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Abstract
Helicobacter pylori  (H. pylori ) produce an enzyme 
known as γ-glutamyl transpeptidase (HpGGT) that is 
highly conserved and common to all strains. HpGGT 
has been gaining increasing attention as an important 
virulence factor of the bacterium, having been demon-
strated to be an important colonization factor in several 
animal models and has also recently been strongly as-
sociated with the development of peptic ulcer disease. 
From the results of various independent researcher 
groups, it is clear that HpGGT acts through several 
pathways to damage gastric epithelial cells including 
the induction of apoptosis and cell cycle arrest, produc-
tion of reactive oxygen species leading to DNA damage, 
promotion of inflammation by increasing cyclooxygen-
ase-2 and interleukin-8 expression, and upregulation 
of heparin-binding epidermal growth factor-like growth 

TOPIC HIGHLIGHT

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v19.i45.8203

8203 December 7, 2013|Volume 19|Issue 45|WJG|www.wjgnet.com

World J Gastroenterol  2013 December 7; 19(45): 8203-8210
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.

WJG 20th Anniversary Special Issues (6): Helicobacter pylori

factor resulting in cell survival and proliferation. In ad-
dition, the potential role of HpGGT in promoting gastric 
carcinogenesis will also be discussed in this review. 
Apart from affecting the gastric epithelium, HpGGT also 
has immunomodulatory actions on host immune cells 
where it displays an antiproliferative effect on T cells by 
inducing cell cycle arrest and also works with other H. 
pylori  virulence factors to skew dendritic cells towards 
a tolerogenic phenotype, possibly contributing to the 
persistence of the pathogen in the gastric mucosa. 

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Helicobacter pylori  produce γ-glutamyl trans-
peptidase (HpGGT), an important virulence factor as-
sociated with the development of peptic ulcer disease. 
HpGGT acts through several pathways to damage gas-
tric epithelial cells including induction of apoptosis and 
cell cycle arrest, production of reactive oxygen species, 
promotion of inflammation and upregulation of heparin-
binding epidermal growth factor-like growth factor 
which may then lead to carcinogenesis. HpGGT also 
has immunomodulatory actions on immune cells where 
it displays an antiproliferative effect on T cells and 
skews dendritic cells towards a tolerogenic phenotype, 
possibly contributing to the persistence of the pathogen 
in the gastric mucosa. 
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INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative, spiral-
shaped bacterium that selectively colonizes the human 
gastric mucosa. It has been reported to chronically infect 
at least half  of  the world’s population[1,2] and may persist 
for life in the absence of  appropriate treatment. H. pylori 
is a major etiological factor of  a range of  gastroduodenal 
diseases including chronic gastritis[3] and peptic ulcer dis-
ease[4], and has been closely associated with the develop-
ment of  mucosa-associated lymphoid tissue lymphoma[5] 
and even gastric cancer[6].

Since the first isolation of  H. pylori in 1983[7], numer-
ous virulence factors of  the pathogen have been identi-
fied including the extensively studied cytotoxin-associated 
gene A (CagA)[8] and vacuolating cytotoxin (VacA)[9]. In 
western countries, strains harbouring CagA and VacA 
(with s1/mL alleles) have been strongly associated with 
peptic ulcer disease and gastric cancer[10,11]. However, their 
relevance in East Asia remains unclear as such correla-
tions were not apparent[12,13]. From these observations, it 
can be inferred that CagA and VacA are probably not the 
only factors contributing to H. pylori pathogenesis. There 
is thus a constant search for other pathogenic factors that 
could aid in the virulence of  the bacterium. One such 
factor is H. pylori γ-glutamyl transpeptidase (HpGGT) 
which has been gaining increasing attention in recent 
years and will be the main focus of  this review.

PROPERTIES AND FUNCTIONS OF HpGGT
Similar to mammalian GGTs, HpGGT catalyzes reac-
tions in which a γ-glutamyl moiety is transferred from 
γ-glutamyl compounds, such as glutathione, to amino 
acids (transpeptidation) or water (hydrolysis)[14]. HpGGT 
is first translated in a single-chain precursor form which 
is inactive. The proenzyme then undergoes intramolecu-
lar autocatalytic cleavage, resulting in a catalytically active 
heterodimer comprising a large (40 kDa) and small (20 
kDa) subunit. Interestingly, the amino acid sequence of  
HpGGT is considerably different from the GGTs of  
other bacterial species, sharing only 52.5%, 47.7% and 
38% amino acid sequence identities with Escherichia coli, 
Pseudomonas aeruginosa and Bacillus subtilis GGTs, respec-
tively[15]. Among different H. pylori strains however, HpG-
GT is highly conserved with > 97% sequence homology 
between isolates[16]. Notably, HpGGT is also constitu-
tively expressed and is commonly found in all H. pylori 
strains[15], suggesting its importance in the physiology of  
the bacterium. In further support of  this, a subsequent 
study by Gong and Ho[17] demonstrated the importance 
of  HpGGT in the growth of  H. pylori where strains with 
higher GGT activity exhibited more profuse growth 
compared to those having lower GGT activity. Indeed, it 
was later found that one of  the main physiological func-
tions of  HpGGT is to metabolize extracellular glutathi-
one and glutamine (substrates that it is unable to uptake 
directly) as a source of  glutamate which is then taken up 
by the bacterium and subsequently incorporated into the 

tricarboxylic acid cycle[18]. 

HpGGT and colonization
Although not essential for in vitro survival, two pioneer 
studies on HpGGT had earlier demonstrated the enzyme 
to be an important virulence factor of  the gastric patho-
gen[15,19]. Using the Swiss specific pathogen-free murine 
model, Chevalier et al[15] first described HpGGT to be 
essential for colonization as H. pylori SS1 GGT-deficient 
mutants could not be recovered from the mice stomachs 
from 3-60 d post-infection. Interestingly, McGovern 
et al[19] later showed using two different animal models, 
namely gnotobiotic piglets and C57BL/6 mice, that al-
though the H. pylori HpM5 ggt-isogenic mutants were 
still able to colonize the animals, the bacterial load was 
significantly reduced compared to the parental strain. The 
differences in animal models and H. pylori strains used 
by both groups could have contributed to the variations 
observed but nevertheless, both studies had consistently 
shown that the presence of  HpGGT provides an advan-
tage to the bacterium in colonization.

Association between HpGGT and peptic ulcer disease
The clinical importance of  HpGGT was reported by 
our group in 2010 where H. pylori isolates from patients 
with peptic ulcer disease (n = 54) were found to have 
significantly higher GGT activity (P < 0.001) compared 
to those cultured from patients with non-ulcer dyspepsia 
(n = 44)[16]. Furthermore, no correlation was observed 
between HpGGT and other known virulence genes such 
as cagA, vacA, iceA and babA, suggesting a causal link be-
tween HpGGT and gastroduodenal diseases. The exact 
mechanisms detailing how the presence of  HpGGT leads 
to disease development have not been fully elucidated. 
However, several pathways involving both gastric epithe-
lial cells as well as immune cells have been put forward by 
various groups and these will be discussed in this review.

EFFECTS OF HpGGT ON GASTRIC 
EPITHELIAL CELLS
HpGGT induces apoptosis
H. pylori-induced apoptosis of  gastric epithelial cells both 
in vitro and in vivo had earlier been described by many re-
searchers[20-22], however the bacterial factor(s) responsible 
were not clearly defined. By analyzing various H. pylori 
membrane fractions capable of  inducing apoptotic cell 
death in AGS cells, HpGGT was later found to be one 
of  the leading factors involved in the induction of  apop-
tosis by H. pylori[23]. The pathway by which this occurs is 
mitochondria-mediated as evident from the accompany-
ing activation of  caspases 9 and 3, upregulation of  pro-
apoptotic Bax and downregulation of  antiapoptotic Bcl-2 
and Bcl-xL as well as the release of  cytochrome c from 
the mitrochondria into the cytosolic space[24]. In addi-
tion, it has also been shown by Kim et al[25] that HpGGT 
inhibits cell cycle progression at the G1-S phase transition 
and the authors have suggested that this dysregulation 
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results in the enhancement of  apoptosis. 
The underlying mechanism as to how HpGGT trig-

gers apoptosis was not addressed in these earlier studies. 
Interestingly, we had recently reported that exposure of  
gastric cells to purified native HpGGT resulted in the 
formation of  reactive oxygen species (ROS), in particu-
larly H2O2

[16] which is a known inducer of  apoptosis[26-28]. 
Accordingly, we and others have shown that pro-oxidant 
products generated by HpGGT through glutathione deg-
radation triggered apoptosis in gastric epithelial cells[16,29], 
hence providing the link between HpGGT and its ability 
to induce apoptotic cell death. This model also corrobo-
rates with earlier observations whereby H. pylori infection 
was found to be associated with excessive ROS levels[30,31] 
and diminished glutathione levels in the infected gastric 
mucosa[32].

Intriguingly, apart from gastric cells, HpGGT has 
also recently been shown to be capable of  inducing mi-
tochondria-mediated apoptosis in a human cholangiocar-
cinoma cell line[33]. This suggests that HpGGT-induced 
apoptosis is not only restricted to gastric epithelial cells 
and may possibly occur via a common pathway across 
different cell types. Hence, future studies investigating 
the effects of  HpGGT on other cell lines may be of  par-
ticular interest.

HpGGT is pro-inflammatory
H. pylori-infected subjects develop an inflammatory and 
immune response towards the pathogen characterized 
by infiltration of  the mucosa by polymorphonuclear and 
mononuclear leukocytes as well as neutrophils[34]. How-
ever, this response is ineffective in clearing the bacteria, 
thereby resulting in chronic gastric inflammation[35]. With 
regard to the role of  HpGGT in inflammation, Busiello 
et al[36] showed by using the MKN28 gastric cell line that 
HpGGT upregulates cyclooxygenase-2 (COX-2) expres-
sion and its enzymatic product prostaglandin E2, whose 
role in inflammation has been well established[37]. Nota-
bly, COX-2 has been found to be overexpressed in vari-
ous types of  cancer including gastric carcinoma[38-40] and 
has roles in promoting cell proliferation, angiogenesis and 
metastasis[41-43]. 

In addition, our group had also previously reported 
that purified native HpGGT stimulated the activation 
of  the transcription factor NF-κB, leading to increased 
expression and secretion of  the pro-inflammatory che-
mokine interleukin-8 (IL-8) from both AGS and primary 
gastric epithelial cells[16]. HpGGT-induced IL-8 produc-
tion in gastric cells may thus contribute to the recruit-
ment of  immune cells to the sites of  infection and the 
maintenance of  chronic inflammation in the gastric mu-
cosa. Importantly, H. pylori infection has been associated 
with elevated levels of  gastric IL-8[44,45], a potent neutro-
phil recruitment factor thought to play a pivotal role in 
the immunopathogenesis of  H. pylori infections[46]. Col-
lectively, these results strongly support the contributory 

role of  HpGGT in pro-inflammatory processes.

Increase in epidermal growth factor-related peptide 
expression
HpGGT upregulates the expression of  heparin-binding 
epidermal growth factor-like growth factor (HB-EGF), 
a member of  the EGF-like growth factor family of  pro-
teins and a ligand of  epidermal growth factor receptor 
(EGFR)[36]. HB-EGF is first synthesized as a membrane-
anchored precursor which is subsequently cleaved at the 
cell surface, yielding the mature, soluble form[47]. Binding 
of  soluble HB-EGF to EGFR activates the Raf/Ras/
MEK/Erk and phosphoinositide-3-kinase (PI3K)/Akt 
pathways which promote cell survival and prolifera-
tion[48,49]. Importantly, expression of  HB-EGF has been 
reported to be increased in various cancer types includ-
ing hepatic[50], breast[51], ovarian[52] and gastric cancer[53]. 
Furthermore, both expression and protein shedding of  
HB-EGF have been found to be increased in H. pylori 
infections[54] and this has been suggested to contribute 
to gastric cancer progression by promoting epithelial-
mesenchymal transition[55]. Till date, the definitive role of  
HpGGT-induced HB-EGF expression in gastric cells has 
not been clearly elucidated but its potential role in carci-
nogenesis would certainly be an area worth investigating 
in future studies. 

Disturbing the balance between cell survival and cell 
death: Link to carcinogenesis?
It seems contradictory for HpGGT to have both apop-
tosis- and survival-promoting properties. However, 
both effects may play different roles during the various 
events of  carcinogenesis. HpGGT-induced apoptosis has 
been suggested to be important particularly in the early 
events of  carcinogenesis[23]. This is because an increase 
in the rate of  apoptosis in a subpopulation of  cells could 
induce a secondary hyperproliferative response where 
the gastric mucosa attempts to maintain its cell mass[56]. 
Hyperproliferation, coupled with DNA damage induced 
by HpGGT[16], could then potentially lead to an increase 
in the mutation rates of  important tumor suppressor 
genes in these cells, resulting in their transformation to 
a malignant phenotype. In tumor cells that have become 
apoptosis-resistant, it is then possible that HpGGT-
induced COX-2 upregulation in these cells contribute to 
their continuous survival and proliferation. This postula-
tion is partially supported by the finding that HpGGT-
dependent induction of  COX-2 mRNA is higher in 
MKN28 cells compared to AGS cells as observed by 
Busiello et al[36]. Although AGS and MKN28 cells are 
both carcinoma cells lines, MKN28 cells have a mutation 
in p53, an important tumor suppressor involved in the 
control of  cell cycle progression and apoptosis[57]. Thus, it 
is plausible that COX-2-induced cell proliferation affects 
apoptosis-resistant tumor cells to a greater extent, leading 
to the survival and proliferation of  these cancerous cells.
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dent mechanism which is different from that observed 
in gastric epithelial cells, suggesting that separate mecha-
nisms exist in both cell types. HpGGT-induced inhibition 
of  T cell proliferation has been proposed to have immu-
nosuppressive effects which contribute to the persistence 
of  H. pylori infections[60]. Interestingly, in a separate study 
by Beigier-Bompadre et al[61], HpGGT-dependent antip-
roliferative effect on T cells was found to be modulated 
by bacterial cholesterol/cholesterol α-glucoside content, 
suggesting that HpGGT works with other H. pylori fac-
tors to shape the immune response during an infection.

Working together with H. pylori lipopolysaccharide 
and vacuolating cytotoxin (VacA), HpGGT was recently 
reported to upregulate microRNA-155 (miR-155) expres-
sion in CCRF-CEM cells, the first study to investigate 
the regulation of  miRNAs by H. pylori in T cells[62]. Clini-
cally, miR-155 has been shown to be induced upon H. 
pylori infection[63] and has also been associated with the 
development of  diffuse large B-cell lymphoma[64,65]. In 
addition, HpGGT-induced miR-155 expression in both 
CCRF-CEM cells and primary human peripheral blood 
mononuclear cells was found to be dependent on fork-
head box P3 (Foxp3) and requires activation of  the cyclic 
adenosine monophosphate cascade[62]. Foxp3 is a tran-

HpGGT MODULATES THE IMMUNE 
SYSTEM
Apart from directly influencing gastric epithelial cells, an 
increasing body of  evidence pointing to the role of  Hp-
GGT in modulating the immune response is emerging. 
Being a secreted bacterial protein[58], the possibility of  
HpGGT interacting with other non-gastric cells is highly 
possible especially since H. pylori is capable of  disrupting 
gastric epithelial barrier function[59]. Interestingly, the ef-
fects of  HpGGT on immune cells have been investigated 
in various studies and have yielded important results and 
implications.

Effects on T cells
In one of  the earlier studies investigating the effects of  
HpGGT on immune effector cells, Schmees et al[60] found 
that HpGGT was capable of  abrogating the proliferation 
of  both primary and immortalized human T cells. A cor-
responding cell cycle arrest at the G1 phase was observed 
in these cells which possibly occurred due to disruption 
of  a Ras-dependent signalling pathway. Intriguingly, in-
hibition of  T cell proliferation by HpGGT was found in 
the same study to be mediated by an apoptosis-indepen-

H. pylori

HpGGT

GSH

ROS

Gastric epithelial cell T cell Dendritic  cell

Cell cycle 
arrest

DNA damage

NF-κB 
activation

Apoptosis

HB-EGF COX-2

Survival Inflammation

IL-8

Carcinogenesis

miR-155 Cell cycle arrest

Inhibition of proliferation

Immunomodulation

Tolerogenic phenotype

Persistence of H. pylori

H. pylori  VacA
H. pylori  LPS H. pylori  VacA

Figure 1  Schematic diagram highlighting important effects of Helicobacter pylori γ-glutamyl transpeptidase on both gastric epithelial and immune 
cells and their implications on carcinogenesis and persistence of Helicobacter pylori in the gastric mucosa. COX-2: Cyclooxygenase-2; HpGGT: Heli-
cobacter pylori (H. pylori) γ-glutamyl transpeptidase; GSH: Glutathione; HB-EGF: Heparin-binding epidermal growth factor-like growth factor; IL-8: Interleukin-8; 
LPS: Lipopolysaccharide; miR-155: microRNA-155; NF-κB: Nuclear factor-kappa B; ROS: Reactive oxygen species; VacA: Vacuolating cytotoxin. Red arrows 
indicate upregulation of the respective molecules.
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scription factor thought to be the master regulator in the 
development of  regulatory T cells (Treg)[66], a subset of  T 
cells with a suppressive activity on immune responses[67]. 
In support of  this, mice infected with ggt-isogenic mu-
tants were found to have lower Treg counts compared to 
wild type-infected mice[68]. Hence, it was suggested that 
HpGGT may play an important role in the modulation 
of  the immune system[62].

HpGGT affects dendritic cells
The ability of  H. pylori to reprogram dendritic cells (DCs) 
towards a tolerogenic phenotype has been implicated in 

the development of  immune tolerance and favors persis-
tence of  the bacteria in the gastric mucosa[69]. Recently, 
it has been reported that both VacA and HpGGT play 
critical roles in DC reprogramming by interfering with 
their maturation and that this occurred in a manner inde-
pendent of  their suppressive effects on T cells[68]. The un-
derlying mechanisms dictating how both factors prevent 
DC maturation and promote tolerization were not clearly 
elucidated in the study but it is known that they act via 
non-redundant pathways since neither of  the respective 
isogenic mutants was capable of  rescuing the effect of  
the other.

Table 1  Summary of the effects of Helicobacter pylori  γ-glutamyl transpeptidase on the host and the possible underlying 
mechanisms involved

Ref. Study description Main findings

Peptic ulcer disease
   Gong et al[16] (2010) Comparison of GGT activity between H. pylori isolates 

from PUD (n = 54) vs NUD (n = 44) patients.
HpGGT is associated with PUD as strains isolated from PUD 
patients had significantly higher HpGGT activity compared 
to those from NUD patients (P < 0.001).

Gastric epithelium damage by apoptosis
   Shibayama et al[23] (2003) Identification of apoptosis-inducing factors from H. pylori 

by testing different purified membrane fractions of the 
bacteria on AGS cells.

HpGGT is a leading factor in H. pylori-mediated apoptosis 
induction.

   Kim et al[24] (2007) Determination of the pathway involved in HpGGT-
induced apoptosis by analyzing levels of caspase-9, -3, 
Bax, Bcl-2, Bcl-xL and cytochrome c release in AGS cells 
upon treatment with recombinant HpGGT.

HpGGT induces apoptosis via a mitochondria-mediated 
pathway.

   Kim et al[25] (2010) Examination of the effects of recombinant HpGGT on cell 
cycle progression in AGS cells. 

HpGGT induces cell cycle arrest at the G1-S phase transition. 
(The authors propose this dysregulation enhances apoptosis 
induction)

   Gong et al[16] (2010) Investigation of the effects of HpGGT-induced H2O2 
production on apoptosis. AGS cells were incubated with 
purified native HpGGT and NAC (H2O2 inhibitor) and 
the activities of caspase-3, -8 and -9 were measured.

HpGGT-mediated oxidative stress is required for 
HpGGT-associated apoptosis.

Promotion of inflammation
   Busiello et al[36] (2004) Purification and identification of secreted H. pylori factors 

involved in the upregulation of COX-2 expression in 
MKN28 cells.

HpGGT is able to upregulate COX-2 expression and its 
enzymatic product, prostaglandin E2.

   Gong et al[16] (2010) Determination of the ability of HpGGT to induce IL-8 
production in AGS and primary gastric epithelial cells.

Purified native HpGGT activates NF-κB and upregulates 
IL-8 production in gastric epithelial cells.

Upregulation of heparin-binding epidermal growth factor-like growth factor
   Busiello et al[36] (2004) Investigation of the ability of HpGGT to upregulate 

HB-EGF expression in MKN28 cells and elucidating 
the underlying host cellular pathways involved using 
specific pathway inhibitors.

HpGGT upregulates HB-EGF expression via activation of 
a phosphatidylinositol-3 kinase and p38 kinase-dependent 
signalling transduction pathway. Increase in HB-EGF 
promotes cell survival and proliferation.

Modulation of host immune response
   Schmees et al[60] (2007) Purification and identification of H. pylori factors 

responsible for inhibition of T cell proliferation.
HpGGT inhibits T cell proliferation by inducing cell cycle 
arrest in the G1 phase, possibly through the disruption of a 
Ras-dependent signalling pathway.

   Beigier-Bompadre et al[61] (2011) Characterization of the interdependent effects of VacA, 
HpGGT and bacterial cholesterol on T cell proliferation 
using H. pylori and relevant mutants.

HpGGT antiproliferative activity on T cells is modulated by 
the bacterial cholesterol/cholesterol α-glucoside content.

   Fassi Fehri et al[62] (2010) Identification of H. pylori factors involved in the 
regulation of miRNAs in T cells using miRNA profiling.

HpGGT works with H. pylori VacA and lipopolysaccharide 
to upregulate miRNA-155 expression in CCRF-CEM cells. 
This was dependent on Foxp3 transcription factor and 
requires activation of the cAMP cascade.

   Oertli et al[68] (2013) Determination of the role of HpGGT and VacA in 
dendritic cell reprogramming and development of 
immune tolerance using in vitro and in vivo models.

Both HpGGT and VacA independently interfere with 
dendritic cell maturation, possibly contributing to dendritic 
cell tolerization and hence promoting the persistence of H. 
pylori infection.

cAMP: Cyclic adenosine monophosphate; COX-2: Cyclooxygenase-2; EGFR: Epidermal growth factor receptor; Foxp3: Forkhead box P3; H. pylori: Helicobacter 
pylori; HB-EGF: Heparin-binding epidermal growth factor-like growth factor; HpGGT: H. pylori γ-glutamyl transpeptidase; IL-8: Interleukin-8; miRNA: mi-
croRNA; NAC: N-acetylcysteine; NF-κB: Nuclear factor-kappa B; NUD: Non-ulcer dyspepsia; PUD: Peptic ulcer disease; VacA: Vacuolating cytotoxin.
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CONCLUSION
H. pylori produces a potent virulence factor, HpGGT, 
which causes injury to host cells through multiple ways 
(illustrated in Figure 1 and summarized in Table 1), many 
of  which have been implicated in carcinogenesis. To gas-
tric epithelial cells, it induces mitochondrial-dependent 
apoptosis, cell cycle arrest and production of  the pro-
inflammatory IL-8. To T cells, it inhibits their prolifera-
tion and upregulates miR-155 expression while to DCs, 
it skews them towards a tolerogenic phenotype. Taken 
together, it is clear that HpGGT plays an important role 
in the pathogenesis of  H. pylori by directly damaging 
gastric epithelial cells and also in modulating the immune 
response towards the bacterium, resulting in persistent 
colonization by the organism. Despite the relatively nu-
merous reports on its effects on the host, much of  the 
underlying mechanisms of  how such effects are brought 
about by HpGGT remain ill-defined. Future studies on 
the molecular mechanisms responsible for the actions of  
HpGGT will be required to better understand the role 
of  HpGGT in the pathogenesis of  H. pylori. This will be 
particularly important in the consideration of  HpGGT 
as a viable anti-H. pylori target. In addition, it could also 
be worthwhile to evaluate the efficacy of  HpGGT as a 
potential vaccine candidate against H. pylori infections es-
pecially since the protein is present in all H. pylori strains.
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