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Abstract

Background: Our previous works have demonstrated that Helicobacter pylori (Hp) in-
fection can alter histone H3 serine 10 phosphorylation status in gastric epithelial cells.
However, whether Helicobacter pylori-induced histone H3 serine 10 phosphorylation
participates in gastric carcinogenesis is unknown. We investigate the expression of
histone H3 serine 10 phosphorylation in various stages of gastric disease and explore
its clinical implication.

Materials and Methods: Stomach biopsy samples from 129 patients were collected
and stained with histone H3 serine 10 phosphorylation, Kié7, and Helicobacter pylori
by immunohistochemistry staining, expressed as labeling index. They were catego-
rized into nonatrophic gastritis, chronic atrophic gastritis, intestinal metaplasia, low-
gradeintraepithelial neoplasia, high-gradeintraepithelial neoplasia,andintestinal-type
gastric cancer groups. Helicobacter pylori infection was determined by either 183C-urea
breath test or immunohistochemistry staining.

Results: In Helicobacter pylori-negative patients, labeling index of histone H3 serine 10
phosphorylation was gradually increased in nonatrophic gastritis, chronic atrophic gastri-
tis, intestinal metaplasia groups, peaked at low-grade intraepithelial neoplasia, and de-
clined in high-grade intraepithelial neoplasia and gastric cancer groups. In Helicobacter
pylori-infected patients, labeling index of histone H3 serine 10 phosphorylation followed
the similar pattern as above, with increased expression over the corresponding Helicobacter
pylori-negative controls except in nonatrophic gastritis patient whose labeling index was
decreased when compared with Helicobacter pylori-negative control. Labeling index of
Ki67 in Helicobacter pylori-negative groups was higher in gastric cancer than chronic
atrophic gastritis and low-grade intraepithelial neoplasia groups, and higher in intestinal
metaplasia group compared with chronic atrophic gastritis group. In Helicobacter pylori-
positive groups, Kié7 labeling index was increased stepwise from nonatrophic gastritis to
gastric cancer except slightly decrease in chronic atrophic gastritis group. In addition, we
noted that histone H3 serine 10 phosphorylation staining is accompanied with its location

changes from gastric gland bottom expanded to whole gland as disease stage progress.
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1 | INTRODUCTION

Gastric cancer (GC) is the fifth most common malignancy and the
third leading cause of cancer-related death worldwide. Nearly half
of the disease burden occurs in Eastern Asia, particularly in China,
South Korea, and Japan.! GC can be subdivided into intestinal type
and diffuse type based on Lauren’s classification.? The development
of noncardia intestinal-type GC follows a well-defined histological
sequence of progression in Helicobacter pylori (H. pylori, Hp)-infected
gastric mucosa, initiating as chronic gastritis followed by atrophy,
intestinal metaplasia, dysplasia, and GC.3¢ H. pylori infection is
the known single most important factor for GC, and eradication of
H. pylori not only cures gastritis but also prevents the progression
to long-term complications, such as atrophic gastritis, intestinal
metaplasia, recurrence of ulcers and reduces the incidence of GC.
However, how H. pylori infection results in the initiation of GC re-
mains unknown.

Histone modification plays important roles in various cellu-
lar functions and cancer; they affect gene expression by changing
the state of transcription factors accessing to chromatin.”** The
post-translational modification of histone tails also affects differ-
ent levels of DNA organization, including acetylation, phosphoryla-
tion, methylation, ubiquitylation, and ADP ribosylation on it amino

81113 the combination of these modifications are im-

acid residues,
portant marks of epigenetics, commonly known as “histone code.”
Increasing evidences have indicated its role in tumor initiation and
development.'*

Several reports have indicated that histone H3 serine 10
(H3Ser10) is involved in epithelial carcinogenesis. For example,
phosphorylation of H3Ser10 (p-H3Ser10) is an essential regulatory
mechanism for epidermal growth factor (EGF)-induced neoplastic
cell transformation, which involves the induction of c¢-fos and c-jun
promoter activity.*>!¢ Overexpression of phosphorylated histone
H3 in gastric tissue has been reported as an indicator of poor prog-
nosis in gastric adenocarcinoma patients.17 Increased p-H3Ser10 is
critical in EB virus-induced carcinogenesis of nasopharyngeal car-
cinoma;*® active protein-1, mitogen- and stress-activated kinase 1
(MSK1) kinase activity and phosphorylation also participate in this

Conclusions: These results indicate that stepwise gastric carcinogenesis is associated
with altered histone H3 serine 10 phosphorylation, Helicobacter pylori infection en-
hances histone H3 serine 10 phosphorylation expression in these processes; it is also
accompanied with histone H3 serine 10 phosphorylation location change from gland
bottom staining expand to whole gland expression. The results suggest that epige-

netic dysregulation may play important roles in Helicobacter pylori-induced gastric

epigenetic, gastric cancer, H3 serine 10 phosphorylation, Helicobacter pylori, histone

process.’® Our previous work has demonstrated that H. pylori in-
fection alters histone modification and host response via cagPAl-
dependent mechanisms; we showed that wild-type H. pylori induced
time- and dose-dependent dephosphorylation of H3Ser10 and de-
creased acetylation of H3 lysine 23 (H3K23ac), but have no effects
on seven other specific modifications.’” However, whether H. pylori
infection affects histone modifications in human stomach and its
role in gastric carcinogenesis remains elusive.

In this report, we evaluate the expression pattern of p-H3Ser10
in stomach biopsy samples in chronic gastric disease and patients
with GC, and assess its role in the stepwise gastric disease progress.
The results indicate a strong correlation of histone H3Ser10 phos-
phorylation with chronic gastric disease progression and implicate

its role in H. pylori-induced gastric carcinogenesis.

2 | MATERIALS AND METHODS

2.1 | Patients

From November 2015 to May 2017, 134 subjects were enrolled
in this study at People’s Hospital of Zhengzhou University, China,
including 83 males and 51 females, mostly due to upper gastroin-
testinal tract discomfort. Inclusion criteria include no proton-pump
inhibitor use within past 2 weeks; no antibiotic and bismuth com-
pound use over the past 4 weeks and no previous treatment. During
the histological section re-evaluation process, two patients (2 males
in H. pylori-positive) were excluded due to their original diagno-
sis could not be confirmed; three other patients were excluded as
they were later confirmed as mixed-type GC in H. pylori-negative
intestinal-type GC group. Overall, the survival data were available in
129 of 134 cases (96.27%).

[Correction added on 25 April 2018, after first online publica-
tion: The number of subjects enrolled were updated to 83 males
and 51 females in this version.]

13C-urea breath test (*3C-UBT) was performed before and
after patient underwent gastroscope examination. All biopsy
samples were taken from gastric antrum and noncardia regions.

They were categorized into nonatrophic gastritis (NAG), chronic
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atrophic gastritis (CAG), intestinal metaplasia (IM), low-grade in-
traepithelial neoplasia (LGIN), high-grade intraepithelial neopla-
sia (HGIN), and intestinal-type GC groups. Diagnosis of H. pylori
infection was made based on the positive result of either 3¢
UBT or immunohistochemistry staining of H. pylori. All partici-
pating patients signed informed consent; the research protocol
was approved by the Ethics Committee of People’s Hospital of

Zhengzhou University.

2.2 | Reagents and immunohistochemistry staining

Polyclonal rabbit antihistone H3 phospho-specific at serine 10
antibody was purchased from Cell Signaling Technology (Cell
Signaling Technology, Cambridge, MA, USA, #9701, dilution 1:800).
Monoclonal mouse anti-human Ki-67 (cloning number: MIB-1) and
anti-H. pylori antibodies (cloning number: MX014) were purchased
from MXB Biotechnologies (MXB Biotechnologies, Fuzhou, China),
and the antibodies were diluted in antibody diluent (product num-
ber: ABD-0030, MXB Biotechnologies, Fuzhou, China).
Immunohistochemistry staining (IHS) was performed on
4-pm-thick serial sections derived from formaldehyde-fixed par-
affin blocks. Diagnoses were made with one slide stained with
hematoxylin and eosin (HE). Histological re-examination of pri-
mary tissue sections was carried out for all cases to confirm the
diagnosis. IHS was performed with LEICA BOND-MAX automated
slide staining system, using the Bond Polymer Refine Detection
(Leica Biosystems Newcastle Ltd, Newcastle, United Kingdom)
and aforementioned antibodies. Three serial sections for immuno-
histochemistry were stained with H. pylori, p-H3Ser10, and Kié67
antibodies, respectively. Olympus microscopes (BX43, Olympus,
Tokyo, Japan) were used to observe the section and take photo-

graphs for staining evaluation.

2.3 | Evaluation of immunostaining

Immunostaining results were scored as described previously.?°22 All

sections were evaluated blindly by two independent reviewers (Song
XX and Yang TT) with high degree of concordance. Both p-H3Ser10
and Ki67 showed nuclear expression. The sections were manually
evaluated, and staining cells were counted under the light microscope
(10 x 20). Percentage of positive cells in the section was graded as fol-
lows: 0, none; 1, <10%; 2, 11%-50%; 3, 51%-80%; and 4, >80%. Intensity
of immunostaining was rated as follows: 0, none; 1, light brown; 2,
brown; and 3, dark brown. Each section was scored in 3-8 fields de-
pending on the scope of lesions. Labeling index (LI) was calculated by
multiplying percentage positive cells rating by intensity rating in every
field; these results were averaged as the LI of each section. The LI of
each patient within the group was averaged to generate mean value
and standard deviation; they were compared among different groups.
In addition, the and Ki6é7-

immunopositive cells in gastric gland in different disease groups was

localization of p-H3Ser10-

investigated, they were visualized and recorded under microscope as
mentioned above, and the percentage of stained cells in each location
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of gastric gland in every section were then averaged to generate a
mean value and represented the percentage of p-H3Ser10- or Ki67-
positive cells’ locations in each gastric disease group. H. pylori infec-

tion status was categorized as H. pylori-positive and H. pylori-negative.

2.4 | Statistical analysis

The data were analyzed using SPSS for Windows (Version 22, IBM
Corp., New York, NY, USA). All data were tested for normal distribu-
tion by Kolmogorov-Smirnov test and for homogeneity of variances
by Levene's test. Data of normal distribution and similar variances
were tested by Student’s “t” test for two independent samples com-
parison, and ANOVA was used for multiple comparisons among dif-
ferent groups and all data expressed as mean + standard deviation
(SD). Comparison of ratios between different groups was made by
chi-square test. The correlations of LI among different groups were
assessed using Spearman’s correlation coefficient test. P <.05 was
considered statistically significant, which was derived from two-tailed

tests. The variance was of highly statistically significant when P <.01.

3 | RESULTS

3.1 | Correlation of patient clinical data with
H. pylori infection status

A total of 129 patients were analyzed in this study; their average age
is 59 (range from 13 to 82) years. The clinicopathological character-
istics are summarized in Table 1. The patients were categorized into
H. pylori-infected and noninfected groups; the baseline level of clini-
cal features such as age, gender, disease stage, and histology clas-
sifications showed no statistical difference between the two groups
(P> .05, Table 1).

3.2 | Labeling index of p-H3Ser10 and Ki-67 in
H. pylori-infected and noninfected groups

A total of 59 patients were grouped into H. pylori-positive and 70 pa-
tientsin H. pylori-negative groups; total LI of p-H3Ser10 and Ki-67 was
compared between the two groups. We noted that H. pylori infection
increased overall LI of p-H3Ser10 significantly when compared with
H. pylori-negative group (6.31 +2.22 vs 5.35 £ 2.10, P <.05); there
was no difference on the overall level of Ki-67 expression between
two groups (P > .05) (Table 2). However, H. pylori induced higher Ki-67
expression level in intestinal-type GC over noninfected GC controls
(P < .01, Table 3). Representative IHS images of p-H3Ser10 in differ-
ent groups are presented in Figure 1. Both Ki67 and H3Ser10 phos-
phorylation showed mild to strong nuclear expression.

3.3 | Labeling index of p-H3Ser10 and Ki-67 among
different stages of gastric disease

In H. pylori-negative patient groups, LI of p-H3Ser10 was in-
creased as disease progress from NAG to CAG, IM, and LGIN
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_— Hp#) H() . TABLE 1 ' CIinicopathoIo.gicaI F)atient
characteristics and correlation with the
Age(years) 59.13 + 1.09 58.90 + 11.55 59.33+13.13 .85? Helicobacter pylori infection status
Gender
Male 78 37 41 .63
Female 51 22 29
Histology classification
NAG 25 10 15 18°
CAG 20 11 9
M 29 9 20
LGIN 21 14 7
HGIN 12 6 6
GC(Intestinal-type) 22 9 13

NAG, nonatrophic gastritis; CAG, chronic atrophic gastritis; IM, intestinal metaplasia; LGIN, low-
grade intraepithelial neoplasia; HGIN, high-grade intraepithelial neoplasia; GC, gastric cancer.

aStudent’s “t” test.
bChi-square test.

TABLE 2 H3Ser10 phosphorylation and Ki6é7 expression in Hp(+)
and Hp(-) groups

Hp(+) Hp(-) Value P?
H3Ser10 phosphorylation  6.31+2.22 5.35+2.10 .013*
Ki67 731+£215 7.22+1.63 799

*Value that is statistically significant (<.05).
aStudent’s “t” test.

groups, and peaked at LGIN; its level declined in HGIN and GC
groups (Figure 2A). In H. pylori-infected groups, LI of p-H3Ser10
followed the similar pattern as above; however, increased LI of p-
H3Ser10 was noted in all groups when compared with H. pylori-
negative groups, except in NAG group, whose expression level was
lower when compared with H. pylori-negative NAG group (P < .05,
Figure 2B and Table 3).

The general LI of Ki67 showed a trend of gradually increasing
from NAG stage to GC stage groups, except slightly decreased in
CAG groups. In H. pylori-negative groups, the LI of Ki67 was signifi-
cantly higher in GC than that in CAG and LGIN groups (P < .05); and
in IM group compared with CAG group (7.79 + 1.06 vs 5.82 + 1.50,
P <.01) (Figure 2C and Table 3). In H. pylori-infected patients, Ki67
LI followed the similar pattern as in H. pylori-negative groups and
peaked at GC groups (P < .01); higher level of Ki67 LI in HGIN was
noticed when compared with CAG group (P < .05) (Figure 2D and
Table 3).

Irrespective of H. pylori infection status, the overall staining level
of p-H3Serl0 and Ki-67 in H. pylori-positive and -negative polled
groups showed similar pattern as H. pylori-infected patient group as
disease progress from NAG to GC stages of disease (Figure 2E and
2F).

To explore the correlation between p-H3Ser10 and Ki-67 among
all these disease groups, Spearman’s correlation coefficient was
used to assess their relationship; the results indicated that there was

no significant correlation between p-H3Ser10 and Ki-67 LI among
different disease groups (P > .05).

3.4 | Location changes in p-H3Ser10- and Ki-67-
stained cells among various stages of gastric disease

As location of p-H3Ser10- and Ki-67-stained cell in gastric gland may
be closely linked to its function, and their distribution in stepwise
gastric carcinogenesis has not been explored, we therefore inves-
tigated their location changes during disease progress. The results
indicated that locations of p-H3Ser10-stained cells were gradually
moved from bottom of gastric gland to the whole gland distribution
as disease progress from benign stage to GC.

In H. pylori-negative groups, approximately half of the p-H3Ser10-
stained cells located at bottom of gastric gland in NAG, CAG, and IM
groups, and they start to spread to the body, neck, and whole gland
as disease progress from LGIN to GC stage of disease (67.86% to
98.08%) (Figure 3A). In H. pylori-positive groups, similar distribution
pattern of p-H3Ser10-stained cells was noticed as in H. pylori-neg-
ative groups, but staining level of p-H3Ser10-positive cells located
in the bottom of gastric gland was higher in NAG group than that in
H. pylori-negative NAG controls (76.5% vs 51.33%, Figure 3B).

For Ki67, the positive stained cells mainly lie in the bottom of be-
nign gastric gland in NAG, CAG, and IM groups; as disease progress,
they start to become whole gland distribution (Figure 3C and D).
There were no differences in the percentages of Ki67-stained cells
in each location between H. pylori-infected and noninfected groups
(Figure 3C and D).

4 | DISCUSSION

Recent progresses have demonstrated important roles of post-

translational histone modifications in various biology processes and
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TABLE 3 H3Ser10 phosphorylation and Kié7 expression between each group of Hp(+) vs Hp(-)
H3Ser10 phosphorylation Ki67

Groups Hp(+) Hp(-) Value P Hp(+) Hp(-) Value P?

NAG 3.52+1.39 5.24 +1.98 .018* 6.74 +1.89 6.92 +£0.98 746

CAG 5.58+1.21 4.32+1.40 .044* 5.82 +1.32 5.82 +1.50 991

IM 6.39 £1.07 579 +2.12 325 6.71+1.93 7.79 £ 1.06 .060

LGIN 8.46 +1.94 7.25+2.06 .205 6.85+1.42 6.48 +1.35 .568

HGIN 7.50+1.12 3.08 +1.06 .000** 8.00+1.40 7.20+2.62 .523

GC(Intestinal-type) 6.09 +2.04 5.53+1.96 .527 10.59 + 1.61 8.05+1.97 .005**

NAG, nonatrophic gastritis; CAG, chronic atrophic gastritis; IM, intestinal metaplasia; LGIN, low-grade intraepithelial neoplasia; HGIN, high-grade in-

traepithelial neoplasia; GC, Gastric cancer.
The asterisks indicate values that are statistically significant (<.05).
aStudent’s “t” test.

FIGURE 1 Representative
photographs of p-H3Ser10 and Kié7
immunostaining in gastric tissues. A,
Negative control in nonatrophic gastritis
(NAG) patients in which primary antibody
has been omitted (control); B, Helicobacter
pylori-negative (Hp-) in NAG patient; C,
H. pylori-positive (Hp+) in NAG patient;

D, Kié7 in H. pylori-positive NAG patient;
E-L, p-H3Ser10 staining, E and |, chronic
atrophic gastritis (CAG); F and J, intestinal
metaplasia (IM); G and K, high-grade
intraepithelial neoplasia (HGIN); H and

L, intestinal-type gastric cancer (GC).
H3Ser10-stained cells are located mainly
in the bottom and body of gastric gland
in NAG (E and I). Almost all cells show
nuclear immunoreactivity in IM, GC,

and H. pylori-positive HGIN (F, H, J, K,
and L). Arrows indicate representative
immunostaining cells. Original
magnifications x100 (A-L)

cancer. However, relatively few studies have evaluated their impact
in gastric carcinogenesis, especially during H. pylori infection, a criti-
cal factor that causing chronic gastritis and gastric cancer. In this
work, the LI of p-H3Ser10 and Kié7 in six types of gastric lesions
during multistep carcinogenesis in the presence or absence of H. py-
loriinfection was analyzed. We noted significant links between phos-
phorylated H3Ser10 staining and various stages of gastric disease.
Epigenetic dysregulation is being increasingly recognized as
a hallmark of cancer. Accumulating studies have begun to investi-
gate histone modifications in the pathogenesis of cancer develop-
ment and progression. Histone modifications play critical roles in

chromatin regulation, gene transcription, and nuclear architecture,

thereby affect various cellular functions and participate in carcino-
genesis. Phosphorylation of histone H3 has been tightly correlated
with chromosome condensation during mitosis, and recently, its role
in gastric carcinogenesis has been reported.?”?>24 Takahashi et al'’
have assessed p-H3Ser10 expression and its relation to gastric ad-
enocarcinoma progression, in patient with increased histone H3
phosphorylation, the prognosis is worse than those with low levels
of expression. Further studies have demonstrated that increased
level of p-H3Ser10 in tumor tissues is not due to changes in cell cycle
but rather an interphase-associated phenomenon, and p38-MAPK/
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MSK1-regulated increase of p-H3Ser10 in GC is predictive of a more
aggressive phenotype; this also could help defining the true negative
margin of surgical resection.?* However, relatively few studies have
investigated the role of H. pylori infection in these processes.
Multiple factors have been shown to affect H3Ser10 phosphory-
lation in epithelial cells, such as gram-negative bacteria infection,” EB
virus infection,'® cigarette smoking,25 jonization radiation,?® chem-
ical formaldehyde,?” heavy metals such as arsenite and nickel com-
pound exposure.28’29 p-H3Ser10 is essential to regulate downstream
gene expression such as FOS, EGR1, and CXCL8 mRNA in cultured
human cell lines and affect cellular function.?® However, its regula-
tion by H. pylori infection in human stomach has not been evaluated.
Our previous in vitro work has demonstrated that wild-type
H. pylori induced time- and dose-dependent dephosphorylation of
H3Ser10 and decreased H3K23ac in gastric epithelial cells, which is
corgPAI-dependent.19 Several commonly expressed genes, including

CXCL8, PTGS2, CXCL2, PRKDC, DUSP4, and CCND1, are not asso-
ciated with or are independent of dephosphorylation of H3Ser10.
However, altered JUN and HSP70 gene expression is associated with
H3Ser10 dephosphorylation.19 The present work has enriched the
previously founding and noted the impact of H. pylori infection on
p-H3Ser10 expression at various stages of gastric carcinogenesis.
Unlike in cell line studies, the present work has noted increased
global p-H3Ser10 expression in H. pylori-infected stomach. The ex-
planation for this discrepancy may lay in the fact that H. pylori infec-
tion in gastric tissues activates multiple cellular signal pathways in
various cell types, and adding many layers of cell stimulation, which
is different from single cell line exposure experiment.

The relationship of cagPAl status with p-H3Ser10 in the cur-
rent investigation is not clear. We have later analyzed a portion of
patients for their cagPAl status using serum antibody, and noted
that among 59 H. pylori-positive patients, 34 cases (57.63%) are
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FIGURE 3 Location changesin
p-H3Ser10- and Ki67-stained cells
in stepwise gastric disease. Location
of p-H3Ser10 (A and B)- and Ki67 (C
and D)-positive cells in gastric gland
was visualized and recorded under
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cagPAl-positive, three cases are cagPAl-negative, but in another 22
H. pylori-positive cases, their cagPAl status cannot be determined
due to lacking of material; therefore, future work is required to de-
termine the role of cagPAl in H3Ser10 phosphorylation in human
stomach to understand its pathogenesis.

In addition to regulating gene transcription, H3Ser10 is also a
cell cycle mitotic marker in proliferating cells, and H. pylori has been
shown to affect cell cycle progression, as several papers have indi-
cated that H. pylori-induced cell cycle arrest is independent of cagPAl,
and both VacA and CagA also affect the cell cycle progression.>®% To
evaluate the cell proliferation status during H. pylori infection in step-
wise gastric carcinogenesis, we use Ki-67 as a proliferation marker
to monitor the effects of H. pylori on the cell proliferation in gastric
tissues. The results indicate that H. pylori infection enhances Ki-67 ex-
pression only in patients with GC, and there is no significant effect on
overall cell proliferation; this is also in line with a few previously report

32,33

with similar findings, indicating that Ki-67 proliferation index is a

useful marker to differentiate benign and malignant lesions in gastric
biopsies rather than a prognostic biomarker for patient with GC.*34
Moreover, there appears to be no strict linkage to cancer progression.

The location and its clinical significance of p-H3Ser10-positive
staining cells in gastric gland have not been reported previously; the
bottom and neck regions are usually where the gastric gland stem cells
located, and H. pylori infection has recently been shown to induce ex-
pansion of this type of cells.®> However, the relationship of p-H3Ser10
with gastric stem cells and its role in regulating this type of cells have
yet to be established; we noted p-H3Ser10-staining cells were grad-
ually expanded from the bottom of gastric gland to the whole gastric
gland distribution as disease progress. The results show that H. pylori
infection enhanced the percentage of p-H3Ser10-stained cells in the

bottom region in NAG group when compared with H. pylori-negative

LGIN HGIN &€ NAG C€AG IM LGIN HGIN GC
Ki67 inHp (-) groups

Ki67 in Hp(+) groups

group; however, this difference disappeared at later stages in CAG,
IM, LGIN, HGIN, and GC stages. The reason is not clear at present,
probably because our case number in the study is not large enough, as
strong staining throughout the gland at later stage of disease is noted,
this probably indicates its link with carcinogenesis; future studies are
required to understand its pathogenesis.

In summary, the current works indicate that stepwise gastric
carcinogenesis is associated with altered H3Ser10 phosphorylation,
H. pylori infection modified this process and resulted in early stage
p-H3Ser10 reduction but later stage increased expression; this is
also accompanied with p-H3Ser10 location change from bottom of
gland staining expand to the whole gland expression as disease prog-
ress. The results suggest that p-H3Ser10 may play an important role
during neoplastic transformation processes; further investigation
would be helpful to understand how H. pylori induce gastric cancer

through epigenetic dysregulation.

ACKNOWLEDGEMENTS

The authors are grateful to the technical staffs of The Digestive
Endoscopy and Department of Pathology for their valuable assistant
in the study.

ETHICAL APPROVAL

This study was approved by Ethics Committee of People’s Hospital
of Zhengzhou University, Zhengzhou, China.

DISCLOSURE OF INTERESTS

All the authors declare that they have no conflict of interests.



MWI LEY

YANG ET AL.

Helicobacter

AUTHOR CONTRIBUTION

Ding SZ, Yang YX, Han SY, and Kong LF designed the research; Yang
TT, Cao N, Zhang HH, Wei JB, Yi DM, Chao SH, and Zhang LD col-
lected the clinical data and performed the experiment; Yang TT and

Song XX evaluated immunohistochemical staining; Yang TT analyzed

the data; Yang TT and Ding SZ wrote the paper; Ding SZ revised the

article; all authors have approved the final version of manuscript.

ORCID

Tao-Tao Yang

http://orcid.org/0000-0003-3066-1849

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and mor-
tality worldwide: sources, methods and major patternsin GLOBOCAN
2012. Int J Cancer. 2015;136:E359-E386.

Lauren P. The two histological main types of gastric carcinoma: diffuse
and so-called intestinal-type carcinoma. An attempt at a histo-clinical
classification. Acta Pathol Microbiol Scand. 1965;64:31-49.

Yashima K, Sasaki S, Koda M, et al. Premalignant lesions in gastric can-
cer. Clin J Gastroenterol. 2010;3:6-12.

Tan P, Yeoh KG. Genetics and molecular pathogenesis of gastric ade-
nocarcinoma. Gastroenterology. 2015;149:1153-1162. €3

Valenzuela MA, Canales J, Corvalan AH, et al. Helicobacter pylori-
induced inflammation and epigenetic changes during gastric carcino-
genesis. World J Gastroenterol. 2015;21:12742-12756.

Venerito M, Vasapolli R, Malfertheiner P. Helicobacter pylori and gas-
tric cancer: timing and impact of preventive measures. Adv Exp Med
Biol. 2016;908:409-418.

Strahl BD, Allis CD. The language of covalent histone modifications.
Nature. 2000;403:41-45.

Esteller M. The necessity of a human epigenome project.
Carcinogenesis. 2006;27:1121-1125.

Hamon MA, Batsche E, Regnault B, et al. Histone modifications
induced by a family of bacterial toxins. Proc Natl Acad Sci USA.
2007;104:13467-13472.

Arbibe L, Kim DW, Batsche E, et al. An injected bacterial effec-
tor targets chromatin access for transcription factor NF-kappaB to
alter transcription of host genes involved in immune responses. Nat
Immunol. 2007;8:47-56.

Chi P, Allis CD, Wang GG. Covalent histone modifications-miswrit-
ten, misinterpreted and mis-erased in human cancers. Nat Rev Cancer.
2010;10:457-469.

Fischle W, Wang Y, Allis CD. Histone and chromatin cross-talk. Curr
Opin Cell Biol. 2003;15:172-183.

Kurdistani SK. Histone modifications as markers of cancer prognosis:
a cellular view. Br J Cancer. 2007;97:1-5.

Avgustinova A, Benitah SA. The epigenetics of tumour initiation: can-
cer stem cells and their chromatin. Curr Opin Genet Dev. 2016;36:8-15.
Choi HS, Choi BY, Cho YY, et al. Phosphorylation of histone H3 at ser-
ine 10 is indispensable for neoplastic cell transformation. Cancer Res.
2005;65:5818-5827.

Kim HG, Lee KW, Cho YY, et al. Mitogen- and stress-activated kinase
1-mediated histone H3 phosphorylation is crucial for cell transforma-
tion. Cancer Res. 2008;68:2538-2547.

Takahashi H, Murai Y, Tsuneyama K, et al. Overexpression of phos-
phorylated histone H3 is an indicator of poor prognosis in gastric
adenocarcinoma patients. Appl Immunohistochem Mol Morphol.
2006;14:296-302.

Li B, Huang G, Zhang X, et al. Increased phosphorylation of histone
H3 at serine 10 is involved in Epstein-Barr virus latent membrane

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

protein-1-induced carcinogenesis of nasopharyngeal carcinoma. BMC
Cancer. 2013;13:124.

Ding SZ, Fischer W, Kaparakis-Liaskos M, et al. Helicobacter pylori-
induced histone modification, associated gene expression in gas-
tric epithelial cells, and its implication in pathogenesis. PLoS ONE.
2010;5:€9875.

Scharl A, Vierbuchen M, Conradt B, et al. Immunohistochemical
detection of progesterone receptor in formalin-fixed and paraffin-
embedded breast cancer tissue using a monoclonal antibody. Arch
Gynecol Obstet. 1990;247:63-71.

Krajewska M, Krajewski S, Epstein JI, et al. Immunohistochemical anal-
ysis of bcl-2, bax, bcl-X, and mcl-1 expression in prostate cancers. AmJ
Pathol. 1996;148:1567-1576.

JiaY, Yang Y, Brock MV, et al. Methylation of TFPI-2 is an early event
of esophageal carcinogenesis. Epigenomics. 2012;4:135-146.

Prigent C, Dimitrov S. Phosphorylation of serine 10 in histone H3,
what for? J Cell Sci. 2003;116:3677-3685.

Khan SA, Amnekar R, Khade B, et al. p38-MAPK/MSK1-mediated
overexpression of histone H3 serine 10 phosphorylation defines
distance-dependent prognostic value of negative resection margin in
gastric cancer. Clin Epigenetics. 2016;8:88.

Ibuki VY, Toyooka T, Zhao X, et al. Cigarette sidestream smoke in-
duces histone H3 phosphorylation via JNK and PI3K/Akt path-
ways, leading to the expression of proto-oncogenes. Carcinogenesis.
2014;35:1228-1237.

Sharma AK, Bhattacharya S, Khan SA, et al. Dynamic alteration in
H3 serine 10 phosphorylation is G1-phase specific during ionization
radiation induced DNA damage response in human cells. Mutat Res.
2015;773:83-91.

Yoshida |, Ibuki Y. Formaldehyde-induced histone H3 phosphory-
lation via JNK and the expression of proto-oncogenes. Mutat Res.
2014,770:9-18.

Suzuki T, Kita K, Ochi T. Phosphorylation of histone H3 at serine 10 has
an essential role in arsenite-induced expression of FOS, EGR1 and IL8
mMRNA in cultured human cell lines. J Appl Toxicol. 2013;33:746-755.
Ke Q, Li Q, Ellen TP, et al. Nickel compounds induce phosphoryla-
tion of histone H3 at serine 10 by activating JNK-MAPK pathway.
Carcinogenesis. 2008;29:1276-1281.

Ding SZ, Smith Jr MF, Goldberg JB. Helicobacter pylori and mitogen-
activated protein kinases regulate the cell cycle, proliferation
and apoptosis in gastric epithelial cells. J Gastroenterol Hepatol.
2008;23:e67-€78.

Ahmed A, Smoot D, Littleton G, et al. Helicobacter pylori inhibits gastric
cell cycle progression. Microbes Infect. 2000;2:1159-1169.

Leung WK, Yu J, To KF, et al. Apoptosis and proliferation in Helicobacter
pylori-associated gastric intestinal metaplasia. Aliment Pharmacol Ther.
2001;15:1467-1472.

Erkan G, Gonul II, Kandilci U, et al. Evaluation of apoptosis along with
BCL-2 and Ki-67 expression in patients with intestinal metaplasia.
Pathol Res Pract. 2012;208:89-93.

Boger C, Behrens HM, Rocken C. Ki67-An unsuitable marker of gas-
tric cancer prognosis unmasks intratumoral heterogeneity. J Surg
Oncol. 2016;113:46-54.

Sigal M, Rothenberg ME, Logan CY, et al. Helicobacter pylori activates
and expands Lgr5(+) stem cells through direct colonization of the gas-
tric glands. Gastroenterology. 2015;148:1392-1404. e21

How to cite this article: Yang T-T, Cao N, Zhang H-H, et al.
Helicobacter pylori infection-induced H3Ser10 phosphorylation
in stepwise gastric carcinogenesis and its clinical implications.
Helicobacter. 2018;23:€12486.
https://doi.org/10.1111/hel.12486



http://orcid.org/0000-0003-3066-1849
http://orcid.org/0000-0003-3066-1849
https://doi.org/10.1111/hel.12486
https://doi.org/10.1111/hel.12486

