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Double Strand Break of DNA in
Gastric Adenoma and Adenocarcinoma

Jeong Ho Kim, M.D., Sung Soo Kim, M.D., Sang Won Byun,
Young Jun Chang, Jin Su Kim, M.D., Jae Kwang Kim, M.D.,
Hang Joo Cho, M.D.*, Keun Woo Lim, M.D.*, and Eun Sun Jung, M.D.T

Departments of Internal Medicine, Surgery* and Pathology f,
The Catholic University of Korea College of Medicine, Seoul, Korea

Background/Aims: DNA double strand break (DSB) is one of the critical types of DNA damage. When un-
repaired DSB is accumulated in the nucleus of the cells having mutations in such genes as p53, it will lead to
chromosomal instability and further more to mutation of tumor-activating genes resulting in tumorogenesis. Some
of malignant cancers and its premalignant lesions were proven to have DSB in their nuclei. The aim of this
study was to define the differences in expression of 53BP1 and 7 -H2AX, the markers of DSB, among normal,
gastric adenoma, and gastric adenocarcinoma tissues. Methods: Tissue microarray was made with the tissues taken
from 121 patients who underwent gastrectomy for gastric adenocarcinoma, and 51 patients who underwent endo-
scopic mucosal resection for gastric adenoma. Immunochemical stain was performed for the marker of DSB,
53BP1 and 7-H2AX in the tissue microarray. The normal tissues were collected from histologically confirmed
tissues with no cellular atypia obtained from the patients with gastric adenocarcinoma. Results: In gastric carcino-
ma cells, 53BP1 and 7-H2AX were highly expressed as compared to normal epithelial cells and gastric adenoma
(p<0.01). There were no differences in the expression of 53BP1 and 7 -H2AX between normal epithelium and
gastric adenoma. The expression of 53BP1 in the adenoma with grade II and III atypism was more elevated than
in those with grade I atypism. The expression of 53BP1 and 7 -H2AX were not significantly different according
to the clinicopathologic parameters in the patients with gastric adenocarcinoma. Conclusions: The DSB in DNA
seems to be associated with the development of gastric adenocarcinoma, but does not affect the premalignant ad-
enoma cells. (Korean J Gastroenterol 2010;55:19-25)
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HE]o] QA gt
HAFL okl AR AE o] A (cellular atypism)<
U+ 4843 (glandular epithelium) 7182 AAEo]c}.
AAEL F2 7 A|d v (borderline epithelial lesion), ©]
& u]Hd ¥ (atypical epithelial lesion) 5] o]E5o &2 &8 &
tl. WHO &0l oJ3td 4152 Weldhyg oz ofyg FoF
o7 Ao} WelzF ety fde] F4s] Fyxo] A
oL, AAZ e ghete] ojggo] 7] wiitell 984,
glebg oz Aas] o] Y& wwor Azela 9k’ A
T2 oA SFol =5 A3 rHsA ol Zok A
ARl N 8E ok ghrh= o|Ho] AuiH o]t e} A
I} AZo| ©hA] A vbAE] = B ¥ (coincidental lesion)
o|A] AFo] A7+ ZFol whe} ofA 3kele WH-2 ofY
v AR Ik

DNA ©]|5A& Zxk(double strand break)S DNA <4F9]
3k FelEA] WA 24, telomere®] 4, A B3t
(genome integrity) F-AAFS] EoIw o], myc, ras, mos, cyclin
E, cdc25A B E2F1 &3 22 Wb}, el Al
59 Aol d AEEA stz Qe bk F4¢
Al gl A9 AlZellA DNA o]5AE Agho] whasly
ZHA] DNA 57 7150l ol X|F=]AL, ps3ell <3l AlE
A AHapoptosis) 7} o] FAR Al ek whebA] AlE ZpEA
AL A z2HelA] =24 A 1l o s AAlske
ol $238 &S g ey} ukek ps3e] Eelwolr} 9l
A, 32 A|E AEA WA S(apoptosis resistance)s 7F]
AZEA A= XFEA] 2 DNA o|FAE Arko] & Yo
SR 52 FAA B8-S fEshr of WA #=H f1Ae
Eoddo] BAE B3l AER WHsA Hekt aed
o|A7FA] f1¢ellA DNA o]FAE Arkol] tigh A& §
ek wekA] o]l dollA] fI9t 9] A A AE, A4
% 4 SIHAIZoNA] DNA o|FAE At F271]] 53BP1
B 7 HDAX hile] uHE e DA

MoHE e Ji

1. CHAF #X}

20014 195 20041 129704 7HEEoiE s
AT AR lellA] f1gk ZghE wha A AlE
1216019] gkAke} AR A Aetspitelss B 514019
AAE S ez B3R slebyl Zej 5ol tissue
microarray S AlZstdek 121619 1 sAE oF 9] A
& 223 91k 245 v-re] 2 tissue microarray & e
Ak fI9k gAbe] i ol 59.8411(29-894N AL, WA}
gogolrk. IAE 3kate] H vol= 59.5441-774)3
a, @27 34 o). 1AAlES W] A old gk 9k
ke WA ekokar, shabe] WeElehd vl I BHE

27 ZollA] Skt

2. Tissue microarray £ M|t

U Zelel slnkEA-ol oAl A Sl =g Al7lel
of 7 Fele] 24 24 HEL & Ik FAF EAlet,
7 Zolel ekl Eol 2Foll ol dgel 291E
tissue arrayer (Beecher Instruments, Gene Micro-Array Techno-
logies, Silver Spring, MD, USA)E o] &3slo] =22]-& A& s}
fich. 22 T AL o 2ol G slekal &
Foll A% 2 mms} o] 2 mme] FHL 5ol 69 10902
% solel Fe Bk 1 F 7 Felel steb Eof =
HollA) AAG AYT 27 27S Adstel BIS ARt

etk

EEELEEET

Tissue array block2 2 HE] 35,m 579 AH-& o]
ot Zro| W zA313 A Algsiich =22 AH S
£ X2]% £&glo] =(Poly-L-lysin coated, Microscope Slides,
Paul Marienfeld GmbH & Co. Marienfeld, Germany)ol] H-2FA]
7 60°C 28l 2417 W& ¥, AR T A4 384
33] HkE X2lste] sleble AASG) 100%, 90%, 70%
4l 50% oek2-E 7z} 187 A 2lslal 10 mM citrate buffer
(pH 6.0)°114 microwaveol] 5:&4 33] Q1 $ dFoll X3l
A2, 24 e eIy SAHIAS A7 Slete]
3% TS A o] AollA 1587 vhSAI7 &, vl &
o] whule] gk AA 7] 23l normal donkey serum (Histo
stain Plus broad spectrum, Invitrogen, Calsbad, USA)ol] 4-2of|
A 1087 Helsid. 22 g 53BP1 (1:100, NB10O-
305, Novus)®} 7 -H2AX (1:100, ab2893, Abcam)ol] T3l A
& A&slar, biotino] F2HEl o] x}&kA|(biotinylated  anti-

mouse immunoglobulin antibody, Dako Co., Ltd., Kyoto, Japan)
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% streptavidin peroxidase detection system (Invitrogen) -2 A1
20l14] 1057} WkX]3}o] biotin-avidin Eo| A3 F5E8},
t}A] §°4] & DAB (3,3’-diaminobenzidine tetrahydrochloride
solution, Invitrogen)@ 1087+ WAl o}-5 SFTZ A4,
Mayer’s hematoxylin (Vector, Burlingane, USA)2.Z t|Z <3
g Hgiet.

4. ErE s

Xl5=(expression score)

Ayl 57wl ubel] digk ARIE ole 22We o4
7} 22 Wl 53BP1¥} 7 -H2AX whe] walg 1%6}0114
A B AepAlEe] 10% o walEH b
Aefeigict. WaAE2 A W el 94 H1g€
FEsto] 0 (0%), 1 (1-24%), 2 (25-49%), 3 (50-74%), 4 (75%
olhe g BFsla, vy 7k 7H4 wido] & #Hat
Qol|A] 3=l A Ko ]u:],g]_ 02 oA olsl, 1-3-0 A% o

-{u:

), 35 FE 9 %
ol RS BRAEE TN 0Rel A BEAT

(expression score)S Sa3Fs+g e’
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5. SHEAN

223 59, 944 Wl whE 53BP13 v -H2AX R
9] HHR|F=2] XJo]= SPSS program (version 12.0, USA)<2]
Wilcoxon—signed ranks®, Mann-Whitney U % Kruskal-
Wallist & AH&-sfo] A8l BE SAlolA pgkel 0.05

ulgkel o) Solshekn eetsich

e o}

1. 2t 20| ZENZMMS| DNA OISAISEH EXIX
of wal ot

121612] A4 A= AEe] $lollA] 53BP1T} y -H2AXE 2}
7+ 30911(25%), 39e1(32%)ll A WA= Ak, 51e4]2] $4Eol
A 53BP13} ¥ -H2AX+ 27 1790(34%), 12991(24%)oNl 4]
A HAES Hch ololl whal 121e09] 91 AlEeA]
53BP1-2 884l|(73%), 7-H2AX+ 6291(51%)7} r&dslsd
53BP13} 7 -H2AX+w= A7 o] Aol vlsl] $1qF AlZollA
A wh A Eo] E=gotkp<0.01), B4 I A=E}
4% AolollA] o]F DNA olFAEA R e A= 2]
A= Aol7t flSiekFig. 1, 2).

53BPIT} 7 -H2AXS] HHAAGE 0|5 EAAe] wal o
QBT $ABA. SIBPIE oF 29 A4 249 4% =

H+

ZollA Hul £k =ZollA AA]s] =9%31(0.57£1.15, 0.97
1.47 vs. 3363291, p=0.000), 7 -H2AXE ¢+ F9] A4 =4

2A% o) 82 S14% U 915k =4

o|41¢] DNA o5& Ak 21

I AZE =23F 7rolle Xol7t ¢1921}0.88+1.41 vs. 0.69+
1.39) 91 =FellA = =7 WA w2 rk2.32+3.47, p=0.001)
(Table 1).

2. fIMdE9|

OIZA0|l mHE 53BP13} 7 -H2AX EHiol

TEPNES
A4%E ZHolq o]q4 SFol whel SIBPIT 7 -H2AX
ur o184 57 1ol

ghile] WHASE AR A, S3BPLS
HlE 02 me AT ol Fhslel dlglek
(0.08+0.29 vs. 1.57+1.65 & 1.22+1.64, p=0.045). L&} 7-
H2AX whfo] MR o4 Sl whe} Zpe]7} 33
THTable 2).

Qloto] QIA-HBISE QIXIO| ME 53BP1ZH -

(=] =
H2AX Ehefol gaix|<

v -H2AX r&uﬂg} ul‘a;{]/‘%
Lauren 2] v at A4 915k 22la =5 5 #7ell
utzl DSBE] WAzl o] Qe Ko7} figleh. =AE
3%l wlebA = WEA] A ZE3] (signet ring cell type)e] T3
(tubular type)ol] B2l WARF7F FFARE vWEA] A2 2
Zke] odl7p Aot o] e AR & F ek =3 27
915 41903 Sietoll ula) DSBS HHAALGT} e Aol
SARE 27191k AL 7= Aol SAH 2olE &
819 tH(Table 3).
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DNA o|FAE Ark AE FFollA] 7p Azt
9] shtE, <45 DNAE vldE Ik 917 mon-homo-
logous end joining), A& ZHZ%(homologous recombination)l]
o) w2k, 5w 33k DNAE +4 AR &4
w= Auld S €oA AHEAHapoptosis) & T =5, 2
A E<2F84 (genomic instability)g HEAHAIAH QT o]
ol ek’

A ZAA] DNA olFAE A A
A -2 9--5-5-5 H o](ataxia-telangiectasia mutated, ATM),
BEAE A - 23557 rad3-
giectasia and rad3-related protein, ATR) 53} 22 A E4&
(kinase)oll 9Jsl] HFAE|o] H2AXES QAHSIelA ¥ -H2AX S
A&l Chkl, Chk2 9 p53'9‘ A glsl o o] & Qlef] AE
AEAE AE s AFsHA Ak

o4 ghollA] DNA o|FAE Axhol] W3t B} WA ¢k
Auk, vlEAZA HQE AtellA FEs Tl AL =4 F
A, HRBA, o1BA =A3} oF =F A DNA o|FAE

dtto| wlagsls

A3 tlwl(ataxia-telan-
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Gastric
carcinoma

y-H2AX

Fig. 1. Visualization of 53BP1 and 7-H2AX expression in normal, adenoma, and gastric adenocarcinoma by immunohistochemistry

(x200).

Avks Pk Ay, A4 22 o|A= 53BPL, 7 -H2AX 9
A=A gkokont, =t =24& Fihsto] =7 A
S Wl 74 9 o34 =A A% o]F DNA olF
Ao ZH DNA o]FAE Axlo| qF WAy
1 Jeh s Aoz Basigdelt wel o4

sz uhgol tharel Sulel Wl 1 ATl WHldAE

N
(=3

0.

DNA ol Aol sl Ao el et
AR 4ol iR 8197155 AZARS A Az
o ol oig Mol A RA, ksl APHRAA AE
A9 FAE ohet §AA £4 A W AEAE A5
5% Wl ZAR AL Avden e A
24 Aol uld KA 4 = AEAD A5 A B
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Fig. 2. Positive immunostaining of protein 53BP1 and »-H2AX

in normal, adenoma and gastric adenocarcinoma.

* Significantly higher compared to normal tissues (p=0.000 in
53BP1, p=0.016 in 7 -H2AX).

Table 1. Mean Expression Score of 53BP1 and 7 -H2AX in
Normal, Adenoma, and Gastric Adenocarcinoma

53BP1 7 -H2AX

Normal (n=121) 0.57+1.15  0.88+1.41
Adenoma (n=51) 097+147  0.69+1.39
Gastric adenocarcinoma (n=121) 3.36+2.91*" 2.32+3.47*"

* Compared to score of normal mucosa.
p-value compared to score of adenoma.
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oF 9] A 27, A% U Ak 2ol DNA o F4
% AT WA ol AT A, o 91 A YA Eo
ul8) gk AlEollA] DNA o] 34 Arke] EA791 53BPIH

7 -H2AX 9] Who] dAls] FA Uehd& & o 33l o]
= SAIE7E B84Q) DNA 35 9l A|lEAE 7)o 2o

Table 2. Mean Expression Score of 53BP1 and 7 -H2AX in
Gastric Adenoma according to the Atypism

Atypism 53BP1 v -H2AX
I (n=20) 0.08+0.29 1.10+1.79
II (n=16) 1.57£1.65 0.57+1.28
I (n=15) 1.22+41.64 0.20+0.45
p value 0.045 NS

NS, not significant.

Table 3. Summary of Mean Expression Score of 53BP1 and
7-H2AX in Gastric Adenocarcinoma according to the
Clinicopathologic Parameters

Mean score
53BP1 y -H2AX
Tissue differentiation

Tubular (n=100)
Well (n=10) 2.60£3.44 2.70+4.99
Moderate (n=24) 3.09£2.63 3.04+3.69
Poorly (n=66) 3.80+3.11 1.77£3.06
Signet ring cell (n=10) 1.57£2.0 1.38+£1.69

p value NS NS
Lauren’s classification

Intestinal (n=40) 2.87+2.62 2.17+3.53
Diffuse (n=53) 3.37+£3.25 2.39+3.53
Mixed (n=15) 4.43£2.62 2.93£3.96
p value NS NS
EGC vs. AGC
EGC (n=7) 1.71+1.89 1.86+2.85
AGC (n=113) 3.47+2.96 2.3743.52
p value NS NS
TNM staging
Ia (n=1) - -
Ib (n=0) - -
I (n=47) 3.52+2.86 1.93+3.15
IIa (n=46) 3.05+2.44 2.33£3.61
b (n=27) 3.61£3.76 3.08+3.81
IV (n=0) - -
p value NS NS

NS, not significant; EGC, early gastric cancer; AGC, advanced
gastric cancer.

o] 1S oJmlget.

ot 91 4 A9 AEAA 53BPIF} 7 -H2AXS] WA
S A% AL} Aol B WolA alske). ol AF AEe
DNA 3% 9 AIZAT 7)%50] HAIEHRTHE Zaoll 71
e ofulE A% S AT, B, ol Q1TollA] AEH)
B4 2Ao] 919 Aol JAAEE QS 24 F uigh

27 BiolA A AozA gIoh wale] gl Al
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Ao\ AEe) s Bt B fA4 W s weks
A 97 AL AP glek

A%} 91k 27 Aolol A 53BPLS} 7 -H2AXS] W A
T o AolE HEdl, AY Aol E AF =4
ol ulall AlEZA] tiy] AlEAS] v]go] Yo} 53BP1Z} 7 -
HZAXQ Hl—‘é‘:]o] 57}.510}1\._‘; AKR=S xﬂ7]—‘c‘;]—1;]_

AZE =79 o|gA SFol ulg) w248 Bl Ax
53BP12 o4 1 Swoll vl I 9l Il SHollA el
WAAF7F FSANE v -H2AX S| W2 Swoll wet Zo]
7} fidch. whEbA DNA o] FAE Axk 9] A2 o34
e g8l A Fdvhe AS v

19k Well A Qla-gelehe ol whE chy e 5
A Aol HolA] FARE, 53BP1 Bl 7 -H2AX 2| AR
b 271919k ek AaLgkellA =A] Yepda gk A
FH R} Bl A YRl A3E Kol K vhe
RS O s Holof 3 Zloz A7kt

ol#l Aol DNA o|5AE ATk gigh MZolA )
o 39 A4 9 SIAFE AERG Sl A B9
o, A E A F9 A AHAES} on e
Zpol7t Yigiet. ol= At AlZEolAE AlZEA ] vzl A=
Z2] "] go| =2 vl JAE A TAE AT Hiwo)
71% sk DNA 212750l MEAE 7150 §A= 5
7] WY FoE A2 DNA 4 WS- B of
A QlollA Uelie, o5 gke] X 2aHA4ol A% 53BP1} 7 -
H2AX Whelo] Z7kehis 202 dkeial glo] $igkellA o]
ghule] 2742 gre] Aekeak ok} X8 WSe| EARE
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