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Abstract  

AIM: Helicobacter pylori causes gastric mucosal inflammation and immune reaction. However, the 
increase of IL-10, MMP-7, and MMP-7 levels in the serum is still controversial. The objective of this 
study was to investigate the serum levels of IL-10, MMP-7 & MMP-9 in gastritis patients with H. 
pylori infection.  

MATERIALS AND METHODS: A cross-sectional study was done on seventy gastritis patients that 
consecutive admitted to endoscopy units. The diagnosis of gastritis was made based on 
histopathology and diagnosis of H. pylori infection was based on rapid urease test. Serum samples 
were obtained to determine to circulate IL-10, MMP-7, and MMP-9 level. Univariate and bivariate 
analysis were done by SPSS version 22.  

RESULTS: Forthy percentages of the patients were infected with H. pylori. The IL-10 level was 
significantly higher in H. pylori-infected patients compared to non-infected patients. However, there 
were no differences between serum levels of MMP-7 and MMP-9 in infected and non-infected H. 
pylori patients.  

CONCLUSIONS: The immune response to H. pylori promotes systemic inflammation, which was 
reflected by the increased levels of serum IL-10. However, there were no significant differences in 
MMP-7 and MMP-9 serum levels between positive and negative infected H. pylori patients. 

 

 

 

 

Introduction 

 

Helicobacter pylori are bacteria that 
specifically infect the epithelial cells of the human 
gastric. Helicobacter pylori are found in the gastric of 
more than 50% of humans and frequently is the major 
cause of gastritis throughout the world [1].

 

The increase in cytokine production caused 
by Helicobacter pylori has been studied before, 
including the anti-inflammatory cytokine. This cytokine 
is responsible for the decrease in immune response. 
IL-10 is an anti-inflammatory cytokine that is capable 
of decreasing the inflammatory responses caused by 
H. pylori, which will cause the rise in bacterial num-
bers and the effects mediated by the epithelial cells of 
the gaster [2]. Patients with chronic gastritis caused 
by H. pylori infection often develops peptic ulcers, as 

well as gastric carcinoma and lymphoma [3].  

Matrix metalloproteinases (MMPs) are 
believed to have an essential role in the inflammation 
process and carcinogenesis, by causing degradation 
and remodelling of the extracellular matrix and basal 
membrane. MMP are secreted through 
transmembrane endoproteinases. MMP has a 
catalytic zinc domain, which is required for proteolytic 
activity. MMP are able to degrade at least one 
extracellular matrix component. MMP-7 and MMP-9 
are members of the MMP family, which increase in H. 
pylori gastritis and in early gastric carcinoma [4].

 

There have been many studies on the 
immune response based on gastric mucosal cytokine 
and MMP expression in H. pylori infection, however, 
the data on levels of anti-inflammatory cytokines and 
MMP in the serum.  
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In this study, the objective is to evaluate the 
increase of IL-10, MMP-7 and MMP-9 in patients with 
H. pylori infection without any systemic disease and 
the correlation with the histopathologic degree of 
gastritis.  

 

 

Patients and Methods 

 

Patient selection 

A cross-sectional study was done on seventy 
consecutive gastritis patients that were admitted to 
endoscopy units at Adam Malik General Hospital and 
Permata Bunda Hospital, Medan, Indonesia from 
May-October 2014. All patients gave informed 
consent and the study was approved by the local 
ethical committee. None of the patients had received 
antibiotics, bismuth compounds, H2 antagonists, 
proton pump inhibitors or immune modulating drugs 
within the last four weeks before endoscopy. Patients 
with evidence of malignancy, immunosuppression, 
metabolic disorders, or gastrointestinal haemorrhage 
and patients who had a history of gastric surgery were 
excluded [2, 5-7].

 

 

Diagnosis of gastritis 

Gastritis degree was evaluated from a biopsy 
of the mucosa of gastric antrum and body. The biopsy 
specimens were fixed in 10% formalin and embedded 
in paraffin. The samples were stained using 
Hematoxylin-Eosin and were evaluated by the 
pathologist of anatomic pathology referring to the 
visual analogue scale of the updated Sydney System. 
The higher degree was used if differences of degree 
were found between the body and antrum. The 
degree of chronic inflammation, neutrophil infiltration, 
atrophy, and intestinal metaplasia were scored 0 to 3, 
i.e., normal (0), mild (1), moderate (2), and severe (3) 
[5].

 
 

 

 Diagnosis of Helicobacter pylori  

H. pylori were considered positive based on 
the positive results of the rapid urease test. In this 
study, we used Pronto Dry

®
. We used gastric antral 

biopsy specimen that was taken within 2 cm from the 
pylorus for Pronto Dry

®
. The results of the rapid 

urease test were read within 24 hours. The Pronto 
Dry

® 
was considered to be positive if the colour 

changed from amber to pink-red [6]. 

 

Serum levels of IL-10, MMP-7, and MMP-9 

Venous blood was drawn using a serum 
separator tube and allowed to clot for 30-45 minutes 

at room temperature before centrifugation for 15 
minutes at approximately 1,000g. Serum was 
immediately stored frozen in aliquots at -20

o
C until 

assays for IL-10, MMP-7, and MMP-9 were 
performed. IL-10 was assayed by the high sensitive 
EBioscience technique, Bender MedSystems GmbH 
1030 Vienna, Austria. Circulating MMP-7 and MMP-9 
levels were examined in serum using the Quantikine 
Human MMP-7-ELISA and Quantikine Human MMP-
9-ELISA (Quantikine, R&D System, Inc., Minneapolis). 
Serum levels were expressed as pg/ml. Levels above 
the mean were categorised as the high level, and 
levels below the mean were categorised as the low 
level.  

 

Statistical analysis 

SPSS version 22 (SPSS Inc., Chicago) was 
used for analysis. The data were analysed using 
univariate and bivariate analysis with 95% confidence 
intervals. The results were expressed as the mean + 
standard deviation. Bivariate analysis was carried out 
using the independent t-test, Mann-Whitney test, and 
Chi-square test with a p-value < 0.05 was considered 
statistically significant. 

 

 

Results 

 

Demographics of Respondents 

 There were 70 subjects, consisting of 35 
males (50%) and 35 females (50%) subjects. The 
average age of the subjects was 49.9 + 13.04 (SD) 
years. Most subjects were from the age group of 46-
60 years old. 40% patients were infected with H. 
pylori. The occupation of most of the respondents was 
housewives (38.57%). The majority of subjects had an 
overweight or underweight nutritional status (58.57%) 
(Table 1). 

Table 1: Characteristics of the subjects 

 Variables H. pylori positive H. pylori negative Frequency 

Sex 
 Males 
 Females 

 
17 (24.28%) 
11 (15.71%) 

 
18 (25.71%) 
24 (34.29%) 

 
35 (50%) 
35 (50%) 

Age (years) 
 <30 
 30-45 
 46-60 
 >60 

 
4 (5.71%) 

9 (12.86%) 
9 (12.86%) 
6 (8.57%) 

 
3 (4.29%) 

12 (17.14%) 
18 (25.71%) 
9 (12.86%) 

 
7 (10%) 

21 (30%) 
27 (38.57%) 
15 (21.43%) 

Job 
 Self employed 
 Employee 
 Farmer 
 Housewife 
 Other 

 
7 (10%) 

4 (5.71%) 
3 (4.29%) 

9 (12.86%) 
5 (7.14%) 

 
15 (21.43%) 

5 (7.14%) 
2 (2.86%) 

18 (25.71%) 
2 (2.86%) 

 
22 (31.43%) 
9 (12.85%) 
5 (7.15%) 

27 (38.57%) 
7 (10%) 

Nutritional status 
 Normal 
Underweight and 
Overweight 

 
9 (12.86%) 

19 (27.14%) 
 

 
20 (28.57%) 
22 (31.43%) 

 
29 (41.43%) 
41 (58.57%) 

Total 28 (40%) 42 (60%) 70 (100%) 
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Serum IL-10, MMP-7 and MMP-9 levels in 
Helicobacter pylori infection 

The circulatory IL-10 levels were significantly 
higher in H. pylori-infected patients compared to non-
infected H. pylori patients (p < 0.005). However, there 
were no significant differences between serum levels 
of MMP-7 and MMP-9 in both groups (Table 2).  

Table 2: Serum level of IL-10, MMP-7 & MMP-9 in HP (+) and HP 
(-) 

Serum Level (pg/ml) 
H.pylori positive 

(mean + SD) 
H.pylori negative 

(mean + SD) 
Independent t-test 

IL-10 1.62 + 1.56 1.39 + 2.32 0.043* 

MMP-7 8.69 + 6.82 8.03 + 6.20 0.886 

MMP-9 951.86 + 522.07 889.91 + 478.78 0.640 

*p < 0.05. 

 

Association serum level of IL-10, MMP-7, 
MMP-9 and degree of gastritis 

There was no correlation found between IL-10 
serum levels with the degree of chronic inflammation 
or neutrophil infiltration. There was no correlation 
found between MMP-7 serum levels with the degree 
of chronic inflammation or neutrophil infiltration. The 
same results were found for MMP-9 serum levels. 
There was no correlation found between MMP-9 
serum levels with the degree of chronic inflammation 
or neutrophil infiltration (Table 3). 

Table 3: Association serum levels of IL-10, MMP-7, MMP-9 and 
degree of chronic inflammation and neutrophil infiltration 

Cytokines 

Chronic Inflammation Neutrophil Infiltration 

Normal + 
Mild 

N (%) 

Moderate 
+ Severe 

N (%) 

OR (95% 
CI) 

P 
Normal 
+ Mild 
N (%) 

Moderate 
+ Severe 

N (%) 

OR (95% 
CI) 

p 

IL-10 High 
15 

(21.43) 
19 

(27.14) 
1.01 

(0.59-
1.70) 

0.978 

26 
(37.14) 

8 (11.43) 0.872 
(0.65-
1.17) 

0.364 

 Low 
16 

(22.86) 
20 

(28.57) 
24 

(34.29) 
12 

(17.14) 

MMP-7 High 
12 

(17.14) 
23 

(32.86) 
1.58 

(0.91-
2.75) 

0.092 

23 
(32.86) 

12 
(17.14) 

1.17 
(0.87-
1.58) 

0.290 

 Low 19(27.14) 
16 

(22.86) 
27 

(38.57) 
8 (11.43) 

MMP-9 High 14 (20) 21 (30) 1.21 
(0.72-
2.06) 

0.470 

24 
(34.29) 

11 
(15.71) 

1.08 
(0.81-
1.46) 

0.597 

 Low 
17 

(24.29) 
18 

(25.71) 
26 

(37.14) 
9 (12.86) 

 

There was no correlation found between IL-10 
serum levels with the degree of atrophy or intestinal 
metaplasia. There was no correlation found between 
MMP-7 serum levels and the degree of atrophy or 
intestinal metaplasia.  

Table 4: Association serum levels of IL-10, MMP-7, MMP-9 and 
degree of atrophy and intestinal metaplasia 

Cytokines 
 

Atrophy Intestinal Metaplasia 

Normal + 
Mild 

N (%) 

Moderate 
+ Severe 

N (%) 

OR (95% 
CI) 

P 
Normal 
+ Mild 
N (%) 

Moderate 
+ Severe 

N (%) 

OR 
(95% CI) 

p 

IL-10 High 
27 

(38.57) 
7 (10) 1.13 

(0.88-
1.45) 

0.318 

25 
(35.71) 

9 (12.86) 
1.12 (0.91-

1.38) 
0.276 

 Low 
32 

(45.71) 
4 (5.71) 

30 
(42.86) 

6 (8.57) 

MMP-7 High 
30 

(42.85) 
5 

(7.14) 
0.83 

(0.65-
1.07) 

0.145 

30 
(42.86) 

5 (7.14) 
0.97 (0.79-

1.18) 
0.743 

 Low 
25 

(35.71) 
10 

(14.28) 
29 

(41.43) 
6 (8.57) 

MMP-9 High 
29 

(41.43%) 
6 

(8.57%) 
1.04 

(0.810-
1.33) 

0.771 

27 
(38.57) 

8 
(11.43) 1.03 (0.85-

1.27) 
0.743 

 Low 
30 

(42.85) 
5 

(7.14) 
28 (40) 7 (10) 

 

The same results were found for MMP-9 
serum levels. There was no correlation found between 
MMP-9 serum levels and the degree of atrophy or 
intestinal metaplasia (Table 4). 

 

 

Discussion 

 

The average age of the subjects was 49.9 + 
13.04 (SD) years, which concludes that most of the 
gastritis patients are at their productive ages. The 
results of this study are similar to a study conducted 
by Garg B, et al, which reported that the average age 
of gastritis patients was 47 years old and the study 
reported by Mustapha SK, et al with an average age 
of 47 years old [7, 8].

 

In this study, a group of gastritis patients 
without major gastric disease (example: peptic ulcer 
and gastric carcinoma) were studied with the objective 
to examine the presence of H. pylori infection in 
gastritis patients. It is known that H. pylori are 
correlated with increased expressions of IL-10, MMP-
7, and MMP-9 in the mucosa [9-12]. 

However, studies on the levels of IL-10, MMP-
7 and MMP-9 in the serum are still limited and 
controversial. Owing to that, this study was conducted 
with the objective to find the differences between the 
serum levels of IL-10, MMP-7 and MMP-9 in patients 
with positive and negative H. pylori, and to analyse 
the correlations between the serum levels and the 
degree of gastritis based on histopathology 
appearance.  

IL-10 as an anti-inflammatory cytokine has a 
role in the initial immune response which is mediated 
by B cell. Cytokine IL-10 is involved in the decrease of 
the inflammatory response [13]. IL-10 inhibits the 
synthesis of IFN-c, IL-1, IL-6, IL-8 and TNF-α, and 
also acts as a feedback mechanism in reducing these 
cytokines [13, 14]. IL-10 might contribute to the failure 
of the immune response to clear H. pylori infection, 
and in a previous study we found the increased 
secretion of IL-10 in biopsy specimens in H. pylori 
infection, with the secretion of the cytokine correlating 
with the degree of chronic inflammation. Yamaoka et 
al have reported increased expression of IL-10 mRNA 
in biopsies from infected patients [15]. 

IL-10 helps to maintain bacterial colonisation 
and exerts its effects directly on gastric epithelial cells 
[2, 10, 11].

 
Goll et al reported that samples from H. 

pylori-positive patients showed increased production 
of IL-10 as much as 6.7 times the production of 
patients with negative H. pylori. 

In this study, the serum levels of IL-10 
increased significantly in positive H. pylori compared 
to negative H. pylori patients. This result was similar 
to that reported by Dlugovittzky et al, where the IL-10 
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serum levels of the positive H. pylori subjects were 
higher compared to negative H. pylori subjects 
(p<0.01) [16]. However, other studies reported 
different conclusions, In the studies performed by 
Russo et al and Bayraktaroglu et al, they reported that 
there were no significant correlations between the 
positive H. pylori subjects and negative subjects, 
which might be caused by inhibition of further 
inflammation [17, 18]. 

H. pylori is able to trigger the expression of 
MMP, which is a proteolytic enzyme that has a role in 
maintaining and remodelling the interaction between 
epithelial cells and the basal membrane [19, 20]. A 
study, conducted by Bebb JR et al, found that gastric 
biopsy specimens from a positive H. pylori subject will 
show in a higher level of MMP-7 protein in the antrum 
and corpus [19]. A similar result is found from the 
study conducted by Wroblewski et al, which 
concluded that the MMP-7 expression in the antrum 
and corpus increased with the presence of H. pylori 
[21].

 

In this study, there were no significant 
differences in MMP-7 serum levels between positive 
and negative H. pylori subjects. The same results 
were found in the study by Rautelin et al, which 
concluded that there were no significant differences in 
MMP-7 serum levels between positive and negative 
H. pylori gastritis subjects [22].

 

Studies by Rautelin HI et al and Li SL et al 
found that MMP-9 level increased significantly in the 
gastric mucosa of gastritis patients with positive H. 
pylori compared to the negative [22, 23]. In a study 
conducted by Oliviera, it was found that H. pylori 
through a T4SS (Type IV Secretion System) pathway 
increases the activity of MMP-9 as a response to the 
invasion of H. pylori on the gastric epithelium [24]. 

In this study, there was no difference in the 
serum levels of MMP-9 between the positive and 
negative H. pylori patients. Similar results were also 
found in the study reported by Rautelin et al and 
Ettehad et al, where it was concluded that there were 
no significant differences in the MMP-9 levels of the 
gastritis patients between the positive and negative H. 
pylori subjects [25, 26]. 

In this study, it was found that there were no 
significant correlations found between serum levels of 
IL-10, MMP-7, MMP-9 and the degree of chronic 
inflammation, neutrophil infiltration, atrophy, or 
intestinal metaplasia (p>0.05). 

 In conclusion, the IL-10 serum levels 
increased significantly in positive H. pylori subjects. 
There was no significant difference in the average 
serum levels of MMP-7 and MMP-9 between positive 
and negative infected H. pylori patients. There were 
no correlations found between serum levels of IL-10, 
MMP-7, MMP-9 with the degree of gastritis based on 
histopathology.  

References 

1. Suzana MK, Skender T, Emine DS, Halil A, Vjollca SM, Agron K, 
et al. Helicobacter pylori gastritis updated sydney classification 
applied in our material. Sec Biol Med Sci. 2009;30(1):45–60. 

2. Zakaria Z. The role of interleukin-10 in Helicobacter pylori 
infection. Master [Tesis]. Nottingham,UK: University of Nottingham, 
2010:108-31. 

 

3. Maeda S, Mentis AF. Pathogenesis of Helicobacter pylori 
infection. Helicobacter. 2007; 12(Suppl 1):10-14. 
http://dx.doi.org/10.1111/j.1523-5378.2007.00529.x 
PMid:17727454 

 

4. Lu P, Takai K, Weaver VM, Werb Z. Extracellular Matrix 
Degradation and Remodelling in Development and Disease. Cold 
Spring Harb Perspect Biol. 2011:3;1-24. 
http://dx.doi.org/10.1101/cshperspect.a005058 PMid:21917992 
PMCid:PMC3225943 

 

5. Rugge M, Pennelli G, Pilozzi E, et al. Gastritis: the histology 
report. Dig Liver Dis. 2011;43S:S373–84. 
http://dx.doi.org/10.1016/S1590-8658(11)60593-8 

 

6. Rojborwonwitaya J, Vijitjunykul N. Comparison of the Accuracy 
of Two Commercial Rapid Urase Tests, CLOtest® and Pronto 
Dry®, in detecting Helicobacter pylori Infection. 

 

7. Garg B, Sandhu V, Sood N, et al. Histopathological analysis of 
chronic gastritis and correlation of pathological features with each 
other and with endoscopic findings. Pol J Pathol. 2012;3:172-8. 
http://dx.doi.org/10.5114/pjp.2012.31501 

 

8. Mustapha SK, Bolori MT, Ajayi N, et al. Endoscopic findings and 
the frequency of Helicobacter pylori among dyspeptic patients in 
North-Eastern Nigeria. Internet J Gastroenterol. 2006; 6(1). 
http://www.ispub.com (accessed 10 May 2014) 

 

9. Cheng HC, Yang HB, Chang WL, Chen WY, Yeh YC, Sheu BS. 
Expressions of MMPs and TIMP-1 in Gastric Ulcers May 
Differentiate H. pylori-Infected from NSAID-Related Ulcers. Sci 
World J. 2012:2012;1-9. 

 

10. Goll R, Gruber F, Olsen T, Cui G, RascHpichler G, Buset M, et 
al. Helicobacter pylori stimulate a mixed adaptive immune 
response with a strong T-regulatory component in human gastric 
mucosa. Helicobacter. 2007;12:185-92. 
http://dx.doi.org/10.1111/j.1523-5378.2007.00495.x 
PMid:17492997 

 

11. Lundin BS, Enarsson K, Kindlund B, Lundgren A, Johnsson E, 
Quiding-Jarbrink M, et al. The local and systemic T-cell response 
to Helicobacter pylori in gastric cancer patients is characterised by 
production of interleukin-10. Clin Immunol. 2007;125: 205-13. 
http://dx.doi.org/10.1016/j.clim.2007.07.011 PMid:17826353 

 

12. Yanagisawa N, Geironson L, Al-Soud WA, and Ljungh A. 
Expression of Matrix Metalloproteinase-2, -7, and -9 on the human 
colon, liver and bile duct cell lines by enteric and gastric 
Helicobacter species. FEMS Immunol Med Microbiol. 2005; 
44(2):197-204. http://dx.doi.org/10.1016/j.femsim.2004.11.009 
PMid:15866216 

 

13. Achyut BR, Tripathi P, Ghoshal UC, Moorchung N, Mittal B. 
Interleukin-10 (-819 C/T) and Tumor Necrosis Factor-a (-308 G/A) 
Gene Variants Influence Gastritis and Lymphoid Follicle 
Development. Dig Dis Sci. 2008;53:622–9. 
http://dx.doi.org/10.1007/s10620-007-9925-y PMid:17717744 

 

14. Andersen LP, Holck S, Janulaityte-Gu¨nther D, Kupcinskas L, 
Kiudelis G, Jonaitis L, et al. Gastric inflammatory markers and 
interleukins in patients with functional dyspepsia, with and without 
Helicobacter pylori infection. FEMS Immunology and Medical 
Microbiology. 2005;44:233–8. 
http://dx.doi.org/10.1016/j.femsim.2004.10.022 PMid:15866221 

 

15. Yamaoka Y, Kodama T, Kita M, Imanishi J, Kashima K, 
Graham DY. Relation between cytokines and Helicobacter pylori in 
gastric cancer. Helicobacter. 2001;6:116-24. 
http://dx.doi.org/10.1046/j.1523-5378.2001.00017.x 
PMid:11422466 

 

16. Dlugovitzky DG, Nogueras MG, Fiorenza G, Raynoldi J, Proske 
 

http://dx.doi.org/10.1111/j.1523-5378.2007.00529.x
http://dx.doi.org/10.1101/cshperspect.a005058
http://dx.doi.org/10.1016/S1590-8658(11)60593-8
http://dx.doi.org/10.5114/pjp.2012.31501
http://dx.doi.org/10.1111/j.1523-5378.2007.00495.x
http://dx.doi.org/10.1016/j.clim.2007.07.011
http://dx.doi.org/10.1016/j.femsim.2004.11.009
http://dx.doi.org/10.1007/s10620-007-9925-y
http://dx.doi.org/10.1016/j.femsim.2004.10.022
http://dx.doi.org/10.1046/j.1523-5378.2001.00017.x


 Siregar et al. Serum IL-10, MMP-7, MMP-9 Levels in Helicobacter pylori Infection 
______________________________________________________________________________________________________________________________ 

_______________________________________________________________________________________________________________________________ 

Open Access Maced J Med Sci.                                                                                                                                                                                                         5 

 

A, Badano A, et al. Changes in Cytokine levels related to the 
Immunopathogenesis of Helicobacter pylori disease. 
Immunological and histological effects of triple treatment 
(omeprazol, azytromycin, and amoxycillin). Inmunología. 2005; 
24(1): 11-6 

17. Russo F, Jirillo E, Clemente C, Messa C, Chiloiro M, Riezzo G, 
et al. Circulating cytokines and gastrin levels in asymptomatic 
subjects infected by Helicobacter pylori (H. pylori). 
Immunopharmacol Immunotoxicol. 2001;23(1):13-24. 
http://dx.doi.org/10.1081/IPH-100102563 PMid:11322645 

 

18. Bayraktaroglu T, Aras AS, Aydemir S, Davutoglu C, Ustundag 
Y, Atmaca H, et al. Serum levels of tumor necrosis factor-a, 
interleukin-6 and interleukin-8 are not increased in dyspeptic 
patients with Helicobacter pylori-associated gastritis. Mediators of 
Inflammation. 2004;13(1):25-8 
http://dx.doi.org/10.1080/09629350410001664789 PMid:15203561 
PMCid:PMC1781536 

 

19. Bebb JR, Letley DP, Thomas RJ, Aviles F, Collins HM, Watson 
SA, et al. Helicobacter pylori upregulates matrilysin (MMP-7) in 
Epithelial Cells In Vivo and In Vitro in A Cag Dependent Manner. 
Gut. 2003:52; 1408-13. http://dx.doi.org/10.1136/gut.52.10.1408 
PMid:12970131 PMCid:PMC1773843 

 

20. Cheng HC, Yang HB, Chang WL, Chen WY, Yeh YC, and 
Sheu BS. Expressions of MMPs and TIMP-1 in Gastric Ulcers May 
Differentiate H. pylori-Infected from NSAID-Related Ulcers. Sci 
World J. 2012:2012; 1-9. 

 

21. Wroblewski LE, Noble PJM, Pagliocca A, Pritchard DM, Hart 
CA, Campbell F, et al. Stimulation of MMP-7 (matrilysin) by 
Helicobacter pylori in human gastric epithelial cells: role in 
epithelial cell migration. J Cell Sci. 2003:116; 3017-26. 
http://dx.doi.org/10.1242/jcs.00518 PMid:12808021 

 

22. Rautelin HI, Oksanen AM, Veijola LI, Sipponen PI, 
Tervahartiala TI, Sorsa TA, Lauhio A. Enhanced systemic matrix 
metalloproteinase response in Helicobacter pylori gastritis. Ann 
Med. 2009:41; 208-15. 
http://dx.doi.org/10.1080/07853890802482452 PMid:18979291 

 

23. Li SL, Zhao JR, Ren XY, Xie JP, Ma QZ, Rong QH. Increased 
Expression of Matrix Metalloproteinase-9 Associated With Gastric 
Ulcer Recurrence. World J Gastroenterol. 2013 ;19: 4590-5. 
http://dx.doi.org/10.3748/wjg.v19.i28.4590 PMid:23901237 
PMCid:PMC3725386 

 

24. Oliveira MJ, Costa AC, Costa AM, Henriques L, Suriano G, 
Atherton JC, et al. Helicobacter pylori Induces Gastric Epithelial 
Cell Invasion in a c-Met and Type IV Secretion System-dependent 
Manner. J Biol Chem. 2006:281; 34888-96. 
http://dx.doi.org/10.1074/jbc.M607067200 PMid:16990273 

 

25. Rautelin H, Tervahartiala T, Lauhio A, Sorsa T, Kolho KL. 
Assessment of systemic matrix metalloproteinase and their 
regulator response in children with Helicobacter pylori gastritis. 
Scand J Clin Lab Invest. 2010:70; 492-6. 
http://dx.doi.org/10.3109/00365513.2010.520732 PMid:20854182 

 

26. Ettehad GH, Parastar N, Pahlavan Y, Amani M. Serum Level of 
Metalloproteinase in Patients Infected with Helicobacter pylori in 
Ardabil. J Ardabil Univ Med Sci. 2012:12(3); 230-8. 

 

 

http://dx.doi.org/10.1081/IPH-100102563
http://dx.doi.org/10.1080/09629350410001664789
http://dx.doi.org/10.1136/gut.52.10.1408
http://dx.doi.org/10.1242/jcs.00518
http://dx.doi.org/10.1080/07853890802482452
http://dx.doi.org/10.3748/wjg.v19.i28.4590
http://dx.doi.org/10.1074/jbc.M607067200
http://dx.doi.org/10.3109/00365513.2010.520732

