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Abstract
Objective: To explore the expressions and relationship of HSP70, Apaf-1 and ST13 in the normal gastric mucosa, gastric polyps
and gastric cancer, and to provide research basis and a new way for gastric cancer in the early diagnosis and clinical treatment.
Methods: Gastric mucosa samples of 72 patients who suffered from surgery in the Inner Mongolia Medical Baogang Hospital by
gastroscopy from December 2014 to September 2015 were selected, and divided into normal gastric mucosa group, proliferative
polyps group, adenomatous polyps group and adenocarcinoma cancer group. The levels of HSP70, Apaf-1 and ST13 proteins
were detected by the Western blotting.
Results: The average IOD of HSP70 expressions was 0.33 ± 0.05, 0.46 ± 0.05, 0.77 ± 0.07, 0.93 ± 0.04 respectively in normal
gastric mucosa group, proliferative polyps group, adenomatous polyps group and adenocarcinoma cancer group, the difference
was statistically significant among four groups (p < .05). The average IOD of Apaf-1 expressions was 0.74 ± 0.03, 0.65 ± 0.03,
0.49 ± 0.06, 0.28 ± 0.05 respectively, the difference was statistically significant among four groups except for normal gastric
mucosa and proliferative polyps (p < .05). The average IOD of ST13 expressions was 0.85 ± 0.11, 0.64 ± 0.07, 0.31 ± 0.06,
0.14 ± 0.01 respectively, the difference was statistically significant among four groups (p < .05). The expressions of HSP70
and Apaf-1 proteins were negatively correlated in the adenomatous polyps (r = -0.817, p < .05) and adenocarcinoma cancer (r
= -0.816, p < .05). The expressions of HSP70 and ST13 proteins were negatively correlated in the adenomatous polyps (r =
-0.818, p < .05) and adenocarcinoma cancer (r = -0.969, p < .05). The expressions of Apaf-1 and ST13 proteins were positively
correlated in the adenomatous polyps (r = 0.830, p < .05) and adenocarcinoma cancer (r = 0.865, p < .05).
Conclusions: The expression of HSP70 increased progressively in the process of polyps canceration. It can be regarded as one
of the indicators of early diagnosis of gastric cancer. The expressions of Apaf-1 and ST13 decreased progressively in the process
of cancelation. The detection of the changes of Apaf-1 and decrease of ST13 specificity in gastric cancer can be learned deeply
as diagnostic indicators for gastric cancer. During the canceration of gastric polyps, the expressions of HSP70 and Apaf-1,
HSP70 and ST13 proteins were negatively correlated; Apaf-1 and ST13 protein were positively correlated. The joint detection
of HSP70, Apaf-1 and ST13 may be helpful in early diagnosis of gastric cancer.
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Gastric cancer is one of the most common cancers world-
wide. According to the latest data released by the World
Health Organization International Agency for Research on
Cancer (IARC), about 723,000 people died of gastric car-

cinoma worldwide in 2012, ranking the third in the rate of
malignant tumors. There are about 325,000 death cases of
gastric cancer in China, accounting for 44.9% of the world
mortality rate of gastric cancer.[1] More than 90% people
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survived within 5-year after treatment for early gastric can-
cer.[2] Gastroscopy is the gold standard for the diagnosis of
gastric diseases, which is easy to be operated and with lit-
tle damage. At present, gastric polyps are defined as pre-
cancerous status of gastric carcinoma. The incidence of
gastric polyps is 2%-4% in the population.[3] According
to different histopathologies, it can be divided into inflam-
matory polyps, hyperplastic polyps, adenomatous polyps,
fundic gland polyps and so on. Among them, inflammatory
polyps are also called pseudo-polyps, accounting for about
80%, and the canceration rate is low. When the diameter of
gastric hyperplastic polyps is > 1 cm, the canceration rate
will reach 1%.[4] The detection rate of adenomatous polyps
is low but the canceration rate is high, ranging from 6% to
47%,[5] and it is also easy to relapse. After follow-up, it
is found that the recurrence rate of the patients could reach
2.6%, and 1.3% of the patients are progressing to gastric
cancer.

At present, endoscopic resection is the first choice for the
treatment of gastric polyps and a direct way to prevent its
canceration. The apoptosis state of cells and its abnormal
state on controlling genes may be involved in the occurrence
and progression of tumor. The expression of heat-shock
protein 70 (HSP70) is regulated by cell cycle. Mutation
in tumor cells or existence of abnormal protein stimulates
the synthesis of HSP70. It is one of the important influ-
encing factors for the formation and progression of gastric
cancer to promote the proliferation of tumor cells or inhibit
the apoptosis of cells to present sustained high induced ex-
pression. Apoptotic protease activating factor-1 (Apaf-1) is
considered to be the true core of apoptosis body and playing
a central role in mitochondrial apoptosis pathway. A series
of signal transduction cascades reaction in human body are
targeted at Apaf-1 to regulate apoptosis body, which is an
important tumor suppressor gene. Suppression of tumori-
genecity 13 (ST13) was named by the International Nomen-
clature Committee. The study of ST13 also mainly focused
on interreaction of molecular structure and molecular chap-
erones, which plays a very important role in protein regu-
lation. It may be related to the growth and metastasis of
tumor cells. The purpose of this study is to determine the
expression level of HSP70 protein, Apaf-1 protein and ST13
protein in gastric polyps and gastric cancer, explore the po-
tential influencing factors in the process of gastric polyp car-
cinogenesis, and provide clinical basis for the early diagno-
sis and treatment of gastric cancer.

1 Materials and methods
1.1 General materials

The gastric mucosa tissues and gastric polyps tissues were
collected from patients who visited and underwent gas-
troscopy at Department of Gastroenterology of Baogang

Hospital, Inner Mongolia from December 2014 to Septem-
ber 2015. Through the diagnosis of endoscopy and pathol-
ogy, normal gastric mucosa group, proliferative polyp
group, adenomatous polyp group and gastric cancer group
were selected totally for 72 cases. The origin of tissue spec-
imens should also exclude the following cases: C14 breath
test suggested helicobacter pylori positive; suffered from fa-
milial adenomatous nature polyps before; suffered from ma-
lignant neoplasms or combined with malignant neoplasms
of other organ systems before; with other endocrine dis-
eases; used NSAIDs, proton pump inhibitor (PPI) or glu-
cocorticoid, etc. for a long time and in recent 4 weeks;
combined with chronic organ failure in other systems; polyp
sample diameter > 2 cm.

1.2 Groups

The experiment samples were divided into 4 groups. Group
A: 20 cases of normal gastric mucosa, 12 males and 8 fe-
males, aged 27-65 years. All patients performed with ab-
dominal distension and middle upper abdominal discom-
fort as the main symptom, and no abnormality was found
through gastroscopy. Group B: 18 cases for proliferative
polyp group, 12 males and 6 females, aged 38-68 years.
Proliferative nature polyp was proved through histopathol-
ogy. Group C: 14 cases of adenomatous polyp group, 6
males and 8 females, aged 46-63 years. Adenomatous
nature polyp was proved by endoscopic morphology and
histopathology. Group D: 20 cases of adenocarcinoma can-
cer, 14 males and 6 females, aged 50-95 years. The sam-
ples were proved to be adenocarcinoma cancer through en-
doscopic morphology and histopathology underwent gas-
troscopy biopsy in Endoscope Center of the Department of
Digestive Medicine. Rabbit anti-human HSP70 antibody
(US Abcam Company), ST13 antibody (US Abcam Com-
pany), Apaf-1 antibody (US Abcam Company), β-actin an-
tibody (Biyuntian Biotechnology Institute), second antibody
(Santa cruz Company), protein marker (Beijing Quanshijin
Biotechnology Co., Ltd.).

1.3 Methods

1.3.1 Preparation of stacking gel and separating gel
(SDS-PAGE, 1.5 mm thick double-sided)

After cleaning device and installation, 8% separating gel
and 5% stacking gel were selected according to the molecu-
lar weight of protein to be detected. Configured the gel, and
wrapped it with a fresh film after solidification, 4°C for the
whole night.
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1.3.2 Extraction of total protein from tissue

Grinded the shredded tissue in liquid nitrogen and put it into
centrifuge tube. Put 150-200 µl cracking mixture into each
20 mg of tissues (RIPA:PMSF = 100:1), and cracked it on
the ice box, then centrifuged it at 4°C, 14,000 r/min for 40
minutes. Measured the protein concentration in the super-
natant solution. 150 µl sample solution was collected and
added with the 50 µl of 4 × sample buffer solution, boiled
for 5 minutes, cooled and then loaded the sample.

1.3.3 Electrophoresis

After installation, electrophoretic buffer (1 × Running
buffer) was poured. 20 µl of sample and 5 µl of Marker
were added for each hole. Firstly set the voltage 50 V for
30 minutes. When bromophenol blue was about to enter the
separating gel, switched the voltage to 100 V for 90 min,
and shut off the power immediately when the bromophenol
blue front was about to swim out of the gel.

1.3.4 Trarsmembran

Flushed the gel with ultrapure water, then compared the
Maker and cut gels with destination bands. Put the gel into
the membrane transfer buffer (1 × Transfer buffer) for im-
mersion equilibrium for 30 minutes. Handled PVDF mem-
brane. The assembly was carried out in the following order
according to the requirements of the transfer device: neg-
ative electrode – sponge pad – filter paper – gel – PVDF
membrane – filter paper – sponge pad – positive electrode,
adjusting voltage to 26 V for 30 minutes.

1.3.5 Seal

Took out the PVDF membrane, and washed it in ultrapure
water in plate for 5 minutes. Then put it into blocking buffer
in 37°C water bath and shaked slowly for 2 h.

1.3.6 Primary antibody incubation

Rinsed the PVDF membrane for 5 minutes, then diluted
HSP70 antibody with 2% skim milk powder with dilution
ratio of 1:5,000, Apaf-1 antibody with dilution ratio of
1:2,000, ST13 antibody with dilution ratio of 1:2,500. Fully
exposed the diluted first antibody with the PVDF membrane
in 4°C condition and shook slowly for a night.

1.3.7 Secondary antibody incubation

Washed the PVDF membrane with TBST buffer for 3 times,
5 min/per time, and diluted the second antibody with 5%

skim milk powder. The dilution ratio was 1:5,000. Incu-
bated it at room temperature for 2 h.

1.3.8 ECL display

Washed the PVDF membrane with TBST buffer for 3 times,
5 min/per time. Mixed A solution and B solution (1:1)
of ECL chromogenic solution in light avoiding condition.
Dropped the mixed liquid on the film and put it at room
temperature for 3 minutes. Pressed it in the dark room, and
immediately washed with tap water, fixed, fished, dried and
scanned when the strip was found.

1.3.9 Identification

After scanning film, IOD value was quantitatively analyzed
with image J software, and the relative expression level of
gray value of target protein/gray value of internal reference
protein was performed.

1.4 Statistical treatment

Statistical analysis was carried out by SPSS 22.0. Statistical
data were expressed by x̄ ± s. SNK test was used in compar-
ison among groups. Pearson correlation analysis was used
in correlation of HSP70, Apaf-1 and ST13, p < .05 showed
the difference was statistically significant.

2 Results
2.1 Expression of HSP70 protein in 4 groups

The IOD value of HSP70 protein/IOD value of internal ref-
erence protein in Group A, Group B, Group C, Group D
was respectively 0.33 ± 0.05, 0.46 ± 0.05, 0.77 ± 0.07, 0.93
± 0.04, and the expression of which increased gradually.
Through pairwise comparison of four groups, the difference
was statistically significant (p < .05, see Figure 1).

Figure 1: The level of HSP70 protein detected by Western
blotting
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2.2 Expression of Apaf-1 protein in 4 groups

The average IOD value of Apaf-1 protein in Group A, Group
B, Group C, Group D was 0.74 ± 0.03, 0.65 ± 0.03, 0.49
± 0.06, 0.28 ± 0.05 respectively, and the expression was
gradually decreasing. There was no statistical significant
in the difference between Group A and Group B (p > .05).
Through pairwise comparison of other groups, the differ-
ences were statistically significant (p < .05, see Figure 2).

Figure 2: The level of Apaf-1 protein detected by Western
blotting

2.3 Expression of ST13 protein in 4 groups

The average IOD value of ST13 protein in Group A, Group
B, Group C, Group D was 0.85 ± 0.11, 0.64 ± 0.07, 0.31
± 0.06, 0.14 ± 0.01 respectively and the expression was
gradually decreasing. Through pairwise comparison of four
groups, the differences were statistically significant (p < .05,
see Figure 3).

Figure 3: The level of ST13 protein detected by Western
blotting

2.4 Correlation between HSP70 and Apaf-1

The correlation between HSP70 and Apaf-1 was detected
in adenomatous polyp group and gastric adenocarcinoma
group by Person method. In adenomatous polyp group, the
expressions of HSP70 and Apaf-1 were with negative cor-
relation (r = -0.817, p < .05); in gastric adenocarcinoma
group, the expressions of HSP70 and Apaf-1 were with neg-
ative correlation (r = -0.816, p < .05).

2.5 The correlation between HSP70 and ST13

The correlation between HSP70 and ST13 was detected
in adenomatous polyp group and gastric adenocarcinoma
group by Person method. In adenomatous polyp group, the
expressions of HSP70 and ST13 were with negative correla-
tion (r = -0.818, p < .05); in gastric adenocarcinoma group,
the expressions of HSP70 and ST13 were with negative cor-
relation (r = -0.969, p < .05).

2.6 The correlation between Apaf-1 and ST13

The correlation between Apaf-1 and ST13 was detected
in adenomatous polyp group and gastric adenocarcinoma
group by Person method. In adenomatous polyp group, the
expressions of Apaf-1 and ST13 were with positive correla-
tion (r = 0.830, p < .05); in gastric adenocarcinoma group,
the expressions of Apaf-1 and ST13 are with positive corre-
lation (r = 0.865, p < .05).

3 Discussion
With the development and improvement of digestive en-
doscopy technique, the detection rate of gastric polyp is in-
creasing, and gastric polyp as a form of precancerous lesions
of gastric cancer has been paid more attention. This study
is to explore the correlation of the expressions of HSP70,
Apaf-1 and ST13 protein with the related protein expression
of gastric adenoma and gastric cancer as the starting point.

HSP is a kind of protein discovered by Ritossa et al.[6]

through “heat shock response”. It accompanies by protein
molecules to transport in cells without changing the struc-
ture of target proteins, and is involved in the folding, stretch-
ing and assembly of polycomplex which is called “molecu-
lar chaperones”. HSP70 is an evolutionarily conserved pro-
tein with a molecular weight of about 70 KD. The protein
can be divided into three domains: ATP binding domain
(ATP-BD) of hydrolyzed ATP at N terminal, peptide bind-
ing domain (PBD), which can combine new peptides seg-
ments and damaged proteins, and C terminal with highly
conservative terminal sequence that affects the number of
HSP70 mRNA translation. It can participate in cell cycle,
promote cell proliferation, participate in DNA damage &
repair and process & extract of antigen, and increase the
tolerance of cells to autoimmune factor attack. Tumor is
an abnormal proliferative group with infinite proliferation
and uncoordinated growth in organism. The decrease in
gene stability results in the increase of misfolded proteins,
which can increase the demand for HSP70 as “molecular
chaperones”, and HSP70 has biological functions to partic-
ipate in cell cycle and anti-apoptosis, which can further en-
courage the infinite proliferation of tumor cells. This study
found that the expression of HSP70 protein was increasing
in the tissues of normal gastric mucosa, gastric proliferative
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polyps, adenomatous polyps and gastric cancer. The differ-
ences were statistically significant. It is consistent with the
current research results at home and abroad.[7, 8] Adenoma-
tous polyp is a kind of intraepithelial neoplasia. The require-
ment for protein synthesis is increased, and more “molecu-
lar chaperones” are needed. It is further proved that ade-
nomatous polyp is a form of precancerous lesion, which re-
quires timely treatment.

Apaf-1 is a member of nucleotide binding oligomerization
domain family (NOD). It is a tumor suppressor gene ex-
pressed in cytoplasm, its molecular weight is about 130 KD.
There are mainly 3 domains: N terminal is CARD which
forms apoptotic complex with Caspase-9; the middle part
is nucleotide binding oligomerization domain; and C termi-
nal is 12-13 WD40 repetitive domain that can combine with
cytochromec.[9] It is distributed in human embryos, human
tissues and organs and peripheral white blood cells. Apaf-1
can affect embryo development and is related to chemother-
apeutic resistance and prognosis, but its most important bio-
logical function is to participate in mitochondrial apoptosis
pathway. When the body is stimulated by stress and DNA
damage, the Cyt c of mitochondrial intermembrane cavity
and the second activator of mitochondrial Caspase will be
released into the cytoplasm. Cyt c can bind with C termi-
nal of Apaf-1 to form Apaf-1/Cyt c complex to improve the
binding force of Apaf-1 and ATP/dATP, and form Apaf-1
oligomeric heptopolymer.[10] It will then expose CARD, ac-
tivate Caspase-9 and Caspase-3, and activate downstream
components to induce apoptosis.[11, 12] Occurrence and pro-
gression of tumor are associated with cell apoptosis defects.
The inhibition of any link in the mitochondrial apoptosis
pathway of Apaf-1 can prevent apoptosis from occurring.
For example, HSP70 can directly or indirectly block the
combining of Apaf-1, Cyt c and proCaspase-9. Tanase et
al.[13] suggested that Apaf-1 may be a good tumor marker
as other important apoptotic factors (such as P53). This
study found that the expression of Apaf-1 protein was show-
ing a decreasing trend in normal gastric mucosa, prolifer-
ative polyps, adenomatous polyps and gastric cancer tis-
sues. These results suggested that the mitochondrial apop-
totic pathway involved by Apaf-1 protein might be inhibited
to some extent, which made cancer cells unable to apop-
tosis. This is similar to domestic and foreign research.[14]

Inhibition of tumor cell growth is also used by increasing
the activity of Apaf-1 expression clinically.[15] Apaf-1 as a
target for cancer treatment not only has become a new di-
rection of clinical cancer treatment, but also provides a new
idea for the development of antitumor drugs.

ST13 is considered to be a molecular chaperone of HSP70,
with a molecular mass of about 130 KD. It is with three main
domains: N terminal - participating in homologous poly-
merization of molecules, tetratricopeptide repeats (TPR)
domain which is combining with the ATP enzyme region
of HSP70 and GGMP repeat sequence, and Stil domain
which may be interacting with the polypeptide binding re-

gion of HSP70. The binding of TPR domain of ST13 to
ATP enzyme domain of HSP70 can stabilize ADP confor-
mation, enhance affinity between molecular chaperones and
polypeptide substrate, and promote HSP70 to play a role in
ensuring protein processing. This study found that the pro-
tein expression of ST13 protein was decreasing in the tis-
sues of normal gastric mucosa, gastric hyperplasia polyps,
adenomatous polyps and gastric carcinoma. The differences
were statistically significant. It was confirmed that the ex-
pression of ST13 in gastric cancer and gastric polyp group
was lower than that in normal gastric mucosa group, and the
specific mechanism is not clear. It may be related to ex-
cessive consumption when participating in other apoptotic
pathway or inhibition of expression of ST13 in gastric can-
cer tissues. And may also be its own expression defect. Its
biological function needs to be discovered and improved.

This research found that the expression of HSP70 and Apaf-
1 in adenomatous polyps group and adenocarcinoma can-
cer group was negatively correlated. “Molecular chaperone”
HSP70 not only provides conditions for unlimited cell pro-
liferation in protein processing, but also can directly bind
to the N terminal of CARD domain of Apaf-1, prevents
Caspase-9 from binding to it, prevents the formation of
apoptotic Apaf-1/Caspase-9 complex, and fails to activate
Caspase-3. In addition, the complete expression of HSP70
can inhibit the release of Cyt c from mitochondria. There-
fore, HSP70 also prevents the formation of Apaf-1/Cyt c
complex to some extent. It can be seen that HSP70 can
play a role in the release of Cyt c and the initiatial activa-
tion of Caspase, which prevents the activation of mitochon-
drial apoptosis pathway of Apaf-1, affects the expression
of Apaf-1 and apoptosis pathway, and prevents apoptosis of
cells. The negative correlation of HSP70 and ST13 in ade-
nomatous polyps group and adenocarcinoma cancer group
suggests that there may be a potential correlation between
HSP70 and ST13 during the process of tumor formation.
Over expression of HSP70 is a prerequisite for the forma-
tion of malignant tumors in human tissues and is one of
the important influencing factors in the process of occur-
rence and progression of gastric cancer. The combination
of ST13 TPR structure domain and HSP70 can stabilize the
ADP conformation of HSP70, which makes HSP70 function
better. ST13 as a molecular chaperone plays a stable and
positive role in the regulation of HSP70. But in this study, it
was found that HSP70 and ST13 were negatively correlated
in adenocarcinoma cancer group. It is not consistent with
the biological function of molecular chaperone of ST13 and
this result is the same as that of our previous study.[16] In
the research of carcinoma of colon, Wang et al.[17] found
that the expression of ST13 in carcinoma of colon tissues
was obviously lower than that in the adjacent normal mu-
cosa tissues, which indicated that the expression of ST13
was defective after canceration. These results suggested that
HSP70 might have a direct or indirect down-regulation ef-
fect on ST13 of its molecular chaperone in gastric cancer
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tissues. ST13 might also be antagonistic to other oncogenes
or tumor suppressor genes in gastric cancer tissue and pre-
cancerous lesions. Apaf-1 and ST13 were positively cor-
related in adenomatous polyps group and adenocarcinoma
cancer group. ST13 can mediate the TPR domain of impor-
tant molecular element of protein interaction. So ST13 can
bind to many proteins. The ATP sequences of Apaf-1 and
HSP70 have local homology. ST13 may interact directly
with the ATP binding domain of Apaf-1. It is inferred that it
may be involved in apoptosis controlled by Apaf-1. In gas-
tric cancer tissues, the expression of Apaf-1 decreases, and
then the expression of ST13 may be down-regulated. At
present, the research on the expression difference of ST13
in cancer has just started. Many molecular biological func-
tions have not been clarified. We need to further explore the
two mechanisms of mutual regulation.

In a word, HSP70, Apaf-1 and ST13 have obvious abnormal
expression in the process of gastric polyp to gastric cancer,
and they are correlated with each other. Monitoring HSP70,
Apaf-1 and ST13 will help screen out high-risk patients with
gastric cancer. Especially, the low expression of ST13 pro-
tein in gastric cancer is helpful for the diagnosis of potential
gastric cancer. This study detected the expression and ex-
pression trend of three kinds of factors in human tissues,
which is similar to the results of many in vitro cell culture
and animal model experiments. It is helpful to explore the
similarities and differences between the basic experimental
research and clinical human tissue research. It may also be
a potential target for future research on targeted therapy.
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