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and c-myc in human gallbladder carcinoma

Song-Tao Xu*?*, Wen-Jing Wen3", Jin Zhou*", Jia-Xiu Liu®", Guo-Jian Gu®”’

Departments of Clinical, *Basic Medical Science, Luohe Medical College, Luohe, Henan, P. R. China; 2Tumor Oc-
currence and Prevention Research Innovation Team of Luohe, Luohe, Henan, P. R. China; *Department of General
Surgery, The First Affiliated Hospital of Soochow University, Suzhou, Jiangsu, P. R. China; SDepartment of Medical
Laboratory and Pharmacy, Jiangsu Vocational College of Nursing, Huaian, Jiangsu, P. R. China; ®Department of Pa-
thology, Taicang Affiliated Hospital of Soochow University, Taicang, Jiangsu, P. R. China; "Department of Pathology,
The First People’s Hospital of Taicang, Taicang, Jiangsu, P. R. China. "Equal contributors.

Received November 19, 2016; Accepted November 26, 2016; Epub May 1, 2017; Published May 15, 2017

Abstract: CIP2A (cancerous inhibitor of phosphatase 2A) and c-myc are abnormally expressed in many malignant
tumors, and are involved in occurring and progressing of malignant tumors. The aim of this study is t o investigate
the expression of CIP2A and c-myc in human gallbladder carcinoma (GBC) and to explore their clinical and pathologi-
cal significance. The expression of CIP2A and c-myc protein was detected in 65 cases of human GBC and 19 cases
of tumor-adjacent tissues by immunohistochemical method. Our results demonstrate that the positive rate of CIP2A
was 64.6% in human GBC which was higher than that in tumor-adjacent tissues (26.3%), P=0.001. Patients with
high CIP2A expression were significantly related to size (P=0.040), differentiation (P=0.015), TNM stage (P=0.011)
and lymphatic metastasis (P=0.004). The positive rate of c-myc was 58.5% in GBC tissues, which was higher than
that in tumor-adjacent tissues (15.8%), P=0.001. The positive rate of c-myc protein was significantly related to size
(P=0.001), differentiation (P=0.005), TNM stage (P=0.002) and lymphatic metastasis (P=0.031). CIP2A protein
was positively correlated with c-myc protein (r=0.617, P<0.001). Patients with higher CIP2A or c-myc expression
had shorter overall survival time, while patients with lower CIP2A or c-myc expression had better survival time.
Cox multivariate analysis showed that size, TNM stage, lymphatic metastasis, CIP2A as well as the c-myc expres-
sion were negatively correlated with overall survival of GBC (P=0.006, P=0.019, P=0.001, P=0.019 and P=0.030,
respectively). In conclusion, the expression of CIP2A and c-myc are markedly related with size, differentiation, TNM
stage and lymphatic metastasis of GBC. CIP2A is positively related with the expression of c-myc. To detect CIP2A and
c-myc may be helpful to evaluate prognosis and infiltrative capability of GBC.
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Introduction tial molecular targets for treatment, is particu-
larly important.

Gallbladder carcinoma (GBC) is a malignant
tumour, which is a rank first in the extrahepatic
biliary tract in the world [1]. Due to the absence
of effective systemic therapy, surgical resec-
tion is the only effective treatment for GBC [2].
Its prognosis is poor, and the 5-year survival
rate is also poor [2, 3]. GBC greatly threatens
the human health. It is very important to iden-
tify prognostic factors and explore the possibil-
ity of the molecular targeted therapy for us to
improve the effect of the treatment. But there
has been no reliable molecular prognostic indi-

CIP2A (cancerous inhibitor of phosphatase 2A),
also known as KIAA1524 and p90, is located in
the 3ql3.13 of chromosomes, and is highly
expressed in many species of malignant tumors
(such as colon cancer, breast cancer , gastric
cancer cells, hepatocellular carcinoma, lung
adenocarcinoma, pancreatic ductal adenocar-
cinoma .etc.) [4-9]. So we speculated that it was
involved in the occurrence and development of
tumors.

c-myc which is located in the 8924 of chromo-

cator of the carcinoma of gallbladder yet. Thus,
determining the new, highly specific molecular
markers for assessing prognosis, also as poten-

somes is a central transcription factor, and can
promote cells’ process of anti-apoptosis, differ-
entiation, proliferation and so on. It can pro-
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Table 1. Expression of CIP2A® and c-myc in gallbladder carcinoma and
tumor-adjacent tissue tissues

Gallbladder carcinoma tissue Tumor-adjacent tissue P

Related factor

Negative (-) Positive (+)  Negative (-) Positive (+) value
CIP2A 23 (35.4) 42 (64.6) 14 (73.7) 5(26.3) 0.003
C-myc 27 (41.5) 38 (58.5) 16 (84.2) 3(15.8) 0.001

aCancerous inhibitor of phosphatase 2A.

Table 2. Analysis of CIP2A? and c-myc positive expression and related factors

CIP2A expression
N Negative Positive

C-myc expression
Negative  Positive

Related factor

January 2016 in the
First People’s Hos-
pital of Taicang and
19 cases of tumor-
adjacent tissues we-
re taken as the con-
trol group. The pres-
ent study was appro-
ved by the ethics
committee of the Fir-
st People’s Hospital
of Taicang, and all
tissue samples were
reviewed from pa-
tients with appropri-
ate informed con-
sent. The average
age of the 65 pa-
tients was 63.1 ran-
ging from 42 to 79
years old. None of
these patients recei-
ved pre-operative ch-
emotherapy or radio-
therapy. GBC pa-
tients in the experi-
mental group were
shown in Tables 1
and 2. TNM classifi-
cation system was

value value
@) () () (+)
Age (year)
>60 36 10(27.8) 26(72.2) 0.153 13(36.1) 23(63.9) 0.323
<60 29 13(44.8) 16(55.2) 14 (48.3) 15 (51.7)
Gender
Male 22 8(36.4) 14(63.6) 0.906 11 (50.0) 11(50.0) 0.322
Female 43 15(34.9) 28(65.1) 16 (37.2) 27 (62.8)
Size (cm)
<3 40 18 (45.0) 22(55.0) 0.040 23 (57.5) 17 (42.5) 0.001
>3 25 5(20.0) 20(80.0) 4(16.0) 21 (84.0)
Differentiation
Well 19 11(57.9) 8(42.1) 0.015 13(68.4) 6(31.6) 0.005
Moderate+poor 46 12 (26.1) 34 (73.9) 14 (30.4) 32 (69.6)
TNM stage
O- 14 9(64.3) 5(35.7) 0.011 11(78.6) 3(21.4) 0.002
-V 51 14 (27.5) 37 (72.5) 17 (31.4) 35 (68.6)
Lymphatic metastasis
Yes 27 4(14.8) 23(85.2) 0.004 7 (25.9) 20(74.1) 0.031
No 38 19(50.0) 19 (50.0) 20 (52.6) 18 (47.4)

based on American
Joint Committee on
Cancer (AJCC) in
2010 [16]. B-ultra-

aCancerous inhibitor of phosphatase 2A.

mote the occurrence and development of
tumors [10-12]. C-myc is easily degraded by
ubiquitin-protein [13, 14]. But, CIP2A can
increase the protein stability of c-myc by inhibit-
ing protein phosphatase (PP2A)-mediated
dephosphorylation of c-myc at serine 62 [15].

In present study, immunohistochemical method
is used to assay the expression of the CIP2A
and c-myc in 65 cases of GBC, and investigate
their clinical and pathological significance. They
may be useful to develop an easy diagnostic
and prognosis tool to monitor GBC.

Materials and methods
Patients enrolled

A total of 65 patients with GBC who accepted
surgical treatment between January 2011 and
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sound or CT scan

was performed once

at 3-month intervals
after surgery. They were followed up for 3 to 60
months after surgery via the telephone.

Immunohistochemical (IHC) analysis

The expression of CIP2A and c-myc were
detected by streptavidin-biotin-peroxidase
complex method based on previous publication
[47, 18]. In brief, Paraffin-embedded blocks
were cut into 4-um sections and baked. The
specimens were deparaffinized and rehydrat-
ed, and then incubated 10 min by 3% H202. The
specimens were incubated in citric acid buffer
solution and boiled it until the pressure of the
pressure cooker reached 0.14 MP for 1 min.
Rabbit polyclonal anti-CIP2A (1:100; Abcam,
Cambridge, UK) or rabbit monoclonal anti-c-
myc (1:150; Santa Cruz Biotechnology, Santa
Cruz, CA USA) was incubated with the speci-
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Figure 1. CIP2A were higher expressed in GBC tissues and its cytoplasm was stained brown (100x) (A). CIP2A were
lower expressed in GBC tissues and tumor cells were not stained (100x%) (C). C-myc were higher expressed in GBC
tissues and its nucleus was stained yellow (100x) (B). c-myc were lower expressed in GBC tissues and tumor cells
were not stained (100x) (D).
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Figure 2. Kaplan-Meier survival curves of GBC patients based on CIP2A expression (A) or C-myc expression (B).

mens overnight at 4°C. after the specimens antibody (1:250; Beyotime Institute of Biotech-
were rinsed with phosphate buffer saline (PBS), nology, Haimen, China), followed by further
they were treated with biotinylated secondary incubation with streptavidin-horseradish per-
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Table 3. Correlations between CIP2A? and
c-myc expression in gallbladder carcinoma
tissues

CIP2A  Contingency
- coefficien (r)
+ 34 4 0.617
8 19
aCancerous inhibitor of phosphatase 2A.

Smad4 X2 P

24.724 <0.001

oxidase complex (Beyotime Institute of
Biotechnology, Haimen, China). Drop the 100
uL DAB (Beyotime Institute of Biotechnology,
Haimen, China) solution to each section, and
then hematoxylin stains and washes them to
colorless. The CIP2A or c-myc antibody which
replaced by normal non-immune serum was
used as negative controls.

Evaluation of CIP2A and c-myc staining

Combined with a previous publication, the
slides were examined by two independent
pathologists who did not know the data of the
patients. Each slide was observed five views,
and 100 cells were observed in each view
under 400 times magnification. According to
the intensity and percentage of CIP2A and
c-myc staining, their expression were defined
as positive (moderate or strong, 5-100% posi-
tive cells) and negative (negative or mild, 0-4%
positive cells) [19].

Statistical analysis

SAS software version 9.2 and GraphPad Prism
version 5.0 were used for statistical analysis.
Statistical analysis was performed with a chi-
square (Tables 1 and 2). The correlation
between CIP2A and c-myc was tested by
Pearson x? test. The overall survival was per-
formed using the Kaplan-Meier method and
log-rank test.

The risk factors for overall survival were calcu-
lated with Kaplan-Meier method and Cox multi-
variate analysis. P values <0.05 were consid-
ered to indicate statistically significant.

Results

Relationship between CIP2A and c-myc expres-
sion and clinicopathological parameters

The cytoplasm and/or nucleus appearing yel-
low or brown granules were defined as positive
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expression of CIP2A, and positive (Figure 1A),
and negative (Figure 1C). The nucleus and/or
cytoplasm appearing yellow or brown granules
were defined as positive expression of c-myc,
and positive (Figure 1B), and negative (Figure
1D). As was shown in Tables 1 and 2, the posi-
tive rate of CIP2A was 64.6% in human GBC
which was higher than that in tumor-adjacent
tissues (26.3%), P=0.003. High levels of CIP2A
protein were significantly related to size, differ-
entiation, TNM stage and lymphatic metastasis
(P=0.040, P=0.015, P=0.011, and P=0.004,
respectively). However, CIP2A expression was
not associated with age and gender (P=0.153,
P=0.906, respectively). The positive rate of
c-myc was 58.5% in GBC tissues, which was
higher than that in tumor-adjacent tissues
(15.8%), P=0.001. The positive rate of c-myc
was significantly related to size, differentiation,
TNM stage and lymphatic metastasis (P=0.001,
P=0.005, P=0.002 and P=0.031, respectively).
However, c-myc protein expression was not
associated with age and gender (P=0.323 and
P=0.322, respectively).

Correlation between the expression of CIP2A
and c-myc and their survival

The correlation was shown in Figure 2. Kaplan-
Meier survival curves of GBC patients were
based on CIP2A or c-myc expression. Patients
with high CIP2A expression had significantly
worse survival compared to those patients with
low expression (P<0.001, log-rank test) (Figure
2A). Patients with high c-myc expression had
worse survival compared to those patients with
low expression (P<0.001, log-rank test) (Figure
2B).

Cox multivariate analysis showed that size,
TNM stage, lymphatic metastasis, CIP2A as
well as the c-myc expression were negatively
correlated with overall survival of GBC
(P=0.006, P=0.019, P=0.001, P=0.019 and
P=0.030, respectively). These suggested that
size, high stage of TNM, lymphatic metastasis,
high levels of CIP2A and c-myc were indepen-
dent risk factors for prognosis (Table 4).

Correlation between CIP2A and c-myc expres-
sion in GBC tissues and clinicopathological
parameters

There was a positive correlation between CIP2A

and c-myc expression in GBC tissues (r=0.617,
P<0.001), as was shown in Table 3.
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Table 4. COX analyses of different clinicopathological variables and
CIP2A and c-myc expression status as predictors for overall survival

vival of GBC. It was an inde-
pendent risk factor for prog-

in in gallbladder carcinoma tissues nosis.
[ _
) Hazard 9§A)Ha;ard ra P As CIP2A and the tumor’s
Variable . tio confidence . . . .
ratio limits value proliferation, migration me-
chanisms and so on devel-
Age (=60 vs. <60) 2.742 0.913 8.235 0.072 . .
op, we paid more attention
Gender (male vs. female) 0.698 0.298 1.639 0.409 to new drugs and gene ther-
Differentiation (well vs. moderately-poorly) 1.004 0.393 2.568 0.993 the CIP2A. Zhai et al then
TNM stage (O-l vs. 1I-IV) 5.452 1.327 22.399 0.019 adopted the method of RNA
Lymphatic metastasis (yes vs. no) 4.659 1.922 11.292 0.001 interference (RNAI) to trans-
CIP2A (positive vs. negative) 3.600 1.237 10.475 0.019 fect osteosarcoma MG-63
C-myc (positive vs. negative) 2639 1101 6.326 0030  Ccell toreduce expression of

Discussion

CIP2A has been found overexpressed in many
human cancers [4-9]. However, its Clinico-
pathological significance in gallbladder carci-
noma is still unknown. In this study, CIP2A
expression was observed in the cytoplasm
and/or nucleus, and the positive rate of CIP2A
in GBC was significantly higher than that of the
tumor-adjacent tissues. CIP2A expression in
well differentiation was much lower than that in
moderate-poor differentiation, and the higher
the differentiation was, the lower the positive
rate was. It suggested that CIP2A might partici-
pate in tumorigenesis of GBC. The positive rate
of CIP2A was closely related to the size, TNM
stage and lymphatic metastasis, which indicat-
ed that the CIP2A protein could lead to the inva-
sion and metastasis of tumor. Many scholars
believed that high expression of CIP2A tumor
patients had poor prognosis. Na Liu in naso-
pharyngeal carcinoma research found that
CIP2A high expression had shorter survival
time [20]. In the study of the pancreatic cancer
also found that CIP2A expression positive
patients’ survival rate was obviously lower than
that of CIP2A expression negative patients’
[21].

Therefore, CIP2A was expected to be an inde-
pendent tumor prognostic factor. Our follow-up
results also showed that the patients with
CIP2A overexpression had unfavorable effect
and the survival time was shorter than those
with low CIP2A expression. Cox multivariate
analysis also suggested that high CIP2A expres-
sion was negatively correlated with overall sur-
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CIP2A significantly, resulting
in the sharp decrease of the
ability of MG-63 cell's proliferation and inva-
sion [22]. Cantini L employed RNA interference
to lead siRNA into oral cancer cells (scc25,
cal25) to decrease the expression of CIP2A pro-
tein in cells, and the result was that the prolif-
eration and invasion ability of tumor cells was
significantly decreased [23]. CIP2A might be a
new target for gene therapy.

In the current study, c-myc expression was
observed in the nucleus and/or in cytoplasm
GBC cells. It found that the positive rate of
c-myc in GBC tissue cells were significantly
higher than that in the tumor-adjacent tissues.
C-myc expression was associated with the
tumor differentiation. It suggested that c-myc
might participate in tumorigenesis of GBC. The
positive rate of c-myc was closely related to the
size, TNM stage and lymphatic metastasis
which indicated that the c-myc protein could
lead to the invasion and metastasis of tumor.

Studies showed that patients with high c-myc
expression had poor prognosis [24, 25].

Our study also showed that patients with high
c-myc expression had significantly worse sur-
vival compared with those with low c-myc
expression. The Cox multivariate analysis also
suggested that high c-myc expression was an
independent risk factor for prognosis. It might
be helpful to consider the auxiliary diagnosis of
GBC, and judge the prognosis of patients.

Our study also found that the expression of
CIP2A was up-regulated, while the expression
of c-myc protein in GBC was up-regulated, and
they were positively correlated. CIP2A protein

Int J Clin Exp Pathol 2017;10(5):5868-5874
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was positively correlated with c-myc protein.
Some studies showed that CIP2A knockdown in
tumor cell lines decreased cell proliferation and
growth, and reduced c-myc levels [26, 27]. It
suggested that CIP2A mediates cancer pro-
gression via the c-myc signaling pathway.
However, it should be verified in a large sample
size of GBC patients. In future research, the
method of RNAi can be used to knock down
CIP2A expression, and studied on its impact on
the expression of c-myc in GBC cells. This may
be clarified its specific mechanism.

In conclusion, CIP2A and c-myc overexpression
were closely related to tumor progression and
metastasis in GBC. CIP2A and c-myc overex-
pression correlates to poor prognosis. CIP2A
was positively correlated with c-myc levels.
They may be helpful in the auxiliary diagnosis
and judging the prognosis for GBC patients. If
we make further research on it, it is hopeful to
become the new target for gallbladder gene
therapy.
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