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ABSTRACT 

Gastric cancer is the fourth most common cause of cancer-linked deaths in the world. Gastric 

tumor cells have biological characteristics such as rapid proliferation, high invasiveness, and drug 

resistance, which result in recurrence and poor survival. Helicobacter pylori (H. pylori) has been 

proposed as a first‐class carcinogen for gastric cancer according to the 1994 world health 

organization (WHO) classification. One of the important mechanisms by which H. pylori affects 

the gastric environment and promotes carcinogenesis is triggering inflammation. H. pylori induces 

an inflammatory response and a plethora of different signal transduction processes, leading to 

gastric mucosal disturbance, chronic gastritis, and a multi-step complex pathway that initiates 

carcinogenesis. It seems undeniable that the interaction between various cell types, including 

immune cells, gastric epithelium, glands, and stem cells, is vital for the progression and 

development of carcinogenesis concerning H. pylori. The interactions of H. pylori with surrounding 

cells play a key role in cancer progression. In this review, we discuss the interplay between H. 

pylori and tumor-supportive cells, including mesenchymal stem cells (MSCs), cancer-associated 

fibroblasts (CAFs), tumor-associated macrophages (TAMs), and myeloid derived-suppressor 

cells (MDSCs) in gastric cancer. It is hoped that clarifying the specific mechanisms for ‘cross-talk’ 

between H. pylori and these cells will provide promising strategies for developing new treatments. 
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1. Introduction 
Gastric cancer is the fourth most common cause of cancer-associated deaths all over the world. 

Ninety percent of all stomach tumors are determined to be malignant. Although the prevalence of 

gastric cancer has been declining over the past several years, it is still a significant healthcare 

issue. Despite technical advancements in treatments, including targeted therapy, adjuvant 

chemotherapy, radiotherapy, and advanced surgical methods, patients still experience cancer 

metastasis and recurrence. Gastric tumor cells have some biological characteristics, such as 

rapid proliferation, high invasiveness, and anti-apoptotic properties, which typically result in 

recurrence and poor survival. Additionally, in some cases, therapeutic resection is not possible 

due to the invasive nature of gastric cancer. The prognosis of advanced and metastatic gastric 

cancer with both extensive lymph node invasion and metastasis is poor, whereas early detection 

of gastric cancer is correlated with good survival [1, 2].  

As Rudolf Virchow described many years ago, the tumor microenvironment is believed to play a 

pivotal role in the development of tumors [3]. Inflammation in the tumor microenvironment impacts 

many malignancy features, including the expansion and survival of tumor cells, metastasis, and 

angiogenesis [4-6]. The relationship between cancer and inflammation can result from two 

pathways: an intrinsic pathway, determined by genetic changes, such as oncogenes, that lead to 

neoplasia and inflammation; and an extrinsic pathway, induced by inflammatory leukocytes in the 

context of chronic infections and persistent inflammatory conditions, such as Helicobacter pylori 

(H. pylori) infection as well as inflammatory bowel disease (IBD), which increase cancer risk. In 

gastric cancer, the chronic inflammation induced by H. pylori infection plus the inflammatory milieu 

of the tumor microenvironment result in cancer progression [2]. Therefore, there is a need to 

clarify the interaction between H. pylori and these predominant tumor stromal cells.  

1.1. Helicobacter pylori and the gastric microbiome 
There are several risk factors for gastric cancer, including H. pylori infection, genetic host, and 

environmental variables. The extent to which H. pylori infection is identified as a  risk factor for 

gastric adenocarcinoma can vary greatly across various populations with relatively similar rates 

H. pylori infection [7, 8]. The interaction between H. pylori strains and the various gastric 

microbiota complexes is one of the probable causes of thse differences [9]. Most H. pylori strains 

can modify the gastric environment and hence affect the habitat of resident bacteria to raise the 

risk of gastric carcinogenicity [8, 10]. The stomach features a distinct microbiota of five main 

phylae, including Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes, and Fusobacteria. 

Most findings demonstrate that H. pylori-positive and -negative microbiota are mainly dominated 
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by the same phyla, albeit with different relative percentages [11, 12]. The predominant phyla in 

the pediatric population were also Proteobacteria, Firmicutes, Bacteroides, and Actinobacteria. 

However, the relative proportions differed between H. pylori-positive and negative children [13]. 

In another study, H. pylori-positive individuals showed significant concentrations of 

Proteobacteria, Spirochetes, and Acidobacteria, but Actinoculitis, Bacteroidetes and Firmicutis 

were identified only to a limited extent [12]. Therefore, the involvement of H. pylori in gastric 

disorders might be mediated by the gastric microbiota composed of only 3 species of commensal 

gastric and intestinal microbiota (Clostridium, Bacteroides, and Lactobacillus) in combination with 

H. pylori infection which was sufficient to stimulate gastric neoplasia in germ-free mice. It can be 

concluded that these genera are increased in the stomachs of patients with premalignant and 

malignant lesions [8, 14].  

Previous research has shown that the microbiota may either contribute to deleterious effects by 

producing carcinogenic nitrosamines under hypochlorhydria conditions or show beneficial 

influences by improving the healing of gastric ulcers, reducing the secretion of pro-inflammatory 

cytokines, or inactivating H. pylori colonization [8]. An examination of patients at diverse histologic 

stages of gastric carcinogenesis revealed an inverse relationship between H. pylori abundance 

and microbial diversity in non-cancer gastric biopsies, but gastric cancer was associated with a 

lower diversity compared to other samples with similar H. pylori abundance, whereas antibiotic 

therapy reversed the difference [15]. Children with H. pylori infection are more likely to have 

helminth infections and have been shown to have a lower chance of survival for gastric 

adenocarcinoma [16].  

A recent study examined gastric biopsy specimens before, and one year after H. pylori 

eradication. It was demonstrated that Roseburia and Sphingomonas were decreased in 

individuals with chronic inflammation one year after H. pylori eradication. The occurrence and 

persistence of gastric atrophy and intestinal metaplasia one year after H. pylori eradication were 

associated with a cluster of oral bacteria that included Peptostreptococcus, Parvimonas, 

Streptococcus, Granulicatella, and Rothia. This study supports the assumption that the presence 

of H. pylori provides different microbiome niches that contribute to the development of gastric 

cancer [17]. 

Bacteriology research has indicated that the number of bacteria in patients with gastric cancer is 

higher than those who suffer from other gastric diseases and are more colonized by different 

species [18]. H. pylori infection results from prolonged gastric inflammation and destruction of 
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stomach hydrochloric acid-producing glands, eventually leading to the precancerous modification 

of atrophic gastritis and intestinal metaplasia [18]. Bacterial overgrowth in the stomach may be 

caused by hypochlorhydria associated with atrophic gastritis, which may play a role in the 

development of gastric cancer [18]. 

The gastric mucosa consists of a thick layer of mucus that serves as a protective barrier for gastric 

microbiota colonization and diversity. Helicobacter dominates the gastric mucosa in H. pylori-

positive individuals with chronic gastritis, resulting in a decreased microbial diversity. Pre-

neoplastic lesions are progressed due to H. pylori and gastric bacterial colonization that is also 

influenced by risk factors. This can be caused by the interplay between the innate immune 

response and gastric bacteria. Reduction of H. pylori in the gastric mucosa is noted in later stages 

of carcinogenesis. Microbial diversity is decreased in gastric cancer, and bacteria types of the 

oral or intestinal are enriched [18]. H. pylori-experienced dendritical cells maintain a semi-mature 

state and lead to the development of regulatory T cells (Treg) instead of Th1 or Th17 cells from 

naïve Th cells during chronic H. pylori infection. Tregs generated are trafficked to other lymphoid 

tissues to employ an immunoregulatory function [18]. 

The H. pylori-inducing immunoregulating effect enhances host tolerance to microbiome 

disturbance and can lead to a higher microbiota diversity. In addition, chronic H. pylori infection 

modifies the stomach acidic environment, allowing more microorganisms to bypass the gastric 

acid barrier and colonize the distal intestine. The gut microbiota can also induce regulatory T cells, 

which involve a complex interaction between H. pylori and the colon microbiota [18]. There has 

been much research on the complex interaction between H. pylori and the gastric microbiome 

and the role of the immune system in their interaction. However, these findings are still far from 

being conclusive. 

1.2. Helicobacter pylori, CagA virulence factor, Inflammation, and 
gastric cancer 

H. pylori is a Gram-negative, helix-shaped, flagellated, and microaerophilic bacteria that can form 

a biofilm and is capable of being converted from a spiral into a coccoid shape. Due to having 

several virulence factors, this microorganism is a highly invasive bacterium with the highest 

prevalence among chronic infections, such that up to eighty percent of infected people are 

asymptomatic [19].  
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Vacuolating cytotoxin (VacA), cytotoxin-associated gene A (CagA), neutrophil-activating protein 

A (NAP), outer inflammatory protein A (OipA), duodenal ulcer promoting gene A (DupA), heat 

shock proteins (Hsp10, Hsp60), urease, and sialic acid-binding adhesin (SabA) are some of the 

virulence factors of H. pylori [20-22]. Infection with H. pylori initiates a cascade of events, which 

consequently leads to a high incidence of cancer development, progression, recurrence, 

metastasis, invasiveness, and increased chemoresistance [23].  

The CagA oncoprotein and type 4 secretion system (T4SS), among many virulence factors of H. 

pylori, plays a crucial role in carcinogenesis. However, H. pylori is an effective activator of nuclear 

factor-κB (NF-κB) in gastric epithelial cells. The injection of CagA into a target cell by T4SS-

formed pilus induces ERK1/2-dependent NF-κB and transforms this cell into a “hummingbird 

phenotype” cell with high expression of mesenchymal markers such as Snail, ZEB-1, and vimentin 

[24, 25].  

It has been shown that after CagA is injected into gastric epithelial cells, it is phosphorylated by 

Src family kinases. Following phosphorylation, CagA interacts with SHP-2, leading to the 

stimulation of the ERK/MAPK pathway in a Ras-independent manner, which consequently 

dephosphorylates and inactivates focal adhesion kinase (FAK). CagA can also directly interact 

with STAT3, thus supporting increased hyperactivation transcriptional activity [26]. CagA+ H. 

pylori also initiate the Wnt/β-catenin pathway in the cancer cell to induce expression of cancer 

stem cell markers, including CD44, Lgr5 Oct4, Nanog, and c-myc [27]. Yes-Associated-Protein 

(YAP) is another oncogene that is upregulated with CagA injection in target cells. The 

overexpression of YAP decreases epithelial markers, including E-cadherin, and induces 

epithelial-to-mesenchymal transition (EMT) and migratory properties in transfected cells [28]. 

These markers are the characteristics of EMT induction in tumor cells [25]. 

As discussed, H. pylori induces an inflammatory response and a plethora of different signal 

transduction processes, leading to a constant gastric mucosal disturbance, chronic gastritis, and 

a multi-step complex pathway and process that initiates carcinogenesis. These pathways impact 

cellular processes such as apoptosis, proliferation, epithelial transformation, and mobility [29]. 

Stimulation of NF-κB by CagA infection initiates the expression of a wide variety of genes, 

including those encoding various cytokines (e.g., TNF-α, IL-1, IL-6, IL-8, vascular endothelial 

growth factor (VEGF)), enzymes (e.g., cyclooxygenase-2 (COX-2), and inducible nitric oxide 

synthase (iNOS)), cell-cycle regulators, the matrix metalloproteinases (e.g., MMP-2, MMP-7, 

MMP-9), and adhesion molecules (E-cadherin, N-Cadherin, and vascular cell adhesion molecule 

1 (VCAM1)) [2]. 
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It is recognized that the interaction of different cell types, including immune cells, gastric 

epithelium, glands, and stem cells, is vital for the progression and development of H. pylori-

associated carcinogenesis. One of the important mechanisms by which H. pylori affects the 

gastric environment and promotes carcinogenesis by triggering inflammation [30]. H. pylori-

induced inflammation attracts several mediators and activates cell signaling effectors such as 

chemokines, cytokines, and growth factors that have been identified as initiating the process of 

carcinogenesis. Furthermore, the alteration in the extracellular matrix (ECM), as well as the 

increased activation of anti‐apoptotic proteins and a decrease in the expression of tumor 

suppressor genes, have been implicated in the pathogenesis of H. pylori‐induced gastric cancer 

[30]. 

2. The interplay between H. pylori and Immune-suppressive cells 
It is believed that the tumor microenvironment determines the behavior of cancer through 

alterations in genetic and epigenetic modalities, or via changes in the composition of tumor stroma 

[31]. To briefly review this process, the tumor microenvironment consists of tumor cells and 

stroma. Stroma is composed of surrounding non-cancerous cells, including endothelial and 

epithelial cells, immune and blood cells, fibroblasts, and extracellular matrix (ECM). Among 

stromal cells, fibroblasts, macrophages, mesenchymal stem cells, and immature myeloid cells are 

vital players and the predominant cells within the tumor microenvironment. Their interactions with 

surrounding cells play a key role in cancer progression. In this review, our goal was to discuss 

the interplay between H. pylori and tumor-supportive cells, including mesenchymal stem cells 

(MSCs), cancer-associated fibroblasts (CAFs), tumor-associated macrophages (TAMs), and 

myeloid derived-suppressor cells (MDSCs) in gastric cancer.  

2.1. Tumor-associated Macrophages (TAMs) 
Macrophages are the most plentiful immune cells in the tumor microenvironment, and are involved 

in the induction of inflammation in cancer. TAMs fall into two subtypes: M1 and M2. M1 

macrophages, which are referred to as classical macrophages, are mainly induced by IFNγ, 

TNFα, and LPS, while M2 macrophages are stimulated by IL-4 [32].  

M1 macrophages have cytotoxic and pro-inflammatory functions. However, M2 macrophages are 

conditioned by the tumor microenvironment and have no cytotoxic functions. Growth factors, 

cytokines, and chemokines, such as TGF-β, M-CSF, PGE2, IL-6, IL-10, CCL2, and CCL5, 

potentially modulate the polarization of monocytes mainly into M2 macrophages. Following this 

process, M2-polarized macrophages promote tissue remodeling and angiogenesis and secrete 
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several cytokines and growth factors. Through the secretion of a set of cytokines and growth 

factors, M2-polarized macrophages promote tumor growth and progression [33].  

The involvement of macrophages in carcinogenesis, metastasis, and tumor invasion is generally 

attributed to TAMs, a major source of TNF-α in the tumor microenvironment, which release 

various growth factors, cytokines, and inflammatory mediators. Investigations have uncovered a 

relationship between the expression of H. pylori-induced TNF-α and concurrent upregulation of 

IL-1β and IL-6 (see Figure.1.A). Moreover, the overexpression of CXCR4 is related to TNF-α 

upregulation. Importantly, H. pylori infection leads to the overproduction of TNF-α from 

macrophages, resulting in upregulation of CXCR4, which has been proposed as the most 

common overexpressed chemokine receptor in various cancers, including gastric cancer [34].  

IL-1β is considered one of the primary cytokines secreted by TAMs, and its overexpression has 

been linked to a elevated risk of H. Pylori-associated gastric cancer [35]. Mesenchymal‐epithelial 

transition (MET) factor is a proto-oncogene tyrosine kinase that has been shown to be induced in 

H. pylori-infected human gastric adenocarcinoma (AGS) cells. Further investigation has proposed 

that this protein can be phosphorylated and transferred to the surrounding cells through 

exosomes. The delivery of MET to TAMs activates these cells via the AKT/MAPK signaling 

pathway. Upon TAM activation, the production and secretion of IL-1β are induced, consequently 

resulting in inflammation in the gastric microenvironment and tumorigenesis [36].  

NLRP3 is a component of the inflammasome. Its activation also induces IL-1β secretion in 

macrophages and promotes cyclin-D1 transcription in gastric epithelial cells to stimulate epithelial 

cell proliferation and tumorigenesis. Additionally, miR-22 has been proven to target NLRP3 and 

inhibit its expression. Importantly, H. pylori infection inhibits the expression of miR-22 and 

subsequently augments NLRP3 expression, which initiates unrestrained proliferation of epithelial 

cells and IL-1β secretion from macrophages to provide an inflammatory environment for the 

emergence of gastric cancer [37]. 

Induction of immune tolerance is one of the pivotal functions of TAMs in tumor development and 

progression. The ligand expression of cytotoxic T-lymphocyte antigen 4 (CTLA-4) and 

programmed cell death protein 1 (PD-1) inhibitory receptors on TAMs contribute to this process. 

The expression of these ligands on TAMs, and their ligation on T cells, B-cells, and natural killer 

(NK) T cells, inhibit their functions [38]. Shen et al. have shown that H. pylori infection can induce 

PD-1 and its ligand, PD-L1, in the tumor microenvironment [39]. In fact, the induction of these two 

molecules inhibits the CD8+ T cell’s fight against gastric cancer cells [39, 40].  
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TAMs promote tumor development by secretion of anti-inflammatory mediators such as IL-4, IL-

10, and IL-13. Moreover, TAMs also produce IL-6, IL-10, IL-17, IL-23, TGF-β, and indoleamine 

2,3-dioxygenase (IDO) to inhibit the response of cytotoxic T lymphocytes (CTL’s), which 

enhances the invasion and metastatic spreading of tumor cells. Since TAMs are the major source 

of TGF-β, it has been concluded that the induction of TH17 and Treg cells is associated with the 

function of TAMs [41].  

H. pylori infection has also been shown to affect macrophage-dependent specific T cell responses 

through the regulation of non-coding RNAs. Codolo et al. have suggested that H. pylori, by 

induction of let-7i-5p, miR-146b-5p, and miR-185-5p in macrophages, inhibits and targets class II 

major histocompatibility complex transactivator (CIITA). It is well-accepted that CIITA is a “master 

control factor” for the expression of MHC class II genes in macrophages. This process mediates 

the inhibition of the H. pylori-induced T cell response and promotes a pro-neoplastic environment 

for gastric cancer development [42].   

It is also important to note that RUNX family transcription Factor 3 (runx3), which is a tumor-

suppressive gene, undergoes methylation of its promoter regions and has been described in 

gastric cancer. Specifically, it has been shown that H. pylori infection mediates the production of 

NO in macrophages through the induction of the iNOS enzyme, which leads to methylation of the 

runx3 gene in MKN45 cells so as to promote their proliferation. Therefore, iNOS inhibitors have 

been suggested as a therapeutic intervention in the suppression of tumors [43]. However, in 

another study, it was suggested that a spermine-dependent decrease in NO production in 

macrophages results in the persistence of H. pylori, which poses a greater risk for gastric cancer 

[44]. 

Lastly, the expression of the urokinase plasminogen activator receptor (uPAR) has been 

documented in gastric cancer-resident macrophages and neutrophils. It is thought that uPAR 

expression on cells aids in cell migration and promotes cancer cells to metastasize via their 

interaction with ECM or other cell-surface proteins, such as integrins. Alpízar-Alpízar et al. have 

shown that the level of uPAR expression is upregulated in H. pylori-induced gastric cancer, which 

significantly impacts the prognosis of the disease [45].  

2.2. Cancer-associated Fibroblasts 
In addition to tumor cells and innate, or adaptive, immune cells, the tumor microenvironment is 

comprised of a large number of cancer-associated fibroblasts (CAFs). These cells are 

differentiated from tumor-resident fibroblasts, mesenchymal stem cells, and epithelial and 



10 
 

endothelial cells. CAFs, as a key element of the tumor microenvironment, interact with other 

stromal and tumor cells which has a pivotal role in cancer development [46, 47]. It has been 

suggested that at the time of initiation of tumorigenesis, it is the nature of the tumor cells that 

determine their development, invasiveness, aggressiveness, and capacity to metastasize. 

Nevertheless, recent investigations have indicated that CAFs mediate tumor cell proliferation, 

invasion, and metastasis by releasing specific growth factors and chemokines, as well as causing 

the degradation of ECM proteins [48]. The ‘cross-talk’ between tumor cells and fibroblasts leads 

to CAF development and, subsequently, cancer development. Tumor cells, via the secretion of 

IL-6 and TGF-β, accelerate fibroblast transformation to CAFs and induce CAF-phenotype 

markers, including vimentin, alpha-smooth muscle actin (α-SMA), fibroblast specific protein 

(FSP)-1, and fibronectin activation protein (FAP) in these cells. In turn, these ‘developed’, or 

modified CAFs release chemokines (e.g., CXCL14) and cytokines (e.g., IL-6) to induce strong 

inflammatory responses in the tumor microenvironment [49, 50].  

Following activation, CAFs produce matrix metalloproteinases (MMPs) to degrade ECM, which 

leads to EMT and metastasis. Additionally, vascular endothelial growth factor (VEGF) and 

fibroblast growth factors (FGF) are secreted from CAFs to facilitate angiogenesis. By secretion of 

chemokines, CAFs attract innate and acquired immune cells to the tumor microenvironment and 

promote inflammation. Moreover, CAFs upregulate transporter proteins for detoxification and 

induction of drug resistance and, in so doing, construct and secure the tumor microenvironment 

[49, 51]. 

It has been shown that CagA+ H. pylori infection results in overexpression of CAF phenotype 

markers, including FSP and FAP and induces MSC conversion into CAF (see Figure.1.B) [52]. 

Moreover, long-term fibroblast co-culture with CagA+VacA+H. pylori induces α-SMA, vimentin, 

TGF-βR, and N-cadherin marker and suppresses E-cadherin in these cells, suggesting a 

stimulatory effect of H. pylori on CAF differentiation [53, 54]. Further investigation has indicated 

that this conversion is mediated by the triggering of TGF-βR signaling in gastric fibroblasts [55]. 

The co-culture of activated fibroblast cells with H. pylori-infected RGM-1 (normal rat gastric 

epithelial cells) downregulates E-cadherin and upregulates β1‐integrin and COX-2 in RGM-1 

cells, supporting the induction of EMT in these cells [53]. 

IL-6 and PGE2 coordinate interaction and ‘cross-talk’ between CAFs and tumor cells. The 

presence of these two factors mediates tumor formation and progression and CAF development. 

PGE2 promotes angiogenesis and inhibits apoptosis in the tumor microenvironment. It has been 

shown that miR-149 targets and inhibits IL-6 expression and subsequently CAF activation. H. 
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pylori infection induces the expression of COX2 and PGE2 production. Importantly, an enhanced 

level of PGE2 mediates hypermethylation of miR-149 promoter, resulting in IL-6 overexpression 

and CAF development [56]. 

H. pylori induces the expression of toll-like receptor (TLR)2, TLR4, STAT3, and the NF-κB/RelA 

subunit, resulting in an inflammatory microenvironment generation. These alterations in 

fibroblasts are accompanied by remarkably enhanced secretion of HGF, CXCL12, and CXCL8 

from H. pylori-infected fibroblasts, and subsequently, an increased activation of the  CAF 

phenotype of these cells [57]. Vascular adhesion molecule (VCAM)-1, or CD106, is an adhesion 

molecule whose interaction with integrin αvβ1/5 on gastric cancer cells facilitates tumor invasion. 

It has been demonstrated by Shen et al. that H. pylori increase JAK/STAT1 signaling in CAFs, 

which ultimately induce upregulation of VCAM1 and tumor invasiveness [58].  

In the context of apoptosis, it is known that the hepatoma-derived growth factor (HDGF) is a 

growth factor involved in anti-apoptosis, tumor cell proliferation, lymph node metastasis, and 

VEGF expression. Its overexpression is associated with  human gastric cancer with a poor 

prognosis. HDGF confers the CAF-like phenotype to the myofibroblast, including increased 

expression of α-SMA, FAP, FSP-1, and S100A4. Liu et al. have demonstrated that H. pylori 

induces the expression of HDGF in human gastric cancer cells. The increased expression of this 

protein in human BM-derived MSCs endows a CAF-like phenotype to these cells. Of note, the 

use of anti-HDGF antibodies inhibits the recruitment of MSCs and the expression of these 

markers [59]. 

Lastly, in addition to mediating fibroblast conversion into CAFs, Krzysiek-Maczka et al. have 

indicated that H. pylori infection provides a condition for CAF maintenance. In this regard, it has 

been observed that VacA+ H. pylori induces HIF-1α, collagen I, and HSP70 and inhibits pro-

apoptotic Bax expression, suggesting an enhanced protective role of H. pylori to maintain 

fibroblast integrity [60].  

2.3. Mesenchymal Stem Cells (MSCs) 
MSCs are present in the bone marrow and various other tissues, and are considered an assorted 

class of multipotent and self-renewing progenitor cells. They exhibit a range of unique 

characteristics, such as localizing at sites of injury, the ability to suppress immune responses, and 

cooperation in the renewal and repair of damaged tissues [61]. MSCs are increasingly recognized 

as major tumor growth facilitators in the context of cancer. Since MSCs are fundamental elements 

of the cancer stroma in clinical and in experimental settings, they demonstrate a substantial 
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propensity to develop tumors, which is related to their abilities to heal wounded tissues. Several 

studies have also shown that human MSCs accelerate tumor development and/or metastasis in 

a wide variety of tissue-derived neoplasms [61]. 

MSCs secrete a set of molecules, such as cytokines, chemokines, and growth factors, which act 

in a paracrine manner on surrounding cancer cells, thereby regulating tumor development and 

progression. Cytokines and growth factors produced by MSCs, including IL-6, IL-8, and EGF, 

have been shown to enhance tumor cell invasiveness in the context of cancers [62, 63]. Similarly, 

MSC-derived chemokines, such as Gro-α (CXCL1), MIP2α (CXCL2), and SDF-1 (CXCL12), have 

been found to mediate tumor cell proliferation [64, 65]. MSCs also exert immune regulatory 

function on both innate and adaptive immune responses. In this regard, it has been shown that 

MSCs directly inhibit the proliferation of CD4+ and CD8+ T cells, suggesting a significant effect 

of MSCs on immune surveillance [66]. Moreover, MSCs decrease the percentage of IFNγ-

producing T cells in the tumor microenvironment [67]. It should also be mentioned that MSCs 

express immune receptors. In fact, it has been shown that MSCs highly express the toll-like 

receptors TLR3 and TLR4. Activation of these two receptors in MSCs induces expression of the 

Notch ligand, Delta‐like 1, resulting in the induction of Treg cells [68]. Additionally, this process is 

facilitated by the secretion of TGF-β from MSCs [69]. 

MSCs are inherently capable of being transformed into other cells. On the one hand, they can be 

converted into endothelial cells. Upon conversion, these cells produce keratinocyte growth factor 

(KGF), VEGF-A, EGF, IGF-1, and galectin-1 to promote the development of newly-formed blood 

vessels and angiogenesis. On the other hand, MSCs have the ability to transform into tumor 

stromal cells such as CAFs [61]. As mentioned earlier, the injection of CagA into a target cell by 

T4SS-formed pilus induces ERK1/2-dependent NF-κB activation, and transforms this cell into a 

“hummingbird phenotype” cell with increased expression of mesenchymal markers such as Snail, 

ZEB-1, and vimentin [24, 25]. During the MSC conversion into CAF, these cells acquire CAF-

phenotype markers, including α-SMA, vimentin, FSP1, and FAP [70]. The functions of CAFs in 

cancer have been discussed in the section entitled “Cancer-associated Fibroblasts”.  

H. pylori-induced inflammation in the stomach of infected mice has been shown to be associated 

with the release of signaling molecules and activation of pathways such as TGFβ signaling via 

SMAD3 and Hedgehog signaling, during chronic H. pylori infection, which leads to the rapid 

infiltration of MSCs to the inflamed stomach (see Figure.1.C). The importance of CXCR4 and 

CXCL12 interaction for the recruitment of MSCs to stomach tissue has also been reported [71]. 

Moreover, an in vitro study has shown that co-cultured epithelial cells with H. pylori lead to TNF-
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α and CCL2 production. The secretion of these two factors and their ligation by SCs initiates NF-

κB signaling, which gives rise to accelerated recruitment of MSCs for gastric cancer development 

[72].  

Once MSCs migrate towards the chronic H. pylori-infected gastric tissue to exert their innate 

function for wound-healing-like activities, they are trapped in the microenvironment that contains 

H. pylori bacterium and tumor cells. Following the attraction to the inflamed gastric 

microenvironment, MSCs interact with gastric tumor cells and H. pylori bacteria. The interaction 

of MSCs initially leads to upregulation of the Bcl2 gene and MMP2 and MMP9 in these cells, 

which results in an increase in tumor invasiveness. In fact, the active phenotype of MSCs in the 

tumor microenvironment promotes tumor development [73].  

MSCs also exert a modulatory function on the adaptive immune system. It has been demonstrated 

that MSCs can secrete IL-10 and TGF-β, while decreasing the secretion of IFN-γ. This process 

results in the induction of Foxp3+ CD4+ CD25+ Treg cells. Lin et al. have demonstrated that the 

transplantation of MSCs in H. pylori-adapted 44-week old mice remarkably induced local and 

systemic IL-10-secreting T cells and triggered Treg functions [74]. The effect of H. pylori infection 

on immune responses has also been shown to be age-dependent. In this regard, Altobelli et al. 

showed that VacA H. pylori infection in neonatal mice skewed T cells to Foxp3+ Treg cells. In 

contrast, infection in adult mice leads to the polarization of T cells toward RoRγt+ TH17 cells. 

These data indicate that neonatal infection results in immune tolerance to H. pylori, in which VacA 

protein acts as an immunomodulator in this case [75].  

Tumor research focuses on the function of MSCs in the development of tumors via inducing 

immune suppression, angiogenesis, and extracellular matrix deformation [76]. Research findings 

reveal the involvement of MSC in tumor support, whereas some studies have demonstrated 

MSC's anti-tumor roles in malignancies such as glioma, melanoma, and HCC [77-79]. Regarding 

gastric cancer, there are conflicting results that show MSC can prevent the progression of gastric 

cancer through the apoptosis of cancer cells. A compelling explanation for this difference is the 

process of reprogramming tumor cells that transforms MSCs, which often has a different effect 

on the progression of tumors, into pro-tumorigenic trained MSCs [80, 81]. Another explanation for 

these inconsistent outcomes relates to the differences between tumor models, MSC 

heterogeneity, time and injected dose of MSCs, which affect the MSC-cancer interaction process 

[76, 82]. 
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2.4. Myeloid-derived Suppressor Cells (MDSCs) 
MDSCs are immature and heterogeneous groups of myeloid-derived cells. Altered hematopoiesis 

resulting from cancer, or infection-induced chronic inflammation, provides a pathological situation 

that leads to the expansion and development of MDSCs [83, 84]. Given the immunosuppressive 

properties of MDSCs, rather than immunostimulation, they are detected from other myeloid 

lineage-derived cells, including monocytes, neutrophils, macrophages, and dendritic cells [83, 

85]. Like other myeloid-derived cells, MDSCs communicate with a range of immune cells such as 

lymphocytes, dendritic cells, natural killer (NK) cells, and macrophages to influence their function 

[86, 87]. In addition to the spleen, lymph nodes, and bloodstream, MDSCs can infiltrate into the 

tumor microenvironment [88, 89]. The secreted cytokines, as well as growth and inflammatory 

factors, including macrophage-colony stimulating factor (M-CSF), granulocyte macrophage-

colony stimulating factor (GM-CSF), VEGF, prostaglandin E2 (PGE2), IL-1β, IL-6, and IL-13, are 

responsible for the induction of MDSCs from bone marrow [90-92]. CCAAT/enhancer-binding 

protein (C/EBP)-β, Janus kinase (JAK)2, signal transducer and activator of transcription (STAT)1, 

STAT3, STAT5, NF-κB, and hypoxia-inducible factor 1-α (HIF-1α), are the primary transcription 

factors that induce MDSCs [83, 93, 94]. The induction of the PI3K-AKT signaling pathway is a 

vital step for the induction of MDSCs [94]. 

In a study by Hayakawa et al., it was shown that apoptosis signal-regulating kinase 1 (ASK1) 

counteracts H. pylori-induced MDSC infiltration. ASK1, and its downstream Jun/MAPKs, are 

considered regulators of epithelial maintenance and host immune responses in H. pylori infection. 

Importantly, activation of this pathway suppresses macrophage apoptosis and IL-1β secretion, 

and loss of ASK1 enhances STAT1 and NF-κB activation, as well as MDSC recruitment in the H. 

pylori-infected stomach. In fact, following H. pylori infection, ASK1 is activated to suppress 

inflammation induced by infiltrated MDSCs. Hence, ASK1 is an anti-inflammatory mechanism 

against H. pylori, such that ASK1 knockdown leads to MDSC-induced hyperinflammatory 

responses. Collectively, it has been concluded that ASK1 is activated following CagA injection to 

enable anti-inflammation mechanisms in the stomach, suggesting a protective function in stomach 

cells against inflammation and gastric cancer [95].  

The primary immune inhibitory function of MDSCs is the suppression of the function of 

lymphocytes, especially cytotoxic T cells (CTLs or CD8+ T cells). Other immune cells, such as 

DCs, NKs, and macrophages, are also inhibited by MDSCs in the tumor microenvironment [86, 

96]. There are multiple mechanisms involved in the immunosuppressive role of MDSCs in cancer. 

Nitric oxide (NO), produced by arginase-1 (ARG1) enzyme from L-arginine, and reactive oxygen 
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species (ROS) are necessary for immunosuppression by MDSCs [97]. NO and ROS 

downregulate and dissociate the ζ-chain in the CD3 component of T cell receptors (TCRs) [97, 

98]. MDSCs also produce IL-10 and TGF-β to promote the generation of Foxp3+/CD25+ T reg 

cells [99]. Moreover, secretion of ADAM17 (a disintegrin and metalloproteinase 17) from MDSCs 

disrupts T cell infiltration into lymph nodes [99].  

The interaction of H. pylori with MDSCs has illustrated in Figure.1.D. GLI1, a zinc-finger protein, 

functions as a DNA-binding protein and a transcriptional activator. Schlafen 4 (SLFN4) is a 

myeloid differentiation factor that is considered to be a GLI1 target gene, and its expression is 

associated with spasmolytic polypeptide-expressing metaplasia (SPEM). It has been suggested 

that SLFN4+ myeloid cell recruitment from the bone marrow to peripheral organs implies 

preneoplastic alterations in the gastric microenvironment. It has been demonstrated that the 

expression of SLFN4 in patients with intestinal metaplasia in the stomach can be attributed to H. 

pylori infection. It has also been proposed that SLFN4 expression relies on sonic hedgehog (SHH) 

ligand, and that SHH ligand expression accelerates the infiltration of SLFN4+ MDSCs into the 

gastric microenvironment [100].  

Mesali et al. demonstrated that H. pylori infection is associated with an increased population of 

MDSCs in the biopsies of the antrum of the stomach of patients with peptic ulcer and gastric 

cancer. However, the mechanism of this infiltration and recruitment to the gastric tissues has not 

been elucidated [101]. Zhuang et al. showed that CagA+ H. pylori infection induces DCs and 

epithelial cells to express IL-23 and IL-22R, respectively. IL-23 induces Th22 cells to produce IL-

22, which leads to activation of IL-22R-expressing epithelial cells for CXCL2 secretion. 

Accordingly, secretion of CXCL2 activates MDSCs to infiltrate the gastric mucosa. Therefore, the 

H. pylori-induced IL-23/IL-22R/CXCL2 axis plays a pivotal role in creating a pro-inflammatory 

microenvironment to promote gastric cancer [102]. 

3. Therapeutic Approaches 
About 70% of cases of gastric cancer may be due to H. pylori infection, but only about 1-4% of H. 

pylori-infected individuals actually develop gastric cancer. Therefore, antibiotic therapy has been 

suggested as a first-line treatment, which might prove useful for preventing gastric cancer. 

Nevertheless, there are conflicting clinical reports relating to whether antibiotic therapy decreases 

the risk of gastric cancer  [103]. 

A study by Chiang et al. investigated the benefits of mass screening and eradication of H. pylori 

infection in an area with highly endemic H. pylori infection and high rates of gastric cancer. This 
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study showed that a significant reduction in H. pylori infection was associated with a reduction in 

premature malignant gastric lesions and gastric cancer without an increased likelihood of adverse 

outcomes [104]. Therefore, more evidence from ongoing research is required to determine 

whether mass screening and H. pylori eradication would reduce the occurrence of gastric cancer. 

As discussed in this review, the induction of inflammation is the primary means by which H. pylori 

triggers dysplasia and carcinogenesis in the gastric microenvironment. The H. pylori-induced 

inflammation is primarily mediated by the CagA factor via induction of NF-κB. Therefore, 

suppression of the function of CagA, or blocking NF-κB activation, may represent a therapeutic 

approach for inhibiting inflammation and, consequently, development of gastric cancer.  

The antioxidant, antimicrobial, and anti-tumor potential of natural extracts have been widely 

investigated as medicinal compounds for a variety of diseases. Silibinin, a major constituent of 

flavonolignans complex mixture (Silymarin), has been shown to possess anti-H. pylori activity, 

together with suppression of NO synthesis and the production of cytokines such as TNF-ɑ, IL-6, 

and IL-10 in H. pylori-infected macrophages. Moreover, silibinin has been shown to exhibit 

significant cytotoxic properties against adenocarcinoma cells, with a higher selectivity index than 

cisplatin. The use of silibinin may provide a vital therapeutic alternative for the prevention and 

treatment of H. pylori infection and, subsequently, gastric cancer [105]. 

In silico studies have identified several anti-inflammatory compounds that could potentially be 

used to alleviate inflammation and tumor progression induced by H. pylori. In this regard, 

naphthopyranones, extracted from Paepalanthus sp, might be valuable alternatives either in the 

prevention or in the treatment of H. pylori infection and the diseases associated with this infection, 

especially gastric cancer [106]. 

Artesunate is derived from artemisinin, which is an effective anti-malarial drug. Additionally, 

studies have shown that artesunate has inhibitory effects on cancer cell growth, invasion, and 

migration. It limit the growth of gastric cell lines in a concentration-dependent manner [107]. 

Artesunate employs a number of methods to limit the growth of cancer cells by promoting 

cell oncosis through an impact on calcium concentration, VEGF, and calpain-2 expression [108]. 

Apoptosis can also be caused in cancer cells by Bax and caspase-3 upregulation and 

inappropriate CDC25A and Bcl-2 regulation [109]. Moreover, by blocking the NF-κB signaling 

pathway, artesunate dampens tumor growth in the gastric carcinoma mice model. Artesunate also 

prevents the proliferation and adherence of H. pylori to gastric cancer cells and reduces ROS 

production [110]. 
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Finally, it should be mentioned that the use of nanoparticles as carriers for medicinal substances 

is increasing. Using nanocarriers containing new medicinal compounds, whether derived from 

natural sources or synthetically prepared, that exhibit cytotoxicity toward H. pylori is attracting 

much attention, since it is possible to treat the offending agent without affecting other mammalian 

cells, especially regenerative stem cells. For example, it has been shown that zinc oxide 

nanoparticles (ZnONPs) induce apoptosis in H. pylori bacteria. In addition to the ZnONPs 

triggering apoptosis of H. pylori bacteria, it was also demonstrated that they were not toxic to 

human MSCs and could be used as an effective ‘pseudo-nano-antibiotic’ to decrease the risk of 

gastric cancer [111]. 

4. Conclusions 
Gastric cancer has become more prevalent throughout the world, particularly in east-Asian 

countries. Since inflammation has been concluded to be the most important factor in cancer 

development, it has been speculated that the development of gastric cancer is also triggered by 

inflammation. H. pylori have been recognized as a microorganism that is highly effective at 

inducing inflammation in the stomach. Recent studies have described a synergistic interaction 

between the tumor microenvironment stroma and H. pylori infection. A better understanding of 

how H. pylori and these cells interact should introduce new insights and perspectives on the 

treatment of gastric cancer, as well as novel biomarkers that may be used for early detection. As 

mentioned, tumor stromal cells, including TAMs, CAFs, MSCs, and MDSCs, play a critical role in 

gastric cancer development. The interaction of these types of cells with H. pylori has been shown 

to induce inflammation in the stomach.  

TAMs, as the primary immune cell present in the gastric tumor microenvironment, are the cells 

most affected by H. pylori. H. pylori trigger the induction of NF-κB in these cells, leading to 

increased secretion of TNF-α and IL-1β. Increased secretion of TNF-α and IL-1β exacerbates the 

inflammatory milieu in the stomach. Moreover, the ‘cross-talk’ between TAMs and H. pylori 

decreases the expression of CIITA and increases PD-1, which leads to inhibition of CD8+ T cells 

and anti-tumor responses. MDSCs are another type of cell with immunomodulating properties in 

the gastric cancer microenvironment. The interaction of H. pylori with MDSCs initiates SHH 

signaling, mediates the CXCL2/IL-23/IL-22R axis, and enhances infiltration of MDSCs into the 

tumor microenvironment.  

H. pylori inject virulence factor, CagA, into stromal cells and modulate them, mainly through 

induction of NF-κB. Moreover, the co-culture of H. pylori and fibroblasts or MSCs triggers a set of 
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signaling pathways, which leads to the expression of CAF-like phenotype markers, and ultimately, 

to the development of CAF. Additional mechanisms for enhanced inflammation in the tumor 

microenvironment involve H. pylori-induced secretion of mediators, for example, IL-6, MMPs, 

CXCL14, and PGE2. Furthermore, H. pylori stimulates the expression of VCAM1, HIF-1α, and 

anti-apoptotic proteins in CAFs to maintain the integrity of activated fibroblasts and increase tumor 

invasiveness. The interplay between H. pylori and MSCs leads to the secretion of CXCL12, which 

leads to further MSC recruitment to the tumor microenvironment. The MSCs that have infiltrated 

the tumor microenvironment induce immune regulation through the induction of Treg cells. Finally, 

MSCs incubated with H. pylori express MMPs, which trigger tumor invasiveness.  

Since H. pylori infection induces vigorous immune responses in stomach tissues, it has been 

suggested that the resulting inflammation promotes tumor development in gastric tissue. Most 

studies examining the effect of H. pylori on the aforementioned cells have been conducted in vitro. 

Therefore, it is suggested that future investigations should be extended to in vivo situations (e.g., 

using experimental animal models), as well as clinical studies. Another remaining challenge is to 

address the exact mechanisms underlying the ‘cross-talk’ between H. pylori and tumor stroma, 

which may help to better clarify the role of H. pylori in gastric cancer. It is also hoped that 

biomedical/pharmaceutical strategies to target H. pylori specifically will provide promising 

therapeutic approaches for gastric cancer prevention that may potentially arise secondary to 

infection with H. pylori. 
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5. Figures’ Legends: 
Figure. 1. The cross-talk between H. pylori with immunosuppressive cells in gastric cancer. A) 
The interaction between H. pylori and TAMs in the tumor microenvironment. B) The crosstalk 
between MDSCs and H. pylori in the tumor microenvironment. C) The interplay of H. pylori and 
CAFs in the tumor microenvironment. D) The interaction of H. pylori and MSCs in the tumor 
microenvironment.  
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