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Upregulated expression of MinaS3 in
cholangiocarcinoma and its clinical significance
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Abstract. The aim of this study was to determine the level of
expression of Mina53 in human cholangiocarcinoma (CCA)
and to explore the role of Mina53 in carcinogenesis and tumor
progression and its clinical significance in CCA. The level
of expression of Mina53, p53 and Ki67 was investigated by
immunohistochemistry in 69 surgically resected CCA tissues
and 21 adjacent non-cancerous tissues. The correlation between
Mina53 expression and clinicopathological characteristics and
the expression of p53 and Ki67 was examined. Positive expres-
sion of Mina53 was observed in 61 of 69 CCA cases (88.4%)
and 1 case (4.8%) of adjacent non-cancerous tissue. The level
of expression of Mina53 in CCA was markedly higher than
in the adjacent non-cancerous tissues. An increased level of
expression of Mina53 in CCA was significantly associated
with histological differentiation (P<0.01), TNM stage (P<0.05)
and lymph node metastasis (P<0.01). There was no significant
correlation between the level of Mina53 expression and gender,
age or distant metastasis (P>0.05). However, the expression of
Mina53 was associated with the expression of p53 in CCA
(P<0.05). In addition, increased levels of expression of Mina53
in CCA were positively associated with Ki67 levels (r=0.801,
P<0.01, as calculated by association analysis). Therefore, the
upregulation of Mina53 expression may be significant in the
carcinogenesis and development of human CCA and could
have significant clinical value.

Introduction

Cholangiocarcinoma (CCA) is a malignancy that originates in
bile duct epithelial cells. The disease may be classified into
three categories which are defined by the site of the carcinoma:
intrahepatic, perihilar and distal extrahepatic. The location of
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the tumors, as well as the growth pattern of the disease and a
lack of diagnostic criteria, mean that CCA is often diagnosed
at an advanced stage. The only effective cure for CCA is the
resection of early stage tumors, following which there is a
5-year recurrence rate of 60-90%. However, due to late diag-
nosis this treatment is only appropriate for <40% of patients.
This, coupled with an inadequate response to chemotherapy,
results in a poor prognosis for patients with CCA: 75% of
patients with CCA succumb to the disease within 1 year of
diagnosis. There is some difference in the prognoses of the
different types of CCA, as the median survival rates for
patients with intrahepatic and those with perihilar CCA are
18-30 and 12-24 months, respectively. With a 5-year survival
rate of <5%, there is a clear need to study CCA in order to
improve the rate of early diagnosis and also to develop new
treatment options (1-9).

Similarly to most neoplasms, CCA does not result from
a single genetic change, but rather a series of mutations in
oncogenes and tumor-suppressor genes. These changes can
cause resistance to external stimuli and therefore lead to the
unregulated proliferation of cells and the transformation from
epithelium to carcinoma (10). One family of proto-oncogenes
whose dysregulation is known to be associated with various
types of cancer is the Myc family, consisting of three main
genes: C-Myc, N-Myc and L-Myc. These genes are involved
in apoptosis and the differentiation and proliferation of cells
and encode basic helix-loop-helix leucine zipper transcription
factors. However, the mechanisms by which the transcrip-
tion factors affect these phenomena and the role they play in
tumorigenesis are not fully understood and certain targets of
the Myc genes have yet to be identified (11-18).

One of the most widely studied proto-oncogenes is
C-Myc (17,18). The expression of C-Myc is correlated with cell
proliferation and is downregulated in cells which are quiescent
and fully differentiated. C-Myc has been shown to directly
affect the expression of Mina53 (Myc-induced nuclear antigen
with a molecular weight of 53 kDa) (19,20), which is also
associated with proliferation. The inhibition of Mina53 expres-
sion results in the suppression of cell proliferation in certain
cell lines. Mina53 has also been found to have an increased
level of expression in human colon and esophageal squamous
cell carcinomas and it is therefore thought to be involved in
carcinogenesis (18-24).
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Thus, we detected the levels of expression of Mina53,
p53 and Ki67 in CCA tissues and studied the correlation
between the level of expression of Mina53 and clinicopatho-
logical characteristics, anti-oncogene expression and tumor
proliferation in CCA. We also explored the role of Mina53
in carcinogenesis and tumor progression and its value in
clinical application.

Materials and methods

Patients and tissue samples. Between 2006 and 2010, 69 CCA
specimens and 21 adjacent non-cancerous tissues were
obtained during routine surgical procedures at the Jingzhou
First People's Hospital (Jingzhou, China) and the Wuhan
People's Hospital (Wuhan, China). Informed consent was
obtained from all subjects. The clinicopathological char-
acteristics of the 69 CCA cases were as follows: mean age,
59.2 years (range, 32-86); 41 males and 28 females; 20 stage |
cases, 22 stage II cases, 16 stage III cases and 11 stage IV
cases according to the pathological TNM staging criteria.

Immunohistochemistry. Immunohistochemistry was performed
using the labeled streptavidin-biotin immunoperoxidase tech-
nique to determine the level of expression of Mina53. Sections
(4 um) of formalin-fixed and paraffin-embedded samples
were mounted on silane-coated glass slides, deparaffinized in
xylene and rehydrated through a graded series of ethanols. The
sections were microwaved in 10 mM citrate-phosphate buffer
(pH 6.0) for antigen retrieval for 15 min, and incubated with 3%
hydrogen peroxide for 10 min to block endogenous peroxidase
activity, followed by incubation with bovine serum albumin
(BSA) for 10 min to block non-specific binding. The sections
were then incubated for 2 h with mouse anti-human Mina53
monoclonal antibody (Zymed, San Francisco, CA, USA),
diluted 100-fold in Tris-buffered saline (TBS, pH 7.6) with
1% BSA in a humidified chamber at room temperature. The
slides were incubated in sequence with secondary biotinylated
antibody for 10 min and peroxidase-labeled streptavidin for
10 min using an LSAB kit (Zhongshan Corp., Beijing, China).
Finally, 3,3'-diaminobenzidine (DAB, Zhongshan Corp.) was
applied as the chromogen and the sections were counterstained
with Mayer's hematoxylin and examined under a light micro-
scope. A negative control was performed with serial sections,
omitting the incubation with the primary antibody. The prolif-
erative activity of the cholangiocarcinoma was determined by
assessing the Ki67 labelling index (Ki67-LI). Briefly, sections
were immunostained with the anti-Ki67 monoclonal antibody
(Biolegend, San Diego, CA, USA) in the same manner as the
immunohistochemical staining of Mina53 described above.
Sections were also immunostained with the anti-p53 mono-
clonal antibody (Biolegend), but stained using the DAB kit
(Zhongshan Corp.).

Evaluation of tissue staining. Tissue slides were evaluated
independently by two pathologists who were blinded for the
patient characteristics and outcome. Whole-tissue slides, each
comprising a representative cross section of the tumor, were
evaluated. To account for regional differences in staining, a
semi-quantitative immunoreactivity scoring system (IRS)
was applied. To obtain the IRS for each individual case, the
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staining intensity (0, no staining; 1, weak staining; 2, moderate
staining; 3, strong staining) as well as the percentage of cells
stained (0, no cells; 1, <10% of cells; 2, 11-50% of cells;
3, 51-80% of cells; 4, >80% of cells) were evaluated and the
respective scores were multiplied, resulting in an IRS range
from O to 12. For statistical analysis, cases were grouped
as either Mina53-negative (IRS 0-6) or Mina53-positive
(IRS 7-12). Cases with discordant IRS values were discussed
at a multiheaded microscope until consensus was achieved.
The Ki67-LI was defined as the percentage of stained cells
in a minimum of 1,000 counted tumor cells. Five randomly
selected microscopic fields were examined at high magnifica-
tion (x200) under a light microscope for this purpose, in the
same manner as for Mina53. The expression of p53 was scored
as positive when staining was visible in >10% of the nuclei
within a specimen.

Statistical analyses. The software package SPSS version 13.0
(SPSS Inc, Chicago, IL, USA) was used for data compilation
and statistical analysis. The ¥ and Fisher's exact probability
tests were used to examine the association between the level
of Mina53 expression and various other parameters, including
clinicopathological characteristics. The Student's t-test was
performed to examine the correlation between the Ki67-LI
and the level of protein expression. The y* test was used to
examine the correlation between the expression of Mina53
and p53. P<0.05 was considered to indicate a statistically
significant result.

Results

Mina53 expressionin CCAtissues and adjacent non-cancerous
tissues. Mouse anti-human Mina53 monoclonal antibody
was used to detect the Mina53 protein immunohistochemi-
cally. Positive staining of Mina53 (yellow or brown) was
mainly located in the nuclei but was also observed in the
cytoplasm (Fig. 1). Adjacent non-cancerous tissues showed
positive staining for Mina53 in only 1 of 21 cases (4.8%).
Overexpression of the Mina53 protein was found in 61 (88.4%)
of the 69 CCA tissues. The expression of Mina53 in the tumor
tissues was compared with that in adjacent non-cancerous
tissues. The level of Mina53 expression in the carcinoma
tissues was significantly higher (P<0.01) than in the adjacent
non-cancerous tissues (Table I).

Correlation between the expression of Mina53 and the
clinicopathological characteristics of CCA. Significant
associations were not found between the increased Mina53
expression and clinicopathological characteristics including
gender and age (P>0.05). There were statistically significant
associations between the increased Mina53 expression and
histological differentiation (%*=4.934, P<0.05), TNM stage
(x*=4.731, P<0.05) and lymph node metastasis (y*=4.525,
P<0.05). However, significant associations were not found
between the level of Mina53 expression and distant metastasis
(P>0.05, Table 11).

Correlation between the expression of Mina53 and p53 in
CCA. Positive staining of p53 was mainly localized to the
nuclei (Fig. 2A). Accumulation of p53 was detected in 58 of
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Table I. Mina53 expression in human cholangiocarcinoma tissues and adjacent non-cancer tissues.

Groups Total Negative Positive Cases with positive staining
Adjacent non-cancer tissues 21 1 1(4.8%)
Carcinoma tissues 69 61 61 (88.4%)

%*=59.783, P=0.000. Negative, IRS 0-6; positive, IRS 7-12; IRS, immunoreactivity score.

Table II. Correlation between the expression of Mina53 and the clinicopathological characteristics of cholangiocarcinoma cases.

Mina53 expression

Clinical

characteristics Total Negative Positive P-value

All cases 69 8 61

Gender
Male 41 5 36 0.850
Female 28 3 25

Age
<60 years 39 4 35 0.692
>60 years 30 4 26

Histological differentiation
Well 34 7 27 0.026
Moderate 22 1 21
Poor 13 0 13

TNM stage
I 20 4 16 0.030
11 22 4 18
11 16 0 16
v 11 0 11

pN (lymph node metastasis)
pNO 46 8 38 0.033
pN1 23 0 23

Distant metastasis
MO 59 8 51 0.216
M1 10 10

P53 expression
Positive 58 2 56 0.000
Negative 11 6 5

Negative Mina53 expression, IRS 0-6; positive Mina53 expression, IRS 7-12; IRS, immunoreactivity score.

the 69 CCA tissues (84.1%). The expression of Mina53 in CCA
tissues was significantly associated with the expression of p53
(*=23.553, P<0.01). Of the 69 CCA tissue samples, 56 (81.2%)
had simultaneous upregulation of Mina53 and p53.

Correlation between the expression of Mina53 and cell
proliferation. Ki67 is a widely used biomarker of cell prolif-
eration. Positive staining of Ki67 was mainly localized to

the nuclei (Fig. 2B). The examined carcinoma specimens
showed definite positive nuclear staining for Ki67 and some
adjacent non-cancer tissues also showed positive staining for
Ki67. The values of the Ki67-LI for the carcinoma samples
and the adjacent non-cancerous tissues were 58.84+15.72%
and 29.63+£14.52%, respectively (mean + SD). The level of
Ki67 expression in the CCA tissues was higher than that in the
adjacent non-cancerous tissues (P<0.05). An increased level of
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Figure 1. Expression of Mina53. (A) Negative expression in adjacent non-cancerous tissues (magnification, x200, DAB); (B) Positive expression in cholangio-

carcinoma (magnification, x200, DAB). DAB, 3,3'-diaminobenzidine.

Figure 2. Expression of p53 and Ki67 in cholangiocarcinoma. (A) Positive expression of p53 (magnification, x100, DAB); (B) Positive expression of Ki67

(magnification, x200, DAB). DAB, 3,3'-diaminobenzidine.

expression of Mina53 was positively associated with the Ki67
level (r=0.801, P<0.01, as calculated by association analysis).

Discussion

Tsuneoka et al previously identified Mina53 as a Myc target
gene and revealed a clear correlation between Mina53 expres-
sion and cell proliferation (18,19). Certain studies have reported
that Mina53 is overexpressed in a number of tumor cells and
tissues, including colon carcinoma, esophageal squamous cell
carcinoma and gingival squamous cell carcinoma (18-24),
which led us to suspect that Mina53 may be involved in the
abnormal cell growth observed in neoplastic diseases, including
CCA. In this study, we used mouse anti-human Mina53 mono-
clonal antibody to study the level of expression of Mina53 in
CCA tissues. Our results revealed that while almost all the CCA
tissues examined exhibited elevated levels of expression of
Mina53, only one adjacent non-cancerous tissue sample showed
weak positive staining. We also observed that significant asso-
ciations were not found between the level of Mina53 expression
and clinicopathological characteristics including gender, age
and distant metastasis. Statistically significant associations
were found between increased levels of Mina53 expression

and lymph node metastasis, histological differentiation and
TNM stage. Therefore, Mina53 may play a role in biliary tract
carcinogenesis and may be used as a marker for CCA.

The p53 gene, a tumor suppressor gene or anti-oncogene,
is associated with apoptosis. Mutations in the p53 gene are
the most common genetic alterations in a number of human
carcinomas. The loss of p53 accelerates tumorigenesis associ-
ated with Myc activation by preventing apoptosis (25-30). In
our study, the accumulation of mutated p53 was significantly
associated with Mina53 expression in CCA. As Mina53 is a
Myc target gene, Mina53 may suppress the activity of p53 via
the Myc pathway. Therefore, Mina53 may contribute to biliary
tract carcinogenesis by suppressing apoptosis.

Ki67 is a widely used biomarker of cell proliferation (31).
Using association analysis, we found that the overexpression
of Mina53 in CCA tissues was positively associated with
the level of Ki67. Cell proliferation was promoted with the
increasing expression of Mina53. Therefore, the overexpres-
sion of Mina53 may be involved in the proliferation of CCA
cells and have certain functions in carcinogenesis.

In conclusion, Mina53 was overexpressed in CCA and
was associated with tumor proliferation and anti-oncogene
expression. Mina53 was important in the carcinogenesis and
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development of CCA. We suggest that Mina53 may be used
as a marker for CCA and could be exploited as a target for the
treatment of CCA.
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