7|0\

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.12998 / wijcc.v11.i16.3714

World Journal of
Clinical Cases

World | Clin Cases 2023 June 6; 11(16): 3714-3724

ISSN 2307-8960 (online)

MINIREVIEWS

Helicobacter pylori plays a key role in gastric adenocarcinoma
induced by spasmolytic polypeptide-expressing metaplasia

Mian-Li Li, Xin-Xin Hong, Wei-Jian Zhang, Yi-Zhong Liang, Tian-Tian Cai, Yi-Fei Xu, Hua-Feng Pan, Jian-Yuan
Kang, Shao-Ju Guo, Hai-Wen Li

Specialty type: Medicine, research
and experimental

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Haruma K, Japan; Lei
X, China

Received: January 4, 2023
Peer-review started: January 4,
2023

First decision: January 22, 2023
Revised: March 1, 2023
Accepted: April 23, 2023
Article in press: April 23, 2023
Published online: June 6, 2023

Jaishideng®

WJCC | https://www.wjgnet.com

Mian-Li Li, Department of Gastroenterology, Shenzhen Hospital of Integrated, Traditional
Chinese and Western Medicine, Shenzhen 518033, Guangdong Province, China

Xin-Xin Hong, Yi-Zhong Liang, Tian-Tian Cai, Yi-Fei Xu, Jian-Yuan Kang, Shao-Ju Guo, Hai-Wen Li,
Department of Gastroenterology, Shenzhen Traditional Chinese Medicine Hospital, Shenzhen
518033, Guangdong Province, China

Wei-Jian Zhang, Hua-Feng Pan, Science and Technology Innovation Center, Guangzhou
University of Traditional Chinese Medicine, Guangzhou 510405, Guangdong Province, China

Corresponding author: Hai-Wen Li, MD, Professor, Department of Gastroenterology, Shenzhen
Traditional Chinese Medicine Hospital, No. 1 Fuhua Road, Futian District, Shenzhen 518033,
Guangdong Province, China. 37006294 1(@qq.com

Abstract

Heliobacter pylori (H. pylori), a group 1 human gastric carcinogen, is significantly
associated with chronic gastritis, gastric mucosal atrophy, and gastric cancer.
Approximately 20% of patients infected with H. pylori develop precancerous
lesions, among which metaplasia is the most critical. Except for intestinal
metaplasia (IM), which is characterized by goblet cells appearing in the stomach
glands, one type of mucous cell metaplasia, spasmolytic polypeptide-expressing
metaplasia (SPEM), has attracted much attention. Epidemiological and clinico-
pathological studies suggest that SPEM may be more strongly linked to gastric
adenocarcinoma than IM. SPEM, characterized by abnormal expression of trefoil
factor 2, mucin 6, and Griffonia simplicifolia lectin II in the deep glands of the
stomach, is caused by acute injury or inflammation. Although it is generally
believed that the loss of parietal cells alone is a sufficient and direct cause of
SPEM, further in-depth studies have revealed the critical role of immunosignals.
There is controversy regarding whether SPEM cells originate from the transdiffer-
entiation of mature chief cells or professional progenitors. SPEM plays a
functional role in the repair of gastric epithelial injury. However, chronic inflam-
mation and immune responses caused by H. pylori infection can induce further
progression of SPEM to IM, dysplasia, and adenocarcinoma. SPEM cells upre-
gulate the expression of whey acidic protein 4-disulfide core domain protein 2
and CD44 variant 9, which recruit M2 macrophages to the wound. Studies have
revealed that interleukin-33, the most significantly upregulated cytokine in
macrophages, promotes SPEM toward more advanced metaplasia. Overall, more
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effort is needed to reveal the specific mechanism of SPEM malignant progression driven by H.
pylori infection.

Key Words: Gastric cancers; Helicobacter pylori; Intestinal metaplasia; Macrophages; Spasmolytic
polypeptide-expressing metaplasia
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Core Tip: Spasmolytic polypeptide-expressing metaplasia (SPEM), induced by Heliobacter pylori (H.
pylori) infection in humans, is strongly associated with gastric adenocarcinoma. Chronic inflammation and
immune responses caused by H. pylori infection play important roles in the malignant progression of
SPEM. Recent studies suggest that CD44 variant 9 and whey acidic protein 4-disulfide core domain
protein 2 expressed by SPEM leads to M2 macrophage recruitment. Furthermore, M2 macrophages
upregulate the expression of interleukin 33, which eventually promotes malignant progression.
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INTRODUCTION

The Working Group Meeting of the International Agency for Research on Cancer with the World Health
Organization has classified Helicobacter pylori (H. pylori) as a group 1 human gastric carcinogen. H. pylori
colonizes the gastric mucosa of more than half of the world’s population[1]. Epidemiological studies in
humans and experiments in rodents have shown that H. pylori infection, the accompanying immune
response, and chronic inflammation are closely related to the occurrence and progression of gastric
adenocarcinoma[2-5]. Alterations in gland cell lineages between normal and metaplasia cells, including
intestinal metaplasia (IM) and spasmolytic polypeptide-expressing metaplasia (SPEM), are key
processes in H. pylori-induced gastric cancer. Gastric cancer is one of the most common and deadly
cancers worldwide, leading to the death of nearly 1 million of people every year[6]. Approximately 95%
of gastric cancers are adenocarcinomas derived from the glandular epithelium of the gastric mucosa[7].
This theory (called the Correa pathway) was first proposed by Correa and Piazuelo[8] in 1975 and was
updated in 1992[8]. The progression was later recognized as normal gastric mucosa — superficial
gastritis (later renamed non-atrophic gastritis — multifocal atrophic gastritis without IM — IM of the
complete (small intestine) type — IM of the incomplete (colonic) type — low-grade dysplasia (low-
grade noninvasive neoplasia) — high-grade dysplasia (high-grade noninvasive neoplasia) — invasive
adenocarcinoma[8]. Among these stages, IM is of great interest to pathologists because the intestinal
mucosa containing goblet cells is found in the stomach. Follow-up studies focused on IM suggest that it
is a useful biomarker for gastric cancer risk. However, recent studies have revealed the existence of a
second metaplastic lineage, SPEM[9]. SPEM, characterized by abnormal expression of spasmolytic
polypeptide (SP)/trefoil factor 2 (TFF2) in the deep glands of the stomach, is a type of mucous cell
metaplasia caused by acute injury or inflammation. SPEM also expresses mucinous molecular markers,
such as mucin 6 (MUC6) and Griffonia simplicifolia lectin II (GSII)[10]. This underappreciated type of
mucous metaplasia has been described with various names, including pseudo-pyloric metaplasia,
mucous metaplasia, or antralization of the corpus. Numerous studies have reported that SPEM may
have a stronger link to gastric adenocarcinoma than IM, and is a neoplastic precursor of gastric
adenocarcinoma in humans[3,4,11]. Epidemiological studies in the United States, Japan, and Iceland
showed that SPEM, typically located in the mucosa adjacent to the carcinoma or areas of dysplasia, was
associated with > 90% of resected gastric cancers and > 50% of early gastric cancers[9,11]. Additionally,
a clinicopathological study in patients from Korea suggested that TFF2 expression plays a role in gastric
cancer invasion[12]. Previous studies have reported that SPEM and IM often co-exist in people with
atrophic gastritis caused by chronic H. pylori infection[13,14]. Notably, SPEM and IM are two different
lineages of metaplastic cells. SPEM are cells marked by the expression of TFF2 and MUCS6, while the
characteristic markers of IM are TFF3, MUC2 and Caudal-related homeobox transcription factor
2(CDX2)[15]. The current mainstream view is that the progression of SPEM leads to IM. According to
immunocytochemical evidence, SPEM expressing TFF3 and MUC2 has been reported; therefore,
intermediates of intestinalized SPEM may exist that reflect evolution of metaplastic phenotypes[13].
However, one study also found Muscle intestine stomach expression 1(MIST1) and CDX2 double
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positive SPEM cells, indicating that IM may not come from a single pathway of SPEM progression[14].

THE CHARACTERISTICS OF SPEM

SPEM is induced by the loss of parietal cells in combination with additional signals

Initially, it was believed that the loss of parietal cells (oxyntic atrophy) alone was a sufficient and direct
cause of SPEM[16]. Studies examining the predisposing factors of SPEM in mice have demonstrated that
SPEM develops after parietal cell loss and chronic Helicobacter infection or acute injury due to
treatment with DMP-777, L-635, or high-dose tamoxifen[17-19]. SPEM caused by H. pylori infection is
discussed separately in the following sections. Here, SPEM induced by drug treatment in a mouse
model is discussed. Three drugs, DMP-777, L-635, and tamoxifen, have frequently been used to study
the progression of SPEM in mice because they induce acute parietal cell loss of mucous glands, which
leads to the development of TFF 2-expressing metaplasia (SPEM)[16,19-22]. DMP-777, a parietal cell-
specific protonophore, can partition into the apical acid secretory membranes of parietal cells, leading to
acute death after acid secretion[4,23]. DMP-777 is also a potent neutrophil elastase inhibitor, does not
elicit a significant inflammatory response to the acute parietal cell loss. L-635 is an analog of DMP-777
with the same ability to specifically kill parietal cells without inhibiting the inflammatory response[4,
23]. Tamoxifen, a selective estrogen-receptor modulator, is widely used in chemotherapy and to treat
osteomalacia. However, one study found that treatment of normal mice with a single > 3 mg/20 g body
weight dose of tamoxifen led to > 90% apoptosis of all gastric parietal cells, and expression of mucous
neck cell marker TFF2 which occurred at the base of mucous glands[19,24-26]. SPEM is induced by these
drugs, causing the loss of parietal cells and altering the orderly differentiation of gastric mucosal cell
lineages. However, the mechanism by which this occurs remains unclear (Table 1). In addition, SPEM
was found in a rodent animal model that had received preoperative nitrite carcinogen administration
and developed post-gastrectomy syndrome[27]. Parietal cells secrete several epidermal growth factor
(EGF) receptor ligands, including transforming growth factor (TGF)-o, amphiregulin (AR), and heparin-
binding EGF-like growth factor[28-31], which regulate differentiation and epithelial cell function.
Therefore, altering the levels of these EGF receptor ligands may contribute to the emergence of SPEM.
Previous studies using AR knockout and TGF-a knockout mice showed that the loss of TGF-a did not
influence the induction of SPEM and loss of AR caused an acceleration and augmentation in the
induction of SPEM[4,32]. Additionally, the AR-null mouse model represents the first mouse model for
the spontaneous development of fundic SPEM with progression to IM and neoplasia. An increasing
number of trials are underway to decipher the precise mechanism of the progression from parietal cell
loss to SPEM. Additional signals, such as cytokines secreted by immune cells, are also important for the
progression of SPEM. As the necessities of th2 cytokine induction in the stomach, interleukin (IL)-33
signaling pathway has been proved indispensable for the development of metaplasia after parietal cell
loss. Interestingly, IL33 KO (IL33 knockout), ST2 KO (IL33 receptor knockout, ST2, knockout), and IL13
KO (IL13 knockout) mice treated with either L-635 or DMP-777 did not develop metaplasia following
acute parietal cell loss. IL-33 signaling drives M2 macrophage polarization, which is associated with
progression toward more advanced metaplasia[33,34]. Although the association between the immune
phenotype and SPEM remains unclear, there is growing evidence that some immune factors lead to the
development of SPEM. For example, interferon-y (IFN-y), the most abundant cytokine detected in the
highly complex cytokine milieu of atrophic gastritis, contributes to the emergence of SPEM[35]. An
investigation showed that IFN-y causes gastric epithelial cells expressing the IFN-y receptor to die and
promotes the progression from gastritis caused by anti-parietal T-cells to atrophic gastritis and SPEM
[33]. Overall, After the loss of parietal cells, inflammatory factors, as additional signals, are crucial for
the production of SPEM. Specifically, IL13, IL33 and their receptor ST2 have been found to play an
indispensable role. In addition, overexpression of IFN-y also causes parietal cell death and induces
SPEM. At present, it is not clear why parietal cell loss induces SPEM, but the absence of AR secreted by
parietal cells may be the key factor (Table 2).

SPEM cells may arise from different types of cells besides mature chief cells and professional

progenitors

There are two hypotheses regarding the derivation of SPEM cells: (1) These metaplastic cells arise from
cryptic professional progenitors that enter an abnormal differentiation state stimulated by the
environment; and (2) SPEM cells originate from transdifferentiation of mature chief cells. Increasing
experimental evidence from human and rodent models supports the latter hypothesis. In 2009, Nam et al
[4] performed lineage tracing of chief cells using Mist1CreER/+ mice, in which Mistl was chief cell-
restricted expression, to examine to origin of SPEM lineages. Initially, complete separation of TFF2
immune-stained mucous neck cells and X-gal stained Mist1-expressing chief cells were observed in the
fundus. After the 10-d period after tamoxifen treatment, basal glandular cells labeled with antibodies
against TFF2 were observed, which concomitantly showed B-galactosidase enzymatic activity,
indicating that these SPEM cells were derived from mature, Mistl-expressing chief cells[16]. In 2017,
Radyk et al[36] successfully induced SPEM in mice using a non-genetic approach by intraperitoneal
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Table 1 Characteristics of various spasmolytic polypeptide-expressing metaplasia inducers

Time to
Inducers of " .
Pharmacological action Inflammatory response Dosage and usage onsetof Notes
SPEM
SPEM
DMP-777 It may cause backwash of acid ~ No significant inflammatory ~ >200 mg/kg/d, oral 7-10d (1) SPEM induced by these drugs
into the cell leading to parietal —response in reaction the acute gavage may completely revert to normal
cell death parietal cell loss mucosal cell lineages after a
withdrawal period, despite the
L-635 Same as DMP-777 A prominent submucosal and 350 mg/kg/d, oral  3d profound oxyntic atrophy and
intramucosal inflammatory gavage SPEM; and (2) L-635 and tamoxifen
infiltrate is observed elicit parietal cell loss and induce
SPEM faster than DMP-777, because
Tamoxifen = Same as DMP-777 Inflammatory is scant than L- >3 mg/20 g body 3d of the inflammation cause by L-635
635 weight dose, oral or and tamoxifen

intra-peritoneal

SPEM: Spasmolytic polypeptide-expressing metaplasia.

Table 2 The influence of the absence of additional signals and epidermal growth factor

Genotype SPEM M Neoplasia
AR-null mouse Yes Yes Yes
TGF-o-null mouse No No No
IL33 KO mouse + L635 No No No
ST2 KO mouse + L635 No No No
IL13 KO mouse + L635 No No No
IFN-y overexpression mouse Yes No No

SPEM: Spasmolytic polypeptide-expressing metaplasia; AR: Amphiregulin; TGF: Transforming growth factor; IL: Interleukin; IFN: Interferon; IM:
Intestinal metaplasia; KO: Knockout.

injections of 5-fluorouracil, which blocked gastric cell proliferation, and tamoxifen. In this study, a
similar magnitude of gastric intrinsic factor (GIF)* cell loss and GIF*GSII* SPEM cell increase was
observed at the gland base, indicating that SPEM developed in the absence of cell proliferation;
therefore, it did not arise from stem cells. Then, histological analysis were used to investigate gastric
resection specimens from 10 patients with adenocarcinoma and found normal zymogenic chief cells that
were transitioning into SPEM cells only in the gland bases, rather than the proliferative stem cell zone
[36]. Recent studies have shown that SPEM is derived from mature chief cells. Caldwell et al[37] used a
GIF-green fluorescent protein (GIF-GFP) marker to trace the cell lineage of mice during the develo-
pment of acute metaplasia after L-635 treatment, and performed co-immunofluorescence staining for
various gastric lineage markers. These results demonstrated that SPEM cells predominantly transdiffer-
entiated from GFP-expressing chief cells, rather than proliferating isthmal progenitor cells, thereby
providing pivotal evidence for cell lineage contributions from differentiated gastric chief cells[37]. In
contrast, Hata et al[38] identified G protein-coupled receptor 30 (GPR30), the G-protein-coupled form of
the estrogen receptor, as a chief cell-specific marker of mice to trace the gland cell lineage during the
development of SPEM[38]. This study found no evidence of lineage expansion from GPR30* chief cells
after treatment with tamoxifen and suggested that GSII+GIF+ SPEM may not be a sign of chief cell
dedifferentiation but represent a regenerative expansion of neck cells in response to chief cell depletion.
Although the hypotheses regarding the origin of SPEM remain divisive, more studies are investigating
the mechanism of SPEM cell differentiation, with the mainstream belief being that SPEM cells arise from
transdifferentiation of mature chief cells.

SPEM plays a functional role in repairing gastric epithelial injury

The complex process of tissue repair in gastric ulcers involves re-epithelialization and regeneration[39].
Ulcer-associated cell lineages (UACL) greatly contributes to epithelial regeneration, proliferation, and
differentiation into intestinal crypts of the injured gastric tissue[39,40]. Recent studies have claimed that
SPEM is always localized to the base of the ulcer margin in the stomach mucosa, in a position similar to
that of the UACL after severe gastric injury[41]. Data from numerous pathologists have demonstrated
that SPEM also represents the major reparative lineage responsible for wound healing. Engevik et al[42]
determined the quality of ulcer repair with advancing age in mice and found that the emergence of
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SPEM within the ulcerated region in young mice coincided and disappeared when the mucosa returned
to its normal compendium of cell lineages, a response that was absent in aged mice with a weaker
capacity for repair injury[42]. This study suggests that SPEM might secrete the growth factors and
cytokines necessary for wound repair in ulcers and is correlated with age. Therefore, further research
performed by Aihara et al[43] revealed that TFF2 expression by SPEM has a central role in gastric injury
and repair[43]. TFF2 was upregulated and sustained in mice with gastric ulcers induced by acetic acid
application, and promoted gastric healing after injury through anti-apoptotic and motogenic (cell
migratory) activities[44-47]. Gastric ulcer healing was strongly delayed in TFF2 knockout mice,
suggesting that TFF2 is markedly involved in the initial closure of an ulcer[43]. The development of
SPEM is also followed by the expression of CD44 variant isoform 9 (CD44v9), which contributes to
defense against reactive oxygen species (ROS); therefore, promoting tumor growth[48-50]. CD44v9
expression emerged at the ulcer margin during gastric ulcer repair and was rarely expressed as the
gastric epithelium healed. While CD44 KO mice demonstrated loss of epithelial repair ability, CD44 KO
mice transplanted with CD44v9-expressing gastric organoids demonstrated epithelial repair comparable
to that of the normal group[51]. These data suggested that CD44 contributes to gastric ulcer repair.

The progression from normal gastric mucosa to SPEM is dynamic and consecutive

The mature chief cell, differentiated from mucous neck cells migrating toward the bottom of the glands,
expresses not only pepsinogen but also GPR30, helix-loop-helix transcription factor Mist1, and GIF[52].
Unlike chief cells, SPEM, is a type of mucous cell metaplasia characterized by the expression of TFF2,
MUCS6, CD44v9, and GSII[10]. Immunohistochemistry is widely used to monitor different cell locations,
proliferation states, and survival stages, based on differences in expression levels and reveals the
dynamic and consecutive transformation of glandular molecular expression profiles during metaplasia
[53]. Dual immunofluorescence staining for TFF2 and GIF in Hp-infected Mongolian gerbils revealed
that SPEM exhibits TFF2 and GIF double-staining at the bases of glands in the earlier stages. However,
over the time of infection, GIF staining progressively decreased and single staining was observed with
anti-TFF2[3]. Similarly, in resection and gastric tissue microarray (TMA) samples obtained from SPEM
lesions from the USA and Republic of Korea, TFF2+/MIST1+ and TFF2+/MIST1- SPEM cells were
observed coincidentally[14]. Lennerz described these samples as exhibiting hybrid-SPEM and
established SPEM because MIST1 expression was restricted to the chief cell compartment in the normal
oxyntic mucosa[14]. This suggests that the transdifferentiation of master cells is a continuous process, in
which the characteristics of chief cells are gradually reduced and the cell expression profile is
transformed from mature master cells to SPEM. Single-cell RNA sequencing of two SPEM phenotypes
(Tff2+Muc6+Gif+ and Tff2+Muc6+Gif-) revealed that Gif+ and Gif- TFF2-expressing mucinous cells
exhibit nearly indistinguishable transcriptomes[54]. Different metaplastic cells exhibit overwhelming
overlap in physical location within the gastric unit, implying that Gif expression is gradually lost during
the development of SPEM, and they share an ontology rather than a separation into unique subsets[54].
Therefore, it is conceivable that a pathological definition of SPEM includes cells that do not express
mature chief cell transcripts, such as Gif in the murine stomach.

THE LINK BETWEEN H. PYLORI INFECTION AND SPEM

H. pylori infection is not only a predisposing factor for SPEM but also causes chronic inflammation and
immune response which promotes SPEM development. H. pylori infection is the major predisposing
factor for gastric cancer, as it causes parietal cell loss and induces the development of SPEM.
Additionally, in the presence of ongoing inflammation, metaplasia evolves and expands[16,21,23,27,34].

The presence of SPEM promoted the colonization and spread of H. pylori

H. pylori attaches to the gastric epithelium primarily through the binding of two bacterial adhesins,
BabA11l and SabA,12 to the glycosylated receptors Lewis B (Leb) and sialyl-Lewis X (sLex), respectively
[55]. sLex extends deep into the metaplastic neck and gland base, and accompanies SPEM progression in
the stomach. Therefore, H. pylori can access deeper regions along the gastric corpus units, which protects
H. pylori from the harsher, more acidic environment near the gastric lumen[56]. This mechanism allows
H. pylori to advance the infected area throughout the stomach by binding to the expanded sLex.
Furthermore, because H. pylori interacts with the injured corpus epithelium and may lead to an accumu-
lation of mutations within metaplastic cells, increased expression of sLex indicates poor prognosis in
gastric adenocarcinomal57].

Chronic inflammation and immune response caused by H. pylori infection exacerbates SPEM

malignant transformation

SPEM appears to be a traumatic stress mechanism to repair the gastric mucosa in the event of acute
injury. After the injury is repaired, the gastric glands return to normal. One study, using a tamoxifen-
induced SPEM mouse model, showed that SPEM cells are able to re-differentiate into chief cells
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following recovery from injury without chronic inflammation[58]. However, the continuous expansion
of H. pylori infection causes chronic inflammatory infiltration, which changes the expression of SPEM
and leads to the development of dysplasia or IM. SPEM development as a result of H. pylori infection is
focused on as it is the most common situation of SPEM development in humans. Gastric epithelial cells
adhere to each other through tight junctions (TJs), sealing intercellular spaces to maintain epithelial
barrier function and mucosal homeostasis[59-61]. The stomach-type claudin-18 (stCLDN-18) is the
predominant claudin expressed in the stomach, resisting H+ and pepsin leakage[62]. One study found
that H. pylori infection in mice resulted in focal loss, attenuation, and disruption of CLDN18 in gastric
epithelial cells and showed parietal cell loss and SPEM characteristics[10]. Further study using stCLDN-
18 gene knockout mice showed that stCIDN-18 deficiency causes gastric tumor emergence via cytokine,
stemness, and Wnt signaling-activated pathways[63]. Once H. pylori or inflammation attenuates the
expression of stCLDN18, adenocarcinoma progression occurs spontaneously[10]. This could be
attributed to the SPEM development; however, the detailed mechanisms are unclear. To identify the
commonalities and differences between SPEM lineages induced by three different methods, Weis et al
[20] used three different mouse models of parietal cell loss, chronic inflammation with Helicobacter felis
infection, acute inflammation with L-635 treatment, and without inflammation following DMP-777
treatment[20]. The RNA transcripts showed that while markers such as whey acidic protein (WAP) 4-
disulfide core domain protein 2 (WFDC?2, also named HE4) and clusterin (Clu) are expressed in all three
phenotypic SPEM lineages, cytokines such as cystic fibrosis transmembrane conductance regulator,
which is expressed only in IM in humans, are only upregulated in metaplasia associated with chronic
inflammation. These data indicate that distinct heterogeneity is present in three different SPEM mice
models, but inflammatory infiltration leads to the evolution of metaplasia toward a more proliferative
lineage. Overall, inflammation is a key factor in the progression of SPEM to a more aggressive
metaplastic phenotype. Another important factor related to H. pylori infection that promotes SPEM
toward gastric cancer is the immune response. MicroRNAs (miRNAs) are critical post-transcriptional
regulators of gene expression[64,65]. miRNA sequencing, which investigated mice infected with H. felis,
showed that several miRNAs were highly expressed in normal chief cells but downregulated in SPEM
cells, and a decrease in miR148a in chief cells induced upregulation of CD44v9, one of the transcripts
expressed at an early stage of SPEM development[66]. These results suggest that miR-148a regulates
early reprogramming of chief cells and the process of transdifferentiation into SPEM[66]. CD44v9 plays
a critical role in wound repair and recruits macrophages, key immune cells, and secretes cytokines,
chemokines, and pro-angiogenic factors that are necessary for repair. Marked infiltration of
macrophages was observed around the SPEM, and were positive for the M2 marker and hemoglobin
scavenger receptor CD163, suggesting M2 polarization[34,67,68]. Although M2 macrophages are linked
to repair and are anti-inflammatory, they have been shown to promote neoplasia[69]. The occurrence
and development of SPEM are closely related to macrophages. Firstly, L635-treated macrophage-
depleted mice demonstrated a significant reduction in SPEM cell numbers, indicating that macrophage
infiltration may promote the production of SPEM cells[70]. Secondly, after SPEM induction, WFDC2
secreted by SPEM cells has been confirmed to induce M2 macrophage polarization and up-regulate the
secretion of IL33 by macrophages to advance SPEM[70,71]. Studies of mouse models and human
metaplastic tissues indicate that M2-macrophages promote the progression of metaplasia toward a more
proliferative and advanced phenotype[34]. Petersen ef al[34,71] used RNA sequencing to analyze
macrophages from the stomach corpus of mice with SPEM and identified an M2a-polarized macrophage
population. Additionally, IL-33, an IL-1 family member, was the most significantly upregulated
cytokine in macrophages, which drives M2 macrophage polarization associated with the progression
toward more advanced metaplasia[34,71]. Another study investigating the function of IL33 and IL33
receptor ST2 showed that IL33/ST2 promoted the malignant progression of gastric cancer cells[72]. In
addition, Jeong et al[70] observed a similar phenomenon; WFDC2, a small secretory protein highly
expressed in fibrosis, lung cancer, and stomach cancer in humans, was able to induce M2 macrophage
polarization and IL33 production in mice. Wfdc2-knockout mice treated with DMP-777, L-635, or high-
dose tamoxifen showed remarkable resistance to SPEM development. However, M2 macrophage
polarization, IL33 production, and SPEM development were observed after treatment with recombinant
WEFDC2[70] (Figure 1). Therefore, after the SPEM induced, WFDC2 secreted by SPEM has been
confirmed to induce M2 macrophage polarization and up-regulate the secretion of IL33 by macrophages
to advance SPEM[70,71]. However, whether high WFDC2 gene expression affects the poor prognosis of
SPEM through the WFDC2 protein or other pathways remains controversial. We found that upregu-
lation of WFDC2 gene expression was accompanied by WFDC2 protein reduction in SPEM murine
models with chronic H. pylori inflammation (data not shown). Similarly, a previous report showed that
serum WFDC2 Levels were not altered in patients with gastric cancer[73]. These studies suggest that H.
pylori infection, leading to the loss of parietal cells, induces SPEM emergence and upregulation of
CD44V9 and WFDC2 expression under chronic inflammation and immune responses. CD44V9 and
WEFDC2 recruit M2 macrophages and release IL33 to advance SPEM malignant progression, which may
be the potential mechanism of gastric cancer (Figure 2).
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Figure 1 Alteration of glandular cells during spasmolytic polypeptide-expressing metaplasia malignant progression due to Heliobacter
pylori infection. Under the influences of chronic inflammation, CD44 variant 9, and whey acidic protein 4-disulfide core domain protein 2 produced by spasmolytic
polypeptide-expressing metaplasia (SPEM) malignant cells, M1 and M2 polarization is induced in local macrophages, after which M1 polarized macrophages will
secrete interferon-y, which is one of the important inflammatory factors that aggravate local inflammation. M2 polarization causes macrophages to secrete large
amounts of interleukin-33, which aggravates the transdifferentiation of mature master cells and promotes the malignant progression of SPEM. Citation: Created with
BioRender.com. (Supplementary material). SPEM: Spasmolytic polypeptide-expressing metaplasia; IL: Interleukin; WFDC: Whey acidic protein 4-disulfide core
domain protein 2; CD44v9: CD44 variant isoform 9.
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Figure 2 Influence of immune cells and cytokines on spasmolytic polypeptide-expressing metaplasia development. Parietal cells of fundic
glands are gradually lost and mature chief cells transdifferentiate into spasmolytic polypeptide-expressing metaplasia (SPEM) in gland bases due to the chronic
inflammation caused by Helicobacter pylori infection. In earlier stages, trefoil factor (TFF) 2+/MIST1+ and TFF2+/MIST1- SPEM cells appear at the bases of the same
glands. As the inflammation progresses, MIST1 and TFF2 double-positive SPEM cells are gradually replaced by TFF2+/MIST1- cells, in which high expression of
CD44V9 and whey acidic protein 4-disulfide core domain protein 2 and macrophage M2 polarization play important roles leading glands to intestinal metaplasia
characterized by goblet and Paneth cells. Citation: Created with BioRender.com. (Supplementary material). IFN: Interferon; IL: Interleukin; WFDC: Whey acidic
protein 4-disulfide core domain protein 2; CD44v9: CD44 variant isoform 9.

CONCLUSION

Alterations in gland cell lineages between normal and metaplastic cells, including in IM and SPEM, are
key processes in H. pylori-induced gastric cancer. SPEM, induced by the loss of parietal cells, is a type of
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mucous cell metaplasia characterized by abnormal expression of TFF2 in the deep glands of the
stomach. It is generally believed that SPEM cells arise following transdifferentiation of mature chief cells
and represent the major reparative lineage responsible for wound healing. However, the chronic inflam-
mation and immune response caused by H. pylori infection exacerbates the transformation of SPEM into
cancerous malignancies. The mechanism of how H. pylori causes parietal cell loss remains unclear,
although it may be related to the disruption of CLDN18 in gastric epithelial cells. After parietal cell loss,
SPEM emerges in the deep glands of the stomach. CD44V9 and WFDC2 secreted by the SPEM cells
recruit macrophages and drive M2 polarization; thus, up-regulating inflammatory factors such as IL33
and IFN-y to promote the progression of SPEM to IM and adenoma. Further studies on the specific
association between SPEM and adenocarcinomas are needed.

FOOTNOTES

Author contributions: Li ML and Li HW conceptualized the and wrote the initial manuscript; Hong XX and Zhang
W] conceptualized the table and figures; Liang YZ and Cai TT performed the literature search; Xu YF and Kang JY
conceptualized the structure of the text; Pan HF and Guo S] supervised and approved the final version of the review.

Supported by the Guangdong Basic and Applied Basic Research Foundation, No. 2020A1515110947; the National
Natural Science Foundation of China, No. 82104747; the Scientific Research Project of Guangdong Bureau of
Traditional Chinese Medicine, No. 20231303; and the Guangdong Provincial Key Research and Development Plan,
No. 2020B1111100011.

Conflict-of-interest statement: Li HW is an employee of Shenzhen Traditional Chinese Medicine Hospital.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license
their derivative works on different terms, provided the original work is properly cited and the use is non-

commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/
Country/Territory of origin: China

ORCID number: Mian-Li Li 0000-0003-0773-3365; Xin-Xin Hong 0000-0001-8721-9715; Wei-Jian Zhang 0000-0001-5658-
6299; Yi-Zhong Liang 0000-0003-4838-9169; Tian-Tian Cai 0000-0002-5776-4816; Yi-Fei Xu 0000-0002-1563-8811; Hua-
Feng Pan 0000-0001-6744-3058; Jian-Yuan Kang 0000-0003-1589-1312; Shao-Ju Guo 0000-0003-4176-5803; Hai-Wen Li
0000-0002-4340-9565.

S-Editor: Li L
L-Editor: A
P-Editor: Wu RR

REFERENCES

1 The report of the Digestive Health InitiativeSM International Update Conference on Helicobacter pylori. Gastroenterology

1997; 113: S4-S8 [PMID: 9417405 DOI: 10.1016/s0016-5085(97)80003-0]

Yamaguchi H, Goldenring JR, Kaminishi M, Lee JR. Identification of spasmolytic polypeptide expressing metaplasia

(SPEM) in remnant gastric cancer and surveillance postgastrectomy biopsies. Dig Dis Sci 2002; 47: 573-578 [PMID:

11911345 DOLI: 10.1023/a:1017920220149]

3 Yoshizawa N, Takenaka Y, Yamaguchi H, Tetsuya T, Tanaka H, Tatematsu M, Nomura S, Goldenring JR, Kaminishi M.
Emergence of spasmolytic polypeptide-expressing metaplasia in Mongolian gerbils infected with Helicobacter pylori. Lab
Invest 2007; 87: 1265-1276 [PMID: 18004396 DOI: 10.1038/Labinvest.3700682]

4 Nam KT, Lee HJ, Mok H, Romero-Gallo J, Crowe JE Jr, Peek RM Jr, Goldenring JR. Amphiregulin-deficient mice

develop spasmolytic polypeptide expressing metaplasia and intestinal metaplasia. Gastroenterology 2009; 136: 1288-1296

[PMID: 19230855 DOI: 10.1053/j.gastro.2008.12.037]

Bredemeyer AJ, Geahlen JH, Weis VG, Huh WJ, Zinselmeyer BH, Srivatsan S, Miller MJ, Shaw AS, Mills JC. The

gastric epithelial progenitor cell niche and differentiation of the zymogenic (chief) cell lineage. Dev Biol 2009; 325: 211-

224 [PMID: 19013146 DOI: 10.1016/j.ydbi0.2008.10.025]

6 Chiang TH, Chang WJ, Chen SL, Yen AM, Fann JC, Chiu SY, Chen YR, Chuang SL, Shieh CF, Liu CY, Chiu HM,
Chiang H, Shun CT, Lin MW, Wu MS, Lin JT, Chan CC, Graham DY, Chen HH, Lee YC. Mass eradication of
Helicobacter pylori to reduce gastric cancer incidence and mortality: a long-term cohort study on Matsu Islands. Gut
2021; 70: 243-250 [PMID: 32792335 DOI: 10.1136/gutjnl-2020-322200]

7 Schwartz GK. Invasion and metastases in gastric cancer: in vitro and in vivo models with clinical correlations. Semin
Oncol 1996;23: 316-324 [PMID: 8658215]

8 Correa P, Piazuelo MB. The gastric precancerous cascade. J Dig Dis 2012; 13: 2-9 [PMID: 22188910 DOI:

N

W

WJCC | https://www.wjgnet.com 3721 June 6,2023 | Volumell | Issuel6 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-0773-3365
http://orcid.org/0000-0003-0773-3365
http://orcid.org/0000-0001-8721-9715
http://orcid.org/0000-0001-8721-9715
http://orcid.org/0000-0001-5658-6299
http://orcid.org/0000-0001-5658-6299
http://orcid.org/0000-0003-4838-9169
http://orcid.org/0000-0003-4838-9169
http://orcid.org/0000-0002-5776-4816
http://orcid.org/0000-0002-5776-4816
http://orcid.org/0000-0002-1563-8811
http://orcid.org/0000-0002-1563-8811
http://orcid.org/0000-0001-6744-3058
http://orcid.org/0000-0001-6744-3058
http://orcid.org/0000-0003-1589-1312
http://orcid.org/0000-0003-1589-1312
http://orcid.org/0000-0003-4176-5803
http://orcid.org/0000-0003-4176-5803
http://orcid.org/0000-0002-4340-9565
http://orcid.org/0000-0002-4340-9565
http://www.ncbi.nlm.nih.gov/pubmed/9417405
https://dx.doi.org/10.1016/s0016-5085(97)80003-0
http://www.ncbi.nlm.nih.gov/pubmed/11911345
https://dx.doi.org/10.1023/a:1017920220149
http://www.ncbi.nlm.nih.gov/pubmed/18004396
https://dx.doi.org/10.1038/Labinvest.3700682
http://www.ncbi.nlm.nih.gov/pubmed/19230855
https://dx.doi.org/10.1053/j.gastro.2008.12.037
http://www.ncbi.nlm.nih.gov/pubmed/19013146
https://dx.doi.org/10.1016/j.ydbio.2008.10.025
http://www.ncbi.nlm.nih.gov/pubmed/32792335
https://dx.doi.org/10.1136/gutjnl-2020-322200
http://www.ncbi.nlm.nih.gov/pubmed/8658215
http://www.ncbi.nlm.nih.gov/pubmed/22188910

Li ML et al. H. pylori; spasmolytic polypeptide-expressing metaplasia

Jaishideng®

9

10

19

20

21

10.1111/5.1751-2980.2011.00550.x]

Schmidt PH, Lee JR, Joshi V, Playford RJ, Poulsom R, Wright NA, Goldenring JR. Identification of a metaplastic cell
lineage associated with human gastric adenocarcinoma. Lab Invest 1999; 79: 639-646 [PMID: 10378506]

Hagen SJ, Ang LH, Zheng Y, Karahan SN, Wu J, Wang YE, Caron TJ, Gad AP, Muthupalani S, Fox JG. Loss of Tight
Junction Protein Claudin 18 Promotes Progressive Neoplasia Development in Mouse Stomach. Gastroenterology 2018;
155: 1852-1867 [PMID: 30195448 DOI: 10.1053/j.gastro.2018.08.041]

Halldorsdottir AM, Sigurdardottrir M, Jonasson JG, Oddsdottir M, Magnuisson J, Lee JR, Goldenring JR. Spasmolytic
polypeptide-expressing metaplasia (SPEM) associated with gastric cancer in Iceland. Dig Dis Sci 2003; 48: 431-441
[PMID: 12757153 DOI: 10.1023/a:1022564027468]

Dhar DK, Wang TC, Maruyama R, Udagawa J, Kubota H, Fuji T, Tachibana M, Ono T, Otani H, Nagasue N. Expression
of cytoplasmic TFF2 is a marker of tumor metastasis and negative prognostic factor in gastric cancer. Lab Invest 2003; 83:
1343-1352 [PMID: 13679442 DOI: 10.1097/01.1ab.0000085190.99749.15]

Goldenring JR, Nam KT, Wang TC, Mills JC, Wright NA. Spasmolytic polypeptide-expressing metaplasia and intestinal
metaplasia: time for reevaluation of metaplasias and the origins of gastric cancer. Gastroenterology 2010; 138: 2207-
2210, 2210.el [PMID: 20450866 DOI: 10.1053/j.gastro.2010.04.023]

Lennerz JK, Kim SH, Oates EL, Huh WJ, Doherty JM, Tian X, Bredemeyer AJ, Goldenring JR, Lauwers GY, Shin YK,
Mills JC. The transcription factor MIST1 is a novel human gastric chief cell marker whose expression is lost in metaplasia,
dysplasia, and carcinoma. Am J Pathol 2010; 177: 1514-1533 [PMID: 20709804 DOI: 10.2353/ajpath.2010.100328]
Petersen CP, Mills JC, Goldenring JR. Murine Models of Gastric Corpus Preneoplasia. Cell Mol Gastroenterol Hepatol
2017; 3: 11-26 [PMID: 28174755 DOI: 10.1016/j.jemgh.2016.11.001]

Nam KT, Lee HJ, Sousa JF, Weis VG, O'Neal RL, Finke PE, Romero-Gallo J, Shi G, Mills JC, Peek RM Jr, Konieczny
SF, Goldenring JR. Mature chief cells are cryptic progenitors for metaplasia in the stomach. Gastroenterology 2010; 139:
2028-2037.e9 [PMID: 20854822 DOI: 10.1053/j.gastro.2010.09.005]

Fox JG, Li X, Cahill RJ, Andrutis K, Rustgi AK, Odze R, Wang TC. Hypertrophic gastropathy in Helicobacter felis-
infected wild-type C57BL/6 mice and p53 hemizygous transgenic mice. Gastroenterology 1996; 110: 155-166 [PMID:
8536852 DOLI: 10.1053/gast.1996.v110.pm8536852]

Wang TC, Dangler CA, Chen D, Goldenring JR, Koh T, Raychowdhury R, Coffey RJ, Ito S, Varro A, Dockray GJ, Fox
JG. Synergistic interaction between hypergastrinemia and Helicobacter infection in a mouse model of gastric cancer.
Gastroenterology 2000; 118: 36-47 [PMID: 10611152 DOI: 10.1016/s0016-5085(00)70412-4]

Feil R, Brocard J, Mascrez B, LeMeur M, Metzger D, Chambon P. Ligand-activated site-specific recombination in mice.
Proc Natl Acad Sci US A 1996; 93: 10887-10890 [PMID: 8855277 DOI: 10.1073/pnas.93.20.10887]

Weis VG, Sousa JF, LaFleur BJ, Nam KT, Weis JA, Finke PE, Ameen NA, Fox JG, Goldenring JR. Heterogeneity in
mouse spasmolytic polypeptide-expressing metaplasia lineages identifies markers of metaplastic progression. Gut 2013;
62: 1270-1279 [PMID: 22773549 DOIL: 10.1136/gutjnl-2012-302401]

Nomura S, Yamaguchi H, Ogawa M, Wang TC, Lee JR, Goldenring JR. Alterations in gastric mucosal lineages induced
by acute oxyntic atrophy in wild-type and gastrin-deficient mice. Am J Physiol Gastrointest Liver Physiol 2005; 288:
G362-G375 [PMID: 15647607 DOI: 10.1152/ajpgi.00160.2004]

Nozaki K, Ogawa M, Williams JA, Lafleur BJ, Ng V, Drapkin RI, Mills JC, Konieczny SF, Nomura S, Goldenring JR. A
molecular signature of gastric metaplasia arising in response to acute parietal cell loss. Gastroenterology 2008; 134: 511-
522 [PMID: 18242217 DOI: 10.1053/j.gastro.2007.11.058]

Goldenring JR, Ray GS, Coffey RJ, Meunier PC, Haley PJ, Barnes TB, Car BD. Reversible drug-induced oxyntic atrophy
in rats. Gastroenterology 2000; 118: 1080-1093 [PMID: 10833483 DOI: 10.1016/s0016-5085(00)70361-1]

Huh WJ, Khurana SS, Geahlen JH, Kohli K, Waller RA, Mills JC. Tamoxifen induces rapid, reversible atrophy, and
metaplasia in mouse stomach. Gastroenterology 2012; 142: 21-24.e7 [PMID: 22001866 DOI:
10.1053/j.gastro.2011.09.050]

Jordan VC. The strategic use of antiestrogens to control the development and growth of breast cancer. Cancer 1992; 70:
977-982 [PMID: 1638467]

Love RR, Mazess RB, Barden HS, Epstein S, Newcomb PA, Jordan VC, Carbone PP, DeMets DL. Effects of tamoxifen
on bone mineral density in postmenopausal women with breast cancer. N Engl J Med 1992; 326: 852-856 [PMID:
1542321 DOL: 10.1056/nejm199203263261302]

Yamaguchi H, Goldenring JR, Kaminishi M, Lee JR. Association of spasmolytic polypeptide-expressing metaplasia with
carcinogen administration and oxyntic atrophy in rats. Lab Invest 2002; 82: 1045-1052 [PMID: 12177243 DOI:
10.1097/01.1ab.0000022225.45996.21]

AKkagi M, Yokozaki H, Kitadai Y, Ito R, Yasui W, Haruma K, Kajiyama G, Tahara E. Expression of amphiregulin in
human gastric cancer cell lines. Cancer 1995; 75: 1460-1466 [PMID: 7889475]

Beauchamp RD, Barnard JA, McCutchen CM, Cherner JA, Coffey RJ Jr. Localization of transforming growth factor
alpha and its receptor in gastric mucosal cells. Implications for a regulatory role in acid secretion and mucosal renewal. J
Clin Invest 1989; 84: 1017-1023 [PMID: 2760208 DOI: 10.1172/JC1114223]

Dempsey PJ, Goldenring JR, Soroka CJ, Modlin IM, McClure RW, Lind CD, Ahlquist DA, Pittelkow MR, Lee DC,
Sandgren EP. Possible role of transforming growth factor alpha in the pathogenesis of Ménétrier's disease: supportive
evidence form humans and transgenic mice. Gastroenterology 1992;103: 1950-1963 [PMID: 1451986 DOI:
10.1016/0016-5085(92)91455-d]

Murayama Y, Miyagawa J, Higashiyama S, Kondo S, Yabu M, Isozaki K, Kayanoki Y, Kanayama S, Shinomura Y,
Taniguchi N. Localization of heparin-binding epidermal growth factor-like growth factor in human gastric mucosa.
Gastroenterology 1995;109: 1051-1059 [PMID: 7557069 DOI: 10.1016/0016-5085(95)90562-6]

Nam KT, Varro A, Coffey RJ, Goldenring JR. Potentiation of oxyntic atrophy-induced gastric metaplasia in amphiregulin-
deficient mice. Gastroenterology 2007; 132: 1804-1819 [PMID: 17484876 DOI: 10.1053/j.gastro.2007.03.040]

Osaki LH, Bockerstett KA, Wong CF, Ford EL, Madison BB, DiPaolo RJ, Mills JC. Interferon-y directly induces gastric
epithelial cell death and is required for progression to metaplasia. J Pathol 2019; 247: 513-523 [PMID: 30511397 DOI:

WJCC | https://www.wjgnet.com 3722 June 6,2023 | Volumell | Issuel6 |


https://dx.doi.org/10.1111/j.1751-2980.2011.00550.x
http://www.ncbi.nlm.nih.gov/pubmed/10378506
http://www.ncbi.nlm.nih.gov/pubmed/30195448
https://dx.doi.org/10.1053/j.gastro.2018.08.041
http://www.ncbi.nlm.nih.gov/pubmed/12757153
https://dx.doi.org/10.1023/a:1022564027468
http://www.ncbi.nlm.nih.gov/pubmed/13679442
https://dx.doi.org/10.1097/01.lab.0000085190.99749.15
http://www.ncbi.nlm.nih.gov/pubmed/20450866
https://dx.doi.org/10.1053/j.gastro.2010.04.023
http://www.ncbi.nlm.nih.gov/pubmed/20709804
https://dx.doi.org/10.2353/ajpath.2010.100328
http://www.ncbi.nlm.nih.gov/pubmed/28174755
https://dx.doi.org/10.1016/j.jcmgh.2016.11.001
http://www.ncbi.nlm.nih.gov/pubmed/20854822
https://dx.doi.org/10.1053/j.gastro.2010.09.005
http://www.ncbi.nlm.nih.gov/pubmed/8536852
https://dx.doi.org/10.1053/gast.1996.v110.pm8536852
http://www.ncbi.nlm.nih.gov/pubmed/10611152
https://dx.doi.org/10.1016/s0016-5085(00)70412-4
http://www.ncbi.nlm.nih.gov/pubmed/8855277
https://dx.doi.org/10.1073/pnas.93.20.10887
http://www.ncbi.nlm.nih.gov/pubmed/22773549
https://dx.doi.org/10.1136/gutjnl-2012-302401
http://www.ncbi.nlm.nih.gov/pubmed/15647607
https://dx.doi.org/10.1152/ajpgi.00160.2004
http://www.ncbi.nlm.nih.gov/pubmed/18242217
https://dx.doi.org/10.1053/j.gastro.2007.11.058
http://www.ncbi.nlm.nih.gov/pubmed/10833483
https://dx.doi.org/10.1016/s0016-5085(00)70361-1
http://www.ncbi.nlm.nih.gov/pubmed/22001866
https://dx.doi.org/10.1053/j.gastro.2011.09.050
http://www.ncbi.nlm.nih.gov/pubmed/1638467
http://www.ncbi.nlm.nih.gov/pubmed/1542321
https://dx.doi.org/10.1056/nejm199203263261302
http://www.ncbi.nlm.nih.gov/pubmed/12177243
https://dx.doi.org/10.1097/01.lab.0000022225.45996.21
http://www.ncbi.nlm.nih.gov/pubmed/7889475
http://www.ncbi.nlm.nih.gov/pubmed/2760208
https://dx.doi.org/10.1172/JCI114223
http://www.ncbi.nlm.nih.gov/pubmed/1451986
https://dx.doi.org/10.1016/0016-5085(92)91455-d
http://www.ncbi.nlm.nih.gov/pubmed/7557069
https://dx.doi.org/10.1016/0016-5085(95)90562-6
http://www.ncbi.nlm.nih.gov/pubmed/17484876
https://dx.doi.org/10.1053/j.gastro.2007.03.040
http://www.ncbi.nlm.nih.gov/pubmed/30511397

Jaishideng®

34

39

40

41

43

44

46

47

48

Li ML et al. H. pylori; spasmolytic polypeptide-expressing metaplasia

10.1002/path.5214]

Petersen CP, Weis VG, Nam KT, Sousa JF, Fingleton B, Goldenring JR. Macrophages promote progression of
spasmolytic polypeptide-expressing metaplasia after acute loss of parietal cells. Gastroenterology 2014; 146: 1727-38.e8
[PMID: 24534633 DOI: 10.1053/j.gastr0.2014.02.007]

Schoenborn JR, Wilson CB. Regulation of interferon-gamma during innate and adaptive immune responses. Adv
Immunol 2007; 96: 41-101 [PMID: 17981204 DOI: 10.1016/S0065-2776(07)96002-2]

Radyk MD, Burclaff J, Willet SG, Mills JC. Metaplastic Cells in the Stomach Arise, Independently of Stem Cells, via
Dedifferentiation or Transdifferentiation of Chief Cells. Gastroenterology 2018; 154: 839-843.e2 [PMID: 29248442 DOI:
10.1053/j.gastr0.2017.11.278]

Caldwell B, Meyer AR, Weis JA, Engevik AC, Choi E. Chief cell plasticity is the origin of metaplasia following acute
injury in the stomach mucosa. Gut 2022; 71: 1068-1077 [PMID: 34497145 DOI: 10.1136/gutjnl-2021-325310]

Hata M, Kinoshita H, Hayakawa Y, Konishi M, Tsuboi M, Oya Y, Kurokawa K, Hayata Y, Nakagawa H, Tateishi K,
Fujiwara H, Hirata Y, Worthley DL, Muranishi Y, Furukawa T, Kon S, Tomita H, Wang TC, Koike K. GPR30-Expressing
Gastric Chief Cells Do Not Dedifferentiate But Are Eliminated via PDK-Dependent Cell Competition During
Development of Metaplasia. Gastroenterology 2020; 158: 1650-1666.e15 [PMID: 32032583 DOI:
10.1053/j.gastr0.2020.01.046]

Tarnawski AS. Cellular and molecular mechanisms of gastrointestinal ulcer healing. Dig Dis Sci 2005; 50 Suppl 1: S24-
S33 [PMID: 16184417 DOI: 10.1007/s10620-005-2803-6]

Wright NA, Pike C, Elia G. Induction of a novel epidermal growth factor-secreting cell lineage by mucosal ulceration in
human gastrointestinal stem cells. Nature 1990; 343: 82-85 [PMID: 2296294 DOI: 10.1038/343082a0]

Wright NA. Aspects of the biology of regeneration and repair in the human gastrointestinal tract. Philos Trans R Soc Lond
B Biol Sci 1998; 353: 925-933 [PMID: 9684290 DOI: 10.1098/rstb.1998.0257]

Engevik AC, Feng R, Choi E, White S, Bertaux-Skeirik N, Li J, Mahe MM, Aihara E, Yang L, DiPasquale B, Oh S,
Engevik KA, Giraud AS, Montrose MH, Medvedovic M, Helmrath MA, Goldenring JR, Zavros Y. The Development of
Spasmolytic Polypeptide/TFF2-Expressing Metaplasia (SPEM) During Gastric Repair Is Absent in the Aged Stomach.
Cell Mol Gastroenterol Hepatol 2016; 2: 605-624 [PMID: 27990460 DOI: 10.1016/j.jemgh.2016.05.004]

Aihara E, Matthis AL, Karns RA, Engevik KA, Jiang P, Wang J, Yacyshyn BR, Montrose MH. Epithelial Regeneration
After Gastric Ulceration Causes Prolonged Cell-Type Alterations. Cell Mol Gastroenterol Hepatol 2016; 2: 625-647
[PMID: 27766298 DOT: 10.1016/j.jemgh.2016.05.005]

Kikuchi M, Nagata H, Watanabe N, Watanabe H, Tatemichi M, Hibi T. Altered expression of a putative progenitor cell
marker DCAMKLI in the rat gastric mucosa in regeneration, metaplasia and dysplasia. BMC Gastroenterol 2010; 10: 65
[PMID: 20565818 DOI: 10.1186/1471-230X-10-65]

Weis VG, Petersen CP, Mills JC, Tuma PL, Whitehead RH, Goldenring JR. Establishment of novel in vitro mouse chief
cell and SPEM cultures identifies MAL?2 as a marker of metaplasia in the stomach. Am J Physiol Gastrointest Liver
Physiol 2014; 307: G777-G792 [PMID: 25190476 DOI: 10.1152/ajpgi.00169.2014]

Nam KT, O'Neal RL, Coffey RJ, Finke PE, Barker N, Goldenring JR. Spasmolytic polypeptide-expressing metaplasia
(SPEM) in the gastric oxyntic mucosa does not arise from LgrS-expressing cells. Gut 2012; 61: 1678-1685 [PMID:
22198711 DOI: 10.1136/gutjnl-2011-301193]

Nomura S, Baxter T, Yamaguchi H, Leys C, Vartapetian AB, Fox JG, Lee JR, Wang TC, Goldenring JR. Spasmolytic
polypeptide expressing metaplasia to preneoplasia in H. felis-infected mice. Gastroenterology 2004; 127: 582-594 [PMID:
15300590 DOLI: 10.1053/j.gastro.2004.05.029]

Wada T, Ishimoto T, Seishima R, Tsuchihashi K, Yoshikawa M, Oshima H, Oshima M, Masuko T, Wright NA, Furuhashi
S, Hirashima K, Baba H, Kitagawa Y, Saya H, Nagano O. Functional role of CD44v-xCT system in the development of
spasmolytic polypeptide-expressing metaplasia. Cancer Sci 2013; 104: 1323-1329 [PMID: 23848514 DOI:
10.1111/cas.12236]

Nagano O, Okazaki S, Saya H. Redox regulation in stem-like cancer cells by CD44 variant isoforms. Oncogene 2013; 32:
5191-5198 [PMID: 23334333 DOI: 10.1038/0onc.2012.638]

Ishimoto T, Nagano O, Yae T, Tamada M, Motohara T, Oshima H, Oshima M, Ikeda T, Asaba R, Yagi H, Masuko T,
Shimizu T, Ishikawa T, Kai K, Takahashi E, Imamura Y, Baba Y, Ohmura M, Suematsu M, Baba H, Saya H. CD44
variant regulates redox status in cancer cells by stabilizing the xCT subunit of system xc(-) and thereby promotes tumor
growth. Cancer Cell 2011;19: 387-400 [PMID: 21397861 DOI: 10.1016/j.ccr.2011.01.038]

Bertaux-Skeirik N, Wunderlich M, Teal E, Chakrabarti J, Biesiada J, Mahe M, Sundaram N, Gabre J, Hawkins J, Jian G,
Engevik AC, Yang L, Wang J, Goldenring JR, Qualls JE, Medvedovic M, Helmrath MA, Diwan T, Mulloy JC, Zavros Y.
CD44 variant isoform 9 emerges in response to injury and contributes to the regeneration of the gastric epithelium. J
Pathol 2017;242: 463-475 [PMID: 28497484 DOI: 10.1002/path.4918]

Karam SM, Leblond CP. Dynamics of epithelial cells in the corpus of the mouse stomach. III. Inward migration of neck
cells followed by progressive transformation into zymogenic cells. Anat Rec 1993; 236: 297-313 [PMID: 8338234 DOI:
10.1002/ar.1092360204]

Hammond-Weinberger DR, ZeRuth GT. Whole Mount Immunohistochemistry in Zebrafish Embryos and Larvae. J Vis
Exp 2020 [PMID: 32065134 DOI: 10.3791/60575]

Bockerstett KA, Lewis SA, Wolf KJ, Noto CN, Jackson NM, Ford EL, Ahn TH, DiPaolo RJ. Single-cell transcriptional
analyses of spasmolytic polypeptide-expressing metaplasia arising from acute drug injury and chronic inflammation in the
stomach. Gut 2020; 69: 1027-1038 [PMID: 31481545 DOI: 10.1136/gutjnl-2019-318930]

Mahdavi J, Sondén B, Hurtig M, Olfat FO, Forsberg L, Roche N, Angstrom J, Larsson T, Teneberg S, Karlsson KA,
Altraja S, Wadstrom T, Kersulyte D, Berg DE, Dubois A, Petersson C, Magnusson KE, Norberg T, Lindh F, Lundskog
BB, Arnqvist A, Hammarstrom L, Borén T. Helicobacter pylori SabA adhesin in persistent infection and chronic
inflammation. Science 2002;297: 573-578 [PMID: 12142529 DOI: 10.1126/science.1069076]

Saenz JB, Vargas N, Mills JC. Tropism for Spasmolytic Polypeptide-Expressing Metaplasia Allows Helicobacter pylori to
Expand Its Intragastric Niche. Gastroenterology 2019; 156: 160-174.e7 [PMID: 30287170 DOI:

WJCC | https://www.wjgnet.com 3723 June 6,2023 | Volumell | Issuel6 |


https://dx.doi.org/10.1002/path.5214
http://www.ncbi.nlm.nih.gov/pubmed/24534633
https://dx.doi.org/10.1053/j.gastro.2014.02.007
http://www.ncbi.nlm.nih.gov/pubmed/17981204
https://dx.doi.org/10.1016/S0065-2776(07)96002-2
http://www.ncbi.nlm.nih.gov/pubmed/29248442
https://dx.doi.org/10.1053/j.gastro.2017.11.278
http://www.ncbi.nlm.nih.gov/pubmed/34497145
https://dx.doi.org/10.1136/gutjnl-2021-325310
http://www.ncbi.nlm.nih.gov/pubmed/32032583
https://dx.doi.org/10.1053/j.gastro.2020.01.046
http://www.ncbi.nlm.nih.gov/pubmed/16184417
https://dx.doi.org/10.1007/s10620-005-2803-6
http://www.ncbi.nlm.nih.gov/pubmed/2296294
https://dx.doi.org/10.1038/343082a0
http://www.ncbi.nlm.nih.gov/pubmed/9684290
https://dx.doi.org/10.1098/rstb.1998.0257
http://www.ncbi.nlm.nih.gov/pubmed/27990460
https://dx.doi.org/10.1016/j.jcmgh.2016.05.004
http://www.ncbi.nlm.nih.gov/pubmed/27766298
https://dx.doi.org/10.1016/j.jcmgh.2016.05.005
http://www.ncbi.nlm.nih.gov/pubmed/20565818
https://dx.doi.org/10.1186/1471-230X-10-65
http://www.ncbi.nlm.nih.gov/pubmed/25190476
https://dx.doi.org/10.1152/ajpgi.00169.2014
http://www.ncbi.nlm.nih.gov/pubmed/22198711
https://dx.doi.org/10.1136/gutjnl-2011-301193
http://www.ncbi.nlm.nih.gov/pubmed/15300590
https://dx.doi.org/10.1053/j.gastro.2004.05.029
http://www.ncbi.nlm.nih.gov/pubmed/23848514
https://dx.doi.org/10.1111/cas.12236
http://www.ncbi.nlm.nih.gov/pubmed/23334333
https://dx.doi.org/10.1038/onc.2012.638
http://www.ncbi.nlm.nih.gov/pubmed/21397861
https://dx.doi.org/10.1016/j.ccr.2011.01.038
http://www.ncbi.nlm.nih.gov/pubmed/28497484
https://dx.doi.org/10.1002/path.4918
http://www.ncbi.nlm.nih.gov/pubmed/8338234
https://dx.doi.org/10.1002/ar.1092360204
http://www.ncbi.nlm.nih.gov/pubmed/32065134
https://dx.doi.org/10.3791/60575
http://www.ncbi.nlm.nih.gov/pubmed/31481545
https://dx.doi.org/10.1136/gutjnl-2019-318930
http://www.ncbi.nlm.nih.gov/pubmed/12142529
https://dx.doi.org/10.1126/science.1069076
http://www.ncbi.nlm.nih.gov/pubmed/30287170

Li ML et al. H. pylori; spasmolytic polypeptide-expressing metaplasia

Jaishideng®

58

60

61

62

63

64

65

66

67

68

69

70

71

10.1053/j.gastro.2018.09.050]

Futamura N, Nakamura S, Tatematsu M, Yamamura Y, Kannagi R, Hirose H. Clinicopathologic significance of sialyl
Le(x) expression in advanced gastric carcinoma. Br J Cancer 2000; 83: 1681-1687 [PMID: 11104566 DOI:
10.1054/bjoc.2000.1484]

Burclaff J, Willet SG, Saenz JB, Mills JC. Proliferation and Differentiation of Gastric Mucous Neck and Chief Cells
During Homeostasis and Injury-induced Metaplasia. Gastroenterology 2020; 158: 598-609.e5 [PMID: 31589873 DOI:
10.1053/j.gastr0.2019.09.037]

Gupta IR, Ryan AK. Claudins: unlocking the code to tight junction function during embryogenesis and in disease. Clin
Genet 2010; 77: 314-325 [PMID: 20447145 DOI: 10.1111/j.1399-0004.2010.01397 x]

Tsukita S, Furuse M, Itoh M. Multifunctional strands in tight junctions. Nat Rev Mol Cell Biol 2001; 2: 285-293 [PMID:
11283726 DOLI: 10.1038/35067088]

Van Itallie CM, Anderson JM. Claudins and epithelial paracellular transport. Annu Rev Physiol 2006; 68: 403-429
[PMID: 16460278 DOIL: 10.1146/annurev.physiol.68.040104.131404]

Jovov B, Van Itallie CM, Shaheen NJ, Carson JL, Gambling TM, Anderson JM, Orlando RC. Claudin-18: a dominant
tight junction protein in Barrett's esophagus and likely contributor to its acid resistance. Am J Physiol Gastrointest Liver
Physiol 2007;293: G1106-G1113 [PMID: 17932229 DOI: 10.1152/ajpgi.00158.2007]

Suzuki K, Sentani K, Tanaka H, Yano T, Suzuki K, Oshima M, Yasui W, Tamura A, Tsukita S. Deficiency of Stomach-
Type Claudin-18 in Mice Induces Gastric Tumor Formation Independent of H pylori Infection. Cell Mol Gastroenterol
Hepatol 2019; 8: 119-142 [PMID: 30910700 DOI: 10.1016/j.jemgh.2019.03.003]

Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function. Cel/ 2004; 116: 281-297 [PMID: 14744438
DOI: 10.1016/s0092-8674(04)00045-5]

Ha M, Kim VN. Regulation of microRNA biogenesis. Nat Rev Mol Cell Biol 2014; 15: 509-524 [PMID: 25027649 DOI:
10.1038/nrm3838]

Shimizu T, Sohn Y, Choi E, Petersen CP, Prasad N, Goldenring JR. Decrease in MiR-148a Expression During Initiation
of Chief Cell Transdifferentiation. Cell Mol Gastroenterol Hepatol 2020;9: 61-78 [PMID: 31473306 DOI:
10.1016/j.jcmgh.2019.08.008]

Verreck FA, de Boer T, Langenberg DM, van der Zanden L, Ottenhoff TH. Phenotypic and functional profiling of human
proinflammatory type-1 and anti-inflammatory type-2 macrophages in response to microbial antigens and IFN-gamma-
and CD40L-mediated costimulation. J Leukoc Biol 2006; 79: 285-293 [PMID: 16330536 DOI: 10.1189/j1b.0105015]
Heusinkveld M, van der Burg SH. Identification and manipulation of tumor associated macrophages in human cancers. J
Transl Med 2011;9: 216 [PMID: 22176642 DOI: 10.1186/1479-5876-9-216]

Murray PJ, Wynn TA. Protective and pathogenic functions of macrophage subsets. Nat Rev Immunol 2011; 11: 723-737
[PMID: 21997792 DOI: 10.1038/nri3073]

Jeong H, Lee B, Kim KH, Cho SY, Cho Y, Park J, Lee Y, Oh Y, Hwang BR, Jang AR, Park JH, Jeong SH, Lee D, Lee
YC, Lim KM, Goldenring JR, Nam KT. WFDC2 Promotes Spasmolytic Polypeptide-Expressing Metaplasia Through the
Up-Regulation of IL33 in Response to Injury. Gastroenterology 2021; 161: 953-967.¢15 [PMID: 34116028 DOI:
10.1053/j.gastro.2021.05.058]

Petersen CP, Meyer AR, De Salvo C, Choi E, Schlegel C, Petersen A, Engevik AC, Prasad N, Levy SE, Peebles RS,
Pizarro TT, Goldenring JR. A signalling cascade of IL-33 to IL-13 regulates metaplasia in the mouse stomach. Gut 2018;
67: 805-817 [PMID: 28196875 DOI: 10.1136/gutjnl-2016-312779]

Huang N, Cui X, Li W, Zhang C, Liu L, Li J. IL33/ST2 promotes the malignant progression of gastric cancer via the
MAPK pathway. Mol Med Rep 2021; 23 [PMID: 33760194 DOI: 10.3892/mmr.2021.12000]

Iwahori K, Suzuki H, Kishi Y, Fujii Y, Uehara R, Okamoto N, Kobayashi M, Hirashima T, Kawase I, Naka T. Serum
HE4 as a diagnostic and prognostic marker for lung cancer. Tumour Biol 2012;33: 1141-1149 [PMID: 22373583 DOI:
10.1007/s13277-012-0356-9]

WJCC | https://www.wjgnet.com 3724 June 6,2023 | Volumell | Issuel6 |


https://dx.doi.org/10.1053/j.gastro.2018.09.050
http://www.ncbi.nlm.nih.gov/pubmed/11104566
https://dx.doi.org/10.1054/bjoc.2000.1484
http://www.ncbi.nlm.nih.gov/pubmed/31589873
https://dx.doi.org/10.1053/j.gastro.2019.09.037
http://www.ncbi.nlm.nih.gov/pubmed/20447145
https://dx.doi.org/10.1111/j.1399-0004.2010.01397.x
http://www.ncbi.nlm.nih.gov/pubmed/11283726
https://dx.doi.org/10.1038/35067088
http://www.ncbi.nlm.nih.gov/pubmed/16460278
https://dx.doi.org/10.1146/annurev.physiol.68.040104.131404
http://www.ncbi.nlm.nih.gov/pubmed/17932229
https://dx.doi.org/10.1152/ajpgi.00158.2007
http://www.ncbi.nlm.nih.gov/pubmed/30910700
https://dx.doi.org/10.1016/j.jcmgh.2019.03.003
http://www.ncbi.nlm.nih.gov/pubmed/14744438
https://dx.doi.org/10.1016/s0092-8674(04)00045-5
http://www.ncbi.nlm.nih.gov/pubmed/25027649
https://dx.doi.org/10.1038/nrm3838
http://www.ncbi.nlm.nih.gov/pubmed/31473306
https://dx.doi.org/10.1016/j.jcmgh.2019.08.008
http://www.ncbi.nlm.nih.gov/pubmed/16330536
https://dx.doi.org/10.1189/jlb.0105015
http://www.ncbi.nlm.nih.gov/pubmed/22176642
https://dx.doi.org/10.1186/1479-5876-9-216
http://www.ncbi.nlm.nih.gov/pubmed/21997792
https://dx.doi.org/10.1038/nri3073
http://www.ncbi.nlm.nih.gov/pubmed/34116028
https://dx.doi.org/10.1053/j.gastro.2021.05.058
http://www.ncbi.nlm.nih.gov/pubmed/28196875
https://dx.doi.org/10.1136/gutjnl-2016-312779
http://www.ncbi.nlm.nih.gov/pubmed/33760194
https://dx.doi.org/10.3892/mmr.2021.12000
http://www.ncbi.nlm.nih.gov/pubmed/22373583
https://dx.doi.org/10.1007/s13277-012-0356-9

	Abstract
	INTRODUCTION
	THE CHARACTERISTICS OF SPEM
	SPEM is induced by the loss of parietal cells in combination with additional signals
	SPEM cells may arise from different types of cells besides mature chief cells and professional progenitors
	SPEM plays a functional role in repairing gastric epithelial injury
	The progression from normal gastric mucosa to SPEM is dynamic and consecutive

	THE LINK BETWEEN H. PYLORI INFECTION AND SPEM
	The presence of SPEM promoted the colonization and spread of H. pylori
	Chronic inﬂammation and immune response caused by H. pylori infection exacerbates SPEM malignant transformation

	CONCLUSION
	FOOTNOTES
	REFERENCES

