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[(FE] By W EARE Gilbert ZEE1ES UGTIAL FEFA R KR, Hik I8 4 Gilbert ZESIER R
A1 JE K BRI R 2] DNA SR 3R A B [ W (PCR) 3 UGTLAL JE[H FUFR)E 8 F TATA &35 1 ~5 4B +)3 51,
PCR =Y 7 J5 AT G 70 52000 s FERT e 64T 1 AR DL L RE TS . 85 76 6 DB LR R, JeiE & Mok
W) BIRFAL R 25% ( <50% ) o 4 BISCIES 254 1 45 0k, For 1491 S 5 1 [m] B9 BURGR A & 995 , T HL Ak 3 461l Se s A 1 44
W AR . 1 MRREF2 R4 ALh A 1AL LR 2] 3 A6 LA (. 2116 > A, p. GTIR, 154148323 ;c.
686C > A,p. P229Q,1s35350960 ;¢. 1091C > T, p. P364L.,rs34946978 ) F1 1 i T )5 317 X TATA &1 2 iS5 TA §6i A
Ap 5t (c. —40_-39insTA ,rs3064744 ) . i 15 fl 85 o (236 8 BlSEhE & F1 7 DR RS ,12 Fil#5H7 UGTIAL 4 & As
S 2 NTEEBI(L Ak BACE, AR B R MAE AR (12/15) 3 BB U w B4~ UGTIAL B 42 648 5 i
WERATREAFN 14 DZFERBEG P | ARIN Gilbert ZEA1E, HiAx 13 AMBLLEAKFHIER . 858 Gilbert ZEHAE
5 UGTIAL (A8 A0 6, RIS IR, w2 5 A8 Rl 2 DA ED A (e —40_ -39insTA/¢. 211G > Aj¢. 211G >
A/c.1091C > T) A R B R G R BN Gilber ZEAE, T K ZHEEW A4 548 R H W RIAHIEH
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Investigation and analyses of UGT1A1l variant spectrum for 8 Gilbert syndrome

families
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Diseases, Southwest Hospital, Third Military Medical University, Chongqing, 400038, China)

[ Abstract ]|  Objective  To determine the correlation of Gilbert syndrome ( GS) and UGTIAl
variations. Methods  The genome DNA was extracted from the peripheral blood samples of 8 probands
(subjected in our outpatient department from August 2011 to March 2014 ) and their family members. The
promoter and coding regions of UGT1 Al were amplified by polymerase chain reaction (PCR). The amplified
DNA fragments was sequenced and then family pedigree analysis was analyzed. Bilirubin levels of all probands
were followed up for at least 1 year. Results The incidence of GS was only 25% (less than 50% ) among the
probands’ parents in the 6 complete nuclear families. The twin brother of a proband was also a GS patient.
Only one brother of the proband was affected in other 3 families in which the probands had a brother or sister.
Only a sister was detected with unconjugated hyperbilirubinemia in 4 sisters of the second generations. Three
missense variants in coding regions (c.211G > A, p. G7IR in exon 1; ¢.686C > A, p. P229Q in exon 1; c.
1091C >T, P364L in exon 4) and 2 exira bases insertion variant in promoter (c. —40_ —39insTA) were
identified. Twelve of 15 affected subjects carried homozygous or compound heterozygous variations which
contained at least 2 unlinked variants (0.80) and the other 3 carried single UGT1 A1l heterozygous variations,
while 13 of 14 family members carrying single heterozygous variations kept normal bilirubin levels. Conclusion

GS is strongly associated with UGT1A1 variations in an additive effect. Those carrying homozygous or compound
unlinked heterozygous UGT1 Al variations (c. —40_ —39insTA/c. 211G > A; ¢. 211G > A/c. 1091C > T) are
more common suffering from GS, while those carrying single heterozygous variations are healthy.
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Gilbert ZE451ik ( Gilbert syndrome , GS) F 1901 41
FEW Gilbert SE4iIA , I R B U v B R 45 5 B
#I % (unconjugated bilirubin, UCB) % &5 b = A HLZL &
IAE , TCIFHE S A V5 1l 55 R B, H & AR AL 2 UDP-
25 B IE TR KL 5 2 B ( UDP- glucuronyl transferase,
UGTs) k[, GS 5 2 i A 0 14 S 1 i %) R 1Y)
25% , i M i UDP-A % W I R Ik e 7% il 55 1Y) 1A
(UGTIAL) Zht . B&THICR I 1] 1) SCIBC A58 U 2 BT
M GS JB#FAFAE UGTIAL JE 37X TATA £ 2 M
5 TA Wi AZZ S (e —30_ - 40insTA ) I AM 2 - IX Y
B Y5 (. 211G > A, p. GT1R;c. 1091C > T, P364L.)
SEAR RN H R E GS B, X e AR A
A HAE ] BBV 1 B2 REE K R, hitk—
Wit GS st B AL, ASBIETE T 8 ] GS Sedie 4 M H K
FM G UGTIATL JEN HEAT G A8 7347 , I X S AE 2 ik
A 1 AR DAL G R DT RES o ik 58 B ) K R A
FT M UGTIAL JE[H ) 572 53 2 W« Gilbert Zi 511k 32
5 UGTLAL (/A2 5AH G, I 52 B H 2 Ak , 487 4
BAFE 2 DMAEPREB LT ERHEZINN Gilbert
LRAAE, TR ZHOE T B A 578 5 W R BN E

1 #ZRETE

1.1 BRA%

8 i GS Joht , ¥4 2011 4 8 H % 2014 4£ 3 H W[AI7EPY
M EBERUEH S TRAS 8, 5 ey 70 1, 471 (28. 04 =
10.69) %, S LI TCAEAR I B i e I, B0 R A 4R IR T
TG, BRYUIE Bz Bk s e Sb TR AR AE . FE kAT IR A B 9TAT
AR CEHE TR R FRINZ AW, I A5 R H
HEZ AW H AT % AEA 2 F0 5l 3 B HAH KRR Rl
G [F)E, JR A8 AV ) 45, R B4R BB R A L i N 43
T[] 2
L1 2WibsE R RE  2WbriE: (1) BIHA R
1.5 mg/dL(25.65 pmol/L) , H A UCB N3 ;(2) WA MBI
M ((alanine aminotransferase, ALT) | K 2% 24 iR 2, % ¥ % Wi
(aspartate aminotransferase , AST) 1E %, DAHERS FFAE R A5E 5 (3) 21
ZH M350 (red blood cell, RBC) | Ifil £1. % [ ( hemoglobin, Hgb ) &%
RIZRZLAN 14K (reticulocyte count, RT) 1E %, LAHERR T 7E 19 %
MATRE,

HEBRBRE : (1) & FFHALRG ; (2) AU s, HL 5 4,
TR R B =40 o/d, @i =20 ¢/d, B2 A A KRR RE 5,
Prailiks it >80 g/d; (3) HkK A K ML R FHE T 90 d 2
PAEART A4 24 5 5 (4) BB P 327 TR IR B RH TS 2R SE 0
SR
1.1.2 WEUIRBEAEZWE  SSEEAERESHT AR
BT ,3 ~6 DT 1 UIHHIREI . SElE & WA E R A AR

BUATFEFR BEdEA T 22 /0 1 IRIFSIAINSF#E1 T UGTIAL R 5347
1.2 UGTIAl 4 F &4 o7

1.2.1 5|¥ikitXE&m, P35 4 H software Primer3. 0
( Whitehead Institute , Cambridge, MA) %131, UGTI1A1 3K ) /7
%154 : GenBank accession number NT_005120. 16, UGTIA1 3t
P& — AN 8 F TATA & 5 5 AP EF7 0 519751 I
XN RS L 1,

®1 SMFFIREMEEFIIRRRKE

) ) P B
iz JPHI(5'—3") L2l 3
K2 (bp)
| TCCCTGCTACCTTTGTGGACT TATA & 165
TGCCAAAGACAGACTCAAACC AEF1
CAAACACGCATGCCTTTAATC
T2 365
CAGGGAAAAGCCAAATCTAAGG
AAGTTGCCAGTCCTCAGAAGC
SNET3 436
GTTACTCACATGCCCTTGCAG

CTGCAAGGGCATGTGAGTAAC
GAGGCAGAACTGCTTGAACG
CAGCCATGAGCATAAAGAGAGG
TTCTGGGCGATGTGATTACTG

ST 4 595

AT 5 1298

1.2.2 X [HH DNA #45 J PCR ¥ 1 % Al Wizard ®
Genomic DNA Purification kit ( Promega, USA) M\ 5 mL i fif 4= i
Tl $2 DNA. # 4% [ DNA Tag % 4 B ( Beijing Dingguo
Changsheng Biotech CO. LTD, China) 45t BH 3 it i 5% 50 wL PCR
SRR P ST 95 C 2 min J5, LA 94 °C 30 .58 C
30 5,72 °C 40 s #1735 DMEHF,
1.2.3  PCR Halifb My PCR =W 28 2% S M e
HL VK 4858 o R AL B AR OB R A A e 1 e BT (8 T I PCR 4
W51 .
1.3 UGTIAL B B & it 2 #7

JITA 0 45 5 5% B BLAST #2J% ) PolyPhred program %K {2
( Stephens et al.
washington. edu) #E47 ELXF 704, SNP F43 260 iy 9 4l 37 ) S 56
NS BEE. Giit4Hi il SPSS PASW Statistics (version 18.0)
17,

2 HR

2006, available at http://www. genome.

2.1 e —ARNE RAFAE R R I7 45 R

8 B SehE &, vk (7 6) 2 TR (1 4) , Fi
14 ~44 BREE . LRI, B TCAL A AN E K BRIUAR
FE IR BN ] PR ARAE . ZERE DR, HoA 2 Bl
MR ZKTFRT AAT FREZEIEH B (A7 25% ) , B4z 6 il i
FRIOTE RS S IRL R AR, HIY DAL R TS
REL %8 BB H M B L R K B d i E N (49.32 +
10.40) pmol/L, ItAk,2 BINALL 2 /K -REMK A B 1E 5 1 E 1
SUIRLT 2K e e (B AN EL 2R B R 5 e M IR 41 36 I i A8 3
{6 (52.93 pwmol/L F143.75 wmol/L) , W22,
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%2 Gilbert LEEIEERESE —RIGHRIFER LS R
BB EIRCH) VIR I ) B SRR TR RALR el )
=3 i Xiits palinllE 2 i Jalk H PIHK . P
I SR M B AT IEH
Gl @ 23 1 27 2 33.7/7 30/6.5 ¥
G2 ) 20 1 27 2 36.3/8.6 27.8/6.5 &
G3 B 44 1 27 2 39.9/8.8 38/11.2 s
G4 il 24 1 18 3 43.5/11.5 19.5/5.5 s
G5 B 17 1 27 2 48/12.9 30/7.6 s
G6 5 17 1 18 3 51.3/6 36.1/11.3 &
G7 s 14 4 27 8 59.8/11.7 12.1/7.3 &
G8 ) 35 1 18 3 64.3/17.1 29/8.1 =

2.2 RERAMELFRTFAELR

8 MEAETRE R Gl [ G4 [l SGhE & Jo AL 35 Ml ) %
Ah AR 6 MNERAIGORR LB ASITRRZME, %
iE 5 i 3 R A LT 28 7K T 0 i o B B R & R B (IR 3%
AOPR EARME R ILIE 1, FE T A IR 2K 25 5R AT 7
6 MEEMBEORZRER, SBIEEICEN EWERN 25% ; K 7
G1.G2.G4 G8 [y sfesie # (Bt sl 5 A8 Rk 2 20 2 SR i i
MIZ2 G785 &4 1 2 50k, P &R G2 B[Rl P3G th & 9 5
A 3 B A KR GA 2 (O GTIR 4ify) Ko 2 Bl
BAFE AR S A R R R R G A 2 1R 4 A4tk
LR N T
2.3 UGTIAl By R4 R

£ X% UGTIAL B[R 3 87 TATA £ 5% 5 ANF g 77 )5 3t
K] 4 4~ SNP(£3) . Hor 76 8 HilSesE &, A 6 BilohE#
(JEiE#H G1.G2.G3.G5.G6 .G8) i ali 57 Rl 20 2 MG
A5 (5% ) T R 2 BISCREH (JEiE#H G3 Fl G7) #5541
FAAES(25% ) ;T4 15 Bl ({45 8 BICiE & M 7 %K
FHLH) 12 filEH UGTIAL (a4 A8 Sesl AN 81 (1 43k
FALSE, 1 AR AREE) 2R A 78 5 (12/15) |3 il Uiy B
A~ UGTIAL BRI G748 5 Mk A J2 5 E J i 14 5
FILAPACE 1 BN Gilbert ZEAAE, HoA4x 13 BIIHLT 2K
SRR (E 1) .

3 UGTIAl EESBIEREHE 15 5] Gilbert SREIERE HH)

EMERARS
. e e TR BAT  SFAHERIR
i N - dbSNP
EA) ety WA (HAF/ AT
TATA £ UGTIAI %28 c. —40_-39insTA - 0.200(0/6)  rs3064744
SMNBF1 UGTIAL %6 ¢.211G >A p.GTIR  0.667(7/6)  rs4148323
SMNET1 UGTIAL %27 ¢.686C > A p.P29Q  0.033(0/1) 1535350960
SNBT4 UGTIAL %63 c.1091C>T  p.P36AL  0.033(0/1)  1s34946978

2.4 ZERLHFR RSN

WAGVEE B, TA 3 A A GTLR 78 5ok A AR [R5 TR
Jetaff; SEEH G8 BT (1) GT1R 728 A1 P364L 75 7R K A
AR HER G R R G4 h,P229Q A8 5 % TA i AZE R
FEFEER, 12 2 DA 3ok B SERE# 505K

REF G2.G4.G5.G6 J 8 RRMIIEH MW T Likati &
AR 2 MAEBNAAEST . KFR G2, SEH B AR
S RIRERI R CS, # CTIR 4i g R HAR R, £ N

MRLT R MR S A5 AR B IR L a8 57l 2 A
AL 55 AR NALLZOK IR 19 58 2 53 1) 7

=
PMIRBAES

ZFA Gl 1 2Ky GS BIRIR MR AR G3 M GT 1Y JfeiE
HREEW T UGTIAL M2 38 5. KA Gl 1 Jo ik & #5717
GTIR 4328 5  (H LB HE AT A GTIR Je A8 5% AR BL N
AHELZR MUAE 5 28 28 G3 Rl G7 Y SGAE 25 1 57 B4~ TA JlA
2RSS AT A IRLT B KPS (A AN A 1 2l 15 AL 57
B2 MANER AR F AR (46.32 £13.02) umol/L F1(41. 96 +
12.30) wmol/L,

3 i

5 GS KHERY UGTIAL 72 Syl A7 A W10 () A 22
o TR ARERIAESE I 4E EAR XL UGT1AT Oy
e B R TR 64T 1 OQERIE Y (B = R G
ARG, ORITIE . AR SR R
PR AE K R UL e —40_ - 39insTA
A ¢ 211G > A B AEAE T AR A Rl R g 0 I
80% 1995 B (AL 45 Jo ik & S H K R L 7 ), St
15 fl 8 ) #5447 UGTLAL W&l & A8 S sk Jo i 81 i W
MARGAE SR, 3 ) AT B UGTIAL JE A (1 4%
GRS AT LI B A R 14 DR R A
I ANFIA GS, Hogr 13 BIHLL R K I IEH . XA
IR ZE R R W] GS 5 UGTIAL (9748 S AH¢, IF 2 30
SRS, A Al AR B 2 DA EBI G A R
KoHFRIMA GS, T R ZHHEAN A D548 7 5 W R
RIEH o

TEADE T, K FR GL I 1 4RI CS R FR M
B SEREHE G3 M GT AU R4 T oA M2/ A8 7, 1
HoRA AL IR AR A , TS KRR .
25 AW S IH 21 2% /K7 1 TR R 3R 24 E R
HARAHPE P R K 2 2 58 i A A] £ 19, T GS A & —
PR AR ), ENIRATR B D7t B b ml 0, R 24K
B (75% ) HIBLLZK- R MR I, A
ARy B T BAT N IE R AT U RLT R K
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KHEGI1 RE G2
I I; @
11.8/1.95
GTIR/ A& I 4“4 &
r 4.8/3.2 19.7/4.3
H 9 9 G7TIR/#&
i6 9 39 46
18.6/3.9 1.1/2.1 30/7.5 18.7/4.7
GTIR/ % R CTIR/%4 GTIR/%4
23 22 29 / 20 20
33.7/7 13/2.8 6.2/1.48 36.3/8.6 39.3/10.7
GTIR/% CTIR/ 2% Lt CTIR/4E CTIR/ M
e = =
KEG3 REG4 KEGS
74 74 I ‘
20.1/4.8 19.9/4.3 48 4 43
TAEA e CTIR/ e 30.4/9 13.04/3.87 23.64/8. 92
GTIR/4i% TARN/ 28| GTIR/4iE
38/11.2 16.5/3.6 H /
TARN/#E CTIR/ 24 5% Lt
HI / 21.5/4.4 129
20 24 BN TAMEA/ e GTIR/#&
20.6/4.7 43.5/11.5 i
FED TAMEA/RA GTIR/ZA PROO/ARE
= s
RZG6 REG7 %G8
62 64
4 43 39 36 9.2/2.5 26.8/6
15.06/3. 81 40.6/8.92 18.8/6 18.1/5.6 PIGAL/ B CTIR/ A
TARN/ & TAA/ 4 GTIR/RE AR TAREA/ G

I I

17
51.3/6
TAHIN/#& GTIRAE

/ 1 35 39

59.8/11.7
TMEN/ZE

64.3/17.1
GTIR/#& P36AL/H&

16.2/6.8
GTIR/ &

g O aemson; [l os sues @) osomss? mrsnmeanrani; , ~hik
A OF— AT 3 REIES A A TER N GFR(F) B k/4E 4R 2% (pmol/L) UGTIA T B A ; @+ 5 Fe i 7 84

B A B e L& & TR IE R A

P 204 B A B TR 21 pmol/L, HEAMER RS

E1 Gilbert REEBRERRE K UGTIAL TRiE

B BBl o PRI A A b2 M) I k1 21 3R A
73 BOUIRZLE SRR 240 5 JBOAF 20 3% e 15 55437 T
L F AR HABIR Y AR B8 57 o J4Fok , UGTIAL
AN 2 G S e A HA R LSRR 1 2R I A 2%

B S AT P BUIRLL B KO- TR 6 B A i
R X 2 LD AL 5 A 2 0 5 73 GS JRAE LKL
AR R RO B AL 8 B A e
HNE " BRE A o R AR 22 RE DA A AR S 6 B Y
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THOLT , GS 119 & 9 ME 2R 23 w8 1 Ik 8t A% 1) LA % s
A GS [ EOE IR K R 43 UGTIATL XA (1
FE PRI AR S B, DT A S A 9 M 238 0 2 T b P s A%
I LR R, A RIILL GS Atk 3 710
(IR ET 27K 7 ks 56 46 7 AT I R RS K
GS Wyt etz Wk | R AN o8 A | Bk 45
G (HIHR A 25 B 0, R (Je e & AR
IR N WA A R AR R R R 50% ,
T FEE & S H L S G IR 1 & R 2 /N AR IR AL 1)
BARTI R 50% 7 o ok, Aeix 3 il b, 1 4
B R GTIR 245748 5,2 Bl i & TA A&
A5, GTIR FIl TA 4 AZE S5 GS 13X — Y A 5% i J&
TAALERR S 1 225, (AR E— 2P0 oR .

55 GS KHKHY UGTIAL 75 53 28 R A7 7 B {58 11 ol
B2 5  Bosma ™™ X% 10 ] GS [ AR F 17 T UGT1AL
WP e & B, 3 2 i AR T4l A1 e —40_ -
39insTA A5 5, H %48 5 A] foff i Ok DR 1 2 S M 1 %
B IEF X HRALA 30% o (HAE W I A AYBFSE H, GS f
HIRTAA 1 . —40_ -39insTA A2 240 W FEAE R &
A SRR B A A Y (H X e iE 5T 4T
SRR THURR BB , AR TE T, HAER 1L 3
FU R AN A 78 S AV 22 ) B O 2R SR T AR FF 5
T SRR R R AT BT RISE R 2848 73 M A5 1 T 9 AR
R 24U GS #5 ali 5748 S 5Ok AR R EAR Y 2 A48
5,76 UGTLAL /M43 il IRLT Z KX — Mok B 5 A
TN RIS AH B EDTIE

BB, GS K9 F S UGTIAL A48 A&,
T3 BB E AT BB A AE LA L PR B o ARG PR
Re ) 3 A BE R K R, Bt AR REHE T 4
FEI A R s A AR o i 4, X TR UGT1AL 3
D5 A 5 R e B R RE 1 — 25 BB, A il — 2B 9T

GS B AR IE— TG R I , AT BT
5 GS Jf5# WL 3t AL M 25 45 78 0 21 2% i, Fi [
HMRIE LRI A 3% ~10% LR —
AR, HOE B T = A ] R A A a0 0 2 B ok ok B A
PEPEZR I A 22 GS (5 e A Tl e Je: H SR e FF
MEES, BEA TR E GS BFE Y UGTIAL 3
PR ()R S, AT 5 Z2 b 250 (R AR, e B X A e 22
SRR MY, WS . TR
M5, RPN B 5 PR Y SRt A A T R b . HL GS

NG I AN, JEHGE R R AR PR, H
TSI EYE. M GS A — ARk AR K W
WIS R JE, X GS 143 35t 5 iy i — 2D B 5Y
WRAERIBLSEE S AT 2 1 E
GS 1y UGTIAL B[RS SRAR L, A 157 ) 8 R BEA B
00T RRBIESE B A8 S o7 1 ) D RE S IE . W AN ] 2% 57 )
REAIRLNE , A B TXF GS & 112 Wi

S Xk
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