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Abstract: Aims: To investigate the expression correlation of connective tissue growth factor (CTGF) and matrix metal-
loproteinase 9 (MMP9), and analyze the relationship of their combined expression with clinicopathological charac-
teristics and survival prognosis of NPC patients. Methods: Using real-time PCR, we detected the mRNA expression
of CTGF and MMP9 in nasopharyngeal tissues and nasopharyngeal carcinoma (NPC) tissues. Further, we collected
the data of CTGF and MMP9 protein expression from NPC samples which had reported in our previous study. The
expression correlation of CTGF and MMP9 in mRNA and protein levels was analyzed. Finally, the relationship of the
combined expression of CTGF and MMP9 with clinicopathological characteristics and survival prognosis of NPC pa-
tients was investigated. Results: MMP9 and CTGF mRNAs were respectively shown to be elevated and decreased in
NPC tissues compared to nasopharyngeal tissues. Further, we observed that a negatively correlated tendency was
indicated between CTGF with MMP9 in mRNA level (P=0.061). This result was supported by the immunohistochem-
istry data between CTGF with MMP9 in protein levels (P=0.031). Furthermore, the combined expression model of
MMP9 and CTGF proteins was tightly associated with T classification (tumor size) (P<0.001), N classification (lymph
node metastasis) (P<0.001), and clinical stage (P<0.001) in NPC patients. Survival analysis indicated that the com-
bined expression of MMP9 and CTGF protein was significantly correlated with the survival prognosis of NPC patients
and reduced CTGF and increased MMP9 protein levels showed the poorest survival prognosis than those of other
three groups (P<0.001). Finally, the combined expression model of MMP9 and CTGF protein was an independent
prognostic factor in NPC patients according to multivariate Cox model analysis (P=0.019). Conclusion: The combina-
tion model of up-regulation of MMP9 and down-regulation of CTGF acts as a potential unfavorable prognostic factor
for patients with NPC.
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Introduction adhesion, migration, proliferation, differentia-
tion, survival, senescence, and apoptosis [3-7]
and plays dual roles in various tumors [3, 8].
Recently, we found that reduced CTGF expres-
sion was an unfavorable factor promoting NPC
growth, migration, and invasion and CTGF might
be a significant tumor suppressor participating
in the NPC pathogenesis [9].

Nasopharyngeal carcinoma (NPC), which has a
distinctive ethnic and geographic distribution,
is one of the most common malignancies with
high incidence and mortality rates in Southeast
Asia, especially in Hong Kong and Guangdong
province, according to the comprehensive anal-
ysis of GLOBOCAN and WHO databases [1]. It is

reported that genetic susceptibility, Epstein- MMP9, a member of the matrix metalloprotein-

Barr virus (EBV) infection, dietary and other
environmental factors contribute to the devel-
opment of NPC [2].

CTGF, known as a cysteine-rich, matrix-associ-
ated and heparin-binding protein, regulates cell

ases (MMPs), plays a critical role in degrading
collagen in the extracellular matrix and pro-
motes the metastasis of tumor cells [10, 11]. In
previous study, we had also identified overex-
pressed MMP9 as a poor prognosis factor for
the overall survival of NPC patients [12].
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However, the relevance of MMP9 and CTGF has
not been clarified. In this study, we explored the
correlation of CTGF and MMP9 expression, and
elucidated their relationships with clinicopatho-
logical characteristics and survival prognosis of
NPC patients.

Materials and methods
Sample collection

61 fresh NPC samples and 20 fresh non-tumor
nasopharyngeal samples were obtained from
the People’s Hospital of Zhongshan City, China.
All cases received no therapy before the diag-
nosis of NPC. Before the use of these medical
materials, we obtained the consent of the
patients and the Ethics Committees of this
hospital.
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Data collection

The data of CTGF and MMP9 protein expres-
sion in 142 cases were collected from our pre-
vious work [12, 13].

Real-time PCR

RNA was extracted from fresh tissues using
Trizol and transcribed into cDNA using reverse
transcription reagents (Takara, Shiga, Japan).
According to the manufacturer’s instructions,
PCR reaction was performed on the MX 3000p
real-time PCR system (Stratagene, La Jolla, CA,
USA) using the SYBR Premix Ex Tagq TM Il kit
(Takara Bio, Inc., Shiga, Japan). The specific
primer sets for PCR amplification of CTGF,
MMP9 and ARF5 were previously described
[12, 13].
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Statistical analysis

All statistical analysis was carried out using
SPSS software version 13.0 (SPSS, Inc, Chica-
go, IL, USA). For comparison of two indepen-
dent groups, the two-tailed Student’s t test was
used. Spearman’s correlation coefficient was
calculated to evaluate the correlation between
MMP9 and CTGF expression levels in NPC. The
relationship of MMP9 and CTGF expression
pattern with clinicopathologic characteristics
were analyzed with the x2 test. Survival curves
were plotted using the Kaplan-Meier method
and compared using the log-rank test. Multiva-
riate Cox proportional hazards model was
applied to evaluate the significance of various
variables in survival. P values of less than 0.05
were considered statistically significant.

Results

MMP9 expression was negatively correlated
with CTGF mRNA levels in NPC

Compared with normal NP tissues, elevated
MMP9 mRNA levels in NPC were detected by
real-time PCR (P=0.0137). However, the expres-
sion of CTGF mRNA was significantly lower in
NPC than that in normal nasopharyngeal tis-
sues (P=0.0361). The correlation analysis
exhibited that there was a statistical tendency

12742

4

o

o

o

.0 ﬂCTGF MMP9
1 High + High

8 1 High + Low

Low + High

6— Low + Low

N B

2_

0_lp<0.001

T T T | I I
0 20 40 60 80 100
Survival Time(month)

Figure 2. The expression model of CTGF and MMP9
with survival time. A. Representative images showed
that CTGF expression was reduced and MMP9 ex-
pression was elevated in NPC. B. Low CTGF and
high MMP9 expression model was inversely associ-
ated with overall survival of NPC patients.

for an association between MMP9 and CTGF
MRNA expression in NPC (P=0.061) (Figure 1).

MMP9 expression was negatively correlated
with CTGF protein levels in NPC

The protein expression of MMP9 and CTGF
were measured by immunohistochemical stain-
ing. It was found that MMP9 staining was strong
in NPC specimens with weak expression of
CTGF (Figure 2A). Furthermore, the assess-
ment of MMP9 and CTGF protein expression
levels revealed that MMP9 was negatively rele-
vant to CTGF (P=0.031) (Table 1).

Relationship between CTGF/MMP9 expression
model and clinicopathological characteristics
in NPC patients

Results of correlation of CTGF/MMP9 expres-
sion model and clinicopathological characteris-
tics in NPC patients were listed in Table 2. We
discovered that low CTGF expression and high
MMP9 expression was positively associated
with T classification (T,-T, versus T,-T,) (P<
0.001), N classification (N-N, versus N,-N,)
(P<0.001), and clinical stage (I-1l versus IlI-IV)
(P<0.001) in NPC. However, the distribution of
gender, age, smoking, distant metastasis sh-
owed no significant differences between the
four CTGF/MMP9 expression pattern (namely,
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Table 1. Correlation analysis of CTGF and
MMP9 protein expression in NPC

Gene MMP9
Expression Level High Low p
CTGF High 46 17 P=0.031
Low 69 10

Spearman: Correlation conefficient: -0.181.

Table 2. Correlation between the expression of
MM9/CTGF and clinicopathological parameters
in NPC patients (chi-square test)

Expression mode

Characteristics n _ of MMP9/CTGF P
LL LH HH HL

Gender

Male 91 8 45 7 31

Female 51 6 20 6 19 0.634
Age (v)

>50 68 5 35 5 23

<50 74 9 30 8 27 0.b17
Smoking

Yes 25 2 12 2 9

No 117 12 53 11 41 0.980
T classification

TT, 96 12 31 10 43

T, 46 2 34 3 7 <0.001
N classification

NN, 73 11 15 12 31

N,-N, 69 3 50 1 19 <0.001
Distant metastasis

Yes 6 1 5 0 O

No 136 13 60 13 50 0.174
Clinical stage

I~Il 51 11 6 10 24
I~V 91 3 59 3 26 <0.001

low CTGF expression and low MMP9 expres-
sion, low CTGF expression and high MMP9 ex-
pression, high CTGF expression and high MMP9
expression, and high CTGF expression and low
MMP9 expression) (P>0.05).

CTGF and MMP9 expression were associated
with overall survival time of NPC patients

The connection of CTGF/MMP9 expression
model and patients survival was assessed via
Kaplan-Meier analysis with the log-rank test to
determinate the prognostic value of CTGF and
MMP9 expression in NPC. The expression
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model of CTGF/MMP9 was significantly corre-
lated with the survival of NPC patients, espe-
cially, NPC patients with attenuated CTGF ex-
pression and increased MMP9 expression had
worse survival than those without (P<0.001)
(Figure 2B). Subsequently, the association bet-
ween CTGF/MMP9 expression model and prog-
nosis of NPC patients was analyzed by stratify-
ing for T classification, N classification and clini-
cal stage. As shown in Figure 3, stratification
analysis indicated that reduced CTGF expres-
sion and increased MMP9 expression were
inversely correlated with survival time for NPC
patients with T_-T, tumors (P<0.001) and clini-
cal stage lll-IV (P=0.005). Patients with N -N,
and N,-N, stage tumors presented a similar
tendency, although the correlation was not sta-
tistically significant (P=0.082, P=0.103, respec-
tively), while the prognosis of patients with T,-T,
stage tumors and clinical stage I-Il was not
associated with the CTGF/MMP9 expression
pattern (P>0.05).

CTGF/MMP9 expression model was an inde-
pendent prognostic factor for NPC patients

Univariate analysis prompted that the overall
survival of NPC patients were significantly asso-
ciated with clinicopathological variables, incl-
uding smoking (P=0.032), T classification (P<
0.001), N classification (P<0.001), M classifica-
tion (P<0.001), clinical stage (P<0.001), and
CTGF/MMP9 expression pattern (P<0.001). Mo-
reover, Multivariate analysis was used to eluci-
date whether the MMP9/CTGF expression mo-
del was the independent prognostic factor for
NPC. Intriguingly, the results illustrated that
chemotherapy (P=0.031), T classification (P=
0.011), M classification (P=0.008), and MMP9/
CTGF expression model (P=0.019) were inde-
pendent poor prognostic indicators in NPC
patients (Table 3).

Discussion

Nasopharyngeal carcinoma, a head and neck
epithelial malignancy, occurs frequently in So-
uthern China [14]. Patients with NPC that are
typically diagnosed in advanced stages have a
poor prognosis because of late presentation of
lesions, limited knowledge of molecular patho-
genesis, lack of early detection biomarkers,
and poor response to available therapies [15].
In the present study, we demonstrated that low

Int J Clin Exp Pathol 2016;9(12):12740-12747
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Figure 3. The relationship of CTGF and MMP9 expression model with prognosis of NPC was assessed by stratifica-
tion analysis. The down-regulation of CTGF and up-regulation of MMP9 were inversely correlated with survival time

for NPC patients with T_-T, tumors and clinical stage.

CTGF combined with high MMP9 expression
which can serve as a potential biomarker for
the clinical prognosis or diagnosis of NPC and
anti-cancer strategies targeting the two genes
may be appropriate for the treatment of Na-
sopharyngeal carcinoma.
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We have recently documented that CTGF con-
trols the expression of MMP9 in NPC [9], and
inhibition of CTGF induces acceleration of
MMP9 expression. In the present work, we fur-
ther proved that CTGF was negatively associat-
ed with MMP9 expression. In contrast, a study

Int J Clin Exp Pathol 2016;9(12):12740-12747
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Table 3. Summary of univariate and multivariate Cox regression analysis of overall survival duration

Univariate analysis

Multivariate analysis

Parameter

P HR 95% ClI P HR 95% Cl

Age

>50 vs. <50 years 0.087 1.582 0.936-2.676 0.483 1.218 0.702-2.114
Gender

Male vs. female 0.116 1.643 0.885-3.050 0.891 1.049 0.529-2.080
Smoking

Yes vs. No 0.032 1.915 1.057-3.469 0.160 1.617 0.828-3.159
Biotherapy

Yes vs. No 0.667 0.734 0.179-3.011 0.313 2.211 0.474-10.315
Chemotherapy

Yes vs. No 0.066 1.635 0.967-2.762 0.031 1.906 1.059-3.430
Radiotherapy

Yes vs. No 0.322 0.719 0.374-1.382 0.418 0.745 0.366-1.518
T classification

T, T,vs. T,T, 0.000 3.160 1.878-5.317 0.011 2.369 1.215-4.619
N classification

NN, vs. NN, 0.000 2.806 1.600-4.922 0.127 2.034 0.818-5.058
M classification

M, vs. M, 0.000 12.110 4.945-29.660 0.008 3.879 1.431-10.510
Clinical stage

Il vs. 1lI-IV 0.001 2.930 1.543-5.563 0.938 1.046 0.337-3.248
MMP/CTGF expression

LL vs. LH vs. HL vs. HH 0.001 0.641 0.495-0.828 0.019 0.670 0.480-0.935

conducted by Tank suggested that CTGF silenc-
ing markedly reduced the expression of MMP2
and MMP9 in cardiac fibroblasts [16], and an-
other report [17]. Supported the results from
Tank. The difference in types of study samples
may explain this contradiction. Moreover, NPC
patients with reduced expression of CTGF and
increased expression of MMP9 had worse pr-
ognosis than those without, suggesting that the
expression pattern of CTGF and MMP9 is a clin-
ically significant biomarker for NPC prognosis.
The stratification analysis disclosed that low
expression of CTGF and high expression of
MMP9 were correlated with unfavorable prog-
nosis in NPC patients with T,-T, and clinical
stage IlI-IV cancer, not T -T, stage and clinical
stage I-Il cancer. CTGF is involved in various
regulatory processes, such as angiogenesis,
chondrogenesis, osteogenesis, fibrosis forma-
tion, diabetic nephropathy, and tumor develop-
ment [4] and exerts the distinct effects on dif-
ferent types of cancers [18-26]. Our previous
study has verified that the inhibition of CTGF
contributes to the overexpression of MMP9.
MMP9 is a Zn?* dependent endopeptidase that
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mediates the degradation of extracellular ma-
trix protein [27]. The degradation process is
validated as a key step in tumor invasion and
metastasis [28, 29]. Therefore, our results fur-
ther supported that CTGF and MMP9 is mainly
responsible for advanced tumor development.
Nevertheless, our research achieved no signifi-
cant results in patients with N -N, and NN,
stage tumors, replication studies with large
sample sizes are needed to confirm the out-
come.

Finally, we assessed the expression model of
CTGF and MMP9 as an independent prognostic
factor. Univariate analysis implied that the over-
all survival rate of patients was strikingly cor-
related with smoking, T classification, N clas-
sification, M classification, clinical stage and
MMP9O/CTGF expression model. Multivariate
analysis further clarified that chemotherapy; T
classification, M classification, and MMP9/
CTGF expression model were independent pr-
ognostic indicators. Overall survival of NPC
patients is correlated inversely with classifica-
tion of T and M, clinical stage and MMP9/CTGF

Int J Clin Exp Pathol 2016;9(12):12740-12747
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expression pattern, and positively proportional
to chemotherapy. Our work emphasized that
the CTGF and MMP9 expression can be a
potential biomarker in NPC.

Conclusion

Taken together, this study documented that
there was a negative association between
MMP9 and CTGF expression and their expres-
sion level was notably related with clinical char-
acteristics and prognosis of NPC patients.
Additionally, elevated MMP9 and reduced CTGF
expression model was identified as an indepen-
dent prognostic indicator and unfavorable bio-
marker of prognosis in NPC patients. Our
research may provide novel therapeutic strate-
gies for NPC. However, because of limited data-
set, further research is still needed to verify
these findings.

Acknowledgements

This work was partly supported by National
Nature Science Fund of China (No. 81272268)
and, Grant from Guangzhou City-belonged
Universities Scientific Research Program (No.
2012C202).

Disclosure of conflict of interest
None.

Address correspondence to: Drs. Mao Fang and
Zhen Liu, Department of Pathology, School of Basic
Medical Science, Guangzhou Medical University,
Xinzao, Panyu District, Guangzhou 511436, P. R.
China. Tel: 86-37103206; Fax: 86-37103206;
E-mail: fangmao82@126.com (MF); narcissus_
jane@163.com (ZL)

References

[1] Sun X, Tong LP, Wang YT, Wu YX, Sheng HS, Lu
LJ, Wang W. Can global variation of nasophar-
ynx cancer be retrieved from the combined
analyses of IARC cancer information (CIN) da-
tabases? PL0S One 2011; 6: e22039.

[2] Tsang CM, Zhang G, Seto E, Takada K, Deng W,
Yip YL, Man C, Hau PM, Chen H, Cao Y, Lo KW,
Middeldorp JM, Cheung AL, Tsao SW. Epstein-
Barr virus infection in immortalized nasopha-
ryngeal epithelial cells: regulation of infection
and phenotypic characterization. Int J Cancer
2010; 127: 1570-1583.

[31 Chang CC, Hsu WH, Wang CC, Chou CH, Kuo
MY, Lin BR, Chen ST, Tai SK, Kuo ML and Yang
MH. Connective tissue growth factor activates

12746

pluripotency genes and mesenchymal-epitheli-
al transition in head and neck cancer cells.
Cancer Res 2013; 73: 4147-4157.

[4] Chen CC and Lau LF. Functions and mecha-
nisms of action of CCN matricellular proteins.
Int J Biochem Cell Biol 2009; 41: 771-783.

[5] Lau LF. CCN1/CYR61: the very model of a
modern matricellular protein. Cell Mol Life Sci
2011; 68: 3149-3163.

[6] Lau LF and Lam SC. The CCN family of angio-
genic regulators: the integrin connection. Exp
Cell Res 1999; 248: 44-57.

[7] Rachfal AW and Brigstock DR. Structural and
functional properties of CCN proteins. Vitam
Horm 2005; 70: 69-103.

[8] Moran-Jones K, Gloss BS, Murali R, Chang DK,
Colvin EK, Jones MD, Yuen S, Howell VM,
Brown LM, Wong CW, Spong SM, Scarlett CJ,
Hacker NF, Ghosh S, Mok SC, Birrer MJ and Sa-
mimi G. Connective tissue growth factor as a
novel therapeutic target in high grade serous
ovarian cancer. Oncotarget 2015; 6: 44551-
44562.

[9]1 ZhenY, YeY, Yu X, Mai C, Zhou Y, Chen Y, Yang
H, Lyu X, Song Y, Wu Q, Fu Q, Zhao M, Hua S,
Wang H, Liu Z, Zhang Y and Fang W. Reduced
CTGF expression promotes cell growth, migra-
tion, and invasion in nasopharyngeal carcino-
ma. PLoS One 2013; 8: e64976.

[10] Overall CM and Kleifeld O. Tumour microenvi-
ronment - opinion: validating matrix metallo-
proteinases as drug targets and anti-targets
for cancer therapy. Nat Rev Cancer 2006; 6:
227-239.

[11] Backstrom JR, Tokés ZA. The 84-kDa form of
human matrix metalloproteinase-9 degrades
substance P and gelatin. J Neurochem 1995;
64: 12-18.

[12] Liuz LiL, Yang Z, Luo W, Li X, Yang H, Yao K,
Wu B and Fang W. Increased expression of
MMP9 is correlated with poor prognosis of na-
sopharyngeal carcinoma. BMC Cancer 2010;
10: 270.

[13] YuX, ZhenY, Yang H, Wang H, Zhou Y, Wang E,
Marincola FM, Mai C, Chen Y, Wei H, Song Y,
Lyu X, Ye Y, Cai L, Wu Q, Zhao M, Hua S, Fu Q,
Zhang Y, Yao K, Liu Z, Li X and Fang W. Loss of
connective tissue growth factor as an unfavor-
able prognosis factor activates miR-18b by
PI3K/AKT/C-Jun and C-Myc and promotes cell
growth in nasopharyngeal carcinoma. Cell
Death Dis 2013; 4: e634.

[14] Lee AW, Lin JC and Ng WT. Current manage-
ment of nasopharyngeal cancer. Semin Radiat
Oncol 2012; 22: 233-244.

[15] Razak AR, Siu LL, Liu FF, Ito E, O’Sullivan B and
Chan K. Nasopharyngeal carcinoma: the next
challenges. Eur J Cancer 2010; 46: 1967-
1978.

Int J Clin Exp Pathol 2016;9(12):12740-12747


mailto:fangmao82@126.com
mailto:narcissus_jane@163.com
mailto:narcissus_jane@163.com

(16]

[17]

(18]

[19]

[20]

[21]

[22]

CTGF and MMP9 in nasopharyngeal carcinoma

Tank J, Lindner D, Wang X, Stroux A, Gilke L,
Gast M, Zietsch C, Skurk C, Scheibenbogen C,
Klingel K, Lassner D, Kuhl U, Schultheiss HP,
Westermann D and Poller W. Single-target RNA
interference for the blockade of multiple inter-
acting proinflammatory and profibrotic path-
ways in cardiac fibroblasts. J Mol Cell Cardiol
2014; 66: 141-156.

Hao C, Xie Y, Peng M, Ma L, Zhou Y, Zhang Y,
Kang W, Wang J, Bai X, Wang P and Jia Z. Inhi-
bition of connective tissue growth factor sup-
presses hepatic stellate cell activation in vitro
and prevents liver fibrosis in vivo. Clin Exp Med
2014; 14: 141-150.

Tsai HC, Huang CY, Su HL and Tang CH. CTGF
increases drug resistance to paclitaxel by up-
regulating survivin expression in human osteo-
sarcoma cells. Biochim Biophys Acta 2014;
1843: 846-854.

Lamarca A, Mendiola M, Bernal E, Heredia V,
Diaz E, Miguel M, Pastrian LG, Burgos E, Feliu J
and Barriuso J. Tumoural expression of con-
nective tissue growth factor (CTGF) impacts on
survival in patients diagnosed with hepatocel-
lular carcinoma (HCC). Curr Cancer Drug Tar-
gets 2015; 15: 435-444.

Cheng TY, Wu MS, Hua KT, Kuo ML and Lin MT.
Cyr61/CTGF/Nov family proteins in gastric car-
cinogenesis. World J Gastroenterol 2014; 20:
1694-1700.

Lu H, Kojima K, Battula VL, Korchin B, Shi Y,
Chen Y, Spong S, Thomas DA, Kantarjian H,
Lock RB, Andreeff M and Konopleva M. Target-
ing connective tissue growth factor (CTGF) in
acute lymphoblastic leukemia preclinical mod-
els: anti-CTGF monoclonal antibody attenuates
leukemia growth. Ann Hematol 2014; 93: 485-
492,

Wang L, Chen Z, Wang Y, Chang D, Su L, Guo Y
and Liu C. TR1 promotes cell proliferation and
inhibits apoptosis through cyclin A and CTGF
regulation in non-small cell lung cancer. Tu-
mour Biol 2014; 35: 463-468.

12747

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Finger EC, Cheng CF, Williams TR, Rankin EB,
Bedogni B, Tachiki L, Spong S, Giaccia AJ and
Powell MB. CTGF is a therapeutic target for
metastatic melanoma. Oncogene 2014; 33:
1093-1100.

Romao LF, Mendes FA, Feitosa NM, Faria JC,
Coelho-Aguiar JM, de Souza JM, Moura Neto V
and Abreu JG. Connective tissue growth factor
(CTGF/CCN2) is negatively regulated during
neuron-glioblastoma interaction. PLoS One
2013; 8: €55605.

Bartel F, Balschun K, Gradhand E, Strauss HG,
Dittmer J and Hauptmann S. Inverse expres-
sion of cystein-rich 61 (Cyr61/CCN1) and con-
nective tissue growth factor (CTGF/CCN2) in
borderline tumors and carcinomas of the ova-
ry. Int J Gynecol Pathol 2012; 31: 405-415.
Bai YC, Kang Q, Luo Q, Wu DQ, Ye WX, Lin XM
and Zhao Y. [Role of connective tissue growth
factor (CTGF) in proliferation and migration of
pancreatic cancer cells]. Zhonghua Zhong Liu
Za Zhi 2011; 33: 732-736.

Fridman R, Toth M, Chvyrkova I, Meroueh SO
and Mobashery S. Cell surface association of
matrix metalloproteinase-9 (gelatinase B).
Cancer Metastasis Rev 2003; 22: 153-166.
Lin LF, Chuang CH, Li CF, Liao CC, Cheng CP,
Cheng TL, Shen MR, Tseng JT, Chang WC, Lee
WH and Wang JM. ZBRK1 acts as a metastatic
suppressor by directly regulating MMP9 in cer-
vical cancer. Cancer Res 2010; 70: 192-201.
Loesch M, Zhi HY, Hou SW, Qi XM, Li RS, Basir
Z, Iftner T, Cuenda A and Chen G. p38gamma
MAPK cooperates with c-Jun in trans-activating
matrix metalloproteinase 9. J Biol Chem 2010;
285: 15149-15158.

Int J Clin Exp Pathol 2016;9(12):12740-12747



