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Case Report —
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58 Ik, B 72 MPefk i Et v ¥ — %% L7z, ABERE, AutoVue Innova®® 5 J A s LRI &
% Rh MR CHL D ORIEAY (3+) LilH & D §5<, weak D %7213 partial D 2887z, ST D ke
BIOPZUE F—THEWILD £/ 70— F VIR ZE H W 72454 TlE, partialD @45 I — DBT & ZIZFRBED X
/S % — %7k L7z, Polymerase chain reaction-sequence specific primers 2 & 5 RHD # {547 Tl exon 5,
6 BLUT OMIEANRD HNF, WIZ cDNA @ RHD #EETHIRZEHEY — 7 Y 2B TH Lz& 2%, RAD
BIET D exond, 6 BLXU72°RHCE EiZT D exond, 6 BILIUPTICEBEL TSI EMFMHRINA. ELD,
ABNIAIFTHE L\ partial D @ DBT-1 (RHD-CE (5-7)-D) kRIS

H T AEDBRERETOP D OB, RBERICHNEI ST 2 2 L84 0DT, 5 L@ 0EEET 3+)

VT oz R H461E, weak D % partial D OW et %2 STHICB S LEDNDH 5.

F—TJ—R: HhJau0E4ED:, partialD, DBT-1, RHD &f&T

IEL&IC

Rh D MA@ D variant (%, §t D O ntEH 5 weak
D, DEL B X ¥ partial D @ 3FEHIZHEHEIN S, Wi
Nd, WIRE 72 I3WMC X Y Pu D % AT 5 REHEADS
HAHEEZIMEAITH 5. RhIMERET1E, 1990
4EIZ RHCE #1571, & 5121992 412 RHD & 128
su—= 7 ENY, T OB 25D 51T
X707,

Weak D 137 MEREED RhD & H O F 72135 E @
o7 I AR IZX ) RhD HURDSEIIZEHA L T
LT EEHEN. DEEHEEHEEINTWAHT,
P D 2 & B fREERERIZ X ) RhD U REE S B
DEL i3, Weak D & [A#£iC RhD & DN F 7213 E
WHOT IV BEEPHER SN TS, —7, partial
D& RHD & RHCE #&fz¥® hybrid %7213 RHD &fx
FOERFIZL Y RAD ZEHOMER T2 E/2L, LD
DRIGHEIENEZE L TWD 2 EARH SN TE 7.
2, yiD '/ 7 a—F ik (MoAb) H% EEi

ENFZ LI, partialDIZ ¥ £ 72X o TRIG/S
—UWELDZEFUHL, A7) NS
b Z &2k o 722002 4, 4" International workshop
on MoAbs against human red cells and related anti-
gens (Section 1A) I2°C, BI= TN % B ¥ 2 7 partial
D Ifii3k % v 7280 D MoAb O#i 7= 2 fFNr 2347, 30
H 7T = e N,

Partial D &, BRIEE 82 D ¥ 4 TG I N TV 5 %Y,
AIFZBT BT 147355 23T AT A& s,
FiZ DIVb, DVa, DVI, DBT, DFR, DTI % &%k
HEIRTWwEY2,

Al 40k, AEIEE O T 2 E0ESED (CAT) IS
T, DI LTE+) L@ERONZ VIS %
N LUERIZDOWT, FHPLDIC L % K4 & RHED
BRI 2 47 o 7245 R, partial D @ DBT-1 (RHD-
CE (57)-D) T®» 5 Z & H MR S N7 B E R fl % 4%
BRlL7-0THET 5.
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BEII 58 %, B mEEE, PRI AemE, =
klEE A Rk E L Ok v v — Ik S h,
fpthiin & BB s sz, BRI E LIRS L.
MU IZ AT - 72,

ABERE Mg IR ik, HEIEE: AutoVue Innova®
(A= - 2V=ZWNV - FAT T I AT 4 v 7 Atk DU
TA—=V)I2L5% CAT OHET, O%, D (3+),
Rh-control (=) & 7% 1), $T D MoAb (23 L TlH & b
FVEHE 207z (Fig 1).

MpETlE, CATTHLD (B+) LUF OB ILARE
ETORBRELZERL TW5H, REBEETIRA—Y
YLD IMEOEHHE(-), D BEMERRRTDH 5 M
Prra 7)) YEER (LU, IAT) (2+), Bt IAT
SO B RR. 128 %), A —v N\ A7 u—UHi
D OE#ZHE (=), IAT (1+~2+) THhHolz. Z0D
> Rh M AL CcEe, ABHIBUAMA (-), EHEH
rua7) YRBE(-)Tholz. ULEoEELD, weak
D #7213 partial D 258\, FHEHLD % 72487 & RHD
AR T OFMT 2175 72,

MRBELVHE

1. HERI D EDRIE

TP D 1EER Y 7 a—F itk (PoAb) 2 (F—
YV, A 537 ), MoAb6fE(CH—, HAKRTT,
SotHgE, ADGHEE, A 2aT7BXUV ARy 7 2%
) % o, AR partial D ORRIE 2> S L7z DIV,
DVa, DVI, DBT-2 ez M L7z, BSiE, A&
W (DT, AR (BiR, 204) 2 Ehiftk, B
OXAITIAT (37C, 1) 21r-o7-.

2. EEIE b —THEMNHR D MoAb & DRIE

$L D MoAb 1%, Kt > ¥ —# (OSK) 5, Hil
vy —8 (HIRO) 84, willi ALBAclone (Alba
Bioscience) 11 ff 3 X U8 D-SCREEN (DIAGAST) 9
TEOET 33 i i L7z,

IgM BH1 D MoAb TidA & (FilR, 204), —&F
SIWPURIE LISS il e L7z, 72, IgGRHLD
MoAb Xk LISS %@ IAT(37C, 304), —¥F
9Pkl PEG Ik IAT 247 - 72,

3. RHD &f{nF#Ein

BERMIMAMEK X Y genomic DNA Zhii L, Ta-
ble 1 1277 primer % H \» T RHD #&f{z T ® 4 exon
% polymerase chain reaction-sequence specific prim-
ers (PCR-SSP) 12 CHIE L 72, PCR IS iZid Ampli-
Taq Gold (Applied Biosystems) % Jvy, #Z1% 95C
95Dk, BEWIMCION, T=—Y 7 58C15H#,
R 72C1 0% 30 314 7 VATV, IctR 2 72CT7 s off
BRIGZIT- 72,
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Fig. 1 Photograph of reaction cassette for ABO/Rh typ-
ing (ORTHO BioVue® System). The anti-D column for
forward grouping shows weak reactivity.

WC, BHERIMER RARIMER) £ ) RNA 2L,
Wil B % % H v T cDNA # 1% 72. ¢DNA ® RHD
HIR TR E PCRIC TR L, 2 O¥EIERS| % EHE Y —
7TV AT L 72

B

1. HHERID EDRE

2%tDPL D PoAb & 6 DL D MoAb # VT, &
FEkPB & O DIVb, DVa, DVI, DBT-2 Ik % xf kb L
TRIBEZ MR Lz B imEkig, 2 4Lo PoAb THEE
EREMEE 2D, MoAb T, 3thidA&ErRE:, 2411
B X OTAT 1kl 1HHE IAT o&btke 2 -
72, &TOH D IZ>WT, DBT-2 IMEkIEHBEMER & [
KD RS % 7% L7z, DIVD Bk iE MoAb C D SUSHEDS,
DVI IMiEkiE MoAb F B X O G O U EASBEMER & 12
H7%5THBY, DVa (typeb) IfiEkiE PoAb A BLU'B
A (4+) TRIBIR T 254 < S e v fps B3 L ER
X8 7% 5 Tz (Table 2A).

2. Z¥EH D MoAb & DG

33D Y h— 7 (epitope : ep) FFEAYHL D MoAb
W, BEMmERB X " DBT-2 MEk% xf kb LTS
P& MG L7z B IERE DBT OGS — v & —3
L, DBT-2MEkd FED KO %R L7z (Table 2B).

3. RHD E{F#iR

PCR-SSP #:0#E%, RHD #I5T® exon 5, 6 B XL
7 BRI N o 72 (Fig. 2). IRWT ¢cDNA @ RHD
BEFHREEREY — 7 TV ABIC TR L2 2 5,
RHD &fZT® exonb, 6 B L U7 FIHIZ BT, 667T>
G, 697G>C, 712G>A, 733G>C, 744C>T, 787G>
A, 800A>T, 916G>A, 932A>G, 941G>T, 968C>
A, 974G>T, 979A>G, 985G>C, 986G>A, 989A >
C,992A>T, 1025T >C, 1048G>C, 1053C>T, 1057G>
T, 1059A>G, 1060G>A, 1061C>A OAFN 24 D
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Table 1 Primers used to amplify exons 1 to 10 of RHD genomic

sequences.
RHD exon Primer sequence (5-3) Product size
on 1 (F) AAGTACAGAGTAAAGAAGGAT 53
xon (R) AAGAAGATGGGGGAATCTTTTTC P
on 2 (F) ATCTCGTCTGCTTCCCCCTCG st
xon ®) AATATTGCACAGCACTGGTG P
xon 3 (F) ATTCCCACAGAAAGTAGGT .
X R®) AAGTAGCTGGGATTACAGGT P
on 4 (F) AACACCAGTCTCATGGCTTCAAG 1
Xon
© ®R) GCATGGCAGACAAACTGGGT P
xon s (F) CTTGTGGATGTTCTGGCCAAGTT 2500
xon (R) CACAGCTCCACCACCCGGCA b
xon 6 (F) AGCCCCAACACAGGGGAGAA o
X
(R) GCAGCTGTGCACTGCACAGT P
Evon 7 (F) TGCCCATCCCCCTTTGGTGGCC 16h
© ®) TCGTGTCTTTGGTCATACC P
von 8 (F) GAGGACCCTTATTTTCCTCA -
xon ®) ATTATGTGATCCTCAGGGAAG P
om0 (F) CGTTTTGACACACAATATTTC L5
x R) TCATCAAAATATTTAGCCT P
on 10 (F) TTTCCTCATTTGGCTGTTGGA _—
xon ®) GACTCCAGTGCCTGCGCGAACATT P

(F): forward primer, (R): reverse primer

WHRBERPRBD SN, ZOFEBOERLE ST RHCE
BIET D exonb, 6 BLUT7 LRI~ T 5 2 L%k
Bansz. DEXVY, A#IX RHD #faF @ exon b,
6 BL U7 % RHCE #fZT®exonb, 6 BLUT7ITE
#2172 DBT-1 (RHD-CE (5-7)-D) &HIBJL7- (Fig
3A).

DBT-1 CTi&, COBMLEFERFICLD 197 I VB
BT 5729, RhD & OMBBAE 4~ 6 v —
T O ARREEIZZL 7 4 L, epD6 D —, epDS, epD16
ERAMOZ L DI b =T REH) o LIRS
(Fig. 3B, Table 2B).

z =

DBT &, {3 @ Rh32 Husl % f-4E 3 %581 L\ par-
tial D & L TARIER THERR S LT W7225, 1996 4F Beck-
ers 571%, DBT Tli& RHD #fx T exon 5 %*5 exon
7 ¥ TH RHCE #fzFZiEH#: (RHD-CE (5-7)-D) LT
B, F72%F8 ep FR MoAb @ S Tl, epD6/
7 O—HB L W epD8 % ik 5 MoAb DAL L 72
L L 72, 1997 4E Wallace S5 RiB %2 &7z S Bl
DBT Z#i L CTWwW575, Z0 1 FINCARIBH DRER (T
DEAZL) BEEINTVS. 8HDH L 3HIXHD
FREALTBY, IR T 7238100 X 2 TR = V.
1999 4F Huang 533D 2R LV 2BIHOHARA
@ DBT K% % #tt5 L7225, RHD &f57T 13 exon 5 55

exon 9 ¥ T RHCE #&f= T \CiE#: (RHD-CE (5-9)-
D) LTWw72. Ww§ho DBT %13 Rh32 HusiFk & #
HINTW5. U EOBETETOMREZH T 2, RHD-
CE (5-7)-D ® hybrid {& DBT-1, RHD-CE (59)-D
X DBT-2 L% s 7z (Fig. 3A).

REN, HHILD BLOKH LY b —FHRYPD
MoAD 12 & 421235 C, DBT-2 Itk & |2 (X BED
Bt % 7~ L7245, RHD A% T 055, DBT-1 TH
5T ENHERR I N, DBT $8 & S b Rh32 HrJi
1, PURH AT W CHERET X %A 72. DBT-1 & DBT-
213, MAEFIIIZ R o TV B DSIMIHHIIEFE R D
B % 7153 720, Pk o BB TIE KB AW EETH 5.
DBT-2 i exon 5 2*5 9 % T#% RHCE #E{ET-ICE#H L
TWAYS, exon8 & 9 DEIIIED 7 I/ BEEHIE C
KIHBE R AL >0 17 3 /7 BE# (398Glu>Val)
DHTHAHDT,DBT-1 & DBT-2 DN LY h—TF
WA EEDR VWL O LHEEEI NS (Fig 3B).

Partial D ® 1 7 ') — RIS B X, Rk Tl DVI
A% L ARFFTIE DIV, DVa 3% W E G S Tn 587,
DBT VA partial D 1229\ T b, IFRPERINIZ & - T
g L < 3 A VR s I ke B D RN & 72 % [T D
DEABIDHRE SN TEB WY, KITH DIV, DV,
DVa THL D BEABDSHE SN TW A2 BED L Z
%, DBT OHL D AR TIEIME STk,
ARONIRE B0 72 DL O WE D e o 7228, 5%
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Table 2 Reactivity of anti-D antibodies.

A

RBCs DIVb DVa (type6) DVI DBT-2 patient Rir
Meth
At ethod | ime | IAT | Saline | IAT | Saline | IAT | Salime | IAT | Saline | IAT | Saline
nti-

PoAbs A 3+ n.t. 4+ n.t. 2+ n.t. 2+ n.t. 3+ n.t. 3+
B 4+ n.t. 4+ n.t. 2+ n.t. 3+ n.t. 3+ n.t. 4+
C 4+ nt. 0 4+ 0 3+ 0 3+ 0 3+ 4+
D 0 0 0 0 0 0 0 0 0 0 3+
E 0 0 0 0 0 0 0 0 0 0 4+
MoAbs | 4+ nt. 4+ nt. 0 4+ 4+ nt. 4+ nt. 4+
G 4+ n.t. 4+ n.t. 0 4+ 4+ n.t. 4+ n.t. 4+
H 4+ n.t. 4+ n.t. 4+ n.t. 4+ n.t. 4+ n.t. 4+

0: negative, n.t.: not tested

B
Reaction pattern RBCs
Epitope D MoAbs
DIVb DVa DVI DFR DBT DBT-2 patient
1.1 LHM169/81 0 0 0 + 0 0 0
epD1 12 LHM70/45 0 0 0 0 0 0 0
12 LHM174/102 0 0 0 0 0 0 0
epD2 21 P3X249 0 + 0 + 0 0 0
31 | LHMT76/55 0 + + + 0 0 0
epD3 31 HIRO-16 0 + + + 0 0 0
31 P3X290 0 + +/0 + 0 0 0
epD4 4.1 ESD1 0 + + + 0 0 0
5.1 HIRO-6 + 0/+ 0 + 0 0 0
5.2 OSK3 +/0 0/+ 0 + 0 0 0
epD5 52% LHM76/58 + 0/+ 0 + 0 0 0
54 P3X35 + 0 0 0 0 0 0
54 P3X241 0/ + 0 0 0 0 0
6.1 0OSK3-2 + + 0 + + 4+ 4+
6.2 OSK3-1 + + 0 + + 2+ 4+
6.3 LHM169/80 + + 0 + 0 0 0
6.3 HIRO-9 + + 0 + 0 0 0
6.3* LHM50/2B +/0 + 0 + 0 0 0
epD6 64 | HMI6 + + 0 0 + 1+ 3+
6.4 HIRO-1 + + 0 0 + 3+ 3+
6.4 P3X61 + + 0 0/ + + 4+ 3+
6.5 OSK34 + + 0 0 + 4+ 3+
65% HM10 + + 0 0 + 4+ 4+
6.7 HIRO-2 + 0 0 0 0 0
6.7 HIRO-94 + + 0 0 0 0 0
eoD8 82* LHM59/19 + + 0 0 + 4+ 4+
P 82 P3X212 11F1 + + 0 0 + 4+ 2+
9.1 HIRO-4 0 + + + 0 0 0
epD9 9.1 P3X212 23 B10 0 + + + 0 0 0
9.1 LHMT77/64 0 + + + 0 0 0
eoDI15 15.1 0OSK3-3 0 + + + 0 0 0
P 151 | LHM76/59 0 + + 0 0 0
epD16 16.1 HIRO-3 + + + + + 2+ 3+

*Epitope assumed from pattern, 0: negative

(A) Commercially available anti-D PoAbs and MoAbs.

(B) Epitope-specific anti-D MoAbs

Reaction pattern is based on results of the 4™ International Workshop on MoAbs against Human Red Cells and Related Antigens
(Section 1A)9
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Fig. 2 PCR-SSP analysis of RHD gene with exon-specific primers. Lanes 1
to 10 show the PCR products of exons 1 to 10 of RHD gene, respectively.
Lane M: DNA size marker.

Note that no PCR products are present in exons 5 to 7.

A
—1THH2H3H4H5H6H7H8H9H10— RHD
—A1H2H3H4H5H6H7HS8HS9 M1 DBT-1 (Patient)
—1H2H3H4H5H6H7H8H9H10— DBT-2
—1H2H3H4H5H6H7HB8H9H10— RHCE

B

OUTSIDE OUTSIDE

I

DBT-1 DBT-2

Fig. 3 Schematic representation of RHD gene rearrangements and topology of RhD polypeptides in DBT.
(A) RHD gene rearrangements in DBT.
In DBT-1, exons 5 to 7 of the RHD gene are replaced by those of RHCE gene, whereas in DBT-2, exons 5
to 9 of the RHD gene are replaced by those of the RHCE gene.
(B) Topology of RhD polypeptides in DBT.
Gray circles show amino acids translated from exons derived from the RHCE gene, and black circles
show amino acids which were substituted by gene rearrangement.
DBT phenotype results from the conformational alterations of the fourth to sixth extracellular loops of
the RhD polypeptides. Note that the difference between DBT-1 and DBT-2 polypeptides is only one ami-
no acid substitution (398 Glu>Val) in the C-terminal cytoplasmic domain.

DML TIX D B 2§ 2 LD H 5. JiEORE X BEBHETIIBETH 72, 6o T, CAT I &

EERRICB S0, IO OER % Ak S v X % RhD MEEMA I BWT (3+) DT osEZRT

INZTHIENKRYTH 5. W& d, weak D % partial D OWREM: 2 E B L, RER
D variants M¥kIE, —MMI2HEREHIZHRT CAT B TOBEMELZIT) T EEE L.

D BT 5 ERESNTVBE?? KREH D, CAT L2 L, partial D IfiLEk & £FEHL D & O PUSE, E

DHEIFPD 3+) Tho7z2s, REBRELTIIERLE 13 % PoAb %> MoAb 12 & ) %7 5. %4kt D 3%
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WiK3 % &, MoAb & PoAb D7 L~ F, MoAb 2B
FAHIgM L IgC DT L Y FRr7u—YIZdoTHELN
72PUEOEHT A E b =T OE TR DM S 12
WALNL, METR SN TWSEZ L OHLD MoAb
I, R THE DO E W DVI 2§ 5535, Ol par-
tial D IZ DWW i 1 OB D i3k 220 cth 346 2 &
WEARMRETH 5. PL D REOFFEZ X (B L, PoAb
BLOILEDELR D MoAb 2T 2 EEF L
W P AR 2 R0 TAT A AT 2 AL H B
VEZERD.

YEECTIZ CAT ICL 2P D ORSA (3+) LT O
ILARERE T X % PoAb & MoAb @ 2 fliE D4t D i3
EHHLEEZERBL TW5 72O, 4 partial D
BRI T 2R L o7z, MO EHRIRRE T3 LM
OIYE b —THRIHT D MoAb 24T 5 DI3EEET
H%. CAT (3+) LT OBE, PoAb B X U KIntED
7 5H MoAb Z H W TERBERIC X 2 S ZHERE L,
WS D RV IA 1 partial D &5k Tt ~ ¥ —
IR KET 2 2 & VKYITH 5.

F 72 MBETIE, C ORERZ R L 72512, 2 H1H O
D #f£F L7\ DBT-1 & % %88k L 7-. Partial D 12D
WCIEH 5 —EOHIBUIEF T 2D 5 &)
HHH P, 5%, DBT-1 OMIBERMICOWT D 2
WEBWTHRH L TWELWEEZ TV,

W B 70— FNHUEER G THE £ LSRR R R IR
Uy IR LET.
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A CASE OF SUSPECTED PARTIAL D BECAUSE OF WEAK REACTIVITY TO
ANTI-D ON COLUMN AGGLUTINATION TECHNOLOGY AND IDENTIFIED
AS PARTIAL D (DBT-1) BY GENETIC TESTING
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Abstract:

A 58-year-old man was admitted to our hospital because of cerebral hemorrhage. Blood type testing on admission
with the automated instrument AutoVue Innova® showed weak reactivity to anti-D, indicating the possibility of weak
D or partial D. Further examinations using anti-D polyclonal and monoclonal antibodies showed a similar reactivity
pattern as for the partial D category DBT phenotype.

The genomic DNA analysis by polymerase chain reaction with RHD exon-specific primers revealed no amplifi-
cation of exons 5 to 7, and the following cDNA analysis suggested exons 5 to 7 of the RHD gene were replaced by
RHCE equivalents. Thus, the patient was identified as DBT-1 (RHD-CE (5-7)-D).

Reactivity of the anti-D by column agglutination technology is generally strong compared to that of the tube
method. It is therefore important to keep in mind the possibility of weak D or partial D if the reactivity of the anti-D
by column agglutination technology is weaker than 3 +.
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