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Abstract: Aims: This study is to analyze the expression pattern of matrix metalloprotein 9 (MMP-9) in patients with 
Helicobacter pylori-associated gastritis and to investigate the molecular mechanism responsible for its regulation in 
H. pylori-associated gastritis. Methods: Ulcer tissues, blood and saliva samples were collected from 46 patients with 
H. pylori-associated gastritis. Normal stomach mucosa, blood and saliva in 29 healthy people confirmed by endos-
copy biopsy were collected as control group. The levels of MMP-9 mRNA expression were measured by quantitative 
Real-time PCR, and MMP-9 protein levels were analyzed by Western Blot and ELISA. MiRNAs that regulate MMP-9 
expression was predicted by bioinformatics analysis, and the expression of predicted miRNA was measured by 
quantitative Real-time PCR. Results: MMP-9 was significantly upregulated at both mRNA and protein levels in ulcer 
tissues, blood and saliva samples from patients with H. pylori-associated gastritis compared with that from healthy 
control. MiR-204 was predicted to regulate MMP-9 expression, and miR-204 level was significantly downregulat-
ed in samples from patients with H. pylori-associated gastritis. Conclusion: The miR-204 expression is decreased 
whereas the MMP-9 expression is increased in H. pylori-associated gastritis. MiR-204 might affect the healing of H. 
pylori-associated gastritis by regulating the expression of MMP-9, and therefore this miRNA could serve as a poten-
tial biomarker in the diagnosis of H. pylori-induced gastritis.
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Introduction

Peptic ulcer (PU), a disease that often occurs 
on stomach and duodenum gastrointestinal 
mucosa, refers to the mucosal inflammation 
and necrotic lesion that extends deeply to the 
muscular is mucosae under the influence of 
multiple pathogenic factors [1]. Recent investi-
gation demonstrated that GU is an universal 
disease with about 10% of population suffered 
GU at some point of in their life, and older peo-
ple as well as men are more sensitive to GU [2]. 
Common causes of GU include Helicobacter 
pylori infection, intake of non-steroidal anti-
inflammatory drugs (NSAIDs) and the self-
digestion of gastric mucous by gastric acid/
pepsin, among which H. pylori infection could 
be detected in 70-80% of GU patients, a per-
centage significantly higher than that in normal 
population [3, 4].

Previous studies found that the occurrence of 
GU is related to multiple signaling pathways, in 

which many genes are involved and play their 
own roles. MiRNAs were also reported to be 
associated with PU as well as gastric cancer  
[5, 6]. At present it is acknowledged that the 
ulcerogenes is related to H. pylori is the out-
come of the collaboration of multiple mecha-
nisms [7]. 

During the healing of ulcer, a class of zinc  
ion and calcium dependent matrix metallopro-
teinases (MMPs) play a crucial role to delay 
intestinal epithelial wound healing, whose ma- 
jor functions include digesting the active com-
ponents of ECM, regulating cell adhesion and 
participating in inflammatory processes either 
directly or indirectly [8]. Another study show- 
ed that intestinal permeability was increased  
in patients with ulcerative colitis [9]. Schmitz  
et al. found that the inflamed colonic mucosa  
in ulcerative colitis has an impaired barrier 
function because of altered tight junction struc-
ture [10]. Other study also demonstrated that 
overexpression of MMPs or increase activity of 
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Table 1. Association between H. pylori-associated gastric 
and the presence of oral diseases
Parameters Control Patients x2 *P
Age range (median) 15-52 (36.5) 16-55 (38.6) 0.379 0.944
Gender
    Male 16 26 0.013 0.909
    Female 13 20
Oral disease#

    Yes 5 39 33.46 0.00
    No 24 7
Note: *Analyzed by Chi Square test, #Oral diseases include caries, pulpitis, 
periapical periodontitis, gingivitis and periodontal disease.

MMPs leads to the delayed rate of closure and 
an inflammatory environment in gastrointesti-
nal surgery [11], and MMP-9 was reported to be 
ectopic expressed in gastric ulcer tissues [12]. 
These studies indicate that MMP-9 is one of 
the key factors in the regeneration of the epi-
thelium. Overexpression of MMP-9 results in 
defects in epithelium regeneration, reduces  
the integrity of joint complex and finally influ-
ences the quality of ulcer healing. However, lit-
tle is known about genes that regulate MMP-9 
expression upstream in GU.

In this study, we predicted a miRNA, miR-204, 
which binds to the 3’ UTR of MMP-9 by bioinfor-
matics analysis. The expression of MMP-9 and 
miR-204 was analyzed by quantitative Real-
time PCR, Western blot and ELISA. By analyzing 
the expression of MMP-9 and miR-204, we 
investigated the regulatory mechanisms for GU 
involved miR-204 and MMP-9.

Material and methods

Patients and samples

A total of 46 patients in the active state of pri-
mary GU and 29 healthy controls from the 
People’s hospital of Laiwu between March, 

tion and put on the posterolateral of one side of 
tough for about 5 s and saliva were collected, 
followed by another side of tough. This proce-
dure was repeated for several times until 5 mL 
saliva was collected. Subjects were instructed 
to not drink, eat or smoke and perform oral 
hygiene procedures at least 2 hours before the 
collection.

Helicobacter pylori infection detection

After endoscopic biopsy of gastric mucosa in 
patients, Helicobacter pylori (H. pylori) infection 
was confirmed by positive results for at least 
two of three diagnostic tests, including 13C-urea 
breathe test, identification of the distal stom-
ach on tissue sections by Giemsa stain and 
rapid urea enzyme test. Absence of infection 
was defined by a negative result in all three 
tests or only one positive result. Cases satisfy-
ing at least two test results were defined as 
positive for infection.

RNA isolation and quantitative real-time PCR

Total RNA was extracted by Trizol Reagent 
(Yusheng Biotech, Shanghai, China). miRNAs 
were extracted by miRcute miRNA isolation kit 
(Tiangen, Beijing, China) form tissues and by 

Table 2. Primers used for Real-time PCR
Primers  Primer sequence (5’-3’)
MMP-9_Forward 5’-GCTGGCAGAGGAATACCTGTAC-3’
MMP-9_Backward 5’-CAGGGACAGTTGCTTCTGGA-3’
β-actin_Forward 5’-CTGGAACGGTGAAGGTGACA-3’
β-actin_Backward 5’-AAGGGACTTCCTGTAACAACGCA-3’
U6_Forward 5’-CTCGCTTCGGCAGCACA-3’
U6_Backward 5’-AACGCTTCACGAATTTGCGT-3’
miR-204_Forward 5’-ACACTCCAGCTGGGTTCCCTTTGTCATCCTAT-3’
miR-204_Backward 5’-CTCAACTGGTGTCGTGGA-3’

2013 and May, 2015 were enrolled 
in the study. All healthy controls 
were diagnosed as normal by endo-
scopic biopsy of gastric mucosa. 
Data of sex and age is shown  
in Table 1, and no smoking history 
was reported by patients. No non-
steroidal anti-inflammatory drugs 
(NSAIDs), proton pump inhibitor, 
antibiotics, or bismuthizing agents 
were taken by these patients during 
the two-week period before diag-
nose as confirmed by pathologists 
from Laiwu People’s hospital. Prior 
written and informed consent were 
obtained from every patient and the 
study was approved by the ethics 
review board of Laiwu People’s 
hospital.

Gastric mucosa specimens were 
taken from pre-pylor and stored in 
liquid nitrogen. Peripheral blood and 
whole unstimulated saliva samples 
were collected at the day of endo-
scopic examination by the standard 
method. Briefly, sterile cotton swabs 
were soaked by 2% citric acid solu-
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miRNeasy Serum/Plasma Kit (Jianlun Biotech, 
Guangzhou, China) form saliva and serum. 
Following gel electrophoresis verification of 
RNA integrity and quantification using UV spec-
trophotometer, mRNA was reverse transcribed 
by TIANScriptⅡ cDNA kit (Tiangen, Beijing, 
China), and miRNA was reverse transcribed by 
miRcute miRNA cDNA kit (Tiangen, Beijing, 
China). 

Quantitative real-time PCR was performed 
using a miRcute miRNA qPCR detection kit 

for 2 min, 62°C for 15 s, and 72°C for 32 s. 
Primers used for detection was shown in Table 
2. The relative expression levels were evaluat-
ed using the 2-ΔΔCt method, and the expression 
of β-actin or U6 snRNA was used as internal 
control for mRNA and miRNA, respectively.

Western blot 

Proteins were extracted by protein extract kit 
(BestBio, Shanghai, China) and determined by 
BCA assay kit (Zhongruiketai, Beijing, China). A 

Figure 1. 1Real-time PCR analysis of MMP-9 mRNA 
expression. Ulcer tissues (A), blood (B) and saliva 
samples (C) from patients with H. pylori-associated 
gastritis (GU patients) were acquired and the expres-
sion of MMP-9 mRNA in these samples was ana-
lyzed by Real-time-PCR. Samples from normal sub-
jects were used as control. Compared with controls, 
*P<0.05, **P<0.01.

Figure 2. Western blot analysis of MMP-9 protein expression in ulcer tissues. 
A. Ulcer tissues from patients with H. pylori-associated gastritis (GU patients) 
were acquired and the expression of MMP-9 protein was analyzed by West-
ern blot. Gastric mucosa from normal subjects was used as control. B. Quan-
tification of Western blot was shown. Compared with controls, **P<0.01.

(Tiangen, Beijing, China) for 
miRNAs and SuperReal Pre- 
Mix (SYBR Green) (Tiangen, 
Beijing, China) for mRNA on 
IQ-5 (Bio-Rad, Hercules, Cali- 
fornia, USA). For mRNA quan-
tification, the reaction mixture 
was incubated for 1 cycle at 
94°C for 5 min, followed by 
40 cycles at 94°C for 15 s, 
60°C for 30 s, and 72°C for 
60 s. For miRNA, the reaction 
mixture was incubated for 1 
cycle at 94°C for 2 min, fol-
lowed by 40 cycles at 94°C 
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total of 20 ug proteins were separated on 10% 
SDS-Page and transferred to polyvinylidene 
difluoride membranes (PVDF). After block- 
ing with 5% skimmed milk, the membranes 
were probed with the following antibodies: rab-
bit anti-MMP9 polyclonal antibody (1:1000, 
Abcam, Cambridge, UK) and rabbit anti-β-actin 
monoclonal antibody (1:5000, Abcam). For 
detection, goat anti-rabbit (1:2500, Abcam) 
secondary antibodies conjugated to HRP (Ab- 
cam) were used. Signal detection was perfo- 
rmed using chemiluminescence reaction (ECL) 
(ab65623, Abcam, GA, USA). The acquired 
images were analyzed by Image lab 3.0 (Bio-
Rad, Hercules, California, USA) and the rela- 
tive protein expression was expressed as the 
densitometric value ratio of MMP-9 band to 
β-actin band.

ELISA

Serum was obtained by centrifugation at 3000 
rpm for 10 min. MMP-9 protein levels were 
measured by MMP-9 ELISA kit (Bolingkewei, 
Beijing, China). In brief, 1:4 dilution of serum or 
saliva samples and eight serial dilutions of 

standard substrate were incubated overnight 
at 4°C. After antibody incubations, the chromo-
genic substrate solution was added. The reac-
tion was stopped with H2SO4 and read at 450 
nm. The amount of MMP-9 was calculated from 
the parallel standard curves.

Statistical analysis

Data analysis was carried out using the SPSS 
software (IBM Corp, Chicago, IL, USA) and 
expressed as mean ± SD. Normal test was per-
formed. Chi Square test was applied on the 
changes in oral diseases between healthy con-
trols and patients. Differences between groups 
were evaluated for significance using one-way 
ANOVA. LSD or SNK methods were used when 
variances were equal, and Tamhane’s T2 or 
Dunnett’s T3 methods were used when vari-
ances were unequal. P<0.05 was considered 
as significant.

Results

Expressions of MMP-9 mRNA in H. pylori-asso-
ciated gastritis samples

Ulcer tissues, blood and saliva samples from 
patients with H. pylori-associated gastritis were 
collected and the expression of MMP-9 mRNA 
in these samples were analyzed by quantitative 
Real-time PCR. Samples from normal subjects 
were used as control. Compared with that in 
normal controls, MMP-9 mRNA expression in 
the three ulcer samples was significantly upreg-
ulated (Figure 1), suggesting a regulatory role 

Figure 3. ELISA analysis of MMP-9 protein expression in blood and saliva. Blood (A) and saliva samples (B) from 
patients with H. pylori-associated gastritis (GU patients) were acquired and the expression of MMP-9 protein in 
these samples was analyzed by ELISA. Samples from normal subjects were used as control.Compared with controls, 
*P<0.05, **P<0.01.

Figure 4. Bioinformatics prediction of MMP-9 as a 
target of miR-204. The results of bioinformatics soft-
ware showing the binding of miR-204 to the 3’ UTR 
of MMP-9 mRNA were shown. 
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of MMP-9 in the development of H. pylori-asso-
ciated gastritis.

Expressions of MMP-9 protein in H. pylori-
associated gastritis samples

Next the expression profile of MMP-9 mRNA 
was confirmed by Western blot at the pro- 
tein level in ulcer tissues, and we found that 
the MMP-9 protein level was also upregu- 
lated in tissues from H. pylori-associated gas-
tritis patients compared with healthy controls 
(Figure 2). We further investigated the expres-
sion of MMP-9 protein in saliva and blood by 
ELISA and found that the changes of MMP-9 
protein expression is consistent with its mRNA 
expression in these samples (Figure 3), indicat-
ing that upregulated MMP-9 in both mRNA and 
protein level may function in H. pylori-associat-
ed gastritis. 

MMP-9 is a predicted target of miR-204

To investigate the mechanism that regulating 
MMP-9 expression, five bioinformatics soft-

ware (miRanda, TargetSean, PicTar, MiRanda 
and BibiServ) were used for a reliable pre- 
diction of miRNAs that may target MMP-9 
mRNA. MiR-204 was predicted to directly bind 
to the 3’ UTR of MMP-9 (Figure 4) and select- 
ed for further study since this miRNA was 
reported to target MMP-9 in gastric cancer. 
Real-time PCR analysis showed that miR-204 
was significantly downregulated in ulcer tis-
sues, blood and saliva samples from H. pylori-
associated gastritis patients compared with 
that in healthy controls (Figure 5). These re- 
sults indicated that miR-204 may contribute  
to the regulation of H. pylori-associated gastri-
tis by targeting MMP-9 mRNA and the result- 
ed downregulation of MMP-9 protein.

Correlation between H. pylori-associated gas-
tritis and oral diseases

Analyzed by chi-square test, we found that 
there is a significant difference concerning oral 
diseases between patients with H. pylori-asso-
ciated gastritis and healthy controls (P<0.05, 
Table 1), suggesting the correlation between H. 

Figure 5. Real-time PCR analysis of miR-204 ex-
pression. Ulcer tissues (A), blood (B) and saliva 
samples (C) from patients with H. pylori-associated 
gastritis (GU patients) were acquired and the expres-
sion of miR-204 in these samples was analyzed by 
Real-time-PCR. Samples from normal subjects were 
used as control. Compared with controls, *P<0.05, 
**P<0.01.
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pylori-associated gastric and the presence of 
oral diseases.

Discussion

In this study, we analyzed the expression of 
MMP-9 mRNA and protein as well as the expres-
sion of miR-204 in ulcer tissues, blood and 
saliva in patients with H. pylori-associated gas-
tritis and healthy controls. Mir-204 was predict-
ed as a regulator upstream of MMP-9 which 
can bind to the 3’ UTR of MMP-9 mRNA. 
Therefore, the regulatory mechanisms underly-
ing the development of GU involved miR-204 
and MMP-9 was preliminarily discussed.

GU is a common clinical disease. In 1983, Barry 
J, Marshal and J Robin Warren first isolated H. 
pylorion gastric epithelium from patients with 
gastritis [13]. In 1984, they published a Lancet 
paper to report that H. pylori could be identified 
in most of patients with active chronic gastritis 
and PU and to show that inflammation of the 
stomach, and stomach ulcers are resulted from 
an infection of the stomach caused by H. pylori 
bacteria [14]. The use of proton pump inhibitor 
(PPI) drugs and eradiation of H. pylori have 
become routine treatment in recent years, 
which increased the rate of ulcer healing great-
ly, but relapse of ulcer on former ulcer sites is 
still difficult to control [15]. Studies on experi-
mental gastriculcer healing found that so called 
healed ulcers remain histologically and ultra-
structurally abnormal, which was considered as 
the basis of gastric ulcer relapse [16-18]. 
Moreover, H. pylori-associated gastric ulcer is 
positively linked to stomach cancer because 
the damage of gastric mucosa [19]. Therefore, 
it is of great value to investigate the genes 
involved in the formation of gastric ulcer.

Matrix metalloproteinase 9 (mmp-9) gene is 7.7 
kb in length and located on chromosome 
20q11.2-13.1, which includes 13 exons rang-
ing from 280 bp to 104 bp. This gene was first 
identified by Sopata and Dancewicz from hu- 
man neutrophils with the function to degrade 
collagens [20]. Later, Murphy [21] and Wilhelm 
[22] separated an enzyme that could degrade 
types IV and V collagens from rabbit bone cul-
ture medium and SV40-transformed human 
lung fibroblasts respectively, and they named 
this enzyme MMP-9. MMP-9 has been found to 
be associated with numerous pathological pro-
cesses, and its role in many cancers, such as 

colon carcinoma, rectum carcinoma, breast 
cancer and kidney cancer has been thoroughly 
investigated [23-26]. Akihito et al. found that 
MMP-9 is related to the initial steps of gastric 
cancer invasion. Patients with T1 disease had a 
higher positivity rate for and mean value of 
MMP-9 than patients with intraepithelial tumor 
(Tis) disease. In T1 tumors, MMP-9 expression 
was greater in cells in cancer stroma than in 
cells in noncancerous stroma [27]. Another 
study also demonstrated that expression of 
MMP-9 was significantly increased along with 
the development of stomach cancer, from nor-
mal gastric mucosa, ectopic proliferated muco-
sa to cancer tissues [28]. Until now many evi-
dences have indicated that MMP-9 is ectopic 
expressed in most mucosa lesions, although 
the mechanism underlying this is still not fully 
understood. The significantly elevation of 
MMP-9 in gastric ulcer tissues suggested that 
MMP-9 may regulate mucosa lesion in GU by 
degrading collagens and creating lesions as we 
expected. Moreover, this elevation was also 
found in body fluid samples such as blood and 
saliva. As unhealthy dental cavity is an ideal 
growth environment for H. pylori [29], there 
could be correlation between upregulated 
MMP-9 expression in saliva and H. pylori 
growth.

Small non-coding RNAs (microRNAs) play 
important roles in the regulation of many dis-
eases by binding the 3’ UTR of target mRNAs 
and repress their expression [30]. Therefore, 
expression of many mRNAs was downregu- 
lated or upregulated under the complex re- 
gulation of miRNAs [31]. To further investigate 
mechanisms that regulate MMP-9 express- 
ion, miRNAs that directly regulate MMP-9 in  
the upstream were predicted by bioinforma- 
tics analysis, and miR-204 was found to be one 
of these miRNAs that may bind MMP-9 mRNA 
and repress its expression, which may lead to 
repression of MMP9 expression [32]. Literature 
search found that MMP9 was a target of miR-
204 in the development of preeclampsia and 
miR-204 inhibited trophoblastic invasion [32]. 
MiR-204 has been shown to play an important 
role in human diseases. Conte I et al. found 
that miR-204 maybe associated with inherited 
retinal dystrophy [33]. An J et al found that 
downregulation of miR-204 appears to promote 
human corneal epithelial cell proliferation and 
migration and this miRNA could be used as a 
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biomarker for corneal injury healing [34]. The 
researches on miR-204 were mainly focused 
on gastric cancer when related to gastric dis-
eases. MiR-204 is downregulated in gastric 
cancer, and a decreased microRNA expression 
levels in H. pylori dependent gastric cancer 
compared with that in H. pylori independent 
gastric cancer was reported [35, 36]. MiR-204 
could inhibit gastric cancer cell proliferation 
and invasion, and revert epithelial-mesenchy-
mal transition (EMT) by targeting its identified 
target genes, including USP47, RAB22A, SOX4 
and SIRT1 [35, 37]. Overall, miR-204 is closely 
related to H. pylori associated gastric diseases, 
especially the metastasis of mucosa cells. Our 
study also showed that miR-204 was signifi-
cantly downregulated in tissues form patients 
with H. pylori associated gastric ulcer, which 
indicated that MMP-9 may be directly targeted 
by miR-204. The downregulation of miR-204 
attenuated its repression of MMP-9 mRNA 
expression, resulted in the development and 
relapse of gastric ulcer. Expression of miR-204 
was also downregulated in blood and saliva, 
suggesting its role in the oral infection of H. 
pylori. Theoretically, miR-204 is more stable in 
blood and saliva and results of our study dem-
onstrated the downregulation of miR-204 in 
gastric ulcer, suggesting that this miRNA is a 
potential biomarker for the diagnosis of H. pylo-
ri associated gastric diseases and some oral 
diseases. 

It is worth noting that saliva samples were also 
included in this study in addition to blood and 
mucosa tissues, which is due on the character-
istic of H. pylori and the environment of gastric 
ulcer. Our study on miR-204 and MMP-9 expres-
sion in saliva indicated that saliva has great 
application prospect in the diagnosis of H. pylo-
ri associated gastric ulcer. The merits of saliva 
examination such as no-invasive acquisition 
and certain sensitivity and specificity make it 
an alternative for conventional clinical exami-
nation [38]. Further studies on the biological 
function of miR-204 in H. pylori associated gas-
tric ulcer on the cellular level are still needed to 
prove the direct regulation of MMP-9 by miR-
204, and to provide theoretical basis for the 
prevention, diagnosis and treatment of gastric 
ulcer.

Acknowledgements

We thank Hongsheng Ji (director of ICU, Hospital 
of Shandong province) and Jiahuo Huang 

(Director of Gastroscopy Department, Laiwu 
People’s Hospital) for helpful discussion and 
excellent technical assistance.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Chonghao Duan, 
ICU Department of Laiwu People’s Hospital, No.  
1, Xuehu Avenue, Laiwu 271199, Shandong, P. R. 
China. Tel: 86-634-6279167; Fax: 86-634-6279- 
167; E-mail: txsc55@163.com

References

[1] Fashner J and Gitu AC. Diagnosis and Treat- 
ment of Peptic Ulcer Disease and H. pylori 
Infection. Am Fam Physician 2015; 91: 236-
242.

[2] Kang JH, Lim YJ, Kang JH, Yang JN, Shin  
SM, Choi JH and Lee JH. Prevalence of 
Precancerous Conditions and Gastric Cancer 
Based upon the National Cancer Screening 
Program in Korea for 7 Years, Single Center 
Experience. Gastroenterol Res Pract 2015; 
2015: 571965.

[3] Yazbek PB, Trindade AB, Chin CM and Dos 
Santos JL. Challenges to the Treatment and 
New Perspectives for the Eradication of 
Helicobacter pylori. Dig Dis Sci 2015; 60: 
2901-2912.

[4] Carli DM, Pires RC, Rohde SL, Kavalco CM and 
Fagundes RB. Peptic ulcer frequency differ-
ences related to H. Pylori or aines. Arq 
Gastroenterol 2015; 52: 46-49.

[5] Okubo M, Tahara T, Shibata T, Yamashita H, 
Nakamura M, Yoshioka D, Yonemura J, Ishi- 
zuka T, Arisawa T and Hirata I. Association  
between common genetic variants in pre-mi-
croRNAs and gastric cancer risk in Japanese 
population. Helicobacter 2010; 15: 524-531.

[6] Lario S, Ramirez-Lazaro MJ, Aransay AM, Lo- 
zano JJ, Montserrat A, Casalots A, Junquera  
F, Alvarez J, Segura F, Campo R and Calvet  
X. microRNA profiling in duodenal ulcer dis-
ease caused by Helicobacter pylori infection  
in a Western population. Clin Microbiol Infect 
2012; 18: E273-282.

[7] De Falco M, Lucariello A, Iaquinto S, Esposito 
V, Guerra G and De Luca A. Molecular Me- 
chanisms of Helicobacter pylori Pathogene- 
sis. J Cell Physiol 2015; 230: 1702-1707.

[8] Tarnawski AS. Cellular and molecular mecha-
nisms of gastrointestinal ulcer healing. Dig Dis 
Sci 2005; 50 Suppl 1: S24-33.

[9] Toedter G, Li K, Sague S, Ma K, Marano C, 
Macoritto M, Park J, Deehan R, Matthews A, 

mailto:txsc55@163.com


miR-204 in Helicobacter pylori gastric ulcer

7935 Int J Clin Exp Med 2016;9(5):7928-7936

Wu GD, Lewis JD, Arijs I, Rutgeerts P and 
Baribaud F. Genes associated with intesti- 
nal permeability in ulcerative colitis: changes 
in expression following infliximab therapy. In- 
flamm Bowel Dis 2012; 18: 1399-1410.

[10] Schmitz H, Barmeyer C, Fromm M, Runkel N, 
Foss HD, Bentzel CJ, Riecken EO and Schulzke 
JD. Altered tight junction structure contributes 
to the impaired epithelial barrier function in 
ulcerative colitis. Gastroenterology 1999; 116: 
301-309.

[11] Hayden DM, Forsyth C and Keshavarzian A. 
The role of matrix metalloproteinases in intes-
tinal epithelial wound healing during normal 
and inflammatory states. J Surg Res 2011; 
168: 315-324.

[12] Li SL, Zhao JR, Ren XY, Xie JP, Ma QZ and Rong 
QH. Increased expression of matrix metallopro-
teinase-9 associated with gastric ulcer recur-
rence. World J Gastroenterol 2013; 19: 4590-
4595.

[13] Unidentified curved bacilli on gastric epitheli-
um in active chronic gastritis. Lancet 1983; 1: 
1273-1275.

[14] Marshall BJ and Warren JR. Unidentified 
curved bacilli in the stomach of patients with 
gastritis and peptic ulceration. Lancet 1984; 
1: 1311-1315.

[15] Szabo S and Vincze A. Growth factors in ulcer 
healing: lessons from recent studies. J Physiol 
Paris 2000; 94: 77-81.

[16] Nebiki H, Arakawa T, Higuchi K and Kobaya- 
shi K. Quality of ulcer healing influences the 
relapse of gastric ulcers in humans. J Gas- 
troenterol Hepatol 1997; 12: 109-114.

[17] Higuchi K, Arakawa T, Nebiki H, Uchida T, 
Fujiwara Y, Ando K, Yamasaki K, Takaishi  
O, Fukuda T, Kobayashi K and Kuroki T. 
Rebamipide prevents recurrence of gastric  
ulcers without affecting Helicobacter pylori  
status. Dig Dis Sci 1998; 43: 99s-106s.

[18] Tarnawski A, Hollander D, Krause WJ, Dabros 
W, Stachura J and Gergely H. “Healed” experi-
mental gastric ulcers remain histologically and 
ultrastructurally abnormal. J Clin Gastroenterol 
1990; 12 Suppl 1: S139-147.

[19] Shukla SK, Khatoon J, Prasad KN, Rai RP, 
Singh AK, Kumar S, Ghoshal UC and Krishnani 
N. Transforming growth factor beta 1 (TGF-
beta1) modulates Epstein-Barr virus reactiva-
tion in absence of Helicobacter pylori infection 
in patients with gastric cancer. Cytokine 2015; 
77: 176-9.

[20] Sopata I and Dancewicz AM. Presence of a 
gelatin-specific proteinase and its latent form 
in human leucocytes. Biochim Biophys Acta 
1974; 370: 510-523.

[21] Murphy G, Cawston TE, Galloway WA, Barnes 
MJ, Bunning RA, Mercer E, Reynolds JJ and 

Burgeson RE. Metalloproteinases from rabbit 
bone culture medium degrade types IV and V 
collagens, laminin and fibronectin. Biochem J 
1981; 199: 807-811.

[22] Wilhelm SM, Collier IE, Marmer BL, Eisen AZ, 
Grant GA and Goldberg GI. SV40-transformed 
human lung fibroblasts secrete a 92-kDa type 
IV collagenase which is identical to that secret-
ed by normal human macrophages. J Biol 
Chem 1989; 264: 17213-17221.

[23] Bhuvarahamurthy V, Kristiansen GO, Johann- 
sen M, Loening SA, Schnorr D, Jung K and 
Staack A. In situ gene expression and locali- 
zation of metalloproteinases MMP1, MMP2, 
MMP3, MMP9, and their inhibitors TIMP1  
and TIMP2 in human renal cell carcinoma. 
Oncol Rep 2006; 15: 1379-1384.

[24] Akkoc A, Inan S and Sonmez G. Matrix metal-
loproteinase (MMP-2 and MMP-9) and steroid 
receptor expressions in feline mammary tu-
mors. Biotech Histochem 2012; 87: 312-319.

[25] Cavdar Z, Canda AE, Terzi C, Sarioglu S, Fuzun 
M and Oktay G. Role of gelatinases (matrix me-
talloproteinases 2 and 9), vascular endothelial 
growth factor and endostatin on clinicopatho-
logical behaviour of rectal cancer. Colorectal 
Dis 2011; 13: 154-160.

[26] Park KS, Kim SJ, Kim KH and Kim JC. Clinical 
characteristics of TIMP2, MMP2, and MMP9 
gene polymorphisms in colorectal cancer. J 
Gastroenterol Hepatol 2011; 26: 391-397.

[27] Torii A, Kodera Y, Ito M, Shimizu Y, Hirai T, Yasui 
K, Morimoto T, Yamamura Y, Kato T, Hayakawa 
T, Fujimoto N and Kito T. Matrix metalloprotein-
ase 9 in mucosally invasive gastric cancer. 
Gastric Cancer 1998; 1: 142-145.

[28] Zhang C, Zou S, Xu W and Zhao Z. Clinical sig-
nificance of MMP-9 expression in human gas-
tric cancer. Chinese Journal of Minimally 
Invasive Surgery 2000; 3: 25-27.

[29] Chen Y and Zhong L. Research progress on 
oral Helicobacter pylori and periodontal dis-
ease. Chinese Journal of Practical Stomatology 
2011; 4: 752-754.

[30] Chen K and Rajewsky N. The evolution of gene 
regulation by transcription factors and microR-
NAs. Nat Rev Genet 2007; 8: 93-103.

[31] Lewis BP, Burge CB and Bartel DP. Conserved 
seed pairing, often flanked by adenosines, in-
dicates that thousands of human genes are 
microRNA targets. Cell 2005; 120: 15-20.

[32] Yu Y, Wang L, Liu T and Guan H. MicroRNA-204 
suppresses trophoblast-like cell invasion by 
targeting matrix metalloproteinase-9. Biochem 
Biophys Res Commun 2015; 463: 285-291.

[33] Conte I, Hadfield KD, Barbato S, Carrella S, 
Pizzo M, Bhat RS, Carissimo A, Karali M, Porter 
LF, Urquhart J, Hateley S, O’Sullivan J, Manson 
FD, Neuhauss SC, Banfi S and Black GC. MiR-



miR-204 in Helicobacter pylori gastric ulcer

7936 Int J Clin Exp Med 2016;9(5):7928-7936

204 is responsible for inherited retinal dystro-
phy associated with ocular coloboma. Proc 
Natl Acad Sci U S A 2015; 112: E3236-3245.

[34] An J, Chen X, Chen W, Liang R, Reinach PS, Yan 
D and Tu L. MicroRNA Expression Profile and 
the Role of miR-204 in Corneal Wound Healing. 
Invest Ophthalmol Vis Sci 2015; 56: 3673-
3683.

[35] Zhou X, Li L, Su J and Zhang G. Decreased miR-
204 in H. pylori-associated gastric cancer pro-
motes cancer cell proliferation and invasion by 
targeting SOX4. PLoS One 2014; 9: e101457.

[36] Chang H, Kim N, Park JH, Nam RH, Choi YJ, Lee 
HS, Yoon H, Shin CM, Park YS, Kim JM and Lee 
DH. Different microRNA expression levels in 
gastric cancer depending on Helicobacter py-
lori infection. Gut Liver 2015; 9: 188-196.

[37] Zhang L, Wang X and Chen P. MiR-204 down 
regulates SIRT1 and reverts SIRT1-induced 
epithelial-mesenchymal transition, anoikis re-
sistance and invasion in gastric cancer cells. 
BMC Cancer 2013; 13: 290.

[38] Pickhardt PJ, Choi JR, Hwang I, Butler JA, 
Puckett ML, Hildebrandt HA, Wong RK, Nugent 
PA, Mysliwiec PA and Schindler WR. Computed 
tomographic virtual colonoscopy to screen for 
colorectal neoplasia in asymptomatic adults. N 
Engl J Med 2003; 349: 2191-2200.


