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Abstract. Annexin A2 is a calcium‑dependent phospholipid‑binding protein, involved in invasion, angiogenesis and
migration in cancer cells. The aims of the present study were
to evaluate the expression levels of annexin A2 and E‑cadherin
in gastric adenocarcinoma (GAC), and to investigate the
association between the expression of annexin A2 and that of
E‑cadherin and Ki67, in addition to various clinicopathological
factors. This study included 126 patients that were histopathologically diagnosed with GAC. Tissue samples were acquired
by surgical resection, and annexin A2 mRNA expression levels
were determined using reverse transcription‑quantitative
polymerase chain reaction. Annexin A2, E‑cadherin and Ki67
protein expression levels were detected using western blot analysis and/or immunohistochemical staining. The expression of
annexin A2 mRNA and protein was significantly upregulated
in the GAC tissues. Annexin A2 expression was detected in
52/126 cases (41.3%) of gastric cancer (GC), and correlations
were identified between annexin A2 expression and Tumor,
Node, Metastasis (TNM) stage (P=0.002), lymph node metastasis (P=0.016) and distal metastasis (P=0.005). The positive
expression rates of E‑cadherin and Ki67 in the tumor tissue of
patients with GAC were 27.8% (35/126) and 56.2% (71/126),
respectively. A negative correlation was observed between
the expression of annexin A2 and E‑cadherin (P<0.001). No
significant association was detected between the expression
levels of annexin A2 and Ki67 (P=0.801). In conclusion,
upregulated annexin A2 expression was associated with lymph
node metastasis, distal metastasis, advanced TNM stage and
E‑cadherin expression in patients with GAC. The association
between the expression of annexin A2 and that of E‑cadherin
may indicate an underlying mechanism by which annexin A2
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contributes to the metastasis in GC, and thus annexin A2 may
represent a potential target for the treatment of GAC.
Introduction
Gastric cancer (GC) is the second most common cause of
cancer‑associated mortality worldwide (1), particularly in
developing countries. The diagnosis and treatment of GC
has improved; however, the 5‑year overall survival rate of
patients with GC remains poor (2). Recurrence remains the
primary obstacle to the treatment and prognosis of this condition. Tumorigenesis is usually accompanied by the abnormal
expression of genes. Therefore, it is crucial to identify effective
diagnostic biomarkers and therapeutic targets for GC.
Annexin A2 is a 34‑36 kDa protein that belongs to a
family of calcium‑dependent, phospholipid‑binding proteins.
Annexin A2 is involved in various biological functions that
depend on its intracellular localization, including cell proliferation, apoptosis, cell migration, invasion, angiogenesis and
cell‑cell adhesion (3‑5). In addition, annexin A2 functions as
a potential candidate receptor for the tissue‑type plasminogen
activator and tenascin C on the tumor cell surface (6).
Numerous studies have confirmed that annexin A2 exhibits
varying expression patterns in different tumor types. For
example, studies have demonstrated that annexin A2 is upregulated in GC (7), pancreatic cancer (8), colorectal cancer (9)
and brain cancer (3), and downregulated in oral squamous cell
carcinoma (10), intestinal‑type sinonasal adenocarcinoma (11)
and prostate cancer (12). To date, the exact function served by
annexin A2 in the development, metastasis and progression of
GC remains unclear.
E‑cadherin and Ki67 are key diagnostic and prognostic
markers of GC (13,14). The aim of the present study was to
evaluate the expression of annexin A2, E‑cadherin and Ki67 in
gastric adenocarcinoma (GAC), to investigate a possible correlation between annexin A2, E‑cadherin and Ki67 expression,
and to further elucidate the clinical significance of annexin A2
in the metastasis of GC.
Materials and methods
Clinical GC samples. GC tissues and paired adjacent normal
tissues were collected from patients with primary GAC who
underwent curative surgical resection between 2008 and
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2010 at the Second Affiliated Hospital of Zhejiang University
School of Medicine (Zhejiang, China). The diagnosis of
each case was confirmed independently by two pathologists.
Tumors were staged using the Union Internationale Contre
le Cancer (UICC) staging system (15). Clinicopathological
features including age, gender, differentiation degree, lymph
node metastasis, distal metastasis, venous invasion and Tumor,
Node, Metastasis (TNM) stage are detailed in Table I.
This study received approval from the ethics committee
of Zhejiang University (Zhejiang, China). All patients with
GAC provided written informed consent for the use of clinical
specimens in medical research prior to participating.
RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR) analysis. The total RNA
from tissues was extracted using TRIzol reagent (Invitrogen
Life Technologies, Carlsbad, CA, USA) in accordance with
the manufacturer's instructions. The quantity and the quality
of RNA were evaluated using a NanoDrop 1000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA).
RNA was reverse‑transcribed into cDNA using a Reverse
Transcriptase M‑MLV kit (Promega Corporation, Madison,
WI, USA). The expression of annexin A2 was evaluated
using an ABI PRISM 7700 Sequence Detection System
(Applied Biosystems Life Technologies, Beijing, China). PCR
amplifications were performed in a total volume of 50 µl,
consisting of 2 µl template cDNA and 48 µl PCR master mix
containing dNTP mixture, forward and reverse primers, Taq
DNA polymerase and reaction buffer (SYBR Green I Master
Mix; Invitrogen Life Technologies). The annexin A2 sense
primer sequence was 5'‑GATTAGAATCATGGTCTCTCG‑3'
and the antisense primer sequence was 5'‑TTAGTGGAGAGC
GAAGTCTC‑3' (16). For the GAPDH gene, the sense primer
was 5'‑TGAACGG GAAGCTCACTGG‑3' and the antisense
primer was 5'‑TCCACCACCCTGTTGCTGTA‑3' (17).
PCR cycling conditions were as follows: 5 min at 95˚C
initial denaturation, followed by 25 cycles of denaturation at
95˚C for 30 sec, combined annealing at 55˚C for 30 sec and
primer extension at 72˚C for 30 sec. Each sample was run
in triplicate and the gene expression levels were normalized
against the level of GAPDH. Gene expression levels were
described as the ratio between two absolute measurements
(gene of interest/endogenous reference gene) (18).
Western blot analysis. Fresh cancer tissue samples were
frozen in RIPA lysis buffer (Sigma‑Aldrich, St. Louis,
MO, USA) according to the manufacturer's instructions.
Denatured protein was separated on sodium dodecyl sulfate
(SDS)‑polyacrylamide gel (10% acrylamide) and transferred
to polyvinylidene fluoride membranes (Bio‑Rad Laboratories,
Inc., Hercules, CA, USA). After blocking with 5% fat‑free milk
in Tris‑buffered saline (pH 7.5) for 60 min, the membrane was
incubated with a monoclonal primary anti‑human annexin A2
antibody (sc‑28385; 1:500; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) overnight at 4˚C. After incubation with
primary anti‑human annexin A2 antibody, respective horseradish peroxidase‑conjugated secondary antibodies were
added. Bands were subsequently visualized using a chemiluminescence detection system (EMD Millipore, Billerica, MA,
USA) and density was determined using an image analyzer.

Human β‑actin (KangChen Bio‑tech Inc., Shanghai, China)
was used as an internal reference at a dilution of 1:500.
Immunohistochemistry (IHC) assay. The paraffin‑embedded
tissues fixed in 10% (v/v) neutral buffered formalin were cut
into 5‑µm sections. Tissue sections were deparaffinized in
xylene and rehydrated in a graded series of ethanol. Endogenous
peroxidase activity was blocked with 0.3% hydrogen peroxide
in methanol for 60 min. Following heat‑induced epitope
retrieval at 37˚C for 30 min, the tissue sections were incubated
with a monoclonal anti‑human annexin A2 antibody (1:500,
Santa Cruz Biotechnology, Inc.), mouse monoclonal antibodies
against Ki67 (1:50; Dako Denmark A/S, Glostrup, Denmark)
and E‑cadherin (1:100; Cell Signaling Technology Inc.,
Danvers, MA, USA). After washing with phosphate‑buffered
saline, sections were incubated with secondary antibodies for
20‑30 min at room temperature. Then, the sections were washed
thoroughly in distilled water, counterstained with hematoxylin
and mounted on glass slides. 3,3'‑Diaminobenzidine (Dako
Denmark A/S) was used as the chromogen. Negative controls
used mouse IgG instead of primary antibody. The degree of
immunostaining was scored independently by two pathologists blinded to the patients' information with the resolution of
disagreements by consensus.
Immunohistochemical evaluation. For the scoring of
annexin A2 and Ki67 protein expression levels, the extent
and intensity of positive staining were considered. The
extent of positivity was scored according to the percentage of
cells showing positive staining, as follows: 0, <5% positive;
1, 5‑25% positive; 2, 26‑50% positive; and 3, >50% positive.
Staining intensity was scored as follows: 0 (‑, no staining); 1 (+,
weak staining); 2 (++, moderate staining); and 3 (+++, strong
staining). The final staining scores of annexin A2 and Ki67
were analyzed by multiplying the extent of positivity score
and the staining intensity score, yielding a total score ranging
between 0 and 9 (19). Optimal cut‑off values were identified as
follows: For annexin A2, a staining index score of ≥2 defined
a tumor as annexin A2 positive, and a staining index score of
<2 defined a tumor as annexin A2 negative. For Ki67, a tumor
with a score ≥4 was designated Ki67 positive, and a tumor
with a score of <4 was designated Ki67 negative.
For scoring E‑cadherin protein expression, the intensity of
positive staining was considered. The intensity of E‑cadherin
staining was subdivided into four categories: 0 (‑), no positive
cells; 1 (+), <25%; 2 (++), 25‑50%; and 3 (+++), >50% positive
cells. Only tumors scored as >1 were classified as positive for
the expression of the protein, otherwise they were considered
to be negative for E‑cadherin expression (20).
Statistical analysis. Data are presented as the mean ± standard
error of the mean. The statistical analysis was performed using
SPSS software, version 16.0 (SPSS, Inc., Chicago, IL, USA.
The paired t‑test was used to determine the correlation between
the quantity of annexin A2 mRNA expression in cancer and
matched non‑cancerous tissues. The χ2 test, Fisher's exact tests
and Spearman's correlation analysis were used to determine
correlations between annexin A2, E‑cadherin and Ki67 expression levels and various clinicopathological factors. P<0.05 was
considered to indicate a statistically significant difference.
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Table I. Association of annexin A2 expression and clinicopathological features in patients with gastric adenocarcinoma.

Characteristic

Cases (n=126)

Annexin A2 expression
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Positive (n=52)
Negative (n=74)

Age (years)				
>60
75
34
41
≤60
51
18
33
Gender				
Male
70
27
43
Female
56
25
31
Differentiation				
High + moderate
71
31
40
Poor
55
21
34
TNM stage				
Ⅰ+Ⅱ
69
20
49
Ⅲ+Ⅳ
57
32
25
Venous invasion				
Absent
54
19
35
Present
72
33
39
Lymph‑node metastasis				
Negative
64
20
44
Positive
62
32
30
Distal metastasis				
Negative
82
17
65
Positive
44
35
9

χ2

P‑value

1.262

0.174

0.473

0.31

0.384

0.331

9.496

0.002a

1.443

0.154

5.387

0.016a

7.860

0.005a

P<0.05. TNM, Tumor, Node, Metastasis.

a

Results
Annexin A2 mRNA and protein expression levels in GAC
tissue. The mRNA and protein expression levels of annexin A2
in cancer tissues and paired non‑cancerous tissues obtained
from 96 patients with GAC were quantified using RT‑qPCR.
The annexin A2 protein expression levels in cancer tissues and
paired non‑cancerous tissues obtained from 16 patients with
GAC were determined using western blot analysis. The expression of annexin A2 mRNA in the GAC tissues was significantly
higher compared with that in the paired non‑cancerous tissues
(1.27±0.094 vs. 0.77±0.062; P<0.001; Fig. 1A), and annexin A2
protein expression levels were higher in the tumor tissues than
in the non‑cancerous tissues (Fig. 1B).
Correlation between annexin A2 expression and clinicopath‑
ological factors in patients with GAC. In order to elucidate
the clinical significance of annexin A2 in the development
of GAC, the association between annexin A2 protein expression and various clinicopathological factors was evaluated.
Annexin A2 expression was assayed using IHC in tissue
samples from 126 patients with GAC. Annexin A2 immunoreactivity was detected in 41.3% (52/126) patients with GAC.
Furthermore, annexin A2 was observed to be predominantly
localized in the cell membrane of primary cancer cells, while
cytoplasm staining was also detected in certain samples

A

B

Figure 1. Alterations in annexin A2 mRNA and protein expression profiles between gastric cancer tissues and paired non‑cancerous tissues.
(A) Expression of annexin A2 mRNA in fresh gastric adenocarcinoma tissues (T) and matched normal tissues (N) from 96 patients was detected using
reverse transcription‑quantitative polymerase chain reaction. Annexin A2
expression levels were normalized against those of GAPDH and expressed in
terms of the threshold cycle (CT) ratio. Error bars represent the mean ± standard error of the mean (**P<0.001). (B) Expression of Annexin A2 in gastric
cancer tissues (N) and matched non‑cancerous tissues (T) from 16 patients
was detected by western blot analysis. β ‑actin protein levels served as an
internal control.
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Figure 2. Immunohistochemical analysis of annexin A2 expression in gastric adenocarcinomas (magnification, x100). (A and B) Negative expression of
annexin A2 in tumor tissues. (C and D) Positive expression of annexin A2 in tumor tissues.

A

B

D

C

Figure 3. Immunohistochemical analysis of Ki67 expression in gastric adenocarcinomas (magnification, x100). (A and B) Negative expression of Ki67 in tumor
tissues. (C and D) Positive expression of Ki67 in tumor tissues.

A

B

C

D

Figure 4. Immunohistochemical analysis of E‑cadherin expression in gastric adenocarcinomas (magnification, x100). (A) Negative staining of E‑cadherin in
tumor tissues. (B) Mild positive reactions in cellular membrane of carcinomatous tissues, score 1+. (C) Moderate membrane staining, score 2+. (D) Strong
membrane staining, score 3+.

(Fig. 2). The expression of annexin A2 protein was found to
be significantly associated with TNM stage (P=0.002), lymph
node metastasis (P=0.016) and distal metastasis (P=0.005),
but did not correlate with age, gender, venous invasion and
differentiation (P>0.05; Table I).
Association between the expression levels of annexin A2,
E‑cadherin and Ki67. In order to investigate the mechanism
underlying the function of annexin A2 in the development and
progression of GAC, the association between the positive rates
of annexin A2, E‑cadherin and Ki67 expression was investigated in GAC tissue samples from 126 patients. In the IHC
analysis, the staining intensity and the extent of immunoreactive cells were observed to vary among the studied cases. The
positive expression rates of E‑cadherin and Ki67 in the tumor
tissue samples of patients with GAC were 27.8% (35/126) and
56.2% (71/126), respectively. Ki67 expression was located in
the nuclei of the GC cells (Fig. 3) whereas E‑cadherin immunohistochemical staining was located at the cell membrane
(Fig. 4). A negative correlation was observed between the
expression of annexin A2 and that of E‑cadherin (r=‑0.268,

P=0.002; Table II). No association was detected between the
expression of annexin II and that of Ki67 (r=0.023, P=0.801;
Table III). These results indicate that annexin A2 may be
involved in the metastasis of GAC, as a negative correlation
was observed between the expression of annexin A2 and that
of E‑cadherin (r=0.268 and P=0.002; Table II)
Discussion
Annexin A2 is a multifunctional protein, implicated in
several membrane‑associated processes including fibrinolysis, exocytosis and endocytosis, cell‑cell adhesion and
membrane‑cytoskeletal interaction (21). In the present study,
GAC tissues exhibited >1.5‑fold increased expression of
annexin A2 mRNA and elevated annexin A2 protein expression compared with that in paired non‑cancerous tissues. The
upregulation of annexin A2 was significantly associated with
TNM stage, lymph node metastasis and distant metastasis
in patients with GAC, suggesting that annexin A2 serves a
crucial function in the metastasis and progression of GAC.
Notably, no association was detected between the expression of
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Table II. Correlation between the expression of annexin A2
and E‑cadherin.

Annexin A2
Positive (n=52)
Negative (n=74)

E‑cadherin expression
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Positive Negative
(n=35)
(n=91)
R‑value
7
28

45	‑0.268
46

P‑value
0.002

Table III. Correlation between the expression of annexin A2
and Ki67.

Annexin A2
Positive (n=52)
Negative (n=74)

Ki67 expression
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Positive Negative
(n=71)
(n=55)
30
41

22
33

R‑value

P‑value

0.023

0.801

annexin A2 and the differentiation, venous invasion and Ki67
expression in GAC tissue, indicating an independent mechanism underlying the role of annexin A2 in the development
of GAC. These results are consistent with a previous study by
Zhang et al (19), which demonstrated that GC tissues present
increased expression of annexin A2. In addition, the previous
study observed that the expression of annexin A2 correlated
with age, tumor location, tumor size, differentiation, histological type, depth of invasion, vessel invasion, lymph node
metastasis, distant metastasis and TNM stage, poor outcome
and with the expression of S100A6. Annexin A2 heterotetramer functions as a high‑affinity receptor/binding protein
for multiple extracellular ligands that have been implicated in
cancer development, invasion and metastases. These ligands
include cathepsin B, plasminogen, the tissue‑type plasminogen
activator, tenascin‑C and collagen. Cathepsin B is upregulated
in a variety of tumors, particularly at the invasive edges, and is
able to degrade extracellular matrix (ECM) proteins and activate the precursor form of the urokinase plasminogen activator,
thereby initiating an extracellular proteolytic cascade (22,23).
Annexin A2‑mediated protease activation in cancer progression may contribute to tumor detachment, invasiveness and
metastasis.
The role of annexin A2 may depend on the cellular
and genetic context. In the present study, the expression
of annexin A2 was observed to be associated with lymph
node metastasis, distal metastasis and E‑cadherin expression in GAC tissues. Metastasis accounts for the majority of
GC‑associated mortality. A number of studies have associated
epithelial‑to‑mesenchymal transition (EMT) with cancer
progression and metastasis in patients with GC. E‑cadherin
is a calcium‑dependent cell adhesion molecule that is the
primary constituent of the epithelial cell junction system and
a key factor involved in EMT (14,20,24). As a result of the
downregulation of E‑cadherin expression, the cell adhesion
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among tumor cells in the primary tumor is weakened, and
thus tumor cell invasion and metastasis occurs more readily.
In addition to supporting cell‑cell adhesion, E‑cadherin is able
to affect a wide range of cellular functions, including activation of cell signal pathways, regulation of the cytoskeleton and
control of cell polarity. Previous studies have demonstrated
that E‑cadherin expression is associated with metastasis
and poor prognosis in patients with GC (14). Therefore, we
hypothesize that the association between annexin A2 expression and E‑cadherin may be among the mechanisms by which
annexin A2 contributes to the metastasis of GC.
Expression levels of annexin A2 have been investigated in
a variety of human malignancies (25). In human breast cancer
tissue, annexin A2 appears to be associated with the invasiveness of malignant cells and neoangiogenic activity (26).
Proteomic proﬁling of colorectal cancer revealed higher
expression of annexin A2 in tumors that had progressed to
lymph node metastases compared with localized tumors (27).
The upregulation of annexin A2 expression in pancreatic,
colorectal and brain tumors was directly correlated with
advanced clinical stage (8). Zheng et al (4) observed that cell
surface‑localized annexin A2 is increased in pancreatic ductal
adenocarcinoma (PDA), whereas normal pancreatic ductal
epithelial cells exhibit weak IHC staining. Furthermore, the
authors found that Annexin A2 is predominantly localized
at the cell membrane in PDA cell lines with high invasive
capacity, whereas annexin A2 is present predominantly in the
cytoplasm of cell lines with low invasive capacity. The study
demonstrated that the Tyr23 phosphorylation of annexin A2
promotes the EMT of PDA cells and is a possible mechanism
by which annexin A2 localizes to the PDA cell membrane and
promotes the invasiveness and metastasis of PDA (4).
There may be other mechanisms involved in the role of
annexin A2 in the development of GC. Annexin A2 may also
function as an alarm in the immune system (28). Annexin A2
activates macrophages, stimulating MAPK and NF‑ κ B
signaling pathways and inducing the production of key cytokines involved in the establishment of inﬂammation, such as
TNF‑α, IL‑1β and IL‑6. These cytokines are highly expressed
in association with the development of gastric dysplasia and
the metastasis of GC.
The co‑localization of annexin A2 with its binding
proteins, including t‑PA, S100A10, tenascin C and cathepsin B,
facilitates the proteolytic cascade leading to the activation of
pro‑enzymes and the selective degradation of ECM components which regulate cancer cell properties and enhance
metastasis. A previous study indicated that S100A10 serves a
crucial function in tumor growth, angiogenesis, invasion and
metastasis (29). Another study observed that when stimulated
with plasmin, the serine phosphorylation of annexin A2
increases significantly, triggering the dissociation of the
(A2/p11)2 tetramer. Simultaneously, tyrosine phosphorylation
of annexin A2, which is required for its translocation to the cell
surface, is markedly reduced. The resulting free p11 undergoes
ubiquitin‑mediated proteasomal degradation (30). Cancer cells
utilize plasmin and other proteases, such as cathepsin B and
matrix metalloproteases, to proteolyze the ECM and basement membrane in order to metastasize to the circulation.
Tumor‑associated cells, such as macrophages, also require
proteolytic activity in order to migrate from the circulation
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into the tumor stroma. Therefore, proteolytic activity is used
by cancer cells and cancer‑associated cells during oncogenesis
and metastasis (29).
In conclusion, upregulated annexin A2 expression was
observed to be associated with lymph node metastasis, distal
metastasis and advanced TNM stage in GAC tissue samples.
The interaction between annexin A2 and E‑cadherin may be
among the mechanisms by which annexin A2 contributes to
the metastasis of GC.
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