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Promoter Polymorphism of RRM1 Gene in Korean Lung Cancer
Population

Kyung Haeng Ko, M.D., Eun Joung Kim, B.A., In Jae Oh, M.D. Soo Ock Kim, M.D., Jun Gwang Son, M.D.,
Jong Pil Jung, M.D., Gye Jung Cho, M.D., Jin Young Ju, M.D., Kyu Sik Kim, M.D., Yu Il Kim, M.D.,
Sung Chul Lim, M.D., Young Chul Kim, M.D., Gerold Bepler, M.D.

Department o Internal Medicine, Chonnam National University Medical School, Guwangju, South Korea, H Lee Mdffitt Cancer Center, USA

Background: OH11A is a region with frequent allele loss (>75%) in lung cancer that is located on the centromeric
part of chromosome 11p15.5. Clinical and cell biological studies suggest that this region contains a gene associated with
metastatic tumor spread. RRMI1 encoding the M1 subunit of ribonucleotide reductase, which is an enzyme that catalyses
the rate-limiting step in deoxyribonucleotide synthesis, is located in the LOH11A region.

Methods: Polymorphisms were found at nucleotide position (-)37 ((/A) and (-)524 (C/T) from the beginning of exon 1
of the RRM1 gene that might regulate the expression of RRMI1. We studied the polymorphisms in 127 Korean
individuals (66 lung cancer and 61 normal controls) and compared with those of 140 American patients with lung cancer.
Results: CC, AC and AA were found at the (-)37 position in 64(50.4%), 55(43.3%), and 8(6.3%) out of 127 Korean
individuals (66 cancer, 61 non-cancer patients), respectively. There was a similar frequency of allele A at (-)37 in the
American(27.9%) and Korean population(28.0%). CC, CT and TT was found at the (-)524 position in 24(18.9%),
44(34.6%), and 5946.5%) out of the 127 Korean individuals, respectively. There was a similar frequency of allele C at
(-)524 in the American(34.6%) and Korean population(36.2%).

There was no difference in the frequency of the (-)37 and (-)524 genotypes between the cancer and non-cancer group.
However there was a significant correlation of the genotypes between (-)37 and (-)5624 (p<0.001), which suggests the
possible coordination of these polymorphisms in the regulation of the promoter activity of the RRMI1 gene.
Conclusion: RRM1 promoter polymorphisms were not found to be significant risk factors for lung cancer. However, a
further study of the promoter activity and expression of the RRMI1 gene according to the pattern of the polymorphism
will be needed. (Tuberc Respir Dis 2006; 61: 248-255)

Keywords: RRM1 gene, Promoter polymorphism, Lung cancer, Korean
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heterodimerE ©]5F¢] &4t eHAdol]l E42 91 deoxy -
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ribonucleotide 45 -’F g}, w3 ras transfor-
med fibroblastE ©]&3F 23 oA RRMI1 FHA=
WA 7] SAMEE Ho] FHo] ANHE AOZ H
o] glotA] gholAl frdREMA 9] THsAd o] =k,

Pitterle 57 #¢+ 2494 RRMI1 7ol 54
Hol7} AR =A5 dolr 7] f8f 12289 /A
%74 DNA -5 o]g3te] RRMI 42+ 1970 exon
Sl tiste] SSCP #4715 Aldlst A3} exongoll &
Awol= A eFgkrh. 22y RRMI19 pro-
moter 9191 31 WA exon A2l A (-)373} (-)524
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WA d71el A = C 28] T = C #8213
Aol WAL, o] TS RRMI 4349

promoterol] #1A|8l 17] wjZel o] Fxbe] E A

= g\_gjjfs} 2= olr,}

RRMIe] ¢9Al A= F45= 9 A=
A 1 wfel] kolA At S 24T
A= promoter®] THEA Ftol whet Hoke] =
7FHE s BlolH 1Fd wE Afolof ARl
Aol FE A ool o} HrE|xjof & Fto]
=3

A 2 Aol AAFES A gkl Bl
g #Hek A5 HEet st SREERH
dojzl dx dH WA DNAE o] &3t FH=t
Oy A4S S8t FF, A A ghmdlof A e
RRM1 +712+<] promoter T34 <] oo]E 9 A3
S WAL o] & H=lo A ] Ad A 2 vl asfal
A} shadok

A7 CHAF 3 b

AT Chat: 2w oishul WHeloA s e gz}
E25E F29 1279 7 A2 664, v]H Y o
2 6lo = Hgrre] A 6224784, Bl H G
56.2:884 2 ko] H]Hoke] Hshe] fo]g A

o

oI & #
T /4 36/26%

LW

o] wourh ek g B 9

T E/o 1 55/11e] Hlske] B|H ¢

Table 1. Characteristics of study subjects

Aokrol A dAde) ulgo] felatA Eekom (X
9.2, p<0.01), AFFT| A Ee] 37, A 94|, 22
ol AAH A kA BAAESY 104 218 aL 24
3E8F 104]o] . ®3F Dr. Bepler®] <144 (Duke
g} North Carolina)dll 42744 #H <+ 32 A5 5 140

o] DNAE &7 Blustsich w/e] 1 94/46
o, AL 62.0+10.741011 3L, Adgte] 614, 33745
]E‘%O] 459 M EQte] 159, 7]E} thE ]9

& 194 o]t} (Table 1).

DNA F&: ¥x g9 4 ccE 75% EDTA7} 2%
% vacutainer(Becton Dickinson, Plymouth, UK)®l
AFshe] 15 mL Falcon tubeol] 7 ©al RBC lysis

olE

By

o}N

bufferE 9L 37C FRA 20-2587F &£
o}l o] % A2 1500 rpmoll A 1027 ‘:‘E‘.—ﬂéﬂ
5N H%‘“J t}g RBC lysis bufferS 2 43s] @il
E50] T 37T Fxol N 20583 E5of 79
Ol 1500 rpmel A 1027 94128 5 4
e

oS- vlg]aL TEN buffer 1 mLE 7}ste] 2+ 4]
1,500 rpmell Al 1027 94l skt Ao
ThA] Bl2]al TEN buffer 375 gL + 10% SDS 25L1L
+ pro-K 10mg/mL 10 pL& ¥ 37C Fxd ¥
12A13F o] HAAIZ Tk
74iﬂé Aol 5 &3t 1500 mpmel Al YAEE A
% Eppendorf tube® ¥H&-ES 7|31 5 M NaCl
160 11Lé 7Fste] 1 mL tipe & #4931 13,000 rpm .
2 1551 dAEE AR o E e v H

b oy fL 7

mlo ro

Korean (N=127)

American (N=140)

Cancer (N=66)

Non-Cancer (N=61) Cancer (N=140)

Age 622 £7.8 56.2 + 8.8 *** 62.0 £ 10.7
Sex (Male/Female) 55/11 36/25 ** 84/46
Diseases$ SQC & 37 Tuberculosis : 57 SQC : 45
ADC : 9 Normal : 4 ADC : 61
NSCLC : 10
SCLC : 10 SCLC : 15
Others : 19
Between cancer and control groups @ ** @ p  0.01, *™ : p ( 0.01

$ sQcC :
NSCLC :
SCLC :
Others :

squamous cell carcinoma, ADC : adenocarcinoma,
non-small cell lung carcinoma,

small cell lung carcinoma

breast, colon, uterine cervix, chondrosarcoma, etc.
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sled T2 Eppendorf tubeol 713l 20 F-3]9]
100% alcohol 830 pLE YL 2 £59¢] DNA A E
S 7o g9l 1 mL tipe® DNA HHES

At A7 HJHAES 2 Eppendorf tubeel %

Oq o
L 70% ethanol 400 ulLE 73k & & 441 587
13,000 rpmell Al e AR ASdS W

= al
5715 o] Wl v 37T oM 583 Az F
TE buffer 300uLE % 7Fste] 37ColA 5710717 &
& A171 ol spectrophotometer DNA 525 =74

}i PCR €92 5 pg/mL ¥5& wEo] Forhrt

ol

T3 &4 A8 (polymerase chain reaction, PCR)
< Aletsl
Allelotyping: Genebank accession number

AF1070452] 1038 ¢1*17F RRM1 ()37 T8 4(C =
© A)E ol Aotk o] At hEFAdE Alg
B4 Bbslo 2 22 7 S, o] 4% GAAGA
CNN(NNNN) ¢17] #igS ¢lojx desit}y, PCRS
$13F primer= KRRMIP-F (GGTCT TGCCC AGACT
CAACA) ¢} KRRMIPB-R (CTGCT CAGGG GAAAG
AACTG) & o]&3te 217 bp (AF1070459] 985-
1201) 27]¢] Eib=s Atk

24 31929 PCR FZ(H4T-30%, 64755C touch-
down -30%, 72°C-60%) Sl 10 ©$]¢] Bbsl& 15 1
Le] PCR F4b=ell F7kete] 37 Coll 2417 o) W
A8tk (5)37 Aol CE 7L & HAE 217
bp7t AW A Fi g FA Hi, AE 7HA

| —
—

R

S — __.___—42171')[]

= <157 bp

- - — —

CA AA CC CA CA CC

Figure 1. Allelotyping of RRM1 (-)37 C/A poly-
morphism. Restriction enzyme BbSI| cuts when (-)37
base is A. Homozygous A allelotype (lane 3 from left)
shows complete digestion into 157 bp bands.
Homozygous C allelotype (lane 4 and 7) have original
217 bp bands only without digestion.
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ATHH 156 + 61 bpe] Aetel FakEo] HAS 2%
agarose geloll 7] 938t &3 tHFigure 1).

Genebank accession number AF1070459] 551 ]
A7k RRMI (-)524 A4 (T E= O& Eole= 914
ojt}, o] Fxz v Ag EA Apolo®E i
2 Foded, o] 4% (Aor G + AATTY + (C
or T) 97| Wid& gojA daeth F3 a4 A3
18-S 93 primers KRRMID-F (ATACC CTGTC
TCTGC CACCA)9} KRRMIPB-R (CTTTT AGATC
GGCCA GAGGA) £ °]&314 176 bp (AF1070452]
478-653) 719 FAHES AU

sk 3199 PCR cycling (94C-30%, 57C-30
%, 72C-60%) ] 10 ©92 Apol < 15 uL 9
PCR &bzl F71ste] 37 Ceoll 2A13F o] whA] 3}
ATk (£)524 A1Rell T & 7HA1AL Q= A= 176 bp
7} 74(70) bp + 106(102) bp & A9 C & 7HA 2L
Aot AR S-S 2% agarose gelol A7) 9%
ato] gl akSl th(Figure 2).
Sequencing: Agarose gelollA A3 &4 4
S BEshE Ao 2 allelotypes A1FE
A5l datd= 97 Ad A4S i A8
Fath Egk 40 F7] $3FA2 PCR 4S5 2%
agarose geloll 7] 45 A7l 3 A gk A7]¢] band
5 X35l gel TS dE s 22 ddste] Agaro-
Power kit(Bioneer, Korea)& ©]-83}o] DNAE T}A]
F% AASAY. AAl" PCR F4HE 2-4 mLol

2o

oz

o

[¢}

o e Bl 176 bp
e A A A 74 bp

TT CC CC TT TT CT

Figure 2. Allelotyping of RRM1 (-)524 C/A poly-
morphism. Restriction enzyme Apol cuts when (-)524
base is T. Homozygous T allelotype (lane 2, 5 and 6
from left) shows complete digestion into 74 bp bands.
Homozygous C allelotype (lane 3 and 4) have original
176 bp bands only without digestion.
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Table 2. Allele Frequency of RRM1 Gene (-)37 Polymorphism in Korean and American Population (x> = 1.21,

p = 0.55)
Korean (n=127) American (n=138)
Observed Expected Observed Expected
CcC 64 (50.4%) 65.9 74 (53.6%) 7.7
AC 55 (43.3%) 51.2 51 (37.0%) 55.5
AA 8 (6.3%) 9.9 13 (9.4%) 10.7
Allele frequency for A 71 (28.0%) 77 (27.9%)

Hardy-Weinberg Equilibrium

x> =0.37, p =0.83

x> =045 p =08

" Haplotype distribution between Korean and American population

Table 3. Allele Frequency of RRM1 Gene (-)524 Polymorphism in Korean and American Population (x2 = 2.26,

p = 0.32)*
Korean (n=127) American (n=140)
Observed Expected Observed Expected
CcC 24 (18.9%) 16.7 18 (12.9%) 16.8
CT 44 (34.6%) 58.7 61 (43.6%) 63.4
1T 59 (46.5%) 51.7 61 (43.6%) 59.8
Allele frequency for C 92 (36.2%) 97 (34.6%)

Hardy-Weinberg Equilibrium

x> =39, p=0.14

x> =0.1,p=0.9

* Haplotype distribution between Korean and American population

forward primerE 1.6 pM #7}skal &7]9 BigDye
terminatorE 8 mL #7FsFe] (95C 10 sec, 50T 5
sec, 60C 4 min) ©.& 25 F7] F%3}] ethanol 34
% ABI Prism 310 genetic analyzer (Applied
Biosystems, CA)E o]-&3to] #Fs3td 97 A4 &
e At

SAHX 24 2olA gk 12789 2pz¢} v
TRlol A 4 1407 o] A= of vlweklar T 1743
chi square A78E o]-&3ato] TA4 <JoE HESI
AL 7ML A B8 o A= chi square et
Pearson®| J#AT2H xd@sATh At tE
AL Z4zEe] fA|o A alleleEe] WI%E7} Hardy-
Weinberg equilibrium’ <

sl

2 E=X%| chi square A=<

2 1

RRM1 f32+¢] Exon 1 S22 (-)37 WA 47
oA A Ee CE Kol 734 U34S A 4
3} 1274 & CC 7} 64401(50.4%) 1 A 275131, AC

of|(43.3%), 18] 3L AA+= 8(6.3%) A LA =
H we} 4% haplotyped] ©ll

1o
o

2 += Hardy-Weinberg equilibrium
I QoA AlEE F Qe AR AFREHS]
tHTable 2).

Allele A9] RI%E&= v=QlE9] 27.9%¢0) Hldte] gt
oA 280%= F Hek 7kl 2bo]= FUATHTable
2). bt} v gt Thol| allele?] WI=E B}
+H Table 4 oA} o] & w3bol| Frefgh Afol=
BEE A dgr (F = 234, p = 031).

RRMI1 frzzte] (-)524 WA 47]elA C E= T
A A o] G CC 7F 24 (189%), CT + 44
(346%), 183 TTE 59 (465%)olA 2= STt
7} d719] Rz we}t 4% haplotyped] o5 W%
9} ## W% += Hardy-Weinberg equilibrium< w2
i QoA AlEE e AHeE ALEHJT
(Table 3).

Allele C2] 1% 9A] 36.2%2H w219 34.6%<}
zfo] 7k Al e™ (Table 3), # w2 v F| - 7hol
aldle o BEE AR ZolE Holx QPrHy -

|
a
=
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Table 4. Allele frequency of RRM1 gene Polymor-
phisms among Korean lung cancer and non-cancer
population

e o

cc 29 35

AC 32 23

AA 5 3 X2 =234, p = 0.31
(-)624

cc 13 11

cT 25 19

T 28 31 X2 =0.94, p = 0.62

Table 5. Distribution of RRM1 (-)37 and (-)524
genotype in Korean and American Population

2)524

03 cc TC T
Korean
cC 3 8 53
AC 14 35 6
AA 7 1
¢ = 88.4, Pejrfg_r; R b o001
American
cc 1 14 59
AC 8 44
AA 9 2
X =1206, TN b 0,000

094, p = 0.62, Table 4.

RRM1 #d#+e] Exon 1025E (-)37H# 47
= AFed BAIgle] 70% o)/delA C oI, (-)524
7= FAl 66% BEolA TE Heolal Yt 4
(-)377 (524 H71E M2 WHS JAAAE Kol
3 JAJT F (9379717 B C 1 A5 (2524

T R Tl WIE7) =9kar, (-)37 9717F & 7l
AE 7HAAL gl S (0)524% CE 7HA AL Q)
=9k}l (Table 5, p<0.001).
(377 (-)524 TgAe] = &

o

oo Eﬁ et
fr S og

o
ox

o u% dlo

}-
Foz vprol 7 oA e) s
WHAL ) 7 TAA HEE §
OLEO

SFTHX” = 246, p > 0.05, Table

lo
S,
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Table 6. Proportion of cancer according to
combinations of genotypes in Korean Population

(-)b24

CCor TC T
()37 Cancer / Total Cancer / Total
cC 5/ 11 24 / 53
(45.5%) (45.3%)
AC 33/ 57 4/6
AA (57.9%) (66.7%)
X2 = 2.46 p ) 0.05
L <l

RRMI 2= deoxynbonucleotlde(dNTP) A
Ao rate limiting steps Zvists 249 Ri-
bonucleotide Reductase®] M1 subunit& codingdh=
QA2 AA A FAR} T Aol A F4H 9l
house keeping gene®|t}. o] &49 84 & F+
o Ao RHE gaol w2 F ) & BE i
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o] & Ft BAE HAFShE A AHRRMD = 119

=]
=

—ﬂf—z

A o] ek 155 (11plso)oll Y118 =Tl o]
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o9 Rk ot do] FA
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2 o
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F A A= ras transformed fibroblastE o] &3+ 23]
oA AL Aol TH S FAaATE AoE By
o SlojA A FHAAEA Theide] =tk
RRM19] promoter F91¢1 exon 1 Al &Fel| A (-)37%}
-)524 A Q71 A/C 18]a C/T g Ado] ¢
A=t o] T el el whel RRMI fr<d#ke] 2
A AE7F 249 oA Ho HAe st o

CHAF Qi Bhe: % ;Hq]f;hﬂ Bl gk A3kt
A} 12798 vl H Sk gt
=R ﬁ‘%?iﬁﬂ AL DNAZ o] &3}
of w13} ghmdlol| e FHa B £ 4
AFA ofolE ZAFSHAAT

Z o} RRMI #4#] Exon 1 &2 ¥ (-)37
A7)l A/C T4 g AL 1279 T CC7} 649
(50.4%), ACE 5591(43.3%), 18]3L AAE 8(6.3%)
oA wAETE Allele A9 HIEE n|=olE9]
279%¢] Hlsto] gh=lel A 28.0%= zkel7b §1%1a,
H Gt Bl el 7o Ek Aol= JJrZLQX]
2FTE RRM1 3449 (-)524 @71ollA C B+
A2 A 9] 2 CC7T 24401(189%), CT+ 44

of|(34.6%), 183 TTE 59|(46.5%) A WA= Sl
t} Allele Co] WIEE 362% =M wlarle] 34.6%%}
ZFol 7k AL, H Gkt vl H ok ghell = fol=
ZE 4] Z%tE RRMIL 3242 (-)37 971 Q1E
FAglel 70% o dellA C ola, (-)524 |71+
65% AEA TE Hola Atk F3k (-)37%
(-)524 F71= A= BT AAAAE Kol AU
th & (374717 BT C A4S (0524 Ve &
TRl WI=7F l;—}ki -)37 @717 7 k= AS
ZHA AL = A (524 471E CE 7HA AL
=7 =94 (p<0.001).

Z 2! RRMI 3] w8 243} promoter
91e] - he) A v e Nk F fhel 1

U= H

254

23 Fo 3 B H ekt 7hol] xFo) 7} glol A H o

Qo) RAAE by T F &

A7 A

o] N2 54 23 w0z 1 27 Pl ug

promoter &/ %ol thg A7} Fmekol & Aotk
2o Ed
1. Bepler G, OBriant KC, Kim YC, Schreiber G, Pitterle

10.

DM. A 14-Mb high-resolution physical map and
contig of chromosome segment 11p15.5 and genes in
the LOH11A metastasis suppressor region. Genomics
1999;55:164-75.

. Schreiber G, Pitterle D, Kim YC, Bepler G. Molecular

genetic analysis of primary lung cancer and cancer
metastatic to the lung. Anticancer Res 1999;19:1109-
15.

. OBriant K, Jolicoeur E, Garst J, Campa M, Schreiber

G, Bepler G. Growth inhibition of a human lung
adenocarcinoma cell line by genetic complementation
with chromosome 11. Anticancer Res 1997;17:3243-51.

. Fan H, Huang A, Villegas C, Wright JA. The R1

component of mammalian ribonucleotide reductase
has malignancy- suppressing activity as demonstrated
by gene transfer experiments. Proc Natl Acad Sci U S
A 1997;94:13181-6.

. Pitterle DM, Kim YC, Jolicoeur EM, Cao Y, O'Briant

KC, Bepler G. Lung cancer and the human gene for
ribonucleotide reductase subunit M1 (RRM1). Mamm
Genome 1999;10:916-22.

. Bepler G, Gautam A, McIntyre LM, Beck AF,

Chervinsky DS, Kim YC, et al.Prognostic significance
of molecular genetic aberrations on chromosome

segment 11p15.5 in non-small-cell lung cancer. J Clin
Oncol 2002;20:1353-60.

. Ueda T, Ugawa S, Ishida Y, Shibata Y, Murakami S,

Shimada S. Identification of coding single-nucleotide
polymorphisms in human taste receptor genes
involving bitter tasting. Biochem Biophys Res
Commun 2001;285:147-51.

. Filatov D, Ingemarson R, Johansson E, Rova U,

Thelander 1. Mouse ribonucleotide reductase: from
genes to proteins. Biochem Soc Trans 199523:903-5.

. Stubbe oJ. Ribonucleotide reductases in the twenty-

first century. Proc Natl Acad Sci U S A 1998;95:
2723-4.

Bepler G, Garcia-Blanco MA. Three tumor-suppressor
regions on chromosome 1lp identified by high-
resolution deletion mapping in human non-small-cell
lung cancer. Proc Natl Acad Sci U S A 19%4;91:5513-7.



11.

12.

13.

Tuberculosis and Respiratory Diseases Vol. 61. No.3, Sep. 2006

Kim YC, Cao Y, Pitterle DM, O'Briant KC, Bepler G.
SSA/ROb52gene and expressed sequence tags in an 85
kb region of chromosome segment 11pl15.5. Int J
Cancer 200087:61-7.

Bepler G, Fong KM, Johnson BE, O'Briant KC, Daly
LA, Zimmerman PV, et al. Association of chromosome
11 locus D11S12 with histology, stage, and metasta-
ses in lung cancer. Cancer Detect Prev 1998;22:14-9.
Bepler G, Koehler A. Multiple chromosomal aberra-

14.

15.

tions and 11p allelotyping in lung cancer cell lines.
Cancer Genet Cytogenet 1995;84:39-45.

Knudson AG. Hereditary cancer: two hits revisited. J
Cancer Res Clin Oncol 1996;122:135-40.
Venkatachalam S, Shi YP, Jones SN, Vogel H,
Bradley A, Pinkel D, et al. Retention of wild-type p53
in tumors from p53 heterozygous mice: reduction of
pb3 dosage can promote cancer formation. EMBO J
1998;17:4657-67.

255



