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Tissue transglutaminase is involved in the inflammatory processes of active chronic gastritis
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Abstract: Since tissue transglutaminase-2 (TG2) can represent a marker of inflammation for some gastrointestinal (GI)
diseases, we aimed to evaluate TG2 and inflammatory markers’ mucosal content in gastric antrum biopsies to shed light
on the histological and biochemical background of chronic gastritis inflammation. Fifty-one of 78 patients who underwent
upper GI endoscopy (UGIE) for dyspeptic symptoms, had a gastric biopsy. The symptom profile was assessed by a GI
symptom rating scale (GSRS) score. Thirty-five patients (69%) showed chronic gastritis. TG2, interleukin-6 (IL)-6, IL-8,
IL-10, tumor necrosis factor (TNF)-a, lipopolysaccharides (LPS) and toll-like receptor (TLR)-4 were evaluated in serum
and the culture medium of gastric biopsies. TG2, IL-8, IL-10, TLR-4 and TNF-a were significantly higher in active chronic
gastritis than in the inactive one and were linked to macrophage concentration. IL-6 was significantly lower in the active
form of chronic gastritis than in the inactive one and negatively correlated with TG2. Lastly, IL-10 significantly correlated
with the macrophage score. TG2 can exert an active role in chronic gastritis pathogenesis by cooperating with different
markers of inflammation. It seems that TG2 can represent a possible therapeutic target for modulating inflammation and
disease progression.
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INTRODUCTION toimmune, and neoplastic diseases [3]. TG2 is in a
closed conformation in normal conditions, main-
tained by guanosine-5’-triphosphate and integrin
bindings. However, the physical and chemical injuries
can open the conformation and activate the enzyme
resulting in the most active enzyme in terms of func-

tions, structures and regulatory mechanisms [4].

Human tissue transglutaminase, also known as trans-
glutaminase 2 (TG2), belongs to the transglutamin-
ase family and can perform many different biological
functions [1]. For example, TG2 can catalyze the de-
amidation or transamidation of specific proteins and
peptides. Despite the variety of activities undertaken

by TG2, the biological role of these interactions has
not yet been completely clarified [1]. TG2 is abun-
dantly expressed in endothelial cells, macrophages
and smooth muscle cells, and is known to be involved
in several physiological activities, including immune
processes, apoptosis, angiogenesis, wound healing,
cellular differentiation, neuronal regeneration, bone
development [2], and in several inflammatory, au-
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The best-known role of TG2 is in celiac disease
(CD) where this enzyme exerts at least two critical
functions. As a deamidating enzyme it increases the
immune-stimulating effect of gluten, and as an autoan-
tigen target TG2 mediates the immune response. Since
glutamine-rich gliadin peptides are excellent substrates
for the enzyme and the resulting deamidated and nega-
tively charged peptides have a much higher affinity for
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HLA-DQ2/HLA-DQ8 molecules, the activity of TG2
is considered a crucial step in CD pathogenesis [5].

The presence of anti-TG2 in the culture of the su-
pernatant of gastrointestinal (GI) biopsies in patients
suffering from pathologies other than CD has been
demonstrated, including normal/negative circulating
anti-TG2 in esophageal and gastric diseases associated
with Helicobacter pylori (Hp) along with extraintesti-
nal disorders. All these conditions are characterized
by chronic inflammation, which opens the way for a
field of study not yet explored [6-7].

Chronic gastritis is a widespread disorder with se-
vere sequelae as peptic ulcer or gastric cancer [8]. Hp
infection is thought to be the leading cause of chronic
gastritis, although new information suggests it may
even be part of the human microbiome composition,
hypothesizing for this bacterium a role as a commen-
sal or symbiont [9]. At present, more than half of the
people in the world suffer from chronic gastritis, and
a very long-lasting and aggressive inflammation in the
stomach can determine the destruction of the gastric
mucosa (atrophic gastritis) over decades [10].

Atrophic gastritis progression impairs gastric
functions, causing a permanent, acid-free condition
that is a significant risk factor for gastric cancer [11].
Its diagnosis requires histological examination from
biopsies taken during upper GI endoscopy (UGIE),
although a non-invasive test is currently available
based on the serum concentration of gastric function
markers [11]. Its progression has been demonstrated
in both the presence and absence of Hp, which could
explain the increase in gastric cancer cases despite the
decline in Hp infection rates [12]. Additionally, gastric
cancer risk remains in precancerous conditions such
as atrophic gastritis and intestinal metaplasia even
after Hp eradication [13]. Non-Hp gastritis is typi-
cally mild and more focal than Hp gastritis but tends
to progress toward atrophic gastritis and cancer. As
a result, mucosal changes can actively participate in
the progression of gastric inflammation more than
the Hp status alone does.

Gastric mucosa has an immune function involv-
ing innate and adaptive immunity and the recruitment
of different immune cells and cytokines [14]. Under-
standing the specific structure of gastric immune tissue
and its role in inflammatory responses can prevent the
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onset and progression of gastric diseases and open the
way to their treatment with immunological therapies.
Several researchers have demonstrated that TG2 and
other markers of inflammation, such as tumor necro-
sis factor (TNF)-a [15], are more expressed in active
chronic gastritis than in the inactive form, probably
because they are linked to macrophage concentration
[16]. The primary source of TNF-a are macrophages, T
cells and lymphoid follicles; in turn, macrophages and
monocytes express TG2 that is upregulated by TNF-a
together with several other interleukins [17].

More research on animal models and clinical trials
should be performed to establish satisfactory answers
regarding the precise role of TG2. To our knowledge,
no studies have been carried out aimed explicitly at
evaluating the correlation between TG2 and inflam-
mation indexes in chronic gastritis. The present study
aimed to assess the concentrations of TG2 in the se-
rum and mucosa in patients who had undergone
UGIE for dyspeptic symptoms. By placing these values
in relation to a series of inflammation indexes, such
as TNF-q, interleukin (IL)-6, IL-8, IL-10, lipopoly-
saccharides (LPS) and toll-like receptor (TLR)-4, this
research should shed light on the biochemical back-
ground of chronic gastritis inflammation. Since TG2
and other inflammation markers seem to be produced
by macrophages during inflammation, histochemical
evaluation of macrophages was also performed on the
gastric biopsies.

MATERIALS AND METHODS
Patient recruitment

This study was approved by both the local Scientific
Committee and the Institutional Ethics Committee
of IRCCS Ospedale Oncologico di Bari - Istituto Tu-
mori Giovanni Paolo II, Bari, Italy (n. prot C.E. 83
24.03.2015) and was performed following the Dec-
laration of Helsinki. All patients were compliant and
willing to participate in the study. Written informed
consent was obtained from all participants for labo-
ratory investigations and clinical data recording. Pa-
tients undergoing UGIE for dyspeptic symptoms at
the Digestive Endoscopy Service of the National In-
stitute of Gastroenterology Research Hospital, IRCCS
“Saverio de Bellis” were recruited from February to
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June 2017. Serum samples and gastric biopsies were
obtained and all the relevant data, including demo-
graphic information, digestive symptoms, treatments,
comorbidity, and any previous Hp treatments, were
recorded. Patients who underwent UGIE for reasons
other than dyspepsia (e.g. alarm symptoms, bleeding,
celiac follow-up), cirrhosis, severe heart or kidney dis-
eases, pregnancy, or lactation, active cancer and those
taking medication, were excluded from the study.

Symptom profile

The symptom profile was investigated by administer-
ing the GI symptom rating scale (GSRS) question-
naire [18]. The GSRS is a validated GI questionnaire
that utilizes a 7-level Likert scale (1-7) based on the
intensity and frequency of GI symptoms experienced
during the previous seven days. A higher score is rep-
resentative of the main symptoms presented by the
patients. The 7-level scores were merged to obtain a
4-level intensity and frequency score: absent, mild,
moderate and severe. The combination scores among
the GSRS items identified four clusters: “abdominal
pain syndrome”, “indigestion syndrome”, “diarrhea
syndrome” and “constipation syndrome”. In this study,
2 of 4 clusters were calculated: (i) “abdominal pain
syndrome” comprising abdominal pain (epigastric,
colic, and continuous pain), gastric hunger pain and
nausea scores; b) “indigestion syndrome”, which in-
cludes abdominal distension, borborygmi, burping
and flatulence scores.

Histological evaluation

Four biopsy samples were used for routine histologi-
cal evaluation [19], and two samples were grown for
72 h at 37°C. The gastric biopsies were evaluated for
the location, the intensity of mononuclear inflamma-
tory cellular infiltrates, inflammatory activity (neu-
trophilic infiltrations), glandular atrophy, metaplasia,
reparative atypia and dysplasia [20]. Chronic gastritis
was categorized as active when chronic infection was
histologically characterized by polymorphonuclear
leukocytes (neutrophils) in a background of chronic
inflammation composed of mononuclear cells, pre-
dominantly lymphocytes, plasma cells and macro-
phages. Lymphoid follicle formation and prominent
germinal centers could also be seen [21]. Based on the
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report from trained GI pathologists, active vs inactive
chronic gastritis, as well as the chronic inflammation
grade, atrophy, intestinal metaplasia (IM) and bacteria
on gastric samples were assessed.

Identification of macrophages in the biopsy

Since TG2 is extensively involved in monocyte- and
macrophage-mediated physiological and pathologi-
cal processes, immunohistochemical recognition of
macrophages in the biopsies was performed [17]. For-
malin-fixed, paraffin-embedded sections (4um thick)
were cut for each antrum sample and mounted on
positively charged slides. Immunostaining for CD68
(MAb KP1 Flex, Dako, Denmark) was performed
from deparaffinization to counterstaining using the
Dako Omnis fully automated staining platform, fol-
lowing the manufacturer’ instructions. Positive con-
trols were included for each staining run. For evalu-
ating CD68 positive cells, four fields (x20) with the
most positive cells were selected for each slide. Two
authors independently counted the number of positive
cells and the mean value of each sample was recorded
with a three-tiered score as follows: score 1=<20 posi-
tive cells; score 2=20-60 positive cells; score 3=60-100
positive cells; score 4>100.

Biochemical analyses

A 10-h fasting blood sample was obtained from all
patients. Patients did not receive anti-secretory treat-
ment, including proton-pump inhibitors (PPIs) 2
weeks before the evaluation. EDTA tubes were cen-
trifuged at 2000xg for 15min, and blood samples were
stored at -20°C until the assay was performed. Serum
levels of TNF-a, IL-6, IL-8, IL-10, LPS and TLR-4 were
measured in duplicate using commercially available
sandwich enzyme-linked immunosorbent assay kits
(Human IL-6 ELISA, Human IL-8 ELISA, Human IL-
10 ELISA, and Human TNF-a ELISA, BD Bioscienc-
es, Milan, Italy. LPS and TLR-4 ELISA Cloud-Clone
Corp, Katy, TX, USA). Serum levels of human TG2
were detected by an enzyme-linked immunosorbent
ELISA kit following the manufacturer’s instructions
(Human Transglutaminase 2, Sigma-Aldrich, Milan,
Italy). Finally, the concentration of anti-Hp IgG an-
tibodies was calculated using an ELISA test (Hp IgG
antibodies, Biohit Oyj, Helsinki, Finland).
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Biopsy culture and biochemical evaluations in
culture medium

Each antrum biopsy sample was first washed in physi-
ologic saline solution (9 g/L NaCl) and then cultured
in complete culture medium (13 mL of Trowell T8
medium, 4 mL of NCTC 135 medium, 15% fetal calf
serum (FCS), penicillin 10 000 kU/L, streptomycin 10
000 mg/L, L-glutamine 200 mmol/L and gentamicin
10 g/L) for 48 h at 37°C in an environment of 95% O,
and 5% CO, [22]. Culture supernatants were collected
and stored at -80°C until use. TNF-q, IL-6, IL-8, IL-10,
LPS, TLR-4 and TG2 levels in undiluted supernatants
were determined using the same ELISA kit for serum
evaluation.

Statistical analysis

All results were expressed as median and 5°-95° per-
centiles or mean+SEM unless otherwise specified.
Nonparametric tests were performed to avoid viola-
tion of the assumption of normal distribution. The
Mann-Whitney sum rank test assessed the differences
between the groups. Spearman’s correlation analysis
was performed to determine the putative correlation
among TG2, inflammation markers and the macro-
phage score. Fisher’s exact test was used to determine
if there were nonrandom associations between cat-
egorical variables. All the differences were considered
significant at a 5% level. A specific statistical package
for exact nonparametric inference (2005 Stata Statis-
tical Software Release9; Stata Corp., College Station,
Texas, USA) was used.

RESULTS

Seventy-eight patients with dyspeptic symptoms par-
ticipated in the study; biopsy sampling was not done
on 27 as normal mucosa was found on UGIE exami-
nation. Fifty-one patients underwent gastric biopsies,
and 35 patients had chronic gastritis (Table 1). The
remaining 16 patients showed esophagitis, cardias in-
continence and hiatal hernia. The presence of Hp at
biopsies was observed in 8 of 11 patients with active
chronic gastritis. None of the patients with inactive
gastritis showed the presence of Hp in their biopsies.
Seven out of 11 (63.63%) patients with active chronic
gastritis and 5 out of 24 (20.83%) patients with in-
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Table 1. Detailed description of patients according to active/inac-
tive gastritis

. Active Inactive
Variables gastritis gastritis
Patient number 11 24
Sex (M/F) 3/8 7/17
Age 56.64+3.47 | 54.33+2.47
BMI 24.21+£1.20 | 24.55+0.67
Location (proximal/distal) 0/11 3/21
Inflammation activity
(neutrophilic infiltration)

Grade 1 8 !l

Grade 2 3 /]

Grade 3 0 /]
Presence of atrophy (yes/no) 4/7 16/8
Presence of intestinal metaplasia 2/9 8/16
(yes/no)

Hp presence at biopsy (yes/no) 8/3 0/24

Age and BMI are expressed as the mean+SEM. BMI - body mass index;
Hp - Helicobacter pylori. Proximal location - cardias, fundus, corpus.
Distal location - distal - antrum, pylorus.

Table 2. Gastrointestinal symptom rating scale (GSRS) items ac-
cording to active/inactive gastritis.

Parameters Acti.ve' Inact.i \{e P
gastritis gastritis
GSRS single items
Nausea/vomiting 1[1-2.9] 1[1-3] P>0.05
Epigastric pain 2 [1-4] 2 [1-3.3] P>0.05
Colic pain 1[1-39] | 1.5[1-3.3] | P>0.05.
Continuous pain 1[1-3.9] 1[1-3] P>0.05
Indefinite pain 2 [1-3] 2 [1-3] P>0.05
Gastric hunger pain 2 [1-3] 1[1-3] 0.037
Abdominal distension 2 [1-3] 3[1.7-4] 0.038
Burping 1[1-3] 2 [1-3.3] P>0.05
Borborygmi 2 [1-3] 2 [1-3] P>0.05
Flatulence 2 [1-3] 2 [1-3] P>0.05
GSRS clusters
Abdominal pain 9 [6-14.8] | 8[5-12.3] P>0.05
Indigestion syndrome 8 [4-9.9] 8 [5.7-12] P>0.05.

Data are expressed as median and 5°-95° percentiles. The Mann-Whitney
sum rank test was used to assess the differences between the groups.

active chronic gastritis were found to be positive for
anti-Hp IgG antibodies (cut-off 30 EIU) (Fisher’s exact
test = 0.022). Therefore, there was a statistically sig-
nificant association between a history of Hp infection
and active gastritis.

Table 2 describes the GSRS score as single items
and cluster items. The score of the item “gastric hun-
ger pain” was significantly higher in patients with ac-
tive gastritis. In contrast, the item “abdominal disten-
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Fig. 1. The concentrations of TG2 (A), IL-6 (B), and IL-8 (C) according to active/
inactive gastritis. TG2 - transglutaminase 2; IL - interleukin. Data are expressed
as the mean+SEM. The Mann-Whitney sum rank test was applied to assess dif-
ferences between groups; *P<0.05

A B C
1.5 2.0 50+
15 -l 407
= * 1.5
T 1.0 E E
2 = 2307 .
& £ 1.0 * -
2 05 2 L 207
2" F 0.5 F
} 10
0.0- 0.0- 0-
Active Inactive Active Inactive Active Inactive

Fig. 2. The concentrations of IL-10 (A), TLR (B) and TNF-a (C) according to
active/inactive gastritis. IL — interleukin; TLR - toll-like receptor; TNF-a - tumor
necrosis factor-a. Data are expressed as the mean+SEM. The Mann-Whitney sum
rank test was applied to assess differences between groups; *P<0.05

Table 3. Spearman correlation coefficient among TG2, macrophage score and

inflammation markers at biopsy level.

TG2 |Mscore| IL-6 IL-8 | IL-10 | LPS |TLR-4 | TNF-a
TG2 1.00
M score | 0.151 1.00
IL-6 -0.48%| -0.10 1.00
IL-8 0.37 0.19 | -0.53**| 1.00
IL-10 0.06 | 0.42** 0.06 0.11 1.00
LPS 0.11 | 0.003 0.18 -0.17 | 0.06 1.00
TLR-4 | 0.20 0.03 0.01 -0.03 | 0.05 | 0.05 1.00
TNF-a | 0.03 0.14 -0.11 0.07 | -0.08 | -0.17 | 0.13 1.00

TG2 - Transglutaminase 2; IL - interleukin; LPS - lipopolysaccharides; TLR - toll-like
receptor; TNF-a — tumor necrosis factor-a. M score — Macrophage score *P=0.003;
**P=0.013; **P=0.001

sion” score was significantly higher in patients with
inactive gastritis. No differences were found regarding
the cluster GSRS scores.

The serum concentrations of TG2, IL6, ILS8, IL10,
LPS, TLR-4 and TNF-a did not exhibit any differenc-
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es between active and inactive forms of
gastritis (data not shown). Interestingly,
the mean concentrations of TG2 and the
inflammation markers in the culture me-
dium were significantly different in the
two groups; TG2, IL-8, IL-10, TLR-4 and
TNF-a were significantly higher in the ac-
tive form, whereas IL-6 showed a reduced
concentration in active gastritis compared
to inactive gastritis (Fig. 1 and Fig. 2).

According to the presence of mac-
rophages in the biopsies, the scores for
CD68 were significantly more represent-
ed in the active gastritis group than in
the inactive one [3.0(1.0-4.0) vs 2 (1.0-
4.0), P=0.016]. Spearman’s correlation
revealed that TG2 negatively correlated
with IL-6, while a positive correlation
was present between the macrophage
score and IL-10 levels; IL-8 negatively
correlated with IL-6 (Table 3). The small
number of patients with Hp infection
did not provide a demonstration of the
relationship between the presence of Hp
and TG2 and ILs in the culture medium.

DISCUSSION

Gastric mucosal inflammation is a pre-
neoplastic condition that can promote
stem cell transition into cancer cells. By
discontinuing the inflammatory cascade,
a window of opportunity is provided that
can prevent neoplastic evolution. The
presented results confirm the intriguing
role for TG2 in the pathophysiology of
chronic gastritis, introducing a specific
link between TG2 and different mark-
ers of mucosal inflammation as well as
a possible block of inflammation via the
inhibition of TG2.

According to the type of chronic gastritis, the
patients’ symptom profile analysis showed that those
with active chronic gastritis had a significantly high-
er score of “gastric hunger pain” and a significantly
lower “abdominal distension” score than patients with
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inactive gastritis. However, it is difficult to conceive
a practical use for this in the clinical management
of chronic gastritis, likewise as to symptom clusters
that differentiate between postprandial distress syn-
drome (PDS) and epigastric pain syndrome (EPS) in
functional dyspepsia. Unfortunately, all these scores
largely overlap, impeding a distinction based solely
on symptoms [23].

It is known that TG2 regulates several physiologi-
cal processes, including cell differentiation, inflam-
mation, fibrosis and apoptosis [3-6]. Consequently,
alterations in the activity of TG2 can have a role in
the pathogenesis of several chronic disorders such as
inflammatory bowel disease, liver disease, and liver
and kidney fibrosis [7,24].

Our data confirm the role of macrophages in the
pathophysiology of chronic gastritis. Hp activates
macrophages and induces them to secrete nitric oxide
synthase, proinflammatory cytokines (i.e., TNF-a, IL-
6, IL-1, IL-B) and other chemokines causing inflamed
and damaged gastric mucosae [25]. An experimental
study in mice with achlorhydria and gastrin deficiency
demonstrated bacterial overgrowth of other species
other than Hp that are involved in the development
of atrophic gastritis and progression to gastric cancer.
These bacteria and their metabolites can be directly or
indirectly responsible for gastric damage [26].

Macrophages and monocytes express TG2, which
in turn is upregulated by inflammatory mediators
such as TNF-a and several other interleukins [17].
Many cytokines and growth factors are secreted dur-
ing the initial phases of inflammation, regulating the
expression of TG2. Interferon (IFN)-y and TNF-a
have already been described as acting synergistically
to activate TG2 [27], indicating the existence of an
autocrine loop in which interleukins such as IL-1 and
IL-6 could reinforce TG2 expression [28]. TG2 pro-
motes the clearance of apoptotic cells (efferocytosis),
and growing evidence suggests that impaired effero-
cytosis contributes to the long-lasting consequences
of inflammation-associated diseases. [29]. As a result,
TG2 seems to modulate inflammation and several
other inflammation markers, providing evidence for a
possible blockage of inflammation via the modulation
of TG2. Besides, a recent paper has highlighted how
deletion of TG2 diminished airway inflammation, Th2
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responses, profibrotic gene expression and leukotriene
level in a murine asthma model [30].

LPS is a crucial component of the outer mem-
brane of gram-negative bacteria, and Hp LPS seems
to be crucial in activating inflammatory pathways
in monocytes and macrophages [31]. Hp LPS, along
with other Hp-related molecules, may contribute to
TLR-dependent responses, contributing to bacterial
elimination, persistence or pathological reactions
[32]. Hp LPS can engage gastric mucosal TLR4 [33],
and the Hp virulence factor CagA is a potent factor
inducing nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-kB) and IkB kinases (IKKs)
activation via transforming growth factor p-activated
kinase 1 (TAK1), a key regulator of inflammation cas-
cades [34]. TLR-4 has been demonstrated in chronic
active gastritis [35], precancerous cells and cancerous
gastric cells [36]. In our study, TLR-4 concentrations,
but not LPS, were significantly higher in the culture
medium of biopsies from active gastritis than in those
from inactive ones.

The culture medium concentrations of different
inflammation markers highlighted the clear involve-
ment of IL-6, IL-8, IL-10 and TNF-a. Specifically, IL-8,
IL-10 and TNF-a increased in active gastritis, whereas
IL-6 was reduced significantly, probably facilitating a
persistent inflammatory condition. IL-6 significantly
affects the host defense since it is promptly produced
by monocytes and macrophages, thus contributing to
removing infectious agents and restoring damaged tis-
sues [37]. In the culture medium, a negative correla-
tion was observed between IL-8 and IL-6, and between
TG2 and IL-6. The latter correlation further supports
the link between TG2 and inflammation. [14]. IL-10
is currently considered an antiinflammatory peptide
implicated in the downregulation of human intestinal
immune responses. However, enhanced secretion of
IL-10 has been demonstrated in gastric mucosae from
Hp-infected patients more than in uninfected indi-
viduals, confirming the multifaceted functions of IL-10
[38]. The correlation between IL-10 and macrophage
score found in our study suggests the cellular origin of
IL-10 in chronic gastritis and considers multiple effects
of IL-10 on other proinflammatory cytokine secretion.

A relatively new stimulatory aspect is that of the
role of TG2 and IL-6 and the spread and metastasis
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of human cancer cells [39]. Even if the part played by
TG2 in cancer is still controversial, a close relation-
ship exists between increased expression of TG2, the
inflammatory response and promotion, as well as in-
vasion and spread of several extraintestinal neoplasms
[23,40].

Inhibition of TG2 could help to reduce drug re-
sistance and the invasion capacity of several tumors,
representing a possible therapeutic target for treat-
ing or blocking tumor progression, as demonstrated
by the novel peptide GX1 that inhibits angiogenesis
by directly binding to TG2 [41-42]. Consequently, as
for those extraintestinal inflammatory processes, the
same mechanisms could also be hypothesized at the
GI level. Recently, TG2 inhibitors have been devel-
oped that target the enzyme’s active site, but clinically
relevant inhibitors are not yet available [43].

The present work has some limitations. First, the
small number of patients enrolled in the study could
have increased false-positive results and exaggerated
effects. The small number of patients did not allow us
to compare Hp-positive and negative patients. One
must keep in mind that the role of TG2 has already
been described in previous studies conducted with
a similar number of patients (14). Second, the main
interest was identifying inflammation markers and
their possible interactions with the histological char-
acteristics of chronic gastritis (active vs inactive) and
macrophage activity irrespective of Hp status.

Therefore, histologically, the group with chronic
active gastritis included both Hp-positive and Hp-
negative forms. A significant association between a
history of Hp infection and active gastritis was dem-
onstrated. The negativity may depend on several fac-
tors such as the administration of PPI together with
previous Hp infection and a form of gastritis not asso-
ciated with an existing or past Hp infection. However,
it is worth noting that not all gastric cancer patients
necessarily have a Hp-positive status. Some patients
may have extensive gastric atrophy and achlorhydria
not associated with an existing or past Hp infection.
The histological score of the lesions is milder than
that shown in Hp-positive patients and lesions are
usually located in the antrum. In contrast, lesions
can be equally distributed in the body and antrum
of patients with Hp infection [44]. Based on the data
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shown, pathophysiological mechanisms in chronic
active gastritis could be linked to the increased pres-
ence of TG2 and proinflammatory ILs, as well as the
macrophage score. The epithelial changes due to active
chronic gastritis intrinsically affect the progression in
gastric inflammation. The activation of macrophages
may depend not only on Hp but also on other factors.
Further studies are needed to demonstrate what the
actual causative triggers for this mechanism are.

CONCLUSIONS

TG2 may have a role in the pathophysiology of chron-
ic gastritis, specifically in its active form. The next step
is to establish how and when the enzyme could be a
beneficial or a detrimental factor in gastritis, and to
investigate the enzymatic and nonenzymatic activities
of TG2, together with the multiple roles of concurrent
inflammatory mediators.
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