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SUMMARY

Objective: We aimed to determine the effects of tumour-necro-
sis factor-a (TNF-a.) and macrophage migration inhibitory
factor (MIF) gene polymorphisms, Helicobacter pylori
(H. pylori) infection, on the risk of developing chronic atro-
phic gastritis (CAG) and intestinal metaplasia (IM).

Material and Method: The TNF-0-308G/A and MIF-173G/C
single nucleotide polymorphisms (SNPs) were genotyped using
polymerase-chain reaction-restriction fragment length poly-
morphism (PCR-RFLP) analysis, in 84 patients (43 CAG and
41 IM) and 40 healthy controls in a region of Eastern
Anatolia.

Results: An increased risk of CAG was found in subjects with
TNF-a-308 GA genotype, negative for H. pylori infection or
TNF-a-308 AA genotype carriers and negative for H. pylori
infection. An elevated risk of IM was found in subjects with
TNF-a-308 GA genotype and negative for H. pylori infection
or TNF-a-308 AA genotype and negative for H. pylori infec-
tion. An increased risk of CAG was found in subjects with
TNF-0-308GA genotype , and positive for H. pylori infection.
An increased risk of CAG was found in subjects with MIF-
173GC genotype and negative for H. pylori infection or MIF-
173CC genotype carriers and negative for H. pylori infection.
An elevated risk of IM was found in subjects with MIF-173GC
genotype and negative for H. pylori infection. An elevated risk
of IM was found in subjects with MIF-173GC genotype and
positive for H. pylori infection.

Conclusion: Therefore, the TNF-0-308G/A and MIF-173G/C
genotyping may be used as biomarkers at the early stage of the
gastric cancer.
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OZET

Tiirkiye’de bir dogu populasyonunda kronik atrofik gastrit
ve intestinal metaplazi ile tiimor nekrozis faktor-a ve
makrofaj migrasyon inhibitor faktor gen polimorfizmleri
ve Helikobakteri pilorinin iliskisi

Amacg: Kronik atrofik gastrit (KAG) ve intestinal metaplazi
(IM) gelisme riskinde timor nekrozis faktor-o. (TNF-a.), mak-
rofaj migrasyon inhibitor faktor (MIF) gen polimorfizmleri ve
Helikobakteri pilori (H. pilori)’'nin etkisini tespit etmek amag-
landi.

Gereg ve Yontem: TNF-0-308G/A ve MIF-173G/C tek niikleo-
tid polimorfizmi Tiirkiyenin dogusunda bir bolgede 84 hastada
(43 KAG ve 41 IM) ve 40 saglikli kontrolde polimeraz zincir
reaksiyon-restriksiyon fragman uzunluk polimorfizim (PZR-
RRUP) analizi kullanilarak genotiplendirildi.

Bulgular: H. pilori infeksiyonu negatif ve TNF-a-308G/A
genotipli olgularda ya da H. pilori infeksiyonu negatif ve TNF-
a-308 AA tastyict olgularda KAG riskinde bir artis bulundu.
H. pilori infeksiyonu negatif ve TNF-a-308G/A genotipli olgu-
larda yada H. pilori infeksiyonu negatif ve TNF-o-308AA tasi-
yict olgularda IM riskinde bir artis bulundu. H. pilori infeksi-
yonu pozitif ve TNF-a-308G/A genotipli olgularda KAG ris-
kinde bir artis bulundu. H. pilori infeksiyonu negatif ve MIF-
173GC genotipli olgularda ya da H. pilori infeksiyonu negatif
ve MIF-173CC tastyict olgularda KAG riskinde bir artis
bulundu. H. pilori infeksiyonu negatif ve MIF-173GC genotipli
olgularda IM riskinde bir artis bulundu. H. pilori infeksiyonu
pozitif ve MIF-173GC genotipli olgularda IM riskinde bir artig
bulundu.

Sonug: Boylece, TNF-a-308G/A ve MIF-173G/C genotipleri
erken evre gastrik kanserde biyomarkiwr olarak kullanmilabilir.

Anahtar kelimeler: Kronik atrofik gastrit, intestinal metaplazi,
gen polimorfizmleri, tiimor nekrozis faktor-a, makrofaj mig-
rasyon inhibitor faktor, Helikobakter pilori
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The polymorphisms in the promoter region of TNF-a
gene have been extensively studied in relation to
gastric cancer. Three polymorphisms in TNF-a
genes have been studied more than the other poly-
morphisms. TNF-a-308 GA is associated with an
increased production of TNF-a (, which is a central
mediator of the immune response, and shares many
biological properties with IL-1. Another important
cytokine is TNF-a., the biallelic polymorphism in
position -308 of the region promoting the gene codi-
fying that cytokine, which has been associated with
the development of gastric cancer (GC) . This
suggests that the TNF single-nucleotide polymor-
phisms (SNPs) may be used as stratification mark-
ers to predict the risk of cancer development.

There is increasing evidence that host inflammation
related cytokines and their gene polymorphisms are
related to chronic atrophic gastritis (CAG) and in-
testinal metaplasia (IM) “~. Macrophage migration
inhibitory factor (MIF), an important activator of T
lymphocytes and macrophages, plays a pivotal role
in the development of inflammatory and immune
diseases ©7. Helicobacter pylori (H. pylori) infec-
tion is associated with an increased expression of
MIF mRNA, and protein in gastric epithelial and in-
flammatory cells. Increased expression of the MIF
protein correlates with the histological severity of
GC and its precursor ®. As these inflammatory cy-
tokines and their gene polymorphisms may poten-
tially influence the outcome of H. pylori infection,
a few studies have investigated the association of
gene polymorphisms in these inflammatory cytok-
ines with the risk of atrophy and IM -9,

MIF is a T-cell derived lymphokine that inhibits the
migration of macrophages and contributes to a de-
layed type hypersensitivity 159, For a number of
years, MIF was thought to be a T-cell product that
acted on macrophages. More recently, it has been
discovered that in addition to being a target, the
macrophage itself is an important source of MIF.
MIF is released from monocytes/macrophages upon
stimulation by TNF-alpha, interferon-gamma, li-
popolysaccharide and streptococcal exotoxin (7%,

The human MIF gene situated on chromosome 22
(q11.23) has a 2-kb structure with three exons and
two introns (1229,

CAG and IM are two important precursor lesions of
intestinal type GC @Y. These precursor lesions may
significantly elevate the risk of intestinal type GC
2223 Some bacterial factors, such as the pathogenic
island of H. pylori including cagA, sIm1 vacA, ba-
bA2,sabA,and oipA, are correlated with the severity
of atrophic gastritis and occurrence of IM (24-29).
However, bacterial factors alone are not sufficient
to explain the diverse outcomes of H. pylori-related
diseases. A previous study has shown that the pro-
portion of cagA + H. pylori strains in children living
in Linqu County, an area with a high risk of GC in
China, is very high (88.5%) 03D,

The objective of this study was to determine the
frequency of polymorphisms in genes TNF-a,
and MIF in patients in the east region of Turkey,
with various precancerous lesions and in a control
group. The relationship of these polymorphisms
to H. pylori infection, and to the histopathologi-
cal characteristics of gastric tissue were also de-
termined.

MATERIALS and METHODS

Patient and control samples: Peripheral blood and
gastric fragment samples were collected from 43
CAG and 41 IM patients living the city of Erzurum-
Turkey. Gastric fragment samples were obtained by
the endoscopy service of the Erzurum State Hospi-
tal. For the control, peripheral blood samples were
collected from 40 asymptomatic patients without
any clinical or metabolic diseases or gastrointestinal
disturbances who were not referred for endoscopic
examinations. All patients and controls in compara-
ble socioeconomic level with similar cultural habits
were enrolled in the study between May 2010 and
June 2012. The study was approved by the Ethics
Committee of Erzurum State Hospital.
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Identification of H. pylori infection: Serum level
of H. pylori-specific IgG and IgA in all samples was
measured by enzyme-linkedimmunosorbent assay
(ELISA). The presence of H. pylori was further
confirmed by immunohistochemistry (IHC) assays.
Polyclonal rabbit anti-H. pylori (ab7788, Abcam,
Cambridge, UK) was used as a primary antibody.

DNA extraction: Genomic DNA was extracted
from total blood using a leukocyte lysis solution
(100 mmol/L Tris-HCI1, 20 mmol/LL. EDTA, 200
mmol/L. NaCl, 1 % dodecylsodium sulfate, 0.2 %
[} mercaptoethanol) and was purified using the phe-
nol-chloroform method ©¢?.

TNF-o genotyping: Polymorphisms of the TNF-o-
308 gene were characterized using the polymerase
chain reaction-restriction fragment length polymor-
phism (PCR-RFLP) method. The volume for the
PCR was 25 pL, containing 0.5 mmol/L of each
primer, 1 X PCR buffer, 1.5 mmol/L of MgClI2,0.2
mmol/L of each nitrogenated base, 1.25 U of Taq
DNA polymerase, 50 ng of DNA and sterile water.
The primers for amplifying the TNF-0-308G/A
SNP: forward primer was 5’- AGG CAATAG GTT
TTG AGG GCC AT-3’ and the reverse primer was
5’-TCC TCC CTG CTC TGATTC CG-3’. The am-
plification conditions were as follows:5 minutes at
94 followed by 35 cycles of 60 seconds at 94 °C, 60
seconds at 60 °C (TNF-a-308G/A), and 60 seconds
at 72 °C, and with a final step at 72 °C for 5 min-
utes to allow for the complete extension of all PCR
fragments. The PCR products were digested over-
night at 37°C with Ncol restriction endonuclease,
and separated by electrophoresis in 2 % agarose gel
stained with ethidium bromide ¢

For a negative control, each PCR reaction used dis-
tilled water instead of DNA in the reaction system.
For 10 % of samples, the PCR reaction was repeat-
ed once for quality control. For the TNF-a-308G/A
SNP, the GG genotype was represented by two DNA
bands with sizes of 87 bp and 20 bp; the GA geno-
type (lacking the Ncol site) was represented by the
original 107 bp fragment, whereas the heterozygote
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displayed three DNA bands with sizes of 107 bp,
87 bp and 20 bp. For a negative control, each PCR
reaction used distilled water instead of DNA in the
reaction system. For 10% of the samples, the PCR
reaction was repeated once for quality control.

MIF genotyping: This was carried out as previously
described by Donn et al. (20) PCR was used to ampli-
fy a 366 bp fragment. Forward primer was 5’-ACT-
AAGAAA-GAC CCG-AGG-C-3’, and the reverse
primer was 5’-GGG-GCA-CGT-TGG-TGTTTA-
C-3’. The annealing temperature used was 59°C. The
resulting fragment was digested with Alul restric-
tion endonuclease overnight at 37°C and the digest
was resolved on 2.5 % agarose gel stained with 10
% ethidium bromide, and visualised using UV light.
The 366 bp PCR product had a consistent restriction
site resulting in a 98 bp and a 268 bp fragment. The
GG genotype did not have a second cutting site for
Alu I. The CC genotype had a second cutting site re-
sulting in 3 fragments: 205 bp, 98 bp, 63 bp size. The
heterozygous GC genotype was characterised by 4
bands: 268 bp, 205 bp, 98 bp, and 63 bp.

Histological evaluation: Biopsy specimens from
the lesion and the adjacent area in each patient were
obtained. The specimens were fixed in 10% buft-
ered formalin solution, embedded in paraffin, cut
into sequential 0.4-um sections, and stained with
hematoxylin and eosin (HE). The histopathological
parameters were graded (0-3) using the criteria de-
scribed in the updated Sydney classification system
©9 to be used for the analysis of chronic inflam-
mation, polymorphonuclear activity, and intestinal
metaplasia.

Statistical analysis

Statistical analysis was performed using SPSS10.0
software package (SPSS Company, Chicago, II-
linois, USA). Comparison of the distribution of
TNF-0-308 and MIF-173 genotypes in CAG, two-
sided contingency tables using chi-square tests were
employed on IM patients and healthy controls. The
odds ratio (OR) and 95% confidence interval (CI)
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were calculated using a logistic regression model
adjusted to the age and gender of the study popula-
tion. The association was determined as an OR at a
confidence interval of 95%. Differences were con-
sidered statistically significant if p values were less
than 0.05.

RESULTS

Demographic data, and characteristics of H. pylori
infection in CAG, IM and control groups are listed
in Table 1. The mean (+ standard deviation) age of
CAG patients (43.2+£3.8 years; range, 34-65 years),
and IM patients (45.8.3+4.3 years; range, 37-66
years) was similar to that of the healthy controls
(42.5+7.5 years; range, 31-58 years). The gender
distribution male, and female patients in CAG and
IM groups (60.5 vs and 39.5 %, and 60.1 vs 39.9 %,
respectively) was comparable to that in healthy con-
trols (62.5 vs 37.5 %). The percentage of the cases
with H. pylori infection was significantly higher in
CAG (58.1 %), IM (73.1 %) groups than in the con-
trol group (35%) (p=0.002). The patients expressed
alleles at the individual loci were expressed in pa-
tients showing control group, with no significant p
values (Table 2).

TNF-0-308 polymorphism in CAG and IM: Mul-
tivariate analysis showed that the frequencies of
TNF-0-308 and MIF-173 in groups CAG and IM

Table 1. Epidemiyological characteristics of the patients and con-
trol group n (%).

Demographic data CAG M Control
(n=43) (n=41) (n=40)
Age (yr)
<50 14 (32.6) 16 (39.0) 15 (35.5)
>50 29 (67.4) 25 (60.1) 25 (64.5)
p=0.812
Sex
Male 26 (60,5) 25 (60.1) 25 (62.5)
Female 17 (39,5) 16 (39.9) 15 (37.5)
p=0.911
H. pylori infection
Positive 25 (58.1) 30 (73.1) 14 (35)
Negative 18 (41.9) 11 (26.9) 26 (65)

p=0.002

CAG: Chronic atrophic gastritis; IM: Intestinal metaplasia

were significantly different from those in the con-
trol group (Table 2). Compared with TNF-0-308
GG genotype, TNF-0-308 AA genotype and TNF-
a-308 A allele carriers exhibited a significantly in-
creased risk for progression of lesions to CAG (Ta-
ble 3). The patients with TNF-0-308 GA genotype
or TNF-a-308 A allele carriers had an increased risk
for progression of lesions to IM.

MIF-173 polymorphism in CAG and IM: Multi-
variate analysis showed that the MIF-173 GC geno-
type or MIF-173 C allele carriers were significantly
associated with an increased risk for progression of
lesions to CAG and IM (Table 4). The risk for CAG
in association with TNF-a-308 and MIF-173 geno-
types was further examined with stratification by
H. pylori infection. The ORs for the development
of CAG in subjects carrying TNF-a-308 A allele,
and those with H. pylori infection alone were 2.18
(95% CI: 0.54-8.82), and 1.5 (95 % CI:0.378-5.95),
respectively (Table 3). However, the OR was not
significantly increased in subjects with H. pylori
infection carrying the AA genotype. There was an
interaction between TNF-a-308 A allele carriers,
and H. pylori infection, with a relative risk for the
development of CAG due to the interaction of 1,50.
Contrarily, a similar trend to develop CAG was not
observed between the MIF-173 C allele carriers and
H. pylori infection (OR =0.75,95 % CI: 0.19-2.97)
(Table 4).

Table 2. Distribution of genotypes for TNF-0.-308 and MIF-173 in
the patients and in control group n (%).

Genotypes CAG M Control
(n=43) (n=41) (n=40)

TNF-a-308

G/G 23 (53.5) 25 (61.0) 29 (72.5)

G/A 16 (37.2) 14 (34.1) 10 (25.0)

A/A 4093) 2(4.9) 1(2.5)
p=0.405

MIF-173

G/G 22(51.2) 23 (56.1) 27 (67.5)

G/C 18 (41.9) 17 (414) 11(27.5)

C/IC 3(6.98) 1(2.44) 2(5.0)
p=0.500

TNF': Tumor necrosis factor; MIF: Macrophage migration inhibitory
factor
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Table 3. Combined risk of polymorphism in the TNF-0-308 gene and H. pylori infection for development of chronic atrophic gastritis (CAG)

and intestinal metaplasia (IM).

TNF-o  H. pylori infection Control CAG n (%) OR (95%CI) P IM n (%) OR (95%CTI) p
GG 20 (76.9) 11 (61.1) Ref 0.273 5(455) Ref 0.086
GA 5(19.2) 6 (33.3) 2.18(0.54-8.82)  0.623 5(45.5) 4.00 (0.824-19.423)  0.355
AA 1(3.8) 1(5.6) 1.82(0.103-31.99) 1(9) 4.00 (0.21-25.66)

GG + 9 (64.3) 12 (48) Ref 0.564 20 (66.7) Ref 0.759
GA + 5(35.7) 10 (40) 1.50 (0.378-5.95) 1.00 9 (30) 0.81(0.21-3.12)

AA + 0 (0) 3(12) 0 1(33) 0

Total 40 43 41

Table 4. Combined risk of polymorphism in the MIF-173 gene and H. pylori infection for development of chronic atrophic gastritis (CAG) and

intestinal metaplasia (IM).

MIF H. pylori infection Control CAG n (%) OR (95%CI) P IMn (%) OR (95%CI) p
GG 20 (76.9) 8(444) Ref 0.031 8 (72.7) Ref 0.630
GC 5(19.2) 9 (50) 4.50 (1.15-17.65) 0.534 3(27.3) 1.50 (0.29-7.81)

CcC 1(3.8) 1(5.6) 2.50 (0.139-49.01) 0 (0) 0

GG + 7 (50) 14 (56) Ref 0.682 15 (50) Ref 0.899
GC + 6(42.9) 9 (36) 0.75(0.19-2.97) 1.00 14 (46.7) 1.089 (0.293-.4.042) 0.608
CcC + 1(7.1) 2 (8) 1.00(0.077-13.02) 1(3.3) 0.467 (0.025-8.596)

Total 40 43 41

The OR of developing CAG significantly increased
in healthy subjects carrying at least one MIF-173
C allele (OR = 4.50, 95 % CI: 1.15-17.65) (Table
4). However, an interaction between the MIF-173
C allele carriers and H. pylori infection was not ob-
served (OR =0.75,95 % CI: 0.19-2.97).

The association of IM and TNF-a-308 with MIF-
173 genotypes was further examined using strati-
fication by H. pylori infection. However, the OR
for IM in subjects with H. pylori infection carrying
TNF-a-308 A allele did not increase significantly
(OR =0.81,95 % CI:0.21-3.12) (Table 3). Howev-
er, there was an interaction between the MIF-173 C
allele carriers and H. pylori infection (OR = 1.089,
95% C1:0.293-4.042).

DISCUSSION

Gastric cancer is the second most common cause of
cancer mortality in the world ¢°3%, Because inflam-
mation is one of the initial phases of gastric carcino-
genesis ©7, inflammation-related polymorphisms,
including single-nucleotide polymorphisms (SNPs)
in TNF-a gene, have been extensively studied in re-
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lation to gastric cancer ©®.

Of the three polymorphisms reviewed in a report,
TNF-0-308 GA is studied more extensively and
a biologic role for it has been identified. Previous
studies have suggested that frequencies of genetic
markers often demonstrate high variations among
various ethnic and racial groups 4, whereas dif-
ferences in terms of genetic effects (expressed in
ORs) are much less common “?, This meta-analysis
found that the median prevalence of TNF-a-308
A carrier genotypes was almost twice as high in
Western world as in East Asian populations (23.5 vs
13.4%). However, contrary to what has been shown
for most of the previous associations “?, the OR
associated with AA genotype showed a difference
between Western and East Asian studies. No SNPs
have been consistently associated with gastric can-
cer risk V. Indeed, because several initially prom-
ising gene—disease associations gravitated towards
null over time %9 it has been suggested that medi-
cal journals should take a cautious approach in pub-
lishing such associations “¥. This review has found
that TNF-a -308 AA genotype is moderately associ-
ated with an increased risk of gastric cancer. How-
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ever, TNF-a-308 GA and GG were not statistically
significantly associated with gastric cancer risk .

Our study showed that the TNF-a -308G/A poly-
morphism may be dependently associated with sus-
ceptibility to CAG and IM in the population of East-
ern Anatolia. Although the moderate sample size in
this study may detect minor effects of the TNF-a
SNP in the development of CAG and IM, the di-
verse outcomes of various studies indicated that the
TNF-a-308 A/G polymorphism may play different
roles in susceptibility to different tumor types. In
our study, the TNF-a-308 A allele was found to be
associated with a high risk of CAG and IM. More-
over, an interaction was detected between TNF-a
-308 A allele carriers, and H. pylori infection which
promoted progression from baseline lesions to CAG
and IM. Some studies have demonstrated that poly-
morphisms in gene TNF-a., together with H. pylori-
infection are associated with an increased risk of
developing stomach cancer ** which requires more
detailed comprehension of the factors related to the
high prevalence of stomach cancer in this region.
They analyzed the frequency of the genotypes of
polymorphisms in gene TNF-a and the presence of
infection by CagA+ strains in patients with various
gastrointestinal diseases and in a control group “?,
and Asiatic populations “4”, whereas the frequency
of polymorphisms in gene TNF-0-308 was signifi-
cantly different from that reported in Asiatic *®, and
Caucasian “¥, populations, respectively.

The genetic composition of the Brazilian popula-
tion is made up of a genetic mix of various ethnic
groups, including Portuguese, Africans and Amer-
indians “®. The differences and similarities between
the allelic frequencies of the polymorphisms studied
in our population with those of other ethnic groups
are products of the genetic mix that has occurred in
Brazil. In Brazil, Rocha et al. “” obtained similar
results in relation to the association of allele TNF-
0-308 and an increased risk of developing stomach
cancer.

Significantly augments T helper 1(Thl) immune
response by inducing proinflammatory cytokines

such as TNF-a, interferon-y, and IL-1f3 secretion.
It has been shown that Thl predominant immune
responses inhibit acid secretion from gastric glands,
and cause gastric atrophy and metaplasia in a H.
pylori infected mouse model ©”. Natural genetic
variations in cancer-related genes may affect the
individual susceptibility to cancers via modulating
transcription and expression. The functional SNPs
in TNF genes have been associated with the risk of
some tumors. Individuals carrying TNF-0.-308 A al-
lele has an increased risk for several cancers, such
as breast cancer ©", and gastric cancer ©?.

MIF promotes the recognition of Gram-negative
bacteria by the innate immune system *©. The MIF
gene appears to be a strong candidate susceptibil-
ity gene for H. pylori -related diseases. Xia et al.
reported that both mRNA and protein levels of MIF
are up-regulated in H. pylori —infected patients and
parallel to the severity of gastritis. Moreover, the
expression level of MIF protein is markedly differ-
ent in patients with gastritis, IM, dysplasia (Dys),
and GC 7¥. In vivo and in vitro functional studies
have demonstrated that the mutant allele MIF-173
C is associated with an increased MIF protein pro-
duction ©¥. The presence of MIF-173 C allele stim-
ulates protein 4 (AP-4) transcription factor binding
site that may up-regulate MIF expression ©¥. In our
study, the MIF-173 C allele was found to be associ-
ated with a high risk of CAG and IM. Moreover, an
interaction occurred between MIF-173 C allele car-
riers, and H. pylori infection promoting progression
of baseline lesions to CAG and IM. Other studies
found that MIF not only modulates the expression
of proinflammatory mediators such as TNF-a, but
also regulates the activation of T cells . There-
fore, we have hypothesized that variants of MIF
gene polymorphism may contribute to the different
outcomes of H. pylori-related gastritis. Moreover,
MIF gene polymorphisms may be another impor-
tant candidate prognostic gene marker for the pa-
tients infected with H. pylori.

In summary, H. pylori infection and variants in
TNF-0-308 or MIF-173 polymorphisms influence
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the occurrence of CAG and IM. The findings in this
study indicate that the TNF-0-308 G/A and MIF-
173 G/C genotyping can be used as biomarkers at
the early stage of GC.
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