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Expression of STAT3, MMP-1 and TIMP-1 in gastric
cancer and correlation with pathological features
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Abstract. The aim of this study was to investigate the mRNA
and protein expression of STAT3, MMP-1 and TIMP-1 in
gastric cancer (GC), and to explore the correlations between
these proteins and the biological behaviors of GC. Reverse
transcription-polymerase chain reaction was employed to
detect the mRNA expression of STAT3, MMP-1 and TIMP-1
in GC tissues (n=30), adjacent normal tissues (n=30) and super-
ficial gastritis (SG) tissues (n=30). Immunohistochemistry was
performed using the SP method to measure the protein expres-
sion of STAT3 (unphosphorylated), MMP-1 and TIMP-1.
The correlation between the pathological features of GC
and STAT3, MMP-1 as well as TIMP-1, were evaluated. The
mRNA expression of STAT3 in GC tissues (0.821+0.128) was
significantly higher compared to that in adjacent normal tissues
(0.355+0.100) and SG tissues (0.398+0.096) (P<0.05). The
mRNA expression of MMP-1 in GC tissues (0.749+0.133) was
significantly increased compared to adjacent normal tissues
(0.335+0.106) and SG tissues (0.345+0.063) (P<0.05). The
mRNA expression of TIMP-1 in GC tissues (0.386+0.125) was
comparable to that in adjacent normal tissues (0.343+0.078)
and SG tissues (0.345+0.061), but the mRNA expression of
TIMP-1 in GC tissues was significantly correlated with the
differentiation of GC cells and lymph node metastasis. STAT3,
MMP-1 and TIMP-1 were significantly associated with the
differentiation of GC cells and lymph node metastasis, but
not related to age, gender and tumor size. The positive rate of
unphosphorylated STAT3 expression was dramatically higher
in GC tissues (86.7%) compared to that in adjacent normal
tissues (16.7%) and SG tissues (10.0%) (P<0.05). The posi-
tive rate of MMP-1 protein expression in GC tissues (63.3%)
was significantly higher compared to that in adjacent normal
tissues (13.3%) and SG tissues (16.7%) (P<0.05). However, no
significant difference was observed in the TIMP-1-positive
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rate among the three groups (23.3, 16.7 and 10.0%, respec-
tively; P>0.05). STAT3 and MMP-1 may be involved in the
development and metastasis of GC, and treatment targeting
TIMP-1 may be a promising strategy.

Introduction

Gastric cancer (GC) is the most common malignancy in
the gastrointestinal tract. It is the second leading cause of
cancer-related death worldwide (1). China has a relatively
high morbidity of GC (2); the mortality rate of GC is 25.21
per 100,000 individuals annually and is the leading cause of
cancer-related death in China (3). With the wide application of
electronic gastroscopy, an increasing number of GC patients
acquire the chance for surgery. However, when compared to
early GC, patients with advanced GC have a significantly
reduced survival rate after surgery due to the susceptibility of
GC to recurrence and metastasis.

Signal transducer and activator of transcription 3 (STAT3)
is a member of the STAT family which consists of 7 members
(STAT-1, -2, -3, -4, -5A, -5B and -6). It has been confirmed
that the STAT family plays important roles in many biological
processes, including cell growth, differentiation, survival and
development (4). Evidence indicates the aberrant activation
of STAT3 in GC and GC cell lines. STAT3 promotes the
proliferation and anti-apoptosis of GC cells via regulating the
expression of Bcl-2, Bel-xL, survivin and cyclin D1, which
then promotes lymph node metastasis and affects the prog-
nosis of GC (5-8). STAT3 may also facilitate the expression of
matrix metalloproteinase (MMP) family members, including
MMP-2 (9), MMP-7 (10) and MMP-9 (6), which have crucial
roles in the invasion and metastasis of GC. There is evidence
indicating that the expression of STAT3 and MMP-1 is
increased in colon cancer, which exerts a promotive effect on
the invasion and metastasis of GC (11,12). Studies have also
demonstrated increased MMP-1 levels in peripheral blood in
GC patients and elevated MMP-1 expression in GC tissues
(13-15). However, the interaction between STAT3 and MMP-1
is seldom reported in GC.

MMP is a group of proteins that have the activities of
proteolytic enzymes and degrade the basement membrane
and extracellular matrix. MMP is regulated by its endogenous
inhibitor — tissue inhibitors of metalloproteinase (TIMP). To
date, a total of 4 TIMPs have been identified (TIMP-1, -2,
-3 and -4) (5). The functions of the 4 TIMPs on MMPs are
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Table I. Annealing temperature and primers for RT-PCR.
Gene Primers 5'-3' Annealing temperature ("C) Anticipated size (bp)
STAT3 TGGGCATATGCGGCCAGCAA

ACAAAAGCCCCGCCAGCTCA 58 550
MMP-1 ACATCGTGTTGCGGCTCATGA

TTTGGGGTTTGTGGGCCGATGG 58 192
TIMP-1 GTTGTTGCTGTGGCTGATGATAG

TGTGGGACCTGTGGAAGTA 56 266
[-actin GTGGACATCCGCAAAGAC

AAAGGGTGTAACGCAACTAA 56 302

overlapped (16), and TIMP-1 exerts a suppressive effect on
MMP-1 activity (17).

In the present study, reverse transcription-polymerase
chain reaction (RT-PCR) and immunohistochemistry were
performed to determine the mRNA and protein expression of
STAT3, MMP-1 and TIMP-1, respectively, in GC. The clinical
significance of these proteins in GC may provide evidence for
the pathogenesis of GC, molecular-targeted therapy and evalu-
ation of contributing factors of GC prognosis.

Materials and methods

Patients. A total of 30 patients with GC were recruited from
May 2011 to August 2011. Fresh GC tissues (n=30) were
collected during surgery, including moderately differentiated
adenocarcinoma (n=13) and poorly differentiated adenocarci-
noma (n=17). At the same time, adjacent normal tissues were
also obtained 5 cm away from the tumor (n=30). The mean age
of the GC patients was 58.4+10.6 years (range 39-78) and there
were 19 males and 11 females. All patients did not receive
chemotherapy and radiotherapy before surgery and GC was
pathologically confirmed. In addition, 30 patients with patho-
logically proven superficial gastritis (SG) who underwent
gastroscopy were also recruited as controls. The mean age of
the SG patients was 42.4+5.7 years (range 32-52) and there
were 18 males and 12 females. Each tissue was divided into
two: one was stored in liquid nitrogen for RT-PCR and the
other was fixed in formalin and embedded in paraffin for
immunohistochemistry.

Reagents. TRIzol, total RNA extraction kit, reverse transcrip-
tion kit (Invitrogen), 2X TagPCR MasterMix (TianGen), DNA
Marker I (100-700 bp), rabbit anti-human Stat3 (unphos-
phorylated) monoclonal antibody, rabbit anti-human TIMP-1
polyclonal antibody, mouse anti-human MMP-1 monoclonal
antibody (Santa Cruz), immunohistchemistry SP kit (Maxim)
and DAB substrate kit were used in the present study.

Semi-quantitative RT-PCR. Total RNA was extracted from
GC tissues, adjacent normal tissues and SG tissues according
to the manufacturer's instructions and then identified by
electrophoresis. RNA was subjected to reverse transcription
into cDNA according to the manufacturer's instructions.
RT-PCR was performed using the following procedures: 1 pl
of cDNA was mixed with 1 ul of each primer, 12.5 ul of 2X

TagqPCR MasterMix and 9.5 ul of RNase-free water (final
volume 25 pl). The PCR conditions and primers are shown
in Table I. Electrophoresis was performed according to the
following procedures: 5 pl of PCR products was subjected to
1% agarose gel electrophoresis and the bands were observed
under a uviol lamp and then the images were captured. The
optical density of the bands was analyzed using Bandleader
3.0 software. Expression of the target gene was normalized by
that of 3-actin as an internal reference representing the relative
expression of the target gene (semi-quantitative analysis).

Immunohistochemistry. Immunohistochemistry was carried
out using the streptavidin-perosidase (SP) method. In brief,
tissues were embedded in paraffin and sectioned. The sections
were then deparaffinized and hydrated. Antigen retrieval
was carried out in citric acid buffer at high temperature.
The remaining procedures were performed according to
the manufacturer's instructions. The concentration of Stat3
(unphosphorylated), MMP-1 and TIMP-1 as primary antibody
was 1:200. In the negative control group, the primary antibody
was replaced with PBS. Cells positive for Stat3 (unphosphory-
lated), MMP-1 or TIMP-1 had yellow or brownish yellow
granules in the cytoplasm. Fields at a high magnification
(x200) were selected and the proportion of positive cells was
calculated: negative, <10%; positive, =10%.

Statistical analysis. Data are expressed as the means =+ stan-
dard deviation, and statistical analysis was carried out with
SPSS version 13.0 software. Differences in mRNA expression
were compared by t-test between two groups and differences
in the proportion of positive cells were compared by the
Chi-square test. A value of P<0.05 was considered to indicate
statistical significance.

Results

mRNA expression of STAT3, MMP-1 and TIMP-1. The positive
rate of mRNA expression of STAT3, MMP-1 and TIMP-1 was
100% in GC tissues, adjacent normal tissues and SG tissues.
The mRNA expression of STAT3 in GC tissues (0.821+0.128)
was markedly higher than that in adjacent normal tissues
(0.355+0.100) (P<0.05) and SG tissues (0.398+0.096) (P<0.05),
but the mRNA expression of STAT3 was comparable between
adjacent normal tissues and SG tissues (P>0.05). The mRNA
expression of MMP-1 in GC tissues (0.749+0.133) was
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Figure 1. mRNA expression of STAT3, MMP-1 and TIMP-1 in different tis-
sues (T, GC tissues; U, adjacent normal tissues; G, SG tissues). GC, gastric
cancer; SG, superficial gastritis.

significantly increased when compared to adjacent normal
tissues (0.335+0.106) (P<0.05) and SG tissues (0.345+0.063)
(P<0.05), but there was no significant difference between
adjacent normal tissues and SG tissues (P>0.05). The mRNA
expression of TIMP-1 in GC tissues (0.386+0.125) was similar
to that in adjacent normal tissues (0.343+0.078) and SG tissues
(0.345+0.061) (P>0.05). However, the mRNA expression of
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TIMP-1 was related to lymph node metastasis and differentia-
tion of GC cells in GC tissues (Fig. 1, Tables II and III).

Protein expression of STAT3, MMP-1 and TIMP-1. The
proportion of STAT3-positive cells in GC tissues, adjacent
normal tissues and SG tissues was 86.7% (26/30), 16.7% (5/30)
and 10.0% (3/30), respectively. The positive rate in GC was
significantly higher than that in adjacent normal tissues and
SG tissues (P<0.05). The proportion of MMP-1-positive cells
in GC tissues was 63.3% (19/30), which was markedly higher
than that in adjacent normal tissues 13.3% (4/30) and SG tissues
16.7% (5/30) (P<0.05). The proportion of TIMP-1-positive
cells in GC tissues, adjacent normal tissues and SG tissues
was 23.3% (7/30), 16.7% (5/30) and 10.0% (3/30), respectively,
showing no significant difference (P>0.05) (Fig. 2).

Correlations between mRNA expression of STAT3, MMP-1
and TIMP-1 and pathological features of GC. The mRNA
expression of STAT3, MMP-1 and TIMP-1 was closely related
to the biological behaviors of GC, but was not associated with
age, gender and tumor size. In addition, the mRNA expression
of STAT3 and MMP-1 was associated with the differentiation
and lymph node metastasis of GC cells. The mRNA expression
of STAT3 and MMP-1 in poorly differentiated adenocarci-
noma or GC with lymph node metastasis was significantly
higher than that in moderately differentiated adenocarcinoma
or GC without lymph node metastasis. (P<0.05). However, the
mRNA expression of TIMP-1 in moderately differentiated GC
or GC without lymph node metastasis was dramatically higher
than that in poorly differentiated adenocarcinoma or GC with
lymph node metastasis (P<0.05) (Table I'V).

Discussion

Certain cytokines, growth factors and steroids bind to
corresponding receptors on the cell membrane and then
phosphorylate Janus kinase (JAK). The phosphorylated JAK
subsequently phosphorylates the 705th amino acid at STAT3

Table II. mRNA expression of STAT3, MMP-1 and TIMP-1 in gastric cancer (GC) tissues, adjacent normal tissues and superficial

gastritis (SG) tissues.

Group STAT3 MMP-1 TIMP-1

GC tissues 0.821+0.128 0.749+0.133 0.386+0.125
Adjacent normal tissues 0.355+0.100 0.335+0.106 0.343+0.078
SG tissues 0.398+0.095 0.345+0.063 0.345+0.061

Table III. Protein expression of Stat3 (unphosphorylated), MMP-1 and TIMP-1 in gastric cancer (GC) tissues and adjacent

normal tissues (n=30).

Group STAT3 y>-test  P-value MMP-1 y>-test  P-value TIMP-1 y>-test  P-value
+ - + - + -

GC tissues 26 4 2943 0.00 19 11 15.86 0.00 7 23 0.42 0.52

Adjacent tissues 5 25 4 26 5 25
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Figure 2. Protein expression of (A, D and G) Stat3 (unphosphorylated), (B, E and H) MMP-1 and (C, F and I) TIMP-1 in gastric cancer, adjacent normal and

superficial gastritis tissues.

Table IV. Correlation between mRNA expression of STAT3, MMP-1 and TIMP-1 and pathological features of gastric cancer.

Pathological no. STAT3 P-value MMP-1 P-value TIMP-1 P-value
features expression expression expression
Gender
Male 19 0.855+0.120 0.055 0.781+0.128 0.080 0.365+0.133 0.234
Female 11 0.763+0.125 0.693+0.127 0.422+0.105
Age (years)
<55 10 0.804+0.156 0.611 0.758+0.131 0.803 0.368+0.057 0.479
=55 20 0.830+0.115 0.745+0.137 0.395+0.148
Tumor size (cm)
<5 18 0.812+0.122 0.643 0.750+0.129 0.970 0.393+0.105 0.714
>5 12 0.835+0.141 0.748+0.144 0.376+0.154
Differentiation
Moderate 13 0.737+0.140 0.003 0.673+0.122 0.004 0.452+0.149 0.020
Poor 17 0.886+0.069 0.807+0.112 0.336+0.073
Lymph node metastasis
No 19 0.762+0.125 0.000 0.677+0.111 0.000 0.442+0.121 0.000
Yes 11 0.924+0.032 0.874+0.044 0.289+0.047

resulting in STAT3 activation [pSTAT3(Tyr705)]. The acti-
vated STAT3 forms dimers which then translocate into the
nucleus and bind to the promoters of target genes involved in
the transcription of target genes (4). In cancer cells, STAT3 is
continuously activated leading to the increased expression of
Bcl-2 (an anti-apoptosis protein), cyclin D1 (a cell cycle regu-
latory protein), survivin, vascular endothelial growth factor

(VEGF) and members of the MMP family. This may exert an
anti-apoptotic effect, promote cell proliferation, regulate cell
cycle, facilitate angiogenesis in cancer, and degrade the base-
ment membrane and extracellular matrix, which play crucial
roles in the occurrence and development of cancers (6,18-20).

It was generally considered that pSTAT3 (Tyr705) is the
activated form of STAT3. In recent years, several studies
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report that unphosphorylated-STAT3 (UP-STAT3) may also
serve as a transcription factor to regulate the expression of
target genes (21). There is evidence indicating that UP-STAT3
is highly expressed in several malignancies, including colon
cancer (21) and chronic lymphocytic leukemia. This may
be attributed to UP-STAT3 which forms dimers to enter the
nucleus or bind to nuclear factor-kB resulting in transcription
activation (19,22,23).

There are 24 members in the MMP family which have
conservative gene structure enzyme activities. These members
are involved in the degradation of the basement membrane and
extracellular matrix. In normal cells, MMP is lowly expressed
and TIMP can bind to MMP at a ratio of 1:1 to suppress MMP
activity. The balance between MMP and TIMP is pivotal for
the normal physiological functions of cells (15,24). STAT3
regulates the transcription of MMP-1, which has been reported
in colon cancer. STAT3 may directly act on MMP-1 or indi-
rectly facilitate MMP-1 expression via activator protein (AP)-1
(a transcription factor) (11,25).

Our results showed that the mRNA expression of STAT3
and MMP-1 in GC was markedly increased and also positively
associated with the differentiation and lymph node metastasis
of GC cells. However, the TIMP-1 expression was comparable
among GC tissues, adjacent normal tissues and SG tissues
(P>0.05). Of note, TIMP-1 expression was negatively related to
the differentiation and lymph node metastasis of GC cells. The
protein expression of UP-STAT3 and MMP-1 in GC tissues
was significantly increased when compared to adjacent normal
tissues and SG tissues (P<0.05). This indicates that STAT3 and
MMP-1 may be involved in the development and lymph node
metastasis of GC, or the continuous high expression of STAT3
and MMP-1 may result in susceptibility to invasion and metas-
tasis of GC. In GC, STATS3 is continuously activated leading to
increased MMP-1 expression, but TIMP-1 expression remains
unchanged. Thus, the balance between MMP-1 and TIMP-1
is disrupted and the degradation of the extracellular matrix
by MMP-1 is enhanced, resulting in invasion and metastasis.

Taken together, in the present study we investigated the
mRNA and protein expression of STAT3, MMP-1 and TIMP-1
in GC tissues, adjacent normal tissues and SG tissues, and also
evaluated the correlations between these proteins and clini-
copathological features of GC. We speculate that STAT3 and
MMP-1 may be involved in the development and metastasis
of poorly differentiated gastric adenocarcinoma affecting the
prognosis of GC. TIMP-1 inhibits MMP-1 activity and the
increased mRNA and protein expression of MMP-1 is related
to the differentiation and lymph node metastasis of GC cells.
Our findings provide evidence for the targeted therapy of
TIMP-1 in GC.
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