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PCR and RFLP-based CYP2D6(B) and CYP2D6(T) Genotyping
for Korean Lung Cancer Cases and Controls

Jin-Ho Chun', Chang-Hee Lee’, Sang-Hwa Urm’, Byung-Chul Son', Jun-Han Park’, Kui-oak Jung
Chang-Hak Sohn?, Hye-Kyoung Yoon?, Choon-Hee Son*, Hyung-in Kim®, Jin-Sook Jeong?®

Department of Preventive Medicinel, Internal Medicine?, Pathology3, Inje University College of Medicine

Department of Internal Medicinet, Pathology®, Dong-A University College of Medicine

The genetically determined CYP2D6 activity is considered to be associated with can-
cer susceptibility with inter-individual variation. Genetic polymorphism of CYP2D6(B)
and CYP2D6(T) was determined by the two polymerase chain reaction(PCR) and BstN1
and EcoN1 restriction fragment length polymorphisms(RFLP) for 67 lung cancer cases
and 95 healthy volunteer controls. The cases were composed of 26 squamous cell car-
cinoma, 14 small cell carcinoma, 10 adenocarcinoma, 3 large cell undifferentiated carci-
noma, and 14 not histologically diagnosed.

The results were gained from the 142 subjects (57 cases and 85 controls) who obser-
ved successfully in two PCR and BstN1/EcoN1 RELP. Only one and no mutant allele ¢
the CYP2D6(B) and CYP2D6(T) gene was detected, that is, the frequency of mutant al-
lele was very low; 0.7%(1/142) and 0%(0/142), respectively. Detected mutant allele of
the CYP2D6(B) was heterozygous type(WM). The odds ratios for lung cancer suscepti-
bility with CYP2D6(B) and CYP2D6(T) genotype were not calculated. These results are
similar to the previous understanding that the mutant allele is very rare in Orientals
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compared to Caucasians, therefore, it considered that CYP2D6(B) and CYP2D6(T) gen-
otypes have maybe no association with lung cancer susceptibility in Koreans.

This is the basic data of CYP2D6(B) and CYP2D6(T) genotypes for Koreans. It would
be hepful for further study to determine lung cancer susceptibility of Koreans with
the data about CYP1A1, CYP2E1, GSTM1 from future study.
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e TIA} B2 (cytochrome p450 2D6, CYP2D6)S]
713 th¥ A (genetic polymorphism)t H| LAY 7t
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${PcR)}E A5l cypas AR 9 HHUE
ZEANZ e, (3) 206(T) mutation ¥§+shd
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First PCR CYP2D6(B) Genotyping
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Second PCR CYP2D4(T) Genotyping
(96bp: 3298-3393)
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Restriction fragment iength polymorohism(RFLP)

Strategy for CYP2D6(B) and CYP2D6
(T) genotyping

Figure 1.
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4
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2D6B(G—T1934)
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CCAGGAGACC

Figure 2. Cytochrome P450 2D6 gene sequence and PCR amplification area(Source: Kimura S, et al.
Am J Human Genetics 1989;45:889-904)
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2) First PCR and BstN1 restriction analysis for
CYP2D6(B) Genotyping

CYP2D6 gene®| Intro 30 X8 G19347} TZ A
$H=|= 2D6(B) genotypingS $13F 12} PCRE Intron
20 A3} Primer 1213(TGG TGG ATG GTG GGG
CTA AT)%} Intron 49 $]X]3} Primer 1214(AAA TCC
TGC TCT TCC GAG GC}E o] &ala] Alaiaigon,
PCRY Z20E& o 29tk & 0.5n eppendorf
tube®] buffer B(Tris HCl 100: KCl 500: MgCl, 200:
H,0 200) 5.02¢/, 1.875mM dNTP 8.0u/, 8.0pml/ulZ
349 primer 1213 2.5uf 2 primer 1214 2.5uf, Taq
polymerase(Perkin Elmer) 0.5%f, DNA 0.5 ul(0.05ug)

, RNase®} Pro-

B SHT 3L0ufE TIstd F soulE e T,
S 9+7] 913 mineral oil 50ufE 5531 Thermal
cycler(Ericomp, USAJOlA 9aC 1& 30% F9F 1
cycle 7F5-A17) thS, denaturation 94°C 1%, anneal-
ing 65°C 1%, extension 72C 159 ZA& 35 cycle
HHESE 3, 72T 4% 1 cydes ZFTH 94949 13}
PCR AHEZ 2% agarose geloll #7195 U, ethid-
ium bromide® @43l] UV light sl WM=g
A5l ol RELPE 13} PCR AHE 3} BstN1 A BHEAE
ol-g-3te] A3t on, cypae FHAS] FE £
9 primers) 9714, AREAA 3 BHRH
wet sl el 3707} 57, 11, 69, 161, 250bp
°l Ao & homogenous wild type(WW) 57, 11, 69,

=
S

161, 250, 411bp2! 7Z$-& heterogenous mutant type
(WM), 57, 11, 69, 411bp2]
type(MM)Z 33t

73-%- homogenous mutant

3) Second PCR and EcoNl restriction analysis for
CYP2D6(T) Genotyping

CYP2D6 gene®| Exon 39 9|3 T17959] A% (de-
letion) 2 21| o} stop codon®] FAEH, wehA] A
Abe) Fddo] A o] HA7ER] A ER] BUH deb-
risoquine EHAP:-Q] FHEH FAH ¥ 2] 4
B4 78S 758 sk 2D6(T) mutationS 7HE
FHIol| L9 cYPaD6 FAAkEe] 8 HE) Z(Saxena
S 1994), 471 13} Pere] AHEE o83 23} pCR
7} RELPE AZ22M 71 genotyping®| 7}F&3lATt.
Z Primer 1217(GGG CCT GGG CAA GAA GTC
CCTG)S} Primer 1216(TCT GCC CAT CAC CCA CCG
GAG)E |83l PcRE A&slon, pere] 24
& DNA W4 0.5u9] 14} PCR AHE-S AMESH
annealing time 67C 122 § FAE 15 cycle B
& A& Al9stae 13} peRY FL3IAT. ¢4 2
A} PCR 2FE5 3-4% Nusieve agarose geloll H7]%%
3 T2, ethidium bromide® F43}] UV light 3}
A W= FASE RELPE 23 PCR ARET
EcoNl1 A|FEAE o] &3l A3slen, cypse



FAA] ZZ 29} primere] §71M Y, AgHE Lol
of3t Ak lof oje} gEs = W F7)71 96bp
ulo] 73—?—2— homogenous wild type(WW), 96, 73,
23bp3l 7
23bp%] 7% homogenous mutant type(MM)Z #7

it

= heterogenous mutant type(WM), 73,

4) 12} PCR AHE9) BN B2

gHH CYP2D6 gene {17 & CYP2D7, CYP2DS 5
©] pseudogene™ & ¥ Holmg
(Nebert 5, 1987; Kimura 5, 1989), 1x} PCRS] 4HE
°l CYP2D6 A A Frefald=7HE Nar 1 AIGHE

o] &3l Elstke HPE AR & wAA

949} primer®] B7IMY, A Faid] o A
ol wWe} 12} PCR A & primerE ©] 3= 73
YP2D6, CYP2D7, CYP2D8 -3 Ao o3} Nar 1

/3 (homology) &

Table 1. The expected results of Nar! restriction
analysis for CYP2D6, CYP2D7 and

CyYP2D8

Restriction enzyme CYP2D6(547bp) CYP2D8(546bp) CYP2D7

Nar I 371,176 546 Not priming

Mw

500bp—

200bp—

Figure 3. Nar | RFLP on the first PCR products
for CYP2D6 genotyping (MW, Molecular
weight)

13} gon) o] 4L %

RELPY] 7|Uis & 2= &
CR 2HE CYP2D6°1] A s

st B Ao 13 PC
&€ AASHAHTH 3).

rlo

i&

I, S5
1. AR 7

st el 748 £ 29 2
Ferjor % 53‘3401] 1
SAbgoll gk Hge] =
squamous cell carcinoma 268, sméll cell carcinoma

148, adenocarcinoma 109, large cell undifferentiat-

ed carcinoma 3% ©|Uth YFZ7E & 95 o2 oy
By ola) 16 9, ¥V 9, A&} o, 23
ARFA 617 0]911:}

Table 2. Composition of subjects

Case (n=67) Control (n=95)
Squamous cell carcinoma 26 Ophthamology 16
Small cell carcinoma 14 Urology 9
Adenocarcinoma 10 Plastic surgery 9
Large cell carcinoma 3 MPHSS* 61
(undifferentiated)

Missed histology 14

*: The clients of multiphasic health screening service

b5
A

2. 7Y Chdd

1) CYP2D6(B)

12} PCR AHE9] A7) 547bp 21, BstN1 S ©)
43t RFLPE A& 23 57, 11, 69bpo] WEE
A7)7F Y5 Zo} 2 A= 4 §IUEE 161, 250,
411bp8) Wi=o 2Ast A#E A=t 2 2
7} 13 9] heterogenous mutant types A|¢J3tile B
F homogenous wild type(Ww) 2.2 FHAHITH T .
4 4).



MW WWWM WW =

500bp—

100bp—

Figure 4. Result of BstN1 RFLP for CYP2D6(B) genotyping
(MW, Molecular weight; WW, Homogenous wild type; WM, Heterogenous mutant type)

MW wwW =

Figure 5. Result of EcoN1 RFLP for CYP2D6(T) genotyping
(MW, Molecular weight; WW, Homogenous wild type)

2) CYP2D6(T)

€ 22k PCR A2 A7]E 96bp gow,
EcoNl RFLP 27} mutant type © 138 % glo}] 25
homogenous wild type(Ww) 2.2 FE= Ao 18
5).

ole] ATE Qokbd E 37 2l & HE A
S} 23}ef] 231 PCR, 12|31 BstN1 % EcoN1E 9%

3k RELP7} 25 715ty Al 1428 (3R 5738

Wz 858)2 ol5d] W 48 Axt FAFA
mutant allele®] B&% & = cYP2p6(B)= 13l B3}
19T cyrae(T)E & 1EE glo), HAFHo=

o
s

0.7%(1/142),
0%(0/142) ©1

CYP2D6(B) mutant allele®] WHE
CYP2D6(T) mutant allele®] W3 E-&

Table 3. The frequency of CYP2D6(B) and
CYP2D6(T) mutant allele in Korean

lung cancer cases and controls

Case Control Total  Odds ratio
(n=57) (n=85) (n=142)
2D6B
wiw 56 85 141 1.00
w/M 1 0 1 NE
M/M 0 0 0 NE
2D6(T)
wiw 57 85 142 1.00
w/M 0 0 0 NE
M/M 0 0 0 NE

W /W, Homogenous wild type; W/M, Heterogenous mu-
tant type; M/M, Homogenous mutant type; NE, Not
evaluated



on, #&4 139 CYP2D6(B) mutant allele™ het-
erozygous type ©] 21T} CYP2D6(B) 2 CYP2D6(T) 2]
AR o] 2§ w2 #H et B4l odds ratios=
mutant allele®] ‘F¥Eo] 33| tlo} 1&5HA] Fa9)
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19773 Mahgoub ':% 3113 HAIQ] debrisoquine
S A Al 20 28 Sopd 54 4
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4hydroxydebrisoquine$ 2 Al wjAdslH, o]of u:]—%
Shed 49 LI ABSADD wastel 9A4E
Ao A thAbso] AANEE o F Arke ARE

B o ay Q7 A cytochrome P450 S

ol ol ohuistel §14 Al B A7l

=7E skt

°]o] Ayesh 5(1984)2 #HU3hato} thx7 & oy
S 2 3 debrisoquine THAFE & 9] H]n ol A
EMY 3¢ F2 EHATEAY U2 EXske §
A 7104 22 S Al B9 S AYs B
g3 ste ol Fol wtatgo] AAH, v 2
PMO] 734 AujellA] WA g gAY} 52 ¥u A

TEZ 8 22 wiEs s TR HA3REA
Akl Bj 01-01 EMo] %t} ¥ 15} debrisoquin-
ed] ALEAF o] H Aol A4 HAAE o] §
g F U5 A oleks W2 pMo] A S
WA o} thAFEo] Astz #7714 fral gAY
AU A& op7|A710, 0|2 <ste] Ay LS
771715 st dl o]of] #3}od= debrisoquine2]
PM £33 3 B 7he] S sk Rt 9l
THBarbeau 5, 1985; Poirier &, 1987; Nebert 5,

7t 3jo9} A 754 el BAXS i ?ﬂ?* E
7] WAl AR RS AN Hao) BApyesty

A7l ol 27174 ThegstA o] Foix gt F 7]

—8—

GA] A= debrisoquine tHAREHE ] 7] 71 A}
ojg # ¢t LA T el HAA st F2 WY
= % 2. (Perera, 1978; Idle, 1979 & 1989; Law 5,
1989; Caporaso %, 1989, 1990 & 1991; Speirs z
1990; Harris, 1991; Benitez &, 1991; Nebert, 1991;
Wolf 5, 1992), ¥ ©]©] Eichelbaum %5-(1987)°] CYP

06 EAA S AR 227 228 G2 encoding

o] 91-8-& W7A5tal, Skoda S(1988)°] Xba I At
FEABAE o] 83l 11.5kb%} 44kbe] Q) PME 1}

ER = 2714 mutant alleleS 321319 2.1, Kimura
5(1990)°1 9Jste] cypape o] A7IMEo] o
&A1, Heim™ Meyer(1990)7} 54 primerg o] &g
allele-specific PCR FZH-& 7)o gy CYP2D69]
FA4 A Hg A7} o o] FolHtHVineis
and Caporaso, 1991; Bertillson %, 1992 & 1995; Root-
s & 1992; Dahl 5, 1993; Wang %, 1993; Yokota 5,
1993; Armstrong 5, 1994 Wolf 5, 1994; London
5. 1994).

0]9} o}-&#, 7 2H&8Hpharmacogenetics) #oFol
A& Kalow(1982) 5 Bl £ of2] d4txjol oafe] <k
EdjAlel Qlof Q1F 7ho] Ao)7} AF {Vessel &
Penno, 1983; Tucker 5, 1986; Peart 5, 1986; Kalow,
1991 & 1992; Eichelbaum, 1992; Bertilsson, 1992 &
1995; Kiivet &, 1993; Hirvonen 5, 1993; Dahl & Ber
tilsson, 1993; Evans, 1993).

Z debrisoquine THAFEAE S| 3¢, -8 At
Aol Aol 97 Aol7) st pMm RHEEL 7|5
(Nakamura 5, 1985)3% -3 (Alvan 5, 1990), 24l
(Bertilsson 5, 1992} 52 ‘!E?_](Caucaswn)ﬂ]*‘] ok 7%
=g Yel A A, dE 0% (Nakamura 5,
1985), 5= 0.7%(Lou 5, 1987)9} 0.78-1.48%(Bertil-
sson 5, 1992), 3+ 0%(Lee 5, 1994) 08 T
oM v § Wk, 519 A% 0-8.1%= ThEIA
tH{Mbanefo 5, 1980; Iyun 5, 1986; Sommers 5,
1989; Kalow, 1991).

T3 cytochrome P450 T4l 5 debrisoquine ™
Abe} e o] Qe Ao AR = CYP2D6(B)

el



o] S thal Aol A CYP2D6(B) mutants= W<l PM
oA 7bg £3) Uik ¥o) W (mutant allele) ©)]
gt ZRIHE A9 Fol B7] =& 5, CYP2D6
o] F33 AP UF 2ol At Aol Holn
At} Z PM mutant®} HHES W< 33.3%(Broly
5. 1991; Dahl 5, 1992), 5% 0.4-1.2%(Johansson
5 1991; Wang 5, 1993; Xie 5, 1996), o}Zg7} &
] 1.8%(Masimirembwa %, 1993), o}#|#]7} <1 8,
5%(Evans %5, 1993), AF$-t]olgbu]olQl 1-2%(McLel-
Ln 5, 1997) 502 EHYH pArlAE FUA0]
wQlol] Hjste] @A 3] Wttt

olde] o] A7} dro FHe A=RE tf
Fo2 & cypapes] FAH HF A ek A7 {Nak-
amura %, 1985; Kondo, 1991; Bertillson =, 1992
Wang 5, 1993; Yokota 5, 1993)8 %3} oJ2] sub-
type®] CYP2D6 532} il o] UiA QoK 4)
Suehs B8y Zxd g3 Ap(0] 5, 1994)
o] REHO R ALHUS ¥, A B5 A
T fiok B3 A= 58 FRAAEH At
XY o] Figo] YRBHA Pol AAT Aol
o] Foj A gkx glot, wiele] % cypape(a),
CYP2D6(B), CYP2D6(D) A& o] 2FC2 pM £
3] 90-95%E AHE & Ytk FrHHeim & Mey-

Table 4. CYP2D6 Genetic Polymorphism

er, 1990; Broly 5, 1991). & tAAIREE 3} T¢2HE
9] AL o] & cYpP2D6 A A} subtyped] 23]
w} ARHE AeE JAAE, gk 2 7
¥ az7te] 97E S8l pm BHE A A 2H3
B0 Y ALE AARE cyre(B)S}, A2
g8 3} Bdo) 9 A0 Aj2o] B1E CYP2D6(T)
9] §-A9(Saxena 5, 1994)] thate =<l Qlof
A9 fA14 qEAE dokr 17 .

3HA, olo} BE A A7e F2 ujlE e
2 8t} cYPape tIARE RS 3 #gh Aol g 1t
o FAN A7 G2 o] FRon, T AU
A9} 27 tdo2 st pMo| HHE 2}o]9} o]
o) WE Hg B9 odds ratioS FEIFTE 2 A
#H b WA 9] odds ratio(95% AN TFHE F=2Q 5.9
(2.2-15.6)(Ayesh 5, 1984) % 4.8(1.2-20.1)(Law 5,
1989), =9l 1.4(0.9-2.4)(Roots 5, 1988 & 1992), &
#2191 1.5(0.5-4.9)(Benitez 5, 1991), T} =2 2.8(0.
3-25.9)(Caporaso 5, 1990), Z#2:2] 1.2(0.6-2.7)(Duc-
he S, 1991), ¥ 7] o] Q] 1.3(0.5-3.9)(Horsmans 5,
1991) S22 AAH o 2= HY @AY odds ratio”}
1.7(1.3-2.4)2 JEh} non-PM EHF 9] #Y wra 73
FA0] ozt %718 Ao HHE QrhRannug 5,
1995).

Designation Site AA Change Xbal RFLP Activity Comments
CYP2D6 Wt - 29 Normal Wildtype
CYP2D6A Del A2637 Yes 29 Absent Stop Codon
CYP2D6B G—T1934 Yes 29 or 44 Absent Splice site defect
CYP2D6C Yes 29 ?
CYP2D6D Deleted Yes 11.5 Absent Entire gene deleted
CYP2D6J C—TI188 Yes 42, 44 or 29 74 Seen in Chinese,
Same as CYP2DCH1
CYP2D6J G—(C4268 Yes 42, 44 or 29 21 Same as CYP2DCH1
CYP2D6L C—T2938 Yes 175, 44, 42 or 29 71 Not found in the CYP2D6J so
may be link to amplified gene
CYP2D6L G—C4268 Yes 175, 44, 42 or 29 21 Same as CYP2D6J -- Amplified
CYP2D6L G—C1726 No 175, 44, 42 or 29 - Not reported in CYP2D6J
CYP2D6CH]1 C—TI188 Yes 29, 42 or 44 ) Same as CYP2D6J

—0—



AT 2 WS e R & cypne thANA
&3} Fg 2Ale) A 7he] B AFelMe H)
oF WA O} odds ratio(95% A# T G2 1.20.
6-2.3)(Wolf 5 ,1992), =Y 2.9(1.0-8.8)(Kerb T,
1992), =E20]¢1 0.6(0.3-1.2)(Tefre 5, 1992), A=
9l 6.4(1.0-40.9) (Hirvonen %, 1993), 2=¢|€1<1 0.6(0.
2-2.0)(Alexandrie 5, unpublished) 522 HH|Z o
2 HY WA odds ratio’} 1.0(0.7-1.5F YER}
non-PM 43L& ot WA AAde] Sote} Bio]
e Ao 2 HrkE i Rannug 5, 1995).

b B @M 7] A8 Aere} o]
AR zlolg FFY 7FsAo] & Aos
JdAgE AY BT R2TS ATHYSE B
on, T Zzl fARE Aolg BY AS ol
o2 #Ho v 9] odds ratios AHE3lA} 31

AT A WY ANH} 230l 23 per, 121
BstNl ¢ EcoN1E ©]43& RFLPV} 25 753t
1428 (BAE 579, YZF 85%) 5 mutant allele?}
#29 #& cyp2pe(s) 189 E-35111 CYP2D6(T)
9 EE glol, AAXHSE cYP2D6(B) mutant al-
lele®] WEEL 0.7%(1/142), CYP2D6(T) mutant allel-
2] LEEL 0%(0/142) oI 2H, B2H CcYP2D6(B)
mutant alleles= heterozygous type(WM) ©J3ith.
CYP2D6(B)2} CYP2D6(T)9] tiAMFAEH ] wa H¢t
HHA 9] odds ratios AHET 4 UL olEg A=
FWRIoiA 9 pm T go] T3] Wria & 71E
T At dAshs AoIeH, watA 4B, T
Q) FollA9} 2ol 3=} 9= cyPane 3
&o] FHgH PAol| vl T vl AL AR o
AR}, cYP2p6(B)S} CYP2D6(T)S] F-418 23} ¥
o WA Zhe] BHAE B A § Al: BT mu-
tant allele®] W& Eo] 3] Wo} o]Fo}A|x] X3l
123

B Ate 4 A7ddAe] a7t FHE6A o,
E9(Llerena 5, 1996; Uematsu, 1996; Bouchardy &,
1996), A EE2(Llerena £, 1996), 7]e} F22] W&
5 A7 Aol 4F%S 1A F e 54 dg

AR FA7} o] FolA ggokon, Folutie #F
¥ mutant allele®] &0] 23] o} Azjo] 3t A
S W77l gedke AE S AV Aot & Ae
g uhe} o] d=EelE 2 FYIIME cYpape
mutant®] F&ELo] vl e uwl, IR
CYP2D6 A Eol whE H 2Aye] e 7HE 9
sl dey A B8¥ ZeE AZHEn,
06(B)9} 206(T)8] FAHE Qo= i) subtyped]
cYpP2D6 A2 Th Aol thgh Arel, 53] d=EelS
hAOZ 8 debrisoquine WAL EE 7} 4413 2t
#AHA Ayt SHH o AlgEojol & Aoz A
ZYE ). 3 Nakachi 5(1993)) &J3hH dEo)x} 7
& ZoRlME cYP1A19} GSTM1Y] HoHE FA|
o 29 A% wHet HAFo| amv) 7AA FIHE 5
ty seg, 329E ez 1 7k Aol F
oF whn} #Ho] Qlrkil %e7(Rannug 5, 1995)
CYPIAL, CYP2EL, GSTMI 59} 43 g d7=
o|Fojz{ok & Aolct.

aoE Bl B AFe e ygeR
CYP2D6 +AA 1A 79S A2 71x 7 A
o 9oE & & lAlen, 1 ARt A 7+ vl
o 7123 AR 2 AFH A Reldt. 97 AY
& Fddre Zolet Wirle e 71E B olatd
ool AE on] F88 Al 9919] shirt H
3 e T, o] cytochrome P450 &4 €] FAA
T Aol wet g wAle] 7ol EEiiind, o
g ol g3t} Hdel 28 Fgo] B2 & AN &
F 91E Aoy, t$7] AT B A7HL U
e fExte 43 g8g a7 tistde 7%
E AT F UL Aoz A4

i
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7l b gols HYgeg Ak 3 6787
FAZF 95308, AAERE WP S 0] 83l
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A7 A AE AFH9} 27l 2F per, 281
BstN1 2 EcoN1E 0|83t RELP7} 25 7H53iRd
1428 (BAE 579, ZF 858) 5 mutant allele?}
29 d= cyp2pe(B) 12]9] 3819 T CYP2D6(T)
= ¢ 1% glo], A 22 cYP2D6(B) mutant al-
lele®] WHEL 0.7%(1/142), CYP2D6(T) mutant allel-
o] WHE-L 0%(0/142) o121, BEH CYp2D6(B)
mutant alleles= heterozygous type(WM) ©Iit}.
cYP2D6(B)} CYP2D6(T)2] thAMAE A 1 2§
w2 ok A9 odds ratios 2SR £ &
AE QS FOE cytochrome P450 TA7|
o] £ g3y we dY e 7FAE 7
iz} 3 7123 ATEA] 99 E Adr}
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