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Objective: To investigate immune cell crisis and excess histopathological features during the development and progression of 
H. pylori infection in the gastric mucosa.
Methods: One thousand two hundred and seventy-six cases of H. pylori infection were examined by endoscopic biopsy and 
endoscopic submucosal dissection (ESD) resection. The relationship between epithelial cells and immune cells and the pathological 
features of immune cell dysfunction and excess tissue were observed. The 1276 cases of mucosal biopsy of H. pylori infection and 
ESD resection were included. Among them, 39 were ESD excision and 1237 were gastric mucosal biopsy specimens. Among them, 
there were 896 cases of antrum infection, 274 cases of stomach body infection, and 106 cases of infection in antrum and body of 
stomach. Three to five pieces of mucosal tissue were extracted from each site. There were 789 males (61.8%) and 454 females 
(35.6%). There were 724 cases (56.7%) with age ≤60 and 552 cases (43.3%) with age >60.
Results: During the occurrence and development of H. pylori infection, there were not only spider-like vacuolar degeneration of 
surface epithelial cells, compensatory cervical mucous cell proliferation, proliferation disorder of stem cells in proliferating areas, and 
neoplastic proliferation of gastric mucosal epithelial cells, but also morphological changes of immune cells in the process of 
occurrence and development of H. pylori infection. First, neutrophils that rapidly respond and attack the infection; however, 
neutrophils quickly display functional deficiencies, forming mucosal erosion and micro-abscesses. Then, it enters a phase of immune 
cell crisis. The immune defense is adjusted. The rapid proliferation of lymphocytes leads to the formation of lymphocyte immunity and 
the formation of lymphocyte follicle-like structures. In this stage, the lesions are wide and deep, the duration is long, and the number of 
patients is large. Persistent H. pylori infection can result in abnormal proliferation and transformation of gastric mucosal epithelial cells 
and immune cells and gastric adenocarcinoma and MALT lymphoma.
Conclusion: Understanding the immune cell crisis and excess histopathological features during the occurrence and development of 
H. pylori infection is important for controlling the occurrence and development of gastric cancer and lymphoid system tumors via 
immune intervention.
Keywords: Helicobacter pylori, epithelial cells, immune cells, immunohistochemistry

Introduction
For a long time, the stomach was thought to be sterile because of the acid barrier. In 1983, Marshall and Warren 
discovered a spiral-shaped gram’s vagina, Helicobacter pylori (H. pylori), which revolutionized the idea that the stomach 
was sterile.1 The study found that this ancient pathogen has coevolved with humans for more than 60,000 years.2 More 
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than half of the world’s population is infected with H. pylori, most of which are asymptomatic infections, and about 10% 
develop peptic ulcers, atrophic gastritis, gastric cancer, and MALT lymphoma.3–6 The reason why H. pylori produces 
different symptoms after infecting the body is still unclear. More and more studies show that H. pylori strain, host, 
environment, and other factors jointly determine the occurrence and development of the disease.7 Gastric flora, as an 
important part of the gastric microecological environment, maintains the balance of the gastric environment through 
various regulatory pathways. Once the structure of the flora changes, this balance is bound to be broken, which will lead 
to the production of diseases.8 The World Health Organization has classified H. pylori infection as a carcinogen of gastric 
cancer, and it has become a trend to eliminate H. pylori through detection and treatment to prevent gastric cancer.9–11 Our 
previous studies have found that H. pylori infection of gastric mucosa leads to disordered proliferation, with excess 
upward migration and insufficient downward migration, resulting in extensive segmental proliferation and atrophy of 
gastric mucosa, which is called the wave diagram of H. pylori infection proliferation and atrophy.12 At the same time, our 
previous studies also proposed the histopathological stages and morphological characteristics of H. pylori infection.13,14 

However, the response of gastric mucosal immune cells to tumor cells mainly depends on their unique metabolic 
pathways, which are related to the type and function of immune cells.15 However, it is not clear how immune cells 
compete when the gastric mucosa is infected by H. pylori. Therefore, in this study, endoscopic biopsy and ESD excised 
specimens of 1276 cases of H. pylori infection were collected. The immune cell crisis and excess histopathological 
features were investigated during the occurrence and development of H. pylori infection in gastric mucosa. Our study 
may be conducive to the precise treatment of H. pylori infection by clinicians and has important significance for 
controlling the occurrence and development of gastric cancer and lymphatic system tumors via immune intervention.

Materials and Methods
Materials
A total of 1276 cases of H. pylori infection were collected from June 2020 to June 2022. The histopathological diagnosis 
of H. pylori infection was performed by gastroscopic biopsy. Among them, 39 were ESD excisions and 1237 were gastric 
mucosal biopsy specimens. There were 896 cases in the antrum, 274 cases in the body of the stomach, and 106 cases of 
infection in the antrum and body of the stomach. About 3–5 pieces of mucosal tissue were extracted from each site. 
These cases were from the Fourth People’s Hospital of Longgang District, Shenzhen Hospital of Peking University, 
Shenzhen Central Hospital of Bao‘an District, Shenzhen Hospital of Southern Medical University, and The 990th 
Hospital of the Joint Logistics Support Force of the People’s Liberation Army.

Methods
The specimens were fixed with freshly prepared 10% neutral buffered formalin solution (NBF) for 8h. And they were 
dehydrated, paraffin-embedded, sliced 4μm thick, stained by HE, and the tissue structure and cell morphology were 
observed by optical microscope. Furthermore, immunohistochemical and genetic tests were performed.

Immunohistochemical Staining
The En Vision two-step method is adopted. The paraffin from tissue sections was removed, and the tissue sections were 
hydrated and rinsed with distilled water. The sections are then placed in TBS for 10 minutes. Endogenous peroxidase was 
blocked with 3% hydrogen peroxide (H₂O₂) for another 25 minutes, then the sections were treated with TBS for 
10 minutes. Each antibody (Hp, MUC5AC, CD3, CD20, ki-67; Roche Diagnostics (Shanghai) Ltd) was incubated 
with the sections at room temperature for 30 minutes. After washing in TBS for 10 minutes, the sections were incubated 
in EnVision. EnVision method is also called ELPS (enhance labeled polymer system) method. After the antigen–antibody 
reaction is bound, the second antibody is labeled with a polymeric compound (glucan) enzyme complex (EnVision 
complex), which binds to the first antibody and is then colored by the enzyme substrate. After another 10 minutes of 
washing in TBS, the sections were incubated for HRP type coagulated second antibody (Roche Diagnostics (Shanghai) 
Ltd) for 10 minutes. The sections were incubated with a colored substrate solution for 10 minutes and then rinsed with 
distilled water. The intensity was enhanced by DAB and redyed with hematoxylin. The gastric mucosa sections were 
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used as positive controls, while PBS buffers were used as negative controls to replace primary antibodies. The primary 
antibody (clone number: HpMX014) and working solution, as well as other related immunohistochemical reagents, are 
purchased from Roche Diagnostics (Shanghai) Ltd. The operation procedures follow the manufacturing instructions.

FISH Detection
Detection: t (11; 18) (q21; q21); t (1; 14) (p22; q32); t (3; 14) (p14; q32); t (14:18) (q32: q21).

Some cases were performed for the detection of MYC, BCL-2, and BCL-6. FISH procedures are carried out 
according to reported references16–18 and regent instructions.

Statistical Analysis
SPSS22.0 statistical software was used for statistical analysis. The chi-square test was used for gender and age statistics, 
and the value of P<0.05 was considered statistically significant.

Result
Clinical Features
There were 789 cases (61.8%) of H. pylori infection in males and 487 cases (38.2%) in females. The incidence of Hp 
infection was 724 cases (56.7%) with age ≤60 and 552 cases (43.3%) with age >60, and the incidence of H. pylori 
infection was higher with age ≤60 than that with age >60, as shown in Table 1.

The Histomorphologic Changes the Relationship of Glandular Epithelial Cells and 
Immune Cells During the Occurrence and Development of H. pylori Infection
According to the histopathological features of gastric mucosal injury caused by H. pylori infection, as well as the degree 
and depth of gastric mucosal injury, it can be divided into 5 stages: Gastric mucosal surface epithelium covering mucous 
layer H. pylori infection stage; H. pylori infection stage of gastric mucosal surface epithelial cells; Stage of compensatory 
proliferation of H. pylori infected cervical mucous cells; H. pylori infectious lamina propria disease stage; H. pylori 
infectious abnormal proliferation and transformation stage. The histomorphologic characteristics of glandular epithelial 
cells and immune cells at each stage are shown in Figure 1.

Table 1 Relationship Between Age and Sex in the Occurrence and Development of H. pylori Infection

Type and stage N (%) Sex Age

Male (%), Female (%) ≤60 (%) >60 (%)

Gastric mucosal surface epithelium covering mucous layer H. pylori infection stage 18 (1.4) 11(61.1), 7(38.9) 10(55.6), 8(44.4)

Gastric mucosal surface epithelial cells H. pylori infection stage 124 (9.7) 78(62.9), 46(37.1) 73(58.9), 51(41.2)

H. pylori infectious compensatory cervical mucous cell proliferative stage 297 (23.3) 122(61.6), 76(38.7) 168(56.6), 129(43.4)

H. pylori infectious lamina propria lesion stage 576 (45.1) 353(61.3), 223(38.9) 329(57.1), 247(42.9)

H. pylori infectious abnormal proliferation and transformation stage 142 (11.1) 86(60.6), 56(39.2) 78(54.9), 64(45.1)

Low grade of H. pylori infectious intraepithelial neoplasia 78 (6.1) 47(60.3), 31(39.4) 43(55.1), 35(44.9)

High-grade intraepithelial neoplasia of H. pylori infection 36 (2.8) 22(61.1), 14 (38.9) 19(52.8), 17(47.2)

MALT lymphoma 4 (0.3) 3(75.0), 1(25.0) 3(75.0), 1(25.0)

Metastatic highly aggressive lymphoma 1 (0.1) 1(100.0), 0 (0) 1(100.0), 0(0.0)
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Histopathologic Characteristics of Glandular Epithelial Cells and Immune Cells During 
the Development and Progression of H. pylori Infection
Epithelial surface of gastric mucosa covered by mucous layer H. pylori infection stage: H. pylori infection begins mainly 
in the mucous layer covered by the epithelial surface of the gastric mucosa, also named as H. pylori early infection. The 

Figure 1 Flow draw. Immune cell crisis and excess during the development of H. pylori infection in gastric mucosa.
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surface covered by a mucous layer is the living environment of H. pylori, which is distributed in groups like small fish 
(Figure 2a). A few neutrophils were seen in the mucous layer (Figure 2b). Hp was positively expressed (Figure 2c).

H. pylori infection stage of gastric mucosal surface epithelial cells: H. pylori specifically and selectively adhered to the 
surface mucous cytoplasm and destroyed the cytoplasm of gastric surface epithelial cells. The cytoplasm presented spiderweb- 
like vacuolar degeneration, and finally, the cytoplasm was destroyed or left bare nucleus (Figure 3a). A small number of 
neutrophils, eosinophils, and lymphocytes infiltrated the superficial layer of lamina propria (Figure 3b). Hp was positively 
expressed (Figure 3c). Gastric mucosa H. pylori infectious compensatory cervical mucous cell proliferation stage: The 
destruction of surface epithelial cells accelerates the proliferation of stem cells in the deep stomach fovea to replenish surface 
epithelial cells. Therefore, upward migration was accelerated, resulting in compensatory proliferation of proliferating stem 
cells (Figure 4a). Lymphocytes, plasma cells, monocytes, macrophages, neutrophils, eosinophils, and almost all immune cells 
appeared in the superficial layer of lamina propria (Figure 4b). Hp was positively expressed (Figure 4c). Stages of H. pylori 
infection lamina propria lesion: Excessive upward migration and insufficient downward proliferation of proliferative regions 
resulted in disorders of stem cell proliferation (Figure 5a). This mainly results in the infiltration of a large number of 
lymphocytes, and the formation of lymphoid follicle-like structures (Figure 5b). Hp was positively expressed (Figure 5c). 
Abnormal proliferation and transformation stage of H. pylori infection: The abnormal proliferation and transformation of one 
or more gastric units occurred in the deep area of the gastric mucosa fovea, which was mainly located at the intersection of the 
fovea and the gastric gland, and showed transverse proliferation on the left and right sides. The glandular epithelial cells are 
arranged irregularly, with large nuclei, increased nucleo–plasma ratio, and enlarged and distinct nucleolus (Figure 6a). The 
proliferation of lymphatic follicles was prominent, the volume of lymphatic follicles increased, and cells proliferated in the 
marginal area outside the mantle area (Figure 6b). Hp was positively expressed (Figure 6c). Stages of H. pylori infectious 
intraepithelial neoplasia: H. pylori infectious intraepithelial neoplasia stage: Abnormal proliferation and transformation cells 
form tubular or branching structures, occupying almost the entire layer of the gastric mucosa (Figure 7a). The epidemic cells 
are still characterized by massive proliferation of lymphocytes (Figure 7b). The number of ki67 positive cells accounted for 

Figure 2 The epithelial surface of the gastric covered by mucosa mucous layer during H. pylori infection. (a) As shown by the arrows, the surface covered by mucous layer is 
the living environment of H. pylori, which is distributed in groups like small fish. (b) As shown by the arrows, few neutrophils were seen at this stage. (c) As shown by the 
arrows, Hp positive expression detected by En Vision method.
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Figure 3 H. pylori infection stage of gastric mucosal surface epithelial cells: (a) As shown by the arrows, H. pylori adhered to the cytoplasm of surface mucous cells and 
selectively destroyed the cytoplasm of surface mucous cells. The cytoplasm of surface epithelial cells showed spiderweb-like vacuolar degeneration, and the cytoplasm was 
damaged. (b) As shown by the arrows, the superficial layer of lamina propria has an immune response, mainly neutrophil infiltration, and some eosinophils, forming 
microabscesses. (c) As shown by the arrows, Hp positive expression detected by En Vision method.

Figure 4 The compensatory proliferation of cervical mucous cells in H. pylori infection. (a) As shown by the arrows, compensatory cervical mucous cell proliferation, the 
nucleus becomes longer, and slightly heterotypic, nuclear chromatin increases, and small nucleolus can be observed in about 20% to 30% nucleus. (b) As shown by the 
arrows, lymphocytes, plasma cells, monocytes, macrophages, neutrophils, eosinophils, and almost all immune cells appeared in the superficial layer of lamina propria. (c) As 
shown by the arrows, Hp positive expression detected by En Vision method.
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Figure 5 Lamina propria disease stage of H. pylori infection. (a) As shown by the arrows, upward migration of excess and compensatory proliferation of surface epithelial 
cells resulting in papillomatous hyperplasia. (b) As shown by the arrows, the infiltration of a large number of lymphocytes and the formation of follicle-like structures. (c) As 
shown by the arrows, Hp positive expression detected by En Vision method.

Figure 6 Abnormal proliferation and transformation of H. pylori infection. (a) As shown by the arrows, transformation of abnormal proliferation of multiple glandular ducts, 
large nuclei, increased nucleo–plasma ratio, and visibly enlarged nucleolus. (b) As shown by the arrows, the proliferation of lymphatic follicles was prominent, the volume of 
lymphatic follicles increased, and the cells in the marginal area outside the mantle area proliferated. (c) As shown by the arrows, Hp positive expression detected by En 
Vision method.
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60% (Figure 7c). H. pylori infectious MALT lymphoma: Proliferating lymphocytes were distributed in multifocal lumps 
outside the intact mantle area and gradually spread to the interfollicular area to form diffuse proliferation (Figure 8a). The 
characteristics of immune cells showed abnormal proliferation and transformation (Figure 8b). Hp was positively expressed 
(Figure 8c). The diagnostic criteria for each stage are shown in Table 2.

Discussion
During the occurrence and development of H. pylori infection, in addition to spider-like vacuolar degeneration of surface 
epithelial cells, compensatory cervical mucous cell proliferation, proliferation disorder of stem cells in proliferating 
areas, and neoplastic proliferation of gastric mucosal epithelial cells, we proposed for the first time the morphological 
changes of immune cell invasion during the occurrence and progression of H. pylori infection. From early neutrophil 
concomitant, rapid neutrophil counterattack, neutrophil collapse, to the immune cell crisis period, the adjustment of 
immune defense, and then into the rapid proliferation of lymphocytes, it forms lymphocytic immunity. When a persistent 
H. pylori infection occurs, it can lead to abnormal proliferation and transformation of immune cells and the occurrence of 
MALT lymphoma. This study is of great significance for immunological intervention of the occurrence and controlling 
the development of gastric cancer and lymphatic system tumors.

Gastric surface mucous cells (gastric surface epithelial cells) secrete insoluble mucous containing a high concentra
tion of bicarbonate, which covers the epithelial surface and plays an important protective role. Gastric mucosa self- 
protection mechanism: Gastric juice contains concentrated hydrochloric acid with strong corrosion, pepsin, and other 
proteins with the function of decomposition, while gastric mucosa is resistant to corrosion, mainly due to the presence of 
a mucus-bicarbonate barrier on its surface. The mucous layer covering the surface of gastric epithelium is 0.25–0.5 mm 
thick, which is mainly composed of insoluble mucous gel and contains bicarbonate. The mucus layer isolates the 
epithelium from pepsin, and the high concentration of bicarbonate makes the local pH = 7, which not only inhibits the 
activity of the enzyme but also neutralizes the infiltrated H+ to form carbonic acid (H2CO3). The latter is rapidly 
degraded into water (H2O) and carbon dioxide (CO2) by the carbonic anhydrase of gastric epithelial cells.19,20 In 

Figure 7 Stages of H. pylori infectious intraepithelial neoplasia. (a) As shown by the arrows, abnormal proliferation and transformation cells increased in number, expanded 
in area, and formed tubular or branching structures, occupying almost the whole layer of the gastric mucosa. (b). As shown by the arrows, ki67 positive cells accounted for 
60%, which is detected by the En Vision method. (c). As shown by the arrows, Hp positive expression detected by En Vision method.
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addition, the rapid renewal of gastric epithelial cells also enables the stomach to repair the damage in time. Normally, the 
amount of gastric acid secreted is in balance with the mucus-bicarbonate barrier. Alcohol, aspirin, H. pylori infection, and 
other factors can lead to excessive secretion of gastric acid or reduced mucus production, damage the barrier, and cause 
self-digestion of stomach tissues, resulting in gastritis or gastric ulcer.21,22 In this study, it was found that the mucous 
layer covered by the surface of gastric mucosa was the adaptive environment for the survival of H. pylori. Especially in 
some areas where the mucous was increased, a large number of H. pylori were distributed in small fish-like groups in the 
mucous, which may also be the early stage of H. pylori infection. It is still unclear whether H. pylori can reside in the 

Figure 8 Gastric mucosa Hp infected MALT lymphoma. (a). As shown by the arrows, the proliferating lymphocytes were distributed in the marginal area outside the intact 
mantle area in multifocal lumpy distribution and gradually spread to the interfollicular area to form diffuse proliferation. (b). As shown by the arrows, the expression of 
CD20 is positive, which is detected by the En Vision method. (c). As shown by the arrows, Hp positive expression detected by En Vision method.

Table 2 Histopathological Features of Glandular Epithelial Cells and Immune Cells During the Occurrence and Progression of H. pylori 
Infection

Stages Characteristics of Glandular Epithelial Cells Characteristics of Immune Cell

H. pylori infection stage of 
gastric mucosal surface 
epithelium covering mucous 
layer

The beginning of H. pylori infection is colonized in the 

mucous layer covered by the epithelial surface of the 
gastric mucosa, also known as the initial stage of 

H. pylori infection. H. pylori is a spiral-shaped, 

flagellate, slightly aerobic gram-negative bacterium 
with a length of 2.5–4.0 μm and a width of 

0.5–1.0 μm. It can be easily identified in HE stained 

sections. The mucous layer covered by the surface 
was adapted to the survival of H. pylori and 

distributed in groups like small fish.

No immune cells in the mucous layer, but a small 

number of neutrophils were observed when 
H. pylori is infected.

(Continued)
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mucous layer covered by the surface of gastric mucosa for a long time.23 It has been reported that H. pylori is acquired in 
childhood, and once infected and untreated, people will carry this bacteria for decades or even a lifetime.24 It has also 
been found that H. pylori infection can induce an adaptive response, which can increase the survival and proliferation of 
epithelial cells and reduce the renewal of most infected epithelial cells.25 In this study, it was found that H. pylori 
specifically and selectively adhered to the surface mucous cytoplasm and destroyed the cytoplasm of gastric surface 
epithelial cells. When the cytoplasm of the epithelial cells on the surface of the stomach was destroyed, the morphology 
of the spiderweb-like vacuolar degeneration was formed, and some only left bare nuclei. In this study, this period was 
called H. pylori infection of gastric mucosal surface epithelial cells.

Normally, the cervical mucus cells of the gastric mucosa are few, located on the top of the fundus gland, and often 
wedged between other cells. They are derived from neck stem cells with active nuclear division, and the main function of 
mucous neck cells is mucosal proliferation and regeneration. The cervical mucous cells are continuous and similar to the 
small concave epithelium. The cells are columnar, but irregular in shape, with fewer mucous particles in the cytoplasm. 
The nucleus is flat, located at the base of the cell matrix, and there are many mucogen particles above the nucleus, and its 
secretion is soluble acidic mucus. It can produce acidic glycoprotein, which is different from the neutral mucus secreted 
by the concave epithelium.26,27 The histomorphology in this study showed that when the surface epithelial cells were 
damaged during H. pylori infection, stem cells proliferated in the deep stomach fovea to supplement the surface epithelial 
cells, forming compensatory proliferation of stem cells in the proliferative region. It is mainly the cervical mucous cells 
that gradually accelerate the transition proliferation to the distribution area of the surface mucous cells, forming a wide 
proliferation area. In cytology, mitosis is active, increasing in cell size and number. The feature of compensatory 
hyperplasia in this period is physiological hyperplasia, which is reversible and is called repair hyperplasia change. 

Table 2 (Continued). 

Stages Characteristics of Glandular Epithelial Cells Characteristics of Immune Cell

H. pylori infection stage of 
gastric mucosal surface 
epithelial cells

H. pylori specifically and selectively adhered to the 

surface mucous cytoplasm and destroyed the 
cytoplasm of gastric surface epithelial cells. 

Histomorphology showed that the cytoplasm of the 

epithelial cells on the surface of the stomach was 
destroyed to different degrees, showing 

characteristic spiderweb-like vacuolar degeneration. 

Some leave only the bare nucleus and have separated 
from the tissue.

A small immune response begins in the superficial 

layer of the lamina propria. Mainly neutrophil 
infiltrates, and some eosinophils, with fewer 

lymphocytes. Histologically, mucosal erosion and 

microabscess were observed, namely neutrophil 
rapid attack.

H. pylori infectious 
compensatory cervical 
mucous cell proliferative 
stage

Because the destruction of surface epithelial cells 
accelerates the proliferation of stem cells in the deep 

area of the stomach fovea, the surface epithelial cells 

are supplemented, and the compensatory 
proliferation of stem cells in the proliferative area is 

formed. At this stage, the compensatory proliferative 

cells are mainly cervical mucous cells, and gradually 
transition to surface mucous cells. This 

compensatory cervical mucous cell proliferation may 

have a small amount of H. pylori. Compensatory 
cervical mucous cell proliferation is cytologically 

characterized by elongated nuclei, slight atypia, 

increased nuclear chromatin, small nucleolus in about 
20% to 30% of the nuclei, and 2 to 5 mitotic results/ 

HPF. Reactive or compensatory hyperplasia is 

a benign hyperplasia that is not included in 
precancerous lesions.

Due to the mass death of a large number of 
neutrophils, lymphocytes, plasma cells, monocytes, 

macrophages, as well as neutrophils and eosinophils, 

almost all immune cells appeared in the superficial 
layer of lamina propria. At the same time, some 

immune cells showed vacuole-like degeneration, 

forming blocky and fuzzy basophilic cloud-like shape. 
This phase is called immune cell crisis.
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This means that after aggressive drug treatment for the eradication of H. pylori infection, it is complete recovery. The 
immune cells in this period are characterized by the mass death of a large number of neutrophils, followed by the 
appearance of lymphocytes, plasma cells, monocytes, macrophages, as well as neutrophils and eosinophils in the 
superficial layer of the lamina. This is called an immune cell crisis.

After H. pylori infection, the stomach body and gastric antrum are prone to atrophy of gastric mucosa and intestinal 
metaplasia.28,29 Especially when H. pylori infection cannot be controlled or eradicated in time, there is a deep area of 
stomach fovea. The proliferation of cells in the isthmus of the gastric gland and the upper part of the glandular neck led 
to excessive upward migration and insufficient downward proliferation of the proliferating regions, resulting in the 
proliferation of stem cells. The compensatory proliferation of surface epithelial cells results in the formation of papillary 
or adenomatous hyperplasia; insufficient downward proliferation results in atrophy of the fundus/pyloric gland.30 Our 
previous studies also found that H. pylori infectious lamina propria lesions of a large number of patients had with wide 
range of depth and long duration, and were not easy to eradicate during drug treatment.12 This study also found that the 
characteristics of immune cells at the stage of H. pylori infection lamina propria lesions were as follows: due to the wide 
range, depth, and long duration of the lesions at this stage, immune cells made defensive adjustments and formed an 
immune defense dominated by lymphocytes. It is mainly the infiltration of a large number of lymphocytes and the 
formation of lymphoid follicle-like structures. There are some plasma cells, monocytes, macrophages, and so on. This is 
called lymphocytic immunity or rapid lymphocyte proliferation.

Gastric cancer is the third leading cause of cancer death in the world, and H. pylori infection is associated with most 
cases of gastric adenocarcinoma and the vast majority of non-cardiac gastric adenocarcinoma.31,32 The best way to 
prevent gastric cancer or reduce the incidence of gastric cancer is to eradicate H. pylori infection of gastric mucosa.33,34 

Our previous studies found that H. pylori infection continued to occur and develop, and abnormal proliferation and 
transformation of one or more gastric units occurred in the deep fovea of the gastric mucosa. It is mainly located at the 
intersection of the fovea and gastric gland, showing lateral proliferation on the left and right sides, which is called 
abnormal proliferation and transformation.13,14 This study also found that there are two types of abnormal proliferation 
and transformation, one is the abnormal proliferation and transformation of gastric mucosal epithelial cells; the other is 
the proliferation and transformation of immune cells. The abnormal proliferation and transformation of epithelial cells 
were characterized by irregular arrangement of glandular epithelial cells, large nuclei, increased nucleo–plasma ratio, 
enlarged and obvious nucleolus, and milky-white spherical bodies in the nucleus. Both are important precancerous 
lesions. It is characterized by pathological hyperplasia and is irreducible. The following is the H. pylori infective 
intraepithelial neoplasia stage, which finally developed into gastric adenocarcinoma. The proliferation and transformation 
of immune cells: at the beginning, a large number of lymphocytes proliferate in the gastric mucosa, forming lymphoid 
follicles; some of the lymphoid follicles are closely connected; the reduction of mucosal glands is replaced by 
proliferative lymphoid tissue, called immune cell surplus. Subsequently, proliferating lymphoid follicles appeared, and 
the proliferating lymphocytes outside the mantle were distributed in multifocal patches, gradually spreading to the 
interfollicular region.35,36 Proliferating lymphocytes are small to medium in size, with slight atypia, slightly irregular 
nuclei, and relatively abundant cytoplasm, similar to central cells, which form diffuse proliferation. At the same time, it 
invades the glands of the gastric mucosa and destroys the follicular dendrite network structure in the center of the follicle, 
which is called the follicular infiltration phenomenon of proliferating lymphocytes, namely gastric MALT lymphoma. 
Immunophenotype: diffuses strong positive expression of CD20 and CD79a, and the presence of molecular genetic t (11; 
14)(q13; q32) chromosome translocation. In addition, this study found that MALT-transformed highly aggressive 
lymphoma occurred in a small number of cases, and gastric MALT lymphoma underwent clonal proliferation of 
lymphatic follicles, and then differentiation and proliferation led to lymphocyte transformation, that is MALT- 
transformed highly aggressive lymphoma stage. The transformation is the transformation area of diffuse large B-cell 
lymphoma.

In summary, in addition to spider-web-like vacuolar degeneration of surface epithelial cells, compensatory cervical 
mucous cell proliferation, proliferation disorder of stem cells in proliferating areas, and neoplastic proliferation of gastric 
mucosal epithelial cells, the morphological changes of immune cells fighting with H. pylori infection during its 
occurrence and development have been proposed. We explored the transition from early neutrophil concomituation, 

International Journal of General Medicine 2025:18                                                                             https://doi.org/10.2147/IJGM.S474925                                                                                                                                                                                                                                                                                                                                                                                                   1355

Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



rapid neutrophil counterattack, and neutrophil collapse, to the immune cell crisis phase, the adjustment of immune 
defense, and then into the rapid proliferation of lymphocytes to form lymphocytic immunity. Persistent H. pylori 
infection leads to abnormal proliferation and transformation of immune cells, resulting in MALT lymphoma. This 
study is of great significance for controlling the occurrence and development of gastric cancer and lymphatic system 
tumors, as well as immunological intervention. The mechanism of transformation of H. pylori infection into gastric 
cancer and lymphoid system tumor during its occurrence and development remains to be studied by follow-up of large 
cases and molecular biology.

Study Approval Statement
This study conformed to the ethical guidelines of the Declaration of Helsinki as reflected in a priori approval by the 
human research committee of Shenzhen Polytechnic University.
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The written informed consent was acquired from each patient.
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References
1. Wands DIF, El-Omar EM, Hansen R. Helicobacter pylori: getting to grips with the guidance. Frontline Gastroenterol. 2020;12(7):650–655. 

doi:10.1136/flgastro-2020-101571
2. Radomski BM, Šešelja D, Naumann K. Rethinking the history of peptic ulcer disease and its relevance for network epistemology. Hist Philos Life 

Sci. 2021;43(4):113. doi:10.1007/s40656-021-00466-8
3. Bakhti SZ, Latifi-Navid S. Interplay and cooperation of Helicobacter pylori and gut microbiota in gastric carcinogenesis. BMC Microbiol. 2021;21 

(1):258. doi:10.1186/s12866-021-02315-x
4. Youn Nam S, Park BJ, Nam JH, et al. Association of current Helicobacter pylori infection and metabolic factors with gastric cancer in 35,519 

subjects: a cross-sectional study. United Eur Gastroenterol J. 2019;7(2):287–296. doi:10.1177/2050640618819402
5. El Khadir M, Alaoui Boukhris S, Benajah DA, et al. Helicobacter pylori CagA EPIYA-C motifs and gastric diseases in Moroccan patients. Infect 

Genet Evol. 2018;66:120–129. doi:10.1016/j.meegid.2018.09.015
6. El Khadir M, Boukhris Alaoui S, Benajah DA, et al. VacA genotypes and cagA-EPIYA-C motifs of Helicobacter pylori and gastric histopatho

logical lesions. Int J Cancer. 2020;147(11):3206–3214. doi:10.1002/ijc.33158
7. Marques MS, Melo J, Cavadas B, et al. Afadin downregulation by Helicobacter pylori induces epithelial to mesenchymal transition in gastric cells. 

Front Microbiol. 2018;9:2712. doi:10.3389/fmicb.2018.02712
8. Chaturvedi M, Mishra M, Pandey A, et al. Oxidative products of curcumin rather than curcumin bind to Helicobacter pylori virulence factor VacA 

and are required to inhibit its vacuolation activity. Molecules. 2022;27(19):6727. doi:10.3390/molecules27196727
9. Suzuki H, Mori H. World trends for H. pylori eradication therapy and gastric cancer prevention strategy by H. pylori test-and-treat. J Gastroenterol. 

2018;53(3):354–361. doi:10.1007/s00535-017-1407-1
10. Ito M, Tanaka S, Chayama K. Characteristics and early diagnosis of gastric cancer discovered after Helicobacter pylori eradication. Gut Liver. 

2021;15(3):338–345. doi:10.5009/gnl19418
11. Lin KD, Chiu GF, Waljee AK, et al. Effects of anti-Helicobacter pylori therapy on incidence of autoimmune diseases, including inflammatory 

bowel diseases. Clin Gastroenterol Hepatol. 2019;17(10):1991–1999. doi:10.1016/j.cgh.2018.12.014
12. Wang YK, Zhou JL, Meng NL, Zhu CY, Wang SN, Chen XD. How does Helicobacter pylori infection cause gastric mucosal atrophy. Infect Drug 

Resist. 2022;15:3619–3629. doi:10.2147/IDR.S355981
13. Wang Y, Shen L, Zhao G, et al. Histomorphological characteristics and pathological types of hyperproliferation of gastric surface epithelial cells. 

Gastroenterol Res Pract. 2021;2021:8828326. doi:10.1155/2021/8828326
14. Zhao G, Zhang Z, Li B, et al. Follow-up analysis and histopathological study of gastric mucosa in patients with Helicobacter pylori infection. 

J Int Med Res. 2021;49(12):3000605211055397. doi:10.1177/03000605211055397
15. Cheok YY, Tan GMY, Lee CYQ, Abdullah S, Looi CY, Wong WF. Innate immunity crosstalk with Helicobacter pylori: pattern recognition 

receptors and cellular responses. Int J mol Sci. 2022;23(14):7561. doi:10.3390/ijms23147561
16. Wang Y, Gao C, Yun T, et al. Assessment of ERBB2 and EGFR gene amplification and protein expression in gastric carcinoma by immunohis

tochemistry and fluorescence in situ hybridization. Mol Cytogenet. 2011;4(1):14. doi:10.1186/1755-8166-4-14
17. Wang YK, Chen Z, Yun T, et al. Human epidermal growth factor receptor 2 expression in mixed gastric carcinoma. World J Gastroenterol. 2015;21 

(15):4680–4687. doi:10.3748/wjg.v21.i15.4680
18. Wang YK, Wang SN, Li YY, et al. Methods and significance of the combined detection of HER2 gene amplification and chemosensitivity in gastric 

cancer. Cancer Biomark. 2018;21(2):439–447. doi:10.3233/CBM-170671
19. Niv Y, Banić M. Gastric barrier function and toxic damage. Dig Dis. 2014;32(3):235–242. doi:10.1159/000357855
20. Ralser A, Dietl A, Jarosch S, et al. Helicobacter pylori promotes colorectal carcinogenesis by deregulating intestinal immunity and inducing a 

mucus-degrading microbiota signature. Gut. 2023;72(7):1258–1270. doi:10.1136/gutjnl-2022-328075

https://doi.org/10.2147/IJGM.S474925                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2025:18 1356

Wang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1136/flgastro-2020-101571
https://doi.org/10.1007/s40656-021-00466-8
https://doi.org/10.1186/s12866-021-02315-x
https://doi.org/10.1177/2050640618819402
https://doi.org/10.1016/j.meegid.2018.09.015
https://doi.org/10.1002/ijc.33158
https://doi.org/10.3389/fmicb.2018.02712
https://doi.org/10.3390/molecules27196727
https://doi.org/10.1007/s00535-017-1407-1
https://doi.org/10.5009/gnl19418
https://doi.org/10.1016/j.cgh.2018.12.014
https://doi.org/10.2147/IDR.S355981
https://doi.org/10.1155/2021/8828326
https://doi.org/10.1177/03000605211055397
https://doi.org/10.3390/ijms23147561
https://doi.org/10.1186/1755-8166-4-14
https://doi.org/10.3748/wjg.v21.i15.4680
https://doi.org/10.3233/CBM-170671
https://doi.org/10.1159/000357855
https://doi.org/10.1136/gutjnl-2022-328075


21. Lewis OL, Keener JP, Fogelson AL. A physics-based model for maintenance of the pH gradient in the gastric mucus layer. Am J Physiol 
Gastrointest Liver Physiol. 2017;313(6):G599–G612. doi:10.1152/ajpgi.00221.2017

22. Clyne M, Dunne C, Dolan B. Investigating the interaction of Helicobacter pylori with the gastric mucosa. Methods mol Biol. 2021;2283:153–173.
23. Yang I, Nell S, Suerbaum S. Survival in hostile territory: the microbiota of the stomach. FEMS Microbiol Rev. 2013;37(5):736–761. doi:10.1111/ 

1574-6976.12027
24. Lina TT, Alzahrani S, Gonzalez J, Pinchuk IV, Beswick EJ, Reyes VE. Immune evasion strategies used by Helicobacter pylori. World 

J Gastroenterol. 2014;20(36):12753–12766. doi:10.3748/wjg.v20.i36.12753
25. Díaz P, Valenzuela Valderrama M, Bravo J, Quest AFG. Helicobacter pylori and gastric cancer: adaptive cellular mechanisms involved in disease 

progression. Front Microbiol. 2018;9:5. doi:10.3389/fmicb.2018.00005
26. Mirbagheri SA, Fu HC. Helicobacter pylori couples motility and diffusion to actively create a heterogeneous complex medium in gastric mucus. 

Phys Rev Lett. 2016;116(19):198101. doi:10.1103/PhysRevLett.116.198101
27. Gómez-Santos L, Alonso E, Díaz-Flores L, Madrid JF, Sáez FJ. Transdifferentiation of mucous neck cells into chief cells in fundic gastric glands 

shown by GNA lectin histochemistry. Tissue Cell. 2017;49(6):746–750. doi:10.1016/j.tice.2017.10.007
28. Suna N, Etik D, Öcal S, et al. The effect of Helicobacter pylori eradication on atrophic gastritis and intestinal metaplasia: a retrospective single 

center research. Acta Gastroenterol Belg. 2020;83(3):381–384.
29. Toyoshima O, Nishizawa T, Koike K. Endoscopic Kyoto classification of Helicobacter pylori infection and gastric cancer risk diagnosis. World 

J Gastroenterol. 2020;26(5):466–477. doi:10.3748/wjg.v26.i5.466
30. Wang Y-K, Shen L, Yun T, Yang B-F, Zhu C-Y, Wang S-N. Histopathological classification and follow-up analysis of chronic atrophic gastritis. 

World J Clin Cases. 2021;9(16):3838–3847.
31. Matsuzaki J, Tsugawa H, Suzuki H. Precision medicine approaches to prevent gastric cancer. Gut Liver. 2021;15(1):3–12. doi:10.5009/gnl19257
32. Take S, Mizuno M, Ishiki K, et al. Risk of gastric cancer in the second decade of follow-up after Helicobacter pylori eradication. Gastroenterol. 

2020;55(3):281–288.
33. Laird-Fick HS, Saini S, Hillard JR. Gastric adenocarcinoma: the role of Helicobacter pylori in pathogenesis and prevention efforts. Postgrad Med 

J. 2016;92(1090):471–477. doi:10.1136/postgradmedj-2016-133997
34. Link A, Bornschein J, Thon C. Helicobacter pylori induced gastric carcinogenesis - The best molecular model we have? Best Pract Res Clin 

Gastroenterol. 2021;50:101743. doi:10.1016/j.bpg.2021.101743
35. Matsuda H, Iwahori K, Takeoka T, et al. Helicobacter pylori infection affects the tumor immune microenvironment of esophageal cancer patients. 

Anticancer Res. 2024;44(9):3799–3805. doi:10.21873/anticanres.17205
36. Anthofer M, Windisch M, Haller R, et al. Immune evasion by proteolytic shedding of natural killer group 2, member D ligands in Helicobacter 

pylori infection. Front Immunol. 2024;15:1282680. doi:10.3389/fimmu.2024.1282680

International Journal of General Medicine                                                                                   

Publish your work in this journal 
The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal 
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of 
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

International Journal of General Medicine 2025:18                                                                                    1357

Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1152/ajpgi.00221.2017
https://doi.org/10.1111/1574-6976.12027
https://doi.org/10.1111/1574-6976.12027
https://doi.org/10.3748/wjg.v20.i36.12753
https://doi.org/10.3389/fmicb.2018.00005
https://doi.org/10.1103/PhysRevLett.116.198101
https://doi.org/10.1016/j.tice.2017.10.007
https://doi.org/10.3748/wjg.v26.i5.466
https://doi.org/10.5009/gnl19257
https://doi.org/10.1136/postgradmedj-2016-133997
https://doi.org/10.1016/j.bpg.2021.101743
https://doi.org/10.21873/anticanres.17205
https://doi.org/10.3389/fimmu.2024.1282680
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Materials
	Methods
	Immunohistochemical Staining
	FISH Detection
	Statistical Analysis

	Result
	Clinical Features
	The Histomorphologic Changes the Relationship of Glandular Epithelial Cells and Immune Cells During the Occurrence and Development of H.pylori Infection
	Histopathologic Characteristics of Glandular Epithelial Cells and Immune Cells During the Development and Progression of H.pylori Infection

	Discussion
	Study Approval Statement
	Consent to Participate Statement
	Disclosure

