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Abstract Purpose: Many of the patients with extrahepatic bile duct carcinoma (EHBDC) show a poor
outcome.Wehave reported thatMUC4 is a novelprognostic factor of pancreatic adenocarcinoma
and intrahepatic cholangiocarcinoma. The aim of this study is to evaluate the prognostic signifi-
cance of MUC4 expression in EHBDC.
Experimental Design:We examined the expression profile of MUC4 in EHBDC tissues from
70 patients using immunohistochemistry. MUC4 is a membrane mucin like MUC1. In addition,
MUC4 is an intramembrane ligand for receptor tyrosine kinase ErbB2 and is related with regula-
tionof p27.We compared theMUC4 expressionwithMUC1, ErbB2, or p27 expression in EHBDC.
Results: MUC4 was expressed in 36 of the 70 patients with EHBDC. There was no significant
correlation between the MUC4 expression and MUC1, ErbB2, or p27 expression.The survival of
19 patients with high MUC4 expression (z20% of carcinoma cells stained) was significantly
worse than that of the 51 patients with low MUC4 expression (under 20% of carcinoma
cells stained; P = 0.0072). The univariate analysis showed that high MUC4 expression
(P = 0.0072), high MUC1expression (P = 0.0092), histologic grading (P = 0.0029), surgical
margin involvement (P =0.0137), andnodalmetastasis (P =0.0036)were statistically significant
risk factors. The backward stepwise multivariate analysis showed that high MUC4 expression
(P =0.0195) and surgicalmargin involvement (P =0.0358)were statistically significant indepen-
dent risk factors.
Conclusions:MUC4 expression in EHBDC is a new independent factor for poor prognosis and
predicts the outcome of patients with EHBDC.

Extrahepatic bile duct carcinoma (EHBDC) has always been a
difficult tumor to treat. Most of these patients are accompanied
by an unfavorable prognosis. Complete surgical resection of the
tumor is the only way to improve the cure rate of patients with
EHBDC; however, many patients treated by curative resection
have a poor outcome (1–3). Thus, investigation of the
prognostic factor is very valuable in treatment of patients with
EHBDC.

Mucins are high molecular weight glycoproteins having
oligosaccharides attached to serine or threonine residues of the
mucin core protein backbone by O-glycosidic linkages. Core
proteins for human mucins (MUC1-MUC9, MUC11-13,
MUC15-20) have been identified in the past few years
(4–7). Our series of immunohistochemical studies for mucin
expression in various human tumors have shown that the
expression of the MUC1 mucin (membrane mucin) is related
to invasive proliferation of tumors and a poor outcome for
patients. On the other hand, the expression of the MUC2
mucin (intestinal type secretory mucin) is related to noninva-
sive proliferation of tumors and a favorable outcome for
patients (8–14). In our previous study of EHBDC, we also
showed that the patients with high MUC1 expression in their
carcinoma cells showed significantly worse survival than those
with low MUC1 expression patients. In contrast, the patients
with high MUC2 expression in their carcinomas showed
significantly better prognosis than those with low MUC2
expression (15).

MUC4 was first reported as a tracheobronchial mucin (16)
and it is known that MUC4 is expressed in various normal
tissues (17–20). Recently, MUC4 was proven to be a novel
intramembrane ligand for receptor tyrosine kinase ErbB2
(21–23), which is a transmembrane glycoprotein encoded by
c-ErbB-2 proto-oncogene with a tyrosine kinase domain that is
highly homologous with the epidermal growth factor receptor
(24, 25). Furthermore, MUC4 was related with the regulation of
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p27 (26), which is a cyclin-dependent kinase inhibitor used in
the control of G1 and S phases of the cell cycle (27).

MUC4 is a membrane mucin (23), like MUC1, which is a
poor prognostic factor in various human tumors (9–15,
28–30). Recently, MUC4 has been reported to be expressed
in pancreatic adenocarcinoma, whereas MUC4 was not
expressed in the normal pancreatic tissue (31–34). Thus,
MUC4 is considered to be a tumor marker for pancreatic
adenocarcinoma. In biliary epithelial cells, Vandenhaute et al.
(35) reported that MUC4 was not expressed in the normal
epithelium. Lee and Liu (36) reported that MUC4 was
expressed in 10% of normal controls, whereas it was 67%
positive in cholagiocarcinoma. We reported that MUC4 is a
new prognostic factor for prognosis in the intrahepatic
cholangiocarcinoma mass-forming type (37) and pancreatic
adenocarcinoma (38).

To date, there has been no research on the relationship
between MUC4 expression and patient prognosis in EHBDC.
In the present study, we expected MUC4 to also be a candidate
for one of the poor prognostic factors in EHBDC. We
examined the expression profile of MUC4 in EHBDC tissues,
and found that MUC4 expression is a very useful factor for
poor prognosis in patients with EHBDC. In addition, ErbB2
and p27 expression were examined to investigate the
relationship of their expressions with MUC4 expression in
EHBDC.

Materials and Methods

Patients and tissue samples
Surgically resected EHBDCs from 70 patients (47 males and 23

females) were studied. All tissue specimens were registered from 1990
to 2000 and were filed in the Kagoshima-shi Medical Association
Hospital. The mean age of the patients was 69.2 years (range: 41-88
years). The 70 tumors were histologically classified according to ref. 39.
The study was approved by the Kagoshima University Faculty of
Medicine Human Investigation Committee.

In histologic grading (39), 37 cases (53%) were well-differentiated
type (G1), 21 cases (30%) were moderately differentiated type (G2), and
12 cases (17%) were poorly differentiated type (G3). Surgical
procedures were as follows: 31 cases (44%) were treated by
conventional pancreatoduodenectomy, 18 cases (26%) were treated
by pylorus-preserving pancreatoduodenectomy, and 21 cases (30%)
were treated by extrahepatic bile duct resection. Lymph node dissection
was done in all cases, and lymph node metastasis was positive in 23
cases (33%). Clinical outcome data were available in these 70 patients
with EHBDC. Overall survival was analyzed in the current study. All
specimens were fixed in formalin, embedded in paraffin, and cut into
4-Am-thick sections for immunohistochemistry, in addition to the usual
H&E staining.

Immunohistochemistry
Antibodies. Immunohistochemistry was done by using the follow-

ing antibodies. MUC4 was detected by mouse monoclonal antibody,
clone 8G7 (generated by one of us, by Surinder K. Batra, Department of
Biochemistry and Molecular Biology, Eppley Institute for Research in
Cancer and Allied Diseases, University of Nebraska Medical Center,
Omaha, NE; ref. 32). For the comparative study, MUC1 was also
examined by monoclonal antibody DF3 (mouse IgG, Toray-Fuji
Bionics, Tokyo, Japan). ErbB2 was detected by rabbit polyclonal
antibody (DakoCytomation, Glostrup, Denmark). p27 was detected
by monoclonal antibody NCL-p27 (Novocastra, Newcastle, United
Kingdom).

Biotinylated affinity-purified horse anti-mouse IgG, goat anti-rabbit
IgG, and avidin-biotinylated horseradish peroxidase complex (ABC)
were purchased from Vector Laboratories (Burlingame, CA) as the
Vectastain Elite ABC kit.

Staining procedure. Immunohistochemical stainings were done by
an immunoperoxidase method using the ABC complex as described
previously (37, 38). Each section was deparaffinized with xylene.
Endogenous peroxidase was blocked by incubating the sections in
0.3% hydrogen peroxidase in absolute methanol at room temperature
for 30 minutes. After hydration in decreasing concentrations of
ethanol in water, the sections were washed in 0.01 mol/L PBS
(pH 7.4).

For the epitope retrieval of MUC4, a water bath pretreatment at 80jC
for 20 minutes in 0.01 mol/L citrate buffer (pH 6.0) was done. Also,
for that of ErbB2, a water bath pretreatment at 98jC for 40 minutes

Fig. 1. Immunohistochemical staining of MUC4
(A), MUC1 (B), ErbB2 (C), and p27 (D) in
extrahepatic bile duct carcinoma. MUC4 was
expressed in the cytoplasm of the carcinoma cells
(A , original magnification, �160). MUC1was
expressed in the membrane and/or cytoplasm
(B, original magnification, �160). ErbB2 was
expressed in the membrane and/or cytoplasm
(C, original magnification, �160).The expression
of p27 was seen in the nuclei (D, original
magnification, �160).
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was done. For that of p27, an autoclave pretreatment at 120jC for
5 minutes was done.

The sections were washed twice with PBS. Then, 2% horse or goat
serum in PBS was applied for 30 minutes at room temperature to
prevent nonspecific staining. In the staining using each antibody, the
sections were incubated with dilutions of the primary antibodies
(MUC4, 1:3,000; MUC1, 1:10; ErbB2, 1:100; p27, 1:40) in PBS with 1%
bovine serum albumin for 16 hours at 4jC. The sections were washed
thrice with PBS, incubated with the biotinylated secondary antibodies,
and washed thrice with PBS. All sections then received ABC for
30 minutes. After washing with PBS thrice, the sections were finally
reacted with diaminobenzidine substrate for 10 minutes for visualiza-
tion, rinsed with tap water, counterstained with hematoxylin, and
mounted. Reaction products were not present when nonimmune serum
or PBS was used instead of the primary antibodies.

Evaluation of the results by scoring
Three blinded investigators (S.T., H.S., and S. Y.) evaluated the

immunostaining independently. When the evaluation was different
among three, the final decision was made by the consensus of the three.

The results of the immunohistochemical stainings were evaluated by
the percentage of positively stained carcinoma cells. Expression of
MUC4 in the cytoplasm of the cells was evaluated. According to our
previous study of EHBDC (15), the percentage of positively stained
carcinoma cells were graded as follows: �, <5% of carcinoma cells
stained; +, z5% to <20% of carcinoma cells stained; ++, z20% to <50%
of carcinoma cells stained; and +++, z50% of carcinoma cells stained.
Additionally, for statistical analysis, the examined cases are divided
into two groups: the low-expression group (LEG), composed of
the � and + cases (<20% of carcinoma cells stained), and the high-
expression group (HEG), composed of the ++ and +++ cases (z20% of
the carcinoma cells stained).

Statistical analysis
Statistical analysis was done using the m2 test, Fisher’s exact test, or

Spearman rank-correlation test, where appropriate. Survival of the
patients was compared between the HEG of MUC4, MUC1 or ErbB2,
or p27 expression and the LEG of those expressions according the
Kaplan-Meier method. Differences between the survival curves were
tested using the log-rank test. Univariate and multivariate survival
analyses were done using the Cox proportional hazards regression

model. For the multivariate model, we used 0.10 as the cutoff P value
to select the analyzed factors from the univariate analysis data.
Backward stepwise multivariate analysis was also used to find
independent prognostic factors. A probability of P < 0.05 was
considered statistically significant.

Results

MUC4, MUC1, ErbB2, or p27 expression in normal epithelium
of the extrahepatic bile duct. MUC4, MUC1, and ErbB2 were
not expressed in normal epithelium of the extrahepatic bile
duct. p27 was expressed in the nuclei in most of the normal
epithelium.

Fig. 2. A sample of the four expression levels of
MUC4:� (A), + (B), ++ (C), and +++ (D). Original
magnification, �25.

Table 1. Correlation between MUC4 expression and
MUC1, ErbB2, or p27 expression in 70 cases of
EHBDC

MUC4 expression P

� + ++ +++

MUC1expression
� 7 2 0 0 0.5201
+ 5 2 2 0
++ 5 1 2 0
+++ 17 12 11 4

ErbB2 expression
� 30 14 14 3 0.4786
+ 0 2 1 1
++ 1 0 0 0
+++ 3 1 0 0

p27 expression
� 9 2 4 0 0.6166
+ 8 5 2 0
++ 12 5 5 2
+++ 5 5 4 2
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MUC4, MUC1, ErbB2, or p27 expression in EHBDC
tissue. Figure 1 shows representative expression patterns of
MUC4, MUC1, ErbB2, and p27 in EHBDC tissue. Positive
staining (z5% of carcinoma cells stained) of MUC4 was seen in
the cytoplasm of the carcinoma cells in 36 (51%) cases of
70 EHBDCs (Fig. 1A). MUC1 was expressed in the cytoplasm
and/or membrane in 61 (87%) cases (Fig. 1B), ErbB2 was
expressed in membrane and/or cytoplasm in 9 (13%) cases
(Fig. 1C), and p27 was expressed in the nuclei of the carcinoma
cells in 55 (79%) cases (Fig. 1D).

A sample of the four expression levels of MUC4 (�, +, ++,
and +++) was shown in Fig. 2.

The relationship between the expression of MUC4 and the
expression of MUC1, ErbB2, or p27. There was no significant
relationship between the expression of MUC4 and the
expression of MUC1, ErbB2, or p27 (P = 0.5201, 0.4786, and
0.6166, respectively; Table 1).

The relationship between MUC4, ErbB2, or p27 expression and
clinicopathogic features. The relationship between MUC4,
MUC1, ErbB2, or p27 expression and clinicopathologic features
is summarized in Table 2. In Table 2, MUC4, MUC1, ErbB2,
and p27 expressions were divided into HEG and LEG.

The percentages of deeper invasion, positive nodal metasta-
sis, and positive lymphatic invasion were significantly higher in
the HEG of MUC4 and than those in the LEG. The percentage
of higher histologic grade, deeper invasion, positive nodal
metastasis, positive lymphatic invasion, positive venous inva-
sion, and positive perineural invasion in the HEG of MUC1
were significantly higher than those in the LEG.

The patients were divided into two groups based on the
length of survival: short-term survivors (survival period <12
months) and long-term survivors (survival period z12
months). High MUC4 expression was seen in 58.3% of the
short-term survivors, and in 22.0% of the long-term survivors.

Table 2. Summary of the data on the expression of MUC4, MUC1, ErbB2, and p27 in clinicopathologic features of
70 cases of extrahepatic bile duct carcinoma

Category MUC4 MUC1 ErbB2 p27

HEG LEG P* HEG LEG P HEG LEG P HEG LEG P

Age (y)
<65 (n = 26) 7 19 0.9746 20 6 0.6979 1 25 0.7316 13 13 0.3533
>65 (n = 44) 12 32 32 12 4 40 27 17

Gender
Men (n = 47) 14 33 0.4770 35 12 0.7928 1 46 0.0665 28 19 0.5568
Women (n = 23) 5 18 17 6 4 19 12 11

Histologic grading
G1 (n = 37) 8 29 0.1452 22 15 0.0109 3 34 0.8794 22 15 0.5212
G2 (n = 21) 5 16 19 2 1 20 10 11
G3 (n = 12) 6 6 11 1 1 11 8 4

Depth of invasion
T1 (n = 11) 0 11 0.0152 3 8 0.0005 2 9 0.2948 7 4 0.0583
T2 (n = 43) 11 32 35 8 2 41 28 15
T3 (n = 16) 8 8 14 2 1 15 5 11

Surgicalmargin involvement
Negative (n = 51) 11 40 0.0858 37 14 0.5860 4 47 >0.9999 27 24 0.2445
Positive (n = 19) 8 11 15 4 1 18 13 6

Nodalmetastasis
Negative (n = 47) 9 38 0.0316 29 18 0.0006 4 43 0.8877 28 19 0.5568
Positive (n = 23) 10 13 23 0 1 22 12 11

Lymphatic invasion
Negative (n = 15) 1 14 0.0442 4 11 <0.0001 1 14 >0.9999 10 5 0.4004
Positive (n = 55) 18 37 48 7 4 51 30 25

Venous invasion
Negative (n = 28) 6 22 0.3800 17 11 0.0339 2 26 >0.9999 17 11 0.6220
Positive (n = 42) 13 29 35 7 3 39 23 19

Perineural invasion
Negative (n = 20) 5 15 0.7987 11 9 0.0195 2 18 0.9415 13 7 0.3978
Positive (n = 50) 14 36 41 9 3 47 27 23

Survival (mo)
<12 (n = 12) 7 5 0.0128 11 1 0.1531 0 12 0.6601 9 3 0.1855
>12 (n = 50) 11 39 36 14 5 53 27 23

*Statistically significant data are highlighted in bold.
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This difference was statistically significant (P = 0.0128; Table 2).
High MUC1 expression did not show such a significant
difference (Table 2).

Neither expression of ErbB2 nor p27 was related to the
clinicopathologic features listed in Table 2.

The relationship between MUC4, ErbB2, or p27 expression and
cumulative survival rate. Among the 70 patients examined,
33 patients died during the follow-up period. Median and
mean length of survival for patients with EHBDC who
underwent operation was 39 and 47.7 months, respectively.
The 1-, 3-, and 5-year survival rates of patients with EHBDC
were 79.8%, 51.6%, and 35.4%, respectively. The survival of
patients with high MUC4 expression (19 patients) was
significantly worse than that with low MUC4 expression
(51 patients; P = 0.0072, log-rank test; Fig. 3). The survival of
patients with high MUC1 expression (18 patients) was also
significantly worse than those with low MUC1 expression
(52 patients; P = 0.0092; Fig. 4). A high or low expression of
ErbB2 and p27 expression was not related to the survival of
70 patients with EHBDC (P = 0.1198 and P = 0.6004).

Univariate analysis of prognostic factors. The univariate
analysis of prognostic factors of EHBDC is summarized in
Table 3. Histologic grading (G1 versus G3; P = 0.0019), surgical
margin involvement (P = 0.0137), nodal metastasis (P = 0.0036),
high MUC4 expression (P = 0.0072), and high MUC1 expres-
sion (P = 0.0092) were statistically significant risk factors
affecting the outcome of patients with EHBDC.

Multivariate analysis of prognostic factors. The multivariate
analysis of prognostic factors of EHBDC is summarized in
Table 4. Surgical margin involvement (P = 0.0363) and high
MUC4 expression (P = 0.0259) were found to be statistically
significant independent poor prognostic factors.

Backward stepwise multivariate analysis of prognostic
factors. By the backward stepwise multivariate analysis of
eight prognostic factors listed in Table 4, surgical margin invol-
vement (P = 0.0358) and high MUC4 expression (P = 0.0195)
were statistically significant independent poor prognostic
factors (Table 5).

Discussion

Our previous immunohistochemical studies for mucin expres-
sion in EHBDCs showed that MUC1 mucin expression is related
to the invasive proliferation of tumors and poor outcome in
patients, whereas MUC2 mucin expression is related to the
noninvasive proliferation of tumors and a favorable outcome in
patients (15). MUC1 has been reported to be a poor prognostic
factor in various human tumors (9–15, 28–30). Recently,
MUC4 has been reported as a membrane mucin like MUC1 (23).
The expression of MUC4 has been reported to be a candidate for
a tumor marker of pancreatic adenocarcinoma (31, 32) or
intrahepatic cholangiocarcinoma (37). However, there is no
study of the relationship between MUC4 expression and patient
prognosis in EHBDC. The present study showed, for the first
time, that MUC4 was expressed in several cases of EHBDC. It was
not expressed in the normal liver tissue, including the normal
extrahepatic bile duct. We also found that high MUC4 expression
was significantly related to poor survival of the patients with
EHBDC by the Kaplan-Meier analysis. We further found that the
high MUC4 expression is a statistically significant independent
poor prognostic factor in the patients with EHBDC; that is, the
outcomes after surgery were significantly poorer in the patients
with high MUC4 expression than in those with low MUC4
expression.

MUC4 is expressed in normal tissues of the respiratory tract,
stomach, small intestine, colon, and endocervix (17, 18, 20).
MUC4 has been recently proven to be a novel intramembrane
ligand for receptor tyrosine kinase ErbB2 (21–23). Ascites
sialoglycoprotein-2, a trans-membrane subunit of MUC4,
showed specific binding to ErbB2, and MUC4 binding to
ErbB2 induced tyrosine phosphorylation of the receptor
(22, 23). MUC4 is the only ligand that has been characterized
for ErbB2, which was stated to be an orphan receptor with no
known ligand (21, 23, 40). Furthermore, although MUC4
alone failed to activate mitogen-activated kinase or protein
kinase B/Akt of the phosphatidylinositol 3-kinase pathway,
MUC4 expression induced up-regulation of p27. A combina-
tion of MUC4 and neuregulin down-regulated p27 and

Fig. 3. Correlation between theMUC4 expression and cumulative survival rate in
70 patients with extrahepatic bile duct carcinoma, as determined by the Kaplan-
Meier method.The survival of patients with a high expression of MUC4 was worse
than with lowMUC4 expression (P = 0.0072). Closed boxes, patients who were
alive at the last follow-up.

Fig. 4. Correlation between MUC1expression and cumulative survival rate in 70
patients with extrahepatic bile duct carcinoma, as determined by the Kaplan-Meier
method.The survival of patients with a high expression of MUC1was worse than
that with lowMUC1expression (P = 0.0092). Closed boxes, patients who were
alive at the last follow-up.
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activated protein kinase B/Akt (23, 41). In our present immu-
nohistochemical study, MUC4 expression was not significantly
related to ErbB2 or p27 expression in EHBDC. From the
comparison of the three factors in the present immunohisto-
chemical study, these three proteins may be controlled and
regulated under unknown mechanisms in EHBDC. In intra-
hepatic cholangiocarcinoma, ErbB2 expression has been
reported (42–45). ErbB2 is not expressed in normal biliary
epithelium (43, 44). Aishima et al. (44) reported that there
was no significant difference in survival between ErbB2-positive
and ErbB2-negative patients. The results of the present study
support their data. The expression of p27 in intrahepatic

cholangiocarcinoma has also been reported (41, 46, 47). As
shown also in the present study, p27 is expressed in normal
biliary epithelium (41, 46, 47). Fiorentino et al. (46) and
Taguchi et al. (47) reported that p27 expression was a
prognostic factor in intrahepatic cholangiocarcinoma. In the
present study, however, p27 expression was not a significant
prognostic factor in EHBDC.

In the MUC4, ErbB2, and p27 investigated in the present
study, only MUC4 expression was revealed as a significant
independent prognostic factor in the patients with EHBDC. In a
recent study using a breast cancer cell line (48), MUC4 was
expressed at a higher level in a Herceptin (a monoclonal
antibody against a membrane-proximal epitope in the extrace-
lular region of erbB2)–resistant cell line compared with
Herceptin-sensitive cell line. Knockdown of MUC4 expression
by RNA interference increased binding of Herceptin by
exposing ErbB2 that was covered with large size MUC4. In
the present immunohistochemical analysis study of EHBDC
using a large number of samples (70 cases), however, there was
no significant relationship between the expression of MUC4
and ErbB2. There may be a difference between the cascade
reaction in vitro and the immunohistochemical localization
in vivo in tumor tissues. The relationship between the
expression of MUC4 and ErbB2 in the immunohistochemical

Table 3. Univariate analysis of prognostic factors in
70 cases of extrahepatic bile duct carcinoma

Variable 95% Confidence

Hazard ratio Limits P*

Age (y)
<65 (n = 26) 1
>65 (n = 44) 0.646 0.300-1.392 0.2646

Histologic grading
G1 (n = 37) 1
G2 (n = 21) 2.540 1.108-5.823 0.0276
G3 (n = 12) 4.708 1.775-12.478 0.0019

Depth of invasion
T1 (n = 11) 1
T2 (n = 43) 5.877 0.790-43.701 0.0836
T3 (n = 16) 5.890 0.729-47.611 0.0963

Surgicalmargin involvement
Negative (n = 51) 1
Positive (n = 19) 2.579 1.214-5.479 0.0137

Nodalmetastasis
Negative (n = 47) 1
Positive (n = 23) 2.830 1.404-5.704 0.0036

Lymphatic invasion
Negative (n = 15) 1
Positive (n = 55) 3.282 0.994-10.842 0.0512

Venous invasion
Negative (n = 28) 1
Positive (n = 42) 1.871 0.861-4.065 0.1135

Perineural invasion
Negative (n = 20) 1
Positive (n = 50) 2.360 0.902-6.176 0.0801

MUC4 expression
LEG (n = 51) 1
HEG (n = 19) 2.875 1.331-6.212 0.0072

MUC1expression
LEG (n = 18) 1
HEG (n = 52) 4.060 1.414-11.655 0.0092

ErbB2 expression
LEG (n = 65) 1
HEG (n = 5) 0.205 0.028-1.511 0.1198

p27 expression
LEG (n = 30) 1
HEG (n = 40) 1.212 0.591-2.484 0.6004

*Statistically significant data are highlighted in bold.

Table 4. Multivariate analysis of prognostic factors in
70 cases of extrahepatic bile duct carcinoma

Variable 95% Confidence

Hazard ratio Limits P*

Histologic grading
G1 (n = 37) 1
G2 (n = 21) 1.542 0.511-4.649 0.4419
G3 (n = 12) 2.339 0.757-7.609 0.1372

Depth of invasion
T1 (n = 11) 1
T2 (n = 43) 1.138 0.124-10.439 0.9088
T3 (n = 16) 0.859 0.079-9.304 0.9003

Surgicalmargin involvement
Negative (n = 51) 1
Positive (n = 19) 2.416 1.058-5.521 0.0363

Nodalmetastasis
Negative (n = 47) 1
Positive (n = 23) 1.916 0.784-4.679 0.1535

Lymphatic invasion
Negative (n = 15) 1
Positive (n = 55) 0.794 0.160-3.951 0.7782

Perineural invasion
Negative (n = 20) 1
Positive (n = 50) 2.130 0.690-6579 0.1186

MUC4 expression
LEG (n = 51) 1
HEG (n = 19) 2.655 1.125-6.265 0.0259

MUC1expression
LEG (n = 18) 1
HEG (n = 52) 2.189 0.543-8.823 0.2706

*Statistically significant data are highlighted in bold.
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study of human breast cancer tissue would be interesting to
study in the near future.

Our previous study showed that MUC1 expression in
EHBDC is a poor prognostic factor (15). This was also
confirmed in the present study. In our observation, MUC1
was expressed in the luminal surface membrane and/or in the

cytoplasm. In contrast, MUC4 expression showed a cytoplasmic
pattern, but it did not show a membrane pattern. Also, in
the intrahepatic cholangiocarcinoma mass-forming type, the
expression pattern of MUC4 showed a cytoplasmic pattern
(37). Like MUC1, MUC4 is a membrane mucin; however,
MUC4 acts with a different mechanism. For signaling mole-
cules, MUC1 acts as a docking protein, whereas MUC4 acts as a
receptor ligand (23). The difference of expression patterns may
suggest the possibility of different mechanisms between MUC1
and MUC4, although both MUC1 and MUC4 are membrane
mucins possessing cell signaling function.

In conclusion, we first reported that the expression of MUC4
in EHBCD is an independent poor prognostic factor. MUC4 is
hence a useful marker for predicting the outcome of patients
with EHBDC who had a surgical resection of the tumor. The
patients with EHBDC showing a positive MUC4 expression
should be followed-up carefully.
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