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Background/Aims: Gastric cancer evolves in the pathologic
mucosal milieu, and its development is characterized by
both the loss of acid-secreting parietal cells and mucosal
cell metaplasia, called spasmolytic polypeptide-expressing
metaplasia (SPEM). Cytokines, such as interleukin (IL)-10,
IL-1pB, and IL-6, play a key role in gastric carcinogenesis. How-
ever, changes in the cytokine profile of SPEM have not been
evaluated. Methods: To induce SPEM in mouse stomachs,
C57BL/6 mice were intraperitoneally injected with tamoxifen
and sacrificed at 3, 10, and 21 days after treatment. RNA-
sequencing (RNA-seq) and a multiplex bead array were used
to measure cytokines in the stomachs of tamoxifen-treated/
control mice. Results: The administration of tamoxifen led
to the rapid development and histological normalization of
SPEM 3 and 10 days after administration, respectively. RNA-
seq revealed that the expression of IL-10 was decreased
3 days after tamoxifen administration. The multiplex assay
identified a significant decline in IL-10 levels 3 days after
tamoxifen treatment (58.38+34.44 pg/mL vs 94.09+4.98
pg/mL, p=0.031), which normalized at 10 and 21 days
after tamoxifen treatment. Immunofluorescence staining
confirmed that IL-10 expression was markedly decreased at
the time of SPEM development and subsequently returned
to normal, accompanied by a reversal in histologic changes.
Conclusions: IL-10 may play a pivotal role in the tamoxifen-
induced acute development of gastric SPEM. (Gut Liver
2017;11:789-797)
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INTRODUCTION

In the stomach, to initiate digestion and protect the epithelial
structure, the oxyntic mucosa secretes and regulates various
molecules, such as acids, zymogens, histamines, somatostatin,
and other local hormones.' The oxyntic mucosa is composed a
set of secretory cells, including parietal cells (PCs), chief cells,
mucosal neck cells, and several types of endocrine cells.”*
Among them, PCs appear to be critical regulators of cellular
homeostasis in the gastric gland and numerous studies have re-
vealed that PC loss or dysfunction result in decreased numbers
of zymogenic cells.” Zymogenic cell loss is accompanied by
expansion of a dysplastic cell type, i.e., spasmolytic polypeptide-
expressing metaplasia (SPEM), which shares features with cells
of the mucosal neck-zymogenic lineage.

Recent studies suggest that SPEM can initiate gastric carci-
nogenesis, and it is considered a reversible early precursor of
cancerous lesions.”” The cytokines produced by mucosal cells,
such as interleukin (IL)-4, vascular endothelial growth factor
(VEGEF), interferon (IFN)-y, tumor necrosis factor (TNF)-a, and
IL-10, are related to metaplasia in several tissues, including the
stomach.”"" Accordingly, the aberrant expression of cytokines
in gastric oxyntic epithelial cells is associated with the develop-
ment of metaplasia,'”"” but alterations in the expression patterns
of cytokines have not been evaluated in cases of SPEM, an early
stage of metaplasia during gastric carcinogenesis.
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SPEM can be induced rapidly, as demonstrated when mice
are infected with Helicobacter species or treated with DMP

777 or tamoxifen.'*"”

Tamoxifen, a selective estrogen receptor
modulator, most rapidly induces PC loss and SPEM in mice.
In addition, the metaplastic mucosa of tamoxifen-treated mice
tends to recover in a time-dependent manner.” In this study,
we investigated the expression change in cytokine profiles dur-
ing the progression and recovery of SPEM using mice in which

SPEM was induced by tamoxifen.

MATERIALS AND METHODS
1. Animal experiments

Eight-week-old C57BL/6 mice were purchased from the Jack-
son Laboratory (Bar Harbor, ME, USA). Tamoxifen (3 mg/20 g
mouse body weight; Cayman Chemical, Ann Arbor, MI, USA) or
the same volume of vehicle was injected intraperitoneally once
daily for 3 consecutive days to induce SPEM. Tamoxifen was
dissolved in 10% ethanol and 90% sunflower seed oil (Sigma,
St. Louis, MO, USA). Groups of six mice each were sacrificed at 3,
10, and 21 days after tamoxifen or vehicle administration.

2. Histological analyses

Stomach tissue obtained from mice was fixed in neutral buff-
ered 10% formalin for 12 to 24 hours, washed in 70% ethanol,
processed by standard methods, embedded in paraffin, sectioned
at 3 um, and stained with hematoxylin and eosin (H&E). Loss
of PCs and changes in the differentiation of mucosal neck-zy-
mogenic lineage cells were observed. PCs were counted in H&E-
stained sections taken from every mouse used in the study. Fifty
well-aligned corpus gastric units were selected at random from
each mouse. The number of PCs counted in each unit and the
average number of PCs/unit were calculated. For immunofluo-
rescence staining, stomach sections were co-stained with lectin
GS I (a mucosal neck cell marker, 1:100; Thermo Fisher Scien-
tific, Waltham, MA, USA) and anti-VEGF-p (PCs marker, 1:200;
Santa Cruz Biotechnology, Dellas, TX, USA) antibodies. H&E
counts were indistinguishable from immunofluorescence-based
counts.

3. Total RNA extraction and RNA sequencing

Total RNA was isolated from fresh frozen tissues of mouse
stomach sacrificed 3 days after tamoxifen or vehicle adminis-
tration (n=3/group) using an RNeasy Mini Kit (Qiagen, Valencia,
CA, USA) according to the manufacturer’s instructions. Total
RNA quality and quantity were determined using a Nanodrop
8000 UV-Vis spectrometer (Thermo Fisher Scientific) and an
Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara,
CA, USA). The quantity of all RNA samples was >2 g, and the
quality had an RNA integrity number value >8.0.

Library construction for whole transcriptome sequencing was
performed using the TruSeq RNA sample preparation v2 kit

(umina, San Diego, CA, USA). Isolated total RNA (2 ug) was
used for reverse transcription reactions with poly (dT) primers
and SuperScript™ II reverse transcriptase (Invitrogen/Life Tech-
nologies, Grand Island, NY, USA) according to the manufac-
turer’s protocols. Briefly, the RNA sequencing (RNA-seq) library
was prepared through cDNA amplification, end-repair, 3’ end
adenylation, adapter ligation, and amplification. The quality and
concentration of the library were measured using Bioanalyzer
and Qubit instruments, respectively. Sequencing of the tran-
scriptome library was carried out using the 100 bp paired-end
mode of the TruSeq Rapid PE Cluster kit and the TruSeq Rapid
SBS kit (Illumina).

4. RNA-seq data analysis

Reads from FASTQ format files were mapped against the
mouse reference genome (UCSC mm10) using TopHat ver-
sion 2.0.6 with default parameters (http://ccb.jhu.edu/software/
tophat/index.shtml). The mapping results were analyzed by
HTSeq version 0.6.1 to quantify transcript abundance. Coding
genes were selected and raw read counts were normalized by
TMM (trimmed mean of M-values) normalization. We analyzed
the expression levels of cytokines and their receptors using the
DESeq R package based on fold change.

5. Reverse transcription polymerase chain reaction

Total RNA was isolated from fresh frozen tissues of mouse
stomach sacrificed before and after vehicle (3 days) or tamoxi-
fen administration (3, 10, and 21 days). Reverse transcription
polymerase chain reaction (RT-PCR) was performed with the
following primers: IL-10 (forward: 5-TAAGGCTGGCCACACTT-
GAG-3', reverse: 5'-GTTTTCAGGGATGAAGCGGC-3'); IL-12p40
(forward: 5'-AGGTCACACTGGACCAAAGG-3', reverse: 5-TG-
GTTTGATGATGTCCCTGA-3'); IL-12p35 (forward: 5'-CATCGAT-
GAGCTGATGCAGT-3’, reverse: 5'-CAGATAGCCCATCACCCT-
GT-3'); IL-1B (forward: 5-TGCCACCTTTTGACAGTGATG-3,
reverse: 5'-TTCTTGTGACCCTGAGCGAC-3'); IL-5 (forward:
5'-ATGGAGATTCCCATGAGCAC-3', reverse: 5'-CCCACGGA-
CAGTTTGATTCT-3'); TNF-qo (forward: 5'-TGCCAGCTCCAG-
GATTTCAG-3’, reverse: 5'-CTCAGCCCTCACTTGACCTG-3");
INF-y (forward: 5-TCCCCAAGAACATGCTCTCTAA-3', reverse:
5'-TTCCTCGAACTCCACACTGC-3'); and GAPDH (forward:
5'-ACCCAGTCCATGCCATCAC-3, reverse: 5'-TCCACCACCCT-
GTTGCTGTA-3").

6. Multiplex immunoassay

Stomach tissues obtained from mice were immediately frozen
in liquid nitrogen and stored at -70°C. Cytokine levels were
determined in tissue lysates using a multiplex mouse bead im-
munoassay kit (Bio-Rad, Hercules, CA, USA). All samples were
lysed with T-PER tissue protein extraction reagent (Thermo
Fisher Scientific). The nine-plexed assays (INF-y, IL-12p70, IL-
4, IL-5, IL-6, TNF-q, IL-10, IL17A, and IL-1p) were performed in


http://ccb.jhu.edu/software/tophat/index.shtml
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accordance with the manufacturer’s instructions. Optical density
was determined using a microplate reader set to 450 nm.

7. Immunofluorescence

Stomach tissues obtained from mice were prepared, stained,
and imaged to assess cytokine expression. The primary anti-
bodies used for immunofluorescence staining were: lectin GS
II, anti-VEGF-, anti-IL-10 (1:200; Santa Cruz Biotechnology),
anti-IFN-y (1:50; Abcam, Cambridge, UK), anti-IL-6 (1:500; Ab-
cam), anti-TNF-¢, (1:100; Abcam), anti-IL-13 (1:100; Abcam),
and anti-proteinase 3 (Santa Cruz Biotechnology). Expression
levels of VEGF-B, GS II, and cytokines were evaluated under
confocal microscopy after immunofluorescent staining of depa-
raffinized tissue sections.

8. Statistics

Continuous variables are expressed as means+standard devia-

A
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tion, while categorical variables are presented as absolute values
and percentages. Differences between continuous variables were
analyzed using unpaired Student t-tests, while differences be-
tween categorical variables were analyzed using the chi-square
test and Fisher exact test. All statistical analyses were performed
with SPSS software version 18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

1. Tamoxifen induces loss of PCs in the gastric mucosa of
mice

We confirmed that treatment of normal mice with three con-
secutive administrations of 3 mg/20 g body weight of tamoxi-
fen leads to apoptosis of about 90% of all gastric PCs and
metaplasia of mucosal neck-zymogenic lineage cells within 3
days. Gastric histology returns to nearly normal by 10 days. As
shown in Fig. 1A, significant PC loss was detected in tamoxifen-

Tamoxifen

Fig. 1. Tamoxifen induces a de-
crease in the number of parietal
cells (PCs) in the gastric mucosa of

mice. (A) Mice were treated with 3
mg/20 g body weight of tamoxifen
or vehicle for 3 days. Experimental
mice were sacrificed at the indicated
time points after the final tamoxifen
administration. PCs were counted in
hematoxylin and eosin-stained sec-
tions. (B) The expression levels of
vascular endothelial growth factor
(VEGF)-B and GS II were evaluated
by confocal microscopy after im-
munofluorescence staining of depa-
raffinized tissue sections (red: GS II,
a mucosal neck cell marker; green:
VEGE-B, a PC marker).

CI, confidence interval.
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treated mice at 3 days when compared to mice in the control
group (p<0.05). These differences were not detected at 10 or 21
days, suggesting that PCs recovered. To confirm these findings,
we performed immunofluorescence staining of the gastric gland.

As shown in Fig. 1B, anti-VEGF-f, a PC marker, was not de-
tected at 3 days; however, PCs had recovered at 10 and 21 days.
None of the mucus neck cells changed at any point in time,
suggesting that tamoxifen induces rapid and reversible SPEM

Table 1. The Expression Pattern of Cytokines and Their Receptors in the Mouse Stomach 3 Days after Vehicle or Tamoxifen Administration

Gene symbol Base mean of control* Base mean of case' Fold change
Proinflammatory
IL-1a IL1A 12.5 24.0 1.92
IL-1B IL1B 12.0 6.0 0.50
IL-1 receptor IL1IR1 563.5 626.0 1.11
IL-6 ILe 0.0 1.0 NA
IL-6 receptor IL6RA 205.0 244.5 1.19
IL-12, subunit p35 IL12A 0.0 0.0 NA
IL-12, subunit p40 IL12B 0.0 0.0 NA
IL-12 receptor, subunit 1 IL12RB1 2.0 0.5 0.25
IL-12 receptor, subunit 32 IL12RB2 24.0 22.5 0.94
TNF-a TNF 1.0 0.5 0.50
TNF receptor TNFRSF1A 1,965.5 2,068.0 1.05
IFN-y INFG 0.0 0.0 NA
IFN-y receptor IFNGR1 3,487.5 3,808.5 1.09
IL-17 IL17A 0.0 0.0 NA
IL-17 receptor A IL17RA 315.0 384.5 1.22
IL-17 receptor C IL17RC 1,075.5 1,309.5 1.22
IL-21 1L21 0.0 0.0 NA
IL-21 receptor IL21R 4.5 5.0 1.11
1L-22 1L22 0.0 0.0 NA
IL-22 receptor IL22RA1 295.0 333.5 1.13
Anti-inflammatory or immune-regulatory
IL-4 L4 0.5 0.5 1.00
IL-4 receptor IL4RA 664.0 872.5 1.31
IL-5 IL5 0.68 0.31 0.46
IL-5 receptor, subunit o IL5RA 0.0 0.5 NA
GM-CSF/IL-3/IL-5 receptor common [ subunit Csf2rb 54.5 42.0 0.77
IL-13 IL13 0.0 0.0 NA
IL-13 receptor, a1 IL13RA1 1,705.0 2,125.0 1.25
IL-10 IL10 2.0 0.5 0.25
IL-10 receptor, subunit o IL10RA 41.0 41.5 1.01
IL-10 receptor, subunit 3 IL10RB 1,224.5 1,348.0 1.10
TGF-B1 TGFB1 173.5 188.5 1.09
TGF-B2 TGEB2 106.5 101.5 0.95
TGF-B3 TGFB3 139.0 114.0 0.82
TGF-f receptor 1 TGFBR1 931.0 937.0 1.01
TGF-f receptor 2 TGFBR2 2,059.5 2,063.5 1.00
TGF-f receptor 3 TGFBR3 630.0 756.0 1.20

IL, interleukin; NA, not available; TNF, tumor necrosis factor; IFN, interferon; GM-CSF, granulocyte macrophage colony-stimulating factor; TGF,

transforming growth factor.

*Base mean of mouse stomachs sacrificed 3 days after vehicle administration; Base mean of mouse stomachs sacrificed 3 days after tamoxifen

administration.



in C57BL/6 mice. There were no significant changes in inflam-
matory cell infiltration in the lamina propria or submucosa at 3,
10, or 21 days after tamoxifen or vehicle administration.

2. Expression pattern of cytokines and their receptors
assessed using RNA-seq

RNA-seq was performed using two pairs of fresh frozen
samples of mouse stomach. Mice were sacrificed 3 days after
intraperitoneal tamoxifen or vehicle administration. We focused
on the expression pattern of cytokines and their receptors. Al-
though most cytokine and receptor transcripts showed very low
expression levels, the fold change of expression of IL-1f, IL-12

IL-10
GAPDH
IL-12p40
GAPDH
IL-12p35
GAPDH
IL-1B
GAPDH
IL-5

GAPDH

TNF-o, [

GAPDH

INF-y

GAPDH

Fig. 2. The reverse transcription polymerase chain reaction results
showing the cytokine profiles in tamoxifen-induced reversible gas-
tric metaplasia. The transcripts of interleukin (IL)-10, IL-12p40, IL-
12p35, IL-1B, IL-5, tumor necrosis factor (INF)-a, and interferon
(IFN)-y were analyzed in the stomach tissues of mice sacrificed before
and after vehicle (3 days) or tamoxifen administration (3, 10, and 21
days). All experiments were independently repeated three times.
GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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receptor subunit 31, TNF-q, IL-5, and IL-10 in mouse stomach at
3 days after tamoxifen administration were >2 or <0.5 (Table 1).

RT-PCR confirmed that the expression of IL-10 was lower in
mouse stomach at 3 days after tamoxifen administration than
in mouse stomach before administration or following vehicle
administration. The expression of IL-10 recovered at 10 and 21
days after tamoxifen administration (Fig. 2).

3. Cytokine expression in multiplex immunoassay and
immunofluorescence staining

Since the expression of cytokines was altered by SPEM pro-
gression, we performed a multiplex immunoassay to confirm
changes in expression levels of inflammatory cytokines in sam-
ples from tamoxifen-treated mice. Protein levels of IL-1p, IL-
12p70, TNF-q, IL-5, IL-10, IFN-y, IL-4, and IL-6 were examined
in mouse gastric tissues. We analyzed the change in expression
patterns according to PC loss and subsequent restoration. Cyto-
kine levels in the gastric tissues of tamoxifen-treated mice were
not statistically different from those in control mice, although
the levels of cytokine expression, except IL-10, showed consti-
tutive increasing patterns in tamoxifen-treated mouse tissues
(Fig. 3). IL-10 was significantly reduced after 3 days (p=0.031),
and subsequently recovered at days 10 and 21, which was ac-
companied by a reverse in histologic changes.

IL-10 was not detected at 3 days but had recovered at 10 and
21 days. This suggests that the dysregulation of epithelial IL-
10 may be associated with tamoxifen-induced SPEM in gastric
mucosa. To define the relationship between IL-10 expression
and PC loss/recovery, we co-stained gastric glands with anti-
IL-10 and anti-VEGF-B antibodies. As shown in Fig. 4A, IL-
10 was detected in the cytoplasm, where it co-localized with
VEGEF-B. This suggests that IL-10 expression may be regulated
by PC reduction and that IL-10 expression was associated with
tamoxifen-induced SPEM.

Given that cytokines can be an important factor in the pro-
gression of mucosal metaplasias, such as SPEM, we directly ex-
amined the expression levels of cytokines in tamoxifen-treated
mouse tissues using immunofluorescence staining for IFN-y,
IL-6, TNF-q,, and IL-1f, which are associated with gastric car-
cinogenesis.”"" Because tamoxifen-induced SPEM is not related
to inflammation or inflammatory cell infiltration, we evaluated
cytokine changes in epithelial cells during SPEM by immuno-
fluorescence staining. However, there were no changes in the
expression levels of IFN-y, IL-6, TNF-q,, or IL-1B during SPEM,
which suggests that they have no relation to tamoxifen-induced
SPEM (Fig. 4B).

DISCUSSION
Tamoxifen is used a chemotherapeutic drug to treat diverse

tumors. However, some reports have suggested that tamoxifen
increases the risk of endometrial cancer and subsequent gastric
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Fig. 3. A multiplex immunoassay measuring the levels of cytokines in tamoxifen-treated mouse stomachs. Whole gastric tissue lysates were ex-
tracted from tamoxifen-induced spasmolytic polypeptide-expressing metaplasia mice and control mice. The experimental mice were sacrificed at
the indicated time points after tamoxifen administration. Cytokine levels were measured in the tissue lysates using a multiplex mouse bead im-
munoassay kit. The optical density was determined using a microplate reader set to 450 nm. The expression levels of interleukin (IL)-1p, IL-12p70,
tumor necrosis factor (INF)-q, IL-5, IL-10, interferon (IFN)-y, IL-4, and IL-6 were analyzed. The data shown are the means+standard error of the
mean of three independent experiments.

cancer.”®"” Huh et al.”” showed that tamoxifen treatment in- RNA-seq are broad and relative, and the sensitivity of the data
duced gastric atrophy and SPEM in both male and female mice, is based on the read depth or the length of the targeted genome.
and its effects were dependent on dose and time. In this study, RT-PCR is limited to studying a few genes at a time; however, it
we administrated tamoxifen to C57BL/6 mice and observed can be utilized to quantify a set of genes that might be sensitive.
that the number of PCs decreased in tamoxifen-treated gas- The results suggest that these pro- and anti-inflammatory cy-
tric glands after 3 days and recovered after 10 days. PCs have tokines may play roles in the progression of SPEM. The expres-
important roles in regulating cellular growth and cell lineage sion pattern of IL-10 indicates that tamoxifen-induced SPEM
differentiation in gastric mucosa. Loss of PCs is induced by ox- develops regardless of inflammation and IL-10 has a significant
yntic atrophy, which results in SPEM.* These results suggest that role in the progression of SPEM.
tamoxifen induces rapid and reversible SPEM in C57BL/6 mice. IL-10 is a multifunctional anti-inflammatory cytokine that
A number of cytokines are known to regulate immune re- downregulates cell-mediated immune responses and cytotoxic
sponse and homeostasis in the gastric mucosa.” Recent reports inflammatory responses. Changes in IL-10 levels have been
also showed that the expression of pro- and anti-inflammatory observed during the initiation and progression of gastric can-
cytokines is related to the development of atrophic gastritis and cer.”’ In chronic gastric inflammation, activated neutrophils and
mucosal cell metaplasia."”"” Thus, altered cytokine expression mononuclear cells produce different types of cytokines that are
could be related to the initiation of SPEM. In the results of the crucial in regulating inflammation In chronic gastric inflam-
RNA-seq, cytokines and receptor transcripts, including IL-10, mation, activated neutrophils and mononuclear cells produce
IL-1, IL-5, and TNF-q, in mouse stomach 3 days after tamoxi- different types of cytokines that are crucial for regulating in-
fen administration showed half or 2-fold higher level of those flammation. IL-10 is secreted by gastric mucosal tissues and
in controls. However, in RT-PCR, it seemed that the expression may protect the mucosa by limiting tissue damage caused by
of IL-10 only were reduced, and the levels of IL-1p, IL-5, and inflammation secondary to bacterial infection. Many studies
TNF-o were unchanged. There was a discrepancy between the have shown that IL-10 influences the homeostasis of the intes-
results of RNA-seq and RT-PCR. RNA-seq provides a broad view tinal mucosa via regulation of several signaling pathways. IL-
of genes, which is suitable for investigating the effect of large 10 regulates the expression and activities of pro-inflammatory
numbers of genes, detecting alternative splicing, and making cytokines via growth inhibition and differentiation-related

small RNA characterizations. However, the data obtained from signaling, such as that involving the phosphatidylinositol-4,5-
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IL-10 VEGF-3 IL-10+VEGF-3 IL-10+GS |l

Vehicle (day 3)

Tamoxifen (day 3)

Tamoxifen (day 10)

Tamoxifen (day 21)

INF-y IL-6

Vehicle (day 3)

Tamoxifen (day 3) Fig. 4. Interleukin (IL)-10 expres-

sion is associated with parietal cells
(PCs). (A) The expression level of
vascular endothelial growth factor
(VEGF)-B and IL-10 were evalu-
ated by confocal microscopy after
dual immunofluorescent staining of
deparaffinized tissue sections (red:
GS II, a mucosal neck cell marker;
green: VEGF-B, a PC marker). (B)
The expression levels of interferon
(IEN)-y, IL-6, tumor necrosis factor
(INF)-a, and IL-1P were evaluated
by confocal microscopy after dual
immunofluorescence staining of
deparaffinized tissue sections (red:
GS 1II, a mucosal neck cell marker;
green: each cytokine).

Tamoxifen (day 10)

Tamoxifen (day 21)

bisphosphate 3-kinase pathway, the Janus kinase/signal trans- Recent studies have also suggested that genetic variations in

ducer and activator of transcription pathway, and the mitogen- IL-10 are associated with inflammatory responses and atrophy

13,22

activated protein kinase pathway in the intestinal mucosa. in gastric tissues.” In our study, the expression level of IL-
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10 showed the same tendency toward changes in PCs, and IL-
10-secreting cells co-localized with the PC marker VEGF-f (Fig.
3). Since the loss of PCs can initiate SPEM, IL-10 reduction
induced by PC loss was closely associated with the development
of SPEM in tamoxifen-treated mice. The role of IL-10 in cancer
has become less certain with the greater understanding of its
immune-stimulatory activity.” Although IL-10 is needed for T-
helper cell function, T-cell immune surveillance, and suppres-
sion of cancer-associated inflammation, it may also be a key
cytokine in the host’s battle against cancer during early gastric
carcinogenesis.

Consequently, we evaluated the change of cytokine expres-
sion during the tamoxifen-induced SPEM and identified that
IL-10 expression was markedly decreased at the time of SPEM
development and subsequently returned to normal, accompa-
nied by a reversal in histologic changes. IL-10 may regulate the
homeostasis of the gastric mucosa and inhibit the development
of mucosal metaplasia, and it may play a potential therapeutic
role in inhibiting the development of SPEM during early gas-
tric carcinogenesis. Future studies must investigate the role of
epithelial IL-10 in order to elucidate the mechanism of SPEM

initiation in gastric tissue.
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