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Abstract

The aim of this study was to evaluate the protein and mRNA

expressions of matrix metalloproteinase-14 (MMP14) and CDK7 in

gastric cancer (GC) tissues. Upregulation of MMP14 mRNA level

was observed in GC tissues when compared with the matched nor-

mal tissues (mean 6 SD: 3.92 6 1.15 vs. 1.35 6 0.81, P < 0.001). This

study indicated that mRNA levels of CDK7 were statistically over-

expressed in GC when compared with matched normal tissues

(4.12 6 0.84 vs. 1.43 6 0.71, P < 0.001). The protein levels of MMP14

were found to be increased in GC (60.41%; P < 0.001). The expres-

sion of CDK7 was higher in GC tissues than matched normal

tissues (70.83; P < 0.001). We found that high MMP14 expression

was related to advanced TNM stage (P 5 0.004), tumor grade

(P 5 0.002), and lymph node metastasis (P 5 0.015), but no

association with other clinical variables (P > 0.05). In addition, high

expression of CDK7 was significantly linked to advanced TNM

stage (P 5 0.001), pathological grade (P 5 0.012), and presence of

lymph node metastasis (P 5 0.009), while no correlation between

CDK7 expression and other clinical variables, such as age and gen-

der, distance metastasis. The patients with high expression of

MMP14 and CDK7 exhibited worse survival time than those with

higher levels. Cox multivariate regression analysis clearly showed

that high expression of MMP14 and CDK7 was independent prog-

nostic factors for overall survival in patients with GC. Taken togeth-

er, these results indicated the overexpression of above markers in

the progression and the tumorigenesis of GC and overall patient

survival. VC 2016 IUBMB Life, 68(10):799–805, 2016
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Introduction
Gastric cancer (GC) is the fourth most frequent malignancy all
over the world and represents the most important cause of
cancer-related death (1–3). It is worth noting that most patients

are diagnosed at high stage of disease with limited treatment
options, and the clinical outcome of GC is still unsatisfactory (4).
In advanced GC, the worldwide overall 5-year survival rate is
still in the scope of 25–35% (5,6). Therefore, it is urgent to distin-
guish novel specific diagnostic markers for diagnosis and prog-
nosis evaluation. Many targeted agents have been assessed for
patients with GC. Matrix metalloproteinase-14 (MMP14) is a
membrane-anchored MMP and belongs to the matrix metallo-
proteinase (MMP) family. MMP14 has been suggested to facili-
tate the initiation and progression of different biological process-
es, such as proliferation, angiogenesis, invasion, migration, and
dissemination of cancer cells (7,8). It was revealed that MMP14
expression is related to the poor prognosis in many kinds of
cancers such as breast cancer, pancreatic cancer, and prostate
cancer. Although association between MMP14 expression and
clinicopathological factors has been previously evaluated, little
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is known about the exact role of MMP14 in GC. In addition,
cyclin-dependent kinases (CDKs) have been found to be implicat-
ed in and are involved in temporal control of the cell cycle and
transcription, which is linked to the development of cancer (9).
CDK7 is a member of the CDK family and activates a variety of
CDK molecules that can be associated with proliferation of cells.
It is directly associated with phosphorylation of transcription
factors for gene regulation (10). Many studies suggested that
abnormal expression of CDK7 in the cell cycle is involved in
occurrence and development of malignancies (11). The role of
CDK7 in progression of GC needs to be further studied. In this
study, we evaluated the protein and mRNA levels of CDK7 and
MMP14 in GC by quantitative real-time PCR and immunohisto-
chemical staining. Furthermore, the association of marker
expression with clinicopathological factors was analyzed.

Materials and Methods

Patients and Clinical Data
This study was approved by the Ethical Committee for Clinical
Research of the Hospital, and informed consents were obtained
from all the patients. A total of 96 patients with GC who under-
went surgical resection at the Tehran Hospital between 2009
and 2014 were enrolled in this study. We retrospectively evalu-
ated all of the GC tissues, and patients had not received neoadju-
vant chemotherapy or radiotherapy. Informed consent was
collected from all patients. Pathological tumor staging was done
based on the 7th edition of American Joint Committee on Cancer
TNM staging system. The histopathological diagnosis of all
patients was confirmed by a pathologist. Pathological tumor
grading was determined based on the criteria of the World
Health Organization classification. Follow-up of the patients was
conducted, and overall survival (OS) was determined as the
interval from surgery to GC-related causes. Tumor and matched
normal tissues were collected from the resected specimens and
stored at 280 8C until use.

Quantitative Real-Time PCR and Gene
Expression Analysis
Total RNA was extracted from tissue cells using Trizol (Qiagen,
Hilden, Germany) according to the manufacturer’s recommen-
dations. Reverse transcription of RNA was done using Tran-
scriptor High Fidelity cDNA Synthesis Kit (Roche, Germany).
Quantitative real-time PCR was performed on Applied Biosys-
tems 7300 real-time PCR system (Applied Biosystems, Foster
City, CA, USA) using a QuantiTect SYBR Green PCR Kit, and the
primers used are as follows: MMP14 forward, 50-GGAGACAA
GCATTGGGTGTT-30; MMP14 reverse, 50-GGTAGCCCGGTTC
TACCTTC-30; Cdk7 forward, 50-AACACCAACCAAATCGTC-30;
JAM-A reverse, 50-CTACTCCCACACCATACATC-30; GAPDH for-
ward, 50-ACCCACTCCTCCACCTTTGA-30; and GAPDH reverse,
50-CTGTTGCTGTAGCCAAATTCGT-30. Relative expression
levels of mRNAs were counted with the threshold cycle (CT)
method-fold change (2-DDCT). DCt 5 Ct gene 2 Ct reference.

Immunohistochemical Staining
All tissues were immunohistochemically analyzed in accordance
with a previously described method (12). Antigen retrieval was
developed using microwave heating at 95 8C in 0.01 mol/L citrate
buffer (pH 6.0). A solution containing 3% H2O2 was applied for
blocking endogenous peroxidase activity. Afterward, 1% bovine
serum albumin was applied to prevent nonspecific binding. The
sections were incubated with primary antibodies (anti-MMP14,
Abcam; 1:100 and the anti-CDK7, 1:100; Abcam) overnight at
4 8C. Afterward, incubation was developed with biotinylated sec-
ondary antibody and streptavidin–horseradish peroxidase
according to the manufacturer’s instructions at room tempera-
ture for 20 min. All samples were incubated with liquid 3,30-
diaminobenzidine. Staining intensity was graded as follows:
0, negative; 1, week; 2, moderate; and 3, high. The proportion of
positive tumor cells was counted (0: <1%; 1: 1–25%; 2: 26–50%;
and 3: >50%; ref. (13)). Final staining score was determined
based on the staining intensity and scored ranging from 0 and 6.
Final cell staining was classified into high expression (4–6) and
low expression (0–3) groups (based on IHC scores).

Protein Extraction and Western Blotting
All tissue sections were cracked in lysis buffer (50 mM Tris-HCl
pH 7.5, 125 mM NaCl, 0.1% Triton X-100, and 5 mM EDTA),
followed by centrifugation of the lysate for 10 min at 4 8C
(12,000 rpm). The supernatant was then diluted with SDS load-
ing buffer and consequently boiled. Proteins were added in 10%
sodium dodecyl sulfate polyacrylamide gels (SDS-PAGE) and
then transferred onto a PVDF membrane. The membranes were
blocked with 5% skimmed milk at room temperature for 2 h and
then incubated with primary antibodies (anti-CDK7 antibody,
1:100; anti-MMP14 antibody, 1:100). After that, the PVDF mem-
branes were rinsed with PBS Tween three times, followed by
incubation with HRP-conjugated secondary antibodies for 2 h at
room temperature. Immunoreactivity was detected using the
ECL detection systems.

Statistical Analysis
The chi-square test was applied to determine the associations
between all variables. The Kaplan-Meier method was used to
create survival curves, and the log-rank test was applied to
determine statistical significance. Multivariate Cox proportion-
al hazards method was used for analyzing the associations
between the clinical parameters and patient’s survival time.
Statistical analysis was considered to be statistically significant
at P<0.05 (SPSS 17.0 for Windows; SPSS, Inc.).

Results
Upregulation of MMP14 mRNA level was detected in GC tissues
when compared with the matched normal tissues (mean 6 SD:
3.92 6 1.15 vs. 1.35 6 0.81, P<0.001). CDK7 expression was
statistically upregulated in gastric cancer when compared with
matched normal tissues (4.12 6 0.84 vs. 1.43 6 0.71, P<0.001;
Fig. 1).
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We next evaluated the protein level of MMP14 and CDK7
in GC tissues by immunohistochemical method and Western
blot analysis. The protein levels of MMP14 were found to be
increased in GC (60.41%; P<0.001; Fig. 2). The expression of
CDK7 was higher in GC tissues than matched normal tissues
(70.83; P<0.001; Fig. 3). Taken together, these results indicat-
ed the upregulation of these markers in the progression of GC.

Western blotting analysis also suggested that the MMP14
and CDK7 proteins were increased in GC tissues (Fig. 4).

Association of Protein Expressions with
Clinicopathological Factors
We sought to determine the clinicopathological significance of
markers and evaluated if protein expressions of MMP14 and
CDK7 were correlated with clinicopathological factors in
patients with GC. We found that high MMP14 expression was
related to advanced TNM stage (P 5 0.004), tumor grade
(P 5 0.002), and lymph node metastasis (P 5 0.015), but no
association with other clinical variables (P>0.05; Table 1).
The association between the high expressions of CDK7 with
clinicopathological factors is presented in Table 2.

High expression of CDK7 was significantly linked to
advanced TNM stage (P 5 0.001), pathological grade (P 5 0.012),
and presence of lymph node metastasis (P 5 0.009), while no

correlation between CDK7 expression and other clinical varia-
bles, such as age and gender, distance metastasis. There was no
significant association between CDK7 expression and other clini-
copathological parameters (P>0.05).

Correlation of Proteins Expression Levels
with Prognosis of Patients
The patients with high expression of MMP14 and CDK7 exhibited
worse survival time than those with higher levels. Cox multivari-
ate regression analysis clearly showed that high expression of
MMP14 and CDK7 were independent prognostic factors for over-
all survival in patients with GC. Hazard ratio and 95% confidence
interval are indicated in Table 3.

Discussion
Our findings revealed that the mRNA and protein levels of
MMP14 were upregulated in GC. The expression of CDK7 was
increased in GC tissues when compared with matched normal
tissues. As a matter of fact, these findings suggest the overex-
pression of these markers in the progression of GC. Previous
studies have shown that MMP14 expression is linked to inva-
siveness and poor prognosis in various types of neoplasias
such as pancreatic cancer, breast cancer, prostate cancer,
colon cancer, and neuroblastoma. Overexpression of MMP14
was found in a variety of human malignancies such as colon
cancer, cervical cancer, prostate cancer, lung cancer, breast
cancer, and glioblastomas (14–18). We found that overexpres-
sion of MMP14 is linked to advanced TNM stage, tumor grade,
and lymph node metastasis. Moreover, the association between

MMP14 mRNA levels and CDK7 mRNA levels in gastric

cancer and matched normal tissues.

The association between MMP14 expression and

overall survival in patients.

The correlation of CDK7 expression level with overall

survival times.

Western blotting analysis of proteins in tumor tissues

and control.

FIG 1

FIG 2

FIG 3

FIG 4

Naseh et al. 801



MMP14 expression and clinicopathological parameters has
been evaluated in several types of human cancers such as
breast cancer, lung cancer, and esophageal cancer (19–22). It
has been showed that MMP14 overexpression was significantly
linked to clinical stages, N classification, and distant metasta-
sis in patients with nasopharyngeal carcinoma. Furthermore,
high MMP14 protein was observed to be markedly related to
lymph node metastasis in nonsmall cell lung cancer (19). Evi-
dences suggest that MMP14 may be implicated in promoting
tumor angiogenesis (23,24). Studies showed that MMP14 can
elevate cell migration and invasion (25). MMP14 has been
shown to play an important role on cancer progression and
prognosis. Moreover, this marker has been demonstrated to be
an independent prognostic factor in various kinds of human
cancers (19,21,26,27). Overexpression of MMP14 protein was
reported to be a significant predictor of poor prognosis for GC

(12). Overexpression of MMP14 protein was associated with
shorter survival time, which was consistent with other previ-
ous studies in GC (12,27). Cox multivariate regression analysis
indicated that elevated protein level of MMP14 can be an
independent prognostic factor for overall survival in patients
with GC.

On the other hand, the current studies suggested that both
protein and mRNA expression of CDK7 were elevated in GC tis-
sues when compared with matched normal tissues. In addition,
the association between the high expressions of CDK7 with clini-
copathological variables was investigated.

High expression of CDK7 was significantly associated with
advanced TNM stage, pathological grade, and presence of
lymph node metastasis, while no correlation between CDK7
expression and other clinical parameters. Previous studies
indicated that abnormal expression of CDK7 in the cell cycle is

Correlation of MMP14 expression with clinicopathologic characteristics

MMP14 expression

Parameters Number:96 Low 5 38 High 5 58 P-value

Age group 0.621

<64 years 40 17 23

>64 years 56 21 35

Gender 0.64

Female 45 20 25

Male 51 18 33

TNM staging 0.004

I 17 14 3

II 21 11 10

III 30 8 22

IV 28 5 23

Histological grade 0.002

Well and moderate 55 30 25

Poor and others 41 8 33

Distant metastasis 0.213

Yes 21 9 12

No 75 29 46

Lymph node metastasis

Yes 46 12 34 0.015

No 50 26 24

TABLE 1
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Multivariate Cox regression analyses of overall survival

Clinicopathological characteristics HR Relative risk (95% CI) P-value

Age 0.821 0.632–1.21 0.451

Gender 0.731 0.413–1.03 0.718

TNM staging 2.12 1.831–4.35 0.003

Histological grade 2.74 1.92–5.21 0.001

Distant metastasis 0.91 0.816–1.35 0.216

Lymph node metastasis 3.09 1.94–5.84 0.000

Expression of MMP14 2.43 1.72–5.11 0.023

Expression of CDK7 3.12 1.88–6.01 0.000

Correlation of CDK7 expression with clinicopathologic characteristics

CDK7 expression

Parameters Number: 96 Low 5 28 High 5 68 P-value

Age group 0.594

<64 years 40 11 29

>64 years 56 17 39

Gender 0.623

Female 45 15 30

Male 51 13 38

TNM staging 0.001

I 17 12 5

II 21 8 13

III 30 5 25

IV 28 3 25

Histological grade 0.012

Well and moderate 55 23 32

Poor and others 41 5 36

Distant metastasis 0.28

Yes 21 7 14

No 75 21 54

Lymph node metastasis

Yes 46 9 37 0.009

No 50 19 31

TABLE 3

TABLE 2
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implicated in the development of malignancies (11). Moreover,
CDK7 has been shown to be involved in cancer cell migration
in esophagus cancer (28). Overexpression of CDK7 was shown
to be correlated with lymph node invasion (29), which is in
agreement with our findings indicating the possible role of
CDK7 in migration of GC. Furthermore, in the recent years,
most studies have known on early detection using biomarkers
as potential factors in different cancers (30–37). In the current
study, the patients with high expression of CDK7 had worse
survival time when compared with patients with higher levels.
Expression of MMP14 and CDK7 was independent prognostic
factors for overall survival in patients with GC.

In conclusion, overexpression of MMP14 and CDK7 was
poor prognostic factors for patients with GC and promotes pro-
gression of GC. Clinical trials adopting the precise mechanism
of these markers that target their roles are needed to be
undertaken.
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