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Revisiting the Full Spectrum of
Helicobacter pylori-Related Gastric
Lymphoma
Sung-Hsin Kuo, Kun-Huei Yeh, Chung-Wu Lin,
Li-Tzong Chen, Ming-Shiang Wu and Ann-Lii Cheng

Abstract
Early stage gastric diffuse large B-cell lymphomas (DLBCLs) with histological
features of mucosa-associated lymphoid tissue (MALT) origin (DLBCL[MALT])
are also closely related to Helicobacter pylori (Hp) infection, apart from the classical gastric MALT lymphoma, and are cured by Hp eradication therapy (HPE).
Whether some gastric “pure” DLBCLs (without histological features of MALT) are
also Hp-related is clinically very important, since this subtype of gastric lymphoma is relatively common in the population and is still universally treated with
intensive systemic chemotherapy. A large proportion of early stage gastric “pure”
DLBCL can achieve long-term complete remission after HPE. However, the precise
mechanisms of Hp-dependent (with complete regression of tumors after HPE)
lymphomagenesis of gastric “pure” DLBCL, DLBCL(MALT), and MALT lymphoma remain uncertain. In the classical conception, gastric MALT lymphoma is
indirectly caused by Hp through T-cell stimulation, with the aid of costimulatory
molecules. To explore the direct interactions between Hp and lymphoma B-cells of
Hp-dependent gastric MALT lymphoma, DLBCL(MALT), and “pure” DLBCLs, we
assessed the participation of Hp-encoded cytotoxin-associated gene A (CagA) in
the lymphomagenesis of these tumors. We discovered that CagA oncogenic protein
and its regulated signaling molecules including phospho-Src homology-2 domaincontaining phosphatase (p-SHP-2) and phospho-extracellular signal-regulated
kinase (p-ERK) correlated significantly with Hp-dependence of gastric MALT
lymphoma. This finding supports previous observations that the CagA protein
of Hp can be translocated into B-cell lymphoma cells, thereby leading to survival
signals. Furthermore, we demonstrated that Hp-positive and CagA-expressing
gastric “pure” DLBCLs behave in a less biologically aggressive manner, and have
better clinical outcomes; this is a distinguishing entity, and its cell origin may
include germinal center B cells. In addition, we found that the expression of CagA,
p-SHP-2, and p-ERK correlated significantly with the Hp-dependence of gastric
DLBCL(MALT) and “pure” DLBCL. These findings indicate that the spectrum
of Hp-related gastric lymphomas including MALT lymphoma, DLBCL(MALT),
and “pure” DLBCL, is much wider than was previously thought. Further explorations of the spectrum, lymphomagenesis, and therapeutics of Hp-related gastric
lymphoma are warranted.
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Gastric lymphoma, the most common non-Hodgkin lymphoma, has become
an interesting research topic because of its unique clinicopathological features,
wide spectrum of histological subtypes, and specific treatment strategies [1–4].
Histologically, gastric lymphomas are the most common B-cell neoplasms; mucosaassociated lymphoid tissue (MALT) lymphoma (renamed as marginal zone B-cell
lymphoma with MALT type) and diffuse large B-cell lymphoma (DLBCL) with and
without histological evidence of MALT origin are the most common subtypes according to the World Health Organization (WHO), in addition to rare mantle cell lymphoma, follicular lymphoma, and Burkitt lymphoma [3–6]. MALT lymphoma, which
histologically consists primarily of diffuse small- and medium-sized lymphocytes,
resembling centrocytes (centrocyte-like cells, CCLs) and lymphoepithelial lesions
(LELs), was first described by Isaacson and Wright et al. in 1983 [1, 2, 7, 8]. At the
same time, Marshall and Warren described the direct link between Helicobacter pylori
(Hp) (a gram-negative, spiral rod-shaped bacterium) infection, and gastritis and
peptic ulcer disease [9]. After one decade, Wotherspoon and Isaacson et al. found that
31% of patients with Hp-positive gastritis had lymphoid follicles, and 92% of patients
with gastric MALT lymphoma had Hp infections, indicating a close association
between Hp infection and the development of MALT and MALT lymphoma of the
stomach [10]. Subsequently, they demonstrated that approximately 60% of patients
with gastric MALT lymphoma achieved complete remission (CR) after being treated
with antibiotics that eradicate Hp infection [11]. Subsequently, most investigators
started administrating first-line Hp eradication therapy (HPE) by combining proton
pump inhibitors (PPIs), amoxicillin, clarithromycin, bismuth, metronidazole, or tetracycline in the treatment of localized Hp-positive gastric MALT lymphoma [12–14].
By reviewing 32 clinical studies of first-line HPE for gastric MALT lymphoma
patients (most prospective studies), Zullo et al. demonstrated that 1091 (77.5%) of
1408 patients achieved CR after successful first-line HPE; among these patients,
patients with stage I disease had a higher CR rate than those with stage II disease
(78.4% vs. 55.6%, P = 0.0003) [15]. Although some patients with gastric MALT
lymphoma may take more than 12 months to achieve CR after completing HPE, most
patients achieved CR within 12 months after completing HPE [15–17]. Therefore,
eradication of Hp infection by antibiotics in addition to a PPI has been well conceded
as the first-line treatment for early-stage Hp-positive gastric MALT lymphoma.
In contrast to gastric MALT lymphoma, high-grade transformed MALT
lymphoma, relabeled as DLBCL with histological evidence of MALT origin
DLBCL(MALT), is conventionally considered as Hp-independent (the lack of CR
of lymphoma after HPE) according to the WHO [4–6]; as per WHO, patients with
DLBCL(MALT) should be treated with systemic chemotherapy [18–20]. However, in
the past decade, our group and other investigators have found that early-stage gastric
DLBCL(MALT) is as responsive to first-line antibiotics as its low-grade counterpart,
MALT lymphoma [21–25]. These observations have led to a drastic change in the standard therapy for patients with gastric DLBCL(MALT); many of these patents are now
spared from experiencing the severe toxicity of intensive systemic chemotherapy.
Gastric “pure” DLBCL (DLBCL without histological evidence of MALT origin)
is generally assumed as originating de novo instead of originating from high-grade
transformed MALT lymphoma, and is thus regarded as having a rare association
with Hp infection [3–6]. Considering that gastric “pure” DLBCLs comprise approximately half of gastric lymphomas, and this subgroup of patients are conventionally
treated with systemic chemotherapy [4, 6, 8], it is worthwhile to explore whether
some Hp-positive gastric “pure” DLBCL remain Hp-dependent. Our explorative
study showed that antibiotics alone resulted in CR in 69% of patients with early
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lymphoma after HPE) patients remained in CR after a 4-year rigorous endoscopic
follow-up, whereas patients without CR after antibiotic treatment were still responsive to subsequent salvage chemotherapy [26]. Two other studies also demonstrated
that some patients with Hp-positive early stage gastric “pure” DLBCL achieved CR
through antibiotic eradication of Hp, and most Hp-dependent patients remained
lymphoma-free after long-term follow up [27, 28]. In addition, among patients with
gastric “pure” DLBCL receiving systemic chemotherapy, the Hp-positive group had
less aggressive behaviors and better clinical outcomes than the Hp-negative group
[29–31]. These findings suggest that for patients with Hp-positive localized gastric
“pure” DLBCL, the administration of first-line antibiotic treatment, followed
by careful monitoring of tumor response before and after antibiotic treatment
using meticulous endoscopic examination, may allow certain patients to avoid
the adverse effects of chemotherapy. Importantly, the explanation as to why some
“pure” DLBCLs are still Hp-dependent can allow us to explore the precise molecular
mechanisms of Hp-dependent lymphomagenesis of gastric DLBCL.
Regarding the lymphomagenesis of gastric MALT lymphoma, the classical
concept is that Hp can only stimulate T cells, and then Hp-specific T cells transform
the marginal-zone B cells into lymphoma [32–35]. Direct interaction between Hp
and B cells was not considered to exist. However, several studies have observed
that Hp-encoding cytotoxin-associated gene A (CagA) can be translocated into
B cells, thereby activating survival signals of B-lymphoma cells, including tyrosine
phosphorylation-dependent and -independent signaling [35–37]. Our group further
observed that the CagA molecule and its triggering signaling molecules such as
phospho–Src homology-2 domain-containing phosphatase (p-SHP-2), phospho–
extracellular signal-regulated kinase (p-ERK), phospho-p38 mitogen-activated protein kinases (p-p38 MAPK), B-cell lymphoma (Bcl)-2, and Bcl-xL are expressed in
tumor cells of gastric MALT lymphoma patients [38–40]. Furthermore, CagA and
its controlled signaling molecules significantly correlated with the Hp-dependence
of these tumors [40]. In addition, our group showed that CagA, p-SHP-2, and
p-ERK were closely associated with the Hp-dependence of gastric DLBCL(MALT)
and “pure” DLBCL [41]. These observations pose a strong challenge to the classical
concept of indirect Hp-specific T-cell stimulation, and suggest the possibility that
a direct interaction between Hp and B cells exists in a wide spectrum of gastric
lymphoma including MALT lymphoma, DLBCL(MALT), and “pure” DLBCL.
In this chapter, we will describe the association between Hp infection and
MALT lymphoma, the novel use of first-line HPE in curing gastric DLBCL with
and without histological evidence of MALT, and a wide spectrum of Hp-related
gastric lymphomas; in addition, we present the possible molecular mechanisms and
cellular origins of Hp-related gastric lymphoma.

2. The close link between Hp infection and gastric MALT lymphoma
Hp, a gram-negative and spiral rod-shaped bacterium that has evolved to grow
in the environment of the stomach, infects approximately 50% of the population
worldwide [42, 43]. Epidemiologic studies have shown that the prevalence of Hp
infection documented by the histological detection of bacteria or positive serology
was significantly higher in gastric MALT lymphoma patients than in healthy populations [44, 45]. Asenjo et al. reviewed studies exploring the association between Hp
prevalence and gastric MALT lymphoma patients, and revealed that the incidence
of Hp was approximately 79% in 1844 patients with gastric MALT lymphoma,
and the differential prevalence may result from the number of assessments of Hp
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use of more than two methods than with the use of a single method [46]. Moreover,
the Hp infection rate was 74% for patients whose tumors were limited to the mucosa
or submucosa, whereas the Hp infection rate was 44% for patients whose tumors
invaded the muscularis or beyond [46].

3. Gastric MALT lymphoma is cured by first-line antibiotics eradicating
Hp infection
Zullo et al. reviewed 1408 patients with gastric MALT lymphoma from 32
studies including 23 prospective and nine retrospective studies, to explore the
treatment efficacies of first-line HPE and predictive markers of Hp-dependence
[15]. In their studies, the determination of CR was mainly based on the tumors that
regressed to achieve less than grade 2 (chronic active gastritis with florid lymphoid
follicle formation) of Wotherspoon’s scoring system [11]. Zullo et al. reported that
tumors limited to the mucosa or submucosa were significantly closely associated
with a higher CR rate (mucosa/submucosa vs. muscularis propria involvement
and beyond: 82.2% vs. 54.5%; P = 0.0001) [15]. In addition, patients with tumors
located at the distal lesions of the stomach (antrum and/or angulus) had a higher
CR rate than those with tumors located at proximal lesions (gastric body and/
or fundus) (91.8% vs. 75.7%; P = 0.0037) [15]. In a long-term follow-up of 994
patients, 72 patients (7.24%) experienced relapse of MALT lymphoma; among
these, 12 patients had Hp infections [15].
In a retrospective multicenter study from Japan, Nakamura et al. showed that
among 420 patients with successful HPE, 284 (67.6%) patients achieved pathological
CR (pCR, absence of CLLs and without aggregation of small lymphocytes), and 39
(9%) patients had probable minimal residual disease (pMRD; presence of atypical
lymphoid aggregates or nodules in at least two following assessments) according the
Groupe d’Etude des Lymphomes de l’Adult (GELA) criteria, with an overall CR rate
of 77% (323 patients) [47]. The histological scoring system proposed by GELA is
currently recommended to assess whether tumors of gastric MALT lymphoma can
achieve CR in a series of examinations after HPE using combined endoscopic findings and histological manifestations, in which CR was defined as the total vanishing
of the gross tumor and a negative histological finding (pCR or pMRD) [48, 49].
Nakamura also showed that the median time to CR for these Hp-dependent tumors
was four months (range from 1 to 94 months), and proximal or multiple locations,
and non-superficial manifestations (such as hyperemia patches) were significantly
associated with Hp-independence [47]. Tsai et al. and Kuo et al. also showed that
ulcerative lesions, proximal locations of tumors, and tumors invading the muscularis
propria or serosa correlated significantly with the Hp-independence of gastric MALT
lymphoma [25, 39]. In another large cohort study of a Korean population, Gong et al.
reported that Hp infection was detected in 317 (91.9%) of 345 patients with gastric
MALT lymphoma using histology, a urea breath test, a rapid urease test, or a serologic
test [50]. Gong showed that among Hp-positive patients, HPE resulted in a CR rate of
84.5% (n = 268), with a median time of 9.8 months (range 7.1 to 15.6 months) to CR,
whereas 29 patients (10.7%) with CR developed relapses of MALT lymphoma [50].
Regarding the duration for achieving CR of tumors after completion of HPE,
most studies showed that intervals are varied, ranging from quick (one to six
months) to moderate (more than six months to 12 months) [15, 16, 39, 47, 51, 52].
In a prospective study, Hong et al. revealed that 85 (94.4%) of 90 patients with
gastric MALT lymphoma achieved CR after HPE, with a median time to CR of three
months (range, 1 to 24 months); 79 (92.9%) patients achieved CR at six months,
4
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showed that the median interval to CR was five months for patients with gastric
MALT lymphoma after treating HPE, whereas few patients needed at least two
years to achieve CR [15]. Fischbach et al. analyzed 108 gastric MALT lymphoma
patients who underwent gross normalization but had histologically minimal residuals at 12 months after HPE, and found that 35 patients (32.4%) achieved subsequent
CR after more than 24 months of follow-up post-HPE [54]. Terai et al. reported
that among 74 patients with gastric MALT lymphoma, 56 (75.7%) patients had
CR and 12 had gross tumor regression with histological residual tumor (hRD) at
12 months after successful HPE, while 11 patients with hRD achieved CR (ranging
from 14 to 40 months after HPE) at a subsequent follow-up [55]. Tsai et al. further
showed among patients with Hp-positive gastric MALT lymphoma who entered
into a prospective study of the Taiwan Cooperative Oncology Group (TCOG) 3206
trial, the median time to CR was 4.0 months (range, 1 to 16 months) after HPE;
among these patients, six (23%) patients achieved CR within 6 to 12 months, and
four (15.4%) patients required 12 to 24 months to attain CR [25]. These results suggest that longer observation and refraining from the immediate administration of
second-line therapy (including chemotherapy or radiotherapy) are recommended
for gastric MALT lymphoma patients who had improved symptoms, partial remission (PR), or stable status of tumors even at 12 months or longer after HPE. In other
words, a “watch and wait” treatment strategy may be advisable for patients with
gastric MALT lymphoma who achieved probable minimal residual disease or tumor
PR (according to GELA criteria) after successful HPE.

4. High-grade transformation does not confer Hp-independence of
gastric lymphoma
It was previously believed that the transformation of MALT lymphoma
into high-grade MALT lymphoma, is associated with the acquisition of Hpindependence (lack of CR of tumors after HPE); high-grade MALT lymphoma is
thus considered as a Hp-independent tumor that is non-responsive to antibiotics
(Figure 1) [18–20, 56]. Clinicians who administer first-line HPE to treat patients
with high-grade gastric MALT lymphoma do so as they may regard MALT lymphoma as similar to low-grade MALT lymphoma that is highly responsive to HPE.
Thus, to avoid such a confusion, Harris et al. in a 1999 WHO classification advised
that high-grade MALT lymphoma should be renamed as DLBCL with histologic evidence of MALT (DLBCL[MALT]), and not as transformed high-grade MALT lymphoma [57]. In 2008, the WHO lymphoma classification advocated that histological
manifestations of gastric lymphoma that display large-cell B-cell transformation
in the MALT lymphoma background should be classified as DLBCLs rather than as
high-grade transformed MALT lymphomas [5]. In this milieu, the presence of large
B cells comprising LELs does not alter the pathological diagnosis of DLBCL [5, 6].
Regardless of this, the existence of complementary MALT lymphoma components
in DLBCL should be appraised consistently [4, 5, 58].
However, two independent prospective studies and one retrospective study have
revealed that a certain proportion of early-stage Hp-positive gastric DLBCL(MALT)
patients were still responsive to first-line HPE, and thus achieved CR and subsequent long-term remission [21–24]. In the first prospective study, Chen et al.
(Taiwan study group) demonstrated that 10 (62.5%) of 15 patients with early-stage
gastric DLBCL(MALT) achieved CR after receiving first-line HPE, and remained
lymphoma-free during a long-term follow-up [21]. In another prospective study
assessing the association between clinicopathological features and tumor response
5
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Figure 1.
Gastric diffuse large B-cell lymphoma as well as gastric mucosa-associated lymphoid tissue (MALT)
lymphoma are Helicobacter pylori-dependent, and are cured by first-line Hp eradication therapy (HPE).
In contrast to the classic concept that gastric diffuse large B-cell lymphomas (DLBCLs) with and without
histological evidence of MALT lymphoma are not responsive to HPE, several evidences demonstrated that
Hp-related gastric lymphoma does not involve loss of Hp-dependence and is responsive to HPE, indicating that
the spectrum of Hp-related gastric lymphoma is much wider than was originally thought.

to HPE in gastric MALT lymphoma and DLBCL(MALT), Nakamura et al. reported
that five (50%) of 10 gastric DLBCL(MLAT) patients had CR, whereas 4/6 with
mucosa and submucosa involvement and 1/4 patients with tumor involvement
in the muscularis propria were Hp-dependent [22]. Of these, five Hp-dependent
patients were still free of lymphoma after a median follow-up of five years [22].
Mongnar et al. retrospectively analyzed eight patients with gastric DLBCL(MALT)
who initially received HPE, of whom seven patients had CR [23]. Among these
Hp-dependent patients, four patients did not receive further treatment, whereas
one patient developed recurrence at six months after completing HPE, and another
two patients underwent surgery later (one patient received chemotherapy because
of residual MALT lymphoma in the surgical specimen) [23].
In 2005, Chen et al. reported the clinical outcome of a prospective study using
first-line HPE for treating 24 patients with gastric DLBCL(MALT) and 36 patients
with gastric MALT lymphoma, and demonstrated that 24 (80%) of 30 patients with
MALT lymphoma and 14 (63.6%) of 22 patients with DLBCL(MALT) achieved
CR after successful HPE [24]. The median time to CR after the completion of HPE
for Hp-dependent patients was six months for DLBCL(MALT), and 10 months for
MALT lymphoma [24]. Interestingly, after a median long-term follow-up (MALT
lymphoma, 70 months; DLBCL[MALT], 56 months) for these Hp-dependent
patients, the tumor did not recur in the DLBCL(MALT) case, but recurred in three
cases of MALT lymphoma [24]. Regarding the depth of tumor infiltration associated with tumors responsive to HPE, the CR rate was 80% (8/10) for tumors limited
to the mucosa or submucosa, and 29.4% (5/17) for tumors invading the muscularis
propria or beyond (P = 0.018) [24].
In 2008, Cavanna et al. [59] reviewed the anecdotal cases series reporting the
CR after antibiotic treatment for gastric DLBCL(MALT) and the results of HPE for
patients with gastric DLBCL(MALT) obtained from Chen et al. [21, 24], Nakamura
et al. [22], Morgan et al. [23], Hiyama et al. [60], and Alpen et al. [61]. Cavanna
et al. showed that 42 (68.9%) of 61 cases of gastric DLBCL(MALT) responded
completely to antibiotics eradicating Hp; most patients in this study presented
with stage IE (30 cases), with tumor invasion to the mucosa or submucosa (21 of
33 cases were evaluable) [59]. However, age, sex, and tumor location (proximal or
distal components) did not predict the response of tumors to HPE [59]. Although
depth of invasion and stage of gastric DLBCL(MALT) were closely associated with
6
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involvement) tumors that were dependent on Hp and achieved CR after HPE [59].
Zullo et al. analyzed the pooled data obtained from 1271 patients with gastric MALT
lymphoma or DLBCL(MALT) through 34 studies exploring the treatment efficacy
of first-line HPE, and revealed that a Hp eradication rate of 91% can be achieved
using dual therapy for 14 days or triple therapy for seven to 14 days [62]. In their
analyses, the CR rate was 78.5% for MALT lymphoma patients (n = 1215), and 62%
for DLBCL(MALT) patients (n = 52) [62]. In the report of therapeutic efficacies
of first-line HPE in gastric DLBCL(MALT) patients by Kuo et al. [26], the CR rate
was 56.3% (18/32) with a median interval to CR of 5.0 months; the CR rate was
significantly associated with the tumor extent (mucosa/submucosa vs. beyond: 80%
[8/10] vs. 29.4% [5/17], P = 0.018) [26].
It should be noted that if patients with gastric DLBCL(MALT) do not respond
well to antibiotic treatment, the tumor may rapidly progress and cause potential
morbidities in these patients. However, for Hp-independent gastric DLBCL(MALT)
patients, subsequent systemic chemotherapy could result in CR and let patients
remain disease-free during long-term follow-up [21–25, 63]; this implies that a
delay in the administration of systemic chemotherapy to 6–8 weeks after HPE
with antibiotics is unlikely to influence the response of these tumors to conventional immunochemotherapy. These findings may support the contention that

Figure 2.
Changes of endoscopic features in an example of stage IE Helicobacter pylori (Hp)-dependent localized
gastric diffuse large B-cell lymphoma (DLBCL) with mucosa-associated lymphoid tissue (MALT)
(DLBCL[MALT]) before and after completion of Hp eradication therapy (HPE) (A) Endoscopy shows
several ulcerative mass lesions with nodular and irregular margins at the antrum of a 74-year-old man before
HPE (Histopathology disclosed DLBCL[MALT], DLBCL-predominant). (B) Computed tomography (CT)
shows moderate wall thickening (white arrow) in the gastric antrum but no enlargement of perigastric lymph
nodes in the same case A. (C) One month after the completion of HPE, endoscopy shows two partially regressed
ulcerative masses at the gastric angle in the same case A (D) Four months after completion of HPE, complete
remission was achieved in the same case A. Right bottom, CT shows no gastric wall thickening (white arrow).
Hp, Helicobacter pylori; HPE, Hp eradication therapy; DLBCL, diffuse large B-cell lymphoma; MALT,
mucosa-associated lymphoid tissue; CT, computed tomography; CR, complete remission.
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Group

Patients
number
(Men/
Women)

Age,
years
(median;
range)

Histological
subtype

Stage

First-line HPE regimen (for
2 weeks)

CR rate

Median
time
to CR
(ms)

Follow-up
period for
Hp-dependent
patients

Salvage treatment
regimen for
Hp-independent
patients

Nakamura
et al. [22]

Japan
(2001)

10

NA

DLBCL(MALT)

IE

Proton pump inhibitor plus
Clarithromycin 600 mg D
Amoxicillin 2000 mg D
Metronidazole 750 mg D

5/10
(50%)

NA

NA

NA

Morgner
et al. [23]

Germany
(2001)

4/4

26–85

DLBCL(MALT)

IE: 6
IIE1:
2

Dural regimen (2 weeks):
Omeprazole 40 mg tid
Amoxicillin 750 mg tid
Triple regimen (1 week):
Omeprazole 20 mg twice D
Clarithromycin 250 mg
twice D
Metronidazole 400 mg
twice D

7/8
(87.5%)

1 to
4 ms

6 to 66 ms

CHOP

Hiyama
et al. [60]

Japan
(2001)

4

NA

DLBCL(MALT)

IE

Proton pump inhibitor plus
antibiotics for 1 to 2 weeks

2/4
(50%)

6 ms

18 ms

CHOP

Alpen
et al. [61]

Germany
(2001)

2

73–76

DLBCL(MALT)

IE

Omeprazole 40 mg D
Clarithromycin 500 mg D
Metronidazole 800 mg D

1/2
(50%)

1.3 ms

5.7 ms

CHOP

Chen et al.
[21, 25]
Kuo et al.
[26]

Taiwan
(2001,
2005,
2012)

12/22

55
(35–83)

DLBCL(MALT)

IE: 30
IIE1:
4

Amoxicillin 500 mg 4 times
D
Clarithromycin 500 mg
twice D
Omeprazole 20 mg twice D

18/32
(56.3%)

5.0 ms
(95%
CI,
2.8–7.5)

11.7 years (95%
CI, 7.8–14.4)

CHOP, CEpiOP,
R-CHOP, or
R-CEpiOP

Tari et al.
[27]

Japan
(2009)

7/8

63–91
(mean:
72.9)

Pure DLBCL

IE

Rabeprazole 20 mg D
Amoxicillin 750 mg twice
D Metronidazole 250 mg
twice D

4/15
(26.7%)

3 ms

7–100 ms
(no recurrence)

R-CHOP
followed by
RT
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Group

Patients
number
(Men/
Women)

Age,
years
(median;
range)

Histological
subtype

Stage

First-line HPE regimen (for
2 weeks)

CR rate

Median
time
to CR
(ms)

Follow-up
period for
Hp-dependent
patients

Salvage treatment
regimen for
Hp-independent
patients

Kuo et al.
[26]

Taiwan
(2012)

6/10

63
(34–88)

Pure DLBCL

IE: 9
IIE1:
7

Amoxicillin 500 mg 4 times
D
Clarithromycin 500 mg
twice D
Omeprazole 20 mg twice D

11/16
(68.8%)

2.1 ms
(95%
CI,
0.7–6.3)

3.5 years (95%
CI, 0.7 ~ 6.3)

R-CHOP or
R-CEpiOP

Ferreri
et al. [28]

Italy
(2002)

16

NA

Pure: 11
DLBCL
(MALT): 5

IE*

Clarithromycin 500 mg
twice D
Tinidazole or Metronidazole
500 mg twice D
Omeprazole 20 mg twice D

8/16
(50%)

NA

14–114 ms
(9/10 patients
remain-free)

PR-rituximab
SD or PD
-chemo-RT

Tsai et al.
[25]

Taiwan
(2020)

6/4

71.5
(48–85)

DLBCL(MALT)

IE: 8
IIE1:
2

Amoxicillin 500 mg 4 times
D
Clarithromycin 500 mg
twice D
Omeprazole 20 mg twice D

8/10
(80%)

4.0 ms
(range
1–10)

59 ms (95% CI,
23–95)

R-COP

Abbreviations: HPE, H. pylori eradication therapy; DLBCL, diffuse large B-cell lymphoma; DLBCL(MALT),DLBCL with histological evidence of MALT lymphoma; “pure” DLBCL, DLBCL without
histological evidence of MALT lymphoma; CR, complete remission in patients with successful HPE. Hp-dependent (CR after HPE); Hp-independent (non-CR after HPE); D, daily; ms, months; NA,
non-analysis; R, rituximab; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisolone; RT, radiotherapy; CEpiOP, cyclophosphamide, epirubicin, vincristine, and prednisolone; PR, partial
remission; SD, stable disease; PD, progressive disease. COP, cyclophosphamide, vincristine, and prednisolone.*IE: Perigastric lymph nodes of diameter < 1.5 cm.

Table 1.
A summary of the efficacies of first-line Helicobacter pylori eradication therapy for treating patients with early-stage Helicobacter pylori-positive gastric DLBCL(MALT) or “pure” DLBCL.

Revisiting the Full Spectrum of Helicobacter pylori-Related Gastric Lymphoma
DOI: http://dx.doi.org/10.5772/intechopen.97424

9

Authors
(Ref.)

Please use
Adobe
Acrobat
Reader
Helicobacter
pylori
- From First
Isolation
to 2021

to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
first-lineYou
HPEcan
should
be administered
to additional
populations
of stage
IIE1
freely
access the chapter
at the
Web Viewer
here.

gastric DLBCL(MALT) patients. This concept is further supported by a prospective
clinical trial (T3206) designed by the TCOG in evaluating the treatment efficacy
of first-line HPE consisting of omeprazole, amoxicillin, and clarithromycin for
14 days in patients with Hp-positive stage IE or stage IIE1 MALT lymphoma, and
DLBCL(MALT) of the stomach [25]. This trial revealed that 8 (80%) of 10 patients
with DLBCL(MALT) and 26 (76.5%) of 36 patients with MALT lymphoma achieved
CR (Figure 2); the CR rate was not different between stage IE (75%) and stage
IIE1 (66.7%) [25]. After a median follow-up of 59 months, all eight Hp-dependent
DLBCL(MALT) patients remained lymphoma-free, whereas three (7.7%) of the
26 Hp-dependent MALT lymphoma patients relapsed after a median follow-up of
82 months [25]. Notably, tumor invasions to the perigastric lymph nodes are not
exclusive to Hp-dependent cases, suggesting that pivotal mechanisms exist in these
tumors; this is because lymphoma cells of the perigastric lymph nodes communicate
indirectly with the Hp bacteria.
Taken together, these findings show that the tumor remission rates after HPE
are identical between MALT lymphoma and DLBCL(MALT) of the stomach
(Table 1), which overthrows the classical concept that the transformation of MALT
lymphoma into high-grade DLBCL(MALT) is associated with the acquisition of
Hp-independence and thus DLBCL(MALT) is unlikely to respond to HPE. These
clinical discoveries are in line with previous molecular studies showing the difference in clonalities between MALT lymphoma components and DLBCL components
of the same stomach [64–66]. Kuo et al. compared the patterns of IgH rearrangement between DLBCL and MALT lymphoma components of the same gastric
DLBCL(MALT) patients receiving HPE, and revealed that different clonal origins
of the two co-existing components contributed to the differential response to
HPE [67]. In the long-term follow-up of gastric MALT lymphoma without remission, Liu et al. showed that the frequency of development of DLBCL from MALT
lymphoma was less than 2%, suggesting rare high-grade transformation in gastric
MALT lymphoma [68]. These results indicate that some DLBCL components may
evolve independently from their co-existing MALT lymphoma counterparts in
gastric DLBCL(MALT). Overall, with reference to clinical impact, first-line HPE
resulting in a durable CR rate of approximately 60% has revolutionized the treatment of gastric DLBCL(MALT), and has helped 60% of DLBCL(MALT) patients
to avoid the risks of systemic chemotherapy (Table 1). With reference to molecular
impact, the high-grade transformation of gastric MALT lymphoma does not confer
Hp-independence to the tumor cells (Figure 1); this finding will eventually lead to
the revision of the current lymphoma classification, such as the Revised European
American Lymphoma Classification (REAL)/WHO. In the REAL/WHO, high-grade
gastric MALT lymphoma is classified as DLBCL with histological evidence of MALT
(DLBCL[MALT]), and is recommended to be treated as common DLBCL [3, 5, 57].

5. A proportion of gastric “pure” DLBCL patients can be cured by
first-line HPE
Although the origin of gastric “pure” DLBCL is usually considered as de novo
and not from high-grade transformed MALT lymphoma, there are several evidences
demonstrating the epidemiological link between Hp infection and gastric “pure”
DLBCL [44, 69–71]. In a case–control study in a Japanese population, Ishikura et al.
disclosed a close association between Hp infection and risk of development of gastric
lymphoma, in which the odds ratios for MALT lymphoma and DLBCL were 1.96 (95%
confidence interval [CI], 1.00–3.86), and 1.92 (95% CI, 0.74–4.95), respectively [72].
10
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defined as per histopathological manifestations [57, 58], exploration of the therapeutic efficacy of first-line HPE in gastric “pure” DLBCL has rarely been studied as these
patients should be treated with aggressive chemotherapy according to recommendations from the WHO advisory committee [5, 57]. However, a proportion of gastric
“pure” DLBCL patients are elderly and have a relatively large number of comorbidities; such patients cannot tolerate the adverse effects of systemic chemotherapy. For
these elderly gastric “pure” DLBCL patients with comorbidities, several anecdotal
case reports showed that the administration of first-line HPE can cause complete
regression of tumors [73–75], suggesting that a certain proportion of gastric “pure”
DLBCLs are Hp-related, and the growth of these lymphoma cells is Hp-dependent.
Since 2001, our group and other investigators have shown that early stage
gastric DLBCL(MALT) is Hp-dependent and is cured by first-line HPE [21–24].
Consequently, HPE has become the first-line treatment for patients with localized
gastric DLBCL(MALT) at our institution. Kuo et al. further designed a pilot study
to investigate the therapeutic efficacies of first-line HPE in stage IE/IIE1 gastric
“pure” DLBCL patients who are monitored by the following approaches: (1) intensive endoscopic regular follow-up, and (2) immediate administration of systemic
rituximab-based chemotherapy (immunochemotherapy) if tumors are stable or
progressive [26]. This pilot study revealed that first-line HPE resulted in CR in 11
(68.8%) of 16 Hp-positive gastric “pure” DLBCL patients, with a median interval to
CR of 2.1 months (Figure 3) [26]. Although there were a limited number of gastric
“pure” DLBCL patients, the CR rate showed a trend of being higher in tumors
involving the mucosa/submucosa than in tumors spread into the muscularis propria
or beyond (100% [5/5] vs. 54.5% [6/11], P = 0.119) [26]. After a median follow-up
of 3.9 years (95% CI, 3.7 to 4.1), 10 Hp-dependent patients were alive and free of
lymphoma, but one patient died of lung cancer [26]. Considering that the tumors
may rapidly progress and cause morbidity or mortality if tumors are unresponsive
to antibiotic treatment, Hp-independent gastric “pure” DLBCL patients were
immediately treated with immunochemotherapy, and the 5-year overall survival
(OS) rate was compatible with patients receiving first-line conventional immunochemotherapy (88.9% vs. 78.3%, P = 0.551) [26].
In another retrospective study conducted in a Japanese population, Tari et al.
revealed that among 15 patients with stage IE gastric “pure” DLBCL, four (26.7%)
patients achieved CR after successful HPE with a HPE regimen consisting of rabeprazole, amoxicillin, and metronidazole [27]. In their studies, all four patients with
CR presented with superficial endoscopic findings and remained lymphoma-free
for 7–100 months, whereas 11 Hp-independent patients responded completely to
rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisolone
(R-CHOP) for three courses, followed by radiotherapy [27]. Endoscopic ultrasound
staging also showed the CR rate for tumors limited to the mucosa and the shallow
portion of the submucosa was 80% (4/5 cases), whereas that for tumors extending
to the deep portion of the submucosa or beyond, it was 0% (0/10 cases) [27]. The
HG-L1 trial was a multicenter phase II study which explored first-line HPE consisting of clarithromycin, tinidazole or metronidazole, and omeprazole in 16 patients
with stage I Hp-positive gastric DLBCL (“pure” DLBCL, n = 11; DLBCL(MALT),
n = 5) [28]. Reporting on this trial, Ferrei et al. revealed that eight (50%) patients
achieved CR and three patients achieved PR at two months after HPE, and the
remaining two patients with PR achieved CR after receiving single rituximab treatment [28]. In addition, the remaining patients with stable or progressive diseases
were all converted to CR after receiving salvaged management with R-CHOP
[28]. This prospective trial demonstrated that the therapeutic efficacies of HPE in
Western populations with gastric DLBCL are the same as those in Asian populations.
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Figure 3.
Changes of endoscopic features and images in an example of Helicobacter pylori (Hp)-dependent stage IIE1
gastric “pure” diffuse large B-cell lymphoma (DLBCL) before and after completion of Hp eradication therapy
(HPE) (A) Endoscopy shows multiple ulcerative tumors at the anterior and posterior walls of the greater
curvature of the gastric body in an 89-year-old woman before HPE (Histopathology disclosed “pure” DLBCL
without histological evidence of mucosa-associated lymphoid tissue). (B) Endoscopic ultrasound examination
shows increased thickness of 2nd/3rd layers (submucosal involvement) with maximal thickness (0.7 cm)
(white arrow) and multiple perigastric lymphadenopathies in the body of the stomach. (C) Positron emission
tomography and computed tomography (CT) reveal intense hot areas (white arrow) at the upper to middle
gastric wall of the stomach (standard uptake value max early/delay = 21.5/37.6) (demonstrated at axial,
coronal, and sagittal views). (D) One month after completion of HPE, endoscopy shows regressed ulcerative
masses at the gastric body in the same case A. (E) Eight months after completion of HPE, complete remission
was achieved except for ulcerative scarring (Histopathology disclosed chronic gastritis without intestinal
metaplasia) in the same case A. (F) At the same time, CT shows no gastric wall thickening (white arrow) in
the gastric body in the same case A. Hp, Helicobacter pylori; HPE, Hp eradication therapy; DLBCL, diffuse
large B-cell lymphoma; MALT, mucosa-associated lymphoid tissue; CT, computer tomography; SUV, standard
uptake value; CR, complete remission.

Taken together, these findings indicate that approximately 50% of gastric “pure”
DLBCL patients whose tumors are still Hp-dependent, are highly responsive to
first-line HPE (Table 1). Importantly, HPE treatment may result in a quick response
of tumors to CR and to long-lasting CR in these Hp-dependent gastric “pure” DLBCL
patients. Even if the tumors invade the deep layer or the perigastric lymph nodes,
some patients with gastric “pure” DLBCL are still cured by first-line HPE (Figure 3).
Furthermore, gastric “pure” DLBCL patients who do not respond to first-line HPE
are successfully salvaged with rituximab-based chemotherapy. Therefore, the use of
first-line HPE as an exclusive treatment to avoid potential adverse effects of chemotherapy or radiotherapy for localized Hp-positive for gastric “pure” DLBCL patients
is suggested, because this subgroup of patients is frequently older than 70 years.

6. Hp-positive gastric DLBCL may be part of Hp-related gastric
malignancies
In addition to gastric DLBCL(MALT), gastric “pure” DLBCL is epidemiologically linked with Hp infection, and most gastric “pure” DLBCLs are diagnosed
with limited-stage disease [42–44, 76]. Conventionally, patients with gastric “pure”
DLBCLs are treated with immunochemotherapy, whereas immunochemotherapy
12
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patients with localized disease [77, 78]. Considering that first-line surgical resection
cannot improve the survival outcome for gastric “pure” DLBCL patients, a surgical
approach is recommended for patients with severe bleeding or perforation [79–81].
Studies in Taiwanese, Japanese, and Western populations clearly demonstrated
that certain patients with localized Hp-positive gastric “pure” DLBCL are highly
responsive to first-line antibiotics eradicating Hp, and these patients have persistent
CR for a long time after HPE [26–28]. These discoveries imply that gastric “pure”
DLBCLs can be biologically classified into two types, Hp-related lymphoma, and
Hp-unrelated lymphoma, each with different cellular origins, paths of tumorigenesis, and clinicopathological manifestations (Figure 1).
Hsu et al. retrospectively analyzed the clinicopathological features and clinical
outcomes of patients with gastric DLBCL who received systemic chemotherapy,
including DLBCL(MALT) (n = 17) and “pure” DLBCL (n = 26), and showed that
patients with DLBCL had higher levels of serum lactate dehydrogenase (LDH
50% vs. 12%, P = 0.01) and a lower chemotherapy response rate (57.7% vs. 88.2%,
P = 0.03) than those with DLBCL(MALT) [82]. Multivariate analysis identified
that the presence of MALT lymphoma components, stage I and IIE1, and response
to chemotherapy were independent and good prognostic factors [82]. This finding
provides evidence that Hp infection may be associated with a better chemotherapy
response and good prognosis; this is because gastric DLBCL(MALT) is generally transformed from its MALT lymphoma components in which gastric MALT
lymphoma is always linked with Hp infection, although Hp examinations were not
assessed in the study by Hsu et al. [82].
This hypothesis is further supported by a report from Kuo et al. who assessed
the correlation between clinicopathological features and clinical outcomes, and Hp
infection in patients (n = 95) with primary gastric “pure” DLBCLs who received
conventional chemotherapy (anthracycline-based-regimens, such as CHOP or
CEpirubicinOP) or immunochemotherapy (rituximab/anthracycline or rituximabCOP) as first-line therapy [29]. Kuo et al. found that the presence of Hp infection
confirmed by histological examination, urease test, or bacterial culture, was
associated with a lower International Prognostic Index score (0–1; Hp(+) [n = 46]
vs. Hp (−) [n = 49]) = 65% vs. 43%, P = 0.029), a lower clinical stage (I-IIE1, 70%
vs. 39%, P = 0.003), and a better CR rate (76% vs. 64%, P = 0.004) [29]. In addition, patients with Hp infection had a significantly better 5-year event-free survival
(EFS) (71.7% vs. 31.8%, P < 0.001) and OS (76.1% vs. 39.8%, P < 0.001) than those
without Hp infection [29]. Even among stage I-IIE1 patients, the Hp-positive group
had a better trend for CR (88% vs. 68%, P = 0.097) and a better 5-year EFS (80.6%
vs. 46.8%, P = 0.003) and OS (90.6% vs. 68.0%, P = 0.023) than the Hp-negative
group [29]. Using multivariate analysis, Kuo et al. identified the absence of Hp
infection as an independent predictor of worse EFS (hazard ratio [HR] = 2.509;
P = 0.007) and OS (HR = 2.666; P = 0.009) [29].
The findings of Kuo et al. were endorsed by the Cheng et al. who conducted a
retrospective analysis of 129 patients with primary gastric “pure” DLBCLs, in which
the presence of Hp infection was based on a positive test for histological examination
and urease breath tests [30]. In their study, the presence of Hp infection was significantly associated with limited stage (Stage I-II: Hp(+) vs. Hp (−), 78.6% vs. 60.3%,
P = 0.027) and lower IPI score (0–1: Hp(+) vs. Hp (−), 92.2% vs. 78.2%, P = 0.022);
all Hp-positive patients received HPE using PPI, bismuth compounds, and antibiotics, including clarithromycin, amoxicillin, tetracycline, or metronidazole, for eradicating Hp [30]. In addition, patients with Hp infections had a significantly better
5-year progression-free survival (PFS) rate (89.3% vs. 74.1%, P = 0.040) and 5-year
OS (89.7% vs. 71.8%, P = 0.033) than those without Hp infection [30]. However,
13
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as the initial treatment. Furthermore, multivariate analyses showed that in addition
to ECOG performance status 0–1, the presence of Hp infection was a better independent predictor for PFS (HR = 0.379; P = 0.045) and OS (HR = 0.292; P = 0.021) [30].
Traditionally, MALT lymphoma is believed to be of marginal zone B-cell origin
[3, 8]. Unlike MALT lymphoma, DLBCL is generally thought to originate de novo
from germinal center B cells (GCB) or activated B cells [83, 84]. Previous studies
showed that patients with GCB-subtype DLCBLs had better EFS and OS than those
without GCB-subtype DLBCLs [85, 86]. However, in the reports of clinical outcomes
of first-line chemotherapy for gastric “pure’ DLBCL, Kuo et al. showed that the EFS
and OS were not significantly different between GCB subtype and non-GCB subtype
tumors according to Han’s subclassification [29, 87]. Further analysis showed that
the GCB subgroup lost its prognostic value in Hp-positive gastric DLBCL patients,
but showed better survival in Hp-negative gastric DLBCL [29]. These results suggest that Hp-negative gastric DLBCL may originate de novo, and its biological
significance and histologic subclassification may be more similar to that of nodal
DLBCL. Similar to Kuo et al. [29], Chang et al. reported that the non-GCB subtype
was not associated with the poor PFS and OS in gastric DLBCLs patients [30]. In
addition, Kuo et al. showed that a proportion of Hp-dependent gastric DLBCLs,
including DLBCL(MALT) and “pure” DLBCL, are classified as the GCB-subtype
based on Han’s subclassification (preliminary data) [88]. Ferreri et al. also showed
that among patients with gastric “pure” DLBCL who received first-line HPE, the
CR rate was comparable between GCB and non-GCB subgroups [89]. These results
indicate that Hp may transform not only marginal zone B cells, but also GCB cells
into high-grade large lymphoma cells in Hp-related gastric lymphoma. However,

Figure 4.
Schema illustrating a hypothesis of heterogeneous cell origin of Helicobacter pylori (Hp)-dependent gastric
diffuse large B-cell lymphoma (DLBCL). (A) Large lymphoma B cells of Hp-dependent gastric DLBCL
of non-GCB origin may be differentiated from Hp-dependent MALT lymphoma components, in which
lymphoma cells often lack t(11;18)(q21;q21) [134, 135, 137]. (B) Large lymphoma B cells of Hp-dependent
gastric DLBCL in which the non-GCBs may originate de novo. The Hp CagA and its CagA signaling molecules
may directly affect non-GCB cells, which also contribute to the development of Hp-dependent large B-cell
lymphoma components of gastric DLBCL. (C) Large lymphoma B cells of Hp-dependent gastric DLBCL in
which the GCBs may originate de novo. The Hp CagA and its CagA signaling molecules may directly affect
GCB cells, which also contribute to the development of Hp-dependent large B-cell lymphoma components of
gastric DLBCL.
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warranted. Although the immunophenotypic phenomenon of the GCB subtype
cannot explain the better prognosis of Hp-related gastric DLBCLs, the higher level of
mi-R200 in Hp-positive tumors functionally hampering zinc-finger E-box-binding
homeobox 1 (ZEB1) may thus contribute to the less aggressive behaviors of these
tumors [31], since ZEB1 overexpression was reported to significantly correlate with
lymph node metastases of DLCBL, and T-cell leukemia progression [90, 91].
These findings reveal that Hp-related gastric “pure” DLBCLs share similar
clinicopathological features with gastric MALT lymphoma, such as less aggressive
behavior, more limited stages, and better prognosis; this suggests an overlapping
etiology between these two gastric lymphoma groups. However, the molecular
mechanisms of Hp infection contributing to the less aggressive nature and better
prognosis of gastric “pure” DLBCL remains unclear. The possible mechanisms are
as follows: (1) Hp CagA may directly participate in the lymphomagenesis of certain
portions of gastric “pure” DLBCL, (2) Hp may trigger antigen presentation and
regulate the triggering immune communications responsible for gastric MALT
lymphoma, which may also lead to Hp-related gastric “pure” DLBCL, and (3) Hp
may transform not only the marginal zone B cells, but also GCB-DLBCL cells, and
the mechanisms may include a direct CagA interaction with B cells (Figure 4).
The following is a brief summary of the possible mechanisms of Hp-related gastric
lymphoma including MALT lymphoma, DLBCL(MALT), and “pure” DLBCL.

7. Hp-specific CagA oncoprotein may play an important role in the
molecular mechanism of Hp-dependent gastric lymphoma
Previous studies have demonstrated that one of the factors promoting the proliferation of Hp-related gastric MALT lymphoma is dependent on the communication
between tumor-infiltrating T cells and tumor B cells [32–35]. In addition, CD40mediated signaling, T helper-2-type cytokines, chemokines such as interleukin-22,
the costimulatory molecule CD86, and regulatory T cells (Foxp3+) have been
reported to help and promote the proliferation of MALT lymphoma cells [32–35,
92–94]. Through the eradication of Hp, malignant B cells are no longer subjected to
antigen stimulation, Hp-related T-cell interaction, and immune-related regulations;
this leads to their gradual regression and death [93, 94]. These findings may explain
why MALT lymphomas are more likely to remain localized, and most of them are
cured by HPE (Figure 5).
Previous studies have shown that the Hp strain associated with inflammatory
and virulent processes carries the pathogenicity island (cagPAI) which includes
the cagA gene which encodes the CagA protein [95–97]. The CagA protein contains
three distinct domains (Domain I to III) at the N-terminal region, and a 5-amino
acid-repetitive tandem motif (EPIYA, glutamic acid-proline-isoleucine-tyrosinealanine) at the C-terminal region [98–100]. The EPIYA motif is characterized by
the presence of a tyrosine phosphorylation site; the CagA is phosphorylated at this
site by the Src-family kinase (SKFs) and c-Abl [100–102]. The Hp CagA-positive
strain has been reported to be epidemiologically linked with the development of
lymphoid follicles and neoplasms of the stomach [45, 103–105]. For example, Eck
et al. reported that the positive rate of serum CagA immunoglobulin G antibodies
was higher in Hp-positive gastric MALT lymphoma patients than in Hp-positive
patients with chronic active gastritis (95.5% vs. 67.0%) [45]. In addition to epidemiological studies, other studies have found that CagA promotes the proliferation
of B-lymphocytes through CagA-phosphorylation-dependent and -independent
signaling pathways [36, 106, 107]. Ohnishi et al. reported that in CagA-transgenic
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Figure 5.
Schema illustrating the direct and indirect lymphomagenesis of Helicobacter pylori (Hp)-dependent gastric
lymphomas, including mucosa-associated lymphoid tissue (MALT) lymphoma, diffuse large B-cell lymphoma
(DLBCL)(MALT), and “pure” DLBCL. (A) After a long-term Hp infection, Hp can cause inflammation
and destroy gastric epithelial cells, and stimulate immune B-lymphocytes to migrate into these lesions and
progressively develop MALT or lymphoid follicle; and this phenomenon may allow the Hp to directly contact
B-lymphocyte. Simultaneously, the Hp could stimulate the production of Hp-specific intratumoral T-helper
cells. (B) When Hp directly communicates with B-lymphocyte, cytotoxin-associated gene A (CagA), an
Hp-specific oncoprotein, can translocate into the subcellular area of B-lymphocyte and can undergo tyrosine
phosphorylation (TP); phosphorylated CagA can interact with the cytoplasmic Src homology region 2
domain-containing phosphatase-2 and further trigger the activation of extracellular signal-regulated kinase,
p38 mitogen activated protein kinase, and the production of anti-apoptosis proteins, Bcl-2, Bcl-xL, and Bad.
CagA can also promote tumor growth and differentiation by activating TP-independent signaling. (C) Hp
infection also indirectly produces antigens, which can communicate with B-cell receptors (BCRs) and elicit
the BCR-related survival signal. Simultaneously, Hp can indirectly foster growth and differentiation of
lymphoma B-cells with exhaustive help from Hp-stimulating helper T-cells, T helper (Th)2- or Th17-type
cytokines-mediated signaling, the interaction with chemokines and their receptors, the co-communication of
CD40/CD40 ligand, and stimulatory molecules such as CD86/CD28. (D) Hp infection can engender responses
of CD4+CD25+ regulatory T-cells (Tregs) in the gastric microenvironment, and these Tregs could suppress
immune-mediated pathogenesis and further cause immune evasion of these lymphoma B-cells. In addition,
Hp-producing cytotoxic T-cells exhibit defective functionality of perforin and Fas/Fas-Ligand interaction
and, thus, have less roles of cytotoxicity and apoptosis for lymphoma B-cells. Hp, Helicobacter pylori; Lym,
lymphocyte; DLBCL, diffuse large B-cell lymphoma; MALT, mucosa-associated lymphoid tissue; CagA,
cytotoxin-associated gene; TP, tyrosine phosphorylation; SHP-2, Src homology region 2 domain-containing
phosphatase-2; ERK, extracellular signal-regulated kinase; MAPK, mitogen activated protein kinase; BCR,
B-cell receptor; Th, T helper; Tregs: CD4+CD25+ regulatory T-cells.

mice, CagA caused the occurrence of myeloid leukemia and malignant B-cell neoplasms (histologically similar to DLBCL) through SHP-2 phosphorylation-dependent signaling [37]. Other investigators showed that the deregulation of SHP-2
was associated with the proto-oncogenic functions associated with the creation of
lymphoid and hematopoietic progenitor cells [108, 109].
Lin et al. revealed that CagA that is injected into B cells via type IV secretion
systems (T4SS) can activate ERK, p38 MAPK, Bcl-2, and Bcl-xL molecules through
SHP-2 phosphorylation-dependent signaling [38]. Kuo et al. found that in tumor
samples of 64 gastric MALT lymphoma patients who received first-line HPE,
the expression of CagA was significantly associated with Hp-dependence (Hpdependence vs. Hp-independence: 68.4% [26/38] vs. 19.2% [5/26], P < 0.001) [39].
Among Hp-dependent patients, those with tumors expressing CagA responded more
rapidly to HPE when compared to patients with tumors without CagA expression
(median time to CR after completing HPE, 3.0 vs. 6.5 months, P = 0.025) [39]. In
addition, in gastric MALT lymphoma patients with known tumor invasion depth,
CagA expression was closely associated with less depth of tumor invasion (tumors
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58.5% vs. 22.2%, P = 0.010) [39]. Furthermore, Kuo et al. found that CagA expression significantly correlated with p-SHP-2, p-ERK, p-38 MAPK, Bcl-2, and Bcl-xL
expression, and the expression of the aforementioned molecules correlated with the
Hp dependence of these tumors [40]. When compared with CagA expression alone,
the co-expression of CagA, p-SHP-2, and p-ERK provided an augmented positive
predictive value (93.3% vs. 81.8%) and better specificity (95.5% vs. 81.8%) for Hp
dependence in gastric MALT lymphoma patients [40]. Based on the prospective
T3206 trial, Tsai et al. reported that CagA expression correlated significantly with
Hp dependence in gastric MALT lymphoma and DLBCL(MALT) (85.3% [29/34] vs.
33.3% [4/12], P = 0.001) [25]. Furthermore, downregulation or absence of CagA
expression was documented in the residual tumor cells of Hp-dependent cases after
HPE [25]. Ben Younes et al. also showed that CagA correlated with p-PAKT expression in the tumor cells of Hp-positive gastric MALT lymphoma and DLBCL patients,
although this study did not show an association between CagA and Hp dependence
[110]. In addition to CagA expression in tumor cells, Sumida et al. found that among
patients with t(11;18)(q21;q21)-negative gastric MALT lymphoma, the serum titer of
the CagA antibody was significantly higher in patients with Hp-dependent tumors
than in those with Hp-independent tumors [111]. Taken together, these findings
imply that the Hp CagA oncogenic protein may participate directly in the molecular
mechanisms of Hp-dependent gastric MALT lymphoma (Figure 5).
In addition to gastric MALT lymphoma, the Hp CagA strain may be associated with the development of Hp-related gastric DLBCL [112, 113]. Peng first
showed that the rate of detection of the CagA gene in gastric biopsy samples was
significantly higher in gastric DLBCL(MALT) patients (76.7% [23/30]) than in
gastric MALT lymphoma patients (37.8% [14/37]) or in patients with gastritis
(30.3% [17/56]) [112]. Delchier et al. also revealed that the Hp-seropositive rate was
greater in gastric DLBCL patients (100% [16/16]) than in those with gastric MALT
lymphoma (78% [29/37]), whereas the CagA-seropositive rate was also higher in
DLBCL patients than in MALT lymphoma patients (75% [12/16] vs. 44.8% [13/29],
P < 0.05) [113]. Considering that a certain proportion of gastric DLBCLs, including DLBCL(MALT) and “pure” DLBCL, as well as gastric MALT lymphoma are
responsive to antibiotics eradicating Hp, the clues from Hp-specific intratumor T
cells and the interacting co-stimulatory molecules, and Hp CagA-triggering signaling in MALT lymphoma may also participate in the lymphomagenesis of gastric
DLBCL [32–35, 92–94]. Regarding the interaction between Hp-specific T cells
and co-stimulator molecule CD86 expressed in lymphoma B cells [94], Kuo et al.
first showed that CD86 expression in tumor cells was significantly associated with
Hp dependence in gastric DLBCL(MALT) (68.8% vs. 0%, P = 0.001) [114]. This
finding is in line with the findings that Hp-dependent gastric MALT lymphoma
exhibited a higher expression of CD86 than Hp-independent gastric MALT lymphoma [115]. Furthermore, Kuo et al. showed that among gastric “pure” DLBCL
patients receiving first-line HPE, CD86 expression was more frequently found in
Hp-dependent tumors than in Hp-independent tumors (61.5% [8/13] vs. 25% [2/8],
P = 0.023) [41]. Lin et al. also revealed that in cocultures of Hp and B-lymphoma
cells, Hp CagA upregulated CD86 expression in B cells [38], indicating that a
proportion of gastric DLBCLs are still dependent on the triggering of T cells by Hp
CagA for promoting proliferation (Figure 5).
When exploring the possible role of CagA in the lymphomagenesis of gastric
DLBCLs, Kuo et al. revealed that CagA expression significantly correlated with
p-SHP-2 expression and limited stages (I-IIE1, 82% vs. 47%, P = 0.017) in Hp-positive
gastric “pure” DLBCL patients receiving systemic chemotherapy [29]. Kuo et al. also
showed that CagA expression was associated with significantly better CR (CagA[+]
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vs. 46.3%, P = 0.002), and OS (CagA[+] vs. CagA[−]: 88.9% vs. 52.9%, P = 0.003)
[29]. These findings suggest that Hp CagA and its regulated signaling participate in
the lymphomagenesis of Hp-related gastric “pure” DLBCL. Furthermore, Kuo et al.
showed a close association between CagA expression and Hp dependence of patients
with gastric DLBCL (including DLBCL(MALT) and “pure’ DLBCL) who received
first-line HPE (Hp-dependence vs. Hp-independence: 74.3% [26/ 35] vs. 25.0% [7/28],
P < 0.001) [41]. Furthermore, CagA expression significantly correlated with the
expression of p-SHP-2 and p-ERK, and the expression of these molecules was significantly associated with Hp dependence of gastric DLBCL [41]. Among Hp-dependent
gastric DLBCL patients, the median time to CR after completing HPE was quicker in
tumors with CagA expression than in tumors without CagA expression (4.0 months
vs. 5.0 months, P = 0.050) [41]. Kuo et al. also observed that CagA and CagA signaling molecules were diminished or absent in a series of biopsy samples after HPE
[41]. These results indicate that CagA and its regulated signaling molecules may be
involved in the pathogenesis of Hp-dependent gastric DLBCL (Figure 5).
Epidemiological studies have reported that the incidence of gastric MALT
lymphoma in East Asia (including Taiwan, Korea, and Japan) is higher than that in
Western countries (Netherlands, Italy, and USA) [70, 72, 116–119]. In addition to the
distinct prevalence of gastric lymphoma, the rate of CagA-positivity in Hp strains
was higher in East Asian populations (at nearly 90%), when compared with that in
Western populations (at approximately 60%) [120–125]. In contrast to CagA from
Western Hp isolates containing EPIYA-A, EPIYA-B, and EPIYA-C segments, the
EPIYA motifs in East Asian Hp strains (including those from Taiwan), mainly consist
of EPIYA-A, EPIYA-B, and EPIYA-D segments [36, 97, 100, 126–128]. CagA activates
ERK/MAPK signaling in gastric epithelial cells or lymphoma B-cells mainly by
interacting with SHP-2; the CagA-SHP-2 complex is characterized by an interaction
between the tyrosine-phosphorylated EPIYA-C or EPIYA-D segment of CagA with
the SH2 domain of SHP-2 [97, 128, 129]. In addition, the Hp CagA strains bearing the
EPIYA-D motif had a greater affinity for binding SHP-2, a capacity for phosphorylating tyrosine, and conferred a risk for developing gastric cancer [97, 126, 129, 130].
Chuang et al. assessed the intensity of tyrosine-phosphorylated CagA (p-CagA) in
Hp strains isolated from Taiwanese patients with a distinct disease status, including
gastric cancer, gastric ulcer, duodenal ulcer, and gastritis; the authors reported that
the p-CagA intensity was higher in patients with gastric cancer or gastritis accompanied by intestinal metaplasia than in patients with gastritis but without intestinal
metaplasia [131], indicating that a higher tyrosine phosphorylation activity of CagA
may be associated with a risk of developing precancerous lesions and subsequent
gastric cancer [131]. In Hp strains isolated from Hp-dependent cases of gastric
lymphoma including five DLBCLs and six MALT lymphomas, Kuo et al. showed
that all cases were CagA-positive strains [41]. In their studies, the positive CagA Hp
strains were significantly associated with a rapid time to CR after completing HPE in
Hp-dependent gastric lymphoma patients, including MALT lymphoma and DLBCLs
[39, 41]. In addition, CagA expression correlated significantly with p-SHP-2 expression and the expression of tyrosine phosphorylation-dependent molecules such as
ERK and p38 MAPK, in the lymphoma cells [39–41]. These findings further support
the findings of a systematic review of HPE for treating gastric MALT lymphoma
from Zullo et al. the authors investigated the reason for the significantly higher CR
rate of tumors in Asian populations (84.1%) than that of tumors in Western populations (73.8%) (P < 0.0001) [62]. Although the association between tumors expressing CagA and the Hp dependence of gastric lymphoma may explain why most
CagA-positive gastric MALT lymphomas (even for gastric DLBCLs) remain localized
and show a quick response to HPE, approximately 30–50% of Hp-dependent gastric
18
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other underlying molecular mechanisms responsible for antibiotic responsiveness
may exist, and need to be explored.

8. Discussion
We and other investigators have demonstrated that a large proportion of localized
(stage IE to IIE1) gastric DLBCLs, including DLBCL(MALT) and “pure” DLBCL
remain Hp-dependent and can possibly be treated by first-line HPE [21–28], indicating that DLBCL transformation is not associated with the loss of Hp dependence.
We first discovered that most patients with Hp-dependent gastric DLBCL(MALT),
in whom with DLBCL and MALT lymphoma showed the same clonality using laser
capture microdissection and IgH CDR3 rearrangement analyses [67]. Starostik et al.
compared the genetic aberrations of t(11;18)(q21;q21)-negative MALT lymphoma and
DLBCL of the stomach [132]. They demonstrated that both lymphomas share allelic
imbalances, such as 3q26.2–27 amplification [132]. Furthermore, Barth et al. found a
high pathogenetic similarity between MALT lymphoma and small-cell components of
DLBCL(MALT) and between DLBCL and large-cell components of DLBCL(MALT)
of the stomach, through expression profile analysis [133]. These findings suggest that
some of the large-cell components in patients with gastric DLBCL may be transformed from Hp–related MALT lymphoma [133]. Whether Hp-related gastric “pure”
DLBCLs share biological, immunological, and molecular features of Hp-related
gastric MALT lymphoma and DLBCL(MALT) is worth investigating in the future.
Although first-line antibiotic HPE has saved approximately 60% of early stage
gastric DLBCL patients from the risks of systemic chemotherapy, approximately
40% of early stage and most patients with advanced, gastric DLBCL still receive
immunochemotherapy as the primary treatment. To avoid delaying the administration of immunochemotherapy for these Hp-independent patients, the identification of molecular markers predicting antibiotic unresponsiveness has become an
emergent issue. Previously, we discovered that canonical and noncanonical NF-κB
signalings contribute to Hp-independent tumor growth of gastric lymphoma,
including MALT lymphoma, DLBCL(MALT), and “pure” DLBCL of the stomach,
and their respective determinant molecular markers, nuclear BCL10, nuclear
NF-κB(p65), and B-cell-activating factor of TNF family (BAFF), closely correlated with Hp independence of these tumors [41, 134–136]. The incorporation of
Hp-independent molecular markers with clinicopathological features into further
personalized treatment for Hp-positive early stage gastric DLBCL patients is warranted. Our ongoing prospective trial (ClinicalTrials.gov, NCT02388581) is the first
study to evaluate the efficacy of first-line antibiotic HPE, as determined by the CR
rate and time to tumor progression, in patients with Hp-positive localized (stage IE
and IIE1) gastric “pure” DLBCL. This trial will also validate the accuracy (sensitivity and specificity) of molecular markers, including CagA, BCL10, NF-κB(p65),
and BAFF, in predicting antibiotic responsiveness. This ongoing phase II study
hopes to answer the question of “whether not just MALT lymphoma,” “pure”
DLBCL of the stomach is still responsive to antibiotic treatment”.
However, genetic abnormalities found so far in gastric MALT lymphoma, such as
t(11;18)(q21;q21), are far from providing a complete understanding of the molecular
mechanisms of Hp-related gastric DLBCL [93, 137]. Hp infection perturbs or changes
the epigenetic status, including the methylation profiles, DNA methyltransferase,
cytokines, and the inflammatory responses, and causes aberrant hypermethylation
[138–140]; these Hp-regulated epigenetic and genetic changes are worth exploring as
to their relationship with lymphomagenesis of Hp-related gastric lymphoma.
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and tumor-infiltrating T-cells co-participate in the molecular mechanisms of
Hp-related gastric lymphoma [94], Hp in the gastric microenvironment may alter
immune responses [141–144]. In a murine model of H. felis-induced gastric MALT
lymphoma, Craig et al. showed that the development of MALT lymphoma requires
B-cell receptor signaling through the poly-reactivation of tumor immunoglobulin
with certain antigens and tumor-infiltrating T-cells [145]. Most of the tumor-infiltrating CD4+ cells in gastric MALT lymphoma were shown to be Foxp3+CD4+CD25+
regulatory T-cells (Tregs), and these Tregs were recruited by tumor cells through
the chemokines, CCL17 and CCL22, secreted by Foxp3+Tregs [145]. In addition, the
systemic depletion of Foxp3+Tregs in vivo efficiently resulted in the regression of
MALT lymphoma [145]. Two recent in vivo studies examined the possible mechanisms of Tregs involvement in the immunomodulation of gastric MALT lymphoma
and showed that the presence of Foxp3+ expression was significantly higher in
patients who achieved CR after HPE than in those without CR, suggesting that
Tregs-mediated signaling contributes to Hp-dependent lymphomagenesis of gastric
MALT lymphoma [146, 147]. Whether Hp-regulated chemokines, IL-22, CCL17,
and CCL12, and Tregs and Hp-altering immune responses also contribute to the
Hp-dependent lymphomagenesis of gastric DLBCL remains uncertain, and these
clues from MALT lymphoma would push us to comprehensively explore the mechanisms by which Hp-related immune responses participate in the lymphomagenesis
of Hp-related gastric DLBCL.

9. Conclusions
During the past two decades, we have discovered that the spectrum of
Hp-related gastric lymphoma is much wider than was previously thought. In
addition to the classical MALT lymphoma, we demonstrated that DLBCL with
(DLBCL[MALT]) and without (“pure” DLBCL) histological evidence of MALT
lymphoma are all closely related to Hp. Most importantly, they can all be cured
by HPE, a clinical practice that saves thousands of lives and allows patients to
avoid systemic immunochemotherapy-related adverse effects. Furthermore,
we have identified the existence of Hp CagA in the entire spectrum of gastric
lymphomas, including MALT lymphoma, DLBCL(MALT), and “pure” DLBCL;
it is also important to note that CagA-regulated signaling molecules such as
p-SHP-2 and p-ERK were also expressed in tumor cells of Hp-dependent gastric
MALT lymphoma as well as of gastric DLBCLs. In addition, Hp-positive gastric
“pure” DLBCLs, especially those exhibiting CagA expression, are not the same
as Hp-unrelated gastric “pure” DLBCL in terms of clinicopathological manifestations and biological behavior. These findings indicate that CagA may lead to
direct lymphomagenesis in these Hp-related gastric lymphomas via the regulation
of pivotal tyrosine phosphorylation-related signal transduction. This is a big
paradigm shift, since until very recently, the classical belief has been that MALT
lymphoma is caused indirectly by the interaction of Hp with T cells. Since many
DLBCLs are of GCB origin, the canonical concept that all Hp-related lymphomas
are of a marginal-zone B cell origin, needs to be reappraised. However, we and
other investigators have reported that a certain proportion of Hp-dependent
gastric DLBCLs may be of GCB origin. These clues indicate that the spectrum of
Hp-related gastric lymphomas should be revised to include not only MALT lymphoma, but also DLBCL(MALT) and “pure” DLBCL. Further investigations of
the spectrum, lymphomagenesis, therapeutics, and cellular origins of Hp-related
gastric lymphoma are warranted.
20

Pleasetheuse
Reader
to read this
book
chapter
Revisiting
FullAdobe
SpectrumAcrobat
of Helicobacter
pylori-Related
Gastric
Lymphoma
DOI: http://dx.doi.org/10.5772/intechopen.97424
Just open this same document with Adobe Reader.

for free.

If you do not have it, you can download it here.

Acknowledgements
You can freely access the chapter at the Web Viewer here.
This research was funded by Ministry of Science and Technology, Taiwan, No.
MOST 107-2314-B-002-217-MY3, No. MOST 108-2811-B-002-616-, No. MOST
109-2314-B-002-200-, and No. MOST 109-2811-B-002-565-; and National Taiwan
University Hospital, Taiwan, No. NTUH 110-S4965.

Author details
Sung-Hsin Kuo1,4,5, Kun-Huei Yeh1,4,5, Chung-Wu Lin3, Li-Tzong Chen7,8,9,10,
Ming-Shiang Wu2 and Ann-Lii Cheng1,2,5,6*
1 Department of Oncology, National Taiwan University Hospital and National
Taiwan University College of Medicine, Taipei, Taiwan
2 Department of Internal Medicine, National Taiwan University Hospital and
National Taiwan University College of Medicine, Taipei, Taiwan
3 Department of Pathology, National Taiwan University Hospital and National
Taiwan University College of Medicine, Taipei, Taiwan
4 Cancer Research Center, National Taiwan University College of Medicine, Taipei,
Taiwan
5 Graduate Institute of Oncology, National Taiwan University College of Medicine,
Taipei, Taiwan
6 Department of Medical Oncology, National Taiwan University Cancer Center,
National Taiwan University College of Medicine, Taipei, Taiwan
7 National Institute of Cancer Research, National Health Research Institutes,
Tainan, Taiwan
8 Department of Internal Medicine, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung, Taiwan
9 Department of Internal Medicine, National Cheng-Kung University Hospital,
Tainan, Taiwan
10 Institute of Molecular Medicine, National Cheng Kung University,
Tainan, Taiwan
*Address all correspondence to: alcheng@ntu.edu.tw

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
21

Please use
Adobe
Acrobat
Reader
Helicobacter
pylori
- From First
Isolation
to 2021

to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
References
You can freely access the chapter at the Web Viewer here.

[1] Isaacson PG. Primary Gastric

[9] Marshall BJ, Warren JR. Unidentified

Lymphoma. Pathol Oncol Res. 1996;2
(1-2):5-10. DOI: 10.1007/BF02893940.

curved bacilli in the stomach of patients
with gastritis and peptic ulceration.
Lancet. 1984;1(8390):1311-1315. DOI:
10.1016/s0140-6736(84)91816-6.

[2] Isaacson PG. Update on MALT

lymphomas. Best Pract Res Clin
Haematol 2005;18(March (1)):57-68.
DOI: 10.1016/j.beha.2004.08.003.
[3] Jaffe ES, Harris NL, Stein H,

Vardiman JW, (Eds): World Health
Organization Classification of Tumours.
Pathology and Genetics of Tumours of
Haematopoietic and Lymphoid Tissues.
Lyon, France: IARC Press; 2001.
[4] Juárez-Salcedo LM, Sokol L,

Chavez JC, Dalia S. Primary Gastric
Lymphoma, Epidemiology, Clinical
Diagnosis, and Treatment. Cancer
Control. 2018 Jan-Mar;25(1):
1073274818778256. DOI: 10.1177/
1073274818778256.
[5] Swerdlow S, Campo E, Harris NL,

eds; International Agency for Research
on Cancer. WHO Classification of
Tumours of Haematopoietic and
Lymphoid Tissue. Geneva, Switzerland:
World Health Organization; 2008.
[6] Swerdlow SH, Campo E, Pileri SA,

Harris NL, Stein H, Siebert R,
Advani R, Ghielmini M, Salles GA,
Zelenetz AD, Jaffe ES. The 2016 revision
of the World Health Organization
classification of lymphoid neoplasms.
Blood 2016;127(May (20)):2375-2390.
DOI: 10.1182/blood-2016-01-643569.
[7] Isaacson PG, Wright DH. Malignant

lymphoma of mucosa-associated
lymphoid tissue. A distinct type of B-cell
lymphoma. Cancer. 1983;52(8):14101416. DOI: 10.1002/1097-0142(19831015)
52:8<1410::aid-cncr2820520813>3.0.
co;2-3.
[8] Isaacson PG, Du MQ . Gastrointestinal

lymphoma: where morphology meets
molecular biology. J Pathol. 2005;
205(2):255-274. DOI: 10.1002/path.1703.
22

[10] Wotherspoon AC, Ortiz-Hidalgo C,

Falzon MR, Isaacson PG. Helicobacter
pylori associated gastritis and primary
B-cell gastric lymphoma. Lancet.
1991;338(8776):1175 -1176. DOI:
10.1016/0140-6736(91)92035-z.
[11] Wotherspoon AC, Doglioni C,

Diss TC, Pan L, Moschini A, de Boni M,
Isaacson PG. Regression of primary
low-grade B-cell gastric lymphoma of
mucosa-associated lymphoid tissue type
after eradication of Helicobacter pylori.
Lancet. 1993;342(8871):575-577. DOI:
10.1016/0140-6736(93)91409-f.
[12] Du MQ , Isaccson PG. Gastric MALT

lymphoma: from aetiology to treatment.
Lancet Oncol. 2002;3(2):97-104. DOI:
10.1016/s1470-2045(02)00651-4.
[13] Stolte M, Bayerdorffer E, Morgner A,

Alpen B, Wündisch T, Thiede C,
Neubauer A. Helicobacter and gastric
MALT lymphoma. Gut 2002; 50(Suppl.
3): III19-24. DOI: 10.1136/gut.50.
suppl_3.iii19.
[14] Gisbert JP, Martin-Asenjo L. Efficacy

of Helicobacter pylori erradication
treatment in gastric MALT lymphoma: a
systematic review. Gastroenterology
2006; 130(Suppl. 2): T1907
[15] Zullo A, Hassan C, Cristofari F,

Andriani A, De Francesco V, Ierardi E,
Tomao S, Stolte M, Morini S, Vaira D.
Effects of Helicobacter pylori eradication
on early stage gastric mucosa-associated
lymphoid tissue lymphoma. Clin
Gastroenterol Hepatol. 2010;8(2):105110. DOI: 10.1016/j.cgh.2009.07.017.
[16] Fischbach W. Gastric MALT

lymphoma - update on diagnosis and

Pleasetheuse
Reader
to read this
book
chapter
Revisiting
FullAdobe
SpectrumAcrobat
of Helicobacter
pylori-Related
Gastric
Lymphoma
DOI: http://dx.doi.org/10.5772/intechopen.97424
Just open this same document with Adobe Reader.

for free.

If you do not have it, you can download it here.
eradication
of Helicobacter
pylori. Gut.
chapter
at the Web
Viewer here.

treatment.
Best
Pract
Res Clin
You
can
freely
access the
Gastroenterol. 2014;28(6):1069-1077.
DOI: 10.1016/j.bpg.2014.09.006.

2001;48(4):454-460. DOI: 10.1136/
gut.48.4.454.

[17] Neumeister P, Troppan K,

[23] Morgner A, Miehlke S, Fischbach W,

Raderer M. Management of gastric
mucosa-associated lymphoid tissue
lymphoma. Dig Dis. 2015;33(1):11-18.
DOI: 10.1159/000366030.

Schmitt W, Müller-Hermelink H,
Greiner A, Thiede C, Schetelig J,
Neubauer A, Stolte M, Ehninger G,
Bayerdörffer E. Complete remission of
primary high-grade B-cell gastric
lymphoma after cure of Helicobacter
pylori infection. J Clin Oncol. 2001;19(7):
2041-2048. DOI: 10.1200/JCO.2001.
19.7.2041.

[18] Hussell T, Isaacson PG, Crabtree JE,

Spencer J. The response of cells from
low-grade B-cell gastric lymphoma of
mucosa-associated lymphoid tissue to
Helicobacter pylori. Lancet 1993;
342(8871):571-574. DOI: 10.1016/
0140-6736(93)91408-e.
[19] Bayerdörffer E, Neubauer A,

Rudolph B, Thiede C, Lehn N, Eidt S,
Stolte M. Regression of primary gastric
lymphoma of mucosa-associated
lymphoid tissue type after cure of
Helicobacter pylori infection. Lancet
1995;345(8965):1591-1594. DOI:
10.1016/s0140-6736(95)90113-2.

[24] Chen LT, Lin JT, Tai JJ, Chen GH,

Yeh HZ, Yang SS, Wang HP, Kuo SH,
Sheu BS, Jan CM, Wang WM, Wang TE,
Wu CW, Chen CL, Su IJ, Whang-Peng J,
Cheng AL. Long-term results of antiHelicobacter pylori therapy in earlystage gastric high-grade transformed
MALT lymphoma. J Natl Cancer Inst.
2005;97(18):1345-1353. DOI: 10.1093/
jnci/dji277.
[25] Tsai HJ, Tai JJ, Chen LT, Wu MS,

[20] Neubauer A, Thiede C, Morgner A,

Alpen B, Ritter M, Neubauer B,
Wündisch T, Ehninger G, Stolte M,
Bayerdörffer E. Cure of Helicobacter
pylori infection and duration of
remission of low-grade gastric mucosaassociated lymphoid tissue lymphoma. J
Natl Cancer Inst. 1997;89(18):1350-1355.
DOI: 10.1093/jnci/89.18.1350.
[21] Chen LT, Lin JT, Shyu RY, Jan CM,

Chen CL, Chiang IP, Liu SM, Su IJ,
Cheng AL. Prospective study of
Helicobacter pylori eradication therapy in
stage I(E) high-grade mucosa-associated
lymphoid tissue lymphoma of the
stomach. J Clin Oncol. 2001;19(22):42454251. DOI: 10.1200/JCO.2001.19.22.4245.
[22] Nakamura S, Matsumoto T,

Suekane H, Takeshita M, Hizawa K,
Kawasaki M, Yao T, Tsuneyoshi M,
Iida M, Fujishima M. Predictive value of
endoscopic ultrasonography for
regression of gastric low grade and high
grade MALT lymphomas after
23

Yeh KH, Lin CW, Wang TE, Wang HP,
Yu FJ, Liou JM, Hsiao CF, Cheng TY,
Yeh HJ, Ko CW, Chen MJ, Lo GH,
Hsu PI, Chang CS, Hwang WS,
Chuang SS, Lee HW, Shun CT, Chiu CF,
Wang WM, Hsieh CY, Liu TW, Lin JT,
Kuo SH, Cheng AL; Taiwan Cooperative
Oncology Group. A multicenter
prospective study of first-line antibiotic
therapy for early-stage gastric mucosaassociated lymphoid tissue lymphoma
and diffuse large B-cell lymphoma with
histological evidence of mucosaassociated lymphoid tissue. Haematologica. 2020;105(7):e349-e354. DOI:
10.3324/haematol.2019.228775.
[26] Kuo SH, Yeh KH, Wu MS,

Lin CW, Hsu PN, Wang HP, Chen LT,
Cheng AL. Helicobacter pylori
eradication therapy is effective in the
treatment of early-stage H pyloripositive gastric diffuse large B-cell
lymphomas. Blood. 2012;119(21):48384844; quiz 5057. DOI: 10.1182/
blood-2012-01-404194.

Please use
Adobe
Acrobat
Reader
Helicobacter
pylori
- From First
Isolation
to 2021

to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
[27] TariYou
A, Asaoku
H, Kashiwado
K, chapter
autoimmunity
andViewer
gastric lymphoma.
J
can freely
access the
at the Web
here.
Yoshino T, Kitadai Y, Tanaka S,
Fujihara M. Predictive value of
endoscopy and endoscopic ultrasonography for regression of gastric diffuse
large B-cell lymphomas after Helicobacter pylori eradication. Dig Endosc.
2009;21(4):219-227. DOI: 10.1111/
j.1443-1661.2009.00896.x.
[28] Ferreri AJ, Govi S, Raderer M,

Mulè A, Andriani A, Caracciolo D,
Devizzi L, Ilariucci F, Luminari S,
Viale E, Müllauer L, Dell'Oro S,
Arcidiacono PG, Ponzoni M, Patti C.
Helicobacter pylori eradication as
exclusive treatment for limited-stage
gastric diffuse large B-cell lymphoma:
results of a multicenter phase 2 trial.
Blood. 2012;120(18):3858-3860. DOI:
10.1182/blood-2012-06-438424.
[29] Kuo SH, Yeh KH, Chen LT, Lin CW,

Hsu PN, Hsu C, Wu MS, Tzeng YS,
Tsai HJ, Wang HP, Cheng AL. Helicobacter pylori-related diffuse large B-cell
lymphoma of the stomach: a distinct
entity with lower aggressiveness and
higher chemosensitivity. Blood Cancer
J. 2014;4(6):e220. DOI: 10.1038/
bcj.2014.40.
[30] Cheng Y, Xiao Y, Zhou R, Liao Y,

Zhou J, Ma X. Prognostic significance of
helicobacter pylori-infection in gastric
diffuse large B-cell lymphoma. BMC
Cancer. 2019;19(1):842. DOI: 10.1186/
s12885-019-6067-5.

Biomed Biotechnol. 2010;2010:104918.
DOI: 10.1155/2010/104918
[34] Sagaert X, Van Cutsem E, De

Hertogh G, Geboes K, Tousseyn T.
Gastric MALT lymphoma: a model of
chronic inflammation-induced tumor
development. Nat Rev Gastroenterol
Hepatol 2010;7(6):336-346. DOI:
10.1038/nrgastro.2010.58.
[35] Kuo SH, Cheng AL. Helicobacter

pylori and mucosa-associated lymphoid
tissue: what's new. Hematology Am Soc
Hematol Educ Program. 2013;2013:109117. DOI: 10.1182/asheducation-2013.
1.109.
[36] Wang HP, Zhu YL, Shao W. Role of

Helicobacter pylori virulence factor
cytotoxin-associated gene A in gastric
mucosa-associated lymphoid tissue
lymphoma. World J Gastroenterol.
2013;19(45):8219-8226. DOI: 10.3748/
wjg.v19.i45.8219.PMID: 24363512
[37] Ohnishi N, Yuasa H, Tanaka S,

Sawa H, Miura M, Matsui A, Higashi H,
Musashi M, Iwabuchi K, Suzuki M,
Yamada G, Azuma T, Hatakeyama M.
Transgenic expression of Helicobacter
pylori CagA induces gastrointestinal and
hematopoietic neoplasms in mouse. Proc
Natl Acad Sci U S A. 2008;105(3):10031008. DOI: 10.1073/pnas.0711183105.
[38] Lin WC, Tsai HF, Kuo SH, Wu MS,

Lin CW. Inhibition of ZEB1 by miR-200
characterizes Helicobacter pyloripositive gastric diffuse large B-cell
lymphoma with a less aggressive
behavior. Mod Pathol. 2014;27(8):11161125. DOI: 10.1038/modpathol.2013.229.

Lin CW, Hsu PI, Cheng AL, Hsu PN.
Translocation of Helicobacter pylori
CagA into Human B lymphocytes, the
origin of mucosa-associated lymphoid
tissue lymphoma. Cancer Res. 2010;
70(14):5740-5748. DOI: 10.1158/
0008-5472.CAN-09-4690.

[32] Farinha P, Gascoyne RD. Helicobacter

[39] Kuo SH, Chen LT, Lin CW, Wu MS,

[31] Huang WT, Kuo SH, Cheng AL,

pylori and MALT lymphoma. Gastroenterology. 2005;128(6):1579-1605. DOI:
10.1053/j.gastro.2005.03.083.
[33] Bergman MP, D'Elios MM. Cytotoxic

T cells in H. pylori-related gastric
24

Hsu PN, Tsai HJ, Chu CY, Tzeng YS,
Wang HP, Yeh KH, Cheng AL. Detection
of the Helicobacter pylori CagA protein
in gastric mucosa-associated lymphoid
tissue lymphoma cells: clinical and
biological significance. Blood Cancer J.

Pleasetheuse
Reader
to read this
book
chapter
Revisiting
FullAdobe
SpectrumAcrobat
of Helicobacter
pylori-Related
Gastric
Lymphoma
DOI: http://dx.doi.org/10.5772/intechopen.97424
Just open this same document with Adobe Reader.

for free.

If you do not have it, you can download it here.
[46] Asenjo
L M, Gisbert
[Prevalence
the chapter
at the Web
ViewerJP.here.

2013;3(7):e125.
DOI:
10.1038/
You can
freely
access
bcj.2013.22.

[40] Kuo SH, Yeh KH, Chen LT, Lin CW,

Hsu PN, Wu MS, Liou JM, Tsai HJ,
Tzeng YS, Cheng AL. Helicobacter pylori
CagA Translocation Is Closely Associated
With the Expression of CagA-signaling
Molecules in Low-grade Gastric Mucosaassociated Lymphoid Tissue Lymphoma.
Am J Surg Pathol. 2015;39(6):761-766.
DOI: 10.1097/PAS.0000000000000437.
[41] Kuo SH, Chen LT, Lin CW, Yeh KH,

Shun CT, Tzeng YS, Liou JM, Wu MS,
Hsu PN, Cheng AL. Expressions of the
CagA protein and CagA-signaling
molecules predict Helicobacter pylori
dependence of early-stage gastric
DLBCL. Blood. 2017;129(2):188-198.
DOI: 10.1182/blood-2016-04-713719.
[42] de Martel C, Ferlay J, Franceschi S,

Vignat J, Bray F, Forman D, Plummer M.
Global burden of cancers attributable to
infections in 2008: a review and synthetic
analysis. Lancet Oncol. 2012;13(6):607615. DOI: 10.1016/S1470-2045(12)
70137-7.
[43] Burkitt MD, Duckworth CA,

Williams JM, Pritchard DM. Helicobacter
pylori-induced gastric pathology: insights
from in vivo and ex vivo models. Dis
Model Mech. 2017 Feb 1;10(2):89-104.
DOI: 10.1242/dmm.027649.
[44] Parsonnet J, Hansen S,

Rodriguez L, Gelb AB, Warnke RA,
Jellum E, Orentreich N, Vogelman JH,
Friedman GD. Helicobacter pylori
infection and gastric lymphoma. N Engl
J Med. 1994 May 5;330(18):1267-1271.
DOI: 10.1056/NEJM199405053301803.
[45] Eck M, Schmausser B,
Haas R, Greiner A, Czub S,
Müller-Hermelink HK. MALT-type
lymphoma of the stomach is associated
with Helicobacter pylori strains
expressing the CagA protein. Gastroenterology. 1997;112(5):1482-1486. DOI:
10.1016/s0016-5085(97)70028-3.
25

of Helicobacter pylori infection in
gastric MALT lymphoma: a systematic
review]. 2007;99(7):398-404. DOI:
10.4321/s1130-01082007000700006.
[47] Nakamura S, Sugiyama T,

Matsumoto T, Iijima K, Ono S, Tajika M,
Tari A, Kitadai Y, Matsumoto H,
Nagaya T, Kamoshida T, Watanabe N,
Chiba T, Origasa H, Asaka M; JAPAN
GAST Study Group. Long-term clinical
outcome of gastric MALT lymphoma
after eradication of Helicobacter pylori: a
multicentre cohort follow-up study of 420
patients in Japan. Gut. 2012;61(4):507-513.
DOI: 10.1136/gutjnl-2011-300495.
[48] Ruskoné-Fourmestraux A,

Fischbach W, Aleman BM, Boot H,
Du MQ , Megraud F, Montalban C,
Raderer M, Savio A, Wotherspoon A;
EGILS group. EGILS consensus report.
Gastric extranodal marginal zone B-cell
lymphoma of MALT. Gut. 2011;60(6):
747-758. DOI: 10.1136/gut.2010.224949.
[49] Copie-Bergman C, Wotherspoon AC,

Capella C, Motta T, Pedrinis E, Pileri SA,
Bertoni F, Conconi A, Zucca E,
Ponzoni M, Ferreri AJ. Gela histological
scoring system for post-treatment
biopsies of patients with gastric MALT
lymphoma is feasible and reliable in
routine practice. Br J Haematol. 2013;
160(1):47-52. DOI: 10.1111/bjh.12078.
[50] Gong EJ, Ahn JY, Jung HY, Park H,

Ko YB, Na HK, Jung KW, Kim do H,
Lee JH, Choi KD, Song HJ, Lee GH,
Kim JH. Helicobacter pylori Eradication
Therapy Is Effective as the Initial
Treatment for Patients with H. pyloriNegative and Disseminated Gastric
Mucosa-Associated Lymphoid Tissue
Lymphoma. Gut Liver. 2016;10(5):706713. DOI: 10.5009/gnl15510.
[51] Morgner A, Schmelz R, Thiede C,

Stolte M, Miehlke S. Therapy of gastric
mucosa associated lymphoid tissue
lymphoma. World J Gastroenterol

Please use
Adobe
Acrobat
Reader
Helicobacter
pylori
- From First
Isolation
to 2021

to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
2007;13(26):
3554-3566.
10.3748/
Pharmacol
721-726.
You can freelyDOI:
access
the chapter
at the Ther.
Web2006;23(6):
Viewer here.
wjg.v13.i26.3554.

DOI: 10.1111/j.1365-2036.2006.02826.x.

[52] Suzuki H, Saito Y, Hibi T.

[57] Harris NL, Jaffe ES, Diebold J,

Helicobacter pylori and gastric mucosaassociated lymphoid tissue (MALT)
lymphoma: updated review of clinical
outcomes and the molecular pathogenesis. Gut Liver. 2009;3(2):81-87.
DOI: 10.5009/gnl.2009.3.2.81.

Flandrin G, Muller-Hermelink HK,
Vardiman J, Lister TA, Bloomfield CD.
World Health Organization
classification of neoplastic diseases of
the hematopoietic and lymphoid tissues:
report of the Clinical Advisory
Committee meeting-Airlie House,
Virginia, November 1997. J Clin Oncol.
1999;17(12):3835-3849. DOI: 10.1200/
JCO.1999.17.12.3835.

[53] Hong SS, Jung HY, Choi KD,

Song HJ, Lee GH, Oh TH, Jo JY, Kim KJ,
Byeon JS, Myung SJ, Yang SK, Hong WS,
Kim JH, Min YI. A prospective analysis
of low-grade gastric malt lymphoma
after Helicobacter pylori eradication.
Helicobacter 2006;11(6): 569-573. DOI:
10.1111/j.1523-5378.2006.00460.x.
[54] Fischbach W. Goebeler ME,

Ruskone-Fourmestraux A, Wündisch T,
Neubauer A, Raderer M, Savio A. Most
patients with minimal histological
residuals of gastric MALT lymphoma
after successful eradication of
Helicobacter pylori can be managed
safely by a watch and wait strategy:
experience from a large international
series. Gut. 2007;56(12):1685-1687. DOI:
10.1136/gut.2006.096420.
[55] Terai S, Iijima K, Kato K, Dairaku N,

Suzuki T, Yoshida M, Koike T,
Kitagawa Y, Imatani A, Sekine H,
Ohara S, Shimosegawa T. Long-term
outcomes of gastric mucosa-associated
lymphoid tissue lymphomas after
Helicobacter pylori eradication therapy.
Tohoku J Exp Med. 2008;214(1):79-87.
DOI: 10.1620/tjem.214.79.
[56] Andriani A, Zullo A, Di Raimondo F,

Patti C, Tedeschi L, Recine U, Caruso L,
Bonanno G, Chiarenza A, Lizzani G,
Miedico A, Romanelli A, Costa A,
Linea C, Marrone C, Mirto S, Mistretta A,
Montalbano L, Restivo G, Vinci M,
Bibas M, Hassan C, Stella F, Cottone M,
Morini S. Clinical and endoscopic
presentation of primary gastric
lymphoma: a multicentre study. Aliment
26

[58] Doglioni C, Ponzoni M, Ferreri AJ,

Savio A; Gruppo Italiano Patologi
Apparato Digerente (GIPAD); Societ`a
Italiana di Anatomia Patologica e
Citopatologia Diagnostica/International
Academy of Pathology, Italian division
(SIAPEC/IAP). Gastric lymphoma: the
histology report. Dig Liver Dis.
2011;43(suppl 4):S310-S318. DOI:
10.1016/S1590-8658(11)60587-2.
[59] Cavanna L, Pagani R, Seghini P,

Zangrandi A, Paties C. High grade B-cell
gastric lymphoma with complete
pathologic remission after eradication of
Helicobacter pylori infection: report of a
case and review of the literature. World
J Surg Oncol. 2008;6:35. DOI:
10.1186/1477-7819-6-35.
[60] Hiyama T, Haruma K, Kitadai Y,

Ito M, Masuda H, Miyamoto M,
Tanaka S, Yoshihara M, Sumii K,
Shimamoto F, Chayama K. Helicobacter
pylori eradication therapy for highgrade mucosa associated lymphoid
tissue lymphomas of the stomach with
analysis of p53 and K-ras alteration and
microsatellite instability. Int J Oncol.
2001;18(6):1207-1212. DOI: 10.3892/
ijo.18.6.1207.
[61] Alpen B, Röbbecke J, Wündisch T,

Stolte M, Neubauer A. Helicobacter
pylori eradication therapy in gastric
high grade non Hodgkin's lymphoma
(NHL). Ann Hematol. 2001;80 Suppl
3:B106-107. DOI: 10.1007/pl00022770.

Pleasetheuse
Reader
to read this
book
chapter
Revisiting
FullAdobe
SpectrumAcrobat
of Helicobacter
pylori-Related
Gastric
Lymphoma
DOI: http://dx.doi.org/10.5772/intechopen.97424
Just open this same document with Adobe Reader.

for free.

If you do not have it, you can download it here.
stomach
and
regional
lymph
nodes. J
chapter
at the
Web
Viewer
here.

[62] Zullo
A, Hassan
C, Andriani
You
can freely
accessA,the

Cristofari F, De Francesco V, Ierardi E,
Tomao S, Morini S, Vaira D. Eradication
therapy for Helicobacter pylori in
patients with gastric MALT lymphoma: a
pooled data analysis. Am J Gastroenterol.
2009;104(8):1932-1937. quiz 1938. DOI:
10.1038/ajg.2009.314.
[63] Ferreri AJ, Montalban C. Primary

diffuse large B-cell lymphoma of the
stomach. Crit Rev Oncol Hematol
2007;63(1):65-71. DOI: 10.1016/
j.critrevonc.2007.01.003.

Formos Med Assoc. 2010;109(6):463471. DOI: 10.1016/S0929-6646(10)
60078-2.
[69] Suzuki T, Matsuo K, Ito H, Hirose K,

Wakai K, Saito T, Sato S, Morishima Y,
Nakamura S, Ueda R, Tajima K. A past
history of gastric ulcers and Helicobacter pylori infection increase the risk
of gastric malignant lymphoma.
Carcinogenesis. 2006;27(7):1391-1397.
DOI: 10.1093/carcin/bgi334.
[70] Chang JS, Kuo SH, Chu PY,

[64] Matolcsy A, Nagy M, Kisfaludy N,

Kelenyi G. Distinct clonal origin of
low-grade MALT-type and high-grade
lesions of a multifocal lymphoma.
Histopathology 1999;34(1):6-8. DOI:
10.1046/j.1365-2559.1999.00568.x.

Shan YS, Tsai CR, Tsai HJ, Chen LT. The
Epidemiology of Gastric Cancers in the
Era of Helicobacter pylori Eradication: A
Nationwide Cancer Registry-Based
Study in Taiwan. Cancer Epidemiol
Biomarkers Prev. 2019;28(10):1694-1703.
DOI: 10.1158/1055-9965.EPI-19-0355.

[65] Cabras AD, Candidus S, Fend F,

Kremer M, Schulz S, Bordi C,
Weirich G, Höfler H, Werner M.
Biclonality of gastric lymphomas. Lab
Invest. 2001;81(7):961-967. DOI:
10.1038/labinvest.3780308.

[71] de Martel C, Georges D, Bray F,

Ferlay J, Clifford GM. Global burden of
cancer attributable to infections in 2018:
a worldwide incidence analysis. Lancet
Glob Health. 2020;8(2):e180-e190. DOI:
10.1016/S2214-109X(19)30488-7.

[66] Cabras AD, Weirich G, Fend F,

Nahrig J, Bordi C, Hofler H, Werner M.
Oligoclonality of a “composite” gastric
diffuse large B cell lymphoma with areas
of marginal zone B-cell lymphoma of
the mucosa-associated lymphoid tissue
type. Virchows Arch. 2002;440(2):209214. DOI: 10.1007/s004280100504.
[67] Kuo SH, Chen LT, Wu MS, Kuo KT,

Yeh KH, Doong SL, Yeh PY, Hsu HC,
Tzeng YS, Lin CW, Lin JT, Cheng AL.
Differential response to H. pylori
eradication therapy of coexisting diffuse
large B-cell lymphoma and MALT
lymphoma of stomach-significance of
tumour cell clonality and BCL10
expression. J Pathol. 2007;211(3):
296-304. DOI: 10.1002/path.2117.

[72] Ishikura N, Usui Y, Ito H, Kasugai Y,

Oze I, Kato S, Yatabe Y, Nakamura S,
Matsuo K. Helicobacter pylori (HP)
infection alone, but not HP-induced
atrophic gastritis, increases the risk of
gastric lymphoma: a case-control study
in Japan. Ann Hematol. 2019;98(8):
1981-1987. DOI: 10.1007/s00277019-03721-y.
[73] Salam I, Durai D, Murphy JK,

Sundaram B. Regression of primary
high-grade gastric B-cell lymphoma
following Helicobacter pylori
eradication. Eur J Gastroenterol
Hepatol. 2001;13(11):1375-1378. DOI:
10.1097/00042737-200111000-00018.
[74] Sugimoto M, Kajimura M, Sato Y,

[68] Liu TY, Dei PH, Kuo SH, Lin CW.

Early low-grade gastric MALToma rarely
transforms into diffuse large cell
lymphoma or progresses beyond the
27

Hanai H, Kaneko E, Kobayashi H.
Regression of primary gastric diffuse
large B-cell lymphoma after eradication
of Helicobacter pylori. Gastrointest

Please use
Adobe
Acrobat
Reader
Helicobacter
pylori
- From First
Isolation
to 2021

to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
Endosc.You
2001;54(5):643-645.
DOI:the chapter
lymphoma:
how much
is necessary?
can freely access
at the Web
Viewer
here. Ann
10.1067/mge.2001.118647.

Oncol. 2002; 13(7):1094-1098. DOI:
10.1093/annonc/mdf178.

[75] Alsolaiman MM, Bakis G, Nazeer T,

Mac Dermott RP, Balint JA. Five years of
complete remission of gastric diffuse
large B cell lymphoma after eradication
of Helicobacter pylori infection. Gut.
2003;52(4):507-509. DOI: 10.1136/
gut.52.4.507.
[76] Gisbert JP, Calvet X. Review article:

common misconceptions in the
management of Helicobacter pyloriassociated gastric MALT-lymphoma.
Aliment Pharmacol Ther. 2011;34(9):
1047-62. DOI: 10.1111/j.1365-2036.
2011.04839.x.
[77] Haim N, Leviov M, Ben-Arieh Y,

Epelbaum R, Freidin N, Reshef R,
Ben-Shahar M. Intermediate and highgrade gastric non-Hodgkin’s lymphoma: a
prospective study of nonsurgical
treatment with primary chemotherapy,
with or without radiotherapy. Leuk
Lymphoma 1995;17(3-4):321-326. DOI:
10.3109/10428199509056838.

[81] Liu HT, Hsu C, Chen CL, Chiang IP,

Chen LT, Chen YC, Cheng AL. Chemotherapy alone versus surgery followed
by chemotherapy for stage I/IIE largecell lymphoma of the stomach. Am J
Hematol. 2000;64(3):175-179. DOI:
10.1002/1096-8652(200007)
64:3<175::aid-ajh6>3.0.co;2-7.
[82] Hsu C, Chen CL, Chen LT, Liu HT,

Chen YC, Jan CM, Liu CS, Cheng AL.
Comparison of MALT and non-MALT
primary large cell lymphoma of the
stomach: does histologic evidence of
MALT affect chemotherapy response?
Cancer. 2001;91(1):49-56. DOI:
10.1002/1097-0142(20010101)
91:1<49::aid-cncr7>3.0.co;2-y.
[83] Jaffe ES, Harris NL, Stein H,

Isaacson PG. Classification of lymphoid
neoplasms: the microscope as a tool for
disease discovery. Blood 2008 Dec
1;112(12):4384-99. DOI: 10.1182/
blood-2008-07-077982.

[78] Binn M, Ruskone-Fourmestraux A,

Lepage E, Haioun C, Delmer A,
Aegerter P, Lavergne A, Guettier C,
Delchier JC. Surgical resection plus
chemotherapy versus chemotherapy
alone: comparison of two strategies to
treat diffuse large B-cell gastric
lymphoma. Ann Oncol. 2003;14(12):17511757. DOI: 10.1093/annonc/mdg495.

[84] Liu TY, Chen SU, Kuo SH, Cheng AL,

Lin CW. E2A-positive gastric MALT
lymphoma has weaker plasmacytoid
infiltrates and stronger expression of the
memory B-cell-associated miR-223:
possible correlation with stage and
treatment response. Mod Pathol.
2010;23(11):1507-1517. DOI: 10.1038/
modpathol.2010.139.

[79] Aviles A, Nambo MJ, Neri N,

Huerta-Guzmán J, Cuadra I, Alvarado I,
Castañeda C, Fernández R, González M.
The role of surgery in primary gastric
lymphoma: results of a controlled
clinical trial. Ann Surg. 2004;240(1):4450. DOI: 10.1097/01.sla.0000129354.
31318.f1.
[80] Raderer M, Chott A, Drach J,

Montalban C, Dragosics B, Jäger U,
Püspök A, Osterreicher C, Zielinski CC.
Chemotherapy for management of
localised high-grade gastric B-cell
28

[85] Miyazaki K. Treatment of Diffuse

Large B-Cell Lymphoma. J Clin Exp
Hematop. 2016;56(2):79-88. DOI:
10.3960/jslrt.56.79.
[86] Liu Y, Barta SK. Diffuse large B-cell

lymphoma: 2019 update on diagnosis,
risk stratification, and treatment. Am J
Hematol. 2019;94(5):604-616. DOI:
10.1002/ajh.25460.
[87] Hans CP, Weisenburger DD,

Greiner TC, Gascoyne RD, Delabie J,

Pleasetheuse
Reader
to read this
book
chapter
Revisiting
FullAdobe
SpectrumAcrobat
of Helicobacter
pylori-Related
Gastric
Lymphoma
DOI: http://dx.doi.org/10.5772/intechopen.97424
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.

for free.

Ott G, Müller-Hermelink
Campo
[93] Du
MQ Web
. MALT
lymphoma:
many
You can freely HK,
access
the E,
chapter
at the
Viewer
here.
Braziel RM, Jaffe ES, Pan Z, Farinha P,
roads lead to nuclear factor-κb activation.
Smith LM, Falini B, Banham AH,
Histopathology. 2011;58(1):26-38. DOI:
Rosenwald A, Staudt LM, Connors JM,
10.1111/j.1365-2559.2010.03699.x.
Armitage JO, Chan WC. Confirmation
of the molecular classification of diffuse [94] Kuo SH, Wu MS, Yeh KH, Lin CW,
large B-cell lymphoma by immunohisto- Hsu PN, Chen LT, Cheng AL. Novel
chemistry using a tissue microarray.
Insights of Lymphomagenesis of
Blood. 2004;103(1):275-282. DOI:
Helicobacter pylori-Dependent Gastric
10.1182/blood-2003-05-1545.
Mucosa-Associated Lymphoid Tissue
Lymphoma. Cancers (Basel). 2019;
[88] Kuo SH, Chen LT, Lin CW, Yeh KH,
11(4):547. DOI: 10.3390/cancers
Tsai HJ, Lee HW, Wu MS, Hsu PN,
11040547.PMID: 30999581
Cheng AL. Heterogeneous cell origin of
Helicobater pylori-dependent high-grade [95] Akopyants NS, Clifton SW,
gastric lymphomas (Vol 33, No 15_suppl Kersulyte D, Crabtree JE, Youree BE,
(May 20 Supplement), 2015: e19520)
Reece CA, Bukanov NO, Drazek ES,
2015 ASCO Annual Meeting
Roe BA, Berg DE. Analyses of the cag
pathogenicity island of Helicobacter
[89] Ferreri AJ, Govi S, Ponzoni M. The
pylori. Mol Microbiol. 1998;28(1):37-53.
role of Helicobacter pylori eradication in DOI: 10.1046/j.1365-2958.1998.00770.x.
the treatment of diffuse large B-cell and
marginal zone lymphomas of the
[96] Azuma T, Yamakawa A, Yamazaki S,
stomach. Curr Opin Oncol. 2013;25(5):
Fukuta K, Ohtani M, Ito Y, Dojo M,
470-479. DOI: 10.1097/01.cco.0000432
Yamazaki Y, Kuriyama M. Correlation
523.24358.15.
between variation of the 3' region of the
cagA gene in Helicobacter pylori and
[90] Lemma S, Karihtala P,
disease outcome in Japan. J Infect Dis.
Haapasaari KM, Jantunen E,
2002 Dec 1;186(11):1621-1630. DOI:
Soini Y, Bloigu R, Pasanen AK,
10.1086/345374.
Turpeenniemi-Hujanen T, Kuittinen O.
Biological roles and prognostic values of [97] Hatakeyama M. Oncogenic
the epithelial-mesenchymal transitionmechanisms of the Helicobacter pylori
mediating transcription factors Twist,
CagA protein. Nat Rev Cancer. 2004;
ZEB1 and Slug in diffuse large B-cell
4(9):688-694. DOI: 10.1038/nrc1433.
lymphoma. Histopathology. 2013;62(2):
326-333. DOI: 10.1111/his.12000.
[98] Murata-Kamiya N, Kikuchi K,
Hayashi T, Higashi H, Hatakeyama M.
[91] Nakahata S, Yamazaki S, Nakauchi H, Helicobacter pylori exploits host
Morishita K.. Downregulation of ZEB1
membrane phosphatidylserine for
and overexpression of Smad7 contribute
delivery, localization, and pathoto resistance to TGF-beta1-mediated
physiological action of the CagA
growth suppression in adult T-cell
oncoprotein. Cell Host Microbe.
leukemia/lymphoma. Oncogene.
2010;7(5):399-411. DOI: 10.1016/j.
2010;29(29):4157-4169. DOI: 10.1038/
chom.2010.04.005.
onc.2010.172.
[99] Hayashi T, Senda M, Morohashi H,
[92] Chen JP, Wu MS, Kuo SH, Liao F.
Higashi H, Horio M, Kashiba Y,
IL-22 negatively regulates Helicobacter
Nagase L, Sasaya D, Shimizu T,
pylori-induced CCL20 expression in
Venugopalan N, Kumeta H, Noda NN,
gastric epithelial cells. PLoS One.
Inagaki F, Senda T, Hatakeyama M.
2014;9(5):e97350. DOI: 10.1371/journal. Tertiary structure-function analysis
pone.0097350. eCollection 2014.
reveals the pathogenic signaling
29

Please use
Adobe
Acrobat
Reader
Helicobacter
pylori
- From First
Isolation
to 2021

to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
potentiation
mechanism
Helicobacter
[106]at
Umehara
S, Higashi
Ohnishi N,
You can freelyofaccess
the chapter
the Web
ViewerH,here.
pylori oncogenic effector CagA. Cell
Host Microbe. 2012;12(1):20-33. DOI:
10.1016/j.chom.2012.05.010.
[100] Stein M, Ruggiero P, Rappuoli R,

Bagnoli F. Helicobacter pylori CagA:
from pathogenic mechanisms to its use as
an anti-cancer vaccine. Front Immunol.
2013;4:328. DOI: 10.3389/fimmu.2013.
00328.
[101] Stein M, Bagnoli F, Halenbeck R,

Rappuoli R, Fantl WJ, Covacci A. c-Src/
Lyn kinases activate Helicobacter pylori
CagA through tyrosine phosphorylation
of the EPIYA motifs. Mol Microbiol.
2002;43(4):971-980. DOI: 10.1046/
j.1365-2958.2002.02781.x.
[102] Tammer I, Brandt S, Hartig R,

König W, Backert S. Activation of Abl
by Helicobacter pylori: a novel kinase
for CagA and crucial mediator of host
cell scattering. Gastroenterology.
2007;132(4):1309-1319. DOI: 10.1053/j.
gastro.2007.01.050.
[103] Ghoshal UC, Tiwari S, Dhingra S,

Pandey R, Ghoshal U, Tripathi S,
Singh H, Gupta VK, Nagpal AK, Naik S,
Ayyagari A. Frequency of Helicobacter
pylori and CagA antibody in patients
with gastric neoplasms and controls: the
Indian enigma. Dig Dis Sci. 2008;53(5):
1215-1222. DOI: 10.1007/s10620008-0229-7.
[104] Achyut BR, Moorchung N,

Srivastava AN, Gupta NK, Mittal B. Risk
of lymphoid follicle development in
patients with chronic antral gastritis: role
of endoscopic features, histopathological
parameters, CagA status and
interleukin-1 gene polymorphisms.
Inflamm Res. 2008;57(2):51-56. DOI:
10.1007/s00011-007-7033-2.
[105] Floch P, Mégraud F, Lehours P.

Helicobacter pylori Strains and Gastric
MALT Lymphoma. Toxins (Basel).
2017;9(4):132. DOI: 10.3390/toxins
9040132.
30

Asaka M, Hatakeyama M. Effects of
Helicobacter pylori CagA protein on the
growth and survival of B lymphocytes,
the origin of MALT lymphoma.
Oncogene 2003;22(51):8337-8342. DOI:
10.1038/sj.onc.1207028.
[107] Zhu Y, Wang C, Huang J, Ge Z,

Dong Q , Zhong X, Su Y, Zheng S.. The
Helicobacter pylori virulence factor
CagA promotes Erk1/2-mediated Bad
phosphorylation in lymphocytes: a
mechanism of CagA-inhibited
lymphocyte apoptosis. Cell Microbiol
2007;9(4):952-961. DOI: 10.1111/
j.1462-5822.2006.00843.x.
[108] Qu CK, Nguyen S, Chen J,
Feng GS. Requirement of Shp-2 tyrosine
phosphatase in lymphoid and hematopoietic cell development. Blood.
2001;97(4):911-914. DOI: 10.1182/blood.
v97.4.911.
[109] Niogret C, Birchmeier W, Guarda G.

SHP-2 in Lymphocytes' Cytokine and
Inhibitory Receptor Signaling. Front
Immunol. 2019;10:2468. DOI: 10.3389/
fimmu.2019.02468. eCollection 2019.
[110] Ben Younes K, Doghri R, Mrad K,

Bedhiafi W, Benammar-Elgaaied A,
Sola B, Ben Aissa-Fennira F. PTEN Loss
and Cyclin A2 Upregulation Define a
PI3K/AKT Pathway Activation in
Helicobacter pylori-induced MALT and
DLBCL Gastric Lymphoma With Features
of MALT. Appl Immunohistochem Mol
Morphol. 2020; 29(1):56-61. DOI:
10.1097/PAI.0000000000000839.
[111] Sumida T, Kitadai Y, Hiyama T,

Shinagawa K, Tanaka M, Kodama M,
Masuda H, Ito M, Tanaka S,
Yoshihara M, Chayama K. Antibodies to
Helicobacter pylori and CagA protein
are associated with the response to
antibacterial therapy in patients with H.
pylori-positive API2-MALT1-negative
gastric MALT lymphoma. Cancer Sci.
2009;100(6):1075-1081. DOI:
10.1111/j.1349-7006.2009.01139.x.

Pleasetheuse
Reader
to read this
book
chapter
Revisiting
FullAdobe
SpectrumAcrobat
of Helicobacter
pylori-Related
Gastric
Lymphoma
DOI: http://dx.doi.org/10.5772/intechopen.97424
Just open this same document with Adobe Reader.

for free.

If you do not have it, you can download it here.
Maiorana
Federico
M. Decreasing
the chapter
at theA,Web
Viewer
here.

[112] Peng
H, Ranaldi
R, Diss
TC,
You
can freely
access

Isaacson PG, Bearzi I, Pan L. High
frequency of CagA+ Helicobacter pylori
infection in high-grade gastric MALT
B-cell lymphomas. J Pathol. 1998;
185(4):409-412. DOI: 10.1002/
(SICI)1096-9896(199808)185:4<409::
AID-PATH121>3.0.CO;2-T.

incidence of gastric MALT lymphomas in
the era of anti-Helicobacter pylori
interventions: results from a populationbased study on extranodal marginal zone
lymphomas. Ann Oncol. 2010;21(4):855859. DOI: 10.1093/annonc/mdp402.
[118] Khalil MO, Morton LM, Devesa SS,

[113] Delchier JC, Lamarque D, Levy M,

Tkoub EM, Copie-Bergman C,
Deforges L, Chaumette MT, Haioun C.
Helicobacter pylori and gastric
lymphoma: high seroprevalence of CagA
in diffuse large B-cell lymphoma but not
in low-grade lymphoma of mucosaassociated lymphoid tissue type. Am J
Gastroenterol. 2001;96(8):2324-2328.
DOI: 10.1111/j.1572-0241.2001.04036.x
[114] Kuo SH, Chen LT, Chen CL,

Doong SL, Yeh KH, Wu MS, Mao TL,
Hsu HC, Wang HP, Lin JT, Cheng AL.
Expression of CD86 and increased
infiltration of NK cells are associated
with Helicobacter pylori-dependent
state of early stage high-grade gastric
MALT lymphoma. World J
Gastroenterol. 2005;11(28):4357-4362.
DOI: 10.3748/wjg.v11.i28.4357.
[115] de Jong D, Vyth-Dreese F,

Dellemijn T, Verra N,
Ruskoné-Fourmestraux A,
Lavergne-Slove A, Hart G, Boot H.
Histological and immunological
parameters to predict treatment
outcome of Helicobacter pylori
eradication in low-grade gastric MALT
lymphoma. J Pathol. 2001;193(3):318324. DOI: 10.1002/1096-9896(2000)
9999:9999<::AID-PATH811>3.0.CO;2-Z.
[116] Capelle LG, de Vries AC,

Looman CW, Casparie MK, Boot H,
Meijer GA, Kuipers EJ. Gastric MALT
lymphoma: epidemiology and high
adenocarcinoma risk in a nation-wide
study. Eur J Cancer. 2008;44(16):24702476. DOI: 10.1016/j.ejca.2008.07.005.
[117] Luminari S, Cesaretti M,

Marcheselli L, Rashid I, Madrigali S,
31

Check DP, Curtis RE, Weisenburger DD,
Dores GM. Incidence of marginal zone
lymphoma in the United States, 20012009 with a focus on primary anatomic
site. Br J Haematol. 2014;165(1):67-77.
DOI: 10.1111/bjh.12730. Epub 2014 Jan 12
[119] Huh J. Epidemiologic overview of

malignant lymphoma. Korean J
Hematol. 2012;47(2):92-104. DOI:
10.5045/kjh.2012.47.2.92.
[120] Yang JC, Wang TH, Wang HJ,

Kuo CH, Wang JT, Wang WC. Genetic
analysis of the cytotoxin-associated
gene and the vacuolating toxin gene in
Helicobacter pylori strains isolated from
Taiwanese patients. Am J Gastroenterol.
1997;92(8):1316-1321. PMID: 9260797
[121] Chang WL, Yeh YC, Sheu BS. The

impacts of H. pylori virulence factors on
the development of gastroduodenal
diseases. J Biomed Sci. 2018;25(1):68.
DOI: 10.1186/s12929-018-0466-9.
[122] Rezaeifar A, Eskandari-Nasab E,

Moghadampour M, Kharazi-Nejad E,
Hasani SS, Asadi-Saghandi A,
Hadadi-Fishani M, Sepanjnia A,
Sadeghi-Kalani B.. The association of
interleukin-18 promoter polymorphisms
and serum levels with duodenal ulcer,
and their correlations with bacterial
CagA and VacA virulence factors. Scand
J Infect Dis. 2013;45(8):584-592. DOI:
10.3109/00365548.2013.794301.
[123] Shiota S, Suzuki R, Yamaoka Y. The

significance of virulence factors in
Helicobacter pylori. J Dig Dis. 2013;
14(7):341-349. DOI: 10.1111/1751-2980.
12054.

Please use
Adobe
Acrobat
Reader
Helicobacter
pylori
- From First
Isolation
to 2021

to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
[124] Liou
JM,
Chang
CY, Chen
MJ,the chapter
Helicobacter
pylori
virulence
factor
You can freely
access
at the Web
Viewer
here.
Chen CC, Fang YJ, Lee JY, Wu JY,
Luo JC, Liou TC, Chang WH, Tseng CH,
Wu CY, Yang TH, Chang CC, Wang HP,
Sheu BS, Lin JT, Bair MJ, Wu MS;
Taiwan Gastrointestinal Disease and
Helicobacter Consortium. The primary
resistance of Helicobacter pylori in
Taiwan after the national policy to
restrict antibiotic consumption and its
relation to virulence factors-a
nationwide study. PLoS One. 2015;
10(5):e0124199. DOI: 10.1371/journal.
pone.0124199.
[125] den Hollander WJ, Holster IL, van

Gilst B, van Vuuren AJ, Jaddoe VW,
Hofman A, Perez-Perez GI, Kuipers EJ,
Moll HA, Blaser MJ. Intergenerational
reduction in Helicobacter pylori
prevalence is similar between different
ethnic groups living in a Western city.
Gut. 2015;64(8):1200-1208. DOI:
10.1136/gutjnl-2014-307689.
[126] Hatakeyama M. Structure and

function of Helicobacter pylori CagA,
the first-identified bacterial protein
involved in human cancer. Proc Jpn
Acad Ser B Phys Biol Sci.
2017;93(4):196-219. DOI: 10.2183/
pjab.93.013..

CagA is determined by variation in the
tyrosine phosphorylation sites. Proc Natl
Acad Sci U S A. 2002;99(22):1442814433. DOI: 10.1073/pnas.222375399.
[130] Li Q , Liu J, Gong Y, Yuan Y.

Association of CagA EPIYA-D or
EPIYA-C phosphorylation sites with
peptic ulcer and gastric cancer risks: a
metaanalysis. Medicine (Baltimore).
2017;96(17):e6620. DOI: 10.1097/
MD.0000000000006620.
[131] Chuang CH, Yang HB, Sheu SM,

Hung KH, Wu JJ, Cheng HC,
Chang WL, Sheu BS. Helicobacter
pylori with stronger intensity of CagA
phosphorylation lead to an increased
risk of gastric intestinal metaplasia and
cancer. BMC Microbiol. 2011;11:121.
DOI: 10.1186/1471-2180-11-121.
[132] Starostik P, Patzner J, Greiner A,

Schwarz S, Kalla J, Ott G, MüllerHermelink HK. Gastric marginal zone
B-cell lymphomas of MALT type
develop along 2 distinct pathogenetic
pathways. Blood. 2002;99(1):3-9. DOI:
10.1182/blood.v99.1.3.
[133] Barth TF, Barth CA, Kestler HA,

Atherton JC. Differences in Helicobacter
pylori CagA tyrosine phosphorylation
motif patterns between western and
East Asian strains, and influences on
interleukin-8 secretion. J Med
Microbiol. 2008;57(Pt 9):1062-1067.
DOI: 10.1099/jmm.0.2008/001818-0.

Michl P, Weniger MA, Buchholz M,
Möller P, Gress T. Transcriptional
profiling suggests that secondary and
primary large B-cell lymphomas of the
gastrointestinal (GI) tract are blastic
variants of GI marginal zone
lymphoma. J Pathol. 2007;211(3):305313. DOI: 10.1002/path.2096.

[128] Lai YP, Yang JC, Lin TZ, Wang JT,

[134] Yeh KH, Kuo SH, Chen LT,

Lin JT. CagA tyrosine phosphorylation
in gastric epithelial cells caused by
Helicobacter pylori in patients with
gastric adenocarcinoma. Helicobacter.
2003;8(3):235-243. DOI: 10.1046/
j.1523-5378.2003.00148.x.

Mao TL, Doong SL, Wu MS, Hsu HC,
Tzeng YS, Chen CL, Lin JT, Cheng AL.
Nuclear expression of BCL10 or nuclear
factor kappa B helps predict
Helicobacter pylori-independent status
of low-grade gastric mucosa-associated
lymphoid tissue lymphomas with or
without t(11;18)(q21;q21). Blood.
2005;106(3):1037-1041. DOI: 10.1182/
blood-2005-01-0004.

[127] Argent RH, Hale JL, El-Omar EM,

[129] Higashi H, Tsutsumi R, Fujita A,

Yamazaki S, Asaka M, Azuma T,
Hatakeyama M. Biological activity of the
32

Pleasetheuse
Reader
to read this
book
chapter
Revisiting
FullAdobe
SpectrumAcrobat
of Helicobacter
pylori-Related
Gastric
Lymphoma
DOI: http://dx.doi.org/10.5772/intechopen.97424
Just open this same document with Adobe Reader.

for free.

If you do not have it, you can download it here.

[135] Kuo
SH, can
Chenfreely
LT, Yehaccess
KH, Wu
MS,
lymphoma.
Int J Oncol.
2009;35(3):547You
the
chapter
at the Web
Viewer
here.

Hsu CH, Yeh PY, Mao TL, Chen CL,
Doong SL, Lin JT, Cheng AL. Nuclear
expression of BCL10 or nuclear factor
kappa B predicts Helicobacter pyloriindependent status of early-stage,
high-grade gastric mucosa-associated
lymphoid tissue lymphomas. J Clin
Oncol. 2004;22(17):3491-3497. DOI:
10.1200/JCO.2004.10.087.

[136] Kuo SH, Yeh PY, Chen LT, Wu MS,

Lin CW, Yeh KH, Tzeng YS, Chen JY,
Hsu PN, Lin JT, Cheng AL. Overexpression of B cell-activating factor of
TNF family (BAFF) is associated with
Helicobacter pylori-independent growth
of gastric diffuse large B-cell lymphoma
with histologic evidence of MALT
lymphoma. Blood. 2008;112(7):29272934. DOI: 10.1182/blood-2008-02137513.
[137] Du MQ . MALT lymphoma: Genetic

abnormalities, immunological
stimulation and molecular mechanism.
Best Pract Res Clin Haematol. 2017;
30(1-2):13-23. DOI: 10.1016/j.beha.
2016.09.002.

557. DOI: 10.3892/ijo_00000366.
[141] Rad R, Brenner L, Bauer S,

Schwendy S, Layland L, da Costa CP,
Reindl W, Dossumbekova A, Friedrich M,
Saur D, Wagner H, Schmid RM, Prinz C.
CD25+/Foxp3+ T cells regulate gastric
inflammation and Helicobacter pylori
colonization in vivo. Gastroenterology.
2006;131(2):525-537. DOI: 10.1053/j.
gastro.2006.05.001.
[142] Yang ZZ, Novak AJ, Stenson MJ,

Witzig TE, Ansell SM. Intratumoral
CD4+CD25+ regulatory T-cell-mediated
suppression of infiltrating CD4+ T cells
in B-cell non-Hodgkin lymphoma.
Blood. 2006;107(9):3639-3646. DOI:
10.1182/blood-2005-08-3376.
[143] Belkaid Y, Rouse BT. Natural

regulatory T cells in infectious disease.
Nat Immunol. 2005;6(4):353-360. DOI:
10.1038/ni1181.
[144] Liao F, Hsu YC, Kuo SH, Yang YC,

Taylor DE. Characterization of the DNA
adenine 5'-GATC-3' methylase HpyIIIM
from Helicobacter pylori. Curr
Microbiol. 2004.;49(1):47-54. DOI:
10.1007/s00284-004-4244-4.

Chen JP, Hsu PN, Lin CW, Chen LT,
Cheng AL, Fann CS, Lin JT, Wu MS.
Genetic polymorphisms and tissue
expression of interleukin-22 associated
with risk and therapeutic response
of gastric mucosa-associated lymphoid
tissue lymphoma. Blood Cancer J.
2014;4(10):eXX. DOI: 10.1038/bcj.
2014.70.

[139] Min KO, Seo EJ, Kwon HJ, Lee EJ,

[145] Craig VJ, Cogliatti SB, Arnold I,

Kim WI, Kang CS, Kim KM. Methylation
of p16(INK4A) and p57(KIP2) are
involved in the development and
progression of gastric MALT lymphomas.
Mod Pathol. 2006;19(1):141-148. DOI:
10.1038/modpathol.3800505.

Gerke C, Balandat JE, Wündisch T,
Müller A. B-cell receptor signaling and
CD40 ligand-independent T cell help
cooperate in Helicobacter-induced
MALT lymphomagenesis. Leukemia.
2010;24(6):1186-1196. DOI: 10.1038/
leu.2010.76.

[138] Simala-Grant JL, Lam E, Keelan M,

[140] Kondo T, Oka T, Sato H,

Shinnou Y, Washio K, Takano M,
Morito T, Takata K, Ohara N,
Ouchida M, Shimizu K, Yoshino T.
Accumulation of aberrant CpG
hypermethylation by Helicobacter
pylori infection promotes development
and progression of gastric MALT
33

[146] García M, Bellosillo B,

Sánchez-González B, García-Payarols F,
Seoane A, Ferrer AM, Gimeno E,
Barranco LE, Torner A, Solé F, Besses C,
Serrano S, Salar A. Study of regulatory
T-cells in patients with gastric malt
lymphoma: influence on treatment

Please use
Adobe
Acrobat
Reader
Helicobacter
pylori
- From First
Isolation
to 2021

to read this book chapter for free.
Just open this same document with Adobe Reader.
If you do not have it, you can download it here.
responseYou
and can
outcome.
PLoS
One.the chapter at the Web Viewer here.
freely
access
2012;7(12):e51681. DOI: 10.1371/journal.
pone.0051681.
[147] Iwaya Y, Kobayashi M, Momose M,

Hiraoka N, Sakai Y, Akamatsu T,
Tanaka E, Ohtani H, Fukuda M,
Nakayama J. High levels of FOXP3+
regulatory T cells in gastric MALT
lymphoma predict responsiveness to
Helicobacter pylori eradication.
Helicobacter. 2013 Oct;18(5):356-62.
DOI: 10.1111/hel.12051.

34

