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Clinical Evaluation of Multicolor Melting Curve Analysis for Detecting Gene Related to
Carbamazepine-induced Adverse Drug Reactions

PEI Bin', GUO Xiaotong®, RAN Peng', HUANG Qiuying®, HONG Suyun', ZHONG Xueting®, LI Qingge”"
(1.Xiamen Blood Center, Xiamen 361004, China; 2.School of Life Sciences, Xiamen University, Xiamen 361102, China)

ABSTRACT: OBJECTIVE To evaluate the effect of multicolor melting curve analysistMMCA) for detecting HLA-B*15:02
gene related to carbamazepine-induced adverse drug reactions. METHODS A blind test of 1 147 peripheral blood samples
collected from Xiamen Blood Center was performed to validate the agreement between MMCA assay and HLA-SBT assay.
Sanger sequencing and electrophoresis were used to confirm inconsistent results of two methods, the agreement for all methods
was validated. RESULTS In this study, 77 cases were identified as positive samples and 1 070 cases were identified as
negative samples by MMCA assay. For HLA-SBT assay, 74 HLA-B*15:02 positive samples, 1 070 negative samples and 3
uncertain samples(only showed B*15:VG-B*15:CYS) were detected. Three uncertain samples were confiremed to be
HLA-B*15:02 positive samples by Sanger sequencing and electrophoresis. Therefore, the positive agreement, negative agreement
and total agreement of HLA-B*15:02 gene detection by MMCA assay were 100%(77/77), 100%(1 070/1 070) and 100%
(1 147/1 147). The percentage of positive samples was 6.7%(77/1 147) which was reasonable compared to previous reports.
CONCLUSION MMCA assay is a convenient and rapid method with high sensitivity and excellent specificity, and promises to
be a powerful tool for the clinical diagnosis of HLA-B*15:02 gene.
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73 P 3 B IR JEAA i JiE (toxic epidermal necrosis,
TEN), 10%~30%/) SIS/TEN =&MU s
i, M ARES, CBZ &% 51K SIS. TEN
259, BT 250 R B RS BN B
25%~33%7 . RAEAN KR B A 4 B
MRAZ40 . ZaEZREIFRIE, BUEEWR, E
fEFimE e R R e, Bk,

2004 4 Chung 55X} 6 V85 Hb X PO N FE3EAT B
o, 7 At B RARIE HLA-B*15:02 3K 5
CBZ 512 SIS Fl TEN(CBZ-SIS/TEN)AF-1{E 35 %1
A, BEJG K ERFRIESE T HLA-B*15:02
F[K 5 CBZ-SIS/TEN 5218, (H — % > [a] fg
M % k77 70 Bl 22 ST X T R ONBE,
HLA-B*15:02 PR AT LLVE A A= Wb 54 F DA Tl
CBZ-SIS/TEN Ky A4:1"261, 2007 4£ 12 H, FDA
RAGT — R, 388 HLA-B*15:02 POt B &7
fH CBZ B R A 35 1 B AN R s R XU
FE VOV NBEAE 2501347 HLA-B*15:02 J:[A]
I/)«%E[Q,ZS]O

fESE 1) HLA 5381 2 5% FH IG5 0 243, H
F HLA 75 J D5 057 18] 775 1) v B TR 8 P 2 46 1 i
LI L . BRI B, RIS BEARE 7
RIGESR R . 80 ARG, BEE S T
B R R S5 s, A% HLA 3T
DNA 43858 . HEIH F I HLA (] DNA 43814
AR BAT TP PR P UK 2 S
(RELP)>20 5 £ g i 3 S 7 BE % 1 BRAR A 44 52
(PCR-SSO)P', 58 £ il e 20 S 7 B ) R 22 25k
Hr (PCR-SSCP)* VR /3 % 4 57 1tk 51 47 56 4 il e X
JR S (PCR-SSP)P*1%%:, {H iy F-BLA7 ) HLA JE[H
MFAZ T HLA R P58, 7 RN KR
HLA ERBFATX 5y, KRAR, 4R
FEEETA, A A 0 B g 37— b B HE R 1K) 5
EFRHPEHAS I HLA-B*15:02 JEK . H A4
HLA-B*15:02 % F|H PCR-SSP #i A, 1 # X
PCRP7, X U7y AL PCR ¥ J5 X P2 3t 4T
K, MMUFENFE T, RS ZRGY, 70 gh
REHERAE . Bk, BFFEAAR R — R, fifE
A AR I 7 3 B I PR IR AT 138 SR
P E AR N T fE 2 BERE G fF il 2232 (multicolor
melting curve analysis, MMCA)N H T CBZ AR
SN M) HLA-B*15:02 F DRURG I ) 7] 4714 0 v
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W, A Z TN 1147 4340 s A BT
TG R RPN
1 W&R55%
1.1 WX R

WCEEAE [T Hhot s 285k HLA-SBT U 7 1%
K15 HLA-B 5 KBS 1) 41 JE #f K AR AR 1147 47
FEARSRIE N 2014—2015 5 & [T Hh [X TC 2k 1 2 .
AR FT O 8 Ik B[] T AR O L A B S 2 A
ZukiE S RZEE, BN 4R (EDTA)L
L SR AR AN i K I
1.2 ik
1.2.1 DNA f2HURREN E RHETTEEEYD
RHE A 4 BR 22 7] Lab-Aid 820 4 H 3 #% FR 2 BUAX
T TE 5 P T TR A TR i D7) 6 % 71 J e O L AR
A AT B A ] ND-1000-UV-VIS 3 K 44
/R] WLSEFH 3 66 BE T (3E [E NanoDrop) X F A 11
BRI DNA (3 U & AR AT R, Rk
DNA [ EET 4 10 ng-ul™", BELEAEHEE
T 20C KA R A7 & H . DNA K A K
A260 nm/A280 nm ELAETE 1.6~2.0 18], A260 nm/A230 nm
FLAE =2.0.
1.2.2 HLA-SBT WllJ7Ek HLA-B B:H K H
% [ Life Technologies A\ ] SeCore SBT i &
AT HLA-B BRI, Forh B RaA 55 Ao L ] 4y 2
RS A 1540309, Bk H IR AB-3130
PR A AT Ao
1.2.3 MMCA il HLA-B*15:02 &Kl HLA-B*15
J& HLA-B JEF AL iR I B2 A HRRFE K
W, A 150 FHUL ERSEA BRI, L2 A A
FEERESET 2 MIETF 3 X R NCBI
ByE R A B9 7 A B T A dbMHC  Sequence
Alignment Viewer RJ X%} HLA-B JAL 1% 3 R 4 3
TRFHIEERE, YesE HLA-B*15:02 3[R 43 B A% O
LR m B Yah X 5 193 £2(G) 5 209 £ (C)~
55259 f1(4). #5261 HL(C)s 55 277 fi(4). 5 302
Bi(A)~ 55 353 SL(T) 55 355 fii(A). HLA-B*15:02
FE SRR (98t PCR 4 AR i 28720 B B 118
LBEVBHE A AR A 34t . B0 br A4 7 i
ik 1A PCR & BAR RFEATRCIN, RN AR &
A FE LI 5 PR = SRR R B R
(FAM), £F-X-BFHH56EROX), NERN
F(HEX)] % PCR MI3EARH k5. BRI 8
¥ HLA £, FIESX R ebriciRErS PCR
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F= W) B 1R WU 24 5 A AT I gk o 42 2 ke 24 e
REA G E HLA-B*15:02 F=R o BARK W7 A2
R ¥ 5 pl W 10 ng-pl ™" 94501 DNA Fr A
HEMB S PCR RMEME F, MEEOE,
242 HBEH PCR 4011 24t(SLAN-96S, i
FARIT R R A ) AT PCR 448 K Ja i
285> Hr. PCR ¥ 34 R4 fif #h 28 0 M B AT RE
N+ 50 ‘C UNG EALFE 2 min; 95 C AR 1% 10 min;
Touchdown {E#f: 95 CZ&M: 30s, 65 ‘CiB-k 30,
FHRPEAIR 1 °C, 76 ‘CIEAH 30 s, fEFF 10 X; PCR
PHEAEILA: 95 CAME 305, 55 CiBk 30s, 76 C
SEAH 30s, PEI 50 K SR Z AR T 95 °C
AZ 1 min, 35 CIEB/K 3 min, 4L Hr
(45~85 C, % 0.04 ‘CK% FAM. HEX. ROX i
WRNAET ). S IR G Ul B 34T R A SE PR Y
Il
1.2.4 Sanger W74 uE A Sanger |7 iEXT
MMCA :F1 HLA-SBT Wl J7iEAG I 25 A — 2 (1)
FRASHEAT AR N F B PCR 37 39300 5 56 31E [0 5
A AR TR () I A PR A 7] 58 %]
1.2.5  IWREHE 0 R BEOUE X R, fH
FRAI R MMCA £F1 HLA-SBT 732347
HLA-B*15:02 F=RAEN . R E R EHTHEE, i
H MMCA 41 HLA-SBT Wl FF i &3, *T
R 25 A —EAs A, KA = Sanger WlIJF
AE, RS EE.
2 H#HR
2.1 MMCA V£ T HLA-B*15:02 J& K&l
ZRIAE RBIN B-globin FERAE g P 5 3L 4]
(HEX J#1H), & I0iE 1A ERHE I RIE f(T) 55
HYGHILER 1. ARG RE, HFE MR

HLA-B*15:02 positive HILA-B*15:02 negative

HEX 38 38 /& 15 A 1E 5 1045 i 06 (P9 $2 06 ) 1 B
OFF T IE T AR I, R A L R 20 (7]
Kl 45 R % @7 HEX MG IE W 1A iig, H
T fE7E HEX 18 18 PHMERFAE U 1) 22 X B Y, U s
M RA R, argE— PR YE FAM. ROX @& 14
fifAs 5 PR AR R, 24 FAM Al ROX e [ i
HELIE A R, I H. T, A8 78 BH R E U 1) 2%
JEFE NI, SRR WA HLA-B*15:02 3E£[H; 4
FAM Fl ROX AT-— 18 18 Jo 4% fift Ve BT — I8 1 S F
PH P4 455 I U B (T, A AN FE BH 1 SRR AIE 06 (1) 25 25 0
W), TR AT HLA-B*15:02 %A,

R HLA-B*15:02 [P ARAEVE B 1 2 (T) 5% {H L B
Tab. 1 Reference range of HLA-B*15:02 positive melting

temperature
B35 POt imiE FHPEFFUEE ) T/ C
B-globin HEX 61.92~64.54
HLA-B*15:02 F{EX 35, 1 FAM 65.00~67.97
HLA-B*15:02 F#{iE X 35, 2 ROX 68.87~71.17

MMCA i Wl BH P A A 0 B A5 A ) i AR 25
FEWE 1. B 1A: HEX A0 IE 5 H7E PPy
fEVER) T 5 ETEHE P, FAM Fl ROX i@ 15 [F] i
H I A A g HTE B RRAE V1) T, 255 V0
W, NFAYERRAS; B 1B: HEX 4504 IE% HAER
PERFIEWER) T Z %AV Y, (A ROX #IE LI
fiEl, NEATEARAS; B 1C: HEX Wizl IR HAE
FH PRI T Z 5 G HEIN, FAM A1 ROX i
TH [F] B H IR A AR, H FAM I8 S AR B MERE
TEVE (T (EANTE PHPERFIEVE I S VG RN, NP
P4 B 1D: HEX P20 k5 HL7E FHPERFIE I 1)
To ZZETEEN, (5 FAM M ROX i i % 44 %
W, AR AR A

HLA-B*15:02 negative HLA-B*15:02 negative

ol —FAM —FAM of —FAM —FAM
—HEX 1l—HEX —HEX —HEX
ROX ROX ROX 1 ROX
e 1t
= oF -
5ol \/_,_A e of
N\ St 0 o—
-1 ) 1 i e 1 i A 1 1 1 A A - A i 1
50 60 70 80 50 60 70 80 50 60 70 80 50 60 70 80
wE/C mE/C R/ C wE/C
A B C D

B 1 MMCA i U [ A A o A AR B S 45 R A

Fig. 1 Detection results of positive sample and negative samples by MMCA
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2.2 MMCA A1 HLA-SBT U 5532: G I 25 5 b st

AT TSR 1147 43 NFRFE R 2H DNA FEA
K MMCA VESEAG 77 47 HLA-B*15:02 B
A, 1 070 {3 HLA-B*15:02 FAPEAR A& . R H
HLA-SBT il 59k 364 74 4y HLA-B*15:02 FHYE
A, 1070 4y HLA-B*15:02 BTEARAS, LK 3 4y
TS EEEREAR(E RN
B*15:VG-B*15:CYS R, % 3 rhr Ak iig L1
. £ MMCA 81 HLA-SBT il i #0845 A 34
R Es R 1 144 GIREA, 2 Bkl J7 ik 7 &
FN 100%.

3 M TCEH R BAE B bR AR R A
B*15:VG-B*15:CYS A, H v B*15:vG &
B*15:01 5% B*15:02, B*15:CYS {03 B*15:15 B},
B*15:25, W% 3 i b A M 5 B &Y W) 6e N
B*15:01-B*15:15 . B*15:01-B*15:25 . B*15:02-
B*15:15. B*15:02-B*15:25 "F [ )—Fh. N T PFAY
MMCA £ Z F#EmitE, 75 KA Sanger Wl 756 11E 8%
FLUK S5 28 = 7 R RE TV — 20 % 3 bR AR
BRI AL
2.3 MMCA A1 HLA-SBT I A6 4

R EIREA oy Hir 45 R

2 FRRTINTTEXT 3 O brA (R ar il 25 SRt B2 5
K MMCA ¥ER I 25 58 HLA-B*15:02 BAYERR AR,
MK A HLA-SBT /332 ci%45 H B 43 245 2. (X
BN B¥15:VG-B*15:CYS 1), Fi% ] Sanger 7
B8 I R HL Pk R BN B A A I R DR 2 R T
B*15:01-B*15:15 . B*15:01-B*15:25 . B*15:02-
B*15:15. B*15:02-B*15:25 1 [{JWE—Fr,

KA Sanger M FIGIUE. £ NCBI £#fE &=
HHAT AL, B*15:01. B*15:02. B*15:15. B*15:25
4 FhEEATFE R BAEANE 7 X — 3 8 NERALEL, 4
WM 259, 261, 353, 355, 369, 409, 538, 539 fii
o W 2. BRI B*15:01. B*15:02,
B*15:15. B*15:25 5Z W53 HLA-B*07:02:01 1]

HARAH

PEXTEE R, “-7 RORAHFEIRFH, “.7 RIRERKM
F%WJ X} 3 JC B 3 B B AR A 1) HLA-B 2 [l i
FTONFE, MFPas R 3, $ 259 Al 261 2 747 i3
BoRRNKEWE, HILHRRTiZ 3 isA AN
B*15:01-B*15:25(4l50&) A1 B*15:02-B*15:15(4i &
) () T BB o
X T # R 2 Fp R BE (B*15:01-B*15:15 F
B*15:02-B*15:25), T H 745 RAE 2 76535
BIRRREVETEZESR), ToiEHI W bR A Al — Fh
A2, R SCER X 22 5710 259, 261 i1 353, 355,
369 N AR HLA-B*15:02 &4 it — % 5 41K;
S B RS F: 5-GAGTATTGGGACCG
GCCGGAAC-3'; R: 5-GCAGCCATACATCCTC
TGGATGA-3'. {7 HM B*15:01. B*15:02.
B*15:15.B*15:25 £ F.R i X 22 747 5 L3k 2.

lh Exzon2 Exon?  Exond Exond  Exond Exond Exmn3
DA/ Tntr, 260 ot kil I s 410 4f
Bfd7:02:01  GGGACCOGAL CACACAGATC /f CACCCTCCAG AGCATGTAC...... G ff TCCGOGRCA /f 6.
B¥16:01:01: 01 B i i
BRI .——--—— +~—=—--— ] —[-i——- —(-——
Br16:15 I e
BE1B:25:01 G G [/ T G

B 2 B*15:01. B*15:02. B*15:15. B*15:25 £ 4L &5
Fig. 2 The differences among B*15:01, B*15:02, B*15:15
and B*15:25

I ERNE

= = o=
[ C G
259 261

/\AK AN AA/LM /\

P e e & & IZI . ''''
|z| . B Cc 2 c i H
3 34 B*15:-VG-B*15:CYS fr At 7 &

/\ 259 261

AN A/\/\/\ A\ /M ‘A
Fig. 3 The sequencing results of three B*15:VG-B*15:CYS
samples

%2 B*I5:01. B*15:02. B*15:15. B*15:25 7t Fa. Ra X # F {1 &
Tab. 2 Different sites in Fa and Ra regions among B*15:01, B*15:02, B*15:15, B*15:25

HLA-B allele F Ly 51 )78 56 X (5'-3")° R FUFBI B X (5-3)

HLA-B*15:01 GAGTATTGGGACCGGCCGGGAG CCCTCCAGAGGATGTACGGCTGC
HLA-B*15:02 GAGTATTGGGACCGGCCGGAAC TCATCCAGAGGATGTATGGCTGC
HLA-B*15:15 GAGTATTGGGACCGGCCGGAAC CCCTCCAGAGGATGTACGGCTGC
HLA-B*15:25 GAGTATTGGGACCGGCCGGGAG TCATCCAGAGGATGTATGGCTGC

FE: T RIZIOBRIECT S B R S AR IR A BRAE s R B G X 0 IEBE R

Note: *The underlined basesdenote mismatchedsttes with primers; ®sequence of positive strand covered by R.
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KT F. R BHRNXYE B*15:01. B*15:02.
B*15:15. B*15:25 ME 44 B s A, B
B*15:01. B*15:02. B*15:15. B*15:25 FEKAIfR
B, F AR X% 3 4 70 B 23 U5 2 K bR A gk
T4, [ 5] N — Xt HBB #5141 AN 1%, PCR
Pz JEx et AT Yk, Fo R MEMI%KW A
417 bp, HBB K H A4 %454 360 bp. Kl 4
PKIE 1 4 1 000 bp Marker; KIE 2 7S X
VKIB 3, 4, 5N 34 B¥15:VG-B*15:CYS taA; ¥k

B 6 N HLA-B*15:01 BIRIEIAR: kg 7 N
HLA-B*15:02 [H 4 % M8 B M ; vk & 8 A

HLA-B*15:15 AUt Vki& 9 N HLA-B*15:25
R o HIKZE R oR, B*15:01. B*15:15
B*15:25 R RGeS 3 H — Bt 360 bp I
B M B*15:02 FAVEREAR B T 2 7 BOL Red
B — B 417 bp 1) HLA-B R B T 3 4 8
BB o B BAAR AR Ik R E R NS B*15:02
FEPEXT BRAR IR 2 /N2, DRIRAT DARf € 1% 3 1
bR A ) 3 BB S B*15:01-B*15:15 1 A&
B*15:02-B*15:25, § HLA-B*15:02 Fi1%, 5 MMCA
ARSI &5 R — B

Rlt, MMCA JERIBEPERE H23:(77/77), BIE
K2 (1 070/1 070)FURFFE3(1 147/1 147)¥)N
100%. BtAh, MMCA VETE 1 147 4l R bR A o 3t
Kt 77 Gy BTSSR, HLA-B*15:02 W N
6.7%(77/1 147), 5 3CHRIZIE BRI A — 5,

bp 1 2 3 4 5 6 7 8 9 bp
1000 —

500 —
400 —
300 —

417
— 360

100 —

4 34 B*15:VG-B*15:CYS 5 Ak th W, vk 4
Fig. 4 The agarose gel electrophoresis results of three
B*15:VG-B*15:CYS samples

3 wtig

I PR 24 B 2% St B B (Clinical Pharmacogenetics
Implementation Consortium , CPIC) £ X} # 7
HLA-B*15:02 32N EH KA T CBZ BFIHZTE

R E B 255 2018 4E 9 45 35 55 9 W)

M HEFHIARRIL, TCwFE, #BA N4k
SAFH CBZ #HTIRYT: & BE M 3 AL b
R TR AN B 8L, CBZ AT LA i i A i 170,
2013 4F 4 H, FrindseZIE s CBZ H 25Tt
HLA-B*15:02 R TiAr, HA4HHINEIT R br
e, BUMX T EBEA B 25%M . A E &
A EE AT B T E 2 R Aife 4, e
HERA CBZ 2w, WA T HLA-B*15:02 F:[H
R 3 xh Hg e e U, kT W, HLA-B*15:02
FRFHEE X TN CBZ AR &M 8-S 25/Mk
EITELER, Fis. G HINH S X A
RBUR M St R T HLA-B*15:02 FE R
DI H 78 76 N A %) B B AN A .

H Bl HLA-B*15:02 1y % & W 77 % 2
PCR-SSP i ARUY, (HiZJ7VETEAE ] BRI . ASHE
FiE i MMCA EXE 1147 ) 46 & i bx A (1)
HLA-B*15:02 2R #ATRI, 45 HLA-SBT Wl 7
B, 1070 4y HLA-B*15:02 B bR A 4G I 45
BAFF, 74 4y HLA-B*15:02 BATERRAS (R4S I 45
HFE, 7A 3 AN RE =S, X2m
T HLA-SBT Ml 7 1) 73 #8236 LB 29 90%, —L44H
AR FE R B TEVE X o) Fr 8, 2258 = 5 X IR 5 VR 58
UERRIN, 1% 3 AN HLA-B*15:02 FIMEFRAS,
5 MMCA & Bt 25 S AR A

SRR, MMCA LW SEI HLA-B*15:02
FEDR e SR, A e A g v B B R AR
He OBMPOERE. BEH. BANSEEREE
[KI41 DNA #2HC. PCR 4 54 FI44 fift th 45 20 H1)1E 4 h
ZWERBETER,  FLAT— R RN I 94 43 AR AR s
QA G159, AW, WA Mg 5% PCR ¥
PP X5 e @A A, SR G . &
RISy B, G0 U gt 26 1 T (A R
AHIBTRE ARSI, SRV T, B IS8 Ok
PCR X H WM BB, RIUE TR 2SR 1
BRI SENE; @ K sk, BT PCR X
TE &S0 2 | B B A S LG 135 2%, Rtk MMCA
VPR At B AR B T I PR B KRR HE ) . qH
MMCA VEWAFE —E MR, BT L
HLA-B*15:02 5K Z ¥ H A HLA-B 557 3 K Y [X
WISk, (HRTLIEX S 15:88, 15:89, 15:112,
15:121, 15:144, 15:194, 15:213, 15:223, 15:265
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SRR, @ILAE Allele Frequency Database

(http://www.allelefrequencies.net/) F1 3 47 &5 ff F&
PR AT W, 5490 15:88, 15:89, 15:112, 15:121,
15:144, 15:194, 15:213, 15:223, 15:265 {E4= 1t
TG N HR 2 5 (R AR EE<0.1%), BRI G
T8 RS PR BH A 52 T v DL 2

2% TR, MMCA vEMN T HLA-B*15:02 #&

DRI B AT R e e VeSS 5. i TVA

BMas R 5. FEREE. A 55 g,

RlllBliih=ss

s R AEAR, S5 REMHE S E, AN

T CBZ AR A HLA-B*15:02 R R )l R
e BOASI
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