
1’ 2022 99

hepatocyte nuclear factor-4alpha // J Mol Endo-
crinol. 2009; 43(1):19–27. Doi: 10.1677/JME-09-
0025

37. The association between subclinical hy-
pothyroidism and erectile dysfunction / Chen D, 
Yan Y, Huang H. [et al.] // Pak J Med Sci. 2018; 
34(3):621–5. Doi:10.12669/pjms.343.14330

38. The influence of hyperthyroidism on the 
hypothalamic-pituitary-gonadal axis / Zähringer 
S, Tomova A, von Werder K. [et al.] // Exp Clin 
Endocrinol Diabetes. 2000; 108(4):282–9. Doi: 
10.1055/s-2000-7756 

39. The role of hypothyroidism in male infer-
tility and erectile dysfunction / Nikoobakht MR, 
Aloosh M, Nikoobakht N. [et al.] // Urol J. 2012; 
9(1):405–9.

40. The type 3 deiodinase is a critical deter-

minant of appropriate thyroid hormone action in 
the developing testis / Martinez ME, Karaczyn 
A, Stohn JP. [et al.] // Endocrinology. 2016; 
157(3):1276–88. Doi: 10.1210/en.2015-1910

41. Thyroid hormones, Sertoli cell prolifer-
ation and differentiation in progenies from car-
bamazepine-treated rat dams during pregnancy 
and lactation / Oliva SU, Andretta RR, Simas JN. 
[et al.] // Andrologia. 2021; 53(3):e13969. Doi: 
10.1111/and.13969

42. Transient hypothyroidism: dual effect 
on adult-type Leydig cell and Sertoli cell de-
velopment / Rijntjes E, Gomes MLM, Zupanič 
N. [et al.] // Front Physiol. 2017; 23(8):323. Doi: 
10.3389/fphys.2017.00323

43. Type 2 iodothyronine deiodinase is high-
ly expressed in germ cells of adult rat testis / 

Wajner SM, dos Santos Wagner M, Melo RC. 
[et al.] // J Endocrinol. 2007; 194(1):47–54. Doi: 
10.1677/JOE-07-0106

44. Wagner MS, Wajner SM, Maia AL. The 
role of thyroid hormone in testicular development 
and function // J Endocrinol. 2008; 199(3):351–
65. Doi: 10.1677/JOE-08-0218

45. Wajner SM, Wagner MS, Maia AL. Clini-
cal implications of altered thyroid status in male 
testicular function // Arq Bras Endocrinol Me-
tabol. 2009; 53(8):976–82. Doi: 10.1590/s0004-
27302009000800011

46. Winters SJ. SHBG and total testosterone 
levels in men with adult onset hypogonadism: 
what are we overlooking? // Clin Diabetes En-
docrinol. 2020; 6:17. Doi: 10.1186/s40842-020-
00106-3

Introduction. According to the world 
statistics, the prevalence of gastroduode-
nal ulcer is 5-15% of the world population 
[25].  Moreover, ulcer disease with local-
ization in the duodenum is 4-13 times 
more common than gastric ulcers. Cur-
rently, there is an increase in the number 
of ulcer disease among women. The ra-
tio of men and women in the incidence 

of duodenal ulcer is 1,9 : 1 in the USA, 
2,2 : 1 in Europe and 3,6 : 1 in China. 
However, complicated forms ulcer dis-
eases in women are observed 2-4 times 
less frequently than in men. Conspicuous 
is the fact that the highest incidence of 
Ulcer Disease in men is in their 20s with 
a gradual decrease by the age of 40 [8]. 
In women, the incidence rate is, on the 
contrary, higher with increasing age of 
the pathology [2].           

It is commonly known that ulcerative 
defect of the mucous membrane of the 
stomach and duodenum occurs due to 
the predominance of aggression factors 
over protection factors.  Nevertheless, 
later, during years of research, scien-
tists discovered a bacterium unknown 
at that time, which was named H. pylori 
[2]. The microorganism was first isolated 
in 1982  by B. Marshall and R. Warren. 
They showed by their own example that 
this bacterium plays a fundamental role 
in the formation of gastric mucosa ulcers. 
Despite the fact that the cause of ulcers 
was "established" and experimentally 
proved, however, the question of differ-
ences in the frequency of ulcers in this or 
that category of people was still open. In 
addition to the infectious theory, inflam-
matory, gastric, peptic, vascular, spastic, 
mechanical, neurotrophic and cortico-vis-

ceral theories were considered as the 
ultimate cause of ulceration.  However, 
none of these theories could explain the 
true nature of the ulcer. The question of 
Crouvellier (1835), "why does an ulcer 
arise in one place, while the rest of the 
mucosa remains intact," is still relevant 
today. 

The possibility of determining disposi-
tion towards many multifactorial diseases 
has become a reality due to the develop-
ment of molecular genetics. The results 
of treatment of these diseases can be de-
termined by a specific set of polymorphic 
gene variants. The study of the genetic 
basis of these diseases allows not only 
to predict the course of the disease, but 
also prevents the occurrence of compli-
cations. Some genetic markers, such as 
blood group O (ABO gene, rs505922)
[22], asecretory status, hyperpepsino-
genemia (I/D)[19] and HLA antigens, 
polymorphic loci of the PSCA gene (pros-
tate stem cell antigen, rs2294008) [19] 
have been described as associated with 
ulcer disease, although so far the results 
have been contradictory.

Due to the increasing incidence of 
ulcer disease and the frequent develop-
ment of complications, the study of genes 
involved in the formation of ulcer disease 
is an extremely important task, the solu-
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tion of which will allow to formulate more 
accurate ideas about the pathogenesis of 
the disease. 

The object of this research paper is to 
summarize the literature data on the re-
sults of genetic studies on ulcer disease 
and their subsequent systematization.

Discussion. Over the past decade, 
about 50 scientific studies have been 
conducted on various genes that cause 
pathology of the gastrointestinal tract, in-
cluding gastric and duodenal ulcers. The 
analysis of both foreign and Russian liter-
ature on this topic showed that the most 
part of publications contains information 
on the study of gene polymorphism main-
ly from the point of view of oncological 
predisposition. All the materials of these 
published articles can be combined into 
two large groups: studies devoted to ul-
cer inducer genes and studies devoted to 
protector genes. 

Ulceration inducer genes. Current-
ly, there are several dozens of candi-
date genes for ulcer disease: ABO, HLA, 
PSCA, IL-1B, IL1RN, IL-6, IL-8, IL-10, 
TNFa, TGF-b1, MMP, Toll, TLR4TLR9, 
MIF, MPO.

It is known that the ability of the im-
mune system to adequately respond 
to the existing pathological factors di-
rectly depends on the genetic struc-
ture of the microorganism. Cytokines, 
a group of polypeptide mediators, are 
of great importance in maintaining the 
body balance. They include interferons, 
colony-stimulating factors, interleukins, 
chemokines, transforming growth fac-
tors, a group of tumor necrosis factor and 
others [21]. With the help of blood cells, 
endothelium, connective tissue and epi-
thelial cells, cytokines regulate the ade-
quate response of local protective fac-
tors of the body to the effects of foreign 
agents. It is revealed that disturbance of 
cytokine synthesis, through cell damage, 
leads to the development of chronic gas-
troduodenal diseases. Particularly, a high 
level of cytokines leads to the activation 
of matrix metalloproteases and collage-
nases, which leads to increased destruc-
tion of carbohydrate-protein components 
of the connective tissue. Cytokine genes 
have a high degree of polymorphism. 
Cytokines possess the ability to activate 
and suppress themselves, other cyto-
kines and their receptors, participating 
in the formation of a cytokine network. 
Genes encoding pro-inflammatory (IL-1, 
IL-6, IL-8, TNF-a) and anti-inflammatory 
cytokines (IL-10) directly affect the value 
of the cytokine response. 

Interleukin -1B (IL-1B). As mentioned 
above, cytokines are actively involved 
in the body's defense against foreign 

agents. Such an agent in ulcer disease 
is mostly H. pylori. In response to H. py-
lori infection, the body reacts in the form 
of a sharp release of pro-inflammatory 
cytokines. Yet, if a macro organism has 
one of the polymorphic variants of the 
IL-1B gene (homo- or heterozygous for 
the high-producing allele), cytokine re-
lease occurs 2-4 times stronger than in 
ordinary people. IL-1ß is also one of the 
most powerful inhibitors of hydrochloric 
acid secretion - by 100 times stronger 
than proton pump inhibitors, and 6000 
times stronger than H2 receptor antag-
onists. A less percentage of cytokines in 
the body potentiate an even greater in-
hibition of acid production of the gastric 
mucosa and the expansion of H. pylori 
colonization with the further development 
of inflammatory changes. In the longer 
term low acid production forms atrophy of 
the gastric mucosa. Some studies have 
shown that individuals with a combina-
tion of IL-1B-511*T and IL-1B-31*C or 
IL-1RN *2/*2 (2 repeats of 86 BP) which 
are classified as high - producing alleles 
are more vulnerable to the development 
of gastric atrophy, gastroduodenal ulcers 
and gastric cancer than those with the IL-
1B-511*C, IL-1B-31*T or IL-1RN*2 alleles 
[27,30]. But according to the results of a 
research study of children by Chinese 
scientists, no association was found be-
tween IL-1 polymorphisms and H. pylori 
infection or gastric mucosal IL-1  expres-
sion levels. Mostly, people (60.7%) with 
moderate or severe gastritis (stomach 
ulcer) had IL-1B-511TT/-31CC [27]. 

A research devoted to the study of 
polymorphic variants of IL1ß genes (in-
terleukin 1-beta) (3953C>T, rs1143634), 
>IL1RN(receptor antagonist of interleukin 
1) (VNTR, rs71941886), IL8(-251T>A, 
rs4073), >IL10(–627C>A, rs1800872) 
and >TNFa (–308G>A, rs1800629) in 
patients with gastroduodenal ulcer was 
conducted in the Republic of Bashkor-
tostan. An increased risk of developing 
Ulcer Disease was associated only with 
the C allele (OR=2.87, p=0.006) and 
the CC genotype (OR=4.49, p=0.002) 
of the polymorphic variant rs1143634 
(+3953C>T) of the IL1B gene among 
Bashkirs [1]. 

Interleukin -6 (IL-6). Interleukin-6 is a 
bidirectional cytokine that is important in 
host defense as an intermediary between 
innate and acquired immune systems, 
stimulating the production of IFN-γ, differ-
entiation and maintenance of cytotoxic T 
cells, as well as promoting the secretion 
of immunoglobulin in activated B cells 
[7]. The levels of IL-6 in the gastric mu-
cosa increase with associated gastritis 
and decrease after the infection is elim-

inated [27]. There were identified three 
polymorphisms of IL-6 genes, which are 
located on chromosome 7p21, IL-6–174, 
-572 - [7]. It was revealed that IL-6-174 
G and IL-6-572GG produce higher levels 
of IL-6 than carriers of the C/C genotype 
[28]. However, the connection between 
this polymorphism and Ulcer Disease 
remains unclear. The study reported that 
the frequencies of the IL-6–572 G/G gen-
otype (P = 0.027) and the IL-6–572 G 
allele were lower in H. pylori-positive pa-
tients (P = 0.003) [27]. Moreover, the risk 
of gastric ulcer was significantly higher in 
carriers of the G/G genotype (OR= 58.86) 
and the G allele (OR = 33.10).

Interleukin-8 (IL-8). Interleukin - 8 is 
a pro-inflammatory cytokine that plays 
a significant role in the pathogenesis of 
acquired diseases. High production of 
interleukin-8 was detected in gastric ep-
ithelial cells during infection caused by 
the cag-PAI-positive strain of H. pylori. It 
is essential to the initiation, modulation 
and sustentation of inflammatory reac-
tions of the gastrointestinal tract. High 
levels of IL-8 can increase the inflamma-
tory response to H. pylori by activating 
neutrophils and monocytes, which leads 
to the formation of gastritis [28]. There 
are three polymorphic variants in the IL-8 
gene associated high produce of this pro-
tein: - A/T, - T/G and - C/T . The common 
single nucleotide polymorphism (SNP) at 
position -10 is associated with increased 
IL-8 production. The T-to-A mutation can 
affect the transcription and secretion of 
IL-8 [18].

Some research shown association 
between polymorph variants of IL-8 and 
peptic ulcer disease.  So, it was shown 
that H. pylori-positive patients with gen-
otype A/A  of the IL-8 gene have an in-
creased risk of developing Ulcer Disease 
(OR = 2.08) [17].    Similar results were 
obtained in a study of colleagues from 
Europe and Korea [24]. Among the Jap-
anese population, the IL-8–251 A/A gen-
otype is associated with a higher risk of 
developing Gastric Ulcer (OR 2.07) than 
the T/T genotype. Severe gastric atrophy 
is also significantly more common in the 
groups of patients carrying the A/A or A/T 
genotypes than in the group of patients 
carrying the T/T genotype [18]. 

Interleukin-10 (IL-10). Interleukin - 10 
is an anti-inflammatory cytokine that sup-
presses the synthesis of IL-1B, TNF-α, 
interferon-γ and other pro-inflammatory 
cytokines. The effects of IL-10 on other 
cell types include inhibition of pro-inflam-
matory cytokine production by activat-
ed monocytes/macrophages. A relative 
deficiency of IL-10 can lead to a Th-1-
induced hyper-inflammatory reaction 
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to H. pylori with progressive damage to 
the gastric mucosa. H. pylori can lead 
to an increase in IL-10 and suppression 
of the immune response, which contrib-
utes to the survival of bacteria [27]. An-
alyzing the IL-10 gene, L.V. Volevach 
and L.V. Gabbasova found out that the 
genotype rs1800872*AA and the allele 
rs1800872*A of the IL10 gene (-627C>A; 
rs1800872), p=0.017, OR=0.091 (CI95% 
(0.011-0.751) and p=0.025, OR=0.544 
(CI95% (0.329-0.902)) are accompanied 
by a high risk of duodenal ulcers among 
Tatars [4]. Duodenal ulcer with a bur-
dened hereditary history (rs1800872*AA 
and rs1800872*A) is characterized by a 
more severe clinical picture (pain syn-
drome) (84.72 ± 4.24%), progressive 
course with frequent annual exacer-
bations (more than 2-3 times a year in 
72.22± 5.28%), high risk of complications 
(13.89).

TNF-a. Tumor necrosis factor (TNF) is 
a gene that encodes a multifunctional cy-
tokine formed mainly by monocytes and 
macrophages. Present studies showed 
that among the five biallelic polymor-
phisms in the TNF-A promoter region, 
TNF-A-238 G/A and -308 G/A polymor-
phisms are associated with a high risk of 
ulcer disease [9]. Both-1031C and -863A 
have been found to be independent risk 
factors for the development of gastric and 
duodenal ulcers without intestinal meta-
plasia among people infected with H. py-
lori [18]. 

TGF-beta1. Transforming Growth 
Factor-beta1 (TGF-beta1) is an important 
cytokine that plays a role in cell prolifer-
ation, differentiation, tissue injury repair 
and ulcer healing. A research study by 
Russian scientists [6] in 2006 revealed 
that the combination of 10L/L25R/R-
509C/C is more common in the group of 
patients with gastric ulcer, and the com-
bination of 10P/P25R/P-509C/T is more 
common in patients with duodenal pa-
thology. 

Matrix metalloproteinases. Matrix 
metalloproteinases are a family of extra-
cellular zinc-dependent endopeptidases 
capable of cleaving extracellular matrix 
components. They are involved in tissue 
remodeling, angiogenesis, cell prolifera-
tion, migration and differentiation, apop-
tosis, and inhibition of tumor growth. It 
is known that the presence of H. pylori 
infection increases the activity of MMP-
2 and MMP-9, which are involved in the 
processes of tissue destruction. 

The study of the polymorphic variant 
-468G/A of the MPO (myeloperoxidase) 
gene was carried out among the popu-
lation of the island of Taiwan. The study 
included 115 patients with Duodenal Ul-

cer and 182 healthy people. The associ-
ation of the allele A of the MPO gene with 
the development of the disease (OR=2.3, 
p=0.008) was established. 

Toll-like receptor genes. The more 
active studied Toll-like receptor in-
clude polymorphisms TLR4+896A/G 
(rs4986790) and +1196C/T (rs4986791). 

So, scientists from Iran also investi-
gated single nucleotide gene substitu-
tions of Toll-like receptors of type 4 TL-
R4+896A/G (rs4986790) (Asp299Gly), 
+1196C/T (rs4986791) (thr399ile) and 
+3725G/C (rs11536889). It was revealed 
that UD develops in carriers of CT+TT 
genotypes (rs4986791).

According to other authors, the risk 
of developing Duodenal Ulcer is associ-
ated with polymorphism of another gene 
of signaling peptides: TLR9+2848G>A 
(rs352140). The rs352140 A allele is as-
sociated with an increased risk of devel-
oping Duodenal Ulcer (OR=2.13, p=0.04) 
[11].

Genes of digestive enzymes. The 
role of hyperpepsinogenemia in the de-
velopment of ulcer disease has been 
known for a long time. However, only in 
the second half of the 20th century, the 
American gastroenterologist M. Samloff 
found out that the concentration of pepsin 
proenzymes in blood serum is associat-
ed with the level of acid production of the 
stomach. [24]. 

Genes - protectors of the UD devel-
opment. By reviewing the literature, we 
found that there are fewer works devoted 
to the study of "protective" genes. This 
circumstance is likely to be related to the 
difficulties in the selecting material for the 
study. There can be distinguished the fol-
lowing protectors of ulcer disease: IL-1, 
IL-1RN,  MMP-3. 

The scientist study [14] notice IL-1B 
and IL-1RN as an independent protec-
tive factor in duodenal ulcer. The expla-
nation of this discovery may suggest that 
the carrier of  these polymorphisms was 
associated with high production of IL-1b, 
which, due to its inhibitory effect of acid 
on the stomach, can reduce the risk of 
developing duodenal ulcer. However, 
it may increase the risk of developing 
gastric cancer. A study by E. Shaymar-
danova (2014) showed that the T allele 
(rs1143634) of IL-1B gene plays a pro-
tective role in the development of Ulcer 
Disease (OR=0.35, p=0.006) [6].

The genes of matrix metalloproteinas-
es, in particular stromelysin-1 (MMP-3), 
are also considered as protective genes. 
Elevated levels of MMP-3 are recorded 
in patients with Gastric Ulcer. This endo-
peptidase is thought to play a protective 
role [2,16]. Another study suggests that 

melatonin suppresses the synthesis of 
MMP, leading to the healing of ulcers [16].

Conclusion. Summarizing all the in-
formation, we can say that the genetic 
basis of ulcer disease has not been stud-
ied enough. The main groups of ulcer 
inducer genes (ABO, HLA, PSCA, IL-1B, 
IL1RN, IL-6, IL-8, IL-10, TNFα, TGF-b1, 
MMP, Toll, TLR4TLR9, MPO) and protec-
tors (IL-1, IL-1RN, MMP-3) were identi-
fied, but most of the results obtained to 
date are inconsistent, poorly reproduced 
in ethnically diverse populations, which 
makes it relevant to study this problem 
among different groups living in the Rus-
sian Federation.
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