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PCR-Luminex # & PCR-SBT #: (sequence based typing) T HLA-B O EVA—F & % o 72 ER 2 FEER L, Z0D
7 DIV OBETES A5 HLA-B OFiH 7 ) v (HLA-B*4002new) TH5HZ Ld5bh o7,

M), BEO HLA-B 7Y V® 1213 PCR-Luminex ¢ HLA-B*4006 & J%E L 7223, PCR-SBT % H w72 & #iN
V7S OFHEIL HLA-B4002 B 7 ) IVOIERESER L 727V IV TH LI LAVRBSI NIz, £2 T, HH HLA-
B O FELH % X, HLA-B*400201 & Le#g L 7-%5 58, exon 3 #HIBICH 34 360 2 C—T IZHEH L TW5B 2 &A%
L7z, £ 72, BBk ® HLA-B*4002new [ EZFOHKIZO BIEI N TV 2 L5, RRAEDOFERPL LWL E Lo
7z

AIFFEIC L > THS A2 o 72 HLA-B*4002 B#E 7 ) Wik, BRIV 2 &L 9FH I VA TAT Tho 2720,
7 3 /BRI HLA-B*400201 ® TAC & FEfkICF o ¥ RS 1L (F&iE#R) , HLA-B*400201 & [F]—® HLA-A*2601-
B*4002new-DRBI*0901 &7 a ¥ £ THFEH L Twiz, $72, HARAICBWTIX, HLA-B4002 BE 7V VD 9 b,
HLA-B*400201 2812 E A EZE HDTWALZ EH 6, SEAHB I N7 1) Vit HLA-B*400201 > 5 HZHRERIZ X - T
I b0 LIS, JuEsT & LTid, HLA-B4002 7 ) VIl X > Ta— K35 HLA-B61 Ui & IiiE

FRCFSE LR EZRTEEROND.

F—D—R HLAB, #7 V)V, FEFEEHR, FRHE

HLA EIET-5 A4 ¥ ¥ 703, i il <2 it o [ f
BRSTTRF—21L YTy b OMEESES W
THETRDEELMED—DOTH LY. BInTFI M1 E
YITHEEIMA D A D, BAE PCR1SSO #: (reverse
sequence specific oligonucleotide) 2% b ¥ M LT\ 5.
PCR-rSSO 12 & 4 PCR-Luminex %1%, 7/ & DNA
5 @ PCR ¥R 2 16~ O 8L — XML L 72
FVITXIVLFF RTa—=TINATY 5L XEHE,
WHE -2 70—% A b X M) —THHE L, HLA
TIYNEHET L HETH LY. $iz, BEDFHBM
HESERA ] (BRiN>Y 7)) NV Y YL Y b RBET AR
WZiE, 7V Vo5 ¥ 4 ¥ 2 795 PCR-SBT
B: (sequence based typing) 277 bhTWn5.

4, K% PCR-Luminex #: & F#fi/¥ > 7 @ PCR-
SBT #I12L %2 HLAB DY f ¥V FHERPA—HE o
TEFNC DO WT DNA SRS 2T L& 25, BE
FHLAB O — A ACHT IV IVERELTWE I L%
oz,

SNRROFE

BN RE B D 20 Q2. JEiMfs g HA2 Al
FHYL, ¥ KF¥THLA-A, HLA-B, HLA-DRB1 7 Y
)% PCR-Luminex # CTHA L 7-.

H#H D HLA-B 1% PCR-Luminex :Cl3 HLA-B%901,
HLA-B*4006 & ¥ S N7225, BN 7 95 DHET
HLA-B*5901 & HLA-B*4002 B 7 1) v %8 BRI AR
ENiz7z0, B#H HLA-B O¥EIEEL % 2 K2~ T PCR-
SBT B X 0T L7z, S50, B, BEBL kico
W HLA-A, HLA-B, HLA-DRB1 7 V )V 2 L 7z.

77 5 DNA ZHBRE ERENOFREEZET, ThEh
DORMIMLA S L7z, 2B, RHFFEIELEOMEE

(R OKRB L B THAMEZ T 2 RETHADK
R CHEIEL 72,

1. RHEMmH» 5 D4/ L DNA D

FKAYIMA S D477 2 DNA Hih L, HRED 5 o3y
BEWREUAM FA 7 VBT =9 7 HGHE,
05%N-F a4 NFNIY v F NI AFHTAT
A7) #HWTy YRy EEEW®SE, 7/ A DNA

0 WL ST R S B J s B . - RS A S 0
(1 H 12008 4£7 H 30 H, =FLH : 2009410 H 21 H)
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Fig. 1 PCR region and location of sequencing primers

XLy /= (ADGHMZE) TS 2k Tii%Ro
7z.

2. PCR-Luminex ;:(C & % HLA B FE21E> T

HLA #fnT % 4 ¥ ¥ 72k, DNA 7u—7% HLA-
A %46, HLA-B % 63, HLA-DRBI 7% 49 fifiZ &
sty /% —F (MBLA) #4407 %y M
Wz BAEF IS SCEISHE, 10~50ng/wl D EE
WCHB L7277 ) L DNA %, B4 F LT I54 v — %8
<~ A% —3 v A& Tag DNA polymerase(3£i2Y =
JH—FF v MREAERZE - MBL L) ORSWA~TML,
Y—< 4 75— (96-Well GeneAmp” PCR system
9700 : Applied Biosystems ft:) % fi\v»C PCR[ (93T 30
—65C30 F—72TC30 #) x40 ¥4 7 V] %477k - 7z,

vt L& 7 PCR BRI, N4 7)) 74 £ —
Va YRISHEHPTHEOLE — X RIS hfE 4 o
VIXZLAFRTa—Teng 7)) 54X (95C5
5—52T60 7)) L7z WwIZ, %@ PCR MIEEY % X b
L7 bTEYy—7 4 ax) AY v (SA-PE) THEM
(AR L, Luminex 100 (H3ZY 7 }) Z W TPE
BIUOKHY - X0d 2 WE L7z, HEFEFY 7 b
DNASIS® Call(H37.V 7 M) & FHwCllERG R4 & HLA
TNV ERHE LY.

3. DNAVO—=27

HLA-Bi#ifaT-®exon 2 & exon 3 % &¥rexon 1 & exon
412 primer % #%#I L7z (Fig. 1). HLA 7 5 A 1@z T
® exon2 & exon3 IZI1XZ M2 /R HHIEAH VY, PCR-
Luminex % CTd 2 OB A RN L L LTWw5b. PCR
\21% TaKaRa LA Taq® with GC Buffer (¥ # /354 %
) &2 v, mASCECRE W BRI (TaKaRa LA Tag™
0.2ul, 2x GC Buffer 25!, 25mM dNTPs 0.4, 10ng/
u! template DNA 1pl, 100uM primer F 0.3ul, 100uM
primer R 0.3ul, H.O up to50ul) #E# L, PCR[95C
5 53— (95T 30 B—64C30 F#—72TC60 #) x35 %1 ~
V] mfro7-.

PCR ¥ W& B W 1% QIAquick Gel Extraction kit
(QIAGEN #) TH#ltg, 7 u—=>r 7% v b (pGEM"*-
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T Easy Vector Systems : Promega #t) % i\ CTiivAT
FIHEV, PCR ¥IREW % TA 7 u—= Y THNRY ¥ —
(pGEM™-T Easy Vector) IZfi AL, 42C1 5o e —
ba vy 7 &Iz TREE (DHS50 Competent Cells :
Promegath) ICEAL T O—= v 7V %4757z,

4. PCR-SBT EIC K% HLA-BEZFRI1ELT

B o577 a— DNA (plasmid DNA) & plasmid
HEpIEE(PI24 0 7 R Y) THREL, 6MEN Y —
7 T A primer %\ CHILES) 2 57 L7z (Ta-
blel). ¥ —27 x> ¥ 7% v MZid BigDye" Termina-
tor v3.1 Cycle Sequencing Kit (Applied Biosystems
) RV, BMCEICEN Y — 7 T2 A UG & FE
L7z, ¥72, 7 0 — > DNA O¥HEEGI O ICIE ABI
PRISM 3100-Avant Genetic Analyzer (Applied Biosys-
tems #1) ZfHEH L 72

HLA-B OEHEFNIE T Y VF— & X—Z (http//w
ww.eblac.uk/imagth.hla 2009 4 7 HBIME) ZFHL
TH#EL. T/, HRAOBEETHER TS 4
THEOMFITTIET— 5 v v ¥ — (http//w
ww.bmdc.jrcorjp/index.html 2009 4E 7 H AE) O
FHERESEICLL.

= R

BE O HLA-B 7 ) Vi, PCR-Luminex #Tix HLA-
B*5901, HLA-B*4006 & flm &z, Lo L, gk
7 % b O (PCR-SBT i) Tik HLA-B*5901 & HLA-
B*4002 B43E 7 V) VD2 R HSTRIE S 7z,

PCR-SBT %12 X % & 4 o #Ef Tix, HLA-B*4002
P B 7 ) OV O3EIERCHIE HLA-B400201 & Heig L,
exon 3 HIBICH AL 369 25T MV (C) HF I v
(T) ICEBLL T2, 9FHD 2 K23 TAC
25 TATIZEL L TWB Z EXRH LN E o 72 (Fig.
2). B, T oEERPAOIEIEEY] I HLA-B*400201
LEEIZ—FH LT

7))V F—%X—2Z (http;//www.ebiac.uk/imagt
hhla) I2 & 5FRET, HIFHE S 7z HLA-B #{ZTF D
WIERH) & eI —3T 5 7 ) Vit 7 <, HLA-B*4002
BT ) IVOHBT INTH LT LI L 72720,
HLA-B*4002new & RFR L7z, 413 HLA-B*4002new
DI FEALH] % DDB] (DNA Data Bank of Japan) 2%
L7z (77Xyva e AB513426).

RIZAMEOEL Y, B8 HLAB 7V VICIZEE
DI IEEH & 4 < [/ U HLA-B*4002new A3HERE S, Bk
2B EEL Tz (Fig. 3). K7V IVIE A ¥ TN D 55H
DOFEANHE S THRIET B I EDPHS N E o 72,

% =
SEOFEIZE s THONE LS 2B T U VI,
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Table 1 Primers for PCR and sequencing

Primer Location Sequence
F exon 1 (57-74) 5 -GACCGAGACCTGGGCTGG-3'
R exon 4 (1588-1609) 5 -TGGTCAGAGATGGGGTGGTGGG-3'
seql exon 2 (450-468) 5 -ACTACAACCAGAGCGAGG-3'
seq2 exon 3 (851-868) 5 -GCGGACACGGCGGCTCAG-3'
seq3 exon 2 (808-825) 5 -TTCAGGGCGATGTAATCC-3
seqd intron 3 (1174-1191) 5 -CCGCAGGCTCTCTCGGTC-3'
T7 Vector 5 -TAATACGACTCACTATAGGG-3'
M13 Vector 5 -GGAAACAGCTATGACCATG-3
C:d?tf_l No. o 95 ‘o 371(()’0 B29 & 53EIANED D H DTN, T ¥4 X4, Probe
B*400201 s:;;zz CAC ACC CTC CAG AGC ATG TAC GGC B33 L BRI T LD TNA T ¥4 X9 5% [Probe
Aminoacid His Thr Leu Gln Ser Met Tyr Gly B29(—), Probe B33(+)]. ¥ {2 HLA-B*4006 i Probe
B*4000new Sequence - - - - - - --- oo - -~ ; B29 k—ﬁb, ProbeBSSktilfﬁ%i’%&% [Probe
Amino acid Tyr B29 (+), ProbeB33 (-)]. A5 &7 HLA-
pragps e Tt oo TTGG --- -C- --- - -~ B*4002new & Probe B33 M3k 15 3 C 425 T 2%
Amino acid Thr  Leu Tyr

Fig. 2 Comparison of exon 3 nucleotide sequences for
HLA-B*400201, -B*4002new and -B*4006. Dashes indicate
identity with HLA-B*400201. The C to T change is indi-
cated in bold, and expresses the same amino acid,
tyrosine.

Father Mother
HLA-A* HLA-A*
HLA-B* HLA-B*
HLA-DRBI1* HLA-DRBI1*
HLA-A* HLA-A*
HLA-B* HLA-B*
HLA-DRBI1* HLA-DRBI*

Patient Sibling

Fig. 3 Inheritance of a haplotype carrying a new allele of
HLA-B*4002, of maternal origin.

HLA-B*4002 D353 369 ® C A5 T (2@ L 72T Y
VTHo7z, BRIZS, —HD 7Y Vi HLA-B*5901
A L C\wWz72%, PCR-Luminex #:Tid HLA-B*4006
EF A4 TFEN L% 272 HLA-B*4002 & HLA-B*4006
OEINE, —MEIIZ, 351~372 F H OB A H
WHEND, FOENA T ¥4 - 3 vid PCR ¥iE
EWEF) TR LFF F 77U —TORFPEEIC—
HLLEDOARILY, B LE2WEEITEZ %
\». PCR-Luminex % Tl HLA-B*4002 & HLA-B*4006
DER D728 Probe B29 & Probe B33 7 u—7%H
WTWw7z (Fig. 4). HLA-B*4002 O ¥ B 51 Probe

#1722 LT, PCR¥IEEY & Probe B33 L DA T
VL= a PRI S L o/ E 25 [Probe
B29 (-), ProbeB33 (-)]”. L#L, BHEII—HIZ
HLA-B*5901 % $§2 7%, Probe B29 &Af 7Y ¥4 X
L, t7$% — A3 [Probe B29(+), Probe B33(—)]
L5722 &5, PCR-Luminex #:Cld HLA-B ¥
FEA HLA-B*4006 & H5E SN, RVA—F L ozl
EZ5.

ARIEFTHS A & 72 o 72 HLA-B*4002new &, HLA-
B*4002 1§35 369 O CAST ICHFEEIR L -2 & 12k D
R ENZHDTH 5.

B, HLA-B*4002 \2B8 9 % M@ 2R3 7 U Vit
HLA-B*400201, HLA-B*400202, HLA-B*400203, HLA-
B*400204, HLA-B*400205 »3#ii5 & LT\ 5 (http://w
ww.ebiac.uk/imagth.hla 2009 4F 7 HB#). HLA-B*
400202 & HLA-B400201 O¥FHEES) % i35 &, HLA-
B*400202 1333 15912 C & T OEWHH 5. 72, HLA-
B*400203, HLA-B*400204, HL A-B*400205 % [Al#kiZ HLA-
B*400201 & b9 % &, HLA-B*400203 (33 273 28
C& G (7 =), HLA-B*400204 & 5 3 165 2 G
& C, F7:- HLA-B*400205 13335 195G & A (77
=V) EVIELSHLRTYS. LiL, ThHo
TV IVOEERERIINTNE T I VBRERE DLW
FSRERIC L > TEEINZH 0T, HiRshs s v
NI BEGTFOMEIR—2bDEEZLNTNS, K
SERTHERENHRT I VL NS LD FHE
BIZX o TR SN2 DTT I/ ROZE L Z DL
W ERS, BFRICL TARENG Y VX7 H5T
ORI ERROT YV ER—% b DTH 2 Z & AHEN
SNA. D7D, MIEFICH HLA-B61 FFEM %2R
ThnLEZONS,
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Positions 350 360 370 Hybridization
B*400201 CAC ACC CTC CAG AGC ATG TAC GGC
probe B29 - - - - - T TGG --- -C- - - - (=)
probe B33 iaiaoia e e (+)
B*4002new CAC ACC CTC CAG AGC ATG TAT GGC
probe B29 - - - - - T TGG --- -C- --- (=)
probeB33 - - - --- --- .- --C --- (=)
B*4006 CAC ACT TGG CAG ACC ATG TAT GGC
probe B29 [ = oo - oo o oo o oos oo (+)
probeB33 - - - --- --- .- --C --- (=)
B*5901 CAC ACT TGG CAG ACC ATG TAT GGC
probeB29 - - - - - - - oo oo oo (+)
probeB33 - - - - - - --- --- --C --- (=)

Fig. 4 Comparison of HLA-B nucleotide sequences (HLA-

B*400201, -B*4002new, -B*4006, -B*5901) and oligo nucleo-
tide probes, distinguished from HLA-B*4002 and HLA-
B*4006 by PCR-Luminex method.
Dashes indicate identity with the HLA-B sequence men-
tioned above. The patient carrying alleles of HLA-
B*4002new and HLA-B*5901 had a hybridization reac-
tion pattern indistinguishable from HLA-B*4006 and
HLA-B*5901. (Probe B29 ( + ), Probe B33 ( — )).

HLA-B*4002new 7 V) WIZHEE DA S REBLE RICHE
a3 N THBDH, HLA-A*2601-B*4002new-DRB1*0901
DNTay A4 TEALTWz HLA-B4002 125553
HRZEEIET I NVDS B, HARANIBWTIE HLA-B*
400201 2F LA E R LD, ZofMOT Y VIZIFEA Y
BELZWZENHREEN TS, T2, 2O T O
% £ 713 HLA-A*2601-B*400201-DRB1*0901 TH 5 Z &
2% <, B§IZ HLA-A*240201 %> HLA-DRB1*080201 {27
HZ WD (http://www.bmdc.jreor.jp/index.html
2009 4 7 HIRAE). SRAHR I N7 U IVIEHEREAD
HLA-B*4002 O#ERNT O ¥ 4 THEHN S, HLA-B
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*400201 7> 5 FZGRZERIZ X o TR S N7z b o LHEN
b,

= B

PCR-Luminex i & PCR-SBT #:12 X 2 MAFE RO
—H % FRIC, BE DNA o HLA-B #Hlgiz 70 —=~
7L, PCR-SBT i:\c CHEIERLY % f#HT L C, HLA-B*
400201 OIFH 396 23C—T & - 72H HLA-B 7V,
HLA-B*4002new % 3¢ L 72. HLA-B*4002new & [l U
WEEHNOT7T VU EKICOBDON, KT VIV
A% HLA-A*2601-B*4002new-DRB1*0901 ®»N71a ¥ £ 7
FRR L CEET A2 EAVRIBE N,
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DISCOVERY OF A NEW HLA-B LOCUS ALLELE, SUGGESTED BY DISCORDANCE
OF GENOTYPE RESULTS FROM PCR-LUMINEX AND PCR-SBT

Masami Kikuchi, Satoshi Ono, Akiko Sugawara, Hiroyasu Yasuda, Kenneth E. Nollet and Hitoshi Ohto

Division of Blood Transfusion and Transplantation Immunology, Fukushima Medical University Hospital

Abstract:

HLA genotyping is conducted using various methods. Our hospital uses PCR-Luminex (Luminex Corporation,
Austin, Texas), based on reverse sequence-specific oligonucleotide (PCR-rSSO) technology. In contrast, the Japan Mar-
row Donor Program uses even more sensitive PCR-SBT (sequence-based typing) technology for patient registration.

Here, we describe a patient with discordant PCR-Luminex and PCR-SBT typing results. As this discrepancy was
thought to arise from a mutation of HLA-B*4002, DNA sequencing of the HLA-B gene was performed. A family study
was also conducted to investigate heritability. DNA sequencing results for the patient confirmed a TAC to TAT mu-
tation in the base sequence of codon 99 in exon 3, distinguishing the new allele from HLA-B*400201. The family study
confirmed that the patient’s mother and younger sister also shared the new allele, suggesting heritability.

TAT, in the allele we designate as HLA-B*4002new, and TAC, in HLA-B*400201, represent synonymous substitu-
tions in codon 99; as both are translated as tyrosine, they are serologically indistinguishable variations of HLA-B61.

Keywords:
HLA-B, new allele, synonymous substitution, family study
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