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INTRODUCTION

Despite the improvement of methods of examina�
tion and treatment of patients with peptic ulcer disease
(PUD), it continues to be one of the most common
reasons why people having digestive diseases ask for
medical care [1]. In particular, in the world each year,
about four million people are diagnosed with PUD,
and 10–20% of them have PUD with complications,
2–14% of which are perforations [2–4]. According to
the Federal Research Institute for Health Organiza�
tion and Informatics of the Ministry of Health of the
Russian Federation, there are about three million peo�
ple with this disease in Russia. In total, the distribution
of patients first diagnosed with PUD is as follows: 89.5
per 100000 of the total population in the Central Fed�
eral District and 134 per 100000 of the total popula�
tion in the Volga Federal District [5].

For many years, the main cause of PUD was con�
sidered to be an excess of hydrochloric acid, and now
it is believed that a major factor in the development of
peptic ulcers is bacterium Helicobacter pylori, found in
70–90% of people with this disease [6]. Helicobacte�
riosis concerns so�called slow infections: only 20% of
infected people have peptic ulcer or gastric cancer [7].
This is due to the fact that ulcergenecity of H. pylori

depends on many endogenous and exogenous risk fac�
tors, such as mental stress and use of tobacco, alcohol,
tea, coffee, and spicy foods, and genetic predisposi�
tion [8, 9].

Despite the fact that H. pylori does not penetrate
tissues, bacteria cause an intense inflammatory and
immune response: increased production of proinflam�
matory cytokines, which in turn leads to the activation
of matrix metalloproteinases (MMPs), including col�
lagenase, accompanied by increased degradation of
carbohydrate�protein components of connective tis�
sue against the background of suppression of anabolic
processes in mucosa of the stomach and duodenum
[10, 11]. Thus, MMPs play an important role in the
development of gastric (GU) and duodenal ulcers
(DU). So, in this regard, it is relevant to study poly�
morphisms of key matrixins to determine their role in
the development of PUD.

The purpose of this work is to study the association
of polymorphic variants of genes MMP�1 (rs1799750,
rs494379), MMP�2 (rs2285052), MMP�3
(rs3025058), MMP�9 (rs3918242, rs17576), and
MMP�12 (rs2276109) and their tissue inhibitors
TIMP�2 (rs8179090) and TIMP�3 (rs9619311) with
PUD in the Republic of Bashkortostan (RB).
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MATERIALS AND METHODS

The materials for the study were DNA samples of
patients with PUD and healthy donors aged 18–80 years
living in the city of Ufa, Republic of Bashkortostan.
The group of patients comprised 353 people (of which
264 were diagnosed with DU and 89 with GU and
combined forms of GU and DU) of different ethnici�
ties (102 Russians, 144 Tatars, 71 Bashkirs, and 36
people of mixed blood) under dispensary observation
of clinical databases of polyclinics nos. 1, 5, 21, 22, 46,
47, 49, and 50 in Ufa. Of them, 182 patients were
infected with the bacterium H. pylori, the presence of
which was determined by urease test, as well as by
serology and histology. As the control group, we stud�
ied healthy donors without evidence of abnormalities
of the gastrointestinal tract; this group consisted of
325 people of different ethnicities (113 Russians,
137 Tatars, 44 Bashkirs, and 31 people of mixed blood).

Genomic DNA was isolated from peripheral blood
lymphocytes by phenol�chloroform extraction [12].
Amplification of investigated loci of DNA was carried
out using the polymerase chain reaction of DNA syn�
thesis on a GeneAmp PCR System 2720 thermocycler
manufactured by Applied Biosystems (United States).
Nucleotide substitutions were determined by restric�
tion fragment length polymorphism (RFLP) analysis.
The list of investigated loci, primer sequences, sizes of
amplified fragments, and names of restriction
enzymes are shown in Table 1 [13–16]. The results of
RFLP analysis were evaluated by electrophoresis in

7% polyacrylamide gel followed by staining with
ethidium bromide and visualizing in transmitted ultra�
violet light. Statistical processing of the results was
carried out using MS Office Excel. Pairwise compari�
son of allele frequencies and genotypes in patients and
the control group was carried out using the χ2 test for
contingency tables 2 × 2 with Yates correction for con�
tinuity (http://www.bi�ometrica.tomsk.ru/). When
detecting statistically significant differences (p < 0.05)
between the samples, the odds ratio (OR) and the
boundaries of its 95% confidence interval (CI 95%)
were estimated [17].

Meta�analysis of the results for the samples of Rus�
sians, Tatars, and Bashkirs was carried out using the
program WinPepi v. 11.32 (http://www.brixton�
health.com/pepi4windows.html) [18]. To calculate
the average value of OR and the significance level, we
considered models with fixed (Mantel–Haenszel test)
and random (DerSimonian and Laird method) effects.
To estimate the statistical heterogeneity between differ�
ent samples, we used the I2 test (percentage of variabil�
ity due to heterogeneity of samples) [19]. For I2 < 30%,
the heterogeneity was assessed as mild; for I2 within
30–50%, as moderate; and for I2 > 50%, as heteroge�
neous.

Analysis of intergenic reactions was carried out
using GMDR (generalized multifactor�dimensional�
ity reduction) [20].

Table 1. Polymorphisms, primer sequences, and nomenclature of alleles of analyzed DNA loci

Gene Polymorphism Primer sequences, 5'–3' Restriction enzyme, alleles,
size of fragments, bp (source)

MMP�1 rs494379
–519A > G

GTCTTCCCATTCTTCTTACC
ATTGATTTGAGATAAGTCAGATC

KpnI, G—200, A—176 + 24
(Armstrong et al., 2007)

MMP�1 rs1799750
–1607G > GG

TGAGGAAATTGTAGTTAAATCCTTAGAAAG
TCCCCTTATGGATTCCTGTTTTCTT

BslI, GG—118, G—29 + 89
(Hinoda et al., 2002)

MMP�2 rs2285052
–735C > T

ATAGGGTAAACCTCCCCACATT
GGTAAAATGAGGCTGAGACCTG

HinfI, C—300, T—254 + 46
(Armstrong et al., 2007)

MMP�3 rs3025058
–11715A > 6A

GGTTCTCCATTCCTTTGATGGGGGGAAAGA
CTTCCTGGAATTCACACTACTGCCACCACT

PsyI (Tth111I), 6A—130, 5A—97 + 32 
(Gnasso et al., 2000)

MMP�9 rs3918242
–1562C > T

TTCGTGACGCAAAGCAGA
AGCAGCCTCCCTCACTCCT

SphI, C—560, T—300 + 260
(Joos et al., 2002)

MMP�9 rs17576
836A > G

AATTCACCCTCCCGCACTCT
GTTTTGGGGGCCAATACATGA

Sma1, A—397, G—173 + 224
(Ganter et al., 2005)

MMP�12 rs2276109
–82A > G

GAGATAGTCAAGGGATGATATCAG
AAGAGCTCCAGAAGCAGTGG

PvuII, A—199, G—175 + 24
(Joos et al., 2002)

TIMP�2 rs8179090
–418G > C

CGTCTCTTGTTGGCTGGTCA
CCTTCAGCTCGACTCTGGAG

Eco88I (AvaI), G—230 + 51 + 23,
C—253 + 51 (Zhou et al., 2004)

TIMP�3 rs9619311
–1296T > C

CAAAGCAGAATCAAGATGTCAAT
CTGGGTTAAGCAACACAAAGC

AluBI, C—204 + 160 + 69 + 55, T—204 + 
128 + 69 + 55 + 32 (Armstrong et al., 2007)
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RESULTS

Patients with PUD and individuals of the control
group from the Republic of Bashkortostan were ana�
lyzed for allele and genotype frequencies of a number
of polymorphisms of genes MMP�1 (rs1799750,
rs494379), MMP�2 (rs2285052), MMP�3
(rs3025058), MMP�9 (rs3918242, rs17576), and
MMP�12 (rs2276109) and their tissue inhibitors
TIMP�2 (rs8179090) and TIMP�3 (rs9619311).

The population of the Republic of Bashkortostan is
ethnically heterogeneous. Our study sample included
individuals of the most numerous ethnic groups: Rus�
sians, Tatars, and Bashkirs. In order to identify mark�
ers of increased and decreased risk of PUD in these
ethnic groups, we compared the distribution of allele
and genotype frequencies of polymorphic DNA loci
between the samples of patients with PUD and indi�
viduals of control groups of the respective ethnicity.

The allele and genotype frequencies of polymor�
phic variants rs494379 (–519A > G) and rs1799750
(⎯1607G > GG) of gene MMP�1 are presented in Table 2.
The most frequently detected allele was rs494379*А,
which was identified on 62.50–73.34% of chromo�
somes in patients from different ethnic groups and

66.37–72.59% of chromosomes in healthy donors.
Among genotypes, the most common were heterozy�
gous genotype rs494379*А/G (patients 46.66–
51.58%, control 30.93–35.48%) and homozygous
genotype rs494379*А/А (patients 37.30–50.00%,
control 48.67–54.84%). Comparative analysis of the
allele and genotype frequency distribution of the poly�
morphic locus rs494379 among patients with PUD
and healthy individuals showed statistically significant
differences in Tatars and Russians: genotype
rs494379*A/G was identified in individuals of the Tatar
ethnic group with PUD in 51.58% and Russians in
47.72% cases, whereas in the relevant control groups it
was identified only in 30.93 and 35.40% of cases,
respectively; thus, they are markers of increased risk of
the disease for individuals of these ethnic groups (χ2 =
8.74, p = 0.001; OR = 2.37; 95% CI 1.36–4.14 and
χ2 = 2.62, p = 0.05; OR = 1.66; 95% CI 0.94–2.94,
respectively). It was revealed that homozygous geno�
type rs494379*A/A (53.61%) was significantly more
frequent in the control group of Tatars than in the
respective group of patients (37.30%) (χ2 = 5.26, p =
0.01; OR = 0.51; 95% CI 0.30–0.88). Analysis of
duplication of guanine in position –1607G > GG

Table 2. Frequency distribution of genotypes and alleles (number (%)) of polymorphisms rs494379 and rs1799750 of gene
MMP�1 in patients with PUD and healthy donors

Geno�
type,
allele

Tatars Russians Bashkirs

control H. pylori DU total 
sample control H. pylori DU total 

sample control H. pylori DU total 
sample

rs494379

*G/G 15
(15.46)

6
(8.69)

8
(8.79)

14
(11.11)

18
(15.93)

7
(19.44)

10
(15.38)

12
(13.63)*

3
(9.68)

1
(3.44)

2
(4.00)

2
(3.33)

*A/G 30
(30.93)

35
 (50.72)*

49
(53.84)

65
(51.58)*

40
(35.40)

15
(41.66)

31
(47.69)

42
(47.72)

11
(35.48)

15
(51.72)

23
(46.00)

28
(46.66)

*A/A 52
(53.61)**

28
(40.57)

34
(37.36)

47
(37.30)

55
(48.67)

14
(38.88)

24
(36.92)

34
(38.63)

17
(54.84)

13
(44.82)

25
(50.00)

30
(50.00)

*G 60
(30.30)

47
(34.05)

65
(35.71)

93
(36.90)

76
(33.62)

29
(40.27)

51
(39.23)

66
(37.5)

17
(27.41)

17
(29.31)

27
(27.00)

32
(26.66)

*A 138
(69.70)

91
(65.95)

117
(64.28)

159
(63.10)

150
(66.37)

43
(59.72)

79
(60.77)

110
(62.5)

41
(72.59)

41
(70.68)

73
(73.00)

78
(73.34)

rs1799750 

*1/1 28
(31.11)

10
(22.22)

17
(20.48)

23
(23.00)

25
(21.55)

7
(31.81)

17
(36.17)

26
(42.62)

6
(23.08)

10
(22.22)

13
(29.55)

14
(26.41)

*2/1 29
(32.22)

27
(60.00)

42
(50.60)

48
(48.00)

65
(56.03)

11
(50.00)

23
(48.93)

27
(44.26)

13
(50.00)

27
(60.00)

22
(50.00)

29
(54.71)

*2/2 33
(36.67)

8
(17.77)

24
(28.91)

29
(29.00)

26
(22.41)

4
(18.18)

7
(14.89)

8
(13.11)

7
(26.92)

8
(17.78)

9
(20.45)

10
(18.86)

*1 85
(47.22)

47
(52.22)

76
(45.78)

94
(47.00)

115
(49.57)

25
(56.81)

57
(60.63)

79
(64.75)

57
(53.77)

71
(37.37)

48
(54.55)

57
(53.77)

*2 95
(52.78)

43
(47.77)

90
(54.21)

106
(53.00)

117
(50.43)

19
(43.18)

37
(39.37)

43
(35.25)

49
(46.22)

119
(62.63)

40
(45.45)

49
(46.22)

Total sample combines patients with GU and DU (for Tables 2–6).
* p < 0.05, accuracy of differences compared to control; ** p < 0.05, accuracy of differences compared to patients with PUD.
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showed that allele rs1799750*1 was the most frequent,
being identified on 47.00–64.75% of chromosomes in
patients from different ethnic groups and 47.22–
53.77% of chromosomes in the control. The frequency
of genotype rs1799750*2/1 was much higher in Tatars
with PUD (48.00%) as compared with the control
group (χ2 = 4.25, p = 0.02, OR = 1.94; 95% CI 1.07–
3.50). It was found that the combination of genotypes
rs494379*A/A–rs1799750*1/1 of gene MMP�1 is a
marker of reduced risk of PUD for Tatars (χ2 = 3.46,
p = 0.03; OR = 0.35; 95% CI 0.13–0.96).

Patients with DU without combination with GU
were allocated to a separate group for a special study.
Their comparison with the combined sample of
healthy donors showed that, in the development of
mucosal lesions of the duodenum, a marker of
increased risk for Tatars is genotype rs494379*A/G of
polymorphic locus rs494379 of gene MMP�1, which
occurred with a frequency of 53.84% in patients and
30.93% in the control (χ2 = 9.6, p = 0.0009; OR = 1.80;
95% CI 1.25–2.60). In the control group, homozy�

gous genotype rs494379*A/A (53.61%) was found sig�
nificantly more often than in the described group of
patients (37.36%): χ2 = 4.24, p = 0.01; OR = 0.67;
95% CI 0.47–0.96.

Patients with GU and DU who at the time of col�
lecting the material were found to be infected with the
bacterium H. pylori were also allocated to a separate
subgroup. Comparative analysis of the frequency dis�
tribution of alleles and genotypes described by poly�
morphisms rs1799750 and rs494379 of gene MMP�1
in the group of patients infected with the bacterium
H. pylori and in the combined sample of healthy
donors showed that heterozygous genotype
rs494379*A/G was significantly more often (in 50.72%
of cases) observed in Tatar patients with H. pylori than
in the control group (30.93% of cases): χ2 = 5.82, p =
0.007; OR = 2.29; 95% CI 1.21–4.35.

Table 3 shows the frequency of distribution of alle�
les and genotypes of polymorphism rs2285052 of gene
MMP�2 in patients with GU and healthy donors. The
most frequent allele was rs2285052*C identified on

Table 3. Frequency distribution of genotypes and alleles (number (%)) of polymorphisms rs2285052 of gene MMP�2 and
rs3025058 of gene MMP�3 in patients with PUD and healthy donors

Geno�
type, 
allele

Tatars Russians Bashkirs

control H. pylori DU total 
sample control H. pylori DU total 

sample control H. pylori DU total 
sample

rs2285052 of gene MMP�2

*C/C 74
(84.09)

51
(85.00)

61
(80.26)

89
(84.76)

93
(83.04)

45
(88.24)

41
(73.21)

60
(80.00)

14
(63.64)

20
(90.91)

37
(88.10)

45
(88.240)

*C/T 13
(14.77)

9
(15.00)

14
(18.42)

15
(14.29)

18
(16.07)

6
(11.76)

14
(25.00)

14
(18.67)

6
(27.27)

2
(9.09)

5
(11.90)

6
(11.76)

*T/T 1
(1.14)

0
(0.00)

1
(1.32)

1
(0.95)

1
(0.89)

0
(0.00)

1
(1.79)

1
(1.33)

2
(9.09)

0
(0.00)

0
(0.00)

0
(0.00)

*C 161
(91.48)

111
(92.50)

136
(89.47)

140
(89.74)

204
(91.07)

140
(89.74)

96
(85.71)

91
(85.85)

161
(91.48)

42
(95.45)

79
(94.05)

140
(89.74)

*T 15
(8.52)

9
(7.50)

16
(10.53)

16
(10.26)

20
(8.93)

16
(10.26)

16
(14.29)

15
(14.15)

15
(8.52)

2
(4.55)

5
(5.95)

16
(10.26)

rs3025058 of gene MMP�3

*5/5 17
(18.48)

9
(22.5)

18
(23.07)

23
(24.73)

46
(36.51)

8
(40.00)

17
(36.95)

25
(43.85)

6
(20.00)

2
(10.00)

5
(11.91)

7
(13.73)

*6/5 65
(46.74)**

11
(27.5) 

30
(38.46)

38
(40.86)

38
(30.16)

7
(35.00)

15
(32.61)

16
(28.075)

16
(53.33)

11
(55.00)

23
(54.76)

26
(50.98)

*6/6 32
(34.78)

20 
(50.00)

30 
(38.46)

32 
(34.41)

42 
(33.33)

5 
(25.00)

14 
(30.43)

16 
(28.075)

 8 
(26.67)

7 
(35.00)

14 
(33.33)

18 
(35.29)

*5 77
(41.84)

29 
(36.25)

66 
(42.30)

84 
(45.16)

115 
(49.57)

23 
(57.50)

51 
(54.25)

40 
(39.22)

28 
(46.66)

15 
(37.50)

33 
(39.29)

40 
(39.21)

*6 107 
(58.16)

51 
(63.75)

90 
(57.70)

102 
(54.84)

117 
(50.43)

17 
(42.50)

43 
(45.75)

62 
(60.78)

32 
(53.34)

25 
(62.50)

51 
(60.71)

62 
(60.79)

**p < 0.05, accuracy of differences compared to patients with PUD.
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85.85–89.74% of chromosomes in patients from dif�
ferent ethnic groups and on 91.07–91.48% of chro�
mosomes in the control. Genotype rs2285052*C/C
homozygous for the frequent allele was found at the
rate of 80.00–88.24% in patients and 63.64–84.09%
in healthy donors; genotype rs2285052*Т/Т homozy�
gous for the relevant allele was rare, on average 0.00–
1.33% in patients and 0.89–9.09% in healthy individuals.

The frequency distribution of alleles and genotypes
of this locus among patients with PUD and healthy
donors of the Russian, Tatar and Bashkir ethnic
groups was not significantly different (p > 0.05). No
associations of polymorphism rs2285052 of gene
MMP�2 with the risk of DU or the risk of the develop�
ment of PUD against the background of infection with
H. pylori was found.

The study of the distribution of genotypes and alle�
les of polymorphism rs3025058 of gene MMP�3 in
patients with PUD from different ethnic groups and
healthy donors revealed that the frequencies of geno�
types in patients and healthy subjects were almost
identical (Table 3).

Comparative analysis of the frequency distribution
of alleles and genotypes of the described polymor�
phism rs3025058 of gene MMP�3 among patients of
the Tatar ethnicity infected with H. pylori and the
combined sample of healthy donors was carried out. It
showed that genotype rs3025058*6A/5A was signifi�
cantly more frequent (46.7% of cases) among individ�
uals of the control group than among patients (27.50%
of cases): χ2 = 3.51, p = 0.03; OR = 0.43; 95% CI
0.19–0.96.

Table 4 shows the frequency distribution of alleles
and genotypes of polymorphisms rs3918242 and
rs17576 of gene MMP�9 in patients with PUD and
healthy donors. The most common allele was
rs17576*А, identified on 61.24– 65.48% of chromo�
somes in patients from different ethnic groups and 51–
69.08% of chromosomes in the control. Genotype
rs17576*А/А homozygous for the frequent allele and
heterozygous genotype rs17576*А/G were found with
roughly the same frequency; homozygous for the rare
allele, genotype rs17576*G/G of the described poly�
morphism occurred with a frequency of 11.90–

Table 4. Frequency distribution of genotypes and alleles (number (%)) of polymorphisms rs17576 and rs3918242 of gene
MMP�9 in patients with PUD and healthy donors

Geno�
type,
allele

Tatars Russians Bashkirs

control H. pylori DU total 
sample control H. pylori DU total 

sample control H. pylori DU total 
sample

rs17576

*G/G 15
(15.46)

8
(11.42)

13
(14.44)

18
(13.95)

18
(15.93)

3
(8.82)

6
(9.67)

10
(11.90)

6
(22.22)

5
(18.52)

6
(13.33)

7
(12.72)

*A/G 30
(30.93)

35
(50.00)*

43
(47.77)*

64
(49.91)*

40
(35.40)

13
(38.23)

25
(40.33)

38
(45.24)

14
(51.85)

12
(44.44)

19
(42.22)

26
(47.27)

*A/A 52
(53.61)

**

27
(38.57)

**

34
(37.77)

47
(36.43)

55
(48.67)

18
(52.94)

31
(50.00)

36
(42.86)

7
(25.93)

10
(37.04)

20
(44.44)

22
(40.00)

*G 60
(39.92)

51
(36.42)

69
(38.33)

100
(38.75)

76
(33.62)

19
(27.94)

37
(29.83)

58
(34.52)

26
(48.15)

71
(37.37)

31
(34.44)

40
(36.36)

*A 134
(69.08)

89
(63.58)

111
(61.67)

158
(61.24)

150
(66.37)

49
(72.05)

87
(70.17)

110
(65.48)

28
(51.85)

119
(62.63)

59
(65.56)

70
(63.64)

rs3918242 

*C/C 79
(80.61)

40
(83.33)

74
(83.15)

90
(83.33)

97
(73.48)

21
(87.50)

43
(86.00)

52
(82.54)

23
(82.14)

20
(83.33)

38
(80.85)

45
(77.59)

*C/T 18
(18.37)

18
(16.67)

15
(16.85)

18
(16.67)

34
(25.76)

3
(12.50)

7
(14.00)

11
(17.46)

4
(14.29)

4
(16.67)

9
(19.15)

13
(22.41)

*T/T 1
(1.02)

0
(0.00)

0
(0.00)

0
(0.00)

1
(0.76)

0
(0.00)

0
(0.00)

0
(0.00)

1
(3.57)

0
(0.00)

0
(0.00)

0
(0.00)

*C 176
(89.79)

198
(91.67)

163
(91.57)

198
(91.67)

228
(86.36)

45
(93.75)

93
(93.00)

45
(93.75)

50
(89.29)

44
(91.67)

85
(90.43)

103
(88.79)

*T 20
(10.21)

18
(8.33)

15
(8.42)

18
(8.33)

36
(13.64)

3
(6.25)

7
(7.00)

3
(6.25)

6
(10.71)

4
(8.33)

9
(9.57)

13
(11.21)

* p < 0.05, accuracy of differences compared to control; ** p < 0.05, accuracy of differences compared to patients with PUD.
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13.95% in patients and 15.46–22.22% in healthy indi�
viduals without any signs of gastrointestinal pathology.

Comparative analysis of the frequency distribution
of alleles and genotypes rs17576 of gene MMP�9
showed that Tatar patients with PUD in relation to the
similar group of healthy individuals revealed a trend
toward an increase in the frequency of allele
rs17576*G (38.75 and 39.92%, respectively) and, con�
sequently, a downward trend in the frequency of allele
rs17576*A (61.24 and 69.08%, respectively), p = 0.05.
It was found that Tatars more frequently than other
ethnic groups had allele rs17576*A of gene MMP�9
(69.08, 66.37, 51.85%, respectively). For Tatars, gen�
otype rs17576*A/А homozygous for the frequent allele
is a marker of reduced risk of PUD, whereas heterozy�
gous genotype rs17576*A/G is a marker of increased
risk for this disease (χ2 = 5.95, p = 0.007; OR = 0.49;
95% CI 0.29–0.84 and χ2 = 7.20, p = 0.003; OR =
2.19; 95% CI 1.26–3.81, respectively).

Comparison of individuals with DU to the com�
bined sample of healthy donors revealed that genotype
rs17576*A/G occurred with a significantly higher fre�
quency in patients than in healthy donors (χ2 = 5.42,
p = 0.009; OR = 1.57; 95% CI 1.08–2.27), while
homozygous genotype rs17576*A/А was detected with
the approximately equal frequency (p = 0.05).

It was found that polymorphism rs17576 of gene
MMP�9 is associated with the risk of PUD against the
background of infection with H. pylori. Representa�
tives of the Tatar ethnic group were revealed to have a
relationship between the presence of genotype
rs17576*A/G and the risk of the disease under study
(χ2 = 5.44, p = 0.009; OR = 2.23; 95% CI 1.18–4.21),
whereas the frequency of genotype rs17576*A/А in
Tatar patients with PUD against the background of
infection was lower than in the control (38.57 and
53.61%, respectively; χ2 = 3.10, p = 0.03; OR = 0.54;
95% CI 0.29–1.01).

The most frequent allele of polymorphism
rs3918242 of gene MMP�9 was allele rs3918242*С,
which was found in patients of different ethnic groups
with the frequency of 88.79–93.75% and in the con�
trol with the frequency of 86.36–89.79%. Among the
genotypes, the most frequent was homozygous geno�
type rs3918242*С/С (patients 77.59–83.33%, healthy
donors 73.48–82.14%), while genotype homozygous
for the rare allele rs3918242*Т/Т of the described
polymorphic locus in patients in our sample was not
found and in the group of healthy individuals was diag�
nosed with a frequency of less than 4%. Analysis of the
frequency distribution of alleles and genotypes of this
DNA locus showed no statistically significant differ�
ences between the studied samples of patients with
GU and the control (p > 0.05).

Comparative analysis of the frequency distribution
of alleles and genotypes of polymorphism rs2276109
of gene MMP�12 among patients with PUD and indi�
viduals without signs of gastrointestinal pathology
showed that the frequency of homozygous genotype
rs2276109*А/А varied from 79.59 to 81.34% in the
group of patients and from 74.74 to 90.31% in the con�
trol group, whereas genotype homozygous for the rare
allele rs2276109*G/G of the described polymorphic
locus was detected in patients and healthy individuals
with a frequency of less than 4% (Table 5). Separation
of the groups of subjects into subgroups according to
their ethnicity identified no associations of this locus
with the risk of GU (p > 0.05). Also, no association of
polymorphism rs2276109 of gene MMP�12 with the
risk of DU or the risk of PUD against the background
of infection with H. pylori was found.

The study of polymorphism rs8179090 of gene
TIMP�2 in patients with PUD and healthy donors
found that, in all the studied groups, genotype
rs8179090*G/G is the most frequent, occurring in
97.87–98.02% of patients with gastrointestinal dis�
eases and 87.50–98.75% of the control, as well as its

Table 5. Frequency distribution of genotypes and alleles (number (%)) of polymorphism rs2276109 of gene MMP�12 in
patients with PUD and healthy donors

Geno�
type,
allele

Tatars Russians Bashkirs

control H. pylori DU total 
sample control H. pylori DU total 

sample control H. pylori DU total 
sample

*G/G 0
(0.00)

0
(0.00)

0
(0.00)

1
(0.88)

2
(1.75)

0
(0.00)

1
(1.72)

1
(1.33)

1
(3.23)

0
(0.00)

0
(0.00)

0
(0.00)

*A/G 24
(25.26)

12
(21.43)

14
(18.66)

21
(18.58)

17
(14.91)

4
(12.90)

9
(15.52)

13
(17.33)

2
(6.46)

5
(21.74)

8
(19.51)

10
(20.41)

*A/A 71
(74.74)

44
(78.57)

61
(81.33)

91
(80.54)

95
(83.33)

27
(83.10)

48
(82.56)

61
(81.34)

28
(90.31)

18
(78.26)

33
(80.49)

39
(79.59)

*G 24
(12.63)

12
(10.71)

14
(9.33)

23
(10.18)

21
(9.21)

4
(6.45)

11
(9.48)

15
(10.00)

4
(6.45)

5
(10.87)

8
(9.76)

10
(10.20)

*A 166
(87.37)

100
(89.29)

136
(90.67)

203
(89.82)

207
(90.79)

58
(93.55)

105
(90.52)

135
(90.00)

58
(93.55)

41
(89.13)

74
(90.24)

88
(89.80)
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allele rs8179090*G, which was identified on 98.91–
99.00% of chromosomes in patients from different
ethnic groups (Table 6). Analysis of the frequency dis�
tribution of alleles and genotypes showed no statisti�
cally significant differences between the studied sam�
ples of patients with PUD and the control (p > 0.05).
Also, no associations of polymorphism rs8179090 of
gene TIMP�2 with the risk of DU or the risk of PUD
against the background of infection with H. pylori was
found.

The frequency distribution of alleles and genotypes
of polymorphism rs9619311 of gene TIMP�3 is shown
in Table 6. Common allele rs9619311*T was detected
in patients from different ethnic groups with the fre�
quency of 70.75–80.49% and in healthy donors with
the frequency of 55.56–60.33%. The most common
was genotype rs9619311*T/Т homozygous for this
allele (patients 54.71–70.73%, control 1.21–41.30%).

Comparative analysis of the frequency distribution
of alleles and genotypes of polymorphic locus
rs9619311 between patients and healthy donors
according to their ethnicity showed statistically signif�
icant differences in Tatars and Russians. In Tatars with
PUD, genotype rs9619311*Т/Т (70.73%) and its

allele rs9619311*Т (80.49%) (in the healthy group,
they were found only in 41.30 and 60.33% of cases) are
markers of increased risk of combined forms of PUD
(χ2 = 14.01, p = 0.0001; OR = 3.43; 95% CI 1.82–6.45
and χ2 = 15.78, p = 0.0001; OR = 2.71; 95% CI 1.67–
4.41, respectively). For the Russian ethnicity, it was
revealed that allele rs9619311*Т and genotype
rs9619311*Т/Т are also markers of increased risk of
the disease (χ2 = 15.42, p = 0.0001; OR = 2.84; 95%
CI 1.69–4.76 and χ2 = 19.60, p = 0.0001; OR = 4.54;
95% CI 2.33–8.85, respectively). It was found that
heterozygous genotype rs9619311*С/Т was found sig�
nificantly more frequent in the control group of Tatars
and Russians (38.04 and 52.54%, respectively) than in
the described groups of patients (19.51 and 23.33%,
respectively): χ2 = 6.31, p = 0.006; OR = 0.39; 95% CI
0.19–0.77 and χ2 = 12.70, p = 0.0002; OR = 0.27; 95%
CI 0.13–0.55, respectively. For Russians and Tatars, it
was found that a marker of reduced risk of PUD was a
rare allele rs9619311*С identified at a frequency of
41.53 and 39.67% in the control as compared to the
group of patients (χ2 = 15.42, p = 0.0001; OR = 0.35;
95% CI 0.20–0.59 and χ2 = 15.78, p = 0.0001; OR =
0.37; 95% CI 0.23–0.59, respectively).

Table 6. Frequency distribution of genotypes and alleles (number (%)) of polymorphisms rs8179090 of gene TIMP�2 and
rs9619311 of gene TIMP�3 in patients with PUD and healthy donors

Geno�
type,
allele

Tatars Russians Bashkirs

control H. pylori DU total 
sample control H. pylori DU total 

sample control H. pylori DU total 
sample

rs8179090 of gene TIMP�2

*G/G 79
(98.75)

43
(97.72)

80
(97.56)

99
(98.02)

120
(92.24)

16
(100.00)

36
(97.30)

46
(97.87)

14
(87.50)

19
(95.00)

37
(100.00)

45
(97.83)

*C/G 1
(1.25)

1
(2.27)

2
(2.44)

2
(1.98)

6
(4.76)

0
(0.00)

1
(2.70)

1
(2.13)

2
(12.50)

1
(5.00)

0
(0.00)

1
(2.17)

*C/C 0
(0.00)

0
(0.00)

0
(0.00)

0
(0.00)

0
(0.00)

0
(0.00)

0
(0.00)

0
(0.00)

0
(0.00)

0
(0.00)

0
(0.00)

0
(0.00)

*G 159
(99.37)

87
(98.86)

162
(98.78)

200
(99.00)

246
(97.62)

32
(100.00)

73
(98.65)

93
(98.94)

30
(93.75)

39
(97.50)

74
(100.00)

91
(98.91)

*C 1
(0.63)

1
(1.13)

2
(1.22)

2
(1.00)

1
(1.06)

0
(0.00)

1
(1.35)

1
(1.06)

2
(6.25)

1
(2.50)

0
(0.00)

1
(1.09)

rs9619311 of gene TIMP�3

*C/C 19
(20.65)

4
(10.81)

6
(9.09)

8
(9.76)

18
(15.25)

1
(4.76)

3
(6.52)

5
(8.33)

5
(82.42)

4
(17.39)

6
(13.64)

7
(13.21)

*C/T 35
(38.04)**

8
(21.62)**

14
(21.21)**

16
(19.51)

62
(52.54)**

6
(28.57)**

10
(21.74)**

14
(23.33)

14
(16.36)

5
(21.74)

14
(31.82)

17
(32.08)

*T/T 38
(41.30)

25
(67.57)*

46
(69.70)*

58
(70.73)*

38
(32.21)

14
(66.67)*

33
(71.74)*

41
(68.33)*

8
(1.21)

14
(60.86)

24
(54.54)

29
(54.71)

*C 73
(39.67)**

16
(21.62)

26
(19.70)**

32
(19.51)

98
(41.53)**

8
(19.05)

16
(17.39)**

24
(20.00)

24
(44.44)

13
(28.26)

26
(29.55)

31
(29.25)

*T 111
(60.33)

58
(78.38)

106
(80.30)

132
(80.49)*

138
(58.47)

34
(80.95)

76
(82.61)

96
(80.00)*

30
(55.56)

33
(71.74)

62
(70.45)

75
(70.75)

*  p < 0.05, accuracy of differences compared to control; ** p < 0.05, accuracy of differences compared to patients with PUD.
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Comparison of individuals with DU not combined
with GU and the combined sample of healthy donors
showed that a marker of increased risk was again gen�
otype rs9619311*Т/Т, identified among patients of
Tatar and Russian ethnicity at a frequency of 69.70–
71.74% compared to the similar group of individuals
with no signs of this disease (χ2 = 11.32, p = 0.0004;
OR = 3.26; 95% CI 1.67–6.38 and χ2 = 23.58, p =
0.0001; OR = 6.94; 95% CI 3.10–15.55, respectively).
In the control groups of the given ethnicities, het�
erozygous genotype rs9619311*С/Т was found signifi�
cantly more often than in the groups of patients (21.21
and 21.74% of cases, respectively): χ2 = 4.33, p = 0.01;
OR = 0.43; 95% CI 0.21–0.91 and χ2 = 11.53, p =
0.0003; OR = 0.25; 95% CI 0.11–0.55. It was found
that for persons of the Tatar and Russian ethnicity, a
marker of reduced risk of ulceration of the mucous
membrane of duodenum was allele rs9619311*С,
found on 39.67 and 41.53% of chromosomes in the
control and 19.70 and 17.39% in patients (χ2 = 13.34,
p = 0.001; OR = 0.37; 95% CI 0.22–0.62 and χ2 =
15.95, p = 0.0001; OR = 0.29; 95% CI 0.16–0.53,
respectively).

Associations of polymorphism rs9619311 of gene
TIMP�3 with the risk of PUD against the background
of infection with H. pylori were found. Representatives
of the Russian and Tatar ethnic groups were revealed
to have a relationship between the presence of geno�

type rs9619311*Т/Т and the risk of PUD (χ2 = 6.27,
p = 0.006; OR = 2.96; 95% CI 1.32–6.61 and χ2 =
7.63, p = 0.003; OR = 4.21; 95% CI 1.57–11.28,
respectively). The frequency of occurrence of geno�
type rs9619311*С/Т in Tatar patients was lower than
in the control (p = 0.05). It was found that heterozy�
gous genotype rs9619311*С/Т was detected signifi�
cantly more often in healthy donors than in the similar
group of H. pylori�positive Russian patients with PUD
(χ2 = 3.19, p = 0.03; OR = 0.36; 95% CI 0.13–0.99).

We carried out meta�analysis of studies of polymor�
phic loci of genes of matrix metalloproteinases and
their tissue inhibitors in Russians, Tatars, and Bash�
kirs. The results are shown in Table 7. Meta�analysis
made it possible to detect statistically significant dif�
ferences between samples of patients and healthy indi�
viduals for polymorphic locus rs1799750 of gene
MMP�1. Single nucleotide substitution rs1799750 of
gene MMP�1 showed high sample heterogeneity, I2 =
77.3% (95% CI 0.81–1.1). Since this value of hetero�
geneity was high, we considered the random effect
model (DerSimonian–Laird method), and differ�
ences for this locus between the samples of patients
infected with H. pylori and healthy individuals were
statistically significant: р = 0.018 (ORC = 0.92 (95%
CI 0.49–1.73), ORT = 0.92 (95% CI 0.55–1.56)).
Meta�analysis failed to detect statistically significant
differences between samples of patients with PUD and

Table 7. Results of meta�analysis of studied polymorphic loci in patients with peptic ulcer disease and individuals from con�
trol group of Russian, Tatar and Bashkir ethnicity

Gene Polymorphic 
locus Alleles

Fixed effect model Random effect model
I2, %

P OR P(R) OR(R)

MMP�1 rs1799750 1 – – 0.018 0.92 77.3

2 – – 0.018 0.92 77.3

rs494379 A 0.137 – – – 0.0

G 0.137 – – – 0.0

MMP�2 rs2285052 C 0.73 – – – 0.0

T 0.73 – – – 0.0

MMP�3 rs3025058 5 0.20 – – – 37.6

6 0.20 – – – 37.6

MMP�9 rs3918242 C 0.4 – – – 0.0

T 0.4 – – – 0.0

rs17576 A 0.089 – 0.089 – 58.6

G 0.089 – – – 58.6

MMP�12 rs2276109 A 0.51 – – – 0.0

G 0.51 – – – 0.0

TIMP�2 rs8179090 C 0.45 – – – 0.0

G 0.45 – – – 0.0

TIMP�3 rs9619311 C 0.49 – – – 0.0

T 0.49 – – – 0.0

P, p value fixed; P(R), p value random; I2, Higgins heterogeneity test.
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healthy donors for polymorphic loci rs494379 of gene
MMP�1, rs2285052 of gene MMP�2, rs3025058 of
gene MMP�3, rs3918242 and rs17576 of gene MMP�9,
rs2276109 of gene MMP�12, rs8179090 of gene
TIMP�2, and rs9619311 of gene TIMP�3.

In addition to assessing the effect of individual poly�
morphisms on the risk of PUD, the program GMDR
(generalized multifactor�dimensionality reduction) was
used to model interaction models of the studied DNA
loci of metalloproteinase genes and their tissue inhibi�
tors. No statistically significant combinations of poly�
morphisms rs1799750 and rs494379 of gene MMP�1,
rs2285052 of gene MMP�2, rs3025058 of gene MMP�3,
rs3918242 and rs17576 of gene MMP�9, rs2276109 of
gene MMP�12, rs8179090 of gene TIMP�2, and
rs9619311 of gene TIMP�3 leading to predisposition to
PUD were detected.

DISCUSSION

For the first time in the Republic of Bashkortostan,
a study of associations with the risk of PUD was car�
ried out in nine polymorphisms of five genes of matrix
metalloproteinases: MMP�1 (rs1799750, rs494379),
MMP�2 (rs2285052), MMP�3 (rs3025058), MMP�9
(rs3918242, rs17576), and MMP�12 (rs2276109) and
their tissue inhibitors TIMP�2 (rs8179090) and
TIMP�3 (rs9619311). Interethnic comparison of the
frequency distribution of alleles and genotypes in
patients and healthy donors revealed the most statisti�
cally significant results in the study of polymorphisms
rs1799750 and rs494379 of gene MMP�1, rs17576 of
gene MMP�9, and rs9619311 of gene TIMP�3.

Elevated levels of mRNA of interstitial collagenase
(MMP�1) and stromelysin�1 (MMP�3) were found in
tissue samples of human gastric mucosa for various
inflammatory diseases such as Crohn’s disease and
ulcerative colitis [21]. Our study revealed that geno�
type rs494379*A/G of gene MMP�1 is a marker of
increased risk of PUD in Russians and Tatars, as well
as that this molecular marker is significantly more fre�
quent in patients with DU as compared with the con�
trol group and in Tatar patients infected with H. pylori.
Allele rs1799750*1 and its resulting genotype
rs1799750*1/1 of gene MMP�1 were also more com�
mon in the group of patients of Russian ethnicity, and
the frequency of genotype rs1799750*2/1 was much
higher in Tatars with PUD as compared with the con�
trol group. In addition, in the same groups, we identi�
fied a marker of reduced risk of pathology—genotype
rs494379*A/A; it was found that the combination of
genotypes rs494379*A/A–rs1799750*1/1 of gene
MMP�1 is a marker of reduced risk of PUD for Tatars.
Meta�analysis made it possible to detect statistically
significant differences between the samples of patients
and healthy individuals for polymorphic locus
rs1799750 of gene MMP�1.

Changes in MMP activity (both increase and
decrease) accompany many human diseases (tumors;

fibrosing diseases of heart, lungs, liver, and kidneys;
arthritis; gastric ulcer; etc.) [22]. In 2012, H.�C. Cheng
et al. [23] showed that expression levels of genes
MMP�3, �7, �9, and TIMP�1 are increased in cells of
the gastric mucosa in patients with GU as compared
with similar tissue from healthy donors. M. Tomita
et al. [24] revealed that patients with GU have high
levels of concentrations of MMP�3 and tissue inhibi�
tor of metalloproteinase�1 (TIMP�1), as well as several
pro�inflammatory cytokines IL�1β, IL�6, and IL�8.
Furthermore, the level of MMP�3 was significantly
higher at the site of ulceration than in the antrum;
thus, researchers assumed that stromelysin�1 (MMP�3)
may perform an important function in the process of
healing of ulcers [24].

A study carried out by Yeh et al. [25] found that
genotype rs3025058*6A/6A of gene MMP�3 was sig�
nificantly more frequent in the group of patients with
duodenal ulcer than in a similar group of patients with
gastritis. Also, the same study found that this genotype
is a marker of increased risk of DU for women infected
with H. pylori. Our study revealed that heterozygous
genotype rs3025058*6A/5A of gene MMP�3 is a pro�
tective marker for the risk of PUD among H. pylori�
infected patients of Tatar ethnicity. There are works of
other researchers showing the association of this DNA
locus and stomach cancer. For example, Dey et al.
[26] showed that genotypes rs3025058*6A/5A and
rs3025058*5A/5A serve as a risk factor in relation to
the development of gastroduodenal pathology.

Some studies have shown that expression of MMP�2
and MMP�9 is highly pronounced in tumor tissues as
compared with normal tissue and that polymorphisms
rs2285052 of gene MMP�2 and rs3918242 of gene
MMP�9 play an important role in the development of
gastric ulcers and stomach cancer [27, 28]. MMP�9,
one of the most important MMPs, is known for
degrading the extracellular matrix and basement
membrane, thereby contributing to disease progres�
sion of various cancers by increasing the migration,
invasion, metastasis, and angiogenesis [29]. It was
shown that high levels of MMP�9 are strongly corre�
lated with tumor aggressiveness and poor prognosis in
various human cancers, but the study of Lin et al. [30]
found no association of polymorphism rs2285052 of
gene MMP�2 with the size of a stomach cancer tumor,
tissue differentiation, or invasion. In 2013, Zheng
et al. [31] analyzed the association of expression of
MMP�12 and the overall survival of patients with gas�
tric cancer. It was found that the level of expression of
MMP�12 in the tumor tissue was significantly higher
than in the intact gastric mucosa. Analysis of the rela�
tionship of the level of expression of MMP�12 in
tumors with clinical and morphological features of
gastric cancer noted a higher content of MMP�12 in
patients with lymph node metastases in distant organs
with an increase in the degree of invasion and TNM
stage. Moreover, patients with gastric cancer whose
tumor expresses MMP�12 have a lower survival rate as
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compared with patients who do not have expression of
this proteinase. The authors consider MMP�12 as one
of the main independent prognostic factors in patients
with gastric cancer [31]. There are published data that
indicate the relationship of polymorphism rs2276109
of gene MMP�12 with a number of diseases such as
lung cancer, chronic obstructive pulmonary disease,
and myocardial infarction [32–34].

In this paper, we analyzed the frequency distribu�
tion of alleles and genotypes of single nucleotide poly�
morphisms rs2285052 of gene MMP�2, rs3918242 and
rs17576 of gene MMP�9, and rs2276109 of gene
MMP�12 in patients with PUD and healthy donors
from the Republic of Bashkortostan. It was shown that
homozygous genotype rs17576*A/A and allele
rs17576*A of polymorphism rs17576 of gene MMP�9
are significantly more frequent in the control group of
Tatar patients with PUD, as well as those H. pylori�
positive, whereas heterozygous genotype rs17576*A/G
is a marker of increased risk of PUD against the back�
ground of infection with the bacterium. Comparison
of individuals with duodenal ulcer and the control
group revealed a tendency toward an increase in the
frequency of genotype rs17576*A/G in the patients,
whereas the frequency of homozygous genotype
rs17576*A/A in the studied groups was almost identi�
cal. Analysis of the frequency distribution of alleles and
genotypes rs2285052 of gene MMP�2, rs3918242 of
gene MMP�9, and rs2276109 of gene MMP�12 showed
no statistically significant differences between the stud�
ied samples of patients with PUD and the control.

MMP activation in vivo in the intercellular space is
specifically inhibited by endogenous tissue inhibitors
of metalloproteinases (TIMPs), which are connected
to zinc�binding sites of active MMPs in an equimolar
ratio. TIMPs form strong complexes with both active
forms of MMPs and their secreted proenzymes,
thereby regulating their activity [35]. The TIMP fam�
ily consists of four structurally related proteins, three
of which, TIMP�1, �2, and �4, are secreted in soluble
form and one, TIMP�3, is associated with the extra�
cellular matrix. TIMP�1 and �3 possess antiangiogenic
properties, and TIMP�2 is involved in the activation of
MMP�2. Structurally, TIMPs are highly specific to the
active binding of MMP (according to “lock and key”
model) [36]. All TIMPs inhibit the full range of
MMPs, except for TIMP�1, which is not able to
inhibit MT1�MMP [37]. In addition to inhibiting the
activity of metalloproteinases, TIMPs have other bio�
logical functions. TIMP�2 (but not TIMP�1) specifi�
cally inhibits growth of endothelial cells induced by
the fibroblast growth factor [36, 38].

Our study revealed that homozygous genotype
rs9619311*T/T and its forming allele rs9619311*T are
markers of increased risk of PUD, whereas genotype
rs9619311*C/T and allele rs9619311*C of gene
TIMP�3 are markers of reduced risk of this pathology
in Russians and Tatars, regardless of infection with
H. pylori. Studies conducted by foreign authors dem�

onstrated that polymorphism rs9619311 of gene
TIMP�3 is associated with the risk of some diseases,
such as bladder cancer [39].

On the whole, the results of this study confirm the
important role of genes of metalloproteinases and
their tissue inhibitors in the pathogenesis of gastric
ulcers and duodenal ulcers.
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