including interleukin 25 (IL-25). In the present study, we
first performed precise secretome analysis on cytokines and
related molecules in CCA cell lines and identified that IL-25
was overexpressed in CCA cell lines. Then, using immuno-
histochemical methods, we investigated the expression of
IL-25 in the cancer tissues from 20 CCA patients in Northeast
Thailand. Correlation between IL-25 expression levels and
patients' clinical parameters were analyzed. The results showed
that IL-25 expression was significantly (P<0.0001) higher in
cancerous tissues than in the normal bile ducts and in the adja-
cent tissues. Overexpression of IL-25 protein in CCA tissue
was confirmed using western blot analysis. Moreover, IL-25
expression in cancerous tissues was significantly (P<0.0015)
higher in CCA patients with metastasis than in CCA patients
without metastasis. Survival analysis revealed that a high
expression of IL-25 was correlated with shorter survival time
of CCA patients (P=0.0260). Aberrant expression of IL-25 in
CCA tissue was associated with tumor metastasis and poor
prognosis, suggesting that IL-25 is a potential prognostic
biomarker. Biological roles of IL-25 in CCA genesis and
progression should be explored in future.
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Introduction

Cholangiocarcinoma (CCA) is the most common cancer in
the Northeast Thailand, especially in Khon Kaen region,
although the global incidence of CCA is low (1,2). CCA is
a malignant transformation of bile duct epithelium and can
be anatomically classified into intrahepatic and extrahepatic
types (3). While the former type is common in the Greater
Mekong Subregion including Northeast Thailand, in rela-
tion to infection with carcinogenic liver fluke, Opisthorchis
viverrini, the latter is common in the rest of the world (4).
Currently CCA patients are treated with surgery, radiotherapy
and chemotherapy. However, prognosis of intrahepatic CCA
patients is extremely poor because intrahepatic CCA is a
silent tumor with rapid growth and frequent metastasis, and
reliable diagnostic markers have yet to be identified (4,5).
CCA genesis and progression are multifactorial events. In
liver fluke infection-associated intrahepatic CCA, inflamma-
tory cytokines, especially IL-6, play roles in carcinogenesis
and tumor progression (6,7). However, little is known about
the contribution of other cytokines to CCA genesis and
progression.

IL-25, also known as IL-17E, is a newly identified member
of the IL-17 family of inflammatory cytokines (8). It is
produced by Th-17 cells and many other cells, including mast
cells, alveolar macrophages, eosinophils and intestinal and
respiratory epithelial cells (9,10). IL-25 can induce the produc-
tion of various Th2-type cytokines such as IL-4, IL-5 and
IL-13, which are the key regulators of inflammatory and auto-
immune diseases (9,11). In relation to cancer, IL-25 produced
from tumor-associated fibroblasts can suppress metastasis
of mammary tumor (12). Presence of IL-25 producing
tumor-associated macrophages is a predictor for the good
prognosis of gastric cancer (13). According to ‘A pathology
atlas of the human cancer transcriptome’ by Uhlen et al,
several cancer types including CCA were positive for IL-25
protein (14). In a previous study, using secretome analysis of
three CCA cell lines and one immortile cholangiocyte cell
line MMNK-1, it was found that APEX-1 was overexpressed
in CCA cell lines and serum APEX-1 level was a potential
biomarker for CCA (15). In that study, several cytokines
including IL-25 and some cytokine-related molecules were
upregulated in CCA cell lines.
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In this study, therefore, using the same secretome database,
we first carried out a precise analysis on the expression levels
of cytokines and cytokine-related molecules in CCA cell lines.
The results showed that 6 cytokines and related molecules
were overexpressed in at least 2 of 3 CCA cell lines with the
predominant overexpression of IL-25. Then, using immuno-
histochemistry, we examined IL-25 expression in CCA tissues
and found that IL-25 expression was significantly higher in the
cancerous tissue compared with the adjacent non-cancerous
tissue. In addition, the overexpresison of IL-25 in CCA was
associated with metastatic status and poor prognosis of CCA
patients.

Patients and methods

Patients and specimens. The paraffin-embedded pathologi-
cally confirmed CCA tumor tissue specimens from 20 patients
were provided by the Cholangiocarcinoma Research Institute
(CARI), Faculty of Medicine, Khon Kaen University,
Thailand. The patients underwent surgery at the Srinagarind
Hospital, Khon Kaen University, between November 2010
and June 2012. According to reports from pathologists, 13 out
of 20 patients were positive for lymph node metastasis while
7 patients were negative for metastasis. In addition, 15 fresh
frozen CCA tissues together with the sera of corresponding
patients were also provided from CARI and Khon Kaen
University (KKU), for protein extraction. Tissues and sera that
were used in this study were all left-over specimens obtained
during surgical treatment. Written informed consent for the
use of left-over specimen for research purpose was obtained
from the attending physicians prior to surgery and the original
copies of the documents were kept in CARI and KKU. This
series of experiments haves been approved (HE571283) by the
Ethics Committee of Khon Kaen University, Thailand, and all
specimens were anonymously coded according to the guide-
lines. Required sample size of CCA tissues was calculated
using PS: Power and Sample Size Calculation version 3.1.2.,
Department of Biostatistics, Vanderbilt University (16).

Candidate protein selection. To identify overexpressed
proteins secreted from CCA cells, previously we constructed
a secretome database from three CCA cell lines, KKU-213A,
KKU-213B and KKU-100, and a control immortalized chol-
angiocyte cell line, MMNKI1 (17). In brief, the cell lines were
cultured in Ham's F-12 culture medium supplemented with
10% fetal bovine serum, 100 U/ml of penicillin and 100 pg/ml
of streptomycin at 37°C in 5% CO, air atmosphere. When the
cells were grown to 70% confluency, they were extensively
washed with PBS followed by serum-free medium. Then, the
cells were incubated in 12 ml of serum-free medium in 15-cm
dishes for 24 h. The conditioned media containing secreted
proteins were harvested and centrifuged at 600 x g for 10 min
to remove cell debris. The conditioned medium samples were
concentrated and desalted using Amicon ultra-15 tubes (MW
cut-off 3 kDa), centrifuged at 4,000 x g for 50 min at 4°C, and
the supernatants were stored as secretome samples at -20°C
until use.

Fifty micrograms of the secretome samples (15 ug protein
each) were dissolved in sample buffer, boiled for 5 min,
and were separated on 12.5% SDS-PAGE (ATTO AE-6530

system). After electrophoresis, the gel was fixed, sensitized
with 0.02% Na,S,0; for 2 min, and then stained with silver
nitrate solution (0.2% AgNO;) and color developing solution.
The stained gel was washed and scanned using a GS-710
scanner (Bio-Rad) and stored in 0.1% acetic acid until use.

For in-gel tryptic digestion, the gel lanes were divided into
5 wide ranges according to the standard protein markers and
then sub-divided into 15 ranges. Each gel range was chopped
into small sections (I mm?®/section), and transferred to 96-well
plate (5-10 sections/well). The gel sections were dehydrated
twice in 100% acetonitrile and cysteine bonds were reduced
with dithiothreitol, and then alkylated with 100 mM iodo-
acetamide. After reduction and alkylation, the gel sections
were dehydrated with 100% acetonitrile and tryptic digestion
was performed overnight at room temperature. The digested
peptides were extracted from the gel three times. Finally, the
tryptic peptide mixtures were dried and kept at -80°C.

LC-MS/MS analysis. The extracted peptides sample was
dissolved in 15 ul of 0.1% formic acid, centrifuged at 12,000 x g
for 5 min at 37°C, and then injected into LC-MS/MS system.
Briefly, the peptides were separated using a Dionex-Ultimate
3000 LC System. The mobile phase A (0.1% formic acid) and
the mobile phase B (0.1% formic acid in 50% ACN) were
used to elute peptides using a multistep gradient of 10-70%
of mobile phase B at 0-13 min (the time-point of retention),
90% of mobile phase B at 13-15 min, followed by a decrease
to 10% of mobile phase B at 15-20 min. Peptide fragment mass
spectra were acquired in data-dependent AutoMS mode with a
scan range of 300-1,500 m/z; 3 averages and up to 5 precursor
ions selected from the MS scan of 50-3,000 m/z.

DeCyderMS differential analysis software (DeCyderMS,
GE Healthcare) was used for the quantitation of peptides
based on MS precursor signal intensities of individual LC-MS
spectra. The quantitation of peptides was performed using
the PepDetect module. From the secretome database analyses
using the PepDetect and PepMatch modules followed by the
Mascot software search, we identified that 1,138 proteins
were commonly upregulated in at least two CCA cell lines
compared with those of MMNKI cells.

Of 1,138 proteins, six proteins were identified as cytokine
and cytokine-related molecules (IL-28A, interferon-stimulated
exonuclease, IL-25 isoform 1, Dermokine-2, TGF-p1 and
C-C chemokine receptor type 1) (Table I).

Immunohistochemistry. The sections of 20 paraffin-embedded
CCA tissues were cut at 4 ym thickness and deparaffinized by
soaking in xylene for 2 min, and rehydrated in a descending
series of ethanol (absolute, 95 and 70%) and then transferred
into citrate buffer (pH 6.0). The sections in citrate buffer were
boiled for 10 min and washed in PBS. Endogenous peroxidase
activity of the sections was blocked with 3% H,O, in methanol
for 1 h in the dark and then non-specific background binding
was blocked with 20% fetal bovine serum for 2 h. The sections
were incubated with 150 ul of rabbit polyclonal antibody
against human IL-25 (Biorbyt) at 1:300 dilution at 4°C over-
night. A tissue section for the representative of negative control
skipped this step. The sections were washed in PBS-T and
incubated with 150 ul of peroxidase-labelled goat anti-rabbit
Ig antibody of the EnVision System DakoCytomation Inc.)
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Table I. Expression levels of the cytokine-related molecules from the secretome data of fold difference in CCA cell lines compare

with control.

Cell line

Secreted proteins KKU-100 KKU-213A KKU-213B
IL-25 isoform 1 precursor 6.9* 0.7 7.6
IL-28A 24 1 4
Interferon stimulated exonuclease 24 -0.8 2
Dermokine-f32 14 1.6 -09
TGF-p1 -0.2 -0.8 1.3
C-C chemokine receptor type 1 03 2.5 0.6

“Statistically significant, P<0.05. IL-25 expression levels in the secretomes of three CCA cell lines were expressed as the fold increase compared
against that in the secretome of immortalized cholangiocyte cell line, NMMK-1. CCA, cholangiocarcinoma.

for 1 h and developed the signal using 3,3'-diaminobenzidine
(DakoCytomation) for 5 min in the dark. The sections were
washed with running tap water until clear and counterstained
with hematoxylin for 10 min. The sections were dehydrated in
the ascending series of ethanol and cleared in xylene. Finally,
the sections were mounted with Permount® and sealed with a
cover glass (18).

Evaluation of IL-25 expression in CCA tissues by
immunohistochemistry. The staining patterns of IL-25 protein
in CCA tissues were assessed microscopically at magnifica-
tion, x400 using H-score, recording both the intensity of
staining (0, no staining; 1+, weak staining; 2+, moderate
staining; and 3+, strong staining) and the percentage of tumor
cells stained (0-100%) leading to the range of H-score 0-300 to
each sample. The results were read around 10 fields per sample
to decrease variation of detection. The H-score was calculated
as a sum of the intensity as follows; H-score=(% of positively
stained tumor cells at weak intensity x1) + (% of positively
stained tumor cells at moderate intensity x2) + (% of positively
stained tumor cells at strong intensity x3). Lastly, H-scores of
10 fields were averaged (19).

Protein extraction from surgical specimen of CCA. The
methods for protein extraction from solid tissues followed those
described previously (20-22). Approximately 100-200 mg of
freshly frozen cancerous and its adjacent noncancerous tissues
were obtained from 15 cases of human CCA surgical materials.
The tissues were separately washed with ice-cold phos-
phate-buffered saline (PBS, 0.1 M sodium phosphate, 0.15 M
sodium chloride, pH 7.2) to remove any blood clots and excess
connective tissues. Proteins were extracted using a T-PER™
Tissue Protein Extraction Reagent for Tissue (Thermo Fisher
Scientific). Firstly, tissue lysis buffer was prepared by adding
the protease inhibitor cocktail (cOmplete™, Roche) and
phosphatase inhibitor cocktail (PhosSTOP™, Roche) to the
T-PER reagent just before use according to the manufacturer's
instructions with some modifications. In brief, human CCA
and adjacent non-cancerous tissues were separately minced
in 500 ul each of the tissue lysis buffer and approximately
40-80 dounce strokes were carefully homogenized on ice (23).

The tubes were centrifuged at 3,000 x g for 5 min at 4°C to
spin down unbroken tissues and cell debris. The supernatants
were collected and protein contents were determined using the
Bradford protein assay (Thermo Fisher Scientific) method (24).

Western blot analysis. To investigate IL-25 protein expression in
CCA and adjacent non-cancerous tissues by semi-quantitative,
western blotting with 3-actin as a loading control was performed.
All 15 samples of cancerous and noncancerous tissue proteins
(30 ug protein for each sample) were mixed with 4X loading
dye at 1:4 proportion, and boiled for 5 min. The protein samples
were loaded on 12.5% SDS-PAGE and run at 150 V for 1 h in
the cold room. The electrophoresis was completed when the
dye reached the end of the gel, and the separated proteins were
transferred onto PVDF membrane at 300 V for 1 h at room
temperature. The membrane was blocked with 5% skim-milk
in 1X TBST for 1 h at room temperature. The membrane was
then incubated with 1:500 dilution of a primary antibody, rabbit
polyclonal antibody against human IL-25 (Biorbyt) overnight
at 4°C. Next, the membrane was washed 3 times with 1X TBST
for 10 min each, then incubated with 1:10,000 dilution of horse-
radish peroxidase-conjugated goat anti-rabbit IgG-secondary
antibody for 1 h at room temperature, followed by washing
3 times with 1X TBST 10 min each. Finally, the chemilumines-
cence was detected using an ECL plus system (GE Healthcare)
and visualized using Amersham Imager 600.

Potential interaction analysis. Potential interaction of the iden-
tified protein was analyzed using the public-domain software
STITCH 5.0, the search tool for interacting chemicals known
as STITCH 5.0 (date of access: 11/02/2019) (25,26). Interaction
was performed for IL-25 signaling, which correlated with the
metastatic pathway. In brief, a set of input page icons of the
software was shown at the start page. The page icon named
‘multiple names’ was selected. The list of proteins of interest was
keyed in, e.g., IL-25 and/or other specified metastatic proteins
and an item ‘Homo sapiens’ was selected as the organism, and
then ‘SEARCH’ was clicked. The new popup page with the list
of the protein names of interest, for example IL-25, and other
proteins were identified and ‘Continue’ was clicked. The subse-
quent popup new page showed the confidence view.
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Statistical analyses. Statistical analyses were performed using
SPSS v.16.0 software (SPSS Inc.) and GraphPad Prism v.5
software (GraphPad Software Inc.). The data were presented
as mean + SD and the range (minimum to maximum). Shapiro
Wilk and Kolmogorov Smirnov normality tests were used to
check normal distribution of the data. The statistical difference
between groups was determined using an unpaired t-test. The
correlation between groups was investigated using Pearson's
correlation. Cumulative survival time was calculated using a
Kaplan-Meier method and analyzed by log-rank test. P<0.05
was considered to indicate a statistically significant difference.

Results

Selection of IL-25 from secretome database analysis.
Inflammatory cytokines play key roles in CCA carcinogen-
esis (7). We identified 6 cytokine-related molecules which
were over-expressed in the secretomes of CCA cell lines
compared with the immortal cholangiocyte cell line, MMNKI1.
Those are interleukin 25 isoform 1 (IL-25), interleukin
28A (IL-28A), interferon-stimulated exonuclease gene 20
(ISG20HEM45CD25), dermokine-2, transforming growth
factor beta 1 (TGF-f1) and CC chemokine receptor (CCR)
type 1 (Table I). Of those, IL-25 was found to be the most over-
expressed cytokine at least in two CCA cell lines, KKU-100
and KKU-213B. Although IL-28A was also overexpressed, the
degree of overexpression of IL-28A was far less than that of
IL-25. Thus, IL-25 was chosen for further analysis.

Immunohistochemical detection of IL-25 protein in CCA
tissues. IL-25 expression was investigated for 20 CCA tissues
using immunohistochemistry, and the representative images
of negative control, cancerous area and adjacent area of CCA
tissues are shown in Fig. 1. Fig. 1A is a negative control
staining of CCA tissue. In the adjacent area to the CCA tissue,
a monolayer of normal cholangiocytes of the bile duct epithe-
lium were stained with pale brown (Fig. 1B). In cancerous area,
CCA cells were stained with dark brown in color showing high
expression of IL-25 in the cytoplasm (Fig. 1C). The scatter
plot revealed that the mean H score of cancerous tissues was
significantly higher (P<0.0001) than that of the normal bile
ducts in the adjacent non-cancerous tissue (Fig. 1D).

Since IL-25 is known to play a role in tumor metas-
tasis (7,20), CCA patients were divided into two groups,
those with and without metastasis, and IL-25 expressions
levels in the cancerous area of both groups were compared.
As shown in Fig. 1E, IL-25 expression level in cancerous area
of the patients with metastasis group was significantly higher
(P=0.0015) than that of the non-metastasis group. When IL-25
expression levels in cancerous and non-cancerous tissues of
these two groups were compared, cancerous tissues were
overexpressed as compared to the metastasis group and the
difference was statistically significant (Fig. 1F, P<0.0001) but
not in the non-metastasis group (Fig. 1G, P=1.6490).

IL-25 protein levels in CCA tissues. Fifteen frozen tissue
specimens were used to determine IL-25 protein expression
in cancerous and non-cancerous areas of CCA tissues. The
proteins were extracted from each pair of tissues separately
and western blot analysis was performed. The results revealed

that IL-25 protein was strongly expressed in all 15 cancerous
tissues but not in the adjacent non-cancerous tissues (Fig. 2A),
similar to the IHC results. The relative intensity of IL-25
protein levels in cancerous tissues was higher than that of the
adjacent non-cancerous tissues (Fig. 2B). The IL-25 expression
levels via western blot analysis were correlated well with the
expression levels determined by IHC (Fig. 2C).

Association between IL-25 expression in CCA tissues and
the clinical parameters of the patients. To determine the
association between IL-25 expression in CCA tissues and
clinical parameters of the patients, CCA patients were divided
into high and low IL-25 expression groups using the median
value (265.71) of the H score of all 20 CCA specimens as the
cut-off value. Then, the patients' clinical parameters were
compared between high and low IL-25 expression groups. The
results showed that a higher IL-25 expression was significantly
associated with high frequency of lymph node metastasis and
shorter survival time (P=0.0369, P=0.0232; Table II).

Survival time analysis of CCA patients. Since the mean
survival time of CCA patients was significantly shorter in
patients with high IL-25 expression in CCA tissues, the overall
survival (OS) of the patients in relation to IL-25 expression
level in CCA tissues was analyzed using a Kaplan-Meier
method and log-rank test. The results showed that patients
with a high IL-25 expression had shorter OS than those with a
low IL-25 expression (P= 0.0260; Fig. 3).

IL-25 protein interaction. To determine the potential role
of IL-25 in CCA metastasis, possible interaction of IL-25
with cancer metastasis-related proteins was predicted using
STITCH version 5.0 (Fig. 4). The results showed that IL-25
directly interacted with SMAD family member 2 (SMAD2)
and indirectly interacted with transforming growth factor-beta
1 (TGF-B1). The expression of the TGF-f family signaling
molecule SMAD2 and TGF-f1 could elevate levels of
1L-25 (27). Moreover, the results revealed that nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-«xB), Snail
homolog 1 (Drosophila; SNAI 1) and epithelial-mesenchymal
transition (EMT) were indirectly interacted with IL-25 with
the high confidence score >0.7 (Fig. 4). Thus, SNAI 1 was
enhanced by NF-kB and SNAL 1-induced EMT involved the
loss of E-cadherin and claudins with concomitant upregulation
of vimentin and fibronectin, among other biomarkers; EMT is
associated with metastasis (28).

Discussion

IL-25 is a newly identified inflammatory cytokine involved
in inflammation and autoimmune diseases (13). It is
produced not only from immune or inflammatory cells but
also from epithelial cells. IL-25 protein is also detected in
several types of cancer (14), tumor-associated microenviron-
ments and implicated in tumor progression (12,29-32). In
this study, using immunohistochemical methods, we clearly
demonstrated that IL-25 is overexpressed in the majority of
CCA tissues. Overexpression of IL-25 in CCA is correlated
with lymph node metastasis and shorter survival time of the
patients.
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Table II. Comparison of patients clinical parameters between high IL-25 expression and low IL-25 expression groups®.
Clinical parameters Low IL-25 expression® (median) High IL-25 expression® (median) P-value®
Age (years) 56 595 0.6228
Lymph node metastasis 1/10 10/10 0.0369*
Survival time (days) 784 203 0.0232*
Aspartate aminotransferase (U/1) 455 120.5 0.1403
Alanine aminotransferase (U/1) 35 73 0.3443
Alkaline phosphatase (U/1) 161 140 0.5966
Total bilirubin (mg/dl) 0.7 2.35 0.3237
Direct bilirubin (mg/dl) 03 1.5 0.1486
Total protein (mg/dl) 74 7.85 0.5964
Albumin (mg/dl) 39 37 0.9395
Globulin (mg/dl) 32 345 0.9397
Cholesterol (mg/dl) 183.5 184 0.9397

Significant difference between low and high IL-25 expression groups. "The CCA patients were classified into low and high IL-25 expression
groups using the median value of H-score of 20 CCA specimens. “Statistical significance at P< 0.05 (Mann-Whitney test).
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Figure 1. Immunohistochemical detection of IL-25 in surgically obtained cholangiocarcinoma tissues. (A) The negative control of CCA tissue without primary
antibody. (B) Weak IL-25 staining of normal monolayer of cholangiocytes in normal tissues adjacent to CCA tissue. (C) Strong cytoplasmic staining in
CCA cells. (D) The expression of IL-25 in cancerous region was higher than adjacent region with statistical significance (P<0.0001). (E) IL-25 expression in
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Data were presented as mean + SEM.
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Figure 3. The Kaplan-Meier survival curve of CCA patients with low (dark
line) and high (dashed line) expression of IL-25 in the tumor tissue. The
Kaplan-Meier survival curves of CCA patients with low (N=10, dark line)
and high (N=10, dashed line) expression of IL-25 in the tumor tissue. Patient
with a high IL-25 expression in cancerous region has significantly shorter
(P=0.0260) survival than the low IL-25 group (log-rank test).

As was suggested by Ji and Zhang, the role of Th17 cells
including IL-25 producing cells in cancer is a disputable
topic (31). In particular, IL-25 is produced, not only by immune

inflammatory cells but also by mucosal epithelial cells and
also by some cancer cells, as mentioned earlier. In this study,
IHC and western blot analysis revealed active IL-25 produc-
tion by the majority of CCA cancer cells compared with the
adjacent non-cancerous tissues. Although we have not quanti-
fied, accumulation of IL-25 producing immune/inflammatory
cells was not clearly seen in the cancer stroma. Thus, IL-25
from CCA cells may exert its regulatory role on cancer cells
themselves on the one hand, while simultaneously modulating
immune inflammatory cells in the tumor microenvironment.
Thus, the role of IL-25 in cancer should be analyzed for both
the producing and target cells.

IL-25 produced and secreted from CCA cells may confer its
regulatory function on tumor cells in various ways. The simplest
explanation is that, as with other cytokines, it may directly act as
an autocrine or paracrine hormone to regulate biological function
of CCA cells. To test this possibility, IL-25 receptor expression
on CCA cells should be determined. While our present results
suggested growth promotion activity of IL-25 to CCA cells,
Furuta ef al reported that IL-25 can induce caspase-dependent
apoptosis of IL-25R-positive breast cancer (32). Antitumor
activity of IL-17E (IL-25) against human melanoma, colon
adenocarcinoma, NSCLC, breast cancer, pancreatic cancer was
demonstrated in murine xenograft model (33).
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Figure 4. The interaction of IL-25 and metastasis-related proteins. To interpret the confidence view, stronger associations are represented by the thicker lines.
Protein-protein interactions are shown in solid lines. In our study, highly confident interaction was focused with a score >0.7. Filtering interactions network
was according to transcription factor (in bold oval; NF-kB), transforming growth factor (in bold oval; TGF-f3 receptor 1) and metastasis-associated proteins
(dashed oval; IL-25, SMAD 2, SNAI 1) were predicted by STITCH Version 5.0 (http://stitch.embl.de). IL-25 is associated with SMAD2, nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB), transforming growth factor beta (TGF-f31), and snail homolog 1 (Drosophila; SNAII).

Alternatively, IL-25 from CCA cells may modulate tumor
microenvironment in various ways. For example, IL-25
activates innate lymphoid cells (ILCs) which promote organ
fibrosis (34). Periductal fibrosis is a hallmark of CCA genesis in
association with elevation of serum IL-6 levels. However, IL-6
was not detected in our secretome database (6). IL-25 is known
to promote airway angiogenesis in asthmatic patients (35).
IL-17 (including IL-17E/IL-25) promotes non-small cell lung
cancer (NSCLC) growth via angiogenesis (36).

In the present study, a high expression of IL-25 in CCA
cells is associated with tumor metastasis and shorter survival
time of the patients. Concerning the role of IL-25 in tumor
metastasis, Jiang et al (30) demonstrated a critical role of
IL-25 in promoting tumor metastasis through modulating
type 2 immune response via targeting Th2 cells in breast
cancer model. They also found that IL-25 was expressed
in all four major histopathological types of human breast
cancer (29). In addition, in gastric cancer, the degree of
infiltration of IL-25-positive tumor-associated macrophages
in tumor tissues is correlated with the longer overall
survival (13).

STITCH analysis for the interaction of IL-25 with other
molecules supported our results that IL-25 correlated with
molecules involved in tumor metastasis. IL-25 pathway
induces activation of NF-xB (37). NF-«xB is known as a pivotal
regulator of the epithelial mesenchymal transition (EMT) via
SNAI 1 and EMT associated with metastasis in a model of
breast cancer progression (38). Thus, SMAD 2, which is an
intracellular signal transducer and transcriptional modulator

was activated by TGF-f1, and the activated SNAI 1 can induce
EMT in lung cancer (39).

A limitation of this study was the small sample size.
Therefore, a larger sample size should be used in future studies
for the identification of the clinical significance of IL-25 in
CCA genesis, progression and prognosis.

In summary, we have demonstrated that IL-25 was
expressed strongly in some, but not all of CCA cells/tissues.
Further functional studies are needed to shed more light on
the mechanisms by which IL-25 functions on CCA cells
themselves and on the tumor microenvironment by using gene
silencing and overexpression of IL-25 in CCA cell lines.
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