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Abstract: Objective: To investigate the expression and clinical significance of annexin A7 in the differentiation and
lymphatic metastasis of gastric cancer (GC). Methods: The clinical and pathological data were recorded for analysis.
Immunohistochemical staining and Western blot were performed to analyze the expression of ANXA 7 in primary GC
tissues. Logistic regression analyses were conducted to evaluate the associations between annexin A7 expression
levels and differentiations of GC. Analyses of the ROC were conducted to determine the cut-off value of the ratio
of pixel density of annexin A7 for predicting lymphatic metastasis of GC. Results: A total of 162 GC patients were
enrolled in this study, and expression rate of annexin A7 was 65.4% in GC. The survival rate of patients with positive
expression of annexin A7 was lower than that in patients with negative expression (P=0.000). The results of COX re-
gression showed that the positive expression of annexin A7, submucosal confinement and pathological stage of GC
were associated with poor clinical outcomes. The ratio of pixel density value of primary GC tissues with PN 1-3 lym-
phatic spread was significantly higher than those in tissues with PN O lymphatic spread (0.56+0.09 vs. 0.42+0.07,
P < 0.05). ROC analysis showed a high area under the curve for the ratio of pixel density value of annexin A7 in
primary GC tissues. At a cut-off level of > 0.505, the ratio of pixel density value of annexin A7 exhibited 76.7% sen-
sitivity and 88.3% specificity for detecting lymphatic metastasis of GC. Conclusion: High annexin A7 expression is
associated with poor differentiation in GC patients, and it may be a predictor for lymphatic metastasis of GC.
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Introduction

Despite the developments of surgical tech-
niques and improvements of anticancer drugs
in recent years, gastric cancer (GC) is still one
of the most common malignancies in China and
the second leading cause of cancer death
worldwide [1]. The two most important prognos-
tic indicators for patients with GC are the dis-
ease stage at diagnosis and nodal status [2].
Therefore, identification of new diagnostic and
prognostic biomarkers for GC diagnosis is one
of the major goals in this field.

Annexins are Ca?'- and phospholipid-binding
proteins, which are associated with cell trans-
formation, cancer progression, and metastasis
[3]. Annexin A7, also named as synexin, belongs
to the group A annexin family. Previous studies
have found that the annexin A7 specifically
functions as a cancer promoter candidate in
majority of gastrointestinal cancers [4, 5].
However, effects of annexin A7 on the prolifera-

tion, migration and invasion of GC were still
unknown. In this study, therefore, we investi-
gated the expression and clinical significance of
annexin A7 in the differentiation and lymphatic
spread of GC.

Materials and methods

Patients and specimens

This study enrolled 162 patients with newly
diagnosed GC undergoing successful gastrec-
tomy in the Forth Hospital of Hebei Medical
University from September 2010 and March
2011, and there was no evidence of any other
malignancies. Tumor tissues and adjacent nor-
mal mucosa (at least 3 cm away from the edge
of tumor mass) were collected at a size of 1.0
cmx0.5 cmx0.5 cm. There was no evidence of
any other malignancies. Patients receiving pre-
operative chemotherapy or radiotherapy were
excluded. The clinical data on gender, age,
depth of tumor invasion, location, and tumor
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Table 1. Correlation between expression of annexin A7 and clini-

copathological factors of GC tissues
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Immunohistochemistry

Negative annexin Positive annexin

The surgically resected samples

Characteristic AT (n=56) A7 (n=106) Pvalue were formaldehyde-fixed (10%)
and paraffin-embedded. The par-

Age (yr) 0.767 affin blocks were serially sec-
<60 23 (41.1%) 41 (38.7) tioned into ten 4-um sections.
260 33 (58.9) 65 (61.3) After xylene dewaxing and rehy-
Gender distribution 0.536 dration using an ethanol gradient,
male 42 (75.0) 84 (79.2) the samples were incubated at
female 14 (25.0) 22 (20.8) room temperature in H,0, (3%) for
Differentiation oot 15 mi_r(‘jto remo;’_e_?”y ?”lﬁogegozs

eroxidase activity, followe

well 4(rD) 3(28) \r:/ashing with PBS.y Citrate buffe{
moderate 22(39.3) 23 (21.7) (0.01 M, pH 6.0) was used for anti-
poor 30(53.6) 80 (75.5) gen retrieval, and normal goat
Pathological stage 0.042 serum (5%) was used to block the
I 15 (26.8) 15 (14.2) samples at room temperature for

Il 14 (25.0) 17 (16.0) 40 min to block the heterogenetic

In 24 (42.9) 60 (56.6) antigens. Rabbit anti-annexin 7 po-

v 3(5.4) 14 (13.2) lyclonal antibody (Prqteintech Gr-
Submucosal confinement 0.047 gzz’ lirrl(c::ll;bj;‘gne%Oa(:IIZElgn())VZ?:igahq[-
early 10(17.9) 8(75) and washed with PBS. A biotin-
advanced _ 46 (82.1) 98 (92.5) conjugated, goat anti-rabbit IgG
Lymph node involvement 0.047 polyclonal antibody (Zhongshan
PN O 6(10.7) 18(16.1) Golden Bridge Inc.; 1:100 dilution)
PN 1-2 24 (42.9) 27 (24.1) was added, incubated at 37°C for
PN 3a-3b 26 (46.4) 61 (59.8) 30 min, and washed with PBS.
Tumor size 0.188 This was followed by the addition
<5 15 (26.8) 19 (17.9) of a horseradish peroxidase (HRP)-
>5 41 (73.2) 87 (82.1) conjugated streptavidin working

size were obtained from medical records, and
the data on histological differentiation as well
as the extent of lymph node involvement were
obtained from pathological reports. The histo-
logical diagnosis of gastric adenocarcinoma
was made according to the recommendations
of the World Health Organization. Tumor-node-
metastasis status was based on the 7th edition
of the American Joint Commission on Cancer
Staging System [6]. The study protocol was
approved by the Ethical Committee of the
Fourth Hospital of Hebei Medical University,
and the written informed consent about surgi-
cal specimens was given by all patients before
gastrectomy. Immunohistochemical staining
and Western blot were performed to analyze
the expression of ANXA 7 in primary GC tissues.
All patients were followed up for at least 3
years, and the methods of follow-up included
telephone call, E-mail and outpatient visiting.
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solution. Next, the samples were
washed with PBS, and DAB chro-
mogen was applied to the sample for color
development. The samples were then restained
with hematoxylin, dehydrated, cleared, and
mounted with neutral gum. PBS was substitut-
ed for the primary antibody as the negative
control.

The expression of annexin A7 was scored by
multiplying the intensity scores and the per-
centage area positively stained [7]. Briefly, the
intensity score was categorized into four
groups: no staining marked O; weak staining
marked 1; moderate staining marked 2 and
strong staining marked 3. For the percentage of
positively stained cells, the scores were sorted
from O to 4 (< 5% marked O; 5%-25% marked 1;
25%-50% marked 2; 51%-75% marked 3; 75%
marked 4). After such calculation, the finally
composite scores were divided into four grades:
0 and 1 were negative, 2-4 were weakly posi-
tive, 5-8 were moderately positive and 9-12
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Figure 1. Expression of annexin A7 in gastric carcinoma and its adjacent tissue. A. Negative expression of annexin
A7 in poor differentiation GC tissue (x400); B. Positive expression of annexin A7 in poor differentiation GC tissue
(x400); C. Negative expression of annexin A7 in high differentiation GC tissue (x400); D. Positive expression of an-
nexin A7 in high differentiation GC tissue (x400); E. Negative expression of annexin A7 in adjacent tissue (x400); F.
Positive expression of annexin A7 in adjacent tissue (x400).

were strongly positive. 2 and more than 2
scores were evaluated as positive results.

Western blot analysis

There were 30 GC tissues with poor differentia-
tion and 30 GC tissues with well/moderate dif-
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ferentiation from the 162 specimens using for
Western blot analysis. A RIPA lysis buffer (150
mM NaCl, 1% NP40, 0.5% sodium deoxycho-
late, 0.1% SDS, 50 mM Tris, pH 7.9, 10 mM
NaF, PMSF, and 1x protease inhibitors (com-
plete cocktail tablets, Roche)) was used to iso-
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Figure 2. Kaplan-Meier analysis showed that the survival rate of patients
with positive expression of annexin A7 was lower than that in patients with

negative expression (29.4% vs. 76.4%, P=0.000).

Table 2. Prognostic significance of selected variables concerning
survival at follow-up according to univariable Cox regression analy-

rabbit 1gG polyclonal antibody
(1:2,000 dilution) with HRP label-
ing was added and incubated at
37°C for 1 h and washed with
TBST. ECL chemiluminescence
reagents (Pierce, USA) were us-
ed for autoradiography. The ratio
of pixel density value of annexin
A7 was represented by the
annexin A7/GNPDH gray level
ratio. The gray level was ana-
lyzed using the Quantity One
software (Bio-Rad, USA).

group

ANXAT neaative

Staging of gastric cancer

In this study, we referred to the
classification established by the
Japanese Research Society for
GC [8], which defines early GC as
a lesion confined to the mucosal
or submucosal layer, and adva-
nced GC as a lesion invading the
proper muscle layer or deeper.
The nodal classification was
determined according to the In-
ternational Union Against Cancer
(UICC) TNM staging system for
gastric cancer [6], in which lymph

node metastasis is classified in-
to four groups: pN O, no metasta-
sis; pN 1, 1-2 positive lymph no-
des; pN 2, 3-6 positive lymph
nodes; pN 3a, 7-15 positive ly-
mph nodes; pN 3b, 15 or more
positive lymph nodes.

Statistical analysis

ses
. Differentiation of GC

Variables

HR 95% ClI P value
Positive annexin A7 2.940 1.309-6.604 0.009
Submucosal confinement 9.565 1.670-54.771 0.011
Pathological stage 2.226 1.200-4.127 0.011
Lymph node involvement 1.252 0.465-3.370 0.656
Tumor size 0.481 0.173-1.342 0.162
Gender 0.578 0.223-1.493 0.257
Age 1.110 0.499-2.467 0.799

late total protein from the primary GC tissues.
The Bradford assay was used to determine pro-
tein concentration. Forty micrograms of total
protein for each sample was electrophoretically
separated using SDS-PAGE and transferred
onto a PVDF membrane (Amresco, USA). The
membranes were blocked at room temperature
for 1 h in a TBST solution (10 mM Tris-HCI, pH
7.5, 150 mM NaCl, and 0.1% Tween-20) with
5% fat-free milk. The rabbit anti-annexin A7
polyclonal antibody (Proteintech Group Inc.,
1:200 dilution) and the rabbit anti-GNPDH poly-
clonal antibody (1:1,000 dilution) were added
and incubated at 4°C overnight. A goat anti-
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Absolute numbers and percent-
ages were computed to describe
the data. Continuous variables were expressed
as meantSD and were compared using the
unpaired t test for normally distributed and
Mann-Whitney U test for non-normally distrib-
uted variables. Categorical variables were
expressed as absolute or relative frequencies
and were compared using chi-square analyses
or the Fisher exact test, as appropriate to the
cell frequencies. Logistic regression analyses
adjusted for clinical data were conducted to
evaluate the associations between annexin A7
expression levels and differentiations of GC.
For the stepwise regression analysis, nominal
variables as well as numerical variables were
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Figure 3. Western blot shows the expression of annexin A7 is increased
in primary GC tissue with lymph node involvement. Cases 1, 2, and 3 in-
dicated the band of primary GC tissue with PN 1-3, and Cases 4, 5, and 6
indicated the band of primary GC tissue with PN 0. The protein band in GC

tissue with PN 1-3 was stronger.

Correlation between expression
of ANXA 7 and clinicopathologi-
cal factors of GC

The expression rate of annexin
A7 was 65.4% (106/162) in the
primary GC tissues and 31.5%
(51/162) in adjacent normal
mucosa by immunohistochemis-
try (P < 0.001). As shown in Table
1 and Figure 1, positive annexin
A7 correlated with differentia-

60+

407

Ratio of pixel densities

tion, and pathological stage, ly-
mph node involvement as well as
submucosal confinement (all P <
0.05). However, no differences
were found in age, gender distri-
bution, and tumor size between
different expression of annexin
A7. The cumulative survival rate
was 45.9% in all patients who
were finished 3-year follow-up.
Kaplan-Meier analysis was made
to analyze the relationship be-
tween annexin A7 expression
and the survival curve that was
drawn as Figure 2. The survival
rate of patients with positive
expression of annexin A7 was
lower than that in patients with

00

Lymph node classification

Figure 4. Ratio of pixel densities in primary GC tissues with different lymph

node classification. Note: compared with LN O, P < 0.05.

included. Analyses of the receiver operating
characteristic (ROC) were conducted to deter-
mine the cut-off value of the ratio of pixel den-
sity of annexin A7 for predicting the lymphatic
metastasis of GC. The cumulative survival was
analyzed according to the Kaplan-Meier meth-
od. The proportional hazard assumption was
checked for each categorical variable by use of
Cox regression. SPSS 19.0 for Windows (SPSS
Inc., Chicago, lllinois) was used for statistical
analysis. Values of P < 0.05 were considered
statistically significant.

Results

In this study, we evaluated the association of
expression of annexin A7 with differentiation
and lymphatic metastasis of GC in more details.
A total of 162 GC patients were enrolled. After
3-year follow-up, 5 cases were lost.
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negative expression (29.4% vs.
76.4%, P < 0.001).

The results of COX regression
showed that the positive expres-
sion of annexin A7, submucosal
confinement and pathological stage of GC were
associated with poor clinical outcomes (Table
2).

Annexin A7 expression confirmed by Western
blot

Western blot was performed to further deter-
mine whether the over-expression of annexin
A7 in the immunohistochemical staining of the
primary GC tissue was a reliable result. Faintly
stained band was present in all samples,
whereas relatively strong annexin A7 band was
observed in the poorly-differentiated tissues
with lymph node involvement (Figure 3).
Annexin A7 antibody showed an immunoreac-
tive band with an apparent molecular weight
was at 47-kDa. The ratio of pixel density value
of GC tissues with PN 1-3 lymphatic spread was
significantly higher than those in tissues with

Int J Clin Exp Pathol 2014;7(10):6567-6574
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rational approaches to the diag-
nosis and treatment of GC are still
unknown. Annexin A7 is a mem-
ber of the multigene annexin su-
perfamily of Ca?*- regulated and
phospholipids-binding  proteins.
Previous studies have shown that
the deregulation, loss of heterozy-
gosity and subcellular localization
of annexin A7 are associated with
the occurrence, invasion, metas-
tasis and progression of majority
of gastrointestinal cancers. It ap-
pears to promote the develop-
ment and malignancies of liver
cancer, gastric cancer, nasopha-
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Figure 5. Receiver-operating characteristic analysis shows a higher area
under the curve for ratio of the pixel density value of annexin A7 in primary
GC. At a cut-off level of > 0.505, the pixel density value of annexin A7
exhibited 76.7% sensitivity and 88.3% specificity for detecting lymphatic
metastasis of primary GC tissues. Area under the ROC curve: 0.882, 95%

Cl: 0.796-0.967, P < 0.001.

PN O lymphatic spread (0.56+0.09 vs. 0.42+
0.07, P < 0.05). Figure 4 shows a histogram of
the ratio of pixel density value comparison
between both groups.

Predicting effect of ratio of the pixel density
value of annexin A7 on lymphatic metastasis
of GC

Receiver-operating characteristic analysis sh-
ows a higher area under the curve for the ratio
of pixel density value of annexin A7 in primary
GC tissues with lymph node involvement. At a
cut-off level of > 0.505, the ratio of pixel den-
sity value of annexin A7 exhibited 76.7% sensi-
tivity and 88.3% specificity for detecting lym-
phatic metastasis of GC. Area under the ROC
curve was 0.882 (95% CI: 0.796-0.967, P <
0.001) (Figure 5).

Discussion

Gastric cancer remains one of the most deadly
human malignhancies [9], and GC invasion with
subsequent peritoneal metastasis is a major
cause of death in patients with advanced GC
[10]. However, the molecular mechanisms of
tumor formation and progression to develop
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ryngeal carcinoma, and colorectal
cancer [3].

The present study was designed
to investigate whether annexin A7
might be used as markers for dif-
ferentiations and lymphatic me-
tastasis of GC at the protein lev-
els. The results found that the
expression rate of annexin A7 was
65.4% in GC patients, which were
agreed with previous studies. The expression
rate of annexin A7 in different differentiated tis-
sues of GC were evaluated by immunohisto-
chemical and Western blot methods. In this
study, increased annexin A7 expression was
observed in different primary GC tissues, and
high expression level of ANXA 7 was identified
as an independent factor associated with poor
survival rate. Furthermore, an elevated annexin
A7 expression level correlated with the lym-
phatic metastasis of primary GC, which indicat-
ed that annexin A7 may be a predictor for lymph
node involvement of GC in human beings.

The annexin A7 gene is located on human chro-
mosome 10qg21, where multiple potential tu-
mor suppressor genes (TSG) exist. The annexin
A7 gene codes for a membrane-associated
Ca?*- activated GTPase and a protein kinase C
(PKC) substrate. Previous studies have found
that encoding annexin A7 protein has two hypo-
types with molecular masses of 47 and 51 kDa
[11, 12], and this was confirmed in our study
which showed the band with an apparent
molecular weight was at 47-kDa. The annexin
A7 protein is predominantly distributed in mem-
branes and to a lesser extent in the nucleus,
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and contains a long N-terminal domain of ~200
amino acids rich in glycine, tyrosine and proline
residues. In this study, we verified this conclu-
sion, and we found that and the pixed density
values were 0.56+0.09 and 0.42+0.07 in dif-
ferent levels of lymph node involvement in pri-
mary GC tissues, respectively.

Annexin A7 reversibly binds to acidic phospho-
lipids in a Ca?*- dependent manner. It is involved
in exocytotic secretion and in aggregation of
chromaffin granules. It causes liposome aggre-
gation and forms classical voltage-gated Ca?*
channels in cellular and artificial membranes,
which can be stabilized in long open states by
GTP [13-17]. Hsu et al. found that annexin A7
expression seemed to be significantly correlat-
ed with cell differentiation, metastasis and
TNM grade of GC, and over expression of an-
nexin A7 might play important roles in the dif-
ferentiation and metastasis of GC [18]. Ho-
wever, this discovery is currently still controver-
sial, and the results are different in recent stud-
ies. The reasons of different results in these
studies may be as follows: first, both of them
were small scale studies. Second, there may be
different histopathological types in both stud-
ies; further classification was not performed in
the two studies because of small samples.
Third, the methods used in our study were also
different from the previous ones.

The limitations of this study included small
sample size, no long-term survival observations
and without doing gRT-PCR for RNA expression
studies. Therefore, further studies were need-
ed to explore the correlation.

In summary, as we expected, we found charac-
teristics such as the positive expression of
annexin A7, submucosal confinement and path-
ological stage of GC were associated with poor
clinical outcomes. Receiver-operating charac-
teristic analysis showed a higher area under
the curve for the ratio of the pixel density value
of annexin A7 in primary GC tissue. At a cut-off
level of > 0.505, the ratio of pixel density value
of annexin A7 could be used for detecting lym-
phatic metastasis of GC with high sensitivity
and specificity. To our knowledge, this is the
first study to evaluate the expression of annex-
in A7 in GC tissue quantitively. The results could
contribute to a new diagnosis and therapeutic
strategy to control development and metasta-
sis of GC.
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