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Background : The p53 and retinoblastoma(Rb) tumor suppressor genes are associated with the pathogenesis
of several types of human cancer. Substantial proportion of the primary lung cancers or cell lines have been re-
ported to have the p53 and/ar the Rb gene mutations. But, so far there is no report on the analysis of the Rb
gene polymorphism as one of the genetic susceptibility marker. This study was undertaken to establish the gene
frequencies of the polymorphic genotypes of the p53 and Rb genes in Koreans to evaluate the possible involve-
ment of these genotypes as a risk factor of lung cancer.

Methods : In this study 145 controls without previous and present tumor history and 128 lung cancer patients
were subjected to analysis. The two intragenic polymorphisms of the p53 gene(exon 4/Accll, intron 6/Mspl)
and one intron 17/Xbal polymorphism of the Rb gene were analysed by the method of polymersae chain reac-
tion-restriction fragment length polymorphisms(PCR-RFLPs). The genotype of the intron 3/16 bp repeat poly-
morphism of p53 was determined by PCR and direct gel electrophoresis.

Results : There were no significant differences in the genotype distributions of the p53 gene between lung can-
cer patients and controls. But heterozygotes(Arg/Pro) of the exon 4/Accll polymorphisms were slightly over-
represented than controls, especially in the Kreyberg type I cancer, which was known to be associated with
smoking. The intron 3/16 bp duplication and the intron 6/Mspl polymorphisms were in complete linkage
disequilibrium. About 95% of the individuals were homozygotes of the common alleles both in the 16 duplication
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and Mspl polymorphisms, and no differences were deteced in the genotype distributions between lung cancer
patients and controls.

Overall genotype distributions of the Rb gene polymorphisms between lung cancer patients and controls were
not significantly different. However, the genotype distributions in the Kreyberg type I cancer were significantly
different from those of controls(p = 0.0297) or adenocarcinomas(p = 0.0008). It was noticeable that 73.4% of
the patients with adenocarcinomas were heterozygotes(r1/r2) whereas 39.2% of the Kreyberg type I cancer
were heterozygous at this polymorphisms. In the lung cancer patients, significant differences were also noted
between the high dose smokers and low dose smokers including non-smokers(p = 0.0258). The relative risk to
Kreyberg type I cancer was significantly reduced in the individuals with the genotype of r1/r2(odds ratio = 0.
46, 95% C1. = 0.25-0.86, p = 0.0124).

The combined genotype distribution of the exon 4/Accll of the p53 and the intron 17 Rb gene polymor-

phisms in Kreyberg type I cancers were significantly different from dose of controls or adenocarcinomas. The
highest odds ratio were observed in the individuals with the genotypes of Arg/Pro and r2/r2(odds ratio = 1.
97, 95% C.I. = 0.84-4.59) and lowest one was in the patients with Arg/Arg, r1/r2 genotype(odds ratio = 0.
54, 95%Cl = 0.25-1.14).
Conclusion : The p53 and the Rb gene polymorphisms modulate the risk of smoking induced lung cancer de-
velopment in Koeans. However, the exact mechanism of risk modulation by these polymorphism remains to be
determined. For more discrete clarification of associations between specific genotypes and lung cancer risk, the
evaluations of these polymorphisms in other ethnics and more number of patients will be needed.
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Table 1. Polymerase chain reaction primer sequences used in this study

Gene polymorphisms

Primer sequences

References

5°- AAT GGA TGA TTT GAT GCT GTC CC-3~

p53 exon 4/Acc II

5°-CGT GCA AGT CAC AGA CTT GGC-3~
5°-GCA GAG ACC TGT GGG AAG CGA-3~
5°-GAG CAG TCA GAG GAC CAG GTC-3~

~ intron 3/
pS3
16bp repeat

Kawajiri et al., 1995

Birgander et al., 1995

5°-AGG TCT GGT TTG CAA CTG GG-3~
5°-GAG GTC AAA TAA GCA GCA GG-3~
5°-TTC CAA TGA AGA ACA AAT GG-3~
5°-GCA ATT GCA CAA TCC AAG TT-3~

p53  intron 6/Mspl

RB intron17/Xbal

McDaniel et al., 1994

McGee et al., 1990
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p53 FAAL= exon 49 ¢R)sk= Accll(codon72),
intron 69 £A13= Mspl, intron 3¢] 16bp Hul&
3 Ad diglA, Rb §22R= intron 17¢] Xbal
A digle] £4 stdti(Table 1). =3¢
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FAEHYo] thE¥AH(PCR-RFLPs) & o) 319
o, 16bp ¥E TP L FHEAAANE F A7)
dFoz AY st

1) Zx¥dozHE DNA £ 2 A

Wizard™ Genomic DNA purification kit(Pro-
mega, Madison, USA) & A}23le] Imle] SN
o28E sl AFHE Pl W2} DNAE 32
A3k

2) FEALGANE

F¥AA D32 Premix-Top PCR kit(u}e] £.1]
ok, A&, dIUF)E o&3At. FHA 5ol
primerE (Table 1) Z+zZ} 20pmole(0.2ul)#} geno-
mic DNA 0.2ug (1ul) 9 27552 &34 20
ul 8Fo2 o] EE 304! 2 mineral oil
(Sigma, St. Louis, MO, USA) & 43d A7151d,
DNA Thermal Cycler 480(Perkin-Elmer Cetus
Corp., Norwalk, CT, USA )& o]& 283494
¥h3-& AlZc}. Table 19 viebd uie} 2to] p53 ¢
exon 4/Accll, intron 6/Mspl t}34 2 Rb&-2=}
9] intron 17/Xbal c}&Ad st &£4& PCR vt
SF o]F 5u1& A microfuge tubedll &% 2z}
Z AYE AFEA Sunit® A2F £ 2% agarose
Aol A719F3 2 ALl f11ye 2kt
p53 fAAe] 16bp & t¥A4L FZE DNA 3
~5u1& A3 8% polyacrylamide Ad] A7|9%%
¥ silver staining ©.2 §3x3L AR}

o} SARH

HET B2 §AE BES Aol 2x2
T 2X 3 contigency tableg o] £3 x? AFog
24 siglon), 54 #A4%d B AuAus
(relative risk)-& W8] (odds ratio) & T8} H]
o B4 3ok EAEAM = True Epistat V5.2
(Richardson, Texas, USA) T2 13%& o] 4-3}%t}.

4 o
7}. p53 fA2}e] exon 4/Accll t}84

2T E Aol gt 44 Fig. 194 RodF
 upe} o] AU 371X H-ARE (Arg/Arg,
Arg/Pro, Pro/Pro)do] #adqct. dzr 2
Ao g FFHAA BAZ= Table 29 293t
Aot x4 #2AE Args Pro 433 HMEE
Zz} 0.66, 0.34 Ao, zZH AT BF

M 1 234567891011 1213

. (bp)

« 169
«— 127

Fig. 1. Detection of the exon 4/Accll polymor-
phism of the p53 gene in 13 individuals.
PCR-amplified products(296bp) contain-
ing the polymorphic region of p53-gene
were digested with Accll restriction en-
zyme and were electrophoresed in 2%
agarose gel. Lanes 4, 7, 9 and 11 are the
homozygotes of (+ ) restriction site( Arg
/Arg) ;lanes 5, 6, 8 and 13 are the ho-
mozygotes of (—) restriction site(Pro/
Pro) ; the other lanes are the heterozy
gotes al this polymorphic site{ Arg/Pro).
M, 123 bp ladder marker.

— 537 —



Table 2. Distribution of different genotypes of the
in controls and lung cancer patients

exon4/AcclIl polymorphism of the p53 gene

. Genotypes(%)
Populations Arg/Arg Arg/Pro Pro/Pro Total(%) P

Controls 63(43.5) 64(44.1) 18(12.4) 145(100)

male 45(45.5) 41(41.4) 13(13.1) 99(100)

female 18(39.1) 23(50.0) 5(10.9) 46(100) 0.6240°
Lung cancer 50(39.4) 67(52.8) . 10( 7.9) 127(100) 0.2631

Sex

male 39(38.6) 55(54.5) 7( 6.9) 101(100)

female 11¢42.3) 12(46.2) 3(11.5) 26(100) 0.6529°
Histology

squamous cell ca. 16(34.0) 26(55.3) 5(10.6) 47(100) 0.4059

small cell ca. 14(48.3) 15(51.7) 0( 0.0) 29(100) 0.0304

Kreyberg type I? 30(39.5) 41(54.0) 5( 6.6) 76(100) 0.2431

adenocarcinoma 18(47.4) 16(42.1) 4(10.5) 38(100) 0.8942

others 1(14.3) 5(71.4) 1(14.3) 7(100)

0.4544°

Smoking History

non-smokers 13(35.1) 19(51.4) 5(13.5) 37(100) 0.6495

low-dose smokers? 13(43.3) 15(50.0) 2( 6.67) 30(100) 0.5123¢

high-dose smokers®  20(41.7) 25(52.1) 3( 6.3) 48(100) 0.2928¢
Age

=55 29(47.5) 26(42.6) 6( 9.8) 61(100) 0.8072

> 55 20(31.8) 39(61.9) 4( 6.4) 63(100) 0.0512

0.0978¢

!, values are obtained from the x°® test by 2 X 3 contigency table comparing different genotypes

with controls.
?, comprising squamous and small cell carcinomas

3, smoking amounts are less than 30 pack-years (1 pack-year = 20 cigareties per day in one

year).
*, smoking amounts are above 30 pack-years.

°, comparing between male and female ;? comparing between Kreyberg type I and

adenocarcinoma ; ¢, comparing with male controls ;
4, comparing between younger(=< 55) and older(>

irdy-Weinberg 3l H@sAqcH(RZE, x°=
)78, p=0.9617 ; A, x?=3.7277, p=0.
51). AA] FAAY ] £ X IR 27
ool #ol3 Atolzl qidich. #H FAlelA =
o) vlsl Arg/Pro $Ax3& &1, Pro/Pro
AHe WA S =y BAFHLE {9 Al

55) age groups

gorct. =ARHoz FAn BA7} 2e Kreyberg
type I3 AFA=ZAIAM dizFol vja] Arg/Pro
$ARYL £1, Pro/Pro §Ax¥e Azez
g #EEey SAHc s foFAle @ttt 2
Hu Kreyberg type | &% £AE #Ye] 734
Arg/Pro §3A18e] W=7} ¥31 Pro/Pro §3%}
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Fig. 2. Detection of the 16bp repeat polymor-
phism of the p533 gene for 9 individuals.

PCR - amplified products were
electrophoresed in 8% polyacrylamide gel
and were detected with silver staining.
Lane 9 is the heterozygote(156/172)
whereas the other lanes are the 156bp
homozygotes(156/156). 172bp homozy-
gole was not observed in this study pop-
ulation. M, molecular size marker of 100
bp ladder.

B faEa ggton, Ty f23 alolg B
Fkp = 0.0304). HFERREONAM A (sex)d B
FAge] el 23 FAAP] FEAE FoF A}
o7} tiict. 2efuh, W RAAE B¥oM 55
A elatel AP alEe tEE f-oE Aolrt
o) 554 o)ae] i AR Falerel A Arg
/Pro Az e] Hixr)l FedAA] w9od, &4

How AAgS frelais RHtk(p = 0.0512).
1. p53 21219 intron 3/16bp 35 th¥4

Fig. 204 He]3& viel zhe] 156bp &3 A
156bpet 172bpe] o AT H2AF S ow, 172
bp FEAFAE TR gk, = 9 A
o] et F9= 9l 4 Ark= Table 3ol AlAIF upet
2t} 156bpe} 172bp ti9Helz)l WiEE Z42h 0.98,
022909 dxa 2 AT =5 Hardy-

Fig. 3. Detection of the intron 6/Mspl polymor-
phism of the p53 gene in 8 individuals.
PCR-amplified products(107bp) were di-
gested with restriction enzyme Mspl and
were electrophoresed in 3% NuSieve
agarose gel(FMC), Lanes 1, 4-8 are the
homozygotes(ml/ml) ; lanes 2 and 3
are the the heterozygotes(ml/m2) at
this polymorphic site. M, 100bp ladder
marker.

Weinberg Halo] z@sialvh(tlz=, 84 x*
= 0.0012, p = 0.9722).

Akl fdabg o] FayoA aes dimatS
folgt alo)7} gigic). dokgAlTe] gt A, A%
W R wE fRAEY 3 dxdd fold
atel& HolA] ghsltt. mte] EHEH oAM=
Kreyberg type [ i3} 3 E oAbt Alel
o feld zbel?t gl

t}. p53 F-32k] intron 6/Mspl t}34

BoAaake] didEa 9 Rkl ik Aol A
Fig. 3|4 B3 uig) 2o ml SE AT <
ml,/m2 o|HHFA BHEG e, m2/m2 FHF
e dEe A sk diae 9 fxkd fig F
gtalql B A= Table 40 fokslslon], g
oA B mlzt m2 &84 WimE= 16bp 345 T}
o) el kel 098, 0.029on], =it 9t
ol el fHaE HExe m5 Hardy-Weinberg
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9722 : AR y1= 0.0013, p = 0.9717). =F
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Table 3. Distribution of different genotypes of intron3/16bp repeat polymorphism of the p53
gene in controls and lung cancer patients

Populations Genotypes(%) Total(%) p!
156/156 156/172
Controls 138(95.2) 7(4.8) 145(100)
male 95(96.0) 4(4.0) 99(100)
female 43(93.5) 3(6.5) 46(100) 0.6793
Lung cancer 121(94.5) 7(5.5) 128(100) 0.9719

!, values are obtained from the x? test by 2x2 contigency table comparing different genotypes
with controls.

Table 4. Distribution of different genotypes of intron 6/mspl polymorphism of the p53 gene in
controls and lung cancer patients.

o

Populations m]/mC]}enotypes( A);l s Total(% ) p'
Controls 138(95.2) 7(4.8) 145(100)

male 95(96.0) 4(4.0) 99(100)

female 43(93.5) 3(6.5) 46(100) 0.6793
Lung cancer 117(94.4) 7(5.7) 124(100) 0.9796

!, values are obtained from the x? test by 2x2 contigency table comparing different genotypes

with controls.

9 AT A intron 39] 16bp FE thEAw)
SAY JAFHAE B FUCh. oebA 16bp F&H
ta Ao Hel 2ol Aitroz dizF ¥ $ATY #
ALY EXo {7 zlol7t giglon, #xe] A4
g, 2R 9 FdF & FRAME F% A}
o7} == eFodrt.

2}. Rb §-12}9] intron 17/Xbal <34

Fig. 40l AA€ vie} o] FAF g 2T Al
712 A 41828 (rl/rl, r1/r2, r2/r2)o] ©
Z =k dz2EedAe rl, r29) {32 vze &
Z} 0.50, 0.50 oW, = ¥ AT =T
Hardy-Weinberg B¥dl| AetoH(hzT: x*
= 3.7822, p = 0.1509 ; AT : x* = 0.2962, p

= 0.8623). =T ¥ X7l U FHEA Y
Z3}= Table 59 A|Ag nie} g

2 ¢ BTN FH23e] B bz
2 A% zpolE HolA Ayl 2@ BxrloflA
ZAHo g FAF B¥o] A& Kreyberg type I
T2 E22(p = 0.0297) E= 9 AYET(p=0.
0008) 3} F-AAH o] XA F-20% 2po]& HH).
Kreyberg type | oA o AgF:T vis 58
A (r2/r2 FE rl/rl) W=7} =3 o|PHPA
(r1/r2) ¥EE 392%2 FosiAl Baid). s At
ZFZAAE olFHIA NEr} 73.4%2 e ol
273} fol3t alolE gtk EF LFAREA ]
TR BEXE HFAAE T AFAR2
FAAY B¥= Rt Aolg HYon(p=0.
0258), o|FHFFA ¥1=r} 40%2 WA HE=HUS-
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Fig. 4. Detection of intron 17/Xbal polymor-
phism of the Rb gene in 4 individuals.
PCR-amplified products(945bp) were
digested with Xbal restriction enzyme
and electrophoresed in 8% polyacryl-
amide gel and detected with silver stain-
ing. Lane 2 is the homozygole of the
{ —) restriction site(r1/r1) ;lane 3 1s
the homozygote of the (+) restriction
site(r2/r2) ; lanes 1 & 4 are the hetero-
zygotes(r1/r2). M, molecular size mark-
er of 100bp ladder.

o). sggite) 2o 783t Fdsle] Qg

£ A7 dA Y x5 2% os 4 g9 ¥
¢} (Kreyberg Type I) 3= 82.6%7F 4L 7}
A1 dRed, 17.4%7F HFA=A). &3] 49.3%
o A= 30pack-years o}e] FARE 0|9l o]
o dal H ALFFe] FRl= 59.5%7) vlFAR 2
DEFIR} ¥ E-S 24.3% £ sk (Fig. 5). A

Ho2 §AZo| 1o} Kreyberg type | 23 7] 4
PEE Aolol] frol@ Aol RATHp < 0.001).

ek

a

pS3 FAHAE A vIRS jF-Ey TS B
@7V H F8T AL = Aoz &elA Ut &
5] FgollAe #4319 benzo(a )pyrenedl] oJs)A
p53 5RF9e] a7t uE®, of faahy
9] A4H(deletion) & EdlE U752 Foll
& st qtel ot4slE A A, 3 3
AR Li-Fraumeni #3373 28 715302
o] thdshe Rl A9 BAAMTAM HAE p
53 fAA 9ot &) S FVHIIE F8
gt gRloz 43l Aoz LY. ol T
Aol AAF ps3 A}e] codon 72%-9)el olm:
21 Arg(CGC)o] Pro(CCCY = dixd v}z W
o7} &) A A o YL & F USAE= T4
o] tfitoln opF A 43t FHE v} gl
B AF 23, Hg gxFolA p539) exon 4 F
AAF o] X7} AAEF FoF 2lel= gidle
u, oA Arg/Pro #4Ax1 e H1x7) &4
%7 ¥ Pro/Pro #3x8e] Y= ¥ et
g, 53 Z2AgHor Fdm #Hd=e #HY
(Kreyberg type I)o]|A] o] Arg/Pro §-#Ax}8e] &
7V £y Fow, £AE #Hege 3¢ Pro/Prof
Aol A AEHA W&yt o] A= 54 p53
] exon 4 THFAF} HYPAlolo] ABTAE HE3}A
239 Wetson T¥¢] EuE BEE HUsirbzolA
gzl vla Pro/Pro #-dzt3e] atxjshke ¥l
&o] Hetdo 2 Erh=? ojde] Bk 3lolE H
FEEY. FARE 53] 2FdxFIMET A5
xRzl A 1 Zpolrh AlSHAl UERd Aoz wFo
o] f-AAPe] §hxle] FAUH ALY A4

2R T8¢ 42L Y, Ha¥ Fa 9ge -

S The SRS U duaddl e oz
&3t

— 541 —



Table 5. Distribution of different genotypes intron 17/Xbal polymorphism of the Rb gene in con-
trols and lung cancer patients.

0
Populations Y Gem:]y;’:; (%) ) Total( %) p'
Controls 30(21.3) 82(58.2) 29(20.6) 141(100)
male 21(22.1) 58(61.1) 16(16.8) 95(100)
female 9(19.6) 24(52.2) 13(28.3) 46(100) 0.2895°
Lung cancer 28(22.2) 66(52.4) 32(25.49) 126(100) 0.5749
Sex
male 23(23.2) 49(49.5) 27(21.3) 99(100)
female 5(18.5) 17(63.0) 5(18.5) 27(100) 0.4523°
Histology
squamous cell ca. 12(26.7) 19(42.2) 14(31.1) 45(100) 0.1593
small cell ca. 10(34.5) 10(34.5) 9(31.1) 29(100) 0.0655
Kreyberg type I* 22(29.7) 29(39.2) 23(31.1) 74(100) 0.0297
adenocarcinoma 3717 29(73.4) 7(18.0) 39(100) 0.0792
others 2(33.3) 3(50.0) 1(16.7) 6(100)
0.0008®
Smoking History
non-smokers 5(17.1) 24(60.0) 9(22.9) 38(100) 0.0757¢
low-dose smokers? 3( 8.7) 18(60.9) 8(30.4) 29(100) 0.0779¢
high-dose smokers*  14(28.9) " 19(40.0) 14(31.1) 47(100) 0.0258°
Age
=55 9(15.0) 36(60.0) 15(25.0) 60(100) 0.5335
> 55 18(28.6) 28(44.4) 17(27.0) 63(100) 0.1922
’ 0.1317¢

!, values are obtained from the x? test by 2x3 contigency table comparing different genotypes

with controls.

¢, comprising squamous and small cell carcinomas

3, smoking amounts are less than 30 pack-years (1 pack-year = 20 cigarettes per day in one
year).

4, smoking amounts are above 30 pack-years.

* comparing between male and female ; %, comparing between Kreyberg type I and
adenocarcinoma ; °, comparing with high~dose smokers ; ¢, comparing between high dose smok-
ers and low-dose smokers comprising non-smokers. ¢ comparing between younger(=< 55) and
older(> 55) age groups.

3Z Birgander 5'°& xguigle] g HY & & 3% + gilev, intron 3¢] 16bp WHE3}
2p2] ADRA A p53 §Aze] exon 4 TFEAATH intron 6] Mspl 179 & 7 £4¢ ZH #HY
ozE YU £33 244 4898 Y FATAAN 5A v4=A 3 (haplotype) o] §-2|3}1A)

— 542 —



l

W
(=]
T

B Kreyberg Type |
OAdenocarcinoma

oo
o
T

Frequency(%)
w
(=]

n
(=3

-
[} [=]

1-30P-Y
Smoking Amounl

non-—smoker >30 P-Y

Fig. 5. Histogram showing the associations be-
tween histologic types of the lung cancer
and smoking amount. P-Y ; pack-years.

37He A& Basigo. a8y, E a7dgs 4
Eid uie} o] @IQle] AL AMdlde g
intron 3¢] 16bp ¥rE T}3Ade] 172bp WRAR =
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