J G F

World Journal of
Gastrointestinal Pathophysiology

Online Submissions: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4291/ wjgp.v5.i3.366

World | Gastrointest Pathophysiol 2014 August 15; 5(3): 366-372
ISSN 2150-5330 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE STUDY

Cancer stem cells in Helicobacter pylori infection and aging:
Implications for gastric carcinogenesis

Edi Levi, Paula Sochacki, Nabiha Khoury, Bhaumik B Patel, Adhip PN Majumdar

Edi Levi, Paula Sochacki, Nabiha Khoury, Bhaumik B Patel,
Adhip PN Majumdar, Department of Veterans Affairs, John D
Dingell VA Medical Center, Wayne State University, Detroit,
MI 48201, United States

Edi Levi, Pathology, Wayne State University, Detroit, MI
48201, United States

Bhaumik B Patel, Adhip PN Majumdar, Karmanos Cancer
Center, Wayne State University, Detroit, MI 48201, United
States

Adhip PN Majumdar, Departments of Internal Medicine,
Wayne State University, Detroit, MI 48201, United States
Author contributions: Levi E and Patel BB performed the
experiments and wrote the manuscript; Sochacki P and Khoury
N evaluated the slides, verified the diagnoses and scored the im-
munohistochemical stains, they also participated in the drafting
of the manuscript; Majumdar APN participated in the design,
evaluation of data and writing the manuscript.

Supported by Grants to Dr. Majumdar from NIH/NIA, No.
AGO014343; and the Department of Veterans Affairs (VA Merit
Review)

Correspondence to: Adhip PN Majumdar, PhD, DSc, De-
partment of Veterans Affairs, John D Dingell VA Medical Cent-
er, 4646 John R, Room B-4238, Detroit, MI 48201,

United States. majumdar@med.wayne.edu

Telephone: +1-313-5764460 Fax: +1-313-5761112
Received: November 2, 2013 Revised: April 3, 2014
Accepted: May 8, 2014

Published online: August 15, 2014

Abstract

AIM: To demonstrated the combined effects of aging
and carcinogen treatment on cancer stem/stem-like
cells (CSCs) of gastric mucosa in an animal model.

METHODS: In this study we investigated the effects of
aging and Helicobacter pylori (H. pylori) inflammation
as a model for inflammation induced carcinogenesis in
human and rat gastric mucosa samples. In aging stud-
ies, we compared 4-mo old (young) with 22 mo (aged)
old Fischer-344 rats. For human studies, gastric biop-
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sies and resection specimens representing normal mu-
cosa or different stages of H. pylori gastritis and gastric
adenocarcinomas were used for determining the ex-
pression of stem cell markers CD166, ALDH1 and LGR5.
In addition we performed immunofluorescent double
labeling for B-catenin and Lgr5 in both rat and human
gastric tissues to examine the status of Wnt signaling
in these cells.

RESULTS: CSC markers ALDH1, LGR5, and CD166
were expressed in very low levels in normal human
gastric mucosa or young rat gastric mucosa. In con-
trast, level of expression for all three markers signifi-
cantly increased in H. pylori gastritis and gastric adeno-
carcinomas as well as in normal gastric mucosa in aged
rats. We also observed cytoplasmic B-catenin staining
in both aged rat and human H. pylori inflamed gastric
mucosa, which were found to be colocalized with Lgr5
immunoreactive cells. The increased number of ALDH1,
CD166 and LGR5 positive cells in H. pylori gastritis indi-
cates that increased number of stem-like cells in gastric
mucosa is an early event, and may constitute an impor-
tant step in the progression to neoplasia.

CONCLUSION: Our observation of the age-related
increase in cancer stem/stem-like cells in the gastric
mucosa may explain the increased incidence of gastric
cancer during aging. Combination of aging and 4. py-
Jori infection may have additive effects in progression
to neoplasia.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this study we demonstrated an age-related
increase in cancer stem/stem-like cells (CSCs) in normal
appearing gastric mucosa with activated Wnt signal-
ing. In addition, we have shown that gastric infection
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by Helicobacter pylori (H. pylori) induces an increase
in CSC population in the gastric mucosa. Based on our
observations we believe that aging and chronic inflam-
mation with H. pylori are two significant factors that
overlap and presumably exacerbate each other in gas-
tric carcinogenesis.
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INTRODUCTION

It has been well established that the incidences of cancer
rise sharply with age and the majority of cancer cases
are detected in patients over the age of 65 years'. Such
a direct correlation between cancer incidence and ad-

vanced age in most cancers clearly suggests that the phe-
nomenon of aging and cancer are intricately connected.
Accumulating evidence also suggests that the increase
in tumor incidence with advancing age is preceded in
part by chronic disorders including inflammation'. The
etiological causes of inflammation are many folds and
include viruses, bacteria, environmental pollutants, and
stress as well as food factors. Chronic inflammation as
risk factor for most cancers is well recognized”.

Aging and chronic inflammation are two factors asso-
ciated with an increased risk for gastric cancer'™”. Within
the gastrointestinal tract, inflammatory conditions such
as gastroesophageal reflux disease, Helicobacter pylori in-
fection (H. pylori), inflammatory bowel disease, and viral
hepatitis are well known to be associated with cancers'”.
The possible explanations for the link between cancer
and inflammation are accumulating gene mutations,
inhibition of apoptosis, increased cell proliferation and
pro-inflammatory cytokine release which creates a pro-
carcinogenic microenvironment?,

A growing body of evidence supports the contention
that cancers, including the gastric cancer are diseases
driven by a small set of self renewing cells, termed can-
cer stem cells (CSC) or cancer-initiating cells, that are
distinct from the bulk of the cells in the tumor™”. CSCs
are widely believed to arise from the normal stem cells
or progenitor cells upon mutations'”.

The putative progenitor/stem cell in the stomach
is thought to reside in the isthmic region of the fundic
epithelium[6’7’10]. In mice, granule free cells in the isthmus
have been shown to act as stem cells' .

The gastric progenitor/stem cells accomodate to
acute and chronic injury to the gastric epithelium and
replenish the destroyed epithelium during the lifetime of
the organism of interest, which creates the risk of accu-
mulating mutations and giving rise to gastric cancers'"?,
H. pylori gastritis which is a known preneoplastic condi-
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tion, is a good model to study the response of stem cells
to chronic injury and mutagenesis'” ", A recent study
has shown a direct interaction between H. pylori organ-
1sms and gastric stem cells".

We have recently demonstrated the combined effects
of aging and carcinogen treatment on the colon CSCs in
a rat model"*"”. In this model, carcinogen treated rats had
more dramatic increase in CSCs if they were also aged.
Based on these and other relevant observations™”' ",
we hypothesize that, aging and chronic inflammation are
two parallel events leading to an increased incidence of
cancers in the gastrointestinal tract, including colon and
gastric cancers. We further hypothesize that the initiating
factor in this scenario is the alteration of the CSC popula-
tion in the normal appearing mucosa.

To test our hypothesis that combination of the ef-
fects of aging and inflammation on CSCs exacerbates
cancer development, we made an attempt to identify gas-
tric CSCs by using immunohistochemical IHC) markers
in young and old rat gastric mucosa samples. We then
expanded our studies to human gastric mucosa with vari-
ous degrees of H. pylori induced inflammation in order
to show the alterations in CSC compartment during the
course of H. pylori- induced disease.

MATERIALS AND METHODS

Animals

Male Fischer-344 rats, aged 4-6 (young) or 22-24 mo (old)
were purchased from the National Institute on Aging
(Bethesda, MD). All procedures were performed accord-
ing to the standards for use of laboratory animals estab-
lished by the Institute of Laboratory Animal Resources,
National academy of Sciences, and were approved by the
Animal Investigation Committee at Wayne State Univer-
sity School of Medicine. The details of animal handling
have been previously published'**",

Human gastric tissues

Formalin fixed-paraffin embedded gastric tissue samples
representing normal/uninfected mucosa (# = 10), he-
licobacter pylori gastritis (7 = 12), helicobacter pylori
gastritis with intestinal metaplasia (# = 10), dysplasia (»
= 6) and gastric cancer (# = 12) were retrieved from the
Pathology archives of John D. Dingell VA Medical Cen-
ter, Detroit MI. The diagnoses were confirmed by three
pathologists who are co-authors of this study. The study
was approved by the IRB committee of Wayne State
University, and the R&D committee of John D. Dingell
VA Medical Centet.

The mean age of the patients was 46 + 6 (SD). They
were all male, reflecting the population profile of the
hospital. The difference of age between the control and
the inflamed mucosa samples was not statistically signifi-
cant (not shown).

Immunohistochemistry
The antibodies utilized for immunohistochemical stains
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Table 1 Staining scores for stem cell markers in human gas-
tric mucosa and rat gastric mucosa

n ALDH CD166 LGR5
Normal 10 1-2 0 1-2
H. pylori without IM 12 5-6" 3-4° 3-4°
H. pylori with IM 10 7-8° 5-6" 5-6"
Gastric adenocarcinoma 12 85% 75% 70%
4-mo-old rat 6 1-2 1-2 0
24-mo-old rat 6 34 5-6 3-4°

The numbers are cells expressing the marker per a crypt counted. We
grouped the cell counts as 0; 1-2; 3-4; 5-6; 7-8; etc. For evaluation of gastric
adenocarcinoma, we expressed the percentage of cells staining with the
related marker. °P < 0.05 vs normal human gastric mucosa or 4-mo-old rat
gastric mucosa. Gastric adenocarcinoma was not included in statistical
analysis.

were LGR5 (dilution at 1:200, ABGENT, San Diego
CA), CD166 (dilution at 1:200 RD systems, Minneapolis
MN), ALDH1 (dilution at 1:100 BD Biosciences, San
Jose CA) and B-catenin (SCBT, Dallas TX at 1:100 dilu-
tion).

Immunohistochemistry was performed according to
our standard protocol[8’13’19]. Briefly, the paraffin blocks
of the fixed colon tissues were cut into 5 um sections.
The slides were deparaffinized. For antigen retrieval, tis-
sues were microwaved for 15 min in Citrate pH = 6.0
buffer, then allowed to cool to room temperature. En-
dogenous peroxide was quenched by incubation of the
sections with 3% hydrogen peroxide. Non specific bind-
ing was blocked application of 5% horse serum. Primary
antibodies were applied overnight at 4 ‘C and antibody
detection was completed utilizing the Vecstatin Elite
ABC system detection kit from Vector (Butlingame CA).
AEC was used as chromogen.

We defined positivity in normal and H. pylori cases
as membranous and cytoplasmic staining in number of
cells per gland (CPG). For cancer cases we used percent-
age of tumor cells to define positivity.

Immunofiuorescence double labeling of B-catenin and
LGR5

We have performed double labeling for B-catenin and
Lgr5 on sections from rat gastric mucosa and human
gastric epithelium by using immunofluorescent second-
ary antibodies to demonstrate the co-expression of these
markers. For B-catenin primary antibody (Santa Cruz
BT) anti-mouse IgG TRITC (Sigma, St Louis MO) sec-
ondary antibody was used. For LGR5 (ABGENT) anti-
body, anti-rabbit IgG FITC (Sigma) antibody was used.
The slides were evaluated by a fluorescent microscope
with green and red filters. Gastric cancer specimens were
used as positive controls. For negative controls, we omit-
ted the primary antibody, and applied only secondary
antibody.

Statistical analysis
For statistical analysis we assessed the CSC expression as
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low »s high expression, with 0 and 1-2 CSC considered
as low expression and = 3-4 CSC as high expression.
This cut off value was based on the observation that in
normal mucosa we rarely encountered more than 1-2
CSC per gland counted. Statistical significance was as-
sessed by 5 test.

RESULTS

Rat gastric mucosa
In the 4 mo old (young) rats ALDH1, CD166 and LGR5
staining were rare events. Very few cells in the isthmic
region of the fundic mucosa demonstrated cytoplasmic
staining for the three markers (Figure 1). The results are
summarized in Table 1.

The expression of LGR5 and CD166 was significant-
ly increased in the 24 mo old rats (Figure 1 and Table 1).
The staining location was still in the isthmus region. The
B-catenin staining was limited to few stem cells and was
membranous in the young rat mucosa and cytoplasmic
in the aged mucosa (Figure 1).

B-catenin LGRS double labeling

We also investigated the expression of B-catenin and
LGRS5 in a double immunofluorescent labeling study.
B-catenin is normally expressed in the cell membrane in
the inactive state. Activated B-catenin pathway can be
detected by nuclear or cytoplasmic staining. We there-
fore investigated the status of B-catenin signaling in the
LGR5 expressing putative stem cells. As shown in Figure
2A, a rare cell with LGR5 expression (green signal) also
revealed cytoplasmic B-catenin immunoreactivity (red

signal).

Human gastric mucosa

We first investigated the expression of CSC markers in
normal mucosa which included both antral and fundic
mucosa. The staining of the cells was localized to the
isthmic region of the fundic mucosa (Figure 3). In an-
trum, the staining was present in the base of the glands.

In H. pylori infected gastric mucosa, the expression
of CSC markers was significantly increased for all three
markers examined (Table 1 and Figure 3).

In the H. pylori infected gastric mucosa with intestinal
metaplasia and also in gastric cancer, the level of staining
was also significantly increased (Table 1).

In addition, we performed a double labeling immu-
nofluorescent staining for LGR5 and B-catenin in H.
Ppylori infected gastric mucosa. We observed that in the
LGRS expressing cells in the gastric mucosa; the expres-
sion of B-catenin is cytoplasmic, implying an activation
of B-catenin signaling (Figure 2B).

DISCUSSION

In this study we demonstrated an age-related in CSCs in
normal appearing gastric mucosa with activated WNT
signaling. In addition, we have shown that, gastric infec-
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Figure 1 Higher expression of B-catenin, CD166, and LGR5 in normal aged rat gastric mucosa, compared to young rat normal gastric mucosa is demon-
strated. x 200 magnification. A: 4 m CD166; B: 24 m CD166; C: 4 m LGR5; D: 24 m LGRS; E: 4 m B-catenin; F: 24 m B-catenin.

tion by H. pylori induces an increase in CSC population
in the gastric mucosa. Based on our observations we be-
lieve that aging and chronic inflammation with H. pylori
are two significant factors that overlap and presumably
exacerbate each other in gastric carcinogenesis.

Studies of the murine gastrointestinal tract have
shown that cells from old mice at or near the position
of the stem cells within the crypts of Lieberkuhn are
more susceptible to apoptosis under stress'" and exhibit
reduced regenerative potential despite an age dependent
increase in the number of crypt cells. Similar age related
decline in functional properties of stem cells have been
shown in other tissues particularly in hematopoietic stem
cells”. It is very likely that the increase in the number of
stem cells is a compensatory event to replenish the de-
stroyed cells in the target tissue and is a reflection of the
decreased functional capacity of these cells. This situa-
tion is analogous to myelodysplastic syndrome, which is
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commonly present in the elderly and is characterized by
a hypercellular bone marrow despite a peripheral cytope-
nia.

Stem cells are subject to the similar array of insults
as somatic cells and are therefore susceptible to genetic
damage. The accumulating damage, unlike that of so-
matic cells is propagated to the daughter cells and to
downstream lineages through the process of self re-
newal and differentiation. The nature of accumulating
mutations and genetic damage determines the fate of
the CSCs. The outcome could be senescence, apoptosis,
or transformation"”.

In this context, the survival pathways utilized by the
stem cells are very critical in their maintenance and pos-
sibly transformation. The important signaling pathways
involved in gastric CSCs survival include the Wnt/
B-catenin, sonic hedgehog (shh), Notch, and fibroblastic
growth factor/bone morphogenic protein (FGF/BMP)
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Figure 2 Double labeling for LGRS (green, left panel) and B-catenin (red, right panel) in aged rat gastric mucosa (Lower Panel, X 600 magnification), H.
pylori infected human gastric mucosa (Upper Panel, X 400 magnification) shows cytoplasmic localization of B-catenin in an LGR5 expressing cell.

pathwaysls’g’lz’zzj.

Wat signaling pathway releases B-catenin from the
AXIN/GSK3b degradation complex. Activation of the
Wat signaling results in the translocation of B-catenin
from the cell membrane to the cytoplasm and subse-
quent translocation to the nucleus. Accumulation of
B-catenin in the nucleus results in the transcriptional
activation of target genes that play critical roles in regu-
lating cell proliferationlzzj.

H. pylori infection results in the activation of the stem
cell signaling networks such as Wnt, Notch, FGF/BMP,
and Hh/SHH oncogenic signaling pathwayslz’s’zzj. Ina
previous study, H. pylori infection has been shown to be
associated with an increased expression of CD44 in gas-
tric mucosa'”. We also investigated CD44 in the gastric
mucosa and found that CD44 expression is markedly
increased in H. pylori infected mucosa (data not shown).

LGRS5 is an orphan G-protein coupled receptor and
Whnt target gene, and is a putative marker for gastroin-
testinal stem cells. Barker ¢f o/ first identified a sub-
population of Lgr5+ stem cells at the base of the crypts
in mouse small intestine and colon. Since then, several
studies have confirmed the utility of Lgr5 as a putative
stem cell/progenitor marker””. Our studies highlight an
Ler5 positive population in normal human fundic epi-
thelium, localized to the isthmic region, in concordance
with the anatomic localization of the progenitor cells. In
addition, we demonstrate that Lgr5 expressing cells are
increased during aging and in response to H. pylori infec-
tion.
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Our double labeling studies demonstrate that B-catenin
is relocated to cytoplasm in the stem cells in aging and
H. pylori infection. Wnt signaling may preferentially in-
fluence the expansion of progenitor cells in the gastro-
intestinal system and may be the driving force behind
the early increase in CSCs in the colon and stomach.
However, we do not know whether the activation of
B-Catenin is entirely normal or an early phase of neo-
plastic transformation. Since WNT signaling can support
both the normal and CSCs renewal and maintenance, it
is a potential target for therapeutic interventions or pre-
ventative measures.

Our current findings are very similar to our previ-
ous data from colonic mucosa of aged and carcinogen
exposed rats"™'%. We propose that in gastrointestinal
cancers, aging and chronic inflammation leading to cyto-
kine activation is a critical factor. The increase in CSCs is
probably one of the early events in this process. Further
studies are needed to directly observe the link between
increase in CSCs and acquisition of cancer phenotype.

The finding of increase in CSCs in otherwise not-
mal appearing mucosa has ramifications for diagnostic,
prognostic, preventive, and therapeutic approaches to
the gastrointestinal cancers. CSC markers can be used in
gastric biopsies from patients with atrophic gastritis and
intestinal metaplasia to see the status of CSC population.
This can be used as a surrogate for increased risk for
cancer. In addition, targeted therapies can be designed
to specifically attack the stem cell population in cancers,
and response to treatment can be monitored by observ-
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Figure 3 Immunohistochemical staining of stem cell markers ALDH1, CD166, LGRS in human normal gastric mucosa, gastric mucosa with H. pylori gas-
tritis, and gastric adenocarcinoma, demonstrates increased expression of each of the markers over the normal controls. X 200 magnification. A: ALDH1
Normal; B: ALDH1 HP; C: ALDH1 CA; D: CD166 Normal; E: CD166 HP; F: CD166 CA; G: LGR5 Normal; H: LGR5 HP; I: LGR5 CA.

ing the changes in the stem cell population.

COMMENTS

Background

Aging and chronic inflammation are two factors associated with gastric cancer.
There is evidence suggesting a link between stem cells in gastric mucosa and
increased risk for cancer. Aging and chronic inflammation may cause alterations
in stem cells thus causing cancer.

Research frontiers

Cancer stem cells can be detected by using specific markers and demonstrated
by immunohistochemistry. This approach allows the authors to demonstrate
changes in cancer stem cells associated with aging and inflammation.

Innovations and breakthroughs
In this study the authors demonstrated that aging and chronic inflammation are
associated with an increased stem cell population in gastric mucosa.

Applications

Gastric cancer stem cell markers can be utilized as prognostic markers or can
be used to monitor response to treatment. They can also help the authors un-
derstand tumor pathobiology.

Terminology

Cancer stem cells are thought to be normal resident stem cells or specialized
cells which acquire cancer initiating properties. Cancer stem cell hypothesis
assumes that cancers arise by alterations in cancer initiating subpopulations of
cells in a given tissue.
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Peer review
The reviewers think that the study provides data identifying and quantifying
stem cells in gastric mucosa of rats and humans. According to their data the

number of stem cells is increased by chronic inflammation and aging.
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