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A B S T R A C T

The extended infection with Helicobacter pylori (H. pylori), one of the most frequent infectious agents in humans,
may cause gastritis, peptic ulcers, gastric mucosa-associated lymphoid tissue (MALT) lymphoma, and gastric
cancer. During H. pylori infection, different kinds of inflammatory cells such as dendritic cells, macrophages,
neutrophils, mast cells, eosinophils, T cells and B cells are accumulated into the stomach. The interactions
between chemokines and their respective receptors recruit particular types of the leukocytes that ultimately
determine the nature of immune response and therefore, have a main influence on the consequence of infection.
The suitable production of chemokines especially in the early stages of H. pylori infection shapes appropriate
immune responses that contribute to the H. pylori elimination. The unbalanced expression of the chemokines can
contribute in the induction of inappropriate responses that result in the tissue damage or malignancy. Thus,
chemokines and their receptors may be promising potential targets for designing the therapeutic strategies
against various types H. pylori-related gastrointestinal disorders. In this review, a comprehensive explanation
regarding the roles played by chemokines in H. pylori-mediated peptic ulcer, gastritis and gastric malignancies
was provided while presenting the potential utilization of these chemoattractants as therapeutic elements.

1. Introduction

The extended infection with Helicobacter pylori (H. pylori), one of the
most frequent pathogen in humans, lead to several gastrointestinal
diseases such as peptic ulcers (PU), mucosa-associated lymphoid tissue
(MALT) lymphomas and gastric cancer in the 10.0–15.0%, 1.0–3.0%
and<1.0% of the infected individuals, respectively [1,2]. Some extra-
gastrointestinal exhibitions such as metabolic, hematologic, neurologic,
cardiovascular, and dermatologic have been also correlated with H.
pylori infection [3–5]. A complex network of communications between
several parameters, in particular virulence factors of H. pylori, host
genetic predisposition, host innate and specific immunity, and en-
vironmental elements determine the expression of the different types of
the H. pylori-linked clinical outcomes [6,7]. The cytotoxin-associated
gene A (CagA) and vacuolating cytotoxin A (VacA) proteins are the
most potent virulence factors that have been related to the severity of
gastric lesions and immune responses [6,8]. The infection with CagA+

or VacA+ strains induces more inflammation, ulceration and

tumorigenesis [7,9,10]. The prevalence of CagA among H. pylori iso-
lates obtained from patients with gastrointestinal diseases was reported
to be 70.0% in Iran, 78.0% in Turkey, 66.0% in United States, 46.0% in
the Netherlands, 87.2% in Germany, 87.0% in Estonia, 45.0% in Sri
Lanka, 81.7% in Brazil, 97.0% in Korea, 95.0% in Japan, 94.0% in
Malaysia and 90.0% in China [11].

In H. pylori infection, various kinds of inflammatory cells, including
dendritic cells (DCs), macrophages, neutrophils, eosinophils, mast cells,
and T- and B cells are gathered into the stomach and the intensity of
mucosal injury is related with the levels of leukocyte infiltration, in
particular neutrophils [12,13]. The increased quantities of pro-in-
flammatory cytokines and chemokines such as IL-1β, TNF-α and CXCL8
were indicated in the gastric mucosa from patients with H. pylori-
mediated gastritis [7,14]. The intestinal Peyer's patches and the me-
senteric lymph nodes are the earlier sites of the induction of H. pylori-
related immune responses [15,16]. The H. pylori-specific T cells are
activated in Peyer's patches and move to mesenteric lymph nodes, and
subsequently are aggregated in the gastric mucosa [15]. The CD4+ T
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cells perform a more prominent role in the regulating of the H. pylori-
specific immune responses that may lead to bacterial elimination, local
inflammation, and cause immunopathologic consequences [17].

In contrast to the most of bacteria, which cause illness and then are
eradicated by the pathogen-specific immune response, H. pylori estab-
lishes an extended infection for decades or for lifetime despite the in-
duction of powerful innate and specific immune responses [18].
Therefore, H. pylori has been achieved several adaptation mechanisms
that permit the bacterium to evade the host immunity [17]. However,
the infection outcome toward pathogen elimination, pathogen evasion
and persistence, or immunopathologic sequels mainly is determined by
the nature of immunity initiated by H. pylori [1].

As mentioned, the leukocyte recruitment is one of the earliest pro-
cesses happens during H. pylori infection [12,13]. The local expression
of pro-inflammatory chemokines play a pivotal role in the recruitment
of different subsets of leukocytes to the stomach during H. pylori in-
fection. Chemokines are small polypeptides (8–14 kDa), which attract
different types of leukocytes to the sites of infection and inflammation
[19]. Chemokines are categorized into CXC, CC, CX3C or C chemokines,
based on the location of conservative cysteines (C) residues in their
structure [19,20]. Chemokines exert their functions by binding to
transmembrane G protein-coupled receptors, and trigger cells to move
along a concentration gradient [19]. Chemokine receptors were iden-
tified as CXCR, CCR, CR, and CX3CR [19,20]. A set of proinflammatory
chemokines especially CXCL8, CXCL10, CXCL12, CXCL13, CXCL16,
CCL5, CCL17, CCL20, CCL22, CCL25 and CCL28 are involved in H.
pylori-related immune or immunopathologic responses. The CXC che-
mokines play more prominent role in the H. pylori-mediated gastric
inflammation than CC chemokines [21]. Determination of how che-
mokines and their receptors contribute in the immunity to H. pylori and
in the pathogenesis of the bacterium-related gastrointestinal diseases is
essential for designing the novel therapeutic strategies. In this review a
comprehensive explanation regarding the roles played by chemokines
in H. pylori-mediated peptic ulcer, gastritis and gastric cancer was
provided while presenting the potential utilization of these chemoat-
tractants as therapeutic elements.

2. CXC chemokines

2.1. CXCL8

CXCL8 (also known as IL-8) is one the most powerful pro-in-
flammatory chemokines that is secreted by different cell subsets in-
cluding monocytes, macrophages, fibroblasts, endothelial cells, and
epithelial cells [22]. CXCL8 expression is stimulated by different in-
ducers such as IL-1, IL-6, IL-17A, IL-22, TNF-α, CXCL12, hypoxia, re-
active oxygen species (ROS), and mediated by transcription factors NF-
κB and activator protein-1 (AP-1) [1,22]. Some H. pylori-related factors
also induce the CXCL8 expression which will be explained in the fol-
lowing. CXCL8-related signals are mediated via binding to two re-
ceptors namely CXCR1 and CXCR2 [23].

The CXCL8 generation by gastric epithelial cells (GECs) is a main
characteristic of H. pylori infection [7]. The raised CXCL8 expression
was measured in antral biopsy specimens from H. pylori-infected pa-
tients with PU or gastritis in comparison with uninfected cases, and the
CXCL8 expression has been detected in GECs and macrophages [7,24].
Further, the elevated CXCL8 expression in human GECs, and gastric
biopsy specimens from patients with duodenal ulcer is linked to infec-
tion by CagA+ H. pylori strains [7,25]. The CXCL8 is also produced by
macrophages and neutrophils placed in the lamina propria of stomach
in H. pylori-infected subjects with chronic active gastritis [26]. Some H.
pylori-derived components such as urease, JHP940 protein, and VacA
also stimulate the human peripheral blood mononuclear cells (PBMCs)
or human monocytes to secrete CXCL8 in vitro [7].

The H. pylori-induced CXCL8 production happens in the type IV
secretion system (T4SS)-dependent or independent manners. The T4SS

is one of the most powerful CXCL8 inducers of H. pylori [27,28]. The
CXCL8 induction by H. pylori in epithelial cells is potently dependent to
the T4SS [27]. In T4SS-dependent process, a number of bacterial
components, such as peptidoglycan, DNA or CagA are transported into
the GECs and trigger the CXCL8 expression [27,28]. The H. pylori-sti-
mulated CXCL8 expression in GECs needs the phosphorylation of the
CagA in the initial steps of the infection [7]. The CagA+ H. pylori strains
induce more CXCL8 than CagA-deficient strains and the prevention of
CagA phosphorylation decreases the CXCL8 expression [7]. Upon
transportation of the CagA into the GECs, it induces the CXCL8 ex-
pression via the induction of the tyrosine phosphatase SHP2, mitogen-
activated protein (MAP) kinase pathway and NF-κB [27,29]. The in-
jected peptidoglycan into the GECs is also sensed by an intracellular
receptor NOD1 and leads to the CXCL8 production via signal inducer
and activator of transcription-1 (STAT-1), IRF-1 and NF-κB activation
[30,31].

There are controversies regarding the contribution of the OipA (an
outer membrane protein of the H. pylori) in the CXCL8 expression. It has
been reported that the CagA-induced CXCL8 in human GECs is depen-
dent on the OipA expression and OipA is necessary for transportation of
the CagA into the epithelial cells [32]. According to the results from
another in vitro study, it has been concluded that CagA and OipA reg-
ulate CXCL8 expression in human GECs via different pathways [33].

The H. pylori-induced CXCL8 production may also occur in a T4SS-
independent manner because a cagE mutant maintains its inducing
activity [34]. The VacA directly increases the CXCL8 expression in a
human monocytic cell line by induction of the p38 MAPK that activates
a transcription factor, namely the c-AMP response element-binding
protein-1 (CREB1) that binds to the AP-1 site in the CXCL8 gene pro-
moter [35].

Following the H. pylori establishment in the human gastric antrum,
HP-NAP also first attracts and then stimulates neutrophils to secrete IL-
12 and IL-23 accompanied with the production of CXCL8, CCL3 and
CCL4 [12]. Because neutrophils are quickly aggregated in great num-
bers at infection location, they may also act as chemokine producers
that recruit more neutrophils via CXCL8 production and attract addi-
tional monocytes, DCs, and lymphocytes via secretion of CCL3 and
CCL4 [36].

HP-NAP also elicits macrophages to secrete IL-12 and IL-23 that
potentiate the Th1- and Th17 cell-connected responses against H. pylori
[36]. The Th17 cell-derived cytokines such as IL-17A and IL-22 work
synergistically to induce the expression CXCL8 and antimicrobial pep-
tides in GECs [37].

The CagL also triggers the CXCL8 secretion from H. pylori-infected
cultured human GECs by activating Src tyrosine kinase, MAP kinase
cascade, NF-κB, and through direct interaction with a host cell receptor
integrin α5β1 via an arginine-glycine-aspartate motif [38]. Moreover,
integrin α5β1 perform a key role in the CXCL8 induction by H. pylori-
infected human GECs during in vitro experiments [38].

The OipA and bacterial urease also lead to the CXCL8 secretion from
human GECs through activation of STAT-1 and NF-κB, respectively
[30,33].

The investigations using human and murine models indicate that
GECs and macrophages produce CXCL8 in response to different H. pylori
factors such as VacA, urease, and JHP940, whereas the T4SS-dependent
injection of CagA or peptidoglycan are involved in the epithelial cell
activation [7,38,39].

Based on the in vitro investigations, using human GECs, it was in-
dicated that the MAPK p38, NF-κB or the extracellular signal-regulated
kinases 1/2 (ERK1/2, MAPK1/3)-related signals perform a role in the
CXCL8 expression during H. pylori infection [7]. The H. pylori-induced
CXCL8 production in a human monocytic cell line is also blocked by
ERK1/2, p38, and NF-κB inhibitors, representing the contribution of the
MAPK/NF-κB pathway in this process [7]. Other pathways such as AP-1
also lead to CXCL8 expression and are essential for maximal CXCL8
expression [7].
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In addition, the in vitro experiments using human GECs revealed
that epidermal growth factor receptor (EGFR) pathway may perform a
considerable role in the H. pylori-induced CXCL8 expression [40]. It has
been demonstrated that induction of the EGFR via an endogenous li-
gand, namely heparin-binding epidermal growth factor (HB-EGF) con-
tributes in the H. pylori-induced CXCL8 expression from human GECs
[41]. Thus, different signaling pathways contribute in the CXCL8 pro-
duction after H. pylori infection.

The H. pylori infection causes the CXCL1, CXCL5 and CXCL8 ex-
pression in cultured primary human GECs and the inhibitors of EGFR,
MAPK and JAK reduce the chemokine production [30]. Using a neu-
tralizing antibody against TLR2 also reduces the chemokine secretion
by H. pylori-infected primary human gastric cells in vitro. Therefore,
some H. pylori-derived molecules are recognized by TLR2 and cause
CXCL1, CXCL5 and CXCL8 expression in a T4SS-independent manner
via EGFR, MAPK and the JAK/STAT signaling pathways [30].

H. pylori is also found in the proximity of endothelial cells in the
underneath of gastric mucosa in infected humans and monkeys
[27,42].The results from an in vitro study showed that the H. pylori-
infected human endothelial cells secrete IL-6 and CXCL8 [27]. This
inflammatory response is induced by a T4SS-linked adhesin CagL, but in
a CagA translocation-independent manner. H. pylori-related T4SS acti-
vates the NF-κB that contributes to the CXCL8 induction in H. pylori-
infected endothelial cells [27]. The EGFR is also need for H. pylori-in-
duced CXCL8 response in endothelial cells [27]. Therefore, the T4SS-
associated adhesin CagL and EGFR may consider as potential ther-
apeutic targets for modulating the H. pylori-mediated inflammation.

The CXCL8-CXCR1/2 axis recruits granulocytes, primarily neu-
trophils into the sites of inflammation and infection that increase bac-
terial elimination [22,23]. It was reported that the incubation of H.
pylori with human neutrophils reduces the expression of the CXCR1 and
CXCR2 after 30min, which may limit their migration [43]. However,
neutrophils are recruited into the stomach during H. pylori infection,
but there are in vitro evidence indicating that they are not capable to
eliminate the bacteria [44]. A chronic gastric neutrophil-dominant in-
flammation occurs during H. pylori infection, and neutrophils density is
related to disease intensity and tissue damage [45]. A strong association
was also indicated between expression of CXCL8 in GECs with the in-
flammation with the risk of gastric pathological changes during H. py-
lori infection [7,45] (Table 1).

The CXCL8 may also contribute to the development of the H. pylori-
related malignancies. The serum CXCL8 concentration in H. pylori-po-
sitive patients with gastric cancer is higher than those without carci-
noma [46]. Interestingly, elevated expression of NOD1, CXCL8, and
IRF1 were reported in human gastric tumor tissues compared with
paired non-malignant specimens [31]. Tumor cells also secrete CXCL8
which acts as a key element in the development, severity, and metas-
tasis of gastric carcinoma [7,46]. Further, the CXCL8 secretion from
cancerous cells and tumor-associated macrophages (TAM) induces
tumor cell proliferation, and chemoresistance [47]. CXCL8 promotes
tumor development by stimulating vascular endothelial growth factor
(VEGF) expression, enhances cell proliferation and survival, potentiates
epithelial-mesenchymal transition (EMT), and activates inflammatory
and stromal cells within the tumor microenvironment [46] (Table 1). A
positive association was indicated between the CXCL8 expression and
the number of blood vessels in the human gastric carcinomas [46].
Moreover, CXCL8 directly induces the angiogenesis through expansion
of the CXCR1+ and CXCR2+ human endothelial cell and capillary
formation in vitro, and these effects are blocked using anti-CXCL8 an-
tibodies [22,46,48]. In an in vitro study, it was also indicated that H.
pylori-derived HSP60 expands the human endothelial cells through
triggering CXCL8 from GECs which contributes to the angiogenesis
[49]. Further, CXCL8 induces the expression of the MMP-2 and MMP-9
in cultured human endothelial cells, which promote their migration
[48].

CXCL8 also recruits neutrophils into tumor microenvironment that

can be polarized into either anti-tumor N1 or pro-tumor N2 subsets
[50,51]. The aggregated neutrophils promote cancerous cell migration,
invasion, and metastasis through several ways, such as releasing growth
factors and MMPs [50,51]. CXCL8 promotes the accumulation of the
myeloid-derived suppressor cells (MDSCs) into the tumor site, which
inhibit the anti-tumor immune responses [47]. The CXCL8-over-
producing transgenic mice display more infiltration of MDSCs into co-
lonic mucosa that promote the colon carcinogenesis [47]. Further,
CXCL8 attracts in vitro the CXCR1+ and CXCR2+ MDSCs separated
from PBMCs of malignant patients [52]. CXCL8 also promotes cancer
development through induction EMT, a process in which epithelial cells
miss their properties and acquire mesenchymal characteristics [47].
The results from in vitro experiments indicate that treatment of human
malignant cells with CXC8 promote EMT [47]. There are also reports
indicating that CXCL8 in vitro expands the human cancer stem cells
(CSC) through CXCR1 and CXCR2 and the targeting of the mentioned
receptors limit that CSC formation [23,47].

The inhibitors of the factors that contribute to the CXCL8 expression
such as inhibitors of MAPK, AP-1, NF-κB, EGFR and ROS may limit
cancer development [46]. A number of microRNAs was also modulate
the CXCL8 expression [46]. The interventions in CXCL8-CXCR1/2 axis
may have therapeutic potentials. For example, small inhibitor mole-
cules targeting the CXCL8 receptors are interesting therapeutic agents
to suppress the CXCR1/2-related signaling pathway. Reparixin, an in-
hibitor of CXCR1 and CXCR2, prevents the CXCL8 interaction with its
receptors, reduce the expansion of CSC and decrease the tumor me-
tastasis [23]. The anti-CXCL8 neutralizing antibodies also reduce in-
vasion and angiogenesis in melanoma tumor-bearing mice by inhibiting
the MMP-2 expression and increasing the tumor cell apoptosis [47].

Taken together, the aforementioned studies indicate that the various
kinds of H. pylori-linked elements trigger the CXCL8 expression in GECs,
endothelial cells and infiltrated leukocytes. CXCL8 recruits neutrophils
into the sites of inflammation, but they are unable to eliminate the H.
pylori. During H. pylori infection, the extended excessive CXCL8 ex-
pression induces a chronic neutrophil-dominant that contributes in the
tissue damages such as gastritis. The improper expression of CXCL8
may play a main role in the development of the H. pylori-related gastric
cancer (Fig. 1).

2.2. CXCL10

During the inflammatory process, CXCL10 [known as interferon
gamma-induced protein 10 (IP-10)] is released from neutrophils, eosi-
nophils, monocytes, keratinocytes, epithelial- and endothelial cells in
response to IFN-γ [53]. CXCL10 specifically binds to CXCR3, which is
expressed on the natural killer (NK) cells, DCs, macrophage and acti-
vated T- and B lymphocytes [19].

The expression of CXCR3 and its ligands CXCL9, CXCL10 and
CXCL11 are increased in human or murine gastric mucosa during H.
pylori infection [26,54,55]. The proinflammatory cytokines TNF-α and
IFN-γ synergistically trigger the CXCL9 and CXCL10 expression from
cultured human GECs [56]. The H. pylori-stimulated NOD1 pathway
leads to the activation of STAT1 and IRF1 in cultured human GECs that
promotes the CXCL8 and CXCL10 expression [31]. The expression of
NOD1, CXCL8, and CXCL10 in gastric biopsy specimens from H. pylori-
infected patients with severe gastritis is greater than those without
gastritis [31]. A positive association has been also observed between
infection with CagA+ H. pylori strains and serum CXCL10 levels in PU
patients [57].

Among T cell subgroups, CXCR3 is mainly expressed on Th1 cells,
hence, CXCL9, CXCL10, and CXCL11 preferentially contribute to the
selective recruitment of Th1 cells into the inflammation sites
[19,58,59]. Elevated expression of Th1 cell-related chemokines (in-
cluding CXCL9, CXCL10, and CXCL11) were detected in the H. pylori-
infected human stomach mucosa [26,55]. However, the gastric CD4+ T
cells isolated from H. pylori-infected healthy individuals display lower
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CXCR3 expression in comparison with H. pylori-negative healthy in-
dividuals [60]. High CXCL9 and CXCL10 expression in the stomach
mucosa of patients with H. pylori-related chronic gastritis represents
that both chemokines involve in the development of the Th1 cell re-
sponses [61]. The Th1 cell-secreted cytokines such as IFN-γ, TNF-α and
IL-2 cause macrophage recruitment into the infection sites. The acti-
vation of macrophages by Th1 cell cytokines (especially IFN-γ) per-
forms a central role in the H. pylori elimination [62]. An adequate and
appropriate Th1-dependent cell mediated immune response against H.
pylori is essential for bacterium clearance [63–65]. The results from
human and mouse studies indicate a reverse correlation between Th1
cell-dependent immune response and H. pylori colonization, re-
presenting that the insufficient Th1 cell response is related to elevated
bacterium colonization [1,62]. However, if the H. pylori evades the Th1-
cell mediated immune responses, the continuation of an excessive and
inappropriate immune of Th1 cells-related responses may involve in the
development of PU and gastritis [1].

It has also been indicated that the serum CXCL10 quantities in H.
pylori-infected PU patients were lower than those without the disease
[57]. Further, the H. pylori-derived fractions inhibit the in vitro CXCL10
expression in GECs [56]. Therefore, low CXCL10 production may re-
present a poor Th1 cell-related response in the gastric mucosa of H.
pylori-infected patients. Diminished CXCL10 levels may reduce the in-
flux of the CD4+ Th1 cells into the of H. pylori-infected gastric mucosa.

It seems to be logical that H. pylori may have evolved strategies (such as
inhibition of the CXCL10 production) to minimize the aggregation of
Th1 cells to the gastric mucosal and evade the host's immune system.

Some anti-tumor and pro-tumor effects were attributed to CXCL10.
CXCL10 may trigger anti-tumor responses through attracting NK cells,
Th1 and CD8+ CTLs [66]. However, there are also reports from in vitro
and in vivo experiments indicating the higher expression of CXCR3 li-
gands by antigen-presenting cells and endothelial cells within gastric
cancer leads to the attraction and activation of CD8+ CTLs which may
cause tumor regression [67]. In addition to chemotaxis, CXCL10 also
influence the apoptosis, cell proliferation and angiostasis [19,59]. Ele-
vated plasma levels of CCL2, CCL4, CCL5, CXCL8, CXCL9, and CXCL10
were indicated in patients with gastric cancer [68]. A significant role
has been implicated for CXCL10 in the progression of gastric cancer and
antibiotic treatment inhibits the H. pylori-induced gastric cancer de-
velopment in a murine model which is related to lower expression
CXCL10 in gastric mucosa [69]. The overexpression of the CXCR3 was
also indicated in human gastric cancer cells, and in vitro investigations
revealed that the CXCL10/CXCR3 axis leads to the MMP2 and MMP9
production through PI3K/AKT pathway that promotes cancer cell in-
vasion and migration [70]. In an in vitro analysis, it has also been ob-
served that CXCL10 promotes the human gastric cancer cell migration
and invasion via CXCR3A, but not through CXCR3B [71]. Using a mouse
model, it was found that the downregulation of CXCR3A in a gastric

Table 1
The role of CXC chemokines during Helicobacter infection.

Chemokines Cell producers Played roles Mechanisms of action Ref.

CXCL8 - GECs
- Vascular endothelial
cells
- Infiltrated macrophages
- Infiltrated neutrophils
- Tumor-associated
- Macrophages
- Gastric tumor cells

- Gastric inflammation - Recruitment of neutrophils. [45]
- Development of gastric cancer - Promotion of tumor cell proliferation and survival. [7,46] [47].

- Expression of VEGF and angiogenesis. [22,46].
- Induction of EMT [46].
-Expression of MMPs [48].
- Expansion of cancer stem cells [23].
- Recruitment of MDSCs into the tumor [47].
- Recruitment of neutrophils into the tumor [50,51]

CXCL10 GECs - Bacterium elimination
(In coordination with CXCL9 and
CXCL11)

- Recruitment of Th1 cells [61,62].
- Contributes to the induction suitable Th1 cell-mediated
immune response against H. pylori

[1,194].

- Development of PU and gastritis
(In coordination with CXCL9 and
CXCL11)

- Contributes to the induction uncontrolled Th1-mediated
immune response against H. pylori

[1,26,55,60].

- Progression of gastric cancer - Promotes cancerous cell invasion [70,71].
- Induction of MMP production [70,71].
- Promotes cancerous cell migration

- Regression of gastric cancer - Attraction and activation of CD8+ CTLs [67].
- Attracting NK- and Th1 cells [66].

CXCL12 - GECs
- Endothelial cells
- Gastric cancer cells
- MALT lymphoma cells

- Promotion of the inflammation - Recruitment of Macrophages. [77]
- Recruitment of DCs. [77]
- Recruitment of T cells. [76].

- Wound healing - Recruitment of epidermal stem cells [78,79]
- Recruitment of bone marrow-derived stromal stem cells [78,79]
- Induction of angiogenesis. [80].

- Progression of gastric cancer - Induction of angiogenesis. [86,91,92].
- Recruitment of bone marrow-derived mesenchymal stem cells [75].
- Recruitment of CXCR4+ CAF [86].
- Expansion of gastric epithelial progenitor cells [86].
- Trigger the EMT [87].
- Promotes proliferation of myofibroblasts [86].

- Progression of MALT lymphoma - Exert proliferative and pro-survival effects in the lymphoma
cells.

[77].

CXCL13 GECs - Induction of anti-H. pylori immune
responses

- Induction of Th17 cell response

-Induction of anti-H. pylori IgG and
IgA

- Recruitment of B cells [98].
[98].

- Development of MALT lymphoma - Formation of tertiary lymphoid tissues in the mucosa of
stomach

[94,98] [94,100]
[96,101,102].

CXCL16 GECs - Induction of anti-H. pylori immune
responses

- Recruitment of DCs [106].

- Development of gastritis - Recruitment of CD8+ T cells [104].
- Progression of gastric cancer - Promotion of cell proliferation, migration and invasion [107].

- Induction of EMT [107].
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cancer cell using siRNA reduces the MMP13 expression, reduces ERK1/
2 activation and reduces the migration and invasion of this malignant
cell in vitro, and in vivo [71]. Therefore, it seems that CXCR3A is in-
volved in the progression of gastric cancer. Hence, CXCR3 (especially
CXCR3A variant) may consider as a potential therapeutic target for the
gastric cancer treatment.

Collectively, the aforementioned studies indicate the adequate and
proper expression of CXCL10 may contribute to the H. pylori eradication
due to the attracting of the balanced number of the specific Th1 cells in
the gastric mucosa, which in turn trigger a balanced cell-mediated
immunity against bacterium. However, inadequate or overexpression of
the CXCL10 may lead to the low or large influx of Th1 cells into the
gastric mucosa which finally cause tissue damage (such as PU) due to
occurring of the direct H. pylori-linked pathologic effects or im-
munopathologic reactions, respectively. The CXCL10 involvement in
gastric cancer is also complex and may display anti- or pro-tumoral
activities, perhaps in a time-dependent manner. Therefore, during in-
itial phases of tumor establishment, it may have anti-tumoral effects,
but in later stages it may have more pro-tumoral influences, as the
chemokine directly exerts promoting effects on the some cancer de-
velopment process (Fig. 2).

2.3. CXCL12

CXCL12 [also called stromal cell-derived factor-1 (SDF-1)] is pro-
duced by various cells, such as fibroblasts and epithelial cells, and ex-
erts its activities through binding to CXCR4 and CXCR7 [72]. CXCL12/
CXCR4 axis contributes in a number of physiological processes such as
haematopoiesis, vascular development, cardiogenesis, and neurogen-
esis [72,73]. It also involves in autoimmune and infectious diseases,
and tumor metastasis [72,73].

It has been reported that H. pylori infection is not able to induce
CXCL12 expression in cultured mouse intestinal cells [74]. However,
co-culturing of H. pylori with human GECs enhances the CXCL12 se-
cretion by these cells that recruits CXCR4+ cells [75]. This controversy

may be attributed to the species differences of epithelial cells, as epi-
thelial cell from humans is naturally targeted by H. pylori. A H. pylori-
derived protein, namely HP1454 separated from H. pylori-infected pa-
tients with gastric adenocarcinoma or chronic gastritis stimulates the
differentiation of naïve CD4+ T cells toward effector Th1/Th17 phe-
notype and induces the CXCR4 expression on the T cells, hence causes T
cell migration in vitro, in a CXCL12-dependent manner [76].

In H. pylori-related human gastritis, a greater CXCL12 expression
occurs in the GECs that lead to the accumulation of the inflammatory
cells such as macrophages, and DCs [77]. It was reported that the
CXCL12 levels in serum and gastric lesions of patients with active ulcer
were higher than those with healing ulcer and control individuals [21].
The enhanced CXCL12 levels may represent a host inflammatory re-
sponse during active ulcer stages [21]. However, the CXCL12 expres-
sion is markedly reduced, while the CXCR4 expression is increased
during healing ulcer stage, representing that CXCL12/CXCR4 may play
a prominent role in gastric wound healing [21]. The results from in vitro
and in vivo experiments displayed that the CXCL12/CXCR4-related
pathways may contribute to the ulcer healing in mice by recruitment of
epidermal stem cells and bone marrow-derived stromal stem cells to
ulcer sites [78,79]. Further, CXCL12 increases the VEGF-A expression
and lead to the aggregation of pro-angiogenic VEGFR2+ CXCR4+ cells,
which play a main role in the neovascularization in mice [80]. The
results from mouse and human studies revealed that the CXCR4+

monocytes are attracted by CXCL12, which induce angiogenesis by
producing pro-angiogenic elements such as VEGF-A and angiopoietin
[81,82].

The CXCL12-related signals may have a key role in the growth and
progression of malignancies (Table 1). It has been indicated that the
CXCL12 expression in gastric biopsies of patients with gastric cancer
who were positive for H. pylori was higher than patients without H.
pylori infection [75]. CXCL12 expression has been introduced as an
independent prognostic marker for aggressive properties of human
gastric carcinoma such as tumor size, staging, invasion and metastasis,
and surgical outcome [83]. H. pylori also promote the in vitro expression

Fig. 1. The role played by CXCL8 during H. pylori infection. Various types of H. pylori-linked elements trigger the CXCL8 expression in GECs, endothelial cells and
infiltrated leukocytes. CXCL8 recruits neutrophils into the sites of inflammation, but they are not capable to eliminate the H. pylori. The extended excessive CXCL8
expression induces a chronic neutrophil-dominant that causes tissue damages such as gastritis. The improper CXCL8 expression play a main role in the development
of the H. pylori-related gastric cancer. EMT: Epithelial-mesenchymal transition, MMP: Matrix metalloproteinase.
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of CXCR4 in bone marrow-derived mesenchymal stem cells (BM-MSCs)
from healthy subjects and enhance their migration through the
CXCL12/CXCR4 axis [75]. During chronic H. pylori infection, BD-MSCs
move to the gastric tissue and may initiate the development of the
gastric adenocarcinoma [75].

The CXCR4 expression on cancer cells represents that the CXCL12/
CXCR4 axis may play an essential role in metastasis of CXCR4+ ma-
lignant cells to target organs that produce high CXCL12 levels [84].
Elevated CXCR4 expression was detected in gastric biopsies obtained
from patients with gastric cancer plus H. pylori infection compared to
specimens collected from gastric cancer patients without H. pylori in-
fection [85]. In combination with Helicobacter infection in mice,
CXCL12 may contribute in the development of gastric cancer through
expansion of gastric epithelial progenitor cells, proliferation of myofi-
broblasts, recruitment of CXCR4-positive cancer-associated fibroblasts
(CAFs) and promoting angiogenesis [86]. The results from an in vitro
experiment displayed that the CXCL12/CXCR4 axis also triggers the
EMT and increases the migration of the human gastric cancer cells,
which is associated with activation of the proto-oncogene MET [87].
Moreover, CXCL12/CXCR4 axis expands a subset of the CXCR4-ex-
pressing stem cells that may transform into gastric cancer cells [88]. In
addition, the synergistic activity of CXCL12/CXCR4 axis with other
proinflammatory mediators such as IL-1β may promote the develop-
ment of malignancies [86]. The CXCL12/CXCR4-related signaling
pathways may be promising potential targets for cancer treatment. For
example, the useful effects of a small molecule compound AMD3100
that acts as a CXCR4 antagonist have been reported in some human
malignant diseases [83].

The CXCR7 (another functional receptor for CXCL12 with 10 times
higher affinity) expression was also indicated in human gastric cancer
tissues and an in vivo evaluation in mice indicate that the CXCL12/
CCR7 axis contributes to the metastasis of cancerous cells in the liver
and lymph node through induction of MAPK pathways [89,90]. The H.
pylori-derived LPS induces the CXCR7 expression in the several human
originated gastric cancer cell lines via a TLR4-MD2 pathway [91].
CXCL12/CXCR7 axis performs a main role in the angiogenesis, inva-
sion, and progression of gastric cancer cells, suggesting that this axis
may be a prominent potential target for development of therapeutic

agents against gastric cancer [91,92]. The targeting of CXCR7 pathway
reduces the tumor growth in different types of human and mouse cancer
cell lines originated from colon-, lung-, liver-, pancreas-, and head and
neck cancer [83]. CCX754 as a CXCR7 antagonist reduces the growth of
lung cancer in mouse models [83].

The experiments using human tissue biopsies indicate that the
conversion from H. pylori-associated gastritis to MALT lymphoma, is
associated with upregulation of the CXCR3, CXCR7, and CCR7 and
downregulation of CXCR4 [77]. The up-regulation of the CXCR3,
CXCR6, CXCR7, CCR1, CCR5, CCR7, CCR8, CCR9, and XCR1 is asso-
ciated with the transformation from gastric MALT lymphomas to ex-
tranodal diffuse lymphoma. The CXCR4 is expressed by nodal B-cell
lymphomas, but not by MALT- or gastric extranodal lymphomas in-
dicating that CXCR4 may consider as a valuable prognostic marker
[77]. In malignant tissues, CXCL12 is expressed by inflammatory cells,
epithelial cells, endothelial cells, and lymphoma cells, suggesting that
CXCL12 may act in part via an autocrine manner [77].

Together, the aforesaid studies indicate the appropriate expression
of CXCL12 contributes in the induction immune responses against H.
pylori through the attraction of leukocytes such as macrophages and
DCs. The CXCL12/CXCR4 axis also involves in the inflammatory re-
sponses during active ulcer stages and later in gastric wound healing. As
cancerous cells express CXCR4 and CXCR7, both CXCL12/CXCR4 and
CXCL12/CXCR7 pathways may involve in the development and pro-
gression of H. pylori-related malignancies (Fig. 3).

2.4. CXCL13

CXCL13 [also named B-cell-attracting chemokine-1 (BAC-1) or B-
lymphocyte chemoattractant (BLC)] is primarily produced by follicular
dendritic cells (FDCs) in lymphoid organs and perform a significant role
in the germinal center formation [93]. CXCL13 performs fundamental
roles in the selective aggregation of B cells and some T cell subsets to
the follicular regions in the spleen and lymph nodes, and plays a sig-
nificant role in the formation of gastric lymphoid follicles through
binding to its receptor CXCR5 [93,94]. CXCL13/CXCR5 axis plays a
main role in the development of different types of inflammatory and
autoimmune disorders such as multiple sclerosis and rheumatoid

Fig. 2. The role played by CXCL10 during H. pylori infection. The proper CXCL10 expression may cause H. pylori eradication due to the attracting of the balanced
number of the specific Th1 cells, which in turn trigger a balanced cell-mediated immunity against bacterium. However, the CXCL10 overexpression may lead to a
large influx of Th1 cells into the gastric mucosa which cause tissue damage (such as PU) due to occurring immunopathologic reactions. During initial phases of tumor
establishment, CXCL10 may have anti-tumoral effects, but in later stages it may have more pro-tumoral influences, as the chemokine directly exerts promoting effects
on the some cancer development process. MMP: Matrix metalloproteinase.
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arthritis [93].
Infection of mice with H. suis strain lead to the considerable upre-

gulation of CXCL13 in gastric tissue [95]. Moreover, elevated CXCL13
expression has been detected in the antrum of H. suis-infected-gerbils
[95]. The CXCL13 expression in human gastric cancer cell lines is in-
creased after H. pylori infection [96]. The higher CXCL13 expression is
also indicated in gastric biopsy specimens from H. pylori-positive pa-
tients-compared with H. pylori-negative patients that may be influenced
by the presence of bacterial virulence factors such as CagA and BabA
[97]. However, there are also reports that the GECs are not the main
source of CXCL13 production in H. pylori-associated gastritis [96].

CXCL13 also contributes to the pathogenesis of the H. pylori-asso-
ciated disorders [95,98] (Table 1). In a human study, a positive asso-
ciation was also found between the gastric CXCL13 expression with H.
pylori load and the severity of chronic inflammation (especially
mononuclear cell infiltration) in H. pylori-associated gastritis [96]. The
mucosal CXCL13 expression was decreased after eradication therapy
[96].

CXCL13 principally guides the homing of B cells into the lymphoid
tissues, but it is also introduced as an inflammatory chemokine in the H.
pylori-infected mucosa and may contribute to in the pathology of
chronic H. pylori infection [93,99]. According to the results from an in
vivo experiment using a mouse model, it was observed that the CXCR5
deficiency reduces the Th17 cell response, but has no influence on the
Th1 cell-mediated immunity against H. pylori infection [98]. Further,
lower serum amounts of the anti-H. pylori IgG and IgA, and reduced
gastric immune responses were detected in the CXCR5-defective mice
[98].

CXCR5/CXCL13 axis may be a key player in the formation of ter-
tiary lymphoid organ during H. pylori-induced gastritis. CXCR5-defi-
cient mice unable to develop gastric lymphoid follicles, although they
have similar H. pylori load as infected wild-type mice [94,98]. The
formation of gastric lymphoid follicles in H. suis-infected monkeys is

efficiently inhibited by the administration of anti-CXCL13 antibodies
[94].

The H. pylori-related chronic inflammation may lead to the orga-
nization of the tertiary lymphoid tissues in the mucosa of the stomach
that is also named mucosa-associated lymphoid tissue (MALT)
[94,100]. The development of gastric MALT lymphoma is a multistage
process that beginning with H. pylori infection and lead to the accu-
mulation of B and T cells and other leukocytes into the gastric mucosa
[100]. The recruited B cells are induced by the H. pylori-stimulated T
cells and then undergo some genetic disorders that lead to their
transformation to a malignant phenotype [100]. MALT represents a
premalignant situation that may eventually result in the gastric MALT
lymphomagenesis in a low number of chronically infected subjects.
CXCL13 and CXCR5 are highly expressed in malignant areas of MALT
that develop in H. pylori-induced stomach mucosa of humans and mice
[96,101,102]. Hence, CXCL13 may be one of the key chemokines in-
volves in the establishment of gastric MALT lymphoma associated with
Helicobacter infection [95]. CXCL13/CXCR5 seems to contribute to the
pathogenesis H. pylori-related diseases and may consider as an attrac-
tive therapeutic target using inhibitors such as neutralizing monoclonal
antibodies and siRNA. In a mouse model of H. suis infection, it has been
indicated that the in vivo CXCL13 neutralization using monoclonal an-
tibody inhibits the formation of the gastric lymphoid follicles accom-
panied with higher concentrations of secretory IgA, greater expression
of TGF-β (an inducer of IgA synthesis), and lower number of Helico-
bacter in stomach mucosa [94]. Although, lower number of B cells was
infiltrated in the stomach after CXCL13 neutralization, the most of the
IgA in gastric mucosa may be originated from the IgA+ B lymphocytes
in salivary glands [94].

Collectively, the aforementioned studies indicate that CXCL13 par-
ticipates in the movement of B cells into the H. pylori-infected gastric
tissues, induction of antibody response against H. pylori, formation of
the gastric-related tertiary, and development of gastric MALT

Fig. 3. The role played by CXCL12 during H. pylori infection. The appropriate expression of CXCL12 contributes in the induction immune responses against H. pylori
through the attraction of leukocytes such as macrophages and DCs. The CXCL12/CXCR4 axis also involves in the inflammatory responses during active ulcer stages
and later in gastric wound healing. CXCL12 may involve in the development and progression of H. pylori-related malignancies. BM-DSC: Bone marrow-derived
stromal stem cells, BM-DMSC: Bone marrow-derived mesenchymal stem cells, CAF: Cancer-associated fibroblast, GEPC: Gastric epithelial progenitor cells.
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lymphoma. Further, CXCL13 may contribute to the development of H.
pylori-associated gastritis through attracting some mononuclear cells
and induction of Th17 cell-linked responses (Fig. 4).

2.5. CXCL16

CXCL16 is produced by monocytes, macrophages, B cells, DCs,
keratinocytes, and endothelial cells. The receptor of CXCL16 is named
CXCR6, and this chemokine promotes the migration of CXCR6+ cells,
such as CD4+ T cells, and NK cells [103]. CXCL16/CXCR6 axis also
participates in the invasion and metastasis of tumor cells [103]. Re-
cently, it has been indicated that H. pylori infection lead to the CXCL16
production in the cultured human GECs [104]. An in vivo analysis using
a mouse model also revealed that CXCL16 leads to the accumulation of
CD8+ T cells into the stomach mucous, so that the blocking of CXCL16
reduces the recruitment of the CD8+ T cells in the gastric mucosa
[104]. Although, there are evidence indicating the contribution of the
CD8+ T cells in H. pylori-induced gastritis, the elucidation of the precise
role of CD8+ T cells during H. pylori infection needs more consideration
[105]. In a co-culture model manufactured by spheroids of human GECs
and DCs, it was indicated that the spheroid epithelial cells produce
large quantities of CXCL1, CXCL16, CXCL17, and CCL20 that mediate
DC migration and, the presence of H. pylori has no significant influence
on the production of the CXCL16 and CXCL17 [106].

Although, there are controversies regarding the contribution of the
CXCL16 in cancer developments, elevated CXCR6 expression was de-
tected in tumor tissues from patients with gastric cancer [107]. There
are evidence indicating that CXCL16/CXCR6 axis may participate in the
tumor progression via promotion of cell proliferation, migration and
invasion, and induction of EMT [107].The CXCR16/CXCR6 axis as a
novel potential target for treatment H. pylori-mediated gastrointestinal
diseases need to be evaluated in future researches. It was shown that
the treatment with a neutralizing antibody against CXCL16 or down-

regulation of CXCR6 reduces the invasiveness and viability of cultured
human lung cancer cell lines [108]. An in vitro experiment also in-
dicates that human metastatic brain CAFs recruit breast cancer cells
through CXCL16, and treatment with a neutralizing anti-CXCL16 anti-
body reduces the migration of malignant cells toward CAFs [109].

Together, CXCL16 is involved in the movement of CD8+ T cells into
infected gastric tissues, which may in turn contributes in the patho-
genesis of H. pylori-induced gastritis. Although, elucidation of the pre-
cise role of CXCL16 needs more consideration, some evidence indicates
that CXCL16/CXCR6 axis may also participate in the development and
progression of H. pylori-induced gastric cancer (Fig. 4).

3. CC chemokines

3.1. CCL5

CCL5 [also named regulated on activation normal T cell expressed
and secreted (RANTES)] is produced by epithelial cells, fibroblasts,
CD8+ T cells, and platelets that mediates the movement and homing of
T cells and monocytes through binding to its receptors CCR3 and CCR5
[110].

It has been reported that the H. pylori-induced CCL5 expression in
cultured human GECs mainly depends on the presence of the Cag-PAI
and OipA as infection with Cag-PAI-OipA double negative mutant cause
a profound reduction in the CCL5 expression compared with single
negative either OipA or Cag-PAI mutants [111]. According to in vitro
analyses on the human GECs, it was proposed that OipA-dependent
pathway leads to the induction of the p38 MAPK that triggers IRF-1,
ATF-2, C/EBP that bind to certain regions in the CCL5 gene promoter
and induce its expression. Cag-PAI-dependent pathway causes CCL5
expression through induction of the JNK that triggers NF-κB and c-JUN
[111]. Further, the results from an in vitro study demonstrate that the
ROS produced by NADPH oxidase activates inflammatory signaling

Fig. 4. The role played by CXCL13 and CXCL16 during H. pylori infection. CXCL13 participates in the movement of B cells into the H. pylori-infected gastric tissues,
induction of antibody response against H. pylori, formation of the gastric-related tertiary, and development of gastric MALT lymphoma. CXCL13 may also contribute
to the development of gastritis through attracting some mononuclear cells and induction of Th17 cell-linked responses. CXCL16 recruits CD8+ T cells into infected
gastric tissues, which may in turn contributes in the pathogenesis of H. pylori-induced gastritis. CXCL16 may also participate in the development of gastric cancer.
EMT: Epithelial-mesenchymal transition.
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pathways, including JAK1/STAT-3 which induces the expression of
CCL5 in H. pylori-infected human GECs [112]. The blood group anti-
gen–binding adhesin (BabA) of H. pylori also induces the CCL5 gene
promoter via MAPK p38 pathway in human GECs [113]. Moreover, the
in vitro CCL2 production by human GECs is increased, whereas the CCL5
production is decreased by VacA-deficient strains compared with wild-
type H. pylori [114].

There are reports indicating similar expression of CCL5 in the gas-
trointestinal mucosa of H. pylori-positive and H. pylori-negative healthy
individuals [60], however, the increased CCL5 expression has been
introduced as a characteristic of the H. pylori infection in patients with
gastritis [111]. Indeed H. pylori induces the CCL5 expression in GECs,
which may lead to the infiltration of the inflammatory cells such as
lymphocytes into the infected tissues [111,115,116]. It has been in-
dicated that H. pylori promotes the in vitro expression of the CCL2,
CCL5, and GM-CSF by human GECs which cause eosinophil recruit-
ment. A positive correlation was indicated between the CCL5 quantities
in gastric mucosa and the local infiltration of eosinophils, and memory
T lymphocytes in H. pylori-infected subjects with chronic gastritis [116]
that represent the overexpression of CCL5 in the inflammatory condi-
tions. The infiltration of the eosinophils into the human gastric mucosa
is a characteristic of H. pylori-mediated chronic gastritis and the ex-
cessive degranulation of eosinophils promote the gastric tissue damage
[117]. The persistent CCL5 expression is also related to the local ag-
gregation of memory T cells in the gastric mucosa for a long time after
H. pylori elimination [116].

In addition to Chemoattractant activity, CCL5 is also one of the most
powerful angiogenic elements that performs a crucial role in growth,
invasion, and metastasis of tumors [110] (Table 2). Higher plasma
CCL5 levels were indicated in gastric adenocarcinoma patients than in
healthy controls, especially in more advanced stages [118]. The greater
serum CCL5 quantities were also related to lesser histological differ-
entiation and more tumor invasion, and the overall survival rate of
patients with CCL5 concentrations> 70.671 Pg/ml is lesser than pa-
tients with chemokine concentrations lower than this value [118].

It has been indicated that the in vitro CCL5 production by PBMCs
treated with conditioned supernatants from highly metastatic gastric
cancer cells is greater than in PBMCs induced by conditioned medium
from gastric cancer cells with low metastatic potential [110]. According

to the human and animal studies on gastric cancer, it has been con-
cluded that CCL5 is produced by malignant cells, TAM, CAFs and CD4+

tumor-infiltrating lymphocytes (TILs) that increase tumor cell growth,
invasion and metastasis partly through down-regulation of gelsolin (an
actin-binding protein) expression, and recruitment of the MDSCs and
Treg cells [110,119] (Table 2). The invasion properties of gastric cancer
cells are reduced in mice using neutralizing anti-CCL5 antibodies [110].
Further, many blockers of the CCL5/CCR5 axis are used in clinical trials
and preclinical studies for treatment of various types of human cancers
[110].

The data presented here indicate a potential role for CCL5 in the H.
pylori-linked gastritis mainly through recruitment of eosinophils
memory T cells. A number of cells within the microenvironment of the
gastric cancer produce CCL5, which promotes tumor growth, invasion
and metastasis. Thus, downregulation of the CCL5 may be considered as
a therapeutic strategy to ameliorate the H. pylori-associated diseases
(Fig. 5).

3.2. CCL17

CCL17 [also known as thymus and activation-regulated chemokine
(TARC)] is constitutively expressed in thymus, and by other cells, such
as keratinocytes, endothelial cells, DCs, fibroblasts and bronchial epi-
thelial cells [120]. CCL17 signals through CCR4 and plays a pivotal role
in the attracting of the CCR4+ Treg and Th2 cells [120,121].

Higher expression of CCL17 was detected in the antrum biopsies
from H. pylori-infected asymptomatic individuals compared with un-
infected subjects [122]. CCR4+ Treg cells are also accumulated into the
non-malignant microenvironments through locally produced CCL17 or
CCL22 [121]. The amounts of the CCL17 and CCL22 expression within
the microenvironment of the human gastric cancer are positively as-
sociated with the number of Treg cells in the TILs [123]. In human, the
gastric cancer cell-derived CCL17 and CCL22 act as attractants for Treg
cells [123]. In a mouse model of H. felis–mediated MALT lymphoma,
the most frequent of the tumor-infiltrating T cells are Treg cells that are
recruited through B cell-derived chemokines CCL17 and CCL22 [124].
Interestingly, in H. felis-infected mice with MALT lymphoma, the Treg
cell migration partly is blocked by neutralization of CCL17 and/or
CCL22. Treg cell migration is completely abrogated by neutralization of

Table 2
The role of CC chemokines during Helicobacter infection.

Chemokines Cell produces Played roles Mechanisms of action Ref.

CCL5 - GECs
- Malignant cells
- TAMs
- CAFs
- CD4+ TILs

- Promotion of gastric inflammation - Recruitment of eosinophils. [116,200].
- Recruitment of memory T cells. [112,116].

- Progression of gastric cancer - Induction of angiogenesis. [110].
- Down-regulation of gelsolin [110,119]
- Recruitment of Treg cells [110,119]
- Recruitment of MDSCs [110,119]

CCL17 - GECs
- B cells

- Development of MALT lymphoma - Recruitment of Treg cells (2).
- Progression of gastric cancer - Recruitment of Treg cells [123].

CCL20 - GECs
- Gastric epithelial progenitor cells
- Infiltrated macrophages
- Gastric cancer cells

- Induction of anti-H. pylori immune responses - Recruitment of DCs, ILC3, and Th17
- Promotion of gastric inflammation - Recruitment of CCR6+ CD3+ T cells [135].

- Recruitment of Th17 cells [1,131,132,135].
- Reduction of inflammatory responses - Recruitment of CCR6+ Treg cells [139].
- Development of gastric cancer - Maintenance of a chronic inflammation [140–142].

- Induction of EMT [144].
CCL22 - GECs

- Infiltrated macrophages
- Tumor cells

- Induction of anti-H. pylori antibodies - Recruitment of Th2 cells [152–154].
- Reduction of H. pylori colonization - Recruitment of Th2 cells [152–154] [1].
- Progression of gastric cancer - Recruitment of Treg cells [1,123,157,158,201].
- Development of MALT lymphoma - Recruitment of Th2 cells [155,157,158,201].
- Reduction of tissue injury - Recruitment of Treg cells [159,160]
- Persistence of H. pylori - Recruitment of the Treg cells [159,160]

CCL25 - Mucosal epithelial cells - Anti-H. pylori immune responses - Recruitment macrophages and DCs [137,138].
- Recruitment of CD4+ T cells [175].

- Progression of MALT lymphoma - Proliferative effects on malignant B cells [77].
CCL28 - Mucosal epithelial cells - Induction of anti-H. pylori antibodies - Recruitment of IgA-producing cells [177].

- Recruitment of CD19+ B cells [178].
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both chemokines, together [124]. Therefore, CCL17/CCR4 axis may
play a crucial role in the development of the gastric cancer and MALT
lymphoma through recruiting of the Treg cells. Accordingly, the tar-
geting of the CCL17/CCR4 axis presumably using receptor antagonists,
monoclonal antibodies or siRNA may be considered as therapeutic
strategies to interfere with the development of the H. pylori-related
malignancies including MALT lymphoma and gastric cancer. For ex-
ample, Mogamulizumab, a monoclonal antibody against CCR4, de-
creases the numbers of CCR4+ Treg cells and CCR4+ malignant T cells
in patients with cutaneous T-cell lymphoma [125].

Together, an appropriate CCL17 expression recruits a balanced
number of Treg- and Th2 cells into the H. pylori-infected gastric mucosa
that limits serious immunopathologic reactions and tissue injury.
However, the extreme CCL17 expression causes a high influx of Treg-
and Th2 cells into the H. pylori-infected gastric mucosa that contribute
in the development of the gastric cancer and MALT lymphoma (Fig. 6).

3.3. CCL20

CCL20 [also known as macrophage inflammatory protein (MIP)-3α,
exodus 1, and liver and activation-regulated chemokine (LARC)] is
expressed in lung, intestines, liver, thymus, skin, prostate and testis
[126,127]. The organ expression of CCL20 indicates its participation in
the supporting of immunological homeostasis [126]. The leukocytes
include Th17 cells, CD8+ T cells, neutrophils, macrophages, DCs, mast
cells and endothelial cells also produce CCL20 in response to TNF-α, IL-
1β, and microbial components such as LPS [126,128]. CCL20 expres-
sion is also up-regulated by other inflammation-inducing cytokines,
namely, IFN-γ, IL-17, IL-21 [127]. CCL20 has only one receptor known
as CCR6 that is expressed on Th17 cells, memory CD4+ T- and CD8+ T
cells [126,129]. Further, CCR6 may be expressed by DCs, Langerhan's
cells, neutrophils, NKT cells and various B cell subtypes [126,127]. As
an inflammatory chemokine, CCL20 plays a main role in innate

immunity and cause a marked influx of immune cells [126].
The H. pylori-induced mouse macrophages secrete CCL20 in vitro

[130]. The H. pylori infection also triggers the CCL20 generation in vitro
from human GECs [131]. The in vitro CCL20 generation by human GECs
upon interaction with H. pylori is upregulated by proinflammatory cy-
tokines IL-1β and TNF-α that are largely released from H. pylori-acti-
vated macrophages [132,133]. Significantly higher in vitro expression
of CXCL1, CXCL5, CXCL8, and CCL20 was also indicated in human
stomach-originated epithelial progenitor cells that were stimulated by
wild types of H. pylori as compared to cells induced with T4SS-deficient
strains of H. pylori [134].

Low number of T cells is recruited into the gastric mucosa in the
absence of H. pylori infection. The H. pylori-induced CCL20 production
lead to the aggregation of T cells into stomach mucosa that promotes
inflammation and causes apoptosis in human GECs [135]. A consider-
able number of CCR6+ CD3+ T cells are infiltrated into the human
gastric mucosa during H. pylori infection, and CCL20 is exclusively
expressed in inflamed gastric tissues [135]. The CCL20-CCR6 interac-
tion plays a role in lymphocyte aggregation during gastric Helicobacter-
linked inflammation [132]. The infiltrated T cells into the human sto-
mach mucosa are largely from CD45RO+CD69+CD4+ T cell subset,
displaying that the infiltration of activated memory CD4+ T cells occur
during H. pylori infection [133]. H. pylori recruits the activated CCR6+

CD4+ T cells into the inflamed human gastric mucosa through CCL20,
and then recruited CD4+ T cells induce apoptosis in the GECs via
providing the TRAIL that interact with death receptors on epithelial
cells [133,135]. During H. pylori infection, the degree of apoptosis in-
duced in the human GECs is influenced by the inflammatory response
[135].

CCL20 also acts as a potent chemokine for recruitment of the Th17
cells [131]. The major cytokine of Th17 cells (IL-17A) may induce
gastritis through the induction of the neutrophil-attracting chemokine
CXCL8 from DCs and macrophages [17]. IL-17 induces epithelial cells

Fig. 5. The role played by CCL5 during H. pylori infection.
CCL5 may participate in the H. pylori-linked gastritis mainly through recruitment of eosinophils and memory T cells. A number of cells within the microenvironment
of the gastric cancer produce CCL5, which promotes tumor growth, invasion and metastasis. TILs: Tumor-infiltrating lymphocytes.
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and fibroblasts to release more proinflammatory cytokines and che-
mokines, which recruit more inflammatory cells into the gastric tissue
and promote the gastritis [1,136]. The results from an in vivo in-
vestigation in H. pylori-infected mice indicate that the IL-17-activated
GECs secrete MMP9 and chemokines CCL25 and their production is
decreased when IL-17 is eliminated or neutralized [15]. MMP9 en-
hances the tissue damage during H. pylori-linked gastritis and may
promote tumor invasion via interrupting the epithelium organization
[15]. CCL25 attracts activated monocytes, macrophages, DCs, and T
cells [137,138].

It has been indicated that the frequency of CCR6+ Treg cells is
markedly increased in gastric biopsy samples from patients with H.
pylori-mediated gastritis, which is positively associated with the
number of CD4+ IFN-γ+ T cells, while inversely is related with the
number of IFN-γ+ CD8+ T cells [139]. The infiltrated CCR6+ Treg cells
may have a main role in the limitation of inflammation.

According to the results from an in vitro analysis, the H. pylori-in-
duced CCL20 expression is also regulated by IL-22 [131]. H. pylori-in-
duced CCL20 production in human GECs requires the activation of NF-
κB, and IL-22 inhibits the CCL20 expression by reducing the NF-κB
binding to the CCL20 gene promoter and by inducing the STAT3
phosphorylation in H. pylori-infected GECs [131]. The human GECs
express IL-22R and an inverse correlation was indicated between the IL-
22 expression and CCL20 production in gastric tissues from H. pylori-
infected patients with gastritis [131]. Hence, the IL-22/IL-22R axis may
act as a negative regulator for H. pylori-induced CCL20, inhibits the
overproduction of the CCL20 in GECs, limits the vigorous inflammation
and performs a main role in homeostasis.

During the initial stages of H. pylori infection the human GECs-

derived CCL20 recruits the CCR6-bearing DCs, ILC3, and Th17 cells to
limit the infection [131]. However, during the last phases of infection
the presence of a protector (in this case IL-22) needs to prevent the
CCL20 overexpression and limit the tissue damages caused by the in-
flammatory responses [131].

Experimentally, in a mouse model, it was observed that the differ-
entiation of the Th17 cells is related to the production of IL-6, IL-23 and
CCL20 by H. pylori-induced macrophages and is regulated through
STAT3 and NF-κB pathways [130]. As regards an association between
H. pylori-induced chronic gastritis and the expression of gastric cancer is
well specified. The infiltration of Th17 cells in the H. pylori-infected
tissues causes chronic inflammation that promotes carcinogenesis
[140–142]. High plasma CCL20 levels were detected in patients with
gastric cancer compared with control non-malignant group [143]. The
CCL20/CCR6 axis-mediated EMT has been postulated as an initiator for
gastric carcinogenesis and as a potential target for treatment of this
malignancy [144]. It has been also indicated that the CCL20 production
by gastric cancer cells, and the CCR6 expression by some immune cell
subsets such as B cells may contribute in the organization of lymphoid
compartments in a lymphocyte-rich gastric cancer [145]. In a mouse
model of colorectal cancer, it was indicated that the TAM recruit
CCR6+ Treg cells and promote the tumor progression through CCL20
production. The targeting of CCL20 (or reducing the TAM activity) or
its receptor CCR6 have been also presented as promising strategies for
the treatment of colorectal cancer [146].

Collectively, the aforementioned studies indicate the proper ex-
pression of CCL20 may involve in the H. pylori limitation through at-
tracting of a balanced number of the CCR6-expressing DCs, ILC3, and
Th17 cells into the gastric mucosa, which in turn trigger balanced

Fig. 6. The role played by CCL17 and CCL22 during H. pylori infection.
An appropriate CCL17 and CCL22 expression recruits a balanced number of Treg- and Th2 cells into the H. pylori-infected gastric mucosa that limits serious
immunopathologic reactions and tissue injury. An appropriate Th2 cell-related antibody response, especially sIgA reduce the bacterium colonization. However, the
extreme CCL17 and CCL22 expression causes a high influx of Treg- and Th2 cells into the H. pylori-infected gastric mucosa that contribute in the development of the
gastric cancer (GC) and MALT lymphoma.
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immune responses against bacterium. However, overexpression of the
CXCL20 may lead to the large influx of CCR6+ CD3+ T cells, (such as
Th17 cells) into the gastric mucosa, which finally cause gastritis and
tissue damage by induction of neutrophil-attracting chemokines and
MMPs, and by induction of apoptosis in the GECs. The CCL20/CCR6
axis may also promote gastric carcinogenesis process (Fig. 7).

3.4. CCL22

CCL22 (also named as macrophage-derived chemokine) is produced
by macrophages and DCs upon the stimulation by microbial products
(such as LPS), or CD40 ligand, and is upregulated by Th2 cell-type
cytokines (such as IL-4 and IL-5), but is downregulated by Th1 cell-type
cytokines (such as IFN-γ) [121,147]. The CCL22 receptor is named
CCR4 that is mostly expressed on Treg- and Th2 cells and accordingly
CCL22 causes the movement of CCR4+ T cells, including Treg- and Th2
cells into the inflammatory sites [121,128].

In humans, the increased CCL22 expression has been detected in the
H. pylori-infected mucosa in comparison with uninfected mucosa [60].
The freshly separated epithelial cells from H. pylori-infected patients
with PU also secrete CCL22 [148,149]. The elevated number of CD4+ T
cells was observed in stomach biopsy samples from H. pylori-positive
healthy individuals that express high amounts of homing receptor L-
selectin, and CCR4 as a CCL22 receptor [60]. Further, the gastric CD4+

T cells isolated from H. pylori-infected healthy individuals display the
low amounts of CXCR3 expression [60]. The CXCR3 was related with
the production of Th1 cell-related cytokines, while CCR4 was associated
with the Th2 cell polarization [150].

The Th2 cell-related humoral responses confer immunity against
extracellular pathogens, however, in a mouse model it has been re-
ported that the Th2 cell-linked protective responses against H. pylori are
poorly triggered [1,151]. The local and systemic specific IgA, IgM and
IgG against H. pylori were detected in infected individuals [152]. The
results from studies on humans and mice indicate that the anti-H. pylori
antibodies, in particular secretory IgA, can diminish the H. pylori at-
tachment to the GECs, reduce bacterium colonization and efficiently
limit infection [153,154]. The adoptive transfer of Th2 cell from the H.
felis-immunized mice into unimmunized naïve mice reduces the bac-
terial burden after challenging the latter group with live bacterium. The
increased H. pylori load was also indicated in IL-4-defective mice [153],
that support the preventive role for Th2 cells against the bacterium

colonization (Table 2).
A dominant Th2 cell activity was indicated in patients with H. py-

lori-related intestinal and gastric malignancies [155]. The gastric MALT
lymphomas in mice are also infiltrated by great numbers of Th2 cells
expressing related cytokines [124,156]. The overproduction of GATA-3
(a chief transcription factor of Th2 cells) was also indicated in T cells
separated from patients with H. pylori-associated gastric carcinoma,
which is associated with a poor prognosis [157,158]. Further, GATA-3
down-regulates Connexin 43 (a tumor suppressor protein) in patients
with H. pylori-related gastric malignancies [158].

CCR4 may also contribute in the mucosal recruitment of the Treg
cells into the stomach mucosa during H. pylori infection [1]. Treg cells
powerfully inhibit the effector T cells and limit the inflammatory re-
sponses to H. pylori in humans by producing modulatory cytokines such
as IL-10, TGF-β and IL-35 [159,160]. Although, this process may limit
tissue injury, but lead to the bacterium persistence and is related to
chronic gastritis and development of the gastric adenocarcinoma
[159,161,162].

Despite the induction of the inflammation and immune responses,
the elimination of the H. pylori is often incomplete, which is attributed
to the Treg cell activation [163]. The H. pylori-infected PU patients
exhibit lower gastric Treg cell, but higher Th1- and Th2 cell activity
than infected individuals without ulcers, indicates a deviation in the
balances between Treg- and Th1/Th2 cells which may predispose the
development of H. pylori-related disorders [164].

According to the in vivo studies in mice and humans, it has been
revealed that the Treg cells promote H. pylori colonization, reduce
gastritis, and diminish immunopathologic responses in H. pylori infec-
tion through the suppression of the IFN-γ producing CD4+ T cells
[165,166]. Further, T cells isolated from Treg cell-deficient mice exhibit
an enhanced expression of the Th2 cytokines after in vitro stimulation
with H. pylori-derived crude extract, represent a role for Treg cells not
only in downregulating of the Th1 cell response, but also in modulating
of the Th2 cell response [167].

Within the tumor microenvironment, the tumor cells and local
macrophages can secrete CCL22 [168,169] and the CCR4-CCL22 in-
teraction is essential for the recruitment of Treg cell to H. pylori-induced
gastric adenocarcinoma in humans that impair anti-tumor immunity
[123,170]. It has been observed that the overexpression of CCR4 in the
human gastric cancer specimens contributes to the tumor-mediated
immunosuppression, and inhibition of CCR4 restore the antitumor

Fig. 7. The role played by CCL20 during H. pylori
infection. The proper expression of CCL20 may in-
volve in the H. pylori limitation through attracting of
a balanced number of the CCR6-expressing DCs,
ILC3, and Th17 cells into the gastric mucosa, which
in turn trigger balanced immune responses against
bacterium. The overexpression of the CXCL20 may
lead to the large influx of CCR6+ CD3+ T cells, (such
as Th17 cells) into the gastric mucosa, which finally
cause gastritis and tissue damage. The CCL20/CCR6
axis may also promote gastric carcinogenesis pro-
cess. ILC3: Innate lymphoid cells-3,
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immunity [171]. Experimentally, in a mouse model of ovarian cancer, it
has been indicated that in vivo administration of the blocking anti-CCR4
antibodies promotes the antitumor immunity by reducing the tumor-
infiltrating Treg cells [172]. Using a mouse model, it was indicated that
a great number of tumor-infiltrating CD4+ T cells in MALT lymphoma
are Treg cells with highly suppressive activity, that are attracted via
tumor cell-derived chemokines CCL17 and CCL22, which bind to a
unique receptor CCR4 [124]. MALT lymphoma B cells may actively
recruit Treg cells to the tumor microenvironment in a CCL17- and
CCL22-dependent manner [124]. These observations represent that
Treg cell accumulation in the tumor microenvironment may be blocked
by CCL17 and CCL22 neutralization. In a mouse model of hepato-
carcinoma, it has been indicated that the treatment of the tumor-
bearing mice with monoclonal antibody against CCL17 and/or CCL22
decreases the numbers of the tumor infiltrated Treg cells [173].

Collectively, a suitable CCL22 expression recruits a balanced
number of Th2- and Treg cells into the H. pylori-infected gastric mucosa.
An appropriate Th2 cell-related antibody response, especially sIgA can
confer resistance against H. pylori infection through reducing the at-
tachment of bacterium to the GECs, and preventing its colonization.
Further, a suitable Treg cell-mediated response limits severe im-
munopathologic reactions and tissue damage, and may lead to an
asymptomatic infection. However, the excessive expression of the
CCL22 causes a high influx of Th2- and Treg cell cells into the H. pylori-
infected gastric mucosa that contribute in the MALT lymphoma and
gastric cancer development.

3.5. CCL25

CCL25 [also known as thymus-expressed chemokine (TECK)] is a
ligand for CCR9 which is expressed on the some precursors of T cells
[174]. Therefore, the CCL25/CCR9 axis plays a major role in the re-
cruitment of the T cell precursors from the bone marrow to the thymus
[174]. Further, CCL25 is expressed by mucosal epithelial cells in the
small intestine, hence, CCL25/CCR9 axis also performs an essential role
in the homing of CCR9+ T- and B cells to the small intestine [174].

As mentioned, IL-17 stimulates mice GECs to produce CCL25 that
acts as a chemoattractant for activated monocytes, macrophages, DCs
and T cells [15,137,138]. Further, it has been demonstrated CCL25-
CCR9 interaction contributes in the migration of H. felis-specific CD4+

T lymphocytes into the infected gastric mucosa [175]. It has been in-
dicated that the serum levels CCL25 in H. pylori-infected children with
gastroduodenitis were greater than those were negative for bacteria
[176]. However, similar amounts of CCL25 expression were reported in
gastric mucosa from healthy subjects with- and without H. pylori in-
fection [177]. It was also reported that H. pylori infection has no sig-
nificant influence on the CCL25 expression in the stomach mucosa of
mice [178].

CCL25/CCR9 axis also plays a main role in the tumorigenesis and
contributes to the tumor chemoresistance and metastasis in humans
[179]. Besides the homing properties, anti-apoptotic and proliferating
effects have been attributed to CCL25/CCR9 axis in various cancer cell
lines [179]. As CCR9 is expressed in human MALT lymphoma and ex-
tranodal diffuse large B-cell lymphoma likewise, it has been postulated
that CCR9 may contribute to the localization of the gastric extranodal
lymphoma and involve in the conversion of the low proliferating MALT
lymphoma to the high proliferating extranodal diffuse large B-cell
lymphoma [77]. Therefore, CCL25/CCR9 axis may be a potential tar-
geted molecule for cancer therapy because it is highly expressed in
various cancers [179]. For instance, it was revealed that the CCR9-
CCL25 axis exerts anti-apoptotic effects on the human prostate cancer
cell lines in vitro through suppression of caspase-3 activity, which is
blocked using anti-CCR9 antibody [180]. Further, treatment of the
prostate cancer-bearing mice with neutralizing antibody against CCL25
decreases the tumor sizes in combination with a chemotherapeutic
agent [180].

According to the aforesaid studies, there are evidence regarding the
influences of H. pylori infection on the CCL25 expression. CCL25 may
participate in the induction of anti-H. pylori immune responses via at-
tracting macrophages, DCs and CD4+ T cells. CCL25 also expands
malignant cells. However, the elucidation of the precise role of CCL25
in the immune response to bacterium and in the pathogenesis of H.

Fig. 8. The role played by CCL25 and CCL28 during H. pylori infection. CCL25 may participates in the induction of anti-H. pylori immune responses via attracting
macrophages, DCs and CD4+ T cells. CCL25 also expands malignant cells. CCL28 expression may contribute mainly to the induction of the mucosal antibody
responses against H. pylori through recruitment of the antibody secreting cells, which limit bacterium colonization.
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pylori-mediated complication should be considered in future in-
vestigations (Fig. 8).

3.6. CCL28

CCL28 [also known mucosa-associated epithelial chemokine (MEC)]
is a common mucosal chemokine, which is constitutively expressed by
epithelial cells in most mucosal sites [181]. The CCL28 expression is
promoted by pro-inflammatory cytokines and some bacterial compo-
nents [181]. CCL28 induces the mucosal homing of CCR10+ T- and
CCR10+ B cells, and the migration of CCR3+ eosinophils [177,181].
CCL28/CCR10 axis also plays an essential role in the Treg cell accu-
mulation into the tumor microenvironment [182]. Both CCL28 and
CCL25 play a key role in the lymphocyte migration to gastrointestinal
tissues. CCL28 attracts IgA-producing cells, but not IgG- or IgM-se-
creting cells, from both intestinal and extraintestinal mucosal tissue,
while CCL25 preferentially attracts IgA-producing cells from the small
intestine and its draining lymphoid tissues, as well as α4β7+ T cells
[177,181,183].

The sublingual immunization of mice with H. pylori lysate causes
immunity against challenge with live H. pylori, which is associated with
high levels H. pylori-specific IgG and IgA in the gastrointestinal system,
and with strong IFN-γ and IL-17 expression in the stomach [178]. En-
hanced infiltration of CD4+ T cells and CD19+ B cells into the H. pylori-
infected mouse stomach mucosa is accompanied with high expression
of the MAdCAM-1 and CXCL10 and CCL28 [178].

Following the human mucosal immunization with an inactivated
vaccine, H. pylori infection leads to the induction of B cell response and
great infiltration of IgA-producing cells in the gastric mucosa [184].
The gastric tissue from H. pylori-infected individuals express elevated
CCL28 levels than uninfected individuals. The high expression of CCL28
lead to a great influx of IgA-producing cells in the human gastric mu-
cosa during H. pylori infection [177]. The IgA-producing cells and IgA+

memory B cells from H. pylori-infected human tissues are migrated in
vitro toward CCL28 but not CCL25 [177].

Collectively, the proper CCL28 expression may contribute mainly to
the induction of the mucosal antibody responses against H. pylori
through recruitment of the antibody secreting cells, which may limit
the attachment of bacterium to the GECs, and prevent its colonization.
The exact contribution of the CCL28 in the pathogenesis of H. pylori-
related disorders is not clear. If the involvement of the CCL28 in the H.
pylori-related diseases is proven, then the targeting of CCL28 and/or its
receptors may be considered as a therapeutic goal (Fig. 8). For example,
the results from an in vitro analysis are indicated that the expression of
VEGF by Treg cells, and the Treg cell movement toward liver cancer
cell-derived supernatant are efficiently reduced using an anti-CCL28
antibody [185].

4. Other chemokines

CXCL-1 to 6 are powerful neutrophil attractants that play a pivotal
role in the reinforcement of inflammation. In an in vitro experiment, it
was found that H. pylori stimulates human GECs to express CXCL1,
CXCL2, CXCL3 CXCL5, CXCL8 and CCL20 [186]. Further, CagA abol-
ishes the TGF-β-mediated inhibition of the CXCL1, CXCL3 and CXCL8
from cultured human GECs [187].

Both H. pylori and H. felis induce mice GECs to produce CXCL1 and
CXCL2 in vitro [188]. The expression of the CXCL1 and CXCL2 is also
increased in gastric tissues from Helicobacter-infected mice [188]. It has
been indicated that estradiol prevents the H. pylori-mediated gastric
cancer in mice, partly through downregulation of in the CXCL1 ex-
pression [189].

Elevated quantities of the CXCL5 and CXCL6 were also detected in
the serum from teenagers with gastroduodenitis [176]. It has been
proposed that IL-17 induces human GECs and local macrophages to
produce CXCL5 and CXCL6, which promote the neutrophil

accumulation in the gastric tissue during H. pylori infection [176].
The expression of the CXCL1, CXCL2, CXCL5, CCL3, and CCL4,

which may have tumor-promoting properties, is also promoted in H.
pylori-mediated gastritis and gastric cancer via COX2/PGE2-dependent
pathways in mice and humans [190].

CCL7 also known as monocyte chemotactic protein-3 (MCP-3) re-
cruits monocytes to the inflammatory sites through binding to several
receptors, including CCR1, CCR2, CCR3, and CCR5 [191]. It was re-
ported that CCL7 expression in the serum and adipose tissues from H
felis-infected obese mice was higher than lean mice, which represent
that diet may influence the chemokine production [192]. Moreover, a
H. pylori-derived protein, namely TNF-α inducing protein (Tipalpha)
induces the expression of the several chemokines such as CXCL1,
CXCL2, CXCL5, CXCL10, CCL2, CCL7 and CCL20 by mouse gastric
cancer cells in vitro [193].

The immunization of the C57BL/6 mice with H. pylori lysate also
causes higher expression of T cell- (CXCL10, CXCL11, CCL19 and
CCL20), DC- (CCL19 and CCL20), neutrophil- (CXCL2 and CXCL5) and
eosinophil- (CCL8) attracting chemokines, and their receptors in the
stomach after challenging with live bacteria compared with unim-
munized mice [194]. A reduction in the H. pylori load was also asso-
ciated with an increasing in the expression of the aforementioned
chemokines [194]. These data indicate that vaccination with H. pylori
antigens induces chemokines that guide the aggregation of the leuko-
cytes into the stomach of H. pylori-infected mice.

5. Conclusion

H. pylori induces GECs and infiltrated leukocytes to produce dif-
ferent kinds of chemokines. Chemokine profiles determine the outcome
of H. pylori infection through orchestrating of the immune responses.
The protection against H. pylori is dependent on the induction of ap-
propriate specific Th1- or Th17 cell responses. However, excessive
uncontrolled Th1/Th17 cell responses are associated with the devel-
opment of the more severe H. pylori-related pathologies (including PU
and gastritis) due to the induction of immunopathologic reactions [1].
Therefore, the suitable and balanced expression of the Th1-cell-at-
tracting chemokines (such as CXCL9, CXCL10 and CXCL11) and Th17
cell-attracting chemokines (such as CCL20) orchestrate the adequate
recruitment of Th1- and Th17 cells into the H. pylori-infected mucosa
that cause H. pylori containment. However, the excessive and un-
balanced expression of the Th1- and Th17 cell-attracting chemokines
lead to the very high recruitment of Th1- and Th17 cells into the H.
pylori-infected mucosa that may cause PU and gastritis. On the other
hand, the Th2/Treg cell-mediated responses modulate inflammatory
responses and tissue damage, but results in the bacteria persistence and
contribute to the H. pylori-related malignancies [1]. Accordingly, the
suitable expression of the Th2- and Treg cell-attracting chemokines
orchestrate a balanced recruitment of the Th2- and Treg cells into the H.
pylori-infected mucous that prevent tissue damage in the presence of H.
pylori and lead to an asymptomatic infection. However, the excessive
expression of the Th2- and Treg cell-attracting chemokines (such as
CCL17 and CCL22) lead to very high recruitment of Th2- and Treg cell
cells into the H. pylori-infected mucosa that contribute to the MALT
lymphoma and gastric cancer. Overall, the overexpression of the lym-
phocyte-attracting chemokines, especially B cell-attracting chemokines
(such as CXCL13) may involve in the MALT lymphoma. Therefore,
chemokines may perform a protective or pathologic roles during H.
pylori-infection.

The proper and balanced expression of chemokine and chemokine
receptor is a fundamental stage in the normal immune responses. The
expression of chemokines and their receptors is impaired in different
types of immunopathologic situations such as infectious, autoimmune
and malignant disorders [195]. At early phase of H. pylori infection, it
mainly induces GECs to express chemokines, which attract various
types of leukocytes, which in turn shape the nature of the innate and
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adaptive immunity against bacteria. As mentioned, H. pylori infection
persists for many years or for lifetime despite the induction of potent
immune responses [18]. The inability in the H. pylori eradication may
lead to the extended epithelial cell hyper-activation and overproduction
of chemokines that cause excessive and uncontrolled chronic in-
flammation. The absence of the modulatory mechanisms such as anti-
inflammatory elements also promotes the development of the im-
munopathologic consequences or malignancies. Chemokines as the key
elements of inflammation, act as double-edged swords. During the early
phase of infection, the proper expression of chemokines exerts bene-
ficial effects due to attracting of leukocytes, which in turn induce im-
mune responses against infectious agent. However, during chronic in-
flammation a gradual deviation may take places on the expression of
the chemokines, which eventually may lead to tissue damage or ma-
lignancy. The inflammatory elements may help tumor growth via pro-
moting cell proliferation, stimulating the angiogenesis, inducing the
DNA damage, remodeling of the cytoskeleton, and triggering the extra-
cellular matrix degradation [196,197].

Therefore, during the early phase of H. pylori infection, the directing
of the chemokine expression in a correct direction may lead to the
bacteria elimination and prevents its progression to the chronic in-
flammation. After the occurrence of H. pylori-related clinical compli-
cations, the targeting of the chemokines and/or their receptors may
have therapeutic application. Due to the differential involvement of the
some chemokines in the different H. pylori-related clinical complica-
tions, the targeting of certain chemokines may be more efficient in the
treatment of a particular H. pylori-related disease.

Chemokines also regulate the infiltration of the leukocytes into the
tumor microenvironment. There are clear evidence displaying that
chemokines exert bi-functional effects, including tumor promoting- and
tumor preventing capabilities [198]. Some chemokines, such as Th1
cell-, CTL- and NK cell-attracting chemokines promote anti-tumor ac-
tivities, whereas Th2 cell- and Treg cell-attracting chemokines promote
pro-tumor activities [195]. Some infiltrated leukocytes (such as mac-
rophages and neutrophils) into the tumor microenvironment, exhibit
plasticity and acquire anti-tumor or pro-tumor properties depending on
the tumor microenvironment factors [195,199]. Further, chemokines
are directly involved in the some tumor-linked processes, such as tumor
cell expansion, angiogenesis, and metastasis [198]. Accordingly, it
seems that before tumor establishment, the proper expression of che-
mokines has beneficial effects, whereas after tumor establishment the
deleterious effects may overcome the beneficial influences. The afore-
mentioned descriptions clearly highlight that a certain chemokine may
exerts fruitful or deleterious effects depending on the situations and
times of action. Therefore, determination of the time ranges in which
chemokines perform beneficial or harmful during the infectious, auto-
immune and malignant diseases need more consideration for designing
more efficient interventions.

It should be also noted that several factors such as host genetic,
bacterial strain, or nutritional status may influence the gastric expres-
sion of chemokines. Understanding the factors influencing the expres-
sion of chemokines and their receptors is essential for designing the
effective therapeutic strategies against H. pylori-mediated disorders.
The chemokine-related pathways may be inhibited using the antibodies
(that bind chemokines or their receptors), small molecule inhibitors of
chemokines and chemokine receptors, and siRNA that prevent the
translation of chemokines and their related receptors. The targeting of
the chemokines/chemokine receptors, alone or in combination with
other therapeutic agents needs to be evaluated as promising strategies
for treatment of the H. pylori-related complications.
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