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Proteomics Analysis for Helicobacter pylori-infected Gastric Mucosa
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Departments of Internal Medicine® and Pathologyz, Hallym University Sacred Heart Hospital, Hallym University College of Medicine,
Anyang, Department of Internal Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul®, Korea

Background/Aims: Helicobacter pylori infection is linked to the development of gastric cancer. H. pylori-associated gastric in-
flammation is considered to be the first important step in the histogenesis of such neoplasia. However, studies that compare
proteome of gastric mucosa infected with or without H. pylori are lacking.

Methods: We employed proteomics analysis on the endoscopic biopsy specimens of gastric mucosa obtained from two groups
(30 cases): healthy subjects without H. pylori infection (15 cases), and gastritis patients with H. pylori infection (15 cases).
The pooled proteins obtained from gastric mucosa infected with or without H. pylori were separated by two-dimensional gel
electrophoresis and analyzed by a computer-aided program. The altered protein expressions were then identified by mass
spectrometry and validated by Western blotting and immunohistochemistry.

Results: On mass spectrometry using MALDI TOF™ Analyzer, the up-regulation of Keratin 1, ezrin, adenosine triphosphate
(ATP) synthase subunit alpha mitochondrial isoform c, Keratin type | cytoskeletal 19, and Keratin type | cytoskeletal 9 were
identified; in contrast, 71 kd heat shock cognate protein, ATP synthase subunit alpha mitochondrial precursor, and annexin
IV were down-regulated. Among them, membrane cytoskeleton linker ezrin was validated using Western blot and immuno-
histochemistry.

Conclusions: Expression of ezrin was significantly different between the gastric mucosa with and without H. pylori infection.
Therefore, ezrin could be considered a promising potential molecular marker for detecting H. pylori infection in gastric mucosa.
(Korean J Gastroenterol 2014;64:10-17)

Key Words: Helicobacter pylori; Proteomics; Ezrin; Stomach neoplasms; Gastritis

N = QP o] shrold QI9IT? ShAE, $IARLHIZL 4 9

SO BB QARS W L GFol EAfetel 9

Helicobacter pylori FH9& 218 & Gl S12h 40 Arom gige] Wt e Aud 4 glglon, e
Vg Fad Qololok! H pylon7t AS0R FRE Al 344 91999 EAle] U A oJu S Holdt 4 glolet
L SlarEn] Z7bo] o3t A Aol AYA £40l 9l H. pylon7t BHE ol S1HU 49 /g FR Aol
A G3o AU Fad 4108 FEo] SAku] 2e] A Slek Wek WAL AT 29108 YFEo| H. pylon

Received January 17, 2014. Revised May 7, 2014. Accepted May 16, 2014.

(€9 This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

WAL ZHL, 135-710, MEA| 2+ LR 81, HEMSHR Asy|at

Correspondence to: Sung Noh Hong, Division of Gastroenterology, Department of Internal Medicine, Samsung Medical Center, Sungkyunkwan University School of
Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 135-710, Korea. Tel: +82-2-3410-3409, Fax: +82-2-3410-3849, E-mail: gisnhong@gmail.com

Financial support: This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry
of Education, Science and Technology (2012R1A1A1005646). Conflict of interest: None.

Korean J Gastroenterol, Vol. 64 No. 1, July 2014
www.kjg.or.kr



Kang HS, et al. Proteomics Analysis for Helicobacter pylori-infected Gastric Mucosa 11

[
o
2
1

1
el
R

(]
9,
o
X
B}
rir
Sal
Fln
T
2
)
i
—_NH
M
<k

SheAl, ok Bgol] didh B 3138 71 gl o]g

e

N
)
2o 9 o

%

O o

JZi.‘E
IS

o r ® ki O

o
>
k1
o
lo
_:
|
g
g
=
o)
of
it
40
ox
HI=NS.
10 10 g
e}
=
2%

o
rir
o,

(e b fr ro

2 oo &
w2 41 2

3 24 H. pylori 74 2H49] 9
ool SeA] A4S AAISte] H pylon 7H4¥} A¥tE|o]
< gelstarzl sFqick

ox

ok
2
%
©
it
lw F
o U
fr
AU
_lu:
iy

1. 4H 23n o

2 A= Aadgudd daAoldE oA AEAAE
Aol AFR-SPTHHAIE AR W2 A FollA YAl =
RS ARt g8 22 HAE A=ty AdAF
el 71ehE o3t £=X1A] e 24S g E
= AR dEoA] dof st Hetd 24 4
A= & B3t H pylori 792

re,
-
2
X
B
®
<
Q
oF 0%
O,
N
1o
2
b
P
b
hig
2
fot
e
oy

[e)
Giemsa ¥ 53+ 2494
/\}(CLOtest®; Delta West, Australia, manufactured by
Korea Green Cross Medical Science, Eumseong, Korea)
RO PR U2 B H pylori 0] Akl 49
S} o5 71E 02 H. pylori ¥4 9139 24 1599}
H. pylori 573 9139} 24 1605 oot Tl 24

_ﬂ

Ho
a
g
8
ol
ol
=
=)
o
il
rek
10
>
©
i
S
o
rir
e}
jur)

Zo SRS A BHo 2 AR elgEas
2w wxjel S A olgstanh £ ATl g
S AR AT US4 Seluelet,

HEE AA= H pylori At B9 (=
HEZ =g o] 2out B A3 To| 10% trichloro-
acetic acid’} ¥3HH acetone&of —20°C ©o]3}&E o1& &=
ot ¥s BESIGIT) o] ¢ &S di Eel & ASAS AA
ok oo ThA] 5] —20°C acetone H7Fsto] 1087 7|
o, TS A etel 4CoIA G A 5
A4 it B iESs RS FEE &7]3 Bradford
W2 el SRS 24eeh” Aol e 1y-

sis buffero] +¢] 180 mm immobilized pH gradient strip

(Bio-rad Laboratories, Hercules, CA, USA)o| Y3l rehy-
dration Ig& 10A17F 7} A3t} Rehydration § iso-
electric focusing (IEF)& 100 VoiA] St AJ7F 300 VoAl ot
AlZF, 600 VollA] gk AJZE 1,000 VollA gF A[ZE, 2,000 Vol A]
ok AJZF, 3,600 VOllAl 22A17F F7F AlRgstelet. IEF7F S
T stripE 6 M urea, 20% glycerol, 2% sodium dodecyl
sulfate (SDS), 0.01% bromophenol blue (BPB), 10 mM
tributyl phosphine®] 9% &MofA equilibratione A]%Y
Skt o] & stripe SFTE AL AXRAIX] F 12% SDS-
polyacrylamide (SDS-PAGE) 2 o %A YA
IS A7) FEMof| &21 0.7% low melting agarose
2 AT A719E BEAS Ae T 28 mASIA BPB
b el Ao okefoll & A S A9 A
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22 A7|9%E Aol oluA= Fluor-S multi Imager

(Bio-rad Laboratories)& AR} A7}, Image Master
5 (GE Healthcare, Buckinghamshire, UK)S A}&-lo] thal
A WH(spot)o] 914 B AFE S AABHTE ol&
S H. pylori ZFdw-} thxt Ato]o] whuld W o] Xfo]
7b 5 ol ol Uis T WS ARSI ofF A
1E Jw9] Apol7t F Aol wekAl H. pylori 7 ¢la-ell A

A o vb o7l A e o vk e7iE A
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50 mM NHHCO:9} oPEUEZ Ujo A 108 H¢F wuks}
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tion & F 4 BRSNS A AL 37°C H{YF7]ol| A 12-1641KF
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= WjEEA goHof 20|31 MALDI plate (Opti-TOF
384-well Insert; Applied Biosystems, Foster City, CA,
UsA)el AARE & Ax 9 A8E Aot Hefols A
@F A2 20 kV accelerating voltage, 500 laser pulse<]
ZA0& MALDI TOF™ Analyzer (Applied Biosystems)E A}
$olo] 00, BeKum)t HeHo)®] vl(mz)7} 8425090
3} 2,211.1046¢]1 trypsin auto-digested peakZE ©]-83}o]
spectrumS A3}l Mono-isotopic peptide mass=
Data Explorer 4.4 (PerSeptive Biosystems, Waltham, MA,
USA)E o]&dle] A= =A3F9tt. Matrix Science
search engine (http://www.matrixscience.com)2 ©]-8-3}
o] 245 HEo|= 9] AFFE Swiss-Prot version 49.6 data-
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Fig. 1. Two-dimensional gel electro-
phoresis profiles of Helicobacter
pylori(—) stomach and H. pylori(+)
nodular gastritis. A total of 100 ug of
whole-cell protein from each strain
was applied on 170-mm immobilized
pH gradient strips with a range of pH
3-10, followed by 12% sodium dodecyl
sulfate (SDS-PAGE), and visualized by
silver staining (up-regulated 5 protein
spots [round] and down-regulated 5
protein spots [square] in H. pylori
infected gastric mucosa are indicated
at figure).

IEF, isoelectric focusing.

Fig. 2. Up- (A) and down (B)-regulated
protein spots in Helicobacter pylori
infected gastric mucosa of 2-dimen-
sional gel electrophoresis map. Circles
indicate the differentially expressed
proteins whose expression level was
at least more than two times higher
than the other group. The expression
level was determined by the relative
spot volume of the proteins compared
to the total amount of the protein in the
gel, and is expressed as the percen-
tage volume (right panel).
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ezrin, ATP synthase subunit alpha mitochondrial isoform

|=J o

W %
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toskeletal 9 5°| H. pylori ¥4 99| A H. pylori 4
th ol Wlglo] AR} 3keh W H. pylort %4 9]
Aokl &4 S1gutel ule) whe W g wel iy
+ 71 kd heat shock cognate protein, ATP synthase sub-
unit alpha mitochondrial precursor, annexin IV (placen-
tal anticoagulant protein II) 5©]%ltHTable 1).
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Table 1. Up- and Down-regulated Proteins Analyzed with MALDI TOF™

SIS 53l =1k Western blotol| A H. pylori &

A A4 FE3 Tl Ao A ezrine®] WL B-actin
o7 wAHSHE W H pylori &7 HXMOM Z3F o
AojA B} F71Eo] UATHFg. 3). HYsIstAMo A% H

pylori /3 91893 S/ S19 B A eznno] I A ] Q)
At A 9ol A ezrin®] HM FE7F B ZSH| T
I tHFig. 4). Western bloty} WSS M-S E3] ezrin]

ol H pylon 4 1ATH 7S Heletsict
n

FLo] Aol e 59 H pylori ARo]9] AT A&
o[3st= Zo| H. pylori ¥/ 1EE] HelS B
s, ol 9l X 2E 9%t A28 Age Ale= aige] 2
Aolgta o =star gtk o3t &30} H. pylori Ate]9]
4o Agol it ofe] 7hA] A &, A 24 (pro-

H. pylori

Ezrin

B-Actin

Fig. 3. Western blot for ezrin in gastric mucosa infected with and
without Helicobacter pylori.

Mass Spectrometry

Spot Accession MOWSE Masses Protein Protein name : Human Up-/Down-
no. no. score matched MW (Da) regulation fold
Up- 237 gi|55956899 87 16 62,255 Keratin 1 [Homo sapiens] +2.4
regulated 283 gi|46249758 168 36 69,313 Ezrin [Homo sapiens] +2.2
spot 535 gi|4757810 130 22 54,574 ATP synthase subunit alpha mitochondrial +4.0
isoform ¢ [Homo sapiens]
797  gi]124234699 274 35 44,079 Keratin, type | cytoskeletal 19 [Homo sapiens] +2.3
1,891 gi|55956899 103 17 62,255 Keratin, type | cytoskeletal 9 +2.9
Down- 365 gi|5729877 91 21 71,082 71 kd heat shock cognate protein —4.2
regulated [Homo sapiens]
spot 537 gi|4757810 75 15 59,828 ATP synthase subunit alpha mitochondrial —4.2
precursor
973 gi|544492 43 1 62,681 Lymphoid-restricted membrane protein —2.8
[Homo sapiens]
1,094 gi| 39645467 109 20 36,290 Annexin IV (placental anticoagulant protein Il) —4.1
[Homo sapiens]
1,560 gi|117938314 66 11 21,023 Unnamed protein product [Homo sapiens] —3.0

MALDI-TOF™ (Applied Biosystems, Foster City, CA, USA).

MOWSE, molecular weight search; MW, molecula weight; ATP, adenosine triphosphate.
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Fig. 4. Immunohistochemistry for
ezrin in gastric mucosal infected with
and without Helicobacter pylori
(x100).
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