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Objective: To investigate the occurrence and development of gastric mucosal atrophy due to Helicobacter pylori (Hp) infection and
the accompanying histomorphological features.
Methods: Detailed histological observations and immunohistochemical examinations were conducted via 197 endoscopic biopsies
and endoscopic submucosal dissection specimens of gastric mucosal atrophic lesions with gastric Hp infection. Detailed observation
was made of columnar cells in the proliferative region of the deep gastric pit and the isthmus of the gastric gland, as well as the upper
part of the glandular cervix.
Results: The infection of the gastric mucosa by Hp firstly led to the proliferative disorder of stem cells in the normal proliferative
region of the gastric mucosa. This caused substantial propagation of cells in the proliferative region of the deep gastric pit and the
isthmus of the gastric gland, as well as the upper part of the glandular cervix, as a means to replenish the damaged surface mucus cells.
However, the propagation of stem cells in the proliferative region was insufficient for downward migration, and the normal
physiological process of differentiation into fundic/pyloric gland cells was disrupted, resulting in glandular atrophy of the intrinsic
layer of the gastric mucosa. Persistent Hp infection and disruption of stem cell proliferation in the proliferative region subsequently
resulted in extensive segmental hyperplasia of the gastric mucosa and glandular atrophy of the lamina propria.
Conclusion: The occurrence, development, and histomorphological features of gastric mucosal atrophy due to gastric Hp infection
provide a reliable pathological basis for precise treatment by clinicians and are of great significance for controlling the development of
gastric cancer.
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Introduction
Gastric cancer (GC) is one of the most common types of cancer worldwide, and gastric mucosal atrophy is clearly
correlated with its occurrence.1,2 Many factors can cause gastric mucosa atrophy such as infection, long-term drug
stimulation, as well as immune and genetic factors.1,3,4 In recent years, the incidence of Helicobacter pylori (Hp)
infection, as well as its correlation with chronic atrophic gastritis, and intestinal epithelial metaplasia, has been
investigated in the literature by pathological biopsies. Studies have also compared the prevalence of atrophy and
intestinal epithelial metaplasia with the prevalence of GC in different countries, with the investigation of 1906 patients
with Hp infection in seven countries reflecting the prevalence of GC in different geographical regions.5–7 Gastric Hp
infection can lead to gastric mucosal atrophy and intestinal epithelial metaplasia, and studies have verified the correlation
between the degree of gastric mucosal atrophy and the risk of carcinogenesis. With the progression of gastric mucosal
atrophy, the number of gastric differentiated and undifferentiated cancers continues to increase.1–3,8
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It was revealed in our previous study that gastric mucosal atrophy can be classified as simple, proliferative, intestinal
metaplasia, and intraepithelial neoplastic atrophy.9 Helicobacter pylori infection can lead to a papillary proliferation of
the surface epithelial cells.10 However, how Hp infection leads to gastric mucosa atrophy and the histological structural,
as well as the cellular morphological changes that occur during its onset and development, have not been reported. This
study aimed to investigate the occurrence and development of Hp infection and its histomorphological features,
providing a reliable pathological basis for precise treatment by clinicians.

Materials and Methods
Materials
This study included 197 patient cases resected by gastroscopic biopsy and endoscopic submucosal dissection (ESD) with
gastric mucosal atrophic lesions due to Hp infection. Patients were diagnosed by histopathological examination and were
selected from July 2019 to July 2021 from Foresea Life Insurance Guangzhou General Hospital, Shenzhen Nanshan
Hospital, No.989 Hospital of the PLA Joint Logistics Support Force, and the Third Affiliated Hospital of Zhengzhou
University. There were 121 males and 76 females. Among the patients, 6 cases were pathologically diagnosed with
extensive segmental hyperplasia of the gastric mucosa and atrophy of the lamina propria, accompanied by focal high-
grade intraepithelial neoplasia. The six cases were all underwent ESD. The cancer sites were as follows: 48 cases in the
gastric angle, 88 cases in the gastric antrum, 39 cases in the gastric body, and 22 cases in the gastric fundus. Between 3
and 5 sections of mucosal tissue were clamped from each site. The specimens were fixed in 10% neutral formalin,
routinely dehydrated, paraffin-embedded, and sections with a thickness of 4 μm were prepared. Hematoxylin and eosin
(H&E) and immunohistochemistry staining were conducted. The specific treatment of patients is shown in Table 1.

Immunohistochemistry Staining
The EnVision two-step method was adopted, and the tissue sections were deparaffinized, hydrated, and rinsed with
distilled water. The slices were then placed in tris-buffered saline (TBS) for 10 minutes. Endogenous peroxidase was
blocked for another 5 minutes, and then the sections were treated with TBS for 10 minutes. Each primary antibody
(MUC5AC, MUC6, villin, CDX2, p53, ki-67) was incubated with the sections for 30 minutes at room temperature,
respectively. After washing in TBS for 10 minutes, the sections were incubated in En VisionTM. The sections were
washed in TBS for 10 minutes and incubated with a secondary antibody for 10 minutes, respectively. The sections were
incubated with a chromogenic substrate solution for 10 minutes, then rinsed with distilled water. Diaminobenzidine
(DAB) was used to develop color and stained again with hematoxylin. The gastric mucosal sections with a definitive
diagnosis were used as the positive controls, and a phosphate-buffered saline (PBS) buffer was adopted as a negative
control instead of the primary antibody. The working solutions were purchased from Shenzhen Dartmon Biotechnology
Co., Ltd., and the operational steps were carried out in strict accordance with the kit instructions.

Table 1 Specific Treatment Protocol for H. pylori Infection of the Gastric Mucosa

Pathological Stage H&E IHC Eradication of H. pylori
+Biopsy Review

ESD

Degeneration of gastric surface epithelial cells H. pylori
infection

H. pylori
infection

Endoscopic plus biopsy

review after 3–6 months

With high-grade

intraepithelial neoplasia
Proliferative disorder of stem cells H. pylori

infection

H. pylori
infection

Endoscopic plus biopsy

review after 3–6 months

With high-grade

intraepithelial neoplasia

Excessive upward migration of the stem cells H. pylori
infection

H. pylori
infection

Endoscopic plus biopsy
review after 3–6 months

With high-grade
intraepithelial neoplasia

Insufficient downward migration of the stem cells H. pylori
infection

H. pylori
infection

Endoscopic plus biopsy

review after 3–6 months

With high-grade

intraepithelial neoplasia
Extensive segmental hyperplasia of the gastric mucosa and

glandular atrophy of the lamina propria

H. pylori
infection

H. pylori
infection

Endoscopic plus biopsy

review after 3–6 months

With high-grade

intraepithelial neoplasia
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Statistical Analysis
The SPSS Statistics 22.0 software package was adopted for statistical analysis. The chi-square test was employed for
statistical analysis of gender and age; P < 0.05 was considered statistically significant.

Results
Clinical Characteristics
There were 121 males (61.6%) and 76 females (38.3%) with Hp infection. The time of Hp infection onset was ≤60 in 108
cases (54.8%) and >60 in 89 cases (45.2%), as shown in Table 2.

The Occurrence and Development of Gastric Mucosal Atrophy Due to Hp Infection
Initially, Hp colonized the mucus layer covered by gastric mucosal epithelium, then penetrated the mucus layer and
specifically and selectively adhered to the surface mucus cytoplasm, and could also involve the proliferating cervical
mucus cells. The infection of the gastric mucosa by Hp first led to the widespread disorder of stem cells in the normal
proliferative region of the gastric mucosa. On the one hand, this caused massive propagation of cells in the proliferative
region of the deep gastric pit and the isthmus of the gastric gland, as well as the upper part of the glandular cervix, aimed
at replenishing the damaged surface mucus cells. However, the propagation of stem cells in the proliferative region was
insufficient for downward migration, and the normal physiological process of differentiation into fundic/pyloric gland
cells was disrupted, resulting in glandular atrophy of the intrinsic layer of the gastric mucosa. Persistent Hp infection and
the disruption of stem cell proliferation in the proliferative region eventually resulted in extensive segmental hyperplasia
of the gastric mucosa and glandular atrophy of the lamina propria (see Figure 1).

The Histomorphological Features of Gastric Mucosa Atrophy Due to Hp Infection
Helicobacter pylori selectively destroyed the cytoplasm of surface mucus cells, causing cytoplasmic swelling and vacuolar
degeneration (Figure 2A). In the early stages of Hp infection, the lesions were mainly in the superficial layer of the gastric
mucosa, and the cytoplasm of the Hp-infected surface epithelial cells was destroyed, with the remaining cytoplasm
surrounding the nucleus in a radial structure (and the infiltration of numerous neutrophilic leukocytes and some lymphocytes
in the interstitium) and forming the characteristic Hp-infected band visible under low magnification (Figure 2B). Large
amounts of Hp adhered to the cytoplasm of the surface epithelial cells, leading to substantial cell proliferation and
transformation in the deep region of the gastric pit and the isthmus of the gastric gland, as well as in the proliferative region
of the upper part of the glandular cervix (Figure 2C). This subsequently led to disorder in stem cell propagation in the
proliferating region and considerable Hp adhesion on the cytoplasm of the surface epithelium. The proliferating glands were
mildly enlarged, with a poorly defined cytoplasm boundary, increased basophils, and diffused acute and chronic inflamma-
tion of the interstitium (Figure 3A). Cytologically, the cytoplasm was poorly defined, with increased basophils and an
enlarged nucleus, one-to-two times the size of the normal nucleus, together with small nucleoli. The nuclei were elongated,
mildly to moderately heterogeneous, with increased nuclear chromatin and small to medium-sized nucleoli visible in
approximately 20% to 30% of the nuclei (Figure 3B). The persistent and massive proliferation of cells in the proliferating
areas of the deep gastric pit, the isthmus of the gastric gland, and the upper part of the glandular cervix supplemented the

Table 2 The Relationship Between the Age of Onset and Gender in the Occurrence and Development of Atrophic Lesions Due to
Hp Infection in the Gastric Mucosa

Staging N (%) Gender Age

Male(%) Female (%) ≤60(%) >60(%)

Degeneration of the surface gastric epithelial cells 41(20.8) 25(61.0) 16(39.0) 22(53.7) 19(46.3)

Proliferative disorder of the stem cell in the proliferative region 96(48.7) 58(60.4) 38(39.6) 51(53.1) 45(46.9)

Excessive upward migration of stem cells in the proliferative region 25(12.7) 15(60.0) 10(40.0) 14(56.0) 11(44.0)
Insufficient downward migration of stem cells in the proliferative region 22(11.2) 14(63.6) 8(36.4) 13(59.1) 9(40.9)

Extensive segmental hyperplasia and atrophy of the lamina propria gland 13(6.6) 9(69.2) 4(30.8) 8(61.5) 5(38.5)
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damaged surface mucus cells, resulting in the formation of histologically characteristic papilloma-like structures (Figure 4A).
The nuclei of the proliferated cells were enlarged and elongated, one-to-two times the size of the normal nuclei, with mild to
moderate heterogeneity (Figure 4B). The normal physiological differentiation process of the stem cells in the proliferative
region into fundic/pyloric gland cells, as well as downward migration, was disrupted due to the significant disruption in the
proliferative region, resulting in glandular atrophy in the lamina propria of the gastric mucosa. Histomorphologically, the
glands of the lamina propria were significantly smaller and reduced (Figure 5A). The intrinsic lamina glands decreased or
vanished with hyperplasia of fibrous connective and smooth muscle tissue, as well as hyperplasia of lymphoid tissue

Figure 1 A flow chart: occurrence and development of mucosal atrophy caused by Hp infection in gastric mucosa.

Figure 2 Degeneration of the surface epithelial cells on the gastric mucosa in the presence of Hp infection. (A) Massive adherence of Hp on the mucus layer and surface epithelial
cells covered by the gastric mucosal surface epithelium; H&E staining, × 400. (B) A characteristic Hp infection band was visible on the routine pathological section under low
magnification; H&E staining, ×10. (C) Cobweb-like vacuolar degeneration of the cytoplasm of the surface epithelial cells. With different degrees of cytoplasmic destruction and
detachment, a small amount of cytoplasm remained around the nucleus in a radial structure; finally, the nucleus also degenerated and detached; H&E staining, ×400. (D) Positive for
Hp, EnVision method, ×400.
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Figure 3 Proliferative disorder of the stem cells in the proliferative region. (A) The hyperplastic glands were mildly enlarged, with poorly defined cytoplasm, increased
basophilia, and diffused acute and chronic inflammation of the interstitium; H&E staining, ×100. (B) The nuclei were elongated, mildly to moderately heterogeneous, with
increased nuclear chromatin and small-to-medium-sized nucleoli in approximately 20% to 30% of the nuclei; H&E staining, ×200. (C) Positive for Hp, EnVision method, ×100.
(D) Formation of the tubular and branched structures by significant cell proliferation in the deep gastric pit and isthmus of the gastric glands, as well as in the proliferating
areas of the upper part of the glandular cervix. The proliferating glands were surface epithelial cells with the positive expression of MUC5AC; EnVision method, ×200.

Figure 4 Excessive upward migration of the stem cells in the proliferative region. (A) Massive propagation of cells in the proliferating region resulted in the formation of
a histologically characteristic papilloma-like structure; H&E staining, ×100. (B) Enlarged nuclei, one-to-two times the size of the nuclei in the normal surface epithelial cells,
with mild to moderate heterotypy; H&E staining, ×400. (C) Positive for MUC5AC, EnVision method, ×200. (D) Positive for CDX2, EnVision method, ×100.
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(Figure 5B). Persistent Hp adhesion and the persistent propagation disorder of the proliferative regions/proliferative bands of
the gastric mucosa led to the formation of widespread segmental papillary hyperplasia and atrophy of the lamina propria
glands. The proliferation of epithelial cells on the surface of the gastric mucosa and the atrophy of the lamina propria glands
alternated in a relatively regular high/low-level pattern, similar to the undulating waves of an ocean (Figure 6A). Mild to
moderate heterogeneity remained in the areas of extensive segmental hyperplasia (Figure 6B). In the region with extensive
segmental lamina propria gland atrophy, the fundic glands were almost completely absent (Figure 6C). In severe regions,
there existed only a thin layer of surface mucus cells (Figure 6D) as shown in Figure 7.

The Results of Immunohistochemistry Staining
Degeneration of the mucus cells was present in the gastric mucosal surface, mainly with reduced positive expression of
MUC5AC and MUC6. Varying degrees of the positive expression of CEA and HER2 manifested, and the presence of Hp
was strongly positive (Figure 2D). In the proliferating region, disturbed stem cell proliferation was observed, together
with the proliferation of surface epithelial cells and diffused inflammation of the mesenchyme, as well as strong Hp
positivity (Figure 3C) and the positive expression of MUC5AC (Figure 3D). The stem cells in the proliferation region
migrated upward excessively, and the proliferation of surface epithelial cells showed the positive expression of
MUC5AC (Figure 4C) and the decreased positive expression of MUC6. Different degrees of positive expression of
CDX2 (Figure 4D), villin, and p53 were observed. The stem cells in the proliferation region failed to migrate downward
sufficiently, with decreased positive expression of MUC6 (Figure 5C) and varying degrees of positive expression of
CDX2, villin, and p53 (Figure 5D) as illustrated in Table 3.

Discussion
Histologically, three-to-five glands are connected to the base of each gastric pit, which is the basic structural unit of the
gastric mucosa. These are called gastric units, and they have a structure that is of monoclonal origin.11 The gastric unit

Figure 5 Insufficient downward migration of the stem cells in the proliferative region. (A) Proliferative disorder of the proliferative region, reduction in the number and size
of glands in the lamina propria; H&E staining, ×200. (B) Almost complete disappearance of the glands in areas with severe atrophy, with only a thin layer of surface mucus
cells, hyperplasia of the fibrous connective and smooth muscle tissue, and hyperplasia of lymphoid tissue; H&E staining, ×100. (C) Positive for MUC6, EnVision method,
×200. (D) Positive for p53, EnVision method, ×200.
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comprises the gastric pit and gastric glands and can be divided, in order, into the isthmus, the glandular cervix, and the
fundus. The deeper part of the gastric pit, the upper part of the isthmus, and the cervix of the gastric gland are called the
proliferative region, or the proliferative zone. From the top of the fundus gland to the deep part of the gastric pit, the cells
are small in low columnar shapes, which primarily comprise proliferating stem cells. Some cells migrate upward and
differentiate into surface mucous cells; some remain local or migrate downward and differentiate into other fundic gland
cells.12–15

The present study found that the occurrence of gastric mucosal atrophy due to Hp infection was mainly caused by the
failure of stem cells in the proliferative region of the gastric mucosa to differentiate and migrate normally. Additionally, based
on the results of this study, the formation process of gastric mucosal atrophy is proposed as follows via the observation of 197
cases with atrophic gastric mucosal lesions. First, atrophy was caused by proliferative disorders in the proliferative zone/
region. On the one hand, there was an excessive upward migration of the increasing stem cells in the proliferative region. The
persistent proliferation of cells in the area of the deep gastric pit, the isthmus of the gastric gland, and the upper part of the
glandular cervix could replenish the damaged surface mucus cells, resulting in the formation of histologically characteristic
papilloma-like structures. Histomorphologically, the hyperplastic glands had a branched, papillary structure with enlarged and
elongated nuclei, one-to-two times the size of the normal nuclei, with mild to moderate heterogeneity, increased nuclear
chromatin, and small-to-medium-sized nucleoli visible in approximately 20% to 50% of the nuclei. On the other hand, the
downward migration of multiplying stem cells in the proliferative zone was inadequate. The normal physiological process of
downward migration was interrupted by the persistent disruption of the proliferative band in the proliferative region, resulting
in insufficient downward differentiation of the proliferative region into the fundic/pyloric glands, leading to atrophy of these
glands. Histomorphologically, atrophy manifested as a decrease in the number and size of glands in the lamina propria, with
almost complete disappearance of these glands in areas with severe atrophy and only a thin layer of surface mucus cells. There
was a persistent disturbance in the proliferative region, and excessive upward migration of the proliferative region resulted in

Figure 6 Formation of the characteristic wave-like shape due to extensive atrophy of the intrinsic laminar glands. (A) The widespread segmental papillary hyperplasia and
atrophy of the gastric mucosa manifested as relatively regular alternating highs and lows, similar to the undulating waves of an ocean; accordingly, this was labeled the
characteristic wave-like shape of Hp infection; H&E staining, ×100. (B) Widespread segmental hyperplasia areas retaining mild to moderate heterogeneity; H&E staining,
×200. (C) Areas of extensive segmental atrophy showing the almost complete disappearance of the fundic glands and only a thin layer of surface mucus cells; H&E staining,
×200. (D) Severe areas with only a thin layer of surface mucus cells; H&E staining, ×200.
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extensive segmental papillomatous hyperplasia. The insufficient downward migration of the proliferative region also resulted
in extensive segmental atrophy of the glands in the lamina propria of the gastric mucosa. This will result in an atrophic lesion
of the gastric mucosa with the formation of alternating high and low waves resembling the undulating waves of an ocean;
accordingly, this was labeled the characteristic wave-like shape of gastric mucosal atrophy caused by Hp infection. Change of
immunohistochemical of biomarkers was investigated. In the degeneration stage of gastric mucosal surface mucus cells, the

Excessive upward 
migration of stem cells in 
the proliferative region

Degeneration of the 
surface gastric 
epithelial cells

Persistent and massive adherence of Hp on the surface epithelial cells led to massive cell proliferation and transformation in 
the deep gastric pit and the isthmus of the gastric gland, as well as in the proliferative region of the upper part of the 
glandular cervix. Histologically, the cytoplasm and nuclei of the proliferating surface mucous cells showed hazy basophilic 
changes, with increased size of the nuclei, one times the size of normal nuclei, and small nucleoli. There existed diffused
acute and chronic inflammation in the interstitium, with an enhanced basophilic

Proliferative 

disorder of the 

stem cell in the 

proliferative 

region

Persistent proliferation of the cells in the area of the deep gastricpit, the isthmus of the gastric gland and the upper part of 
the glandular cervix to replenish the damaged surface mucus cells, with formation of a histologically characteristic 
papilloma-like structure. The proliferating gland had a branched, papillary structure with an enlarged and elongated 
nucleus, one to two times larger than the normal nucleus, with mild to moderate heterotypy, and increased nuclear 
chromatin. Small to medium-sized nucleoli was visible in approximately 20% to 50% of the nuclei. The height of 
hyperplasia was usually between 0.8 and 1.5 mm due to excess upward migration.

Hp adhered to the cytoplasm of the surface epithelial cells, causing the disappearance of the ovoid, spherical, bounding 
membrane-encapsulated mucus-containing granules within the cytoplasm on the nucleus of surface mucous cells. The 
cytoplasm of the surface epithelial cells showed cobweb-like vacuolar degeneration, and with the occurrence of varying 
degrees of cytoplasmic destruction and detachment, a small amount of cytoplasm remained around the nucleus in a radial 
structure, and finally the nucleus also degenerated and detached. In routine pathological sections of mucosal biopsies, 
characteristic infection bands were observed under low magnification.

Extensive 
segmental 
hyperplasia and 
atrophy of the 
lamina propria 
gland

The normal physiological process of downward migrationwas disrupted by the persistent proliferative disorder of the 
proliferative region, resulting in insufficient differentiation of the proliferative egion downward into the fundic/pyloric
glands, with the resultant atrophy of the fundic/pyloric glands. Histologically, this was manifested by a decrease in the 
number and volume of glands in the lamina propria, with the number of gastric basal gland reduced by >70% of the 
original glands. The gastric basal glands almost completely disappearanced in the area with severe atrophy with only a 
thin layer of surface mucus cells and a height  between 0.2 and 0.5 mm.

There existed persistent proliferative disorder in the proliferative region. On the one hand, it resulted in the formation of
widespread segmental papillomatous hyperplasia by excessive upward migration of the proliferative region. And on the 
other hand, insufficient downward migration of the proliferative region also led to widespread segmental atrophy of the 
intrinsic lamina glands of the gastric mucosa. Persistent Hp adhesion to the gastric mucosa and persistent proliferative 
regions or proliferative bands with disordered proliferation resulted in extensive segmental hyperplasia and atrophy of 
the intrinsic lamina glands of the gastric mucosa. The gastric mucosa had a relatively regular alternation of high and low 
proliferation and atrophy, similar to the undulating waves of the sea, so it was called the characteristic wave-like shape 
of gastric mucosa atrophy caused by Hp infection.

Insufficient 
downward 
migration of 
stem cells in 
the proliferative 
region

Figure 7 Onset and development of atrophic lesions due to Hp infection in the gastric mucosa and the characteristic histomorphological immunophenotypes.

Table 3 Results of Immunohistochemical Staining of Atrophic Lesions of the Gastric Mucosa

Pathological Staging Hp MUC5AC MUC6 Villin CDX2 p53 ki67

Degeneration of the surface gastric epithelial cells +++ + +++ – – – 5–15%

Proliferative disorder of the stem cell in the proliferative region +++ +++ ± - - - 5–25%

Excessive upward migration of stem cells in the proliferative region ++ +++ ± ± ± +/++ 10–30%
Insufficient downward migration of stem cells in the proliferative region ++ + ± ± ± +/++ 10–30%

Extensive segmental hyperplasia and atrophy of the lamina propria gland + + ± +/++ +/++ +/++ 10–40%
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positive expression of MUC5AC and MUC6 decreased. CEA and HER2 were positively expressed in different degrees and
Hpwas strongly positive.When excessive upwardmigration of stem cells in the proliferative region happened, proliferation of
surface epithelial cells led to increased expression of MUC5A, decreased expression of MUC6, with different levels of
positive expression of CDX2, villin, and p53. In the stage of insufficient downward migration of stem cells in the proliferative
region, positive expression of MUC6 decreased, while positive expression of CDX2, villin, p53, and ki67 increased. In the
present study, the occurrence and development of gastric mucosal atrophic lesions caused by Hp infection in the gastric
mucosa, as well as the histomorphological features and immunophenotype involved were proposed. This provides new
information for investigating gastric mucosal atrophy.

Helicobacter pylori represent the most common type of bacteria worldwide and represent a flagellar pathogen. It is
a unipolar, multiflagella, Gram-negative bacteriumwith blunt ends and spirally curved ends. Its length is 2.5–4.0 μm and it has
a width of 0.5–41.0μm.Helicobacter pylori have a high level of genetic diversity for adapting to the nature of the host’s gastric
juices and undergoes spherical deformation in unsuitable environments or after drug therapy. Spherical Hp has a complete
membrane-like structure with flagella, which is viable and can lead to repeated infections.16,17 Helicobacter pylori is a spiral,
flagella-like, microaerobic Gram-negative bacteria. Infection with the bacteria can easily be identified in HE-stained sections.
The bacteria have been reported to colonize the gastric mucosa, and reports also indicate that Hp colonizes the gastric and
duodenal mucosa in humans.5,18–20 The present study found that Hp initially colonized the mucus layer covered by the gastric
mucosal epithelium, then penetrated the mucus layer, and specifically adhered to the cytoplasm of the surface mucus cells
before destroying them, causing cobweb-like vacuolar degeneration of the cytoplasm. With varying degrees of cytoplasmic
destruction and detachment, a small amount of cytoplasm remained surrounding the nucleus in a radial structure; finally, the
nucleus also degenerated and detached. In the routine pathological sections of mucosal biopsies, characteristic Hp infection
bands were observed under low magnification, suggesting that the appearance of these bands may reflect early lesions of Hp
infection. These early lesions, when found in gastric mucosal biopsies by pathologists during clinical practice, should be
included in the clinical pathology test report, which can help guide clinicians to provide early treatment, control, or even
eradicate Hp infection and prevent its further development to the stage of becoming a stem cell disorder in the proliferative
region. This will, in turn, serve as an important step for controlling the occurrence and development of atrophic lesions of the
gastric mucosa.

Helicobacter pylori reflect unique toxic factors that allow it to colonize the cytoplasm of epithelial cells on the surface of
the gastric mucosa, including urease, helix shapes, flagella, and adhesion molecules.21–23 Persistent Hp infection has been
fully verified as a risk factor for gastric mucosal atrophy and GC.24,25 Although the eradication of Hp infection has been shown
to reduce the incidence of GC, it was suggested that the history of Hp infection after eradication, or a history of having had
a Hp infection, remains a risk factor for developing GC.26,27 It was also suggested that patients who developed GC after
treatment for an Hp infection had a history of precancerous lesions prior to Hp infection.28

The present study showed that persistent Hp infection led to irreversible changes in the proliferative region with
disordered propagation, excess upward migration, or the insufficient downward migration of stem cells with lesion
progression in the proliferative region, and extensive segmental atrophy of the lamina propria glands of the gastric
mucosa. This study concluded that gastric mucosal atrophy caused by Hp infection may be an irreversible injury, and the
occurrence of GC could still be caused by the atrophic lesions of the gastric mucosa, even after Hp eradication. The
mechanism of gastric mucosa atrophy caused by Hp infection need further clinical studies enrolling more cases or with
more follow-up data and further basic research of molecular biology.

Conclusion
This study proposed how Hp infection caused gastric mucosal atrophy especially the histopathological features of the
occurrence and development of gastric atrophy. In addition, it revealed that failure to control or eradicate Hp infection in
time would lead to irreversible gastric mucosal atrophy.

Abbreviations
HP, helicobacter pylori; GC, gastric cancer; ESD, endoscopic submucosal dissection; H&E, Hematoxylin and eosin;
TBS, tris-buffered saline; DAB, diaminobenzidine; PBS, phosphate-buffered saline.
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