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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 M R B IR JEAA i 4iE (toxic epidermal necrosis,
TEN), 10%~30%) SIS/TEN &M s
i, M ARES, CBZ &% 51K SIS. TEN
259, &R 250 R B RS BB
25%~33%7 . RAEAN KR (S A L4 B Bk
M2, 2 EZREIFRE, BULEWE, E
fE il E e RS R E, Bk,

2004 4 Chung 55X} 6 V85 Hb X PO N BE3EAT B
o, 7 4t B RARIE HLA-B*15:02 3K 5
CBZ 512 SIS Al TEN(CBZ-SIS/TEN)AF-1{E 35 %1
A, BEJG I K ERFRIESE T HLA-B*15:02
H[K 5 CBZ-SIS/TEN 5218, (H — % > [a] fg
M % k77 70 Bl 22 ST X T R ONBE,
HLA-B*15:02 3[R 0] DLAE A AW 4 FH LA
CBZ-SIS/TEN K426, 2007 4 12 A, FDA
RAGT — R, 88 HLA-B*15:02 [t B &
fH CBZ B A 85 14 B AN R s R XU
FE VOV NBEAE 2501347 HLA-B*15:02 J: K]
I/)«%ﬁ[Q,ZS]O

fESE1) HLA 5381 2 5% FH LG 22 2 B3, (H
F HLA 5 J D5 e 07 18] 4775 1) v B TR 8 P 2 46 1 v
ZLHIE L . BRI XL, RIS BEARIE 7
RIGESR R, 80 ARG, BEE AW
BRI R B 5, AMTJFEXT HLA 3R 47
DNA 43 BUH 58 . HHIH FH I HLA 1) DNA 43814
ARETAWMFP BREIE BB 2 B
(RELP)Z20 58 £ il i 5 S I B8 % 1 BRAR A 44 58
(PCR-SSO)P!, 28 & il e 20 S b7 PR ) R %2 A5
Hr (PCR-SSCP)>* VRl /3 % 4 57 11k 51 47 56 2 il e X
J% S (PCR-SSP)P*1%%:, {H iy F-ELA7 /) HLA JE[H
FMFAZ T HLA EFE P58, 7FFENX KR
HLA RGBT X 5, KA R, 4R 9iid
FEEET, A A 0 B g 37— b B HE R 10 5
Bt M AS I HLA-B*15:02 3. H Rl #—H60
HLA-B*15:02 % F|H PCR-SSP #i A, 1 #
PCRP7, X U7y AL PCR ¥ 1 J5 X P2 4T
K, DMMUFENFE T, RS ZRGY, 70 ss
REHERGTE . Ik, BFFEAAR R — R, fifE
A A I 7 3 B I PR IR AT 138 SR
B AR N T R 2 BERE G i 22 3% (multicolor
melting curve analysis, MMCA)N H T CBZ AR
SN M) HLA-B*15:02 F DRURG I ) o] 4714 0 v
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W, AW Z 70 1147 4340 s A BT
TG IR RPN
1 W&55%
1.1 WX R

WCEEAE [T Hhot i 2858 HLA-SBT U 7 v
K15 HLA-B 5: 5 BY 1) A1 JE 8 K AR AR 1 147 47
FEASKIE N 2014—2015 5 & [T Hh X TC A2k 1 2 .
AR FE CLE Ik B[] T AR O L A B S 2 A
ZERiE S RZEE, BN 4R (EDTA)L
L SR AR AN i K AT
1.2 ik
1.2.1 DNA f2HURREN . RHETTEEEY
RHE A 4 BR 22 7] Lab-Aid 820 4 H 3 #% B2 2 BUAX
T TE 5 PR T TR A TR i L 7] 46 0 71 JE e L AR
A AT R FEEL . B F ND-1000-UV-VIS 3 K 45 4
/A] WA 53 676 B v (32 B NanoDrop) % 7 A8 11
FAZH DNA [ HUR & A9 B BEAT R, I
DNA (2RI E 10 ng-ul ™', BT EE
T -20C UK FH h R £ & H . DNA ¥ £ K
A260 nm/A280 nm ELAEAE 1.6~2.0 18], A260 nm/A230 nm
tfE=2.0.
1.2.2 HLA-SBT Wllj7Eka HLA-B B:[H K H
% [H Life Technologies A ] SeCore SBT a7 &
AT HLA-B BRI, Forh B RaAr 55 Ao L ] 4y 2
WS 1540309, Bk H IR N AB-3130
PR A
1.2.3 MMCA ¥l HLA-B*15:02 &K HLA-B*15
J& HLA-B R FEAL iR A2 SRR R K
W, A 150 FhLL SRR A, 2 A AL
FEERESNE T 2 FISME T 3 Xk, RHE NCBI
o4E AR89 7 A B T B dbMHC  Sequence
Alignment Viewer 7] % HLA-B JFEAL % 2 5 2 it
TR, Yesg HLA-B*15:02 3[R 53 B A% O
R A B i X 2 193 £7(G) 5 209 £7(C)-
25 259 f1(4)s 55 261 HL(C). 56 277 Hi(4) 5 302
Bi(A) 55 353 SL(T)~ 55 355 fii(A). HLA-B*15:02
SIS IR (98t PCR 4 AR i 2872 B B 115K
HBEMBE R AR AR B br A 78
ik 1A PCR & BAR RFEATRI, RRAN R SR &
A FE LI 5 PR = e SRR R B R
(FAM), ¥E-X-Z 5L EROX), ANEIOL
ZF(HEX)] M PCR WIZEARH k5. BRI 8
¥ HLA R, B RehridiRErS 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 FER . BARK W7 A2
R ¥ 5 L WM 10 ng-pl ™" 94501 DNA Fr A
HEMA S PCR REMEF, MEEOE,
242 HBEH PCR 7-#T 2 4t(SLAN-96S, i
FAET R R AR B T PCR 438 K Ja i
285> Hr. PCR 43R4 fift th 28 0 M B AT FE
N+ 50 ‘C UNG EALFE 2 min; 95 C AR 10 min;
Touchdown {E#f: 95 ‘CAEM: 30s, 65 CiB/k 30,
BERAEFR L 1 °C, 76 CHEAH 30 s, & 10 ¥X; PCR
PIEgEIA: 95 CAEME 30, 55 CiBk30s, 76 C
ZEAH 30 s, TEH 50 IR IR TR 95 °C
A 1 min, 35 CIB/K 3 min, & 24
(45~85 ‘C, % 0.04 ‘CK% FAM. HEX. ROX i
TEEAE 5 ) . SRR & 1 B 0 AT AR ik R Y
i
1.2.4 Sanger MJF4UE N A Sanger M7 %Xt
MMCA :F1 HLA-SBT Wl J7 iEAG I 25 A — 2 1)
FRASHEAT AN F B PCR 47 39300 5 56 31E [0 5 1
A TAY TR B A R A A 5]
125 WREIE B IR BROUE X R, fH
FRAI R MMCA £F1 HLA-SBT 732317
HLA-B*15:02 FREW . R 5E R EHTHES,
. MMCA 41 HLA-SBT Wl FFi: 45 &%, *tT
far 25 A —EIAs AR, KM =7 Sanger 7
Bk, HEAFER.
2 F#HR
2.1 MMCA iER T HLA-B*15:02 %= )
A R BN B-globin FEFAFE AN 123K
(HEX i#I1H), #8018 i BH R A W I S (T B %
HYSHILER 1. AR R, HE N

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 -
OF ToIE T J A I, R BIFE AR BE R 204 1)
Kl 45 TR @# HEX JIEAA IE W 1A iig, H
T fE7E HEX 18 18 PHMERFAE U 1) 22 X B 9, U
M RA R, nrsE— PR FAM. ROX @& 14
fifAs 5 PR AR R, 24 FAM Al ROX e [ i
HELIE AR, I H. T A8 78 BH R AE U (1) 2%
JEFE NI, SRR WA HLA-B*15:02 3E£[H; 4
FAM Fll ROX AT — 1838 TG4 fift 0 B AT — 8 Ak
H P4 455 A1 U B (T, A AN FE BH 1 SRR AIE 06 (1) 25 25 0
W), TIARES AT HLA-B*15:02 %A,

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

temperature
B35 PEOGimE 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 FRHEIX 15 2 ROX 68.87~71.17

MMCA A 0 BE P A 0B 4 5 A g i 2R 25
FEWE 1. B 1A: HEX A0 IE 5 H7EFHPE Ry
fEVER) T Z 5 ETEHE PN, FAM Fl ROX 815 [F] i
B IE A A g HLTE B RRAE I 1Y) T, 25 V0
W, NFAYERRAS; B 1B: HEX 4504 IE % HAER
PERFIEWER) T ZHETEE Y, (A ROX H#IE L
figl, NEATEARAS; & 1C: HEX Wizl IE R HAE
FH PRI T Z 5 VG HEIN, FAM A1 ROX i
TH [F] B H IR A AR I, H FAM I8 S AR B MERE
TEVE (T (EANTE PHPERFIEVE I S VG RN ), NP
P4 B 1D: HEX P20 15 HL7E BHPERFAE I 1)
To ZZETEEN, (5 FAM M ROX i i 5 44 %
W, B EAR 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 -
P?_‘ OF \/—f—’\ — et Or
\_,/’J OF ¢ P
-1 ) 1 i e 1 i A 1 1 _1 L A A - A i _1 L
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 /55322 ARG I 25 5 b st

AT TSR 1 147 43 NFEFE K 2H DNA FEAR
KH MMCA VLG H 77 47 HLA-B*15:02 B
A, 1 070 # HLA-B*15:02 WPt . K H
HLA-SBT il ik 3646 i 74 4y HLA-B*15:02 FHYE
WA, 1070 4 HLA-B*15:02 B EdRAS, LK 3 4y
TRy BEERNREAEA(E RN
B*15:VG-B*15:CYS ™), % 3 UrbrAK g5 R
. £ MMCA /1 HLA-SBT il FF i #0845 A %4
Tl 45 R 1 1 144 BIFEA S, 2 PSR RT &
FH 100%-

3 4 o BRI oy UGS B AR AR R R
B*15:VG-B*15:CYS %, M B*15:vG R FE
B*15:01 8%, B*15:02, B*15:CYS fU#* B*15:15 B
B*15:25, W% 3 b A 0 5 B & W) e 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 | j—Fh. N7 IFME
MMCA & R HERTE, 7K Sanger M3 56 UF 5%
LYK S 28 = 7 X RO v — 2 % 3 bR AR
FERAY
2.3 MMCA 51 HLA-SBT Wl 72460 45 B A A1
FFIREA o i 45 R

2 BRI 7T EXT 3 Oy brA fhodar il 285 SR R 22 5
K MMCA VERT I 25 58 HLA-B*15:02 BAYERR A,
MK HLA-SBT Il 732 J52:45 H B A 43 2445 B (IR
&R A B¥15:VG-B*15:CYS ), F%H Sanger ¢
B8 10 R HL Pk R B N B A A Y R D 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 P [ —Fr,

5K Sanger Wl 7 30IE. 7E NCBI ¥ 2+
HEHAT P HIELX}, B*15:01. B*15:02. B*15:15. B*15:25
4 FhEEATFE AN X — 3 8 N ERALEL, 43
A 259, 261, 353, 355, 369, 409, 538, 539 fir
A W 2. W EIRIE B*15:01. B*15:02.
B*15:15. B*15:25 5Z 55| HLA-B*07:02:01 ]

FEXTEE IR, “-7 RoRAHFEIR A, “.7 RIRERKM
P50 5 3 40 JC R 2 U5 BAR A HLA-B ZE [
AT, W pah R e 3, F 259 fil 261 ZE 47 it
BOoRNFAEW, HEHRTZ 3 AN
B*15:01-B*15:25(4li & W) R B*15:02-B*15:15(4h &
) () T BB o

Xt T # R 2 Fp R BE (B*15:01-B*15:15 F
B*15:02-B*15:25), T HM 745 R AE 2 7 35
BIRRREVETEZES), ToiEHI W bR A Al — Fh
A2, R ST X 22 5710 259, 261 i 353, 355,
369 A7 SR HLA-B*15:02 FE40BH—XF 7 514
S B RS F: 5-GAGTATTGGGACCG
GCCGGAAC-3'; R: 5-GCAGCCATACATCCTC
TGGATGA-3'. FAIEHF B B*15:01. B*15:02
B*15:15.B*15:25 F F R B & X A1 25 A7 f L3R 2,

lh Exzon2 Exon?  Exond Exond  Exond Exond Exmn3
DA/ Tntr, 260 ot kil I s 410 /f
Bfd7:02:01  GGGACCOGAL CACACAGATC /f CACCCTCCAG AGCATGTAC...... G ff TOCGOGGECE ff G......
B¥16:01:01: 01 B i

BRI .——--—— +~—=—--— ] —[-i——- —(-——
Br16:15 I e
BE1B:25:01 6 G [/ T G

E 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

3 34 B*15:VG-B*15:CYS fr At Ul | 4
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 f£ Fa. Ra K3 % B &
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 L5 # 1% (5-3")" R FUFBI A& 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

T W TR MBS S LTSI AT . R A 5 X (0 IE 6T 5.

Note: *The underlined basesdenote mismatchedsttes with primers; ®sequence of positive strand covered by R.
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T F. R BHNXYE 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 FE[KAIfK
B, F AR X% 3 4 70 B 23 BUE 2 I bR A gk
TY1, [FR 5]\ — X%} HBB #1531 #1E N 4%, PCR
Pz Jax et AT Yk, Fe R MEHBZKWE A
417 bp, HBB JE[H [ N ¥ %7 4 360 bp. & 4
PKIE 14 1 000 bp Marker; JKIE 2 %5 X
VKB 3, 4, 5834y B¥I5:VG-B*15:CYS taA<; ¥k

E 6 N HLA-B*15:01 FAfUBEMR; ki 7 N
HLA-B*15:02 A PE xF W8 AL A ; Jk & 8 N

HLA-B*15:15 AU Wkl 9 y HLA-B*15:25
BN . FIKEE R BN, B*15:01. B*15:15 Al
B*15:25 R R R A GE Y 3 H— Bt 360 bp I
8 R B M B*15:02 FHYEREMR B 7 N1 7 BOLRed
14— B¢ 417 bp () HLA-B 3L B i F 3 488
B 2 (S B AR A Bk S R EIR NS B*15:02
FEPEXT RRAR IR 2 N2k, DRIRAT DLRf 8 1% 3 1
bR A B 3 B ROR & B*15:01-B*15:15 1M /&
B*15:02-B*15:25, 4 HLA-B*15:02 FH 1%, 5 MMCA
TR ARSI 5 R — 2

R, MMCA JERIBEPERS H2R(77/77), BIPE
K2 (1 070/1 070)FURFFE3(1 147/1 147N
100%. BtAh, MMCA JETE 1 147 il R bR AR H 4t
Kt 77 By BTSSR, HLA-B*15:02 W RN
6.7%(77/1 147), 5 SCHRIRIE IO B DY 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 A thy W, vk 45
Fig. 4 The agarose gel electrophoresis results of three
B*15:VG-B*15:CYS samples

3 it

15 PR 24 B 2% St B B (Clinical Pharmacogenetics
Implementation Consortium , CPIC) £ X} # 7
HLA-B*15:02 JER{EFH KA | CBZ HIFH 245

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

M AEFHIAARRBL, TEwFE, #A N4k
SAFH CBZ #iATIBYT: & &R 3 S H UL
R TR AN B S, CBZ AT LAk i i A i 170,
2013 4F 4 H, FrinsaZis# W AE CBZ H 25Tt
HLA-B*15:02 B:NTH 2, FH44 HAINEST R R
e, BUX T EEA S 25% 0N, B EE
MEE KT AT B T E 2 R Aife 4, e
FAEMRA CBZ i, WAUAT HLA-B*15:02 FE A
R 3 xh Hg e e U, kT W, HLA-B*15:02
BRI F P CBZ AR &N 18 S 24Y Mk
RiBIr M E R, Fik. G H NS X A
KBUR M St R T HLA-B*15:02 FERA
DI 7 76 N AR (%) B B A A .

H A HLA-B*15:02 W £ B A& W 77 ¥k 2
PCR-SSP FH AN, (HiZ )7 kA7 e W] R BE . AHE
7B MMCA EXE 1147 ) 40 & i bx A (1)
HLA-B*15:02 R #ATR N, 45 HLA-SBT llf¥
B, 1070 4 HLA-B*15:02 B s A 4G I 45
R, 74 4y HLA-B*15:02 B TERRAS (A I 45
M, A 3 ARl Ra =S, X2m
T HLA-SBT Wl J7#32: 15 #8 3 R G 21 90%, —LE4H
LR R B TE v X oy Fr s, 258 = 5 X IR 5 VR 58
WERIN, % 3 A AN HLA-B*15:02 FHYERRA,
5 MMCA & I 25 L AH [ .

S5 HRI, MMCA VLR SEELN, HLA-B*15:02
FEDR e SR, A e A v B B B AR
P OFTMPUERE . WE . B
[A 41 DNA $2HL. PCR ¥ 88 F 4% fige th 28 70 H1)7E 4 h
ZWHELRETERG, AT — R RN R 94y br A s
QA G5 . ARME, WA M HE 5% PCR ¥
FEI A X5 Gy @A, SR G H . 4
RISy B, 30 U R 2R T (AR
AR WTRE AR, SRR T, R R
PCR X HW KA H B4, PRUE AT Z5 B )
BRI A SE . @ 5ROt PCR X
TE &S0 = | B e A S LG 135 22, Rt MMCA
TR A0 HE AR P B R B3 T I PR R R R HE ) . (R
MMCA VLW AFE —E MR, BT L
HLA-B*15:02 5K Z ¥ H A HLA-B 557 3 K Y [X
SR, HRARTIERX 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 {7 F&
PR AT, 15490 15:88, 15:89, 15:112, 15:121,
15:144, 15:194, 15:213, 15:223, 15:265 {E4={it
FEIE A2 T L GERA A <0.1%), Bk
T P PRI B P 5 ] L2

27 F iR, MMCA VAN T HLA-B*15:02 #&

DRI B AT RGO R R VE SR SR = i TE

KrMas R 5. fEREE. A 55T,

RlllBliihsss

W, AR A AR, AR EWE S A e, TR
T CBZ AN R R N AH ) HLA-B*15:02 5= K 51l PR
A BRI
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