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The Association of Neonatal Hyperbilirubinemia with UGT1A1 and
CYP1A2 Gene Polymorphism in Korean Neonates

Hoon Kang, M.D., Jun Ho Lim, M.D., Ji Sook Kim, M.D., Eun Ryoung Kim, M.D.
Sung Do Kim, M.D.", Hee Jae Lee, M.D." and Joo Ho Chung, M.D."

Department of Pediatrics, Sung-Ae General Hospital, Department of Pediatrics’, Pharmacology f,
College of Medicine, Kyunghee University, Seoul, Korea

Purpose : The incidence of nonphysiologic neonatal hyperbilirubinemia is twice as high in East
Asians as in whites. Recently, UGT1Al mutation was found to be a risk factor for neonatal hyper-
bilirubinemia. In congenitally—jaundiced Gunn rats, which lack expression of UDP-glucuronosyltrans-
ferase, alternative pathways can be stimulated by inducers of CYP1Al and CYP1A2 enzymes.
CYP1A2 plays a major role in bhilirubin degradation of the alternate pathway. We studied the relation-
ship between UGT1A1l and CYP1A2 gene polymorphism of neonatal hyperbilirubinemia in Koreans.
Methods : Seventy—nine Korean full term neonates who had hyperbilirubinemia(serum bilirubin >12
mg/dL) without obvious causes of jaundice, were analyzed for UGT1Al and CYP1A2 gene polymor-
phism; the control group was sixty-eight. We detected the polymorphism of Gly71Arg of UGT1Al
gene by direct sequencing and T2698G of CYP1AZ2 by polymerase chain reaction-restriction fragment
length polymorphism(PCR-RFLP) using Mboll and direct sequencing.

Results : Allele frequency of Gly71Arg mutation in the hyperbilirubinemia group was 32 percent,
which was significantly higher than 11 percent in the control group(<0.0001). Mutant gene frequen-
cy of T2698G was 41.8 percent in patients and 32.3 percent in the control group(P=0.015), but allele
frequency was 21 percent in patients and 19 percent in the control group, which was not significant-
ly higher(P=0.706). There was no relationship between mutations of two genes(P=0.635).
Conclusion : The polymorphism of UGT1Al gene(Gly71Arg) and CYP1A2 gene(T2698G) was de-
tected in Korean neonatal hyperbilirubinemia. Only polymorphisms of Gly71Arg in UGTI1Al were
significantly higher than control group. (Korean J Pediatr 2005;48:380-386)
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gFENdFor Wy ¥4z 4EA = Uridine di-
phosphoglucuronosyl transferase(UDPGT)9] &5 %=7F #AF
ol glom 1 fdde] UGTIAL A9 &< Hol(mutation) 2k



= Rl Ao Y e 93t 011“ a9l
22l 2o} o A= UGTIAl F2Ae] &

Avo] % Gly7lArge] Aot kst ko] g Aoz el
HAH Y MAx oz UDPGTY @557t Astee] 22y

YFNEZTE ol AR FHelA WLEFHl Aty ARV}
EA3HH olo] #es= E47F Cytochrome P4509] CYP1Al
I CYP1A20]H* %) o] §A94 5% CYPIAL CYPLA2
fFA7re] Bl o8 AETHE AT7F LRFIAG, U
ZF0 ALY FH 2 UDPGT &4t Al4ole] 39 &4 6
FollA 14771 FHolok A& FEow FgslElna CYPIA2
Bavt gt ARV dEgs vd Rew A7

ole] £ A= UGTIA1L 2 CYP1A2 #3zte] Ed®ol9}
Al o] ou AHBAYE A Lotz B AFE
BEE =

CHat 3 e

1. O &

2002 495-H 20049 19704 Adefd e Aol FA
ALY ddd AAel T Y At A 713 37F oA,
A 2500 g ol deln, 884 NE, b, AL F
dZ 4d, 1 Vs Ao, dxy 4t
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2,500 gm °l’d, T2 A9
"l =27} 12 mg/dL °o]3}el o

2.

3

1) 2% A5 Y DNA F=

fﬁ@%‘ 0.5 ccf;— Adste] EDTARFHC Wol $ug W3 tf
NAE FZ3s7] J7bA] -20ColA Bastl o DNA +
< genomic DNA isolation Kit(Corebio system co., Seoul,

Korea)a: o]-&-at3itt.

2) DNA ESE(amplification)

UGT1A1 frd#9] exon 1€ %317 913 Primer® Ab&-
H 978 UGT1A1-Sense= 5 -TCTCTGAAAGTGA-
ACTCCCT-3"0]a, UGT1Al-Antisense= 5 -CCAGAAGA-
TGATGCCAAAGA-3'(Bioneer Co., Daejeon, Korea)®]t}.
CYP1A2 +73#+] 5'-Flanking region®l Al Mboll A|gt& Aol
AgEe F9E5 TZ37] 98] PrimerZ AHEE A7IAE2
CYP1A2-Sense™ 5 -GCTACACATGATCGAGCTATA-3'°]
i, CYP1A2-Antisense= 5 -CAGGTCTCTTCACTGTAA-
AGTTA-3'(Bioneer co., Daejeon, Korea)®|Tt.

DNA $3%& 93 PCR2 F&% 20-100 ng/uLel DNA 15
uLel 108 PCR ¢5-894(PH 83, 100 mM Tris-HCI, 500
mM KCI, 15 mM MgCly) 2 pL, 25 mM dNTP 1 uL, 10

N‘ 1:110
il
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pmol primer 2t 0.5 ul, Taq DNA polymerase(Takara shu-
20, Shiga Japan) 0.2 pL(5 U/uL), 3% S/ 14.3 uLE &3
3l % 20 ule "HE § Master cycler gradient(Eppendorf,
Hamburg, Germany)°lA Aldstdth =571 UGT1A1L°l
e 94Tl 58S #FX3 % denaturation 94°CollA] 45%,
annealing 60°CelA 452, extension 72ColA 45% = 403]
WHE3 3 extensions SHistE7] 8 72TColA 55 A
93, CYP1A291AE 94ColA 58S X8 ¥ denaturation
2 94T 45%, annealing< 56 ClAl 45%, extension< 72
TolA 4522 403] WHE8 & extensions Slgsl7] 918 72
TollA 588 FAsHAT

3) REXIES &y

PCRZ S%3 UGT1Al #3492 exon 15919t CYP1A2
HAe] 22 HE (promotor) 79121 DNAE 7} BigDye Se-
quencing chemistry Kit(Amersham, Uppsala, Sweden)H<]
Wl wet s wE & ool Wi met vkeS AIA
t}. Denaturation< 96CollA] 30%, annealing< 50C°lA 15%,
extension< 60ColA 4702 253] WHE3EH L ©] 4 S micro-
centrifuge tube®l 20 uLS T3 95% ol 40 uL& H7}8f
o AoA AR FArHI2xg, 158). FANoR JF A&
Wil HHAES 75% e 150 uL=2 AlHe & 94ie 3
Art12xg, 10%). A Aoz FF ds Helx %JL
10-15%3F Mg AT sto] dxAzich o]e FHA 4
90Tl d< 7k ¥ ABI 3100 DNA Sequencer(Perkmf
elmer, Torrance, USA)E ©]&3te] HA7IAE #Ao= 2lst
A tHFig. 1, 2).

St CYP1A2 F#Ae] F%¥ DNA 10 pLel Algtai
Mboll(Boehringer Mannheim, Indianapolis, USA) 0.2 unit,
FAGFEN 3 L, 33 THFT 168 ulLEs T3] F 30 ul
£ wEo] 37CAA WA Mgk $ ethidium bromide i%}—ﬂ
2% agarose gelolA Z7]9s 3kl UV trans-illuminator$] ol
A DNAWS] A5 #EsATE Mboll Agtgio] HoEA|
%e 9ol 596 bp oY FFFGA dLu(TT), =7 A
FEE 499 393 bp, 203 bpel Weld FIFA T
(GG), 183l 4 daxo] 596 bp, 393 bpet 203 bp7t EF
UeltE oJF@AHTA AFH(TG)O 37 fAaAAdES T+EE
T A Fig. 3).

4) A

e AT 2T Aol A UGT1A1 CYP1A29] Hiel

Aol g dd wmo {4 ML Chi-squarest

Fisher A% A=, Standard t-test® Al&ataL, WHolgde] wt

{0

J mlo

l

o

d Wxzel Fdyiel ARgs AFFsr] A HARE wA]
(Odds ratio)®} 95%<] 21& -7 (confidence interval)S ©]-&-3}

Atk BAEAL GraphPad PRISM %7 317]#|(version 2.00,
Graphpad software)& ©l-&3t3, frolFES P<0.05% 3t

it
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A E 96 s F=] Aol &23 UGTIAL ¥ CYPIA2 37 iAo da

1% (7 — 160 i 50 160 m

TTRIRCATCAGUGALG R AGCATETATCA ¢ AGACYGAGCATTTTACAACATLAG AS AVAGAGEAT TT T/

Al A

Fig. 1. Sequencing analysis of UGT1Al; The mutation in nucleotide -211 portion leads an exchange of
guanine to adenine. Wild type(GG), variant heterozygous type(GA) and variant homozygous type(AA).

TTAAGTTTNAARAGAAR TTRAGTTTG ARGARA TTALGTTTTARGARDN,

Fig. 2. Nucleotide sequence of CYP1A2 Mboll site. The mutation in nucleotide -2698 portion leads an
exchange of thymidine to guanine. Heterozygous mutant(TG), homozygous mutant(GG), wild type(TT).

E| 1t

1. HAERS| AN E3

S Skt 7999 Hd AlE 7172 39.0+1.1(mean +2SD)
F, EAASTE 3241+318(mean+2SD) gmelx, EZT 684
o] Hat AE 71 39.3E1.07F, EAA T 3226"‘535 gm
ojtt. e FxtellA PR 467, oI} 339 o, ozt
A FAF 37, oA} 317 olUTE Aol A ZﬂQJ’X“H 487
(60.8%), AAERE 3178(39.2%)°]aL, tx=wrol A AFA7l 447
(64.7%), AAEwro| 24‘35‘(35.3%)01M51r. =AAF, A7
& A gzl A Zkel7 fAdTh

BEHret E3FR7 568 (70.9%), T
7} 239 (29 1%), &zl A Ei5F2F E3r-/7F 3678(52.9
%), BATR7E 329 (47.1%) o2 Bt B Beke

L %ﬁli o= 9ot YATHP=0.025)(Table 1). Fig. 3. Polymorphism of CYP1A2 PCR-amplified fragments is
obtained by Mboll(Lane 1 TT, Lane 2 TG, Lane 3 GQG).

— 203 bp
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2. UGT1A1 XX ClMol Weign HT

UGT1A1 f+482k9] exon 19 @714E 2114 Guanine— FA3-2 3xbollA 3678 (45.6%), ol 139(19.1%)2.2
Adenine©. 29 G71X8S HARRE A3 Wolg o|FHINGA) BATAA U Bkow FATgHoRE {3 xols HA
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Table 1. Characteristics
Control Group

of Hyperbilirubinemia Group and

Hyperbilirubinemia Control value
Number of subjects(n) 79 68 >0.05
Gestational age(weeks) 39.0(*1.1) 39.3(£1.00 >0.05
Body weight(gm) 3,241(+318) 3,226(*£535) >0.05
Male/Female(n) 46/33 37/31 >0.05
C-sec/Vaginal(n) 48/31 44/24 >0.05
Breast/Artificial(n) 56/23 36/32 0.025

Table 2. Distribution of UGT1A1l Genotype and Frequency of
Allele with Codon 71(Gly71Arg) in the Control Group and in
Hyperbilirubinemia Group

Hyperbilirubinemia
group(n=79)

Control
group(n=68)

Genotype distribution

5

GG 54 36

GA' 13 36

AAT 1 7
Allele frequency

G* 89% 68%

A' 11% 329%

"GG : Wild type, "GA :Variant heterozygous type, TAA : Vari-
ant homozygous type, ‘G : Guanine, "A : Adenine
Significant difference from control group : £<0.0001

(P=0.0007)[OD ratio=3.54, 95% CI(1.67-7.49)]. ¥o1d T3
FHAA) FAH L Aol A 7H(8.8%), tETolA 178 (1.5%)
o2 AutoA] o Bken FATGHOZ {93 Aols B
THP=0.069)[OD ratio:6 51, 95% CI(0.78-54.38)]. Aol A
=ddely diy fFdAH(mutant allele frequency) HEE 32%
o] thERTFAME 11%=, Aol U wdka FASHeR
Folgh ztelE& B ATHP<0.0001)(Table 2). tﬂohé"l 0y W
o} Fdrlel I E B3 Az 3u) ol AAEE vEh
2HOD ratio=3.73, 95% CI(1.98-7.03)].

3. CYP1A2 #¥EX2| LIy LiEn HIT

CYPIA2 fAxe] Z2RE H9)9o -26989A91A thymi-
dine®] guanine(T—G)2.29] H7|X&S B HFig. 2).
o] £-91E Mboll AlFgFEALZ Helg A3 Woly o|FHIHTG)
FAEL FArolA 33 (41.8%), tlETolA 187 (26.5%) .2
A o Bwgew SAMHoRE §old ztolE: HAT)
(P=0.038)[OD ratio=1.99, 95% CI(0.99-4.01)]. Wol& SdHF
(GG) FHEL Aol A 01, txdolA] 48(5.9%) 22 gz
wollAl o goken FATHOR {o3k Aols HATHP=
0.004)[OD ratio=0.090, 95% CI(0.005-1.71)]. ®bdel] thEFA
2L BiEe] Ae e aiadA] EARold e Uiy fdxk Wl
TE 21%0193 tERdelE 19% %, @Akl o ko
Aoz onE fIATth(P=0.706)[0OD ratio=1.12, 95% CI

Korean ] Pediatr : Al 48 ¥ #l 4 & 20054

Table 3. Distribution of CYP1A2 Genotype and Frequency of
Allele with T2698G in the Control Group and in Hyperbili-
rubinemia Group

Hyperbilirubinemia
group(n=79)

Control
group(n=68)

Genotype distribution

T 46 46
TG' 18 33
GGT 4

Allele frequency 0
T! 81% 79%
G' 19% 21%

“TT:Wild type, 'TG: Variant heterozygous type, GG : Vari-
ant homozygous type, T :thymidine, 'G : Guanine
P>0.1

(0.63-1.98)1(Table 3).

4. UGT1Al 7EXt CYP1A2 RHEXIQ Bi0|o ¢iaty

—_—o

UGTI1Al #4729 Gly71Arg 9% ol¢t CYPIA2 441
T2698G EdWo %*Mb FABAT Qe Aoz AU
(P=0.635). & 7Zt7te] f7x; wolge] B ojm shfe] &
x%x} o] g&gg wrjHr Sgxoz wolrt dojdria Azst

ATHOD ratio=1.244, 95% CI(0.5053-3.063)].

i r>4

el
]

*J*MOH* £ S RS daR o AT
B A 43

vhA e Ak

E°]™ microsomal heme oxygenase%}
biliverdin reductase®ll 2|3l hiliverding 1A bilirubin®2 %
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F 9 69 1 AT
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Gd BAe Fo Alow AZE] gow AF 7A o

whatolel mlsolo A UDPGTY skt of&d Hlsl] 1%
Tol Edste] AR 6FoNA 14F AR A Fol| F43] o
FEol olZi Ao delA O’E}”
UDPGT® %1291 UGTI1AlS 2¥ A9 ¢k 370 ¢
28 promoter 919+ 57H9] exono® FAEe] Ut A
274 AT-E Sl Gly7lArg, Pro299Gln, Tyrd86Asp,
(TA)7 & UGTIAL #4748 o2 Eddelrt A=
UGT1Al #3470 b3 QlEel wel tdsiA vehds
Aoz dHA Ji, UGTIALS promoterZ <&z TATA
box®] Eolel WImr} AgAeA = 38.7-66%C]1H FU<lel
A 14-249% % k) AR Elolgk FHANAM Ao} F
guke Aol AATY. e AdaAt gl B, 98 g
ol Far 2o}l oA Gly71Argd EdWol7F 247 22%,
32-47%, 30.1%% BWUTT BAHAFY B aAgea=
e A7AdEd mA 2 g Aol Y Ekxje A
Gly71Arge] WgFdA RIE7F 32%2 dl2v-9] 11%KHT}t =%
il A e RE o7t JATHP<0.0001).

Cytochrome P450 =49 #xxk= #A7HA 13719 gene
family= =73, 444 ExUeFRESs 2 AEF
FollAl el FHltALe] §-7 gdstdtte Aol FHE o]
F02 ol 28k E27} Cytochrome P4501A1(CYPIA1)
7} Cytochrome P4501A2(CYP1A2)E= shel = o,
B —naphthoflavone, 3-methylchoanthrene, 3,4,3’,4'-tetrachlo-
robiphenyl & 7+¢ monooxygenase? frdztEol ol& L]+
W] gazt Frkeke Aoz dEA 9lal, Cypla2(—/—
WHolE 7hzl o] AFdA fEatsel o WFRl tAate]

o

Mt ox

A o]

Ve Holx| gkgltl oS AR CYPIAIY:= ,al CYP1A2

= FEzkE glolk W Rl dirtd] #olste Aoz F1E9]

3, CYPIA29] 24& %3 WajFnl xge] o4 —% 71 gap

A g AR B F e Ao JvEyon® NADPH
H

W EAskE AE
gol o gAeittn Bas o

CYP1A2 F3AE 15¥ A A<k 2201 $1x|st3 7709
exon® 2 FAHRO™ 1986 Jaiwal S Quattrochi 5%
o 93l 1 nucleotide®] G7IA o] W& o]F 19899 Ikeya
Ve 9JalE CYPIAL frAAtehs b gAd 2ae x4
&= regulatory element’t EAETI o™ Quattrochi 5
% Chung 5% CYPIA2 %29 regulatory elements”}
At B vl vk Nakajima 50 7€ o] de] w3y
A& CYPIA2 FAAtebs @714 LA zolE Hol=
gelstel CYP1A29] HEAS Ao Riustyon Agsa
¢l DdelS ©]&3] 5'-Flanking region® G2964A HA &4
o7} EAlshs A& AP oFldl 9] CYP1A29] B4 =7}
Zecta gk Huang 508 S39elA A2 Mboll
E o] 83l C2836G AdEAWlE gt

= 1

2801 YPlAlEE‘r &

AAol Fdy UGTIAL 2 CYPIA2 34 ttdAze] duA

W] FR g ALl UDPGT ¢]9l% Cytochrome P4500] ¥of st

= Ae 2duEde 53 221381931, Cytochrome P4509]
ZFR giatel ek &e st CYPIA2 fdxte] thgAda)
o] A& ezt 7}*2 stoll ¥ A2 AlFaklen, UGTIAL
7 CYP1A29Y b4zt ddgel disixe A3S stA =3

2 Aol E Al g FxtellA] W F R giabe] FAR
2 #osk= CYPIA2 F2AF -2698 HAIelA thymidineol Al
guanine2 29| A7|X3 JF-E ZAFGSOH CYPIA29] 4%
WHoly ¥ Bxe oA 41.8%= tlEae] 323%5E

Aoz o7t I evk(P=0.0152), T2698G

e
L
H
oft
X
&

AR Hms FATA 21%E dEae] 19%ET =
AR %74]3—.‘31 2& 97t oi"*i‘r(P:O 706).

ol
6
c
D
;%
—
D>

S| Ao #AhE9
A SYdew ot dolurim A4 F Atk
!

Arge] Aol Baas daiel 47t

(e}

R
M% P 2

Hol7

= 903, Ae)%
WAl FARS $ARE gt g %@x}% FollA
Gly71Arg@} T2698GRHS tide= 7] wi, i

b RUASE Qe Ao} 99 3 7 4

7F A& "Jvd o 2 A9E

2 F Ao}l gk Wle) nlg) F
]OP‘ﬂoﬂ*ﬂ 2 o] we] wAstE o=
o] A& AR Azl i HT &
=9lellAl UGTIAL #3179l Gly7lArg th@7de] Aol &
I Ayde] gtkn BuEAch AHH
syltransferase(UDPGT)°ll A&o] Sl H7ﬂi(alter*
native pathway)® CYP1A2 &4 Z A=ate] D FHl A}
o] Folxltt, FA F 6-14F7F HoloF A<l UDPGT A=A el
Lshy] wite] Aol el A el FRl tiAte] CYP1A2 ¥

ARt F2% 9¥S T o AR old AAEL
UGTI1A13} CYPIAZ #xte] thaddo] =l Al el
DA} oj| Aol gleA dotrual i ATE Al

gt B 3 0| FH $=X7F 12 mg/dL ool A%,
o] v fEAt fle whrtel 79 ozt 68‘%2&1‘%
B "ol 05 ccE AFH3] DNAS Eestdeh UGTIAL
A= Polymerase chain reaction(PCR) $ol @7]44 5“43
E3lM Gly7lArg 44 TS glstslon, CYPIA2E Al
gtE Al MbollE ©]83+e] PCR-restriction fragment length
polymorphism H¥} G7|AME #4& F8A T2698G 34+
EAdE skt

Z 1t: UGTIAL

A}

229 Gly7lArg thd4d2 Wels diy

e

,384,



FRA BETF BAEAA 32%2 HERT 11%
0.0001). CYP1A2 f+2Axte] thdAdL wold xz
Aol A= 41.8%, dETONA 323%E FATro] Ekow

Brh =dTHP<

&
At oz Fofstglri(P=0015). Weold wyfrdzte] H==
FATA 21%E HET 19% 8T Egout SAsH foA
2 IATHP=0.706). Gly71Args} T2698G<] Wold el <
L UAHP=0.635).

A B Aol el Ao Wl Ryl gAle
FARS} FAZA L= Eae FHAL] UGTIALF
CYP1A29] t}gAde] BR1=%1a, UGTIAL F3ke] GlyT7lArg
e Aol sd 03_%1 Aot CYPIA2 479
T2698G THEA-& Aol ey} Aol gl
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