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Abstract

H. pylori infection causes gastritis, peptic ulcers and gastric cancer. Eradicating H. pylori prevents
ulcers, but to what extent this prevents cancer remains unknown, especially if given after intestinal
metaplasia has developed. H. pylori infected wild-type (WT) mice do not develop cancer, but mice
lacking the tumor suppressor p27 do so, thus providing an experimental model of H. pylori-
induced cancer. We infected p27-deficient mice with H. pylori strain SS1 at 6-8 weeks of age.
Persistently H. pylori-infected WT C57BL/6 mice served as controls. Mice in the eradication arms
received antimicrobial therapy (omeprazole, metronidazole and clarithromycin) either “early” (at
15 weeks post infection, WPI) or “late” at 45 WPI. At 70 WPI, mice were euthanized for H. pylori
determination, histopathology and cytokine/chemokine expression. Persistently infected mice
developed premalignant lesions including high-grade dysplasia, whereas those given antibiotics
did not. Histologic activity scores in the eradication groups were similar to each other, and were
significantly decreased compared with controls for inflammation, epithelial defects, hyperplasia,
metaplasia, atrophy and dysplasia. IP-10 and MIG levels in groups that received antibiotics were
significantly lower than controls. There were no significant differences in expression of IFN-y,
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TNF-q, IL-18, RANTES, MCP-1, MIP-1a or MIP-1p among the three groups. Thus, H. pylori
eradication given either early or late after infection significantly attenuated gastric inflammation,
gastric atrophy, hyperplasia, and dysplasia in the p27-deficient mice model of H. pylori-induced
gastric cancer, irrespective of the timing of antibiotic administration. This was associated with
reduced expression of IP-10 and MIG.
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1. Introduction

Epidemiological and clinical studies as well as animal experiments demonstrate a causative
link between chronic H. pylori infection and peptic ulcer disease as well as gastric
adenocarcinoma and mucosa-associated lymphoid tissue lymphoma. Decades of chronic and
severe inflammation in the gastric mucosa play an important role in this tumorigenic process
[1, 2, 3]. H. pylori eradication by combining acid inhibition with a proton pump inhibitor
(PPI) and at least two antibiotics has become a standard treatment in clinical practice for
patients with gastritis and peptic ulcers [4], though increasing antibiotic resistance and H.
pylori reinfection remain challenging obstacles to high eradication rates currently [5, 6].

Cohort studies and randomized controlled trials have demonstrated that H. pylori eradication
not only prevents peptic ulcers but also slows the histological progression from chronic
gastritis to gastric adenocarcinoma in patients with tumor-associated infection [7]. Although
the incidence of stomach cancer is generally declining in the developed world, coincident
with improved sanitation and a falling prevalence of H. pylori colonization, gastric cancer
remains a major public health problem in regions with a high prevalence of H. pylori
infection such as South East Asia, Eastern Europe, and Central and South America [8, 9].

Gastric cancer is recognized to be a multistep and multifactorial process that in most cases is
preceded by a decades-long, stepwise progression of histological changes in the gastric
mucosa from chronic gastritis through gastric atrophy, intestinal metaplasia, dysplasia and
cancer [10, 11]. In retrospective sub-group analysis, it was noted that the beneficial effect of
H. pylori eradication on lowering the incidence of gastric cancer depended upon eradicating
H. pylori prior to the development of advanced pre-neoplastic changes, and that intestinal
metaplasia may be the “point of no return” beyond which reversal of “Correa’s cascade” is
no longer possible [7, 12]. With the designation of H. pylori as a definite carcinogen in 1994
[13] and the acceptance of this designation by public health authorities in high gastric cancer
regions, ethical considerations now preclude recruitment of a comparator “placebo” arm of
subjects who are not offered eradication therapy in clinical trials.

Because gastric cancer is a relatively rare consequence of H. pylori infection in humans and,
with the limitations of performing appropriately powered long-term placebo-controlled H.
pylori eradication studies in humans, mouse models of H. pylori infection may help us
address the uncertain questions in this field. For example, is antibiotic therapy warranted in
decreasing the incidence of gastric neoplasia even when given relatively late during the
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natural history of persistent H. pylori infection? In particular, is eradicating H. pylori at all
beneficial if the precancerous lesion of intestinal metaplasia has already developed?

Several antimicrobial treatment studies have been previously conducted in rodent models of
Helicobacter infection, usually using either a mouse-adapted H. pylori strain or the closely
related Helicobacter species H. felis. The animal studies have included C57/BL6 mice,
though they rarely develop neoplastic changes even when colonized by H. pylori for as long
as 80 weeks [14], and hypergastrinemic INS-GAS mice in which spontaneous gastric
carcinogenesis is accelerated by Helicobacter infection [15]. In Mongolian gerbils, results
between different laboratories have been quite variable, reflecting in part the outbred nature
of the animals [16, 17]. We have developed a mouse model of H. pylori-associated gastric
carcinogenesis that mimics the slow progression towards gastric cancer observed in humans.
In our previous study, we reported that wild type mice did not develop gastric cancer
following experimental infection with the mouse-adapted H. pylori SS1 strain [18] while 7
out of 12 infected mice lacking the tumor suppressor p27 developed gastric dysplasia or
carcinoma at the 60 week timepoint after infection [19]. Moreover, we observed marked
gastric inflammation in this novel p27 deficient model of gastric cancer, and the
development of pseudopyloric metaplasia of the corpus (the murine equivalent of intestinal
metaplasia) [20] as early as 30 weeks post infection [19]. In the present study we have used
this experimental model to recapitulate the H. pylori-induced gastric mucosal damage
observed in humans and to investigate the effects of antibiotic eradication on preventing H.
pylori-associated gastric cancer.

In particular, this study was designed to examine whether, and at what stage, H. pylori
eradication might prevent gastric cancer in a long term H. pylori infection model, and to
examine some potential mechanisms involved.

2. Materials and Methods

2.1 Mice, H. pylori Infection, Experimental Design

This study was approved by Rhode Island Hospital’s Animal Care and Use Committee. The
experimental outline is shown in Figure 1. In brief, p27-deficient mice on a C57BL/6
background were gavaged at 6-8 weeks of age with H. pylori SS1 of approximately 10°
bacterial colony forming units (CFU) in (200 pl) volume on three occasions over 5 days as
described previously [19]. The H. pylori SS1-infected p27-deficient mice were then divided
into three groups. Two groups of mice (18 each) were treated with an H. pylori eradication
regimen - either at 15 weeks post infection (WPI) or at 45 WPI; the third group (15 mice)
served as a non-treated control.

The eradication therapy was a triple regimen of omeprazole (400 pmol/kg/day),
metronidazole oral suspension (14.2 mg/kg/day), and clarithromycin granules for oral
suspension (7.15 mg/kg/day) administered by gavage twice daily for seven days with a 30 to
60 minute interval between omeprazole and antibiotics [21, 22]. All mice were euthanized
and their stomachs were removed at 70 WPI, or sooner if their condition met Rhode Island
Hospital’s Animal Care and Use Committee criteria for signs of distress. Stomachs were
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opened along the greater curvature and cut into several linear strips for DNA, RNA, protein
assays, H. pylori quantitative culture and histologic analysis.

2.2 Histologic Evaluation

2.3 H. pylori

Longitudinal gastric strips from the lesser curvature were fixed in 10% neutral-buffered
formalin, processed and stained with hematoxylin and eosin and scored by a veterinary
pathologist who was blinded to the experimental details using the scoring criteria described
previously [20]. As mucous metaplasia and hyalinosis may develop spontaneously in mice
[23], these sub-scores were excluded from the calculation of the total histological activity
index (HALI).

Bacterial Load Assessment

H. pylori colonization in the mouse stomach was evaluated by quantitative culture and real
time PCR.

2.3.1 H. pylori Quantitative Culture—One strip of gastric tissue from each mouse was
weighed, homogenized in 250pl brucella broth with 20% glycerol (Catalog # 297466, BD
Diagnostics, Sparks, MD, USA), and subsequently diluted 10, and 100-fold in brucella
broth. A 25 pul homogenate from each dilution was cultured on agar plates containing 5% de-
fibrinated horse blood, 3.3 pg/ml Polymyxin B sulfate, 100 pg/ml Vancomycin
Hydrochloride, 200 pg/ml Bacitracin, 50 pg/ml Amphotericin B, and 10.7 ug/ml Naladixic
Acid (Sigma-Aldrich, St. Louis, MO) as described previously and incubated for 7-10 days
[15]. H. pylori colonies were identified by positive urease and oxidase reactions and then
counted. After correcting for the initial dilution, the final results were expressed as CFU/
gram gastric tissue.

2.3.2 DNA Extraction and H. pylori Quantitative Polymerase Chain Reaction
(gPCR)—For PCR, DNA was extracted from one strip of gastric tissue with the QlAamp
DNA Mini Kit (QIAGEN Sciences Inc., Germantown, MD). DNA concentration was
measured and the quality for downstream experiments verified on a NanoDrop™ 2000
spectrophotometer (Thermo Scientific Inc., Waltham, MA). H. pylori DNA was quantified
by amplification of the Helicobacter species-specific antigen (SSA) gene [24] with SYBER
Green | QPCR mastermix reagents (QIAGEN, Valencia, CA) as previously described [19].
The threshold for positivity for H. pylori by quantitative PCR was considered to be at least
10 gene copies of H. pylori DNA, in accordance with Lee et al [20].

2.4 Cytokine and Chemokine Protein Measurement by Multiplex Bead Array

Cytokine and chemokine protein levels in the mouse stomachs were measured by a
multiplex magnetic bead array kit customized by EMD Millipore (Billerica, MA) to include
nine cytokines and chemokines: Interferon-gamma (IFN-y), Tumor necrosis factor-alpha
(TNF-a), Interleukin-1 beta (I1L-10), regulated upon activation, normal T cells-expressed and
secreted chemokine (RANTES), monocyte chemoattractant protein-1 (MCP-1), monokine
induced by gamma interferon (MIG), Interferon gamma-induced protein 10 (IP-10),
macrophage inflammatory protein 1-alpha (MIP-1a)) and macrophage inflammatory protein
1-beta (MIP-1p). One gastric strip from each mouse was homogenized and total protein
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concentration measured by BCA protein assay kit (Pierce Biotechnology, Rockford, IL).
The multiplex bead arrays were performed according to the manufacturer’s instructions with
a minimum detectable concentration varying from 0.8 to 11.9 pg/ml. Data were normalized
to total protein concentration in each sample and expressed as pg/mg protein.

2.5 Gastric mRNA expression and serum protein levels of IP-10 and MIG

2.5.1 Gastric mucosal IP-10 and, MIG mRNA Expression—Total RNA was
extracted from one strip of gastric tissue with the RNeasy mini Kit (QIAGEN, Germantown,
MD). First strand cDNA generated from 2 g total RNA was diluted by 1:10 with DNase
RNAse free water and applied for real-time PCR. IP-10 and MIG quantitative PCR
amplification and cycling program were performed as previously described [25] by using
specific primer sets and SYBER Green | QPCR mastermix reagents (QIAGEN, Valencia,
CA). IP-10 and MIG gene expression was analyzed via the delta-delta Ct method,
normalized to GAPDH and expressed as fold changes.

2.5.2 Determination of Serum IP-10 and MIG Concentrations—At euthanasia one
milliliter whole blood was drawn from each mouse by cardiac puncture, and the serum
collected and stored at =20 °C until analysis. Serum IP-10, MIG protein levels were
determined using mouse IP-10 and mouse MIG quantikine ELISA kits (R & D Systems, Inc.
Minneapolis, MN, USA) following the manufacturer’s instructions for each. All samples
were run in duplicates of 50 pl diluted serum per mouse. The assay range of mouse IP-10
and MIG are 31.2 ~ 2000 pg/ml with a sensitivity of 4.2 pg/ml and 7.8 pg/ml, respectively.

2.6 Statistics

3. Results

All statistical analysis were performed using Graphpad Prism 5.0 software (San Diego, CA),
with differences between groups considered significant when P < 0.05. Histopathological
scores were compared by a Kruskal-Willis one-way analysis of variance (ANOVA)
followed by Dunn’s multiple comparison test. H. pylori colonization levels, and cytokine
and chemokine expression were compared by ANOVA with Newman-Keuls test.

3.1 Evaluation of H. pylori Eradication

Overall, the triple antibacterial therapy led to undetectable H. pylori colonization in the
treated groups compared with infected control mice that did not receive H. pylori therapy
(P<0.001 vs control, Figure 2 A). The mucosal bacterial load decreased markedly in the
antibiotic-treated mice compared to the untreated mice, as measured by H. pylori
quantitative PCR (P<0.05 vs control, Figure 2 B). There were no statistical differences in H.
pylori infection eradication rates, and in bacterial loads between the two H. pylori
eradication groups (15 WPI and 45 WPI).

Final analyses were performed on a total of 39 mice that completed the protocol and were
euthanized at 70 WPI (10 mice in H. pylori non-eradicated control group, 15 mice in 15
WPI and 14 mice in 45 WPI H. pylori-eradicated groups). These final numbers excluded
mice that had died due to complications from gavage (N=2), spontaneous deaths after
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gavage but before the end of the study period (N=7) and mice that were not successfully
eradicated of H. pylori (N=3)

3.2 Histological Evaluation

Hematoxylin and eosin (H&E) staining of mice stomach tissue demonstrated that the mice
treated with antibiotics to eradicate H. pylori exhibited no or only mild lesions (Figure 3B,
3C) whereas the H. pylori infected control group (Figure 3A) developed premalignant
changes including high-grade dysplasia, consisting of irregular glands with altered and
complex architecture, variable cell sizes and hyperchromatic nuclei (Figure 3). In
comparison with the H. pylori infected but untreated control group, antimicrobial treatment
attenuated histological changes with decreased scores for inflammation (Figure 4A, P<0.01
for 15 WPI, p<0.001 for 45 WPI), and epithelial defects (Figure 4B, p<0.01 for 45 WPI).
Similar trends (p<0.05 for 15 WPI, P<0.01 for 45WPI) were noted for oxyntic atrophy
(Figure 4C), hyperplasia (Figure 4D), and pseudopyloric metaplasia (Figure 4E) which is the
murine analog of human intestinal metaplasia. Importantly, mice in the H. pylori non-
eradicated control group had significantly higher dysplasia scores compared to the two
eradicated groups (Figure 4F, P<0.05). There were no statistical differences in any of the
histological comparisons between the two H. pylori eradication groups (Figure 4). Both H.
pylori eradicated groups had significantly lower overall disease scores as reflected by the
histological activity index (HAI), a combination of all the previous six individual criteria
scores (Figure 4G, p<0.05 for 15 WPI, p<0.01 for 45 WPI vs controls).

3.3 Proinflammatory Cytokine and Chemokine Protein Expression

To evaluate the effects of H. pylori eradication on the levels of several proinflammatory
cytokines and chemokines, the mucosal levels of nine cytokines and chemokines were
measured by a customized multiplex magnetic bead array kit. There were no significant
differences in protein levels of IFN-y, TNF-qa, IL-18, RANTES, MCP-1, MIP-1 a and
MIP-1 3 among the three groups. However, IP-10 levels in the 15WPI (21.8 + 2.5 pg/mg
protein) and 45WPI (27.1 £+ 6.3 pg/mg protein) eradication groups were significantly lower
than the non-eradicated control group (79.1 £ 19.7 pg/mg protein) (Figure 5, P<0.001 for 15
WPI, P<0.05 for 45 WPI vs control). MIG levels in the non-eradicated control group (146.2
+ 42.9 mg/mg protein) were also markedly higher than the two groups that received
antimicrobial treatment (19.6 + 2.8 pg/mg protein for 15 WPI; 20.9 + 3.1 pg/mg protein for
45 WPI) (Figure 5, P<0.001 for 15WPI, P<0.01 for 45WPI vs control).

3.4 IP-10 and MIG Gene Expression in Gastric Mucosa and Serum

A) IP-10 and MIG mRNA expression in the stomachs of H. pylori untreated and treated
groups of p27 deficient mice were assessed by quantitative real-time PCR and normalized to
the levels of GAPDH expression. In comparison with the non-eradicated control mice, the
two H. pylori-eradicated groups showed significantly decreased expression of both IP-10
and MIG mRNA (Figure 6A, * P<0.05, ***P<0.001 vs H. pylori non-eradicated control
mice). There was no significant difference between the two H. pylori eradicated groups.

B) Protein levels of IP-10 and MIG in serum were measured by IP-10 and MIG ELISA Kits,
respectively. Compared to the H. pylori non-eradicated control mice (IP-10: 108.4 + 17.93
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pg/ml, MIG: 200.8 + 43.37 pg/ml), IP-10 (15WPI: 55.51 + 12.24 pg/ml, 45WPI: 63.45 +
6.28 pg/ml) and MIG levels (15WPI: 92.21 + 12.5 pg/ml, 45WPI: 102 + 11.74 pg/ml) were
significantly lower in the two H. pylori eradicated groups (Figure 6B, * P<0.05, ** P<0.01
vs H. pylori non-eradicated control group). There was no significant difference between the
two H. pylori eradicated groups.

4. Discussion

H. pylori infection causes gastritis, peptic ulcers and gastric cancer. Eradicating H. pylori
cures peptic ulcers and prevents their recurrence, [1] but it is not known to what extent this
will contribute to the prevention of gastric cancer development. Subgroup analysis of several
underpowered clinical trials indicates that H. pylori eradication may be relatively ineffective
when given relatively late in the natural history of infection, for example after the
preneoplastic stage of intestinal metaplasia has developed [7].

Our results in the present study show that bacterial eradication given either at an early or a
late stage of H. pylori infection can exert positive effects on gastric mucosal repair by
significantly reducing the severity of inflammation, glandular atrophy, hyperplasia, and
dysplasia in H. pylori-infected p27-deficient mice. As reported by Garhart et al, H. pylori
colonization decreased in parallel with gastric inflammation over time [26]. At the very late
stage at which the mice were euthanized (70 weeks post infection) both bacterial load and
gastric inflammation in the non-treated control group remained significantly higher than in
either of the two eradicated groups given H. pylori eradication therapy, though the
magnitude of the decrease was smaller than has been reported by others, which may reflect
the very late time-point that we examined [20]. Consistent with previous findings in other
rodent models [20, 27], antimicrobial treatment decreased epithelial defects (45 WPI vs
Control), reduced gastric atrophy and hyperplasia, restored glandular architecture and
attenuated gastric premalignant lesions in both groups of H. pylori eradicated p27 knock-out
mice. However, unlike the findings by Cai et al in C57BL/6 mice, the p27-deficient mice
that received H. pylori eradication at a late time point were equally protected from
developing dysplasia [27]. In contrast to most of the evidence from human studies [7], there
were no significant differences regarding the histopathological scores between the group that
received H. pylori eradication therapy relatively early (at 15 WPI) versus relatively late (at
45 WPI) - the latter time-point being chosen based upon our prior study [19] to include mice
with pseudopyloric metaplasia. Extrapolating from our current study, H. pylori eradication
may be beneficial for gastric cancer prevention in humans even after intestinal metaplasia
has already developed.

The experimental model system that we employed here has also allowed us to investigate
how H. pylori eradication may protect the gastric mucosa from neoplastic transformation. H.
pylori-infection generally induces a T helper 1 (Th1)-skewed pro-inflammatory response in
the gastric mucosa [28]. In previous human and animal studies, significantly increased
MRNA levels of IFN-y, TNF-a, IL-1B, RANTES, MIP-1a, MIP-1p and the CXC
chemokines growth-regulated oncogene alpha (GRO-a), Interleukin-8 (IL-8), IP-10 and
MIG have been demonstrated during H. pylori infection [29, 30]. After bacterial eradication,
IFN-y, TNF-a, IL-1B, IL-8/CXCL8 mRNA expression were reported to be downregulated
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[31, 32, 33], but less is known about dynamic changes of other chemotactic cytokines before
and after H. pylori eradication, especially at the protein level.

Multiple cytokines and chemokine proteins were measured in murine gastric tissue using a
cytometric bead array. Unlike previous mMRNA expression studies, our results show no
notable reductions at the protein level for three proinflammatory cytokines (IFN-y, TNF-a,
IL-1B) or four CC chemokines (RANTES, MCP-1, MIP-1a, MIP-1p) previously thought to
be important in H. pylori pathogenesis in the two groups that received eradication therapy
compared with the persistently infected control group. This could be due to the experimental
model we used here since p27-deficient mice are known to have a dysregulated immune
system, related to the importance of this critical cyclin-dependent kinase (CDK) inhibitor in
lymphocyte development and responsiveness and in CD4 and CD8 memory T cell
differentiation [34, 35, 36, 37]. In p27 knockout mice, numbers of IFN-y, TNF-a and IL-2
producing antigen-specific CD4 T cells are significantly higher compared with wild type
mice, though no significant differences in the percentage of antigen-specific CD4 T cells
were reported [33]. Thus p27 deficiency may lead to generalized immune
hyperresponsiveness, including in the gastric mucosa, even in the absence of antigen (in this
instance, H. pylori), such that inflammatory cytokine and chemokine concentrations were
not lowered by H. pylori eradication. As an alternative explanation for the equality of IFN-v,
TNF-a, IL-18, RANTES, MCP-1, MIP-1a, MIP-13 among the control and H. pylori
eradicated groups, it should be emphasized that the measurements were conducted at 70
weeks post infections, which is a very late time-point compared with other rodent studies.
Although H. pylori-induced gastric mucosal inflammation is persistent, bacterial loads in
mice subside with time, as does IFN-vy secretion in parallel [26, 38]. In Mongolian gerbils
infected with H. pylori strain 7.13, gastric mucosal mRNA levels of IL-1p and TNF-a
peaked at 1 month and 6 months post-infection respectively before dropping markedly at 12
months [17].

Unlike many of the other cytokines and chemokines evaluated, MIG and IP-10 protein
levels in gastric mucosa were significantly lower in the mice receiving H. pylori eradication
therapy, and this was concordant with parallel decreases in both gastric mMRNA and serum
concentrations in the antibiotic treated mice. MIG and IP-10 (alternatively termed CXCL9
and CXCL10) are chemokines known to be induced by IFN-y. They function to recruit
leukocytes to the sites of infection and inflammation in Th1 immune responses via binding
to a common chemokine G protein-coupled receptor, CXCR3 [39, 40]. CXCL9 and
CXCL10 require CXCR3’s carboxyl-terminal domain and an interaction of CXCR3 with -
arrestin 1 to internalize CXCR3, thereby inducing its biological functions [39]. The CXCR3/
CXCL9, CXCL10 axis plays an important role in the recruitment of immune cells in
infectious diseases [40]. In response to H. pylori infection, CXCR3 and its ligands CXCL9
and CXCL10 are up-regulated in human and murine gastric mucosa [30, 41], and the
proinflammatory cytokines IFN-y and TNF-a synergistically stimulated CXCL9 and
CXCL10 in human gastric epithelial cell lines [42]. Recent studies have implicated both
IP-10 and MIG in gastric cancer: their expression was elevated in gastric cancer tissue, and
plasma levels of IP-10 and MIG fell sharply after gastric cancer resective surgery [43, 44].
Our findings support the concept that gastric mucosal IP-10 and MIG may promote or serve
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as biomarkers of gastric cancer because they both fell in the groups of mice treated by H.
pylori eradication, in association with inhibition of gastric cancer progression, though it is
conceivable that this may be due to H. pylori eradication alone.

In conclusion, the present study suggests that eradication therapy given either early or late
after H. pylori infection significantly lowers gastric inflammation, gastric atrophy,
hyperplasia, and dysplasia in the p27-deficient mice model of H. pylori-induced gastric
cancer. Our results suggests that for humans, H. pylori eradication therapy may significantly
ameliorate gastric inflammation and suppress the malignant potential in the gastric mucosa,
even when given relatively late in the natural history of the disease. Finally, because reduced
IP-10 and MIG expression in the gastric mucosa are associated with post eradication
protection in p27-deficient mice, the role of these chemokines in H. pylori-associated gastric
carcinogenesis is worthy of further study, in both rodent models and clinical studies.
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Figure 1. Experimental outline
See Materials and Methods for details. WPI = Weeks post infection.
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Figure 2. H. pylori bacterial load assessment
A) H. pylori colonization was evaluated by quantitative culture 70 weeks after H. pylori SS1

infection. The two groups given H. pylori eradication therapy had no detectable H. pylori
colonies. Data were expressed as mean + SEM (CFU/g tissue). SEM: standard error of
mean, CFU: colony forming units. ***P<0.001 vs H. pylori non-eradicated control.

B) A longitudinal strip of stomach tissue from each mouse was harvested to measure
bacterial load by quantitative PCR analysis. H. pylori non-eradicated group showed a
significantly higher bacterial load in gastric mucosa in comparison with the two
antimicrobial treated groups. Data were expressed as mean = SEM. SEM: standard error of
mean, ***P<0.001 vs H. pylori non-eradicated controls.
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Figure 3. Representative gastric histopathology in H. pylori-infected p27 knockout mice
A) A p27-deficient mouse infected with H. pylori SS1 strain for 70 weeks without receiving

eradication treatment. There is an intense inflammatory cell infiltrate with lymphoid follicle
formation and a replacement of the normal gastric glands by irregular dysplastic glands
lacking the specialized chief and parietal cells. Arrows and D: dysplasia, height bar and H:
hyperplasia (compared to normal foveolar length, “F” in panel B), I inflammation, P:
pseudopyloric metaplasia, L: lymphoid follicle.

B), C) p27-deficient mice that received H. pylori eradication therapy at 15 weeks (B) or 45
weeks (C) post infection. These mice have much less inflammation and retention of a
normal gastric epithelial architecture, with no dysplasia. F: normal superficial foveolar
epithelium.

Hematoxylin and eosin staining, original magnification x 100.
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Figure 4. Gastric histology scores in H. pylori-infected p27—deficient mice with or without

eradication treatment

The individual lesion scores of every mouse in each group were evaluated and compared for,
A) Inflammation; B) Epithelial defects; C) Atrophy; D) Hyperplasia; E) Metaplasia; F)
Dysplasia; and G) Histological Activity Index. Histological activity index is a combination
of all the six individual criteria scores. In general, p27-deficient mice in the control group
developed advanced pathological lesions, while the two eradicated groups showed a milder
gastric pathology. Each solid triangle represents one mouse. The bar represents the median
score in each group. * P<0.05, ** P<0.01, ***P<0.001 vs H. pylori non-eradicated controls.
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Figure 5. Proinflammatory cytokine and chemokine expression in gastric mucosa
Multiple proinflammatory cytokines and chemokines expression levels in the stomach tissue

were analyzed. There are no significant differences in protein levels of IFN-y, TNF-a,
IL-1B, RANTES, MCP-1, MIP-1 a and MIP-1 § among the three groups, while IP-10 and
MIG levels were significantly elevated in the non-eradicated group when compared to the
two groups that received H. pylori eradication therapy. Data expressed as mean + SEM
(pg/mg protein), SEM: standard error of mean. * P<0.05, ** P<0.01, ***P<0.001 vs H.
pylori non-eradicated controls. NS: not significantly different.
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Figure 6. Gastric mRNA and serum protein levels of IP-10 and MIG
A) Gastric IP-10 and MIG mRNA expression were assessed by quantitative real-time PCR

and normalized to the levels of GAPDH expression. Data expressed as average fold changes
+ SEM in each group compared with the H. pylori non-eradicated control group. SEM:
standard error of mean. * P<0.05, ***P<0.001 vs H. pylori non-eradicated control mice.

B) Serum protein concentrations of 1P-10 and MIG were measured by ELISA. Results
expressed as mean = SEM (pg/ml). SEM: standard error of mean. * P<0.05, ** P<0.01 vs H.
pylori non-eradicated control group.
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