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Abstract. - OBJECTIVE: To explore the cor-
relation between GDF15, MMP7 and gastric can-
cer and its prognosis.

PATIENTS AND METHODS: Thirty-six cases
of gastric cancer admitted to our hospital from
February 2014 to February 2015 were included in
the observation group. Thirty-two healthy peo-
ple were selected during the same period as the
control group. The levels of MMP7 and GDF15
mRNA in the observation group before and af-
ter treatment and in the control group were de-
tected by fluorescence quantitative PCR. The
expressions of GDF15 and MMP7 proteins were
detected by enzyme-linked immunosorbent as-
say and Western-blotting analysis. The expres-
sion of GDF15 and MMP7 in gastric carcinoma
were tested by immunohistochemistry assay.

RESULTS: Compared with the control group,
the levels of GDF15 and MMP7mRNA in the ob-
servation group were significantly increased in
gastric cancer tissue before treatment (p<0.05).
After treatment, there was no significant differ-
ence in the expressions of GDF15 and MMP7
mRNA in patients with significant improvement
and the control group (p>0.05). Imnmunohisto-
chemistry and Western blot results found that
levels of GDF15 and MMP7 proteins in the ob-
servation group before treatment (14.28+1.03:
9.06+0.82 g/l) were significantly higher than
that in the control group (1.05+0.21; 0.94+0.12
g/l). And there were no significant differenc-
es between patients with significant improve-
ment (1.64+0.18; 1.03+0.22 mg/l) and the con-
trol group (p>0.05), while the levels in patients
with no significant improvement (12.04+1.01;
8.21+0.65 mg/l) were significantly higher than
that in the control group. Immunohistochemi-
cal results showed that the number of GDF15
and MMP7 positive cells in patients with signif-
icant improvement (10.32%; 9.01%) were signifi-
cantly lower than that before treatment or in pa-
tients with no significant improvement (85.43%;
90.27%).

CONCLUSIONS: There were significant cor-
relations between GDF15, MMP7 and the inci-
dence of gastric cancer. Levels of GDF15 and
MMP7 in patients were significantly correlated
with the degree of rehabilitation after treatment.
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Introduction

Statistical data show that, as one of the most
common malignant tumors in the digestive system,
the incidence rate of gastric cancer has increased
year by year in recent years'. By 2015, the total
number of patients with gastric cancer in China
is about 485 thousand and is growing at a rate of
nearly 2.63% per year. The mortality rate of ga-
stric cancer in China is about 230.21/100,000 per
year®. Therefore, the research on the pathogenesis
of gastritis has become an important direction of
medical research®*. Pathological analysis® showed
that 93.3% of the gastric cancer is adenocarcinoma;
therefore, early detection and early treatment are
the most effective methods for the diagnosis and
treatment of gastric cancer. However, since the pa-
thogenesis and early detection of gastric cancer are
not clear, there are no specific therapeutic drugs for
the treatment at present. Also, as cancers are very
easy to relapse after treatment, it is very important
to find a marker associated with the pathogenesis
and treatment of gastric cancer. It has been showed
that tumor cells could be widely transferred in the
human body; thus, research on the mechanism
of tumor cell and cancer cell metastasis has been
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considered important for the treatment of the can-
cers®®. Matrix metalloproteinases (MMP) have
been shown to promote cancer cells metastasis in
the human body by the degradation of adhesion
between cells such as extracellular matrix and rela-
ted adhesion molecules, etc.’. In recent years, it has
been shown that MMP plays an important role in
the spread of cancer cells in breast cancer and other
cancers, but there are few reports about the correla-
tion between MMP and gastric cancer'*'?. Growth
differentiation factor 15 (GDF15), an important
member of the TGF-B family, has been shown to
be closely related to the metastasis of tumor cells'.
For example, a study showed that the expression
of GDF15 in colon cancer was significantly higher
than that in the normal population, and it gradually
decreased with the improvement of colon cancer'®.
But there are few studies exploring the correlation
between GDF15 and gastric cancer”. In this stu-
dy, we first investigated the correlation between
GDF15, MMP7 and gastric cancer and its progno-
sis to provide theoretical and experimental basis for
the diagnosis and treatment of gastric cancer.

Patients and Methods

Patients

Thirty-six cases of gastric cancer (21 males,
age = 47.2+10.3 years) admitted to our hospital
from February 2014 to February 2015 were inclu-
ded in the observation group. Thirty-two healthy
people (16 females, age=42.1+11.5 years) were
selected as the control group during the same pe-
riod.Inclusion criteria: (1) patients diagnosed with
gastric cancer; (2) without other cancers; (3) ages
ranged from 30 to 60 years.

Exclusion criteria: (1) suffering from other in-
flammation; (2) suffering from other tumors and
cancers; (3) less than 30 years or older than 60
years. Informed consent was obtained from the
individuals enrolled in the study which has been
approved by the Institution Ethics Committee of
Xuzhou Central Hospital.

RNA Kit (TAKARA, China); GDF-15 and
MMP7 gene primers were synthesized by Suzhou
Genewiz Biological Engineering Co., Ltd. (Shan-
ghai, China); primary and secondary antibodies
GDF-15 and MMP7 primary antibody was goat
anti-rabbit antibody (ABM, Winnipeg, Manitoba,
Canada) and the secondary antibody was rabbit
anti-rat antibody which was labeled by HRP (Ke-
qing Biological Company, Suzhou, China).

Instruments: low temperature high-speed centri-
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fuge (Thermo, Darmstadt, Germany); super-clean
bench (Suzhou Purification Equipment Co., Ltd,
Suzhou); PCR instrument (Thermo, Darmstadt,
Germany); micro nucleic acid quantitative measu-
rement instrument (Thermo, Darmstadt, Germany);
microplate reader (Thermo, Germany); transmem-
brane apparatus (Thermo, Darmstadt, Germany);
protein electrophoresis apparatus (Beijing Liuyi
Biotechnology Co., Ltd, China).

Methods

Fluorescence Quantitative PCR

RNA extraction: In this study, RNA was ex-
tracted according to the TAKARA RNA Ex-
traction Kit specification’ (Dalian, China).

Fluorescence Quantitative PCR

To detect the mRNA expression of GDF15,
MMP7 and GAPDH genes in different samples,
we used SYBRGREENI1 dye method, and spe-
cific experimental protocol was referred to the
instructions. All primers used were synthesized
by Suzhou Genewiz Biological Engineering Co.,
Ltd., and the sequences are shown in Table I.

Enzyme-linked Immunosorbent Assay
The experimental protocol was performed ac-
cording to previous study'®.

Western Blotting Analysis

The experimental protocol was performed ac-
cording to previous study'’.

Immunohistochemistry

The experimental protocol was performed ac-
cording to previous study'®.

Statistical Analysis

Statistical analysis was performed using SPSS
14 software (SPSS Inc., Chicago, IL, USA). Clas-
sification data was compared with Chi-square test.
0=0.05, p<0.05 was considered statistically signi-
ficant. a=0.01.

Results

Expression of GDF15 and MMP7 mRNA
in Gastric Cancer Patients and healthy
People

In this study, we took tissue samples of nor-
mal population and gastric cancer patients, and
extracted total RNA as template. The levels of
GDF15 and MMP7 mRNA in different samples
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Table I. Primers for fluorescence quantitative PCR.

Primer Sequence

GDF15-F GTGCTAGCTAGGAGCTAGCTACG
GDF15-R CGTGATCGGCTAGCTAGCTAGC
MMP7-F CGTAGCTAGCTACGTACGATAGC
MMP7-R CGTAGCTAGCTAGATCGATAGCTA
GAPDH-F CGTAGGGCTAGCTAGCTAGATAC
GAPDH-R  CGTAGCTGAGAGTTAGCTAGCATC

were determined by fluorescence quantitative
PCR method. The results are shown in Figure
1. Compared with the control group, levels of
GDF15 and MMP7 mRNA in tissue samples from
patients with gastric cancer were relatively high.
The expression of GDF15 mRNA in gastric can-
cer tissue was 12.8 times higher than in the con-
trol group. The expression of MMP7 mRNA in
gastric cancer tissue was 16.3 times higher that in
the control group. The results showed that there
were significant differences in the expression of
GDF15 and MMP7 in normal and gastric cancer
tissue samples (p<0.05), suggesting that there is a
certain correlation between GDF15, MMP7, and
gastric cancer.

Expression of GDF15 and MMP7 mRNA in
Gastric Cancer Patients After Treatment
We extracted total RNA from the pathological
tissue of patients with gastric cancer before and
after treatment. The levels of GDF15 and MMP7
mRNA in pathological tissue in gastric cancer pa-
tients before and after treatment were measured,
and the results were shown in Figure 2. In patien-
ts with significant improvement after treatment,
compared to before treatment, expression levels
of GDF15 and MMP7 mRNA decreased signifi-
cantly (p<0.05), which were 14.5% and 12.8% of
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Figure 1. Expression of GDF15 and MMP7 mRNA in ga-
stric cancer patients and healthy people (“*”indicated a signi-
ficant difference between groups).
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Figure 2. Expression of GDF15 andMMP7 mRNA in ga-
stric cancer patients after treatment (“*”indicated a signifi-
cant difference between groups).

the levels before treatment, respectively. But in
patients with gastric cancer who had no signifi-
cant improvement after treatment, expression le-
vels of GDF15 and MMP7 mRNA didn’t differ
from those before treatment (p>0.05), which were
94.3% and 87.9% of the levels before treatment,
respectively. The results showed that there was
a certain correlation between the expression of
GDF15 and MMP7 mRNA and rehabilitation sta-
tus of patients with gastric cancer after treatment.

Expression of GDF15 and MMP7 Proteins
in Gastric cancer patients and Healthy
People

In the present study, we took total proteins
extracted from different samples. The levels of
GDF15 and MMP?7 proteins in different samples
were determined by ELISA, and the results were
shown in Figure 3. As can be seen from Table
II, level of GDFI15 protein in the observation
group before treatment (14.28+1.03 mg/1) was si-
gnificantly higher than that in the control group
(1.05+£0.21 mg/l) (p<0.05). And level of MMP7
protein in the observation group before treatment
(9.06+0.82 mg/1) was significantly higher than that
in the control group (0.94+0.12 mg/1) (p<0.05).

Table II. Expression of GDF15 and MMP7 proteins in
gastric cancer patients and healthy people.

Level of Level of
Group GDF15 (ug/l) MMP7 (ug/I)
Healthy people 1.05+0.21 0.94+0.12
Gastric cancer patients 14.28+1.03" 9.06+0.82"

"p: significant difference.
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Figure 3. Expression of GDF15 and MMP7 proteins in ga-

stric cancer patients and healthy people (“*”indicated a si-
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Figure 4. Expression of GDF15 and MMP7 proteins in ga-

nificant difference between groups) stric cancer patients before and after treatment (“*”indicated
& Eroups). a significant difference between groups).
Table Ill. Quantitative determination of GDF15 and MMP7 protein levels in different samples.
Patients with Patients with
no significant significant
Group N improvement (ng/1) improvement (ng/1)
GDF15 MMP7 GDF15 MMP7
Healthy people 32 1.37+0.18 1.32+0.11 1.35+0.17 1.21+0.11
Gastric cancer patients 36 14.04+1.26 9.31+0.43 2.23+0.18 0.74+0.16

“p: significant difference.

Expression of GDF15 and MMPZ7 Proteins
in Gastric Cancer Patients after
Treatment

In this study, we took total proteins extracted
from different samples. The levels of GDF15 and
MMP7 proteins in different samples were deter-
mined by ELISA, and the results were shown in
Figure 4. After treatment, comparison of GDF15
protein levels between patients in the cured obser-
vation group (1.6440.18 g/1) and the control group
(1.0540.21 g/1) revealed no significant differences
(»<0.05), while the levels in patients with no si-
gnificant improvement (12.04+1.01; 8.21£0.65
g/l) were significantly higher than that in the con-
trol group (1.05+0.21 g/l) (p>0.05). After treat-
ment, comparison of MMP7 protein levels betwe-
en patients in the cured observation group (0.94
g/l) and the control group revealed no significant
differences (p<0.05), while the levels in patients
with no significant improvement (8.21+0.65 g/1)
were significantly higher than that in the control
group (p>0.05).

Detection of GDF15 and MMP7 Protein
Levels in Different Samples by Western
blot Analysis

The levels of GDF15 and MMP7 proteins in
patients with gastric cancer and healthy people
were detected by Western blot analysis. And
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the results were shown in Figure 5. The levels
of GDF15 and MMP7 proteins in patients with
gastric cancer were both significantly higher
than that in healthy people (p<0.05), which was
consistent with ELISA results. Also, levels of
GDF15 and MMP7 proteins in gastric cancer pa-
tients with significant improvement after treat-
ment were significantly lower than that in patien-
ts with no significant improvement. Quantitative
determination of Western blot results showed
that the findings above were consistent with ELI-
SA results (Figure 4).

Immunohistochemistry of Gastric Cancer
Tissue in the Observation Group Before
and after Treatment

In this study, immunohistochemical analysis of
the expression of GDF15 and MMP7 in gastric
cancer tissue was conducted and showed that (Fi-
gure 6), in patients with significant improvement
after treatment, the number of GDF15 positive
cells (10.32%) in tissue was significantly less than
that in patients with no significant improvement
(85.43%) (p<0.05). Meanwhile, in patients with si-
gnificant improvement after treatment, the number
of MMP7 positive cells (9.01%) was also signifi-
cantly less than that in patients with no significant
improvement (90.27%) (p<0.05) (Table IV).
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Table IV. The number of positive cells in gastric cancer tissue in the observation group before and after treatment.

Patients with

Patients with

no significant significant
Group N improvement (%) improvement (%)
GDF15 MMP7 GDF15 MMP7
Gastric cancer patients 36 85.43+2.32 90.27+1.08 10.32+0.12 9.01£1.21
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Figure 5. Detection of GDF15 andMMP7 protein levels in
different samples by Western blot analysis.

Discussion

As a common digestive disease, the inciden-
ce of gastric cancer in China has increased year
by year'”. However, the pathogenesis of ga-
stric cancer, as well as many of the signaling
molecules and genes involved are not clear at
present®, which leads to the fact that there are
no effective methods regarding diagnosis and
treatment of gastric cancer. And due to the me-
tastasis of cancer cells and the enhancement of
drug resistance in cancer cells, the efficacy of
a large number of chemotherapy drugs decli-
nes?'. In recent years, research studies showed
that MMP-7 protein is an important member of
the MMP family and abnormally expressed in
breast cancer, colon cancer and so on''?>?3, Fur-
ther research findings indicated that**, MMP7
protein in cancer tissues and cancer cells pro-
moted the metastasis and migration of cancer
cells by degradation of cell adhesion between
cancer cells. Besides, studies on drug resistan-
ce of cancer cells found that the expression of
MMP7 protein was higher in highly resistant
cancer cells, and cell migration was significant-
ly increased, suggesting that MMP7 protein
enhanced the drug resistance of cancer cells®. It

has been shown that there was a significant cor-
relation between the polymorphism of MMP7
gene and the incidence of colon cancer. For
example, there was a significant difference in
the genotype frequencies of MMP7-18A/G in
colon cancer patients and normal population. In
colon cancer patients, the main genotypes were
GG/AA homozygous, while in normal popula-
tion, the main genotype was A/G heterozygous
genotype®, which indicated that the polymor-
phism of MMP7 gene may be related to the
regulation of cancer cell migration. Research
results'*?” showed that GDF15, as an important
member of the TGF-B family, expressed higher
levels in pancreatic carcinoma and colon car-
cinoma cells than that in normal cells. Further
studies showed that the gene could enter into
the surrounding cells through paracrine and au-
tocrine. The level of GDF15 in serum of colon
cancer patients was significantly higher than
that in healthy people, indicating that GDF15
gene might serve as a marker for the diagnosis
of cancer'. In this study, we first detected the
expression levels of GDF15 and MMP7 genes
in gastric cancer patients and healthy people.
And the results showed that both GDF15 and
MMP7 mRNA and protein levels differed signi-
ficantly in gastric cancer and healthy popula-
tion. Then the gastric cancer patients were divi-
ded into two groups (namely group of patients
with significant improvement after chemothe-
rapy) and (group of patients with no signifi-
cant improvement). We found that GDF15 and
MMP7 protein levels decreased significantly
in patients who had a significant improvement,
but remained high in pre-treatment and patients
with no significant improvement.

Conclusions
There were significant correlations betwe-

en GDF15 and MMP7 and the incidence of ga-
stric cancer. Moreover, the levels of GDF15 and
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Figure 6. Immunohistochemistry of gastric cancer tissue in the observation group before and after treatment. Panel A, Tissue
sample in patients with gastric cancer; Panel B, Tissue samples in gastric cancer patient with no significant improvement; Panel
C, Tissue samples in gastric cancer patients with significant improvement; Panel D, Healthy gastric tissue sample.

MMP7 proteins in the patients were significantly
correlated with the degree of rehabilitation of pa-
tients after chemotherapy.
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