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Abstract. Recent studies have suggested that the interaction of 
mesothelin (MSLN) and cancer antigen 125 (CA125) enhances 
tumor metastases. The aim of the present study was to clarify 
the impact of MSLN and CA125 co‑expression on the prog‑
nosis of patients with extrahepatic bile duct carcinoma (BDC). 
Tissue samples from patients who underwent surgical resec‑
tion between 2007 and 2015 for perihilar or distal BDC were 
immunohistochemically examined. The expression levels 
of MSLN and CA125 in tumor cells were analyzed. The 
expression in <50% and ≥50% of the total tumor cells were 
defined as low‑ and high‑level expression, respectively. Tissue 
samples were obtained from 31 patients with perihilar BDC 
and 43 patients with distal BDC. Lymph node metastases were 
associated with MSLN and CA125 co‑expression in patients 
with perihilar BDC (P=0.002), while there was no association 
between lymph node metastasis and co‑expression in patients 
with distal BDC (P=0.362). MSLN and CA125 co‑expression 
was associated with a worse overall survival rate in patients 
with perihilar BDC (5‑year overall survival rate, co‑expression 
positive vs. negative, 24 vs. 63%; P=0.038). To the best of our 
knowledge, the present study is the first to report an associa‑
tion between co‑expression of MSLN and CA125 with a poor 
prognosis in patients with perihilar BDC. The current find‑
ings suggested that the significance of co‑expression differed 
according to the BDC location.

Introduction

Bile duct carcinoma (BDC) consists of heterogenous groups 
of neoplasia according to their location. Extrahepatic BDC 
has been divided into perihilar and distal BDC (1). The 
two subtypes are regarded as separate entities because of 
differences in their epidemiology, clinical management, and 
prognosis (2‑5). However, the histopathological differences 
have not been clarified.

Mesothelin (MSLN) is a 40‑kDa cell surface glycoprotein, 
which is expressed in normal mesothelial cells that line the 
surface of the pleura, pericardium, and peritoneum (6,7). 
Overexpression of MSLN in various types of malignant 
tumors, including malignant mesothelioma, ovarian cancer, 
and pancreatic cancer has been reported (8‑11). The full‑length 
human MSLN gene encodes primarily a 71‑kDa precursor 
protein. It can be physiologically cleaved by several furin‑like 
proteases into a membrane‑bound 40‑kDa C‑terminal frag‑
ment and a 31‑kDa N‑terminal fragment, and the latter is 
secreted into the blood. The former fragment is MSLN, which 
is attached to the cell membrane through a glycosyl‑phospha‑
tidylinositol anchor (7,12).

MSLN is one of the binding partners of cancer antigen 125 
(CA125) (13‑15). Previous studies showed that heterotypic 
adhesion through the high affinity interaction between MSLN 
and CA125 could facilitate peritoneal metastases of ovarian 
cancer (13,15). Other studies (16,17) showed that expression 
of MSLN in patients with extrahepatic BDC and intrahepatic 
cholangiocellular carcinoma was associated with poor prog‑
nosis. However, no studies have evaluated the incidence of 
MSLN and CA125 co‑expression in patients with extrahepatic 
BDC. The aim of this study was to evaluate the differences 
in the incidence of co‑expression between perihilar and distal 
BDC patients and the impact of CA125 and MSLN expression 
on prognosis.

Materials and methods

Ethics approval and consent to participate. This study was 
performed in accordance with the Declaration of Helsinki and 
was approved by the institutional review board of the National 
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Defense Medical College (approval no. 4115). All patients 
agreed to participate in this study, and written informed 
consent was obtained from all patients.

Tumor specimens. Tissue samples taken from patients who 
underwent surgical resection for perihilar or distal BDC 
from January 2007 to December 2015 were immunohisto‑
chemically examined. Pathological T and N factors and Stage 
were recorded according to the 8th edition of the Union for 
International Cancer Control (UICC) staging (1).

Immunohistochemistry. Formalin‑fixed paraffin‑embedded 
tissue blocks were collected. Immunohistochemistry (IHC) 
was performed on tumor samples using monoclonal antibodies 
against MSLN (clone 5B2 diluted 1:50; Leica Biosystems 
Newcastle Ltd.) and CA125 (clone M11 Ready‑to‑Use; Agilent 
Technologies Inc.) at room temperature for 60 min. Next, 
samples were incubated with Histofine (Simple Stain MAX 
PO (MULTI); Nichirei Biosciences Inc.) at room temperature 
for 30 min. Specific antigen‑antibody reactions were visual‑
ized with diaminobenzidine tetrahydrochloride and hydrogen 
peroxide (Liquid DAB+ Substrate Chromogen System; 
Agilent Technologies Inc.). Slides were counterstained with 
hematoxylin for 1.5 min, then rinsed gently in reagent quality 
water for 10 min.

Immunohistochemical evaluation. All histological assess‑
ments were performed on the tumor region of the specimen 
with magnification, x200. Each slide was independently evalu‑
ated by three observers (Y.T., Y.Y. and T.E.) who were blinded 
to the clinical outcomes. Discrepancies among the investigators 
were resolved by consensus using a multiheaded microscope. 
Immunostaining for MSLN and CA125 was evaluated for the 
proportion of tumor cells stained in each case. The levels of 
MSLN and CA125 expression were assessed as the number 
of stained tumor cells divided by the total number of tumor 
cells on the largest cross‑sectioned slice of the tumor and were 
classified as follows: 0% to <50% and ≥50% (Fig. 1). The 
proportional expression levels in the tumor, <50% and ≥50%, 
were defined as low‑ and high‑level expression, respectively. 
We defined the positive co‑expression as the expression of 
both MSLN and CA125 in ≥50% of the tumor cells.

Statistical analysis. We used the Chi‑squared (χ2) test or 
Fisher's exact test to determine the association of MSLN 
and CA125 co‑expression with clinicopathological data. All 
numerical data were compared by independent samples t‑test. 
Survival curves of patients were drawn using the Kaplan‑Meier 
method. Differences in survival curves were analyzed by the 
log‑rank test. Statistical significance was defined as P<0.05 for 
all analyses. Excel Statistics 2012® software package (SSRI) 
was used for statistical analyses.

Results

Specimen selection. Tissue samples were obtained from 
31 patients with perihilar BDC and 43 patients with distal 
BDC. The patients' clinicopathological characteristics are 
summarized in Table I. There were no significant differ‑
ences in the distribution of age, sex, incidence of lymph node 

metastases, and proportion of patients who received adjuvant 
chemotherapy between the two groups. Conversely, the distri‑
bution of T category and stage, types of surgical procedure, 
and R status differed significantly.

MSLN and CA125 expression in perihilar or distal BDC. 
High‑level expression of MSLN and CA125 was detected in 
21 specimens (68%) and 18 specimens (58%), respectively, 
from perihilar BDC, and in 26 specimens (60%) and 28 speci‑
mens (65%), respectively, from distal BDC. Fisher's exact test 
indicated the association between these two expressions in 
perihilar BDC (P=0.036) and in distal BDC (P=0.046) (Fig. 2).

Tables II and III show the comparison of pathological 
features according to the expression of MSLN and CA125 
in patients with perihilar and distal BDC, respectively. In 
the perihilar BDC group, lymph node metastases were more 
frequently observed in patients with MSLN high‑level expres‑
sion (P=0.060), CA125 high‑level expression (P=0.014), and 
co‑expression (P=0.002). Blood vessel permeation (P=0.064) 
and neural invasion (P=0.064) were more frequently observed 
in patients with high‑level CA125 expression. In the distal 
BDC group, neural invasion was more frequently observed 
in patients with MSLN high‑level expression (P=0.055) and 
CA125 high‑level expression (P=0.037). However, co‑expres‑
sion of MSLN and CA125 was not associated with any of the 
evaluated clinicopathological factors.

Survival analyses. Fig. 3 shows survival curves of the patients 
with and without MSLN and CA125 co‑expression. Overall 
survival was significantly different in the patients with peri‑
hilar BDC (5‑year survival rate, co‑expression negative vs. 
positive, 63 vs. 24%, P=0.038), while it was comparable in the 
patients with distal BDC (5‑year survival rate, co‑expression 
negative vs. co‑expression positive, 56 vs. 46%, P=0.726).

Discussion

In this study, we demonstrated that high‑level co‑expression of 
MSLN and CA125 was observed in nearly half of the patients 
either with perihilar (48%) or distal BDC (47%). However, our 
results showed that co‑expression was associated with lymph 
node metastases and worse prognosis only in the patients with 
perihilar BDC.

MSLN expression has been shown to promote tumori‑
genesis and metastasis via lymphatic invasion of cancer both 
in vitro and in vivo (18). Clinicopathologically, MSLN expres‑
sion was associated with lymph node metastases in patients 
with gastric cancer (19) and colorectal cancer (20). To date, 
few studies have addressed MSLN expression in extrahepatic 
BDC. Kawamata et al (16) showed that MSLN high‑level 
expression in extrahepatic BDC was associated with a high 
incidence of liver metastases and worse survival rates, while 
there was no association between MSLN expression and lymph 
node metastases. However, their study included BDC from 
various locations as follows: hilar, 16 cases; upper, 17 cases; 
middle, 20 cases; lower, 8 cases. We evaluated perihilar and 
distal BDC separately because they were different in the types 
of surgical procedure used or peritumor environment. In fact, 
our study showed that there is a difference in the association of 
MSLN or CA125 expression with clinicopathological features 
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between perihilar and distal BDC. Our results suggested that 
biological features of BDC might differ between the two 
subgroups.

Some papers indicated the differences for lymph node 
metastasis between perihilar and distal BDC. Wang et al (21) 
reported that distant lymph node metastasis was commonly 
seen in perihilar BDC, not in distal BDC. Hasebe et al (22) 
reported that nodal tumors with more than 4 mitotic figures 
significantly increased the hazard ratios of tumor recur‑
rence and initial distant organ metastasis in the perihilar 
portion. Moreover, Noji et al (23) showed that incidence of 
extra capsular lymph node involvement in perihilar BDC was 
significantly lower than in the distal BDC. These findings 
supported that lymph node metastasis showed different patho‑
logical features between the perihilar and distal BDC. In this 
study, co‑expression of MSLN and CA125 was associated with 

lymph node metastasis in perihilar BDC, not in distal BDC. 
These results suggested that the mechanism of lymph node 
metastasis might be different in perihilar and distal BDC.

A previous study showed that MSLN and CA125 
co‑expression was an independent predictor of poor survival in 
patients with pancreatic ductal adenocarcinoma (PDAC) (11). 
Shimizu et al (24) showed that there is an interaction between 
MSLN and CA125 by immunoprecipitation assay and revealed 
that they were observed only in infiltrating components of 
PDAC and increased at the invasion front by immunohis‑
tochemical analysis. Chen et al (25) demonstrated that the 
interaction of MSLN and CA125 markedly enhanced motility 
and invasion of pancreatic cancer cells via selective induction of 
matrix metalloproteinase (MMP)‑7. Further, they reported that 
the MSLN‑CA125 interaction might induce pancreatic cancer 
cell motility and invasion via a p38 MAPK‑dependent pathway. 

Table I. Clinicopathological characteristics of 74 patients with perihilar (n=31) or distal (n=43) BDC.

Parameter Total, n Perihilar BDC Distal BDC P‑value

Median age (range), years  72 (38‑86) 70 (42‑88)  0.654 
Sex, n (%)
  Male 54 20 (37) 34 (63)  0.164 
  Female 20 11 (55) 9 (45)
pT stage UICC, n (%)
  pT1‑2 51 16 (31) 35 (69)  0.006 
  pT3‑4 23 15 (65) 8 (35)
pN stage UICC, n (%)
  pN0 27 11 (41) 16 (59)  0.879 
  pN1‑2 47 20 (43) 27 (57)
Pathological stage UICC, n (%)
  I‑II 41 8 (20) 33 (80) <0.001
  III‑IV 33 23 (70) 10 (30)
Surgical procedure, n (%)
  Extended right or left hepatectomya 25 25 (100) 0 (0) NC
  with bile duct resection
  Extrahepatic bile duct resection   1 1 (100) 0 (0)
  Subtotal stomach‑preserving 37 1 (2) 36 (98)
  pancreaticoduodenectomy
  Hepatectomy and 11 4 (36) 7 (64)
  pancreaticoduodenectomy
Residual tumor, n (%)
  R0 40 12 (30) 28 (70)  0.025 
  R1 34 19 (56) 15 (44)
Recurrence, n (%)
  Yes 40 20 (50) 20 (50)  0.125 
  No 34 11 (32) 23 (68)
Adjuvant chemotherapy, n (%)
  Yes 11 4 (36) 7 (64)  0.477 
  No 63 27 (43) 36 (57)

a≥3 segments. Data analyzed via Fisher's exact test (for parameters with expected values of <5 in >20% of cells) or χ2 test or unpaired t‑test 
(for age). BDC, bile duct carcinoma; UICC, Union for International Cancer Control; pT stage, pathological tumor stage; pN stage, pathological 
lymph node stage; NC, not calculated.
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Figure 1. Representative cases of (A) perihilar or (B) distal bile duct carcinoma showing H&E staining, MSLN and CA125 expression. Cases 1 and 4 represent 
MSLN and CA125 high‑level expression. Cases 2 and 5 represent MSLN high‑level expression and CA125 low‑level expression. Cases 3 and 6 represent MSLN 
low‑level expression and CA125 high‑level expression. Magnification, x200. H&E, hematoxylin and eosin; MSLN, mesothelin; CA125, cancer antigen 125.

Figure 2. Association between MSLN and CA125 expression in (A) perihilar or (B) distal bile duct carcinoma tissues. MSLN, mesothelin; CA125, cancer 
antigen 125.

Figure 3. Comparison of overall survival between patients with (A) perihilar and (B) distal bile duct carcinoma with and without co‑expression of mesothelin 
and cancer antigen 125.
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These results suggest that co‑expression of MSLN and CA125 
plays a significant role in the acquisition of cell motility and 
invasive properties (13). The relation between MSLN expres‑
sion and neural invasion in extrahepatic BDC was evaluated by 
previous study (16). They reported that MSLN expression did 
not associate with neural invasion. In this study, CA125 expres‑
sion was more associated with the neural invasion than MSLN 

expression in perihilar and distal BDC. These findings imply 
that CA125 promotes neural invasion in perihilar and distal 
BDC, although it remains necessary to clarify the biological 
function of CA125 expression in vitro and in vivo studies.

A recent study by Ishida et al (26) reported that low 
expression of MUC5AC and MUC6 predicts poor prognosis 
in patients with perihilar BDC but not in those with distal 

Table II. Clinicopathological features of patients with perihilar bile duct carcinoma according to the expression levels of MSLN 
and CA125.

 MSLN expression CA125 expression Co‑expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 High level Low level  P‑value High level Low level  P‑value Positive Negative 
Parameter (n=21) (n=10)  (n=18) (n=13)  (n=15)  (n=16) P‑value

Histological classification
  Grade 1/2 15 10 0.074  13 12 0.176  10 15 0.072 
  Grade 3 6 0  5 1  5 1
Type
  Papillary‑expanding  1 1 NC 0 2 NC 0 2 NC
  Papillary‑infiltrating  5 3  6 2  4 4
  Nodular‑expanding 0 0  0 0  0 0
  Nodular‑infiltrating 9 4  7 6  7 6
  Flat‑expanding 0 0  0 0  0 0
  Flat‑infiltrating 6 2  5 3  4 4
pT stage UICC
  pT1‑2 9 7 0.152  8 8 0.347  6 10 0.210 
  pT3‑4 12 3  10 5  9 6
pN stage UICC
  pN0 5 6 0.060  3 8 0.014  1 10 0.002 
  pN1‑2 16 4  15 5  14 6
pStage UICC
  pI‑II 3 5 0.048  2 6 0.037  0 8 0.002 
  pIII‑IV 18 5  16 7  15 8
Lymphatic permeation
  Positive 20 9 0.548  18 11 0.168  15 14 0.258 
  Negative 1 1  0 2  0 2
Blood vessel permeation
  Positive 19 9 0.704  18 10 0.064  15 13 0.125 
  Negative 2 1  0 3  0 3
Neural invasion
  Positive 19 9 0.704  18 10 0.064  15 13 0.125 
  Negative 2 1  0 3  0 3
Residual tumor
  R0 9 3 0.390  6 6 0.470  6 6 0.886 
  R1 12 7  12 7  9 10
Recurrence
  Yes 6 5 0.221  14 6 0.076  11 9 0.269 
  No 15 5  4 7  4 7

Data analyzed via Fisher's exact test (for parameters with expected values of <5 in >20% of cells) or χ2 test. MSLN, mesothelin; CA125, cancer 
antigen 125; UICC, Union for International Cancer Control; pT stage, pathological tumor stage; pN stage, pathological lymph node stage; 
NC, not calculated.
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BDC. Their results suggest that the role of MUC5AC expres‑
sion might differ between perihilar and distal BDC. Our 
results similarly suggest that the role of MSLN and CA125 
co‑expression differs according to the location of BDC. The 
embryological origin of perihilar and distal bile duct is the 
same, but the environment is different. Most of the distal bile 
duct is located in the pancreatic parenchyma, whereas the 

perihilar bile duct is partially surrounded by the liver, hepatic 
artery, and portal vein. The differences in tumor environment 
might influence the invasion process and biological function 
of the MSLN and CA125 co‑expression. Furthermore, the 
genomic spectra of BDC differs according to the anatomical 
location, such as intrahepatic bile duct, extrahepatic bile duct, 
or gallbladder (27). Genomic changes in the tumor might 

Table III. Clinicopathological features of patients with distal bile duct carcinoma according to the expression levels of MSLN 
and CA125.

 MSLN expression CA125 expression Co‑expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 High level Low level  P‑value High level Low level  P‑value Positive Negative
Parameter (n=26) (n=17)  (n=28) (n=15)  (n=20)  (n=23) P‑value

Histological classification
  Grade 1/2 20 14 0.489  21 13 0.315  15 19 0.405 
  Grade 3 6 3  7 2  5 4
Type
  Papillary‑expanding 2 2 NC 1 3 NC 1 3 NC 
  Papillary‑infiltrating  14 2  12 4  11 5
  Nodular‑expanding  0 1  0 1  0 1
  Nodular‑infiltrating  7 7  10 4  5 9
  Flat‑expanding  0 0  0 0  0 0
  Flat‑infiltrating  3 5  5 3  3 5
pT stage UICC
  pT1‑2 20 15 0.304  28 11 0.212  16 19 0.566 
  pT3‑4 6 2  4 4  4 4
pN stage UICC
  pN0 8 8 0.280  8 8 0.109  6 10 0.362 
  pN1‑2 18 9  20 7  14 13
pStage UICC
  pI‑II 21 12 0.440  22 11 0.488  16 17 0.459 
  pIII‑IV 5 5  6 4  4 6
Lymphatic permeation
  Positive 24 13 0.155  26 11 0.099  18 19 0.403 
  Negative 2 4  2 4  2 4
Blood vessel permeation
  Positive 25 14 0.163  27 12 0.114  19 20 0.359 
  Negative 1 3  1 3  1 3
Neural invasion
  Positive 26 14 0.055  28 12 0.037  20 20 0.144 
  Negative 0 3  0 3  0 3
Residual tumor
  R0 17 11 0.964  18 10 0.876  13 15 0.988 
  R1 9 6  10 5  7 8
Recurrence
  Yes 11 9 0.494  12 8 0.512  8 12 0.425 
  No 15 8  16 7  12 11

Data analyzed via Fisher's exact test (for parameters have expected values of <5 in >20% of cells) or χ2 test. MSLN, mesothelin; CA125, cancer 
antigen 125; UICC, Union for International Cancer Control; pT stage, pathological tumor stage; pN stage, pathological lymph node stage; 
NC, not calculated.
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influence the signaling pathway controlled by the co‑expres‑
sion of MSLN and CA125. Genomic analysis of perihilar 
or distal BDC may reveal the factors affecting the signaling 
pathway induced by MSLN and CA125 co‑expression.

Limitations of this study include its retrospective nature and 
that it was conducted in a single facility with a relatively small 
number of patients. However, to the best of our knowledge, this 
was the first study evaluating the association of MSLN and 
CA125 expression with clinicopathological features of extrahe‑
patic BDC by focusing on the differences in tumor location. Our 
data should contribute to a better understanding of the clinico‑
pathological role of MSLN‑CA125 co‑expression in perihilar 
or distal BDC. Another prospective multicenter trial is needed 
to confirm the effectiveness of MSLN and CA125 expression in 
the prediction of patient survival in perihilar and distal BDC.

In conclusion, MSLN and CA125 co‑expression was 
associated with advanced tumor stage and poor prognosis in 
patients with perihilar BDC but not in those with distal BDC, 
which suggests that the role of co‑expression in BDC differs 
depending on the location of the tumor.
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