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Annexin A7 expression is downregulated in late-stage
gastric cancer and is negatively correlated with
the differentiation grade and apoptosis rate
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Abstract. Annexin A7 is a member of the Annexin A
family, which participates in various biological processes.
Accumulating evidence has demonstrated that Annexin A7
serves an important role in tumorigenesis and is dysregulated
in multiple types of cancer. However, the role of Annexin A7
in the tumorigenesis of gastric cancer remains to be deter-
mined. The present study revealed that Annexin A7 expression
is downregulated in late-stage gastric cancer and is negatively
correlated with the differentiation grade and apoptosis. There
was a significant difference in Annexin A7 mRNA and protein
expression in gastric cancer samples with distinct differen-
tiation grades, with the lowest expression being observed
in the highly differentiated cases. A terminal deoxynucle-
otidyl-transferase-mediated dUTP nick end labelling assay
demonstrated that the apoptosis indices of highly, moderately
and poorly differentiated gastric cancers were 18.12+2.40,
9.73+1.73 and 4.13+0.83%, respectively, with statistical signifi-
cance (P<0.05). Flow cytometric analysis demonstrated that
the apoptosis rates of gastric cancer MKN74, SGC7901 and
BGCR823 cells were 10.07+1.21, 7.11+1.04 and 4.25+1.02%,
respectively, with statistical significance (P<0.05). Spearman's
rank correlation analysis revealed that the Annexin A7 mRNA
and protein levels were negatively correlated with the differen-
tiation grade of the gastric cancer tissues, while the apoptosis
index was positively correlated with the differentiation grade
of the gastric cancer tissues. Furthermore, the apoptosis
index was negatively correlated with Annexin A7 mRNA and
protein expression. Similar associations were observed among
Annexin A7 expression, differentiation grades and apoptosis
in gastric cancer cell lines. The results of the present study
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demonstrated that Annexin A7 expression is downregulated,
while apoptosis is upregulated, with the progression of
gastric adenocarcinoma. These observations suggested that
Annexin A7 may inhibit apoptosis during tumorigenesis and
that it is a potential biomarker for the diagnosis, prognosis and
treatment of gastric adenocarcinoma.

Introduction

Gastric cancer is one of the most common types of
malignancy worldwide and was the second leading cause of
cancer-associated morbidity and mortality in China in 2015 (1).
The main treatment for gastric cancer is surgery; however, due
to the absence of symptoms in early gastric cancer, as well as
the lack of simple and sensitive screening methods, over half
of patients are diagnosed at advanced stages and have missed
the opportunity for radical surgery. Therefore, it is important
to identify and validate biomarkers for the early diagnosis of
gastric cancer.

Annexin is a member of the calcium ion-dependent
phospholipid-binding protein superfamily that contains
A, B, C, D and E families, which all have similar chemical
structures (2). Annexin has N-terminal calcium- and
phospholipid-binding domains, and a conserved C-terminal
membrane phospholipid-binding domain. The differences
among the family members are the various lengths and
sequences of the N-terminal structural domains (3). The
Annexins expressed in vertebrate cells are in the Annexin A
family, which contains 12 members (Annexin Al to All,
and A13). Annexin A family members participate in various
biological processes, including cytoskeletal structure and
activity, pinocytosis, exocytosis, conformation and activation
of cell membrane receptors, function of cell transmembrane ion
channels, cell signaling, as well as cell division, proliferation,
differentiation and apoptosis (3-8). The human Annexin A7
gene was first identified in the 1970s by Creutz et al (9) and
is expressed in various tissues (10,11). Annexin A7 regulates
cell growth, differentiation, proliferation and apoptosis
by inhibiting coagulation and phospholipase A2 activity,
promoting cell secretion, accelerating chromaffin particle
gathering and modulating cell signal transduction (4,12-14).
Annexin A7-knockout mice develop spontaneous tumors (15).
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Furthermore, a number of studies have demonstrated that
Annexin A7 serves an important role in tumorigenesis and
that it is dysregulated in multiple types of tumor tissue (16).
However, the roles of Annexin A7 in tumorigenesis remain
inconclusive. Annexin A7 is downregulated in malignant
glioma (17), glioblastoma multiform (18), melanoma (19) and
prostate cancer (20), but it is upregulated in liver cancer (16),
gastric cancer (21), nasopharyngeal carcinoma (22), colorectal
cancer (23), cervical squamous cell carcinoma (24) and breast
cancer (25). These observations indicated that Annexin A7
may either suppress or promote tumorigenesis, depending
on the type of tumor. Therefore, it is important to further
elucidate the molecular mechanisms of Annexin A7 in the
tumorigenesis of different types of cancer.

Previously, we reported that the expression of Annexin A7
is upregulated in gastric cancer tissues, compared with
para-carcinoma tissues, and that a high expression of Annexin A7
is a predictive factor for lymphatic metastasis of gastric
cancer (26). However, the expression status of Annexin A7
in different stages of gastric cancer remains unknown. In
addition, evasion of apoptosis serves a key role in gastric cancer
progression, but the association between Annexin A7 expression
and gastric cancer cell apoptosis remains unclear.

In order to assess the associations between Annexin A7
expression, and tumor differentiation and apoptosis, the
present study analyzed the expression of Annexin A7
and detected apoptosis in gastric cancer clinical tissues
and cell lines with various differentiation grades through
reverse transcription-quantitative polymerase chain reaction
(RT-qPCR), western blot analysis, terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling (TUNEL) and
flow cytometry experiments.

Materials and methods

Cell lines and reagents. The highly differentiated human
gastric adenocarcinoma MKN74 cell line, the moderately
differentiated human gastric adenocarcinoma SGC7901 cell
line and the poorly differentiated human gastric adenocarci-
noma BGC823 cell line were provided by the Fourth Hospital
of Hebei Medical University (Hebei, China). All cell lines
were maintained in RPMI-1640 medium (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) containing
10% fetal bovine serum (Hangzhou Sijiqing Biological
Engineering Materials Co., Ltd., Hangzhou, China), 100 U/ml
penicillin and 100 mg/ml streptomycin in a saturated humidity
incubator with 5% CO, at 37°C.

Collection and preparation of gastric cancer specimens
of various differentiation grades. A total of 85 fresh gastric
cancer specimens were collected from patients who had been
diagnosed with gastric cancer and had undergone either radical
distal gastrectomy, proximal subtotal gastrectomy or total
gastrectomy in the Department of General Surgery of the Fourth
Hospital of Hebei Medical University between January 2013 and
March 2014. Of the patients, 49 were male and 36 were female,
with a mean age of 55+6.2 years (range: 39-79 years). Patients
who also had other malignancies and had received preopera-
tive radiotherapy, chemotherapy or biotherapy were excluded.
The patients were confirmed as having gastric adenocarcinoma
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through postoperative pathology, and the numbers of highly,
moderately and poorly differentiated gastric adenocarcinoma
cases were 23, 30 and 32, respectively. Each specimen was
divided into three sections following surgical removal, and
those used for RT-qPCR and western blot analysis were imme-
diately placed into liquid nitrogen for quick freezing, and were
subsequently transferred and stored at -80°C. The tissues used
for TUNEL staining were fixed with 4% paraformaldehyde at
room temperature for 48 h, embedded in paraffin and routinely
sliced (5-um thick). The aforementioned study protocol was
approved by the Ethics Committee of the Fourth Hospital of
Hebei Medical University and all patients provided preopera-
tive written informed consent.

RT-gPCR. Total RNA was extracted from tissues and cells
using the TRIzol one-step method (Invitrogen; Thermo Fisher
Scientific, Inc.), and the integrity, content and purity of the RNA
was detected through agarose gel electrophoresis and ultraviolet
spectroscopy, respectively. Total RNA (5 ug) was reverse
transcribed to cDNA using an M-MLV reverse transcription
kit (Promega Corporation, Madison, WI, USA), and gPCR was
conducted using SYBR-Green (Promega, Corporation) on a
fluorescence quantitative PCR machine (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The reaction conditions were
as follows: Pre-denaturation at 95°C for 5 min; 40 cycles of
denaturation at 95°C for 15 sec, annealing at 60°C for 34 sec,
and extension at 72°C for 25 sec; followed by denaturation
at 95°C for 15 sec, annealing at 57°C for 1 min, and termination
with extension at 95°C for 30 sec. The primer sequences were
as follows: Annexin A7 forward, 5'-GTATCCACAGCCACC
TTCACAGTC-3' and reverse, 5'-CGCTGAGTACGTCGTGGA
GTC-3"; and GAPDH forward, 5-CGCTGAGTACGTCGT
GGAGTC-3' and reverse, 5-GCTGATGATCTTGAGGCT
GTTGTC-3'. The PCR primers were synthesized by Beijing
Dingguo Changsheng Biotechnology Co., Ltd. (Beijing, China).
GAPDH was used as the internal reference gene, and the
expression level of mRNA of the target gene was measured by
the quantitative cycle (Cq) method (27), the formulas of which
were as follows: ACq (test)=Cq (target, test)-Cq (ref, test); and
ACq (calibrator)=Cq (target, calibrator)-Cq (ref, calibrator).
The ACq value of the calibrator was used to normalize that of
the test, which was AACq=ACq (test)-ACq (calibrator). Finally,
the relative expression (RQ) of the target gene was calculated
by RQ=244%4 The value of 22 in the measurement group
was set as 1; therefore, the multiple proportion relations of other
experimental groups relative to the measurement group were
obtained (27,28). The mean of three experiments was taken as
the actual value of each sample.

Western blot analysis. Total protein was extracted from the
gastric cancer tissues and cell lines using radioimmunopre-
cipitation assay lysis buffer (1% Nonidet P-40, 0.5% sodium
deoxycholate and 0.1% SDS in 1x phosphate buffer solution)
containing protease inhibitors (2 pg/ml aprotinin, 2 pg/ml
leupeptin and 1 M phenylmethane sulfonyl fluoride) for 30 min
on ice. The protein concentration was determined using a
bicinchoninic acid assay. Equal amounts of proteins (10 pg)
were separated by 10% SDS-PAGE, prior to being transferred
onto nitrocellulose membranes. The membranes were blocked
in 2% nonfat milk in Tris-buffered saline (TBS) for 1 h at
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room temperature. The membranes were incubated with a
rabbit anti-human Annexin A7 primary antibody (dilution,
1:1,000; 10154-2-AP; ProteinTech Group, Inc., Chicago,
IL, USA) or a rabbit anti-human GAPDH primary antibody
(dilution, 1:3,000; YT5052; ImmunoWay Biotechnology,
Plano, TX, USA) overnight at 4°C, followed by washing with
TBS containing 0.1% Tween-20 and incubation with an IRDye
680LT-conjugated secondary antibody (dilution, 1:1,000; Goat
anti-Rabbit, A11369; Invitrogen; Thermo Fisher Scientific, Inc.)
at room temperature in the dark for 2 h. An Odyssey double
color infrared laser imaging system (Odyssey Sa Software CD
Version 2.0; LI-COR Biosciences, Lincoln, NE, USA) was
adopted for scanning and calculating the integral absorbance
values of the bands, and the ratio of the gray values of the
target band and the corresponding GAPDH band was used to
determine the target protein expression.

Detection of apoptosis using a TUNEL assay. Cell apoptosis
was detected using a TUNEL apoptosis detection kit (Roche
Diagnostics, Basel, Switzerland), according to the manufac-
turer's protocol. In brief, the paraffin-embedded sections of
gastric cancer tissues were dewaxed at 60°C, washed twice
with xylene for 5 min each time, rehydrated in a descending
alcohol series (100, 95,90, 80 and 70% for 5 min of each alcohol
concentration) and processed with proteinase K at 37°C for
20 min, followed by processing with 0.1% Triton X-100 for
8 min and rinsing with phosphate-buffered saline (PBS) twice,
for 5 min each time. After incubation with TUNEL reaction
mixture at 37°C in the dark for 60 min, the sections were
washed with PBS 3 times (5 min/wash). The sections were
further counterstained with 5 yg/ml propidium iodide (PI) dye
at room temperature for 5 min and mounted with gum. The
number of apoptotic cells per 100 cells in each field of view of
five random fields was counted under an inverted fluorescence
microscope (magnification, x400; Nikon Corporation, Japan).
The apoptosis index (AI) was calculated as follows: Al=(the
number of apoptotic cells/total cell count) x100%.

Detection of apoptosis through flow cytometry. Cells (1x10%)
were centrifuged at 111.8 x g for 5 min at room temperature
and were washed twice with precooled PBS. The cell pellets
were resuspended in 100 ul of binding buffer, followed by
the addition of 5 ul of Annexin V-fluorescein isothiocyanate
(FITC) and incubation in the dark at room temperature for
15 min. Subsequently, the samples were mixed with 10 ul
PI and were incubated in the dark at room temperature for
5 min. The samples were analyzed using a flow cytometer
(FACSCalibur; BD Biosciences, San Diego, CA, USA) with
an excitation wavelength of 488 nm within 1 h. A band-pass
filter with a wavelength of 515 nm was applied to detect FITC
fluorescence, while another filter with a wavelength of 560 nm
was used to detect PI. The apoptosis rate=(the number of early
apoptotic cells + the number of late apoptotic cells)/total cell
count x100%. The Annexin V-FITC/PI apoptosis detection kit
was purchased from BD Biosciences.

Statistical analysis. All statistical analyses were processed
using SPSS 19.0 software (IBM Corp., Armonk, NY, USA)
and the enumeration data are presented as the mean + standard
deviation. P<0.05 was considered to indicate a statistically
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significant difference. One-way analysis of variance was
applied for comparisons among groups. With regard to pair-
wise comparison, the least significant difference test was
applied for homogeneity of variance, while Dunnett's T3 test
was utilized for heterogeneity of variance. Spearman's rank
correlation was used for correlation analysis. The level of
significance used was a=0.05.

Results

Annexin A7 expression is downregulated in late-stage gastric
adenocarcinoma tissues. In order to investigate the expression
status of Annexin A7 in differently differentiated gastric
adenocarcinomas, the Annexin A7 mRNA levels in 23, 30
and 32 cases of highly, moderately and poorly differentiated
gastric adenocarcinomas, respectively, were determined by
RT-qPCR, with GAPDH as the internal control. There was
a significantly increased Annexin A7 mRNA expression
in the moderately differentiated gastric adenocarcinoma
samples, compared with that in the highly differentiated
gastric adenocarcinoma samples (P<0.05). Furthermore, in
comparison to expression in the moderately differentiated
gastric adenocarcinoma samples, there was a significantly
increased expression of Annexin A7 mRNA in the poorly
differentiated gastric adenocarcinoma samples (P<0.05;
Fig. 1A). Similarly, western blot analysis demonstrated that the
Annexin A7 protein levels were downregulated in late-stage
gastric adenocarcinoma. There was significantly increased
Annexin A7 protein expression in moderately differentiated
gastric adenocarcinoma, compared with that in the highly
differentiated gastric adenocarcinoma samples (P<0.05). In
comparison to expression in the moderately differentiated
gastric adenocarcinoma samples, the Annexin A7 protein level
in the poorly differentiated gastric adenocarcinoma samples
was significantly increased (P<0.05; Fig. 1B).

Expression of Annexin A7 is downregulated in late-stage
gastric adenocarcinoma cell lines. To expand on the afore-
mentioned observations in clinical samples, the Annexin A7
mRNA and protein expression was measured in the poorly
differentiated human gastric adenocarcinoma BGCS823 cell
line, the moderately differentiated human gastric adenocarci-
noma SGC7901 cell line, and the highly differentiated human
gastric adenocarcinoma MKN74 cell line. The mRNA level of
Annexin A7 was significantly increased in the SGC7901 cells,
compared with that in the MKN74 cells (P<0.05), and was
significantly increased in the BGC823 cells, compared with
that in the SGC7901 cells (P<0.05; Fig. 2A). In line with this,
Annexin A7 protein expression was significantly upregulated
in the SGC7901 cells, compared with that in the MKN74 cells
(P<0.05), and was significantly increased in the BGC823 cells,
compared with that in the SGC7901 cells (P<0.05; Fig. 2B).
Taken together, these results demonstrated that Annexin A7
was significantly downregulated in late-stage gastric adeno-
carcinoma tissues and cell lines, implying that Annexin A7
expression is gradually downregulated with the progression of
gastric adenocarcinoma.

Enhanced apoptosis in late-stage gastric adenocarcinoma
tissues. Evasion of apoptosis is a hallmark of cancer cells. In
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Figure 1. Expression of Annexin A7 in differently differentiated gastric cancer tissues. (A) The expression of Annexin A7 mRNA was measured by fluores-
cence reverse transcription-quantitative polymerase chain reaction in differently differentiated gastric cancer tissues. (B) The Annexin A7 protein levels in
differently differentiated gastric cancer tissues were determined by western blot analysis, with GAPDH as the loading control. Left, representative western
blots and right, integrated optical density values of the western blot results. Highly, highly differentiated gastric adenocarcinoma; Moderately, moderately
differentiated gastric adenocarcinoma; Poorly, poorly differentiated gastric adenocarcinoma. ‘P<0.05 compared with the Highly group; “P<0.05 compared

with the Moderately group.

order to assess the potential associations between Annexin A7
expression and apoptosis in gastric cancer and different degrees
of differentiation, the apoptosis of gastric cancer tissues at
various differentiation grades was detected by a TUNEL assay
and fluorescence microscopy (Fig. 3A). The apoptotic cells
exhibited green fluorescence, while the PI staining exhibited
red fluorescence, representing the total number of cells. A
large amount of green fluorescence could be seen in the highly
differentiated gastric cancer tissues, indicating a large number
of apoptotic cells, while the moderately differentiated gastric
cancer tissues exhibited less green fluorescence and poorly
differentiated gastric cancer tissues exhibited the least green
fluorescence (Fig. 3A). The apoptosis indices in the highly,
moderately and poorly differentiated groups were 18.12+2.40,
9.73+1.73 and 4.13+0.83%, respectively. The apoptosis index
in the poorly differentiated group was significantly decreased
compared with that in the moderately differentiated group, and
the apoptosis index in the moderately differentiated group was
also significantly decreased compared with that in the highly
differentiated group (all P<0.05; Fig. 3B). These results demon-
strated that the apoptosis index increased with an increase of
the differentiation grade of gastric cancer.

Enhanced apoptosisinlate-stage gastric adenocarcinoma cell
lines. Subsequently, the apoptosis rate in MKN74, SGC7901
and BGC823 cells was analyzed by Annexin V-FITC/PI
staining and flow cytometry. The double-variable flow scatter
diagram indicates that the number of BGC823 cells in the
right lower quadrant (early apoptotic cells) and the right upper

quadrant (advanced apoptotic cells) was markedly decreased,
while the SGC7901 group exhibited more apoptotic cells
and the MKN74 group exhibited the most apoptotic cells
(Fig. 4A). The apoptosis rates of the MKN74, SGC7901 and
BGCR823 cells were 10.07+1.21, 7.11+1.04 and 4.25+1.02%,
respectively. The apoptosis rate in the BGC823 cells was
significantly decreased compared with that in the SGC7901
cells (P<0.05), and the apoptosis rate in the SGC7901 cells
was significantly lower than that in the MKN74 cells (P<0.05;
Fig. 4B). These results demonstrated that the apoptosis rate
was enhanced with the advancement of differentiation of
gastric cancer cells.

Association among Annexin A7 expression, differentiation
grade and apoptosis rate in gastric cancer tissues and cell
lines. Finally, the association among Annexin A7 expression,
differentiation grade and apoptosis rate in gastric cancer
tissues and cell lines was assessed by Spearman's rank
correlation analysis. In gastric cancer clinical samples, the
expression of Annexin A7 mRNA and protein was negatively
correlated with the differentiation grade of gastric cancer
(r=-0.926, P<0.01 and r=-0.950, P<0.01, respectively),
while the apoptosis index was positively correlated with the
differentiation grade (r=0.949, P<0.01) and the apoptosis
index of gastric cancer was negatively correlated with the
Annexin A7 mRNA and protein expression (r=-0.978, P<0.01
and r=-0.973, P<0.01, respectively) (Table I; Fig. 5). In the
gastric cancer cell lines, the Annexin A7 mRNA and protein
expression was negatively correlated with the differentiation
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Figure 2. Expression of Annexin A7 in differently differentiated gastric cancer cell lines. (A) The expression of Annexin A7 mRNA was measured by
fluorescence reverse transcription-quantitative polymerase chain reaction in differently differentiated gastric cancer cell lines. (B) The Annexin A7 protein
levels in differently differentiated gastric cancer cell lines were determined by western blot analysis, with GAPDH as the loading control. Left, representative
western blots and right, integrated optical density values of the western blot results. “P<0.05 compared with the MKN74 cells; “P<0.05 compared with the
SGC7901 cells.
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Figure 3. Apoptosis was increased in late-stage gastric adenocarcinoma tissues. (A) The apoptosis of gastric cancer tissues at various differentiation grades
was detected by a TUNEL assay and fluorescence microscopy. TUNEL staining exhibited green fluorescence and PI staining exhibited red fluorescence.
(B) The number of apoptotic cells was counted per 100 cells in each field of view. The apoptosis index was calculated. Highly, highly differentiated gastric
adenocarcinoma; Moderately, moderately differentiated gastric adenocarcinoma; Poorly, poorly differentiated gastric adenocarcinoma. "P<0.05 compared
with the Highly group; “P<0.05 compared with the Moderately group. TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling; PI,
propidium iodide.

grade (r=-0.934, P<0.01 and r=-0.938, P<0.01, respectively), apoptosis rate was negatively correlated with the expression
while the apoptosis rate was positively correlated with the  of Annexin A7 mRNA and protein (r=-0.917, P<0.01 and
differentiation grade (r=0.936, P<0.01). In addition, the r=-0.933, P<0.01, respectively) (Table I; Fig. 6).
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Discussion

Gastric cancer is an aggressive malignancy with a poor
prognosis, and the majority of patients are not suitable for
surgery due to the late stage of disease at diagnosis (29). The
results of the present study demonstrated that Annexin A7
was significantly downregulated while the rate of apoptosis
was increased in late-stage gastric adenocarcinoma tissues
and cell lines. Furthermore, Annexin A7 expression was
negatively correlated with the differentiation grade and
apoptosis rate. These results indicated that Annexin A7
expression is gradually downregulated while apoptosis is
gradually upregulated with the progression of gastric adeno-
carcinoma.

The differentiation grade is a critical factor for tumor
prognosis. Highly differentiated tumors have a low malignancy
degree and a good prognosis, while poorly differentiated tumors
have a high malignancy degree and a poor prognosis. The
differentiation degree is also associated with the proliferation,
invasion and metastasis of cancer cells; therefore, elucidating
the mechanism of tumor differentiation is important in
individualizing treatment and prognosis. In the present study,
the expression levels of Annexin A7 mRNA and protein in
gastric cancer tissues and cell lines with different grades of
differentiation were determined. The expression levels of
Annexin A7 mRNA and protein were decreased and were
negatively correlated with the differentiation grade of gastric
cancer, suggesting that Annexin A7 expression increases with
the decrease in differentiation grade, further supporting the
important role for Annexin A7 in the development of gastric
cancer. The results of the present study were consistent with the
previous observation that the expression of Annexin A7 may be

used as an important predictive indicator for the survival rate
of patients with gastric cancer (26). By contrast, Hsu et al (21)
reported that the expression of Annexin A7 is associated with
the differentiation grade and that positive expression rates
exhibited a gradual decrease in highly differentiated tubular
and papillary adenocarcinoma, moderately differentiated
tubular adenocarcinoma, and poorly differentiated signet ring
cell carcinoma and mucinous adenocarcinoma. In addition,
Xi and Zhao (30) have demonstrated that the lower the gastric
cancer differentiation grade, the lower the expression of
Annexin A7. However, Gong et al (31) reported that differences
in the expression of Annexin A7 in highly, moderately and
poorly differentiated gastric tubular adenocarcinoma are not
statistically significant. This discrepancy may be due to the
different methods used to detect Annexin A7 expression and
the different sample sizes. A multi-center study with a large
sample size and unified methods is required in order to confirm
the expression of Annexin A7 in distinctly differentiated gastric
cancer.

Apoptosis serves an important role in the physiological
and pathological processes of the body, particularly in
the development and progression of cancer. Apoptosis is
a programmed cell death that involves extracellular and
intracellular signals (32). A TUNEL assay, currently the
most specific, fastest and most sensitive technique to detect
single-cell apoptosis through in situ staining, revealed that
highly differentiated gastric cancer exhibited significantly
more apoptotic cells, while poorly differentiated gastric cancer
exhibited significantly fewer apoptotic cells in clinical gastric
tissues. Furthermore, the use of Annexin V-FITC/PI staining
with flow cytometry in order to detect gastric cancer cell lines
at various differentiation grades revealed that the apoptosis
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Table I. Correlation among Annexin A7 expression, differentiation grade and apoptosis rate in gastric cancer tissues and cell lines
was assessed by Spearman's rank correlation analysis.

=
]

Variable r-value P-value
Gastric cancer tissues
Annexin A7 mRNA expression vs. differentiation grade -0.926 <0.01
Annexin A7 protein expression vs. differentiation grade -0.950 <0.01
Apoptosis index vs. differentiation grade 0.949 <0.01
Apoptosis index vs. Annexin A7 mRNA expression -0.978 <0.01
Apoptosis index vs. Annexin A7 protein expression -0.973 <0.01
Gastric cancer cell lines
Annexin A7 mRNA expression vs. differentiation grade -0.934 <0.01
Annexin A7 protein expression vs. differentiation grade -0.938 <0.01
Apoptosis index vs. differentiation grade 0.936 <0.01
Apoptosis index vs. Annexin A7 mRNA expression -0.917 <0.01
Apoptosis index vs. Annexin A7 protein expression -0.933 <0.01
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Figure 5. Correlation among Annexin A7 protein expression, differentiation grade and apoptosis index in gastric cancer tissues was assessed by Spearman's

rank correlation analysis.

rate of poorly differentiated BGC823 cells was markedly
decreased, compared with the rates in highly differentiated
MKN74 cells and moderately differentiated SGC7901 cells.
These observations in cell lines were consistent with those of
TUNEL staining in clinical samples, demonstrating a gradual

increase of apoptosis with the advancement of gastric cancer
differentiation.

In order to further understand the mechanism of gastric
cancer progression and to identify a novel target for treating
gastric cancer, the associations among the expression of
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Figure 6. Correlation among Annexin A7 protein expression, differentiation grade and apoptosis rate in gastric cancer cell lines was assessed by Spearman's

rank correlation analysis.

Annexin A7, the differentiation grade and the apoptosis
rate of gastric cancer cells in gastric cancer tissues and cell
lines at various differentiation grades were analyzed. It was
revealed that the expression of Annexin A7 was negatively
correlated with the differentiation of gastric cancer, while the
apoptosis rate was positively correlated with the differentia-
tion of gastric cancer. In addition, Annexin A7 expression was
negatively correlated with apoptosis. These results indicated
that the expression of Annexin A7 was high and the apop-
tosis rate was low in poorly differentiated gastric cancer,
suggesting that Annexin A7 may inhibit apoptosis during the
development and progression of gastric cancer. However, this
mechanism requires confirmation by genetic modulation of
Annexin A7 expression in vitro and in animal models.

In summary, by analyzing the Annexin A7 expression and
the apoptosis rate in gastric cancer tissues and cell lines at
various differentiation grades, it was revealed that Annexin A7
expression was gradually downregulated while apoptosis
was gradually upregulated with the progression of gastric
adenocarcinoma. The results of the present study suggested
that Annexin A7 is a potential biomarker for the diagnosis,
prognosis and treatment of gastric adenocarcinoma.
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