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Detection of 8-Hydroxy-2'-Deoxyguanosine in Human
Peripheral Blood Leukocytes and Stomach Tissues
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In the present study, we have measured 8-hydroxy-2’-deoxyguanosine in DNA of stomach cancers, adjacent
stomach cancer tissues, normal stomach tissues and peripheral blood leukocytes of the same stomach cancer
patients (n =48) to investigate their etiological association with gastric cancer and possibility whether periph-
eral blood leukocytes can use surrogate marker for early stomach cancer diagnosis by HPLC/ECD system. In
normal stomach tissues, we found that 8-hydroxy-2’-deoxyguanosine levels in tissues infected with Helicobacter
pylori were 1.4 fold higher than those in tissues without infected with Helicobacter pylori. However, in adjacent
stomach cancer tissues, we found that 8-hydroxy-2’-deoxyguanosine levels in tissues infected with Helicobacter
pylori were 1.5 fold lower than those in tissues without infected with Helicobacter pylori. In stomach cancer tis-
sues, 8-hydroxy-2’-deoxyguanosine levels in tissues infected with Helicobacter pylori were not significantly differ-
ent from those in tissues without infected with Helicobacter pylori. In Helicobacter pylori-negative specimens, 8-
hydroxy-2’-deoxyguanosine levels of adjacent stomach cancer tissues were found to be significantly higher than
those of normal stomach and cancer tissues. The 8-hydroxy-2’-deoxyguanosine levels of female were 1.7 fold
higher than those of male in peripheral blood leukocytes of the same stomach cancer patients. The 8-hydroxy-2’-
deoxyguanosine levels in Helicobacter pylori-negative specimens among adjacent stomach cancer tissues were
found to be reversely correlated with those in peripheral blood leukocytes, suggesting that 8-hydroxy-2’-deox-
yguanosine in peripheral blood leukocytes may not use as surrogate marker for the early diagnosis of human
stomach cancer.
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HA7HR1 Harel| ojaha, gh=lell A 74 wol s}
AR 4HAl fdtel Ay, Hde AgsiA dEA
UA AR A3 Aok 2 9] ] wagleR
@22 Helicobacter pyroliZ} 4= WA fedido] ¢l
= Aoz ByEe] gle} (Hahm er al, 1988; Correa,
1995). =8k FAYAT7]F (IARC)NME Helicobacter
pyrolis Human carcinogen® 2 738 T3 glow.
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Helicobacter pyrolioll ZYA=™ 714=A] & F2dl| v)3}
of 914ke] WAFEo| oF M Frlshe AR Ui
Atk (JARC, 1994). L $loll % 8k3relo} F2 gho A‘j;‘%}
A 2, Fd, 55, AR 24 ] B °}

2 WAL, atrophic gastritis 5o} $1%He] F23) uletggleg

FA AT v} (Banerjee er al., 1994; Correa, 1988;
Nomura et al., 1996; Tsugane et al., 1994).

F| T A digt B EEA ] ozt F31EmA
AR 2B 2] Al st o] hed R gl o] B
=3 gle} (Dreher er al., 1996). A3 AEf A= 3
7 Foll EAfsle ohokt WEEA, e]al MiabA Sol] 9
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A A E Pk op]el AlEe] AN E 2ol o3 2
=™, singlet oxygen, superoxide anion, hydrogen peroxide,
nitric oxide &% 22 AL (reactive oxygen species)
o YIME FEEE Ao Adax ¢lot (Halliwell er
al, 1991). &A= F2 HIV DNao) ¥7kA 34
< o8l el &S 3|, Al AEd 2] o3
AAAEE ookt DNA  H A Fo| A 8-hydroxy-2'-
deoxyguanosine (8-OHAG)yE- A2l AEz| Ao disle] 7+
FAe] ¥ YAAE (biomarkeZA I A=A gl
(Kasai et al., 1991; Shigenaga et al, 1991). 1 $]d| =
8-OHAGE in vitro R in vivo ATNA G7)13A) A] 9719
o] A (base mis-pairing) o2 A Edw o] (GC—TA
transversion mutation)E YL o= Ao dEA o
(Shibutani et al., 1991; Wood et al., 1990; Moriya et al,
1991; Kamiya et al, 1992; Cheng et al., 1992; Hollstein
et al., 1991).

w2 Abe] AA 24 Foll EAshs 8-OHIGE 24
e A B4 dle] o AE Al AEd Ao k2
=eol lerll Ak AETH ARE AME 9l =
g Aol BA Y] Uk L rbsAde] A 2 et
27) A= $89 4 gl A B9l oA ghee
2 s 83 oulE A ok A $= gl
AF7AA Al 2 dsiale] w9, 7k ), 69
AazA g b 23 Fo 8-OHIG7F AEHA o
(Takeuchi et al., 1994; Asami et al, 1996; Beik et al.,
1996; Lee et al., 1998; Shimoda ef al., 1994; Malins er
al., 1991; Nagashima et al., 1995; Jaruga et al, 1994),
Yl He, Az, oF 23] g §F F22E A}
o} 8-OHAGE ®|& FAg X3 A9 gl Aot} B
Aol AR 2B ae) Al SobEA o] AbA
£ sk, HAF] WYETE s 2] 2] A
E (surrogate marken)Z A3 $ QJ=RAE T3
A3 AdsAbe] ", Ak A2, AdRA 9 gk F
#2252} 8-OHIGE HPLC/ECD Wog zAlslgdc),

LT

AR 3 Al

Nuclease Pl1, 8-OHdG*= Sigma Chemical A} (St. Louis,
MO, USA)ZH-E 431312, alkaline phosphatase:
Bochringer Mannheim 32} (Germany), DNA purification kit
*= Promega 3JA} (Madison, WI, USA), ultrafree MC
BIOMAX-102 Millipore 3}A} (Bedford, MC, USA), reverse
phase column& Beckman 3|A} (Fullerton, CA, USA),

e - et - W - 7143)

CLOtest kits= TRI-MED Specilities 3}4} (Draper, UT,
USA)ZHE 22t F43i9ict. L 9J9] B.E AJeke B8
AME8l9d 2w HPLC A4 MeOH % H,0= TEDIA 34X}
(Fairfield, OH, USA)Z78 4383}

g o fI=Z|of g

A= AR NE A FES P2 487 3
379, A%F 11%)9] IR2HE Yaiglend, 919 &
4, A4 AxA, A2 2 A FHEAE AER @A
At ofF ¥ 2 ) 2AEL % F DNAE &
£ A7 -80°Cell Egsii.

Helicobacter pylori 2| 2+ 24

Helicobacter pylori 2] 7}l 35 32317 $JsiA
Helicobacter pylori®] Urease £471%-8 A%kl CLO test
71EE AT CLO test slideZ uhg- Aol 30~40°C
of Tt AUEAE 2~3 mm AHsle] slidedl] ¥
F 37°CoIAM 1A17Y, 3AIZE 9 24A17F kAo = Ao} w3
£ Al Helicobacter pylordl] W8k 7Hded -2 A4
t}. Helicobacter pyloriell S8 ZFdod = 37°Cel|lA 34)
7t Fol] apolA] 502 WS A9 BT oA
22 A3

DNA 22|2} 8-OHdG &4

AdgAte] gz ¢ 2202 DNAS F&381= A
2 9k Phenol F&7A Foll A 4= 9l: DNAY
Ab2E ¥]38)7] $18}e] Wizard Genomic DNA Purification
SystemZ AMS-sle] Hejslgict. HFA 22 TE buffer (10
mM Tris-HCI, 1 mM EDTA, pH 7.0)o] 3¢l %, DNA
(150 pgell nuclease P1 (7.5 UyE 718l 65°C, pH 5.00014
307k Wh-A1A mononucleotide® 71E-alalict. 1 ok
Tris-HCI 82§22 whgoie] pHE 8.0°2 ZAs}3L 37°C
ol A} 1A75¢} alkaline phosphatase (4.5 U)E *]2]3}e]
phosphate %5 A|Ag ¥ HPLC/ECD Ho= 45§
FEH A= F 8-OHIGE #4313t & AlgloA A4
8 HPLCE ZH29] Gilson 34 A|FE (model 805
solvent delivery pump, model 832 auto-sample injector ¥
model VE 5/133 absorbance detectorya ARE-3}%33. ECD
(electrochemical detector)®= ©|=2] ESA (model 502005
ARl e HA columnd Beckman®Ake] C18 ODC
H-80 (4.6X46 mm)g- AH8-8}dct. 28] 4579 w24
2A]= 9 8-OHIGE UV 254 nm % ECD 320 mVellx]
Z}7} &390 3 flow ratex 0.5 ml/min, mobile phase:
10 mM sodium acetate, 10% methanol®. s}¢].2m A|&E
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E HPLCY| $%13}7] Aol Ultrafree MC BIOMAX-102
2 o3l
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AlgAste] ZA A A el unpaired Students t-tests
AREI e, p<0.01 2L p<0.05 FF ol5tellA oA
< AR,

a3 o

B 7ol M A9 30 "o, A HRA, HgEA
B st FARAL o] §3le] AbshY AEH A AL $i5)
WA ste] ARIAE e, FAFe] WIS Sk =
7] Ake] i) E (surrogate marker)® AMEE £ gl=
AE A7 S35l 48382 HdAlETE FUe] H,
A x4, Az 9 A F2AE o= ARl
S 2] AlFel Helicobacter pylori®] 74 W A3
2E A PAA TS 8-OHIGE ¥lE, A1,

2IZ=ZE[ZE9| Helicobacter pylorie] Ze] 24

Fdal (48 fsrAhe] AN A2, Y (adeno-
carcinoma)®2] I A FHEAE A3l on ol =
2| o 2 HE] hiiAS 328 F Helicobacter pylori®] 744
ARE 7] 98 CLO test 7| ER £330}t CLO test
= Ef555 ME7}F Urease E4F AR ¢= vk
Helicobacter pylorf= Urease £45 A= )5 o] 8
slodom, Al Helicobacter pyloris A 93 92 v]
AEo] A EANSA] ¢7] WFol Helicobacter pylori ¥}
dele} Ao Boldel A F& AT el 9l

71 A3} Helicobacter pyloridl] tj3F oFAdui-s-g- Hel Z
212 AdsAte) A Y 2AelX 53%, st 24 FellA
47%, 9% FAZAIME 67%2 VRt S A 9
ZAel| vl 21t 22| Helicobacter pylori®l 7+
o] 7 2 723 vjepydt) (data not shown).

F o] Ag2AL Rhee ef al, 1990; Baik et al, 1996;

Baik er al., 1996))] 2lsbH 8¢l 7% Helicobacter
pylori®] ZY-E& frel7lel ARE T BE A A= 50%
7ol Hul 1 o] Fell = AU EI} S8R Ao Bl
FHol glent, # AT7olA ZARE A]le] A1 FUEA9
73% Helicobacter pylor®l] g &L 67% BEE v+
EPd T o] A o)A BT (Asami ef al., 1996)2} &
EREREY

A AAF 122 vlsl At FHEANAM Helicobacter
pylori®] ZF@-&o] A5rr} 22 02 vigHA A4k 9
ZA R} Helicobacter pylorid] 73880 73Asl=X]d| o
g o) AF3] duiAl vyl glow, SF olo Wt F
7F A" A FAFC 71AdTrE 9ed Aoz Aledd

2|=E|ZFo| 8-OHdGe| &4

g 12A, Az 9 g FHRA Fol Als &
Egxe] AR EQ 8-OHAG #S wzalr] s 5
ol (48%%F HAF 37, AAF 119)8] H=EAE ARSI
ol& &2 22 H¥ DNAE &3 ¥ HPLCECD ¥
2 8-OHIGE A#3r A}, Table 1o L9k} vje} Zho]
A} $1F A ME 1.92+0.79 residues/10°dG, $15322] o)A
E 1.96+0.33 residues/10°dG, $1gt FHFEANME 2,67+
0.74 residues/10°dGE ZAZ=o] AHAF Yx32] 9 9Jok=xA
Alelelli= 8-OHAG &l Zol7} gl ubd 918k FH 23 d
Me A 2 9 Atz vlE 14w w2 AL H
Aslsdet. ololl gt Al A A FHZA A 8-
OHAG®] A4 & 8l sk o5 AAEe] Waiws)
7 A2 R SidzAel vlE] AR EA H2r] dEd Ao
2 FA3a glort FA7EA] ool digt ABE AHH gl
e et

w3t AA $]F32]| M= Helicobacter pyloriel ZF4®
ZA (2.13+1.45 residues/10°dG)o] ZIHA & z3)
(1.54+0.25 residues/10°dG)el| vl oF 1.4vf =4 Jehdo}
a3y St 922 M= Helicobacter pyloriell 734
H7] ok 22| (3.52+1.83 residues/10°dG)e] 7" 23
(2.2620.68 residues/10°dG)ell vl3l 159 =A Jebga,

Table 1. Summary of the 8-OHdG levels in Helicobacter pylori-positive and -negative tissues among normal stomach tissues, gastric
adenocarcinoma and tumor surrounding tissues in 48 stomach cancer patients

Tissues Helicobacter pylori positive tissues Helicobacter pylori negative tissues Total
normal stomach tissues 2.13x1.45 1.54+0.25 1.92+0.79
tumor surrounding tissues 2.26+0.68 3.52+1.83 2.67+0.74
gastric adenocarcinoma tissues 1.95+0.45 1.98+0.50 1.96+0.33

Levels of 8-OHdG are expressed as the ratio to 10°dG
Data are presented as the mean and standard error for each sample
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kzx2l2] Z%ell= Helicobacter pyloriol| 7339 34 inducible nitric oxide (iNOS)e] ¥&lo] X131 A wfof
(1952045 residues/10°dG) ZH9=A] 9 24 (1.98+0.50 #4% host macrophages @ polymorphonuclear leukocytes
residues/10°dGAFololl BAIEH Q] foap7t ¢l ALZ o Sl o8] A} nitric oxide®] A Fo] fFiEE
epdet. A 27HAe] QFEI (Baik e al, 1996)] 2j5hd o= oA i, AAZ Helicobacter pyloridl 7%
Aol Helicobacter pylorell ZX3=™ $122] A2 9] A AFxAL FHde] HA 2 $12Aol uv|3] 8-OHGH]

Table 2. Summary of the 8-OHdG levels among peripheral blood leukocytes, normal stomach tissues, gastric adefiocarcinoma and tumor
surrounding tissues in male and female stomach cancer patients

Tissues Male Female Total
normal stomach tissues 2.07£0.97 1.86+0.21 1.92+0.79
tumor surrounding tissues 2.26+0.61 3.839+2.40 2.67+0.74
gastric adenocarcinoma tissues 1.78+0.33 2.59+0.92 1.96+0.33
peripheral blood leukocytes 3.65+1.03 5.69+3.06 4.17£1.08

Levels of 8-OHdG are expressed as the ratio to 10°dG
Data are presented as the mean and standard error for each sample
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Fig. 1. Relationship of 8-OHdG levels between peripheral blood leukocytes and Helicobacter pylori positive tissues in normal
stomach tissues (a), tumor surrounding tissues (c), gastric adenocarcinoma tissues (e), Helicobacter pylori negative tissues in nor-
mal stomach tissues (b), tumor surrounding tissues (d), gastric adenocarcinoma tissues (f), respectively.



Al ET 9 9] 22)3e] 8-Hydroxy-2’-Deoxyguanosine 2301 3t < 17

glle] 23] ¥ o2 od=iA ok B A7l #F
g A HzAe A 2usl 4723 Bak e al,
1996)%} o] A® A5k o}, A A7} opd
b 9| =2] ol tx=e| 79 Helicobacter pylori ©]¢|
A AEHAE F7A7)E o T8 5] e
7o FAHT

a8} Helicobacter pyloriell ZFQER] ke 1220k
vlwsle] B gt F9F2 (3.52+1.83 residues/10°dG),
21932 (1.98+0.50 residues/10°dG), AAF $1Z4] (1.54+0.25
residues/10°dG) 22, 9k F9ZA] o] k=& 3} HA
AzAol wls] 7F4 8-0HAG #lle] ¥ A2z vehd
vh, Helicobacter pyloriell 7A€ 1Z2259 7 $oll=
A4 A=A, A=A A% FA2A 7] 8-0HdG |
Wel| gleiA FAITE ]l felgt Aol & WA = gl

g Aol w2 x}olE X3t A Table 20 L0k
uke} Zro] A4} AxA e ME Al ok zfe]7} gl ot
Ak g S FERE AL FRlel vl o3zle] A 8-
OHAG #de] 1.5-1.84 747 ¥ 7= vepgd.

golzo| 8-OHJG =3

gaze WyhTE g9k 2] 2] )R F(surrogate
markenE. AMSE 4 QJEAE AESY] ¢8 HAgsEsal
o] gHoZNE] DNAS 2eldle] HPLC/ECD Mo §-
OHAGE v, AgFslich. L A3 Table 20 L0k vle}
o] $19k8A} P o2 NE| §OHIGt AH- &= gom,
FA} (3.65£1.03 residues/10°dG)el] ¥)3 AR} (5.69+3.06
residues/10°dG)®] 8-OHAG #le] H{# 22 1.7 ¥
AL B

A, dgFe] WYTE HG 7] DY dHEAR
(surrogate marker)Z AM-E & QlEXE HE3] 98
Fig. 1o vepd wle} o} AAF $124], SAkz=] 9 A¢t
F9N24%] 8-0HdG HHE Z7 M2 v w3t 27}, o
N} Helicobacter pyloriel 4% 91 FHxA] 3= 9u]
#xo2 Aol ol AR Rt aehy Aubxe
2 gz} A} x4 F gz I ] ¢= 7l
2 Jeht, 3% gAZe 8.OHIGE Y% Z7] ) o
A& (surrogate marker)® AHEE $ e 7FsAL ¢l
o] Xolc} (Fig. 1 &%)

AR fdsRA o] el F oHAdEke] ofd
AAzA ) 99 Alele] F7t HHAlQ AL T=lE o), %
T4 F:A 0] A3l AEHAE 71 ol BE gl Ao
Holw, TES o] 43 WM AkEA] AEHAE o
A7 SRRl 58 we] AP TR E T
HEo] AptE]o] FER R fghiAYo] ATy By

4 Ag7Re) dFAse dAse Aoz Heln
(Rachmilewitz et al., 1994; Frei et al., 1988).
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