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Abstract

Background and objectives: Antralization is considered a critical, reversible stage preceding gastric cancer. However, avail-
able biomarkers for identifying antralization are lacking. This study aimed to explore antralization-specific biomarkers in
peripheral blood and gastric mucosa.

Methods: In this prospective cohort study, adult patients presenting with upper gastrointestinal symptoms were enrolled and
categorized into antralization and non-antralization groups based on pathological examination of gastric mucosa. Helicobacter
pylori (H. pylori) infection was detected using the 13C-urea breath test, rapid urease test, and/or H. pylori serological test. Blood
samples and gastric biopsies were collected for biomarker analysis.

Results: Of the 92 patients studied, 42 (45.7%) were diagnosed with H. pylori infection and 61 (66.3%) with antralization. The
rate of H. pylori infection and the incidence of acid reflux were higher in the antralization group than in the non-antralization
group (both P < 0.05). Patients with antralization had higher plasma lymphocyte counts and lower serum levels of lipopolysac-
charide (both P < 0.05). The positive rates and intensity of trefoil factor-2 and mucin (MUC) 6 expression were higher, whereas
the positive rate and intensity of MUC5AC expression were lower in the incisura and body mucosa with antralization com-
pared with those without antralization (all P < 0.05). Additionally, the intensity of MUCS5B expression was higher in the gastric
body mucosa with antralization than in those without antralization (P < 0.05).

Conclusions: Increased lymphocyte counts and decreased lipopolysaccharide levels in the blood, along with increased expres-
sion of trefoil factor-2, MUC6, and MUC5B and decreased MUC5AC expression in the proximal gastric mucosa, appear to be
antralization-specific.
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ing metaplasia, refers to gastric mucosal transformation from
transitional or body type to antral type and is strongly associated
with precancerous lesions, including gastric atrophy, intestinal
metaplasia, and gastric cancer.’ Previous studies have shown
that antralization is associated with H. pylori infection and can
be reversed in a proportion of patients after H. pylori eradica-
tion,” which is considered an important interventional measure
for blocking Correa’s cascade in H. pylori-related intestinal-type
gastric cancer.310 Therefore, as a reversible step occurring im-
mediately prior to the “point of no return” in precancerous lesion
development, antralization can serve as an important pathological
hallmark for screening high-risk individuals for early interven-
tion. Currently, histological examination of gastric tissue biopsies
with hematoxylin and eosin staining is the gold standard for diag-
nosing antralization. However, traditional endoscopy is invasive
and not an appropriate screening tool for the general population.
Thus, simple, rapid, and inexpensive noninvasive surrogate meth-
odologies that can accurately diagnose antralization of the proxi-
mal stomach are required. The first step is to identify biomarkers
specific to antralization of the proximal gastric mucosa, followed
by validating their diagnostic accuracy in noninvasive methods,
such as hematological testing.

Currently, several biomarkers have been explored for their po-
tential to diagnose antralization. It has been shown that spasmolyt-
ic polypeptide or trefoil factor (TFF) 2 and mucin (MUC) 6 in the
gastric mucosa are specifically expressed in antralized mucosa,'!
while others—such as MUCSAC, pepsinogen (PG) I, PGII, gas-
trin-17, pancreatic duodenal homeobox 1, caudal-related home-
obox transcription factor 2, NK6 homeobox 1, paired box 6, B-cell
lymphoma 2, BCL2-associated X protein, Ki-67, and inflammato-
ry markers including interleukin-1f3, tumor necrosis factor-a, and
interleukin-4—may also assist in diagnosing antralization.®!1-14

It has been demonstrated that H. pylori infection stimulates a
glandular response in the gastric mucosa, mainly characterized by
parietal cell loss and subsequent glandular regeneration.!> Follow-
ing H. pylori infection, various biological factors contribute to .
pylori-induced antralization leading to gastric cancer. For exam-
ple, TFF2 and MUCG6 are two main components mediating gastric
mucosal barrier function, both playing important roles in protect-
ing gastric mucosa from damage caused by bacteria, immunogen-
ic substances, or other toxic contents.!®!7 TFF2 and MUC6 are
highly expressed in neck mucous cells and deep glands of the gas-
tric incisura and body mucosa with antralization.!! In contrast, H.
pylori adhesion-related MUCSAC, which is normally expressed in
the gastric fovea of healthy individuals, exhibits lower expression
in mucosa with antralization.'®! MUC5B is mainly expressed in
embryonic and fetal gastric tissues and is rarely expressed in the
gastric tissues of healthy adults. However, it is significantly ex-
pressed in the gastric mucosa of patients with gastric cancer and
in the saliva of patients with H. pylori infection.?*?! Considering
the specific associations of MUCSB with gastric cancer and H.
pylori infection, it is necessary to explore the expression profile of
MUCSB in mucosa containing precancerous lesions, particularly
in relation to antralization and H. pylori infection.

More importantly, a previous study evaluated the diagnostic
value of potential serum biomarkers for antralization but observed
no association when serum levels of factors such as PGI, PGII,
TFF2, and TFF3 were examined.?? However, no further studies
have been conducted to identify antralization-specific hematologi-
cal parameters (e.g., inflammatory factors and gastrointestinal bar-
rier function indicators).

Therefore, the aim of this prospective study was to determine
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the clinical characteristics of antralization and to further identify
antralization-specific biomarkers in blood and gastric tissues of
patients with upper gastrointestinal symptoms.

Materials and methods

Patients

This was a prospective study of adult patients scheduled to under-
go upper endoscopy at the First Affiliated Hospital of Guangdong
Pharmaceutical University between March 1, 2019, and October
1, 2020. Eligible patients were included if they met the following
criteria: 1) aged between 18 and 75 years; 2) scheduled to undergo
upper endoscopy due to upper gastrointestinal symptoms, such as
upper abdominal pain, bloating, early satiety, belching, nausea,
vomiting, or other upper abdominal discomfort; and 3) voluntarily
agreed to participate in this clinical study by providing written in-
formed consent. Patients were excluded if they met any of the fol-
lowing criteria: 1) the scheduled upper endoscopy was canceled, or
gastric biopsies were not taken or histologically examined accord-
ing to the study protocol; or 2) had a history of, or current findings
on upper endoscopy indicating, peptic ulcer disease, upper gastro-
intestinal bleeding, suspected upper gastrointestinal malignancy,
or previous gastric surgery.

The enrolled patients were classified into an antralization group
and a non-antralization group according to the pathological exami-
nation of gastric incisura and body mucosa. Differences in various
clinical parameters between the two groups were then compared

(Fig. 1).
Sample collection

Patients’ blood samples were collected prior to the upper endos-
copy and subjected to routine blood testing. Hematological param-
eters, including white blood cells, lymphocytes, monocytes, and
reticulocytes, were assayed. In addition, the blood samples were
used for gastric function tests (including gastrin-17, PGI, PGII,
and PGI/PGII ratio), intestinal barrier function tests (including
diamine oxidase, D-lactate, and lipopolysaccharide (LPS)), and a
serological test for H. pylori infection. During the upper endos-
copy, one biopsy specimen was obtained from each of the gastric
antrum, incisura, and lesser curvature of the body (4 cm from the
incisura) for histological examination and immunohistochemical
analysis. In addition, one more biopsy specimen was taken from
the gastric antrum for a routine rapid urease test.

Evaluation of gastrointestinal symptoms

Gastrointestinal symptoms were evaluated as previously de-
scribed.?? In addition to the symptoms included in the Chinese ver-
sion of the Gastrointestinal Symptom Scale,?? symptoms such as
dysphagia, hematochezia, weight loss, and anemia were also eval-
uated in this study to assist in patient screening. Each symptom
was graded on a severity scale and scored on a 14 Likert scale,
with higher scores representing more severe symptoms.

Detection of hematological parameters and diagnosis of H.
pylori infection

Hematological parameters were tested using an automated blood
cell analyzer, the HIT-92A fluorescent immunoanalyzer (Biohan
Biotechnology Co., Ltd., Hefei, China), and the JY-DLT intesti-
nal barrier function biochemical index analysis system (Beijing
Zhongsheng Jinyu Diagnostic Technology Co., Ltd., Beijing, Chi-
na), according to the respective manufacturers’ instructions.
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Fig. 1. Enrollment flowchart of participants included in the study. 13C-UBT, 13C-urea breath test; H. pylori, Helicobacter pylori.

H. pylori infection was detected using a '>C-urea breath test
(13C-UBT), rapid urease test, pathological examination, and se-
rological testing. Specifically, patients undergoing the '3C-UBT
orally ingested a '3C-urea diagnostic reagent (Beijing Boran Phar-
maceutical Co., Ltd., Beijing, China), followed by breath sampling
and analysis using a '3C breath test analyzer (Guangzhou Richen-
Frinse Optical & Electronic Co., Ltd., Guangzhou, China). H. py-
lori infection was determined based on the difference in d-values
measured before and after reagent administration. The rapid urease
test was performed using a commercially available detection kit
(Fujian Sanqiang Biochemical Co., Ltd., Fujian, China) based on a
colorimetric assay. Gastric biopsy specimens were incubated with
the reagent solution, and the presence of H. pylori was determined
by colorimetric changes around the biopsy tissues. Pathological
diagnosis was established by histological examination of gastric
biopsy specimens with hematoxylin—eosin staining, and H. py-
lori was identified microscopically by its characteristic dark-blue,
curved, or S-shaped bacteria. Serological detection of H. pylori
antibodies was performed using an enzyme-linked immunosorb-
ent assay kit (Beijing Wantai Biological Pharmacy Enterprise Co.,
Ltd., Beijing, China), and infection status was diagnosed accord-
ing to the manufacturer’s standard criteria. Patients who tested
positive with 3C-UBT, rapid urease test, and/or pathological ex-
amination, or who had never received H. pylori eradication therapy
but tested positive with the serological test, were defined as having
an active H. pylori infection. In addition, patients previously diag-
nosed with H. pylori infection but testing negative with 3C-UBT,
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rapid urease test, and pathological examination within the last
week were defined as having a past H. pylori infection.

Histological examination and immunohistochemical analysis

Gastric specimens were sectioned (4—6 pum thick) and subjected
to hematoxylin—eosin staining. Antralization was defined as the
transformation of gastric mucosa from transitional or body-type
(characterized by fundic glands, mainly composed of chief cells
and parietal cells) to antral-type (characterized by pyloric glands,
predominantly composed of vacuolated mucous cells), particularly
in the gastric incisura and body mucosa (Fig. Sla—d).* In addi-
tion, precancerous lesions, including atrophic gastritis, intestinal
metaplasia, and dysplasia, were assessed according to the Updated
Sydney System.?*

Sections of gastric specimens taken from the antrum, incisura,
and body were also subjected to immunohistochemical analysis.
Briefly, the sections underwent deparaffinization, hydration, en-
dogenous peroxidase depletion, and antigen retrieval. They were
then incubated at 37°C with a primary antibody against TFF2 (Pro-
teintech Group, USA), MUC6 (Abcam, UK), MUCS5AC (Abcam,
UK), or MUCS5B (Abcam, UK), followed by incubation with the
corresponding secondary antibody, as specified in the manufactur-
ers’ instructions. After development and counterstaining, the sec-
tions were evaluated using a semi-quantitative scoring method as
previously described. -2

Staining intensity was scored as follows: unstained = 0, light
brown = 1, brown = 2, and dark brown = 3. Cells exhibiting stain-


https://doi.org/10.14218/CSP.2025.00016

Cancer Screen Prev

Ye Z.N. et al: Biomarkers for antralization

Table 1. Histological correlation between antralization and precancerous lesions at the gastric incisura and body

Antralization at the incisura

Antralization at the body

Antralization at the incisura

(n=92) (n=92) and/or body (n = 92)
With (n=52) Without(n=40) With(n=24) Without(n=68) With(n=61) Without (n=31)

Atrophic gastritis

With (n = 8) 4(7.7) 4 (10.0) 4(16.7) 4 (5.9) 6(9.8) 2 (6.5)

Without (n=84) 48 (92.3) 36 (90.0) 20 (83.3) 64 (94.1) 56 (90.2) 29 (93.5)
Intestinal metaplasia

With (n = 17) 7 (13.5) 10 (25.0) 5(20.8) 12 (17.6) 10 (16.4) 7(22.6)

Without (n=75) 45 (86.5) 30(75.0) 19 (79.2) 56 (82.4) 51 (83.6) 24 (77.4)
Dysplasia

With (n = 5) 3(5.8) 2 (5.0) 3(12.5) 2(2.9) 4 (6.6) 1(3.2)

Without (n=87) 49 (94.2) 38(95.0) 21(87.5) 66 (97.1) 57 (93.4) 30 (96.8)
Precancerous lesion*

With (n = 8) 4(7.7) 4(10.0) 4(16.7) 4 (5.9) 6(9.8) 2(6.5)

Without (n=84)  48(92.3) 36 (90.0) 20 (83.3) 64 (94.1) 55 (90.2) 29 (93.5)

Data are expressed as the number (percentage). *Two or more different precancerous lesions may exist at different gastric sites in the same individual.

ing intensity greater than 1 were defined as positively stained,
while cells with a staining intensity of 0 or 1 were considered
negatively stained.” Expression was defined as present for TFF2
and MUC6 when positively stained cells in the deep glands ac-
counted for more than 5% of the gland area, and for MUC5AC
and MUCS5B when stained cells represented more than 5% of the
visual field.!-2

Statistical analysis

For normally distributed measurement data, Student’s z-test was
applied to compare two groups. Analysis of variance was used
for comparisons among multiple groups, with the least signifi-
cant difference test applied for pairwise comparisons when a
significant difference was observed. For measurement data not
normally distributed, the rank-sum test was used. The Chi-square
test or Fisher’s exact test, as appropriate, was used for categorical
data. Multivariate logistic regression analysis (stepwise regres-
sion) was performed for all variables with a P-value < 0.10 in
the univariate analysis to identify independent factors associated
with antralization. Odds ratios (ORs) and confidence intervals
(CIs) were calculated. The area under the curve (AUC) was cal-
culated to evaluate the diagnostic ability of each hematological
parameter for antralization, and corresponding cut-off values
were calculated for parameters with diagnostic significance. All
data were analyzed using SPSS software (version 19.0; IBM, Ar-
monk, NY, USA).

Results

Demographic and clinical characteristics of patients

A total of 92 patients (38 males and 54 females), with a mean age
of 53.25 + 11.27 years (range: 23-72 years), were eligible for
the study and all underwent upper endoscopy (Fig. 1). Epigastric
pain and stomach bloating were the most frequent gastrointestinal
symptoms, each occurring in 39.1% of patients, followed by in-
creased defecation (35.9%), decreased defecation (35.9%), loose

stools (30.4%), hard stools (30.4%), eructation (26.1%), borbo-
rygmus (22.8%), increased flatus (21.7%), incomplete defecation
(21.7%), epigastric tightening (20.7%), acid reflux (18.5%), he-
matochezia (12.0%), anorexia (10.9%), nausea (9.8%), heartburn
(8.7%), vomiting (4.4%), and dysphagia (3.2%). Weight loss and
anemia were present in 12.0% and 2.2% of patients, respectively.
A total of 42 (45.7%) patients were diagnosed with H. pylori infec-
tion, including 25 (27.2%) with active infection and 17 (18.5%)
with a history of previous infection.

Antralization in patients with upper gastrointestinal symptoms
and its associated factors

According to pathological examination, antralization was present
in 61 (66.3%) patients: 15 at both the gastric incisura and body, 37
at the gastric incisura alone, and nine at the body alone. Precan-
cerous lesions, including atrophic gastritis, intestinal metaplasia,
and dysplasia, were detected in 22 (23.9%) patients. Specifically,
the prevalence rates of atrophic gastritis, intestinal metaplasia, and
dysplasia at the gastric antrum, incisura, and body were 37.5% (n
=3),47.1% (n = 8), and 60.0% (n = 3) at the antrum; 50.0% (n =
4), 47.1% (n = 8), and 40.0% (n = 2) at the incisura; and 25.0% (n
=2), 23.5% (n =4), and 0% (n = 0) at the body, respectively (Ta-
ble 1). No overall or site-specific association was found between
antralization and precancerous lesions at either the gastric incisura
or body (Table 1). There were no significant differences in gender,
age, height, weight, or body mass index between patients with and
without antralization (Table 2). However, patients with precancer-
ous lesions at any gastric site were significantly older than those
without precancerous lesions (59.81 + 6.33 years vs. 51.19 + 11.71
years, P =0.001) (Table 2).

The prevalence of antralization was 78.6% (33/42) in patients
with active or previous H. pylori infection and 56.0% (28/50) in
those without infection. Thus, the prevalence of active or previous
H. pylori infection was significantly higher in patients with antral-
ization than in those without (54.1% vs. 29.0%; OR = 2.88, 95%
CI: 1.14-7.26, P = 0.028) (Table 2). In addition, acid reflux, de-
fined as the presence of mild, moderate, or severe symptoms, was
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Table 2. Associations of demographic and clinical characteristics with antralization and precancerous lesions

Antralization

Precancerous lesions

Variable
With (n =61) Without (n = 31) With (n = 22) Without (n = 70)
Gender
Male 21 (34.4) 17 (54.8) 11 (50.0) 27 (38.6)
Female 40 (65.6) 14 (45.2) 11 (50.0) 43 (61.4)
Age (years) 53.3+11.9 53.1+10.1 59.8+6.3" 51.2+11.7
Age groups (years)
18-45 14 (23.0) 5(16.1) 0(0.0)* 19 (27.1)
>46 47 (77.0) 26 (83.9) 22 (100.0) 51(72.9)
Height 162.1+7.7 165.4+9.6 164.6 + 8.8 162.8+8.4
Weight 63.1+10.3 63.4+13.7 65.0+11.0 62.6+11.7
BMI 24.0+3.2 23.0+3.8 23.9+2.8 23.6+3.6
Helicobacter pylori status
Active infection 19 (31.1) 6(19.4) 7 (31.8) 18 (25.7)
Previous infection 14 (23.0) 3(9.7) 5(22.7) 12 (17.1)
Infection combined 33 (54.1)* 9 (29.0) 12 (54.5) 30 (42.9)
Without infection 28 (45.9) 22 (71.0) 10 (45.5) 40 (57.1)

Data are expressed as the number (percentage) or mean + standard deviation, where appropriate. BMI, body mass index. *P < 0.05.

more common in patients with antralization than in those without
(26.2% vs. 3.2%; OR = 10.67, 95% CI: 1.34-84.74, P = 0.007).
No other symptoms were associated with antralization (Table S1).

Of the 92 patients, routine blood testing, gastric function tests,
and intestinal barrier function tests prior to upper endoscopy
were performed in 91 (61 with antralization and 30 without), 82
(53 with antralization and 29 without), and 82 (52 with antrali-
zation and 30 without) patients, respectively. The lymphocyte
count was significantly higher in patients with antralization than
in those without (2.02 + 0.53 x 10°/L vs. 1.69 + 0.51 x 10°/L, P
= 0.006). The lymphocyte ratio also appeared higher in patients
with antralization than in those without (0.34 £ 0.07% vs. 0.31 +
0.07%, P = 0.066) (Fig. 2a and b). Further analysis showed that
the AUC of lymphocyte count was 0.657 (95% CI: 0.500-0.738,
P = 0.066). The sensitivity and specificity of lymphocyte count
for predicting antralization were 93.4% and 36.7%, respectively,
at a cut-off value of 1.33 x 10%L. The AUC of lymphocyte ratio
was 0.619 (95% CI: 0.535-0.779, P = 0.015), with sensitivity

a 4- b 0.6
€ 34 T 2
g T 0.4
2| 1 2
%) - [$]
ke 2
g £ 0.2
>4 1 | x
0 0.0

1

and specificity of 32.8% and 90.0%, respectively, at a cut-off
value of 0.38%. The serum LPS level was significantly lower
in patients with antralization than in those without (9.42 + 2.37
U/L vs. 10.35+1.71 U/L, P =0.007) (Fig. 2¢). The AUC of LPS
was 0.680 (95% CI: 0.558-0.802, P = 0.007), with sensitivity
and specificity for predicting antralization of 55.8% and 76.7%,
respectively, at a cut-off value of 9.60 U/L. No significant dif-
ferences were observed between the two groups in white blood
cell count, platelet larger cell ratio, platelet larger cell count,
monocyte ratio, monocyte count, low fluorescence reticulocyte
percentage, high fluorescence reticulocyte percentage, red blood
cell distribution width, red blood cell count, hematocrit, lym-
phocyte ratio, lymphocyte count, mean corpuscular hemoglobin,
mean corpuscular hemoglobin concentration, mean corpuscular
volume, mean platelet volume, basophil ratio, basophil count,
eosinophil ratio, eosinophil count, reticulocyte percentage, re-
ticulocyte absolute value, hemoglobin concentration, platelet
distribution width, platelet count, thrombocrit, neutrophil ratio,
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Fig. 2. Blood levels of lymphocytes and lipopolysaccharide in patients with antralization and those without.
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Fig. 3. Immunohistochemical staining of trefoil factor 2 (TFF2) in normal gastric mucosa and gastric mucosa with antralization or precancerous lesions.
a—c: TFF2 was expressed in the gastric fovea, neck mucous cells, and deep glands of normal gastric antrum mucosa (a), and in the gastric fovea and neck
mucous cells of normal gastric incisura (b) and body mucosa (c). d: TFF2 was highly expressed in the gastric fovea, neck mucous cells, and some deep glands
of the incisura mucosa with antralization. e & f: TFF2 expression was low in the incisura mucosa with intestinal metaplasia or dysplasia.

neutrophil count, middle fluorescence reticulocyte percentage,
gastrin-17, PGI, PGII, PGI/PGII ratio, diamine oxidase, D-lac-
tate, and LPS (all P > 0.05) (Table S2).

Multivariate logistic regression analysis, including H. pylori
infection (active and previous), acid reflux, lymphocyte count,
lymphocyte proportion, and serum LPS, revealed that H. pylori
infection (OR =3.61, 95% CI: 1.31-9.97, P=0.013) and increased
lymphocyte count (OR = 3.28, 95% CI: 1.14-9.42, P = 0.027)
were independent factors associated with antralization.

Associations of gastric expression of TFF2, MUC6, MUC5AC,
and MUCS5B with antralization

TFF2 expression was observed in the foveola, neck mucous cells,
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[ Positive Non-antralization
80+
* ** *
» 60+
(9]
Q
€
=
P4

N
=)

20+

MUC5AC MUC5B

TFF2 MUC6

and deep glands of normal gastric antral mucosa, and in the foveo-
la and neck mucous cells of normal gastric incisura and body mu-
cosa (Fig. 3a—c). TFF2 was highly expressed in the deep glands of
the gastric incisura and body mucosa with antralization (Fig. 3d).
However, in mucosa with precancerous lesions such as atrophic
gastritis, intestinal metaplasia, and dysplasia, TFF2 expression
was restricted to the non-precancerous areas and absent in the le-
sion areas (Fig. 3e and f). The positive rate of TFF2 expression was
significantly higher in antralized mucosa than in non-antralized
mucosa at both the gastric incisura (82.7% vs. 20.0%, P < 0.001)
and gastric body (60.0% vs. 10.4%, P <0.001) (Fig. 4). Likewise,
the intensity of TFF2 expression was significantly higher in muco-
sa with antralization than in that without at both the gastric incisura

b 100- Negative [] Antralization
N Positive Non-antralization
80+
o o *
o 604
9]
a
[S
S
z

by
(=)

204

MUC5B

TFF2 MUC6 MUCS5AC

Fig. 4. Gastric expression of trefoil factor 2 (TFF2) and mucins (MUC5AC, MUC6, and MUCS5B) in patients with antralization and those without. a: Expres-
sion intensity of TFF2, MUC5AC, MUC6, and MUCS5B in gastric incisura mucosal tissue. b: Expression intensity of TFF2, MUC5AC, MUC6, and MUCS5B in gastric

body mucosal tissue.
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Fig. 5. Immunohistochemical staining of mucin 6 (MUC6) in normal gastric mucosa and gastric mucosa with antralization or precancerous lesions. a—c:
Significant MUC6 expression was observed in the gastric neck mucous cells and deep glands of the gastric antrum mucosa (a), and in the gastric neck mucous
cells of the normal gastric incisura (b) and body mucosa (c). d: MUC6 was significantly expressed in neck mucous cells and some deep glands of the mucosa
with antralization at the gastric incisura. e & f: MUC6 expression was low in the gastric incisura mucosa with intestinal metaplasia or dysplasia.

(P <0.001) and body (P < 0.001) (Fig. S2).

Similar to TFF2, MUC6 expression was detected in the neck
mucous cells and deep glands of normal gastric antral mucosa, and
in the neck mucous cells of normal gastric incisura and body mu-
cosa, but not in the foveola of the gastric antrum, incisura, or body
(Fig. 5a—c). In contrast, MUC6 was extensively expressed in the
deep glands of the gastric incisura and body mucosa with antrali-
zation (Fig. 5d). In mucosa with precancerous lesions, MUC6 was
expressed in non-precancerous areas but was weakly expressed
or absent in the lesion areas (Fig. 5e and f). The positive rate of
MUC6 expression was significantly higher in patients with antrali-
zation than in those without at both the gastric incisura (88.5% vs.
25.0%, P <0.001) and body (76.0% vs. 14.9%, P <0.001) (Fig. 4).
The intensity of MUCG6 expression was also significantly higher in
the incisura and body mucosa with antralization compared to that
without (both P <0.001) (Fig. S2).

MUCSAC was strongly expressed in the gastric foveola and
some neck cells of normal gastric antrum, incisura, and body mu-
cosa (Fig. 6a—c). However, its expression was reduced in mucosa
with antralization or precancerous lesions compared to normal
mucosa at the gastric incisura and body (Fig. 6d—f). The positive
rate of MUCSAC expression was significantly lower in patients
with antralization than in those without at both the gastric incisura
(82.7% vs. 97.5%, P = 0.039) and body (76.0% vs. 94.0%, P =
0.022) (Fig. 4). Moreover, the intensity of MUC5AC expression
was significantly lower in the gastric body mucosa with antraliza-
tion compared to that without (P = 0.016), but no significant differ-
ence was observed at the gastric incisura (Fig. S2).

MUCS5B was barely expressed in the gastric antrum and incisura
mucosa, regardless of whether the mucosa was normal, antralized,
or had precancerous lesions (Fig. 7a—f). There was no significant
difference in the positive rate of MUC5B expression between mu-
cosa with and without antralization at the gastric incisura or body
(Fig. 4). However, the intensity of MUCS5B expression was signifi-
cantly higher in gastric body mucosa with antralization than in that
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without (P = 0.037), but no significant difference was observed at
the gastric incisura (Fig. S2).

Discussion

In the present study, antralization was observed in the proximal
stomach, particularly at the gastric incisura, in 66.3% of patients.
H. pylori infection was positively associated with antralization;
however, there was no topographic association between antraliza-
tion and precancerous lesions. Acid reflux symptoms, increased
plasma lymphocyte counts, and decreased serum LPS levels were
identified as antralization-specific clinical and laboratory indica-
tors. In addition, the mucosal expression of TFF2, MUC6, MU-
C5AC, and MUCSB in the gastric incisura or body was associated
with antralization.

Previous studies have demonstrated that H. pylori infection is
associated with antralization.”? In the present study, only 27.2%
of patients with GI symptoms were diagnosed with active H. pylori
infection, which is significantly lower than the estimated infec-
tion rate in China (~50%) reported by Ren ef al.?¢ Unlike previous
studies,’”?5 no positive association was observed between active H.
pylori infection and antralization. However, when we investigated
the history of H. pylori infection, 17 (18.5%) patients were found
to have had previous H. pylori infection, which was eradicated or
no longer detectable. We then found that combined H. pylori in-
fection (including both active and past infection) status was posi-
tively associated with antralization. Further analysis showed that
H. pylori infection was an independent risk factor for antralization.
These findings suggest that both active and past H. pylori infec-
tions should be taken into account when assessing the association
between H. pylori infection and antralization.

Patients with antralization appeared more likely to experience
acid reflux, which may be associated with abnormal acid secretion.
Previous studies have shown that H. pylori eradication therapy
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Fig. 6. Immunohistochemical staining of mucin 5AC (MUC5AC) in normal gastric mucosa and gastric mucosa with antralization or precancerous lesions.
a—c: Significant expression of MUC5AC was observed in the gastric fovea of normal gastric antrum (a), incisura (b), and body (c) mucosa. d—f: Low expression
of MUC5AC was observed in gastric mucosa with antralization (d, gastric incisura mucosa), intestinal metaplasia (e, gastric body mucosa), and dysplasia (f,

gastric body mucosa).

leads to a transient increase in acid secretion and may even induce
acid reflux-related disease.2’-28 As mentioned above, a consider-
able proportion of patients with antralization in this study had a
history of H. pylori eradication, which may be an important factor
contributing to acid reflux in these patients. However, this hypoth-
esis requires confirmation in further studies.

To explore antralization-specific, especially non-invasive, bio-

markers that could be applied in rapid tests for diagnosis, we in-
vestigated the associations between hematological parameters and
antralization. We identified that lymphocyte count, lymphocyte
ratio, and LPS could serve as possible hematological markers for
antralization, with lymphocyte count identified as an independent
predictor. Previous studies have shown that antralization is closely
associated with inflammation caused by macrophages and inflam-

‘a

Fig. 7. Immunohistochemical staining of mucin 5B (MUC5B) in normal gastric mucosa and gastric mucosa with antralization or precancerous lesions. a—c:
MUCS5B was expressed at a low level in normal gastric antrum (a), incisura (b), and body (c) mucosa. d: MUC5B was highly expressed in gastric mucosa with
antralization (gastric body mucosa). e & f: MUC5B was expressed at a low level in gastric mucosa with intestinal metaplasia (e, gastric body mucosa) and
dysplasia (f, gastric incisura mucosa).
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matory mediators such as tumor necrosis factor-a, which may fur-
ther promote progression from antralization to gastric cancer.?%-3!
Furthermore, Helmin-Basa et a/.?’ found that chronic gastritis de-
velopment was associated with abnormal peripheral blood lympho-
cyte proliferation, with T and B lymphocytes being positively as-
sociated with H. pylori-infected gastritis and non-H. pylori-infected
gastritis, respectively. Therefore, increased plasma lymphocyte
count and ratio may be associated with the development of chronic
gastritis and subsequent antralization. However, the sensitivity and
specificity of plasma lymphocyte count or lymphocyte ratio as bio-
markers for predicting antralization were insufficient according to
AUC assessment, suggesting that lymphocyte count and ratio are
not effective markers of antralization. In addition, serum LPS lev-
els were lower in patients with antralization than in those without.
Serum LPS is mainly derived from gut microbiota and can easily
access the circulatory system through a leaky gastrointestinal bar-
rier.3? Gastric acid in the gastric body is known to inhibit microbial
overgrowth and the production of LPS.3! Based on the results of the
present study, we propose that increased acid secretion in patients
with antralization creates an unfavorable environment for gastric
microbiota colonization, thereby reducing LPS production. Further
AUC analysis confirmed that LPS was a protective factor against
antralization and exhibited good predictive capability, suggesting
that LPS may serve as a potential non-invasive biomarker for the
clinical diagnosis or risk monitoring of antralization.

In the present study, we also examined the expression of TFF2,
MUC6, and MUCS5AC in mucosa with antralization and further
confirmed their specificity as gastric biomarkers for antraliza-
tion. Moreover, for the first time, we evaluated the expression of
MUCSB in gastric mucosa with antralization and observed a posi-
tive association between the intensity of MUCS5B expression and
antralization in the gastric body mucosa, but not in the incisura
mucosa. MUC5B is normally expressed exclusively in the gastric
tissue of healthy embryos during gestational weeks 8 to 27, and
is scarcely detectable in the normal adult stomach.?*? However,
a study by Van et al.3® reported a significant increase in prolif-
erative cells within the antral glands of patients with H. pylori in-
fection, accompanied by elevated MUCS5B expression. Given the
established association between antralization and H. pylori infec-
tion, the strong MUC5B expression observed in antralized gastric
body mucosa may reflect abnormal proliferation of antral-type
glandular cells induced by H. pylori infection. In contrast, prolif-
erative antral-type cells are relatively scarce in the gastric incisura
and body mucosa, which may account for the lower proportion
of MUCS5B-positive cells in these regions. Therefore, increased
MUCSB expression in non-antral gastric mucosa, particularly in
the gastric body, may serve as a potential histological marker of
antralization, warranting further investigation. It should be ac-
knowledged that, due to limited clinical samples, we were unable
to effectively quantify or evaluate serum levels of TFF2, MUC6,
MUCS5AC, and MUCSB. Nevertheless, our study provides initial
evidence supporting the potential association between biomarkers
such as MUCS5B and antralization, laying the foundation for future
quantitative analyses or non-invasive serum screening studies.

There are several limitations in the present study. Firstly, the
relatively small sample size and the lack of comparisons with
healthy individuals may limit the accurate identification of specific
biomarkers for antralization. Well-designed clinical studies with
larger sample sizes are therefore essential. Moreover, integrated
multi-omics approaches, such as transcriptomics, proteomics, and
metabolomics, should be employed to further identify specific bio-
markers associated with antralization. Secondly, our screening of
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serum biomarkers for antralization was limited. Despite these con-
straints, our study identified certain blood-based biomarkers with
promising diagnostic value for predicting antralization, including
lymphocyte counts and ratios, as well as LPS. Importantly, since
these biomarkers are routinely measured and non-invasive, the de-
velopment of screening models incorporating them may facilitate
routine detection of antralization.

Conclusions

Increased lymphocyte counts, decreased serum LPS levels, in-
creased expression of TFF2, MUC6, and MUCS5B, and decreased
expression of MUCSAC in proximal gastric mucosa appear to be
antralization-specific. In addition, acid reflux is closely associated
with antralization. Further studies evaluating additional hemato-
logical and molecular markers and their diagnostic performance
for antralization are warranted.
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