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Abstract
Gastric cancer is still the main health threat being the third leading cause of deaths from cancers
in the world, the major risk behind this disease is that it remains asymptomatic in the early stages
and in (97 %) cases it metastasizes to other organs. Gastric cancer is a multifactorial disease with
Helicobacter pylori (H. pylori) being the major risk factor, however, patients with gastritis,
especially atrophic gastritis and gastric ulcer have been shown to be at an increased risk for
developing gastric cancer. In this research, serum β-catenin, carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA 19-9) were measured in patients diagnosed with gastric cancer,
gastric ulcer and gastritis and also in healthy volunteers. Infection with Helicobacter pylori (H.
pylori) was diagnosed by histological test, rapid urease test (RUT) and by serological tests which
included IgG and IgA antibodies. The results showed that there was a large significant increase in
the levels of serum β-catenin in patients with gastric cancer compared to the control group as well
as to the gastritis and gastric ulcer patients. A significant increase was also seen in gastric ulcer and
gastritis patients when compared to the control group. In addition, a significant increase was seen in
β-catenin serum levels in patients with gastric cancer and gastric ulcer infected with H. pylori
compared to the uninfected gastric cancer and gastric ulcer patients. A non-significant change was
observed in the levels of CEA and CA 19-9 in all the patients compared to the control group. The
results of this study suggest that β-catenin can serve as a potential biomarker for the diagnosis of
gastric cancer and that H. pylori has a significant effect on the levels of this protein.
[DOI: 10.22401/ANJS.22.3.06]
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β-catenin binds the complex of cadherincatenin to the cytoskeleton of actin filaments.
The functions of AJs include intracellular
signaling,
cell-cell
adhesion,
actin
cytoskeleton local control, and junction
disassembly [10]. The integrity of the AJs is
vital for inhibiting the motility of individual
cells [11]. Loss of this stability is vital to
cancer initiation and progression.
β-catenin is also a transcriptional regulator
in the wingless (Wnt) signaling pathway [12].
In the absence of Wnt ligands, cytoplasmic βcatenin is bound by the destruction complex,
in contrast, when the secreted Wnt ligands
bind to their receptor complex, the dissociation
of the destruction complex occurs and this
event prevents the phosphorylation and
subsequent degradation of β-catenin, which
accumulates in the cytoplasm and translocates
to the nucleus [13]. Gastric tissue expression
of β-catenin was estimated in many previous
studies and have been linked to gastric cancer

1.Introduction
Stomach cancer is a serious threat to global
health as it is the world's third leading cause of
death from cancer [1,2]. Gastric cancer is
divided into two subtypes according to the
Lauren classification; the adenocarcinoma of
the intestinal type and the adenocarcinoma of
the diffuse type [3]. Gastric cancer etiology is
multifactorial, but it is attributed to H. pylori
infection in more than 80% of cases.
Furthermore, genetics, lifestyle, diet and other
factors contribute to carcinogenesis of the
stomach [4]. H. pylori infects the stomach and
leads to gastritis, peptic ulcer disease and also
causes gastric cancers [5 – 8].
β-catenin is an important constituent of the
adherens junctions (AJs). Imbalance in βcatenin's structural and signaling properties
usually results in cancer-related disease and
deregulated growth [9]. β-catenin binds ECadherin's intracellular cytoplasmic domain
building the key component of AJs. Moreover,
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development [14] and apart from accumulation
of β-catenin expression in cytoplasm or
nuclear translocation, β-catenin levels can be
detected in human serum and also have been
reported to correlate with several disease
progression, including hepatitis C-associated
hepatocellular carcinoma, type 2 diabetes
mellitus, postmenopausal osteoporosis and
these studies reported that β-catenin levels
were elevated in the sera of patients compared
to their controls [15–18]. However, through
intensive search of the literature, only one
study could be found regarding β-catenin
serum levels in gastric cancer patients, in this
study Weihua et al. established serum
biomarker panels for the diagnosis of gastric
cancer in 228 gastric cancer patients and 190
controls, their results reported that β-catenin
serum levels were significantly increased in
gastric cancer patients compared to the healthy
controls [19].
Most of the gastric cancer cases arise from
precancerous lesions starting from chronic
inflammation, through gastritis, atrophic
gastritis and finally to adenocarcinoma, it can
be concluded that the measurement of βcatenin could give some information regarding
the integrity of the adhesion between the
epithelial cells of the stomach. This study aims
to investigate the possibility of using β-catenin
as a potential marker for gastric cancer and
also as a predictive factor for the risk of
developing gastric cancer in patients with
gastritis and gastric ulcers.

patients enrolled in the present study were
attending the educational oncology hospital,
medical city, Baghdad, the endoscopy unit of
gastroenterology and liver diseases hospital,
medical city, Baghdad and the endoscopy unit
of azadi teaching hospital, Duhok. This study
was approved by the Department of
Chemistry, College of Science, AlMustansiriyah University, Baghdad, Iraq, the
Iraqi Ministry of Health and by the Research
Ethics Committee of Duhok Directorate
General of Health, Kurdistan Regional
Government, Iraq.
2.2.Exclusion criteria:
Patients were excluded from the study if
they had one or more of the following;
previous or current chemotherapy, previous or
current antibiotic or proton pump inhibitor
(PPI)
treatments,
non-steroidal
antiinflammatory drugs (NSAID), another type of
cancer, a liver inflammation or other related
liver diseases and gastrectomy. H. Pylori
infected controls were excluded from the
study.
2.3.Samples collection
Ten milliliters of blood were taken from
the patients and healthy control. Blood
samples were transferred into gel tubes and
they were left for (15 – 30) minutes at room
temperature to clot. The obtained serum
samples were stored at (-20 ºC) till assayed. In
addition, biopsy samples removed from the
stomach of patients by the physicians
performing the endoscopy were also collected
for the histological and RUTs.

2.Materials & Methods
2.1.Study subjects
The study subjects were divided into four
groups. The first group included 20 patients
diagnosed with gastric cancer (12 males and 8
females) with an age range of (37–74 and
59–85 respectively), the second group
included 20 patients diagnosed with gastric
ulcer (10 males and 10 females) with an age
range of (19–60 and 14–60 respectively), the
third group included 30 patients diagnosed
with gastritis (14 males and 16 females)
with an age range of (18 – 55 and 17 – 40
respectively) and the fourth group included 20
healthy individuals (10 males and 10 females)
with an age range of (22 – 41 and 18 – 47
respectively) serving as the control group. The

2.4.Histological test and rapid urease test
(RUT)
Histological test was performed by
specialized histologists in the laboratories of
each hospital from which the biopsies were
taken. RUT was performed in the endoscopy
unit during the endoscopy procedure. A biopsy
from the antrum were combined with a biopsy
from the corpus and were placed on the RUT
cassette and covered. After one hour, a color
change (from yellow to pink) indicates a
positive test.
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2.5.Biochemical Analyses
Serum β-catenin was measured by enzyme
linked immunosorbent assay (ELISA) using
Human β-catenin Elisa Kit purchased from
(Mybiosource/
USA)
following
the
manufacturer’s directions. Anti-H. pylori IgG
and IgA antibodies were measured by (ELISA)
using Helicobacter IgG and Helicobacter IgA
Elisa Kits purchased from (Demeditec/
Germany) following the manufacturer’s
directions. CEA and CA 19-9 tumor markers
were measured by enzyme linked fluorescent
assay (ELFA) using VIDAS CEA (S) and
VIDAS CA 19-9 (199) kits purchased from
(Biomerieux/
France)
following
the
manufacturer’s directions.

Table (2)
Results of the histological test, RUT, IgA and
IgG serological tests.
Diagnostic
Method
Patients N = 70
Histology
RUT
IgG
IgA
Control N = 20
IgG
IgA

3. Results & discussion
3.1. H. pylori detection
The results showed that a total of 50
(71.43%) patients were positive for H. pylori
and 20 (28.57 %) were negative. The results of
the control group were all negative. The
patient was considered to be positive for the
infection if at least two of the mentioned tests
were positive. Tables (1) shows the H. pylori
infection status of the patients and controls
confirmed by the histological test, RUT, IgA
and IgG serological tests. Table (2) the shows
results of the histological test, RUT, IgA and
IgG serological tests.
Table (1)
Helicobacter pylori infection status of
patients and control groups confirmed by the
histological test, RUT and serological tests.

Gastric Cancer
Total N = 20
Gastric Ulcer
Total N = 20
Gastritis
Total N = 30
Control
Total N = 20

H. pylori
Positive
N (%)

H. pylori
Negative
N (%)

7 (35)

13 (65)

13 (65)

7 (35)

30 (100)

0 (0)

0 (0)

20 (100)

Negative
Cases N
(%)
20 (28.6)
20 (28.6)
20 (28.6)
11 (15.7)
59 (84.3)
20 (100)
20 (100)
20 (100)

3.2. Levels of Serum β-catenin
Tables (3 and 4) show that there is a
significant increase in the levels of β-catenin
in the sera of patients diagnosed with gastric
ulcer (3.41 ± 0.24 ng/mL) and gastritis (2.41 ±
0.28 ng/mL) compared to the control group
(1.54 ± 0.29 ng/mL) (p < 0.001), there is also a
significant increase in the levels of β-catenin
in sera of gastric cancer patients (6.88 ± 2.45
ng/mL) in comparison to the controls as well
as to the gastric ulcer and gastritis groups.
There was a statistically non-significant
change in the levels of CEA in the sera of
gastric cancer patients (3.96 ± 1.93 ng/mL)
compared to the control group (2.98 ± 1.41
ng/mL) (p = 0.094) and to the gastric ulcer
(3.77 ± 1.64 ng/mL) and gastritis patients
(3.62 ± 1.42 ng/mL). A non-significant change
was also seen in the levels of CA 19-9 in sera
of patients diagnosed with gastric cancer
(17.68 ± 17.04 U/mL) compared to the control
group (13.03 ± 8.35 U/mL) (p = 0.313) as well
as to gastric ulcer (14.40 ± 9.13 U/mL) and
gastritis patients (13.94 ± 7.74 U/mL).

2.6.Statistical Analyses
Biochemical data were analyzed using
SPSS (statistical package for social sciences)
version 25. T-Test was used to calculate mean
± standard deviation (SD) and the p value.

Groups

Positive
Cases N
(%)
50 (71.4)
50 (71.4)
50 (71.4)
59 (84.3)
11 (15.7)
0 (0)
0 (0)
0 (0)
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Table (3)
Levels of serum β-Catenin, CEA and CA 19-9 in patients and control groups.

Parameters
β-Catenin
(ng/mL)
CEA
(ng/mL)
CA 19-9
(U/mL)

Gastric
Cancer (A)
Mean ± SD
(N= 20)

Gastric
Ulcer (B)
Mean ± SD
(N= 20)

Gastritis (C)
Mean ± SD
(N= 30)

Control (D)
Mean ± SD
(N= 20)

p-value
A vs D

p-value
B vs D

p-value
C vs D

6.88 ± 2.45

3.41 ± 0.24

2.41 ± 0.28

1.54 ± 0.29

0.000*

0.000*

0.000*

3.96 ± 1.93

3.77 ± 1.64

3.62 ± 1.42

2.98 ± 1.41

0.094

0.135

0.147

17.68 ±
17.04

14.40 ± 9.13

13.94 ± 7.74

13.03 ± 8.35

0.313

0.642

0.708

*significant at the level of (p ≤ 0.05). SD; Standard deviation. N; number of tested samples.

Table (4)
Levels of serum β-Catenin, CEA and CA 19-9 in patients’ groups.

Parameters

Gastric
Cancer (A)
Mean ± SD
(N= 20)

Gastric
Ulcer (B)
Mean ± SD
(N= 20)

Gastritis
(C)
Mean ± SD
(N= 30)

p-value
A vs B

p-value
A vs C

p-value
B vs C

β-Catenin (ng/mL)
CEA (ng/mL)
CA 19-9 (U/mL)

6.88 ± 2.45
3.96 ± 1.93
17.68 ± 17.04

3.41 ± 0.24
3.77 ± 1.64
14.40 ± 9.13

2.41 ± 0.28
3.62 ± 1.42
13.94 ± 7.74

0.000*
0.743
0.464

0.000*
0.484
0.308

0.000*
0.740
0.852

*significant at the level of (p ≤ 0.05). SD; Standard deviation. N; number of tested samples.

From Table (5), it can be observed that
there is a significant increase in the levels of βcatenin in sera of gastric cancer patients
infected with H. pylori (9.67 ± 0.27 ng/mL)
compared to uninfected gastric cancer patients
(5.49 ± 1.93 ng/mL). There is also a
significant increase in β-catenin levels in the
sera of gastric ulcer patients infected with H.

pylori (3.56 ± 0.15 ng/mL) compared to
uninfected gastric ulcer patients (3.13 ± 0.09
ng/mL). There was no significant difference in
the levels of CEA and CA 19-9 tumor markers
between H. pylori infected and H. pylori
uninfected patients.

Table (5)
Levels of serum β-Catenin, CEA and CA 19-9 in H. Pylori infected patients.
Parameters
β-Catenin (ng/mL)
CEA (ng/mL)
CA 19-9 (U/mL)

Gastric Cancer (Mean ± SD)
HP + (N= 7)

HP – (N= 13)

9.67 ± 0.27
3.90 ± 1.02
16.66 ± 11.73

5.49 ± 1.93
3.99 ± 2.27
18.14 ± 19.29

p-value
0.000*
0.929
0.853

Gastric Ulcer (Mean ± SD)
HP + (N= 13)

HP – (N= 7)

3.56 ± 0.15
3.56 ± 1.18
14.56 ± 9.45

3.13 ± 0.09
4.15 ± 2.21
14.07 ± 8.49

p-value
0.000*
0.472
0.912

HP: H. pylori. *significant at the level of (p ≤ 0.05). SD; Standard deviation. N; number of tested samples.

In this research, the levels of β-Catenin
protein were measured in three groups of
gastric related diseases. Levels of this protein
might give an indication for the integrity of the
E-cadherin-β-catenin complex and thus the
integrity of the cellular adhesions. The reason
behind choosing these gastric related diseases
is that all of them involve defects in the gastric
mucosa and the cells lining the stomach

[20, 21]. Such defects alongside the presence
of H. pylori infection cause damage to the
cellular adhesions, more precisely the AJs, this
would subsequently lead to the dissociation of
the E-cadherin-β-catenin complex and to the
accumulation of β-catenin in the cytoplasm
[22]. It appears that this free β-catenin can leak
to the general circulation and this may
represent a possible explanation for the
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elevated levels of this protein in the patients’
groups. The connection between H. pylori and
the event of gastric malignancy presents a
model of malignancy advancement as a result
from a bacterial infection and inflammation.
The instruments whereby H. pylori
fundamentally builds the danger of gastric
malignancy are more obvious in the intestinal
type gastric malignant growth, which advances
in a very much characterized arrangement of
histological advances. The advancement of
this sort is set apart by a moderate movement,
starting with H. pylori then subsequently
evolving to gastritis, which happens in every
single tainted person. Affected by host and
environmental factors, gastritis may thus
develop into intestinal metaplasia. In specific
people, the metaplastic epithelium experiences
additional genomic changes, bringing about
dysplasia and, at last, in adenocarcinoma
[23, 24]. The results of the present study
suggest that H. pylori infection can further
increase the damage to the cellular adhesions
and the AJs and subsequently increasing the
risk of these gastric related diseases, especially
gastric cancer, this was clearly reflected in the
higher levels of serum β-catenin in patients
infected with H. pylori compared to the
uninfected patients.
To our best knowledge and after an
extensive literature search, we could only find
a single Chinese study that described the levels
of serum β-catenin in stomach cancer, the
authors assessed a variety of proteins as serum
biomarker panels in 228 gastric cancer patients
and 190 controls and their results showed that
there was a significant increase in the levels of
β-catenin in sera of gastric cancer patients
[19], these finding were similar to the results
our present study. However, no attempts have
been made so far to measure the serum levels
of β-catenin in gastritis and gastric ulcer
patients.

also non-significantly changed in gastritis and
gastric ulcer patients. There was also no
significant difference in the concentrations of
these tumor markers in patients infected with
H. pylori compared to uninfected patients. The
results of the present study are in accordance
to many of the previous studies that reported
similar results. Previous studies reported that
CEA and CA 19-9 markers are advantageous
tools for metastasis and recurrence of
malignancies as well as for assessing the
effectiveness of chemotherapy and prognosis
in gastric malignancy [25, 26]. However, CA
19-9 and CEA as indicated by earlier studies
are not helpful for the finding of early gastric
malignancy [27]. Elevated concentrations are
also seen in different tumors and in some
nonmalignant conditions, for example,
gastritis, gastric ulcer, duodenitis and
esophagitis [28 – 30]. The consequences of
certain investigations question the advantage
of CA 19-9 and CEA even as monitoring or
observing markers in gastric cancers [31 – 34].

3.3. Levels of serum CEA and CA 19-9
tumor markers
As it was seen in tables (3 and 4), there
was no significant difference in the
concentrations of CEA and CA 19-9 tumor
markers in gastric cancer patients compared to
the control group. In addition, the
concentrations of these tumor markers were
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