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Case Report —

1T ZEE RHD &5 F%ZHD weak D #JiEFD 1 1

WSH Y ZHOREE ERZUETY g WY AR
NEOAARY I R OHE B0 i IEEEY fEA REST

NERRE—" KE Y

BE P D ZRA LT D BT LT, JEHRO D BFERIMERIC & 2 RIEGREREZ B ILT 579
TR S 2 VI BRCHT D & MEEZ a7 ) » (RhIG) OG5 SITwD. LA L, weakD &HE
ENZIEIFAD ROIG #5120V TIRHB A G Hh b L 2 A5 TH D,

FEBI B & OHER © 1EIR 34 A H o f)iEk T, Rh (D) MR A CE & 2 3k, My a7y vk (IAT)
THHEDORERHD S weak D L HE L7z, HFI21E RhIG o5 134T b FRaABIE Lz B (% 17) 12 Rh (D) Btk
Tholz2s, AEMBLOCHEZDID EAITRDSNL) o7z, 880 RHD @1z L7-& 25 gDNA
A O ADRTTA v FZEIMVIT ASGC OERND O WGEWITIEA ~ b a v 41CHkT 5 87bp DIk

FHAZRDT.

fiiam - RhIG 2 4% 52l B L7z weak D #IREM % REER L 7.

J81Z Rh (D) BtETad o 7275 BBUCIEHLD

AT RO o7z, BEBO RHD EZFIZIE N E TIZHED %\ IVSA2A>C DERDH Y, weak D IZA T 7
AT TRFEIZEY RhD ¥ 37 122907 I JEEAFFALIZZ EICE s THELIZDbDEER SN

F—U— R weak D, ZFM RHD #f=+, $D, LD b buEru 7y >, it

IEL&IC

D #i#liZ, D OHEHEI weak D & D HiJi % HEBk
T BT —ERK ATV S partial D 12K S BV, @
 weak D \ZEZFERY, BERs7 27 YEEROD
Rt r s alle) TRtk & 2 52, Lo L, —#® partial
D(DVI % &) b RO G /88 — » % <‘: % 728 HH
T E ORI 25T L7,

LD MEJE v 7Y ~ (anti-D human immuno-
globulin, RhIG) ¥, ¥ D #fA LT D Bt
LSRR D B AR MERIC & 5 [ 0052 A % Bh 1k
T 570, R 28 B &5tk 72 ke LIPS
HixhTwab? F72, partial D #HiFd D ?ILE@?G‘ET:L
PLCx 3 2P0 D ZEA L, il Rh MEBAGE SIS
BRI - Fra R B (HDEN © hemolytic disease
of the fetus and the newborn) ##3 Z &L H»H 57, %

D78, WEHEANDS 4 F5Ki &K <, partial D DT EE
Mod 5 weak D i~ iZ, D BT 12 # U C RhIG
EREGIREETLEZNDH LY. —F, weak D il
IZ 2 W T b American Assosiation of Blood Banks
(AABB) "% British Committee for standards in Hae-
matology (BCSH)”TliZ Rh (D) MEEIMA CiE%H
ENBEETHNIDBRIEL T L E2 HERL TWEDS
AABB 05t ZEE 4 TH 5 Scientific Section Coordnat-
ing Committee (SSCC)¥ 1 weak D iRk ER A1 & 72
NEDBMEE LTRHLLTEwE LTw5, 72, H
ARIZBF % partial DOFEIZH0.0004% & FKRD0.015~
0.05% 12D TH ALY, weakD & LCHIEE N7z
partial D #@ASHLD # AT AZ L3 THAH Z L h
5, weak D g~ IR IC RhIG 2459 5 L2
GWETEEZDH DY, HERIRE D .

D) BB A R R R AR

2) Fa R AL ALK A M R eI - S SR

3) BEAH G T ST AR A e E A AR

4) A U S BB OR A% B Je s B e e AR

5) fa ARt v 7 —

6) WK FEMmE L 5 —

7) HARARA AL gL A 58

(Z%MH 201045 H 17 B, =¥H : 201141 H 14 A)
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Table 1 Serological results of a woman (proband)
carrying a novel weak D phenotype

Anti-D*
Red cells Agglutination titer
IS IAT
Proband 0 1+ 1
D+ (RiR2) 4+ 4+ 512

*Bioclone; Ortho
IS: immediate spin TAT: indirect antiglobulin test nt: not
tested

Gl id, weak D &5 U720 RERHEE R 2 REBR L,
JEIm 2R L RhIG % [l U C oofalt & Fr7z 728 508 RHD
BIZTFIZ X % weak D DR RIZOWTHNS T 5.

E f#l

BB 29 R, R, WRILEE I 2o vy, BRIMAR B X
OB T ORI T weak D & HI%E S, 2006
49 Ak 34 M H I U BEAR A& 0 5. ABO LA
O, AHHUPEZA 7 ) —= v Z3ENTH -7, T
WRHL D #A3EIC X % Rh (D) M ANEE %1 TR,
D BEPEfE R BR TRt (1+) DRIE2 5 weak D &
FE L7z BRANIBWTHEBRAET weak D EHES L
72712 DVI 256 £ M A W BB IR D TIR W O T, il
NIRRT B IZ RhIG OF5-134T b % 0o 72 IElkE
WL B CHARG IS TR 2 M L7z, ol i
XO®M, Rh D) BHETH-72. A4 HHOKEY
VE VEIE 96mg/dl TH Y, ZoOfl HDFN % & #
AR e dro 7. SR O R O ARSHRIPLR 2
7)==V Z3ENTH o 72A%, F0BH RIIG 3% 5
Ledrofz, WIET 7 AHRICER L 2 ABAPUA R 7
) == BT, LD EARRED o/ L
L, BilRMERDIL D B defiild 1 f5 LK< o722
EnD, BRAD OWELEZEL, S8k AR
TR v 7 — KGR 2 KIE L 7.

Z0%, 201042 HEE 2 1 () 2 HARGHICT
W L7z, R F, oA BAPTHA 7 ) —=
BRI EYETHL D A FRD b o F2. TR 40
HAHTHELZEIZORM, Rh (D) BiETH-72 &
BRSO VIV E VI 1.2mg/dl, A% 4 HHOKY
)V E EiE 89mg/dl, Hb20.7g/dl & HDFN %%
WA RIZED SN h o7z D EADO TR I3
DTN EE 2, 82 FOREN B X 05 8R b RhIG
DG IATb R b7z,

B &

1. YBERE

Rh (D) MmEMmAcix, D PkEREE LTFH—
VEINA Frua— YD 2 v, BERIC T o 72
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D B A aEaRlERIE, 37C T 60 73/ 5SS &, TAT T
o & A7z, BLD I & B BRI ERE AT %2 1%, T
D HifkiIE D 28 A BRI 2 /B L, 37°C T 60 45 H KL
S JAT T HRIMER (DCcEe) &ML 7z

2. weak D BERKRE

1) MRk

Rh (D) MEBRAI T EE IR, SHEOTHHRARY
sa—FAHDRE (Fr~, =V, f237) B
IO HHOHFME ) 7 u—F P D REEHNT
BUBE % M7z, 91D I & 2 WA REERERE, 10 510
ML72RY 7 e —F Wi DRE =) ZHw, 37C,
60 MBS &, DT MHEKE I (F—>) ZHWTH
R il L7z, s ok, =3 - A7) —
v (F=V) BHVTHRHELZ.

2) RHD BAZf#HT

(D PCR-SSP (polymerase chain reaction-sequence
specific primer) %2 & 5 RHD #{nF OHiH

IR & Y Hi L7242 & gDNA # T, DT
RY SFEHF DT I 4 ~—I12 X % multiplex-PCR[7 =—
) > 7 59C 30#), RO 72C (143), 35442
WIERFTO, R T2 )NT I F - FIVESIKEICX -
THIWE DA % 7.

DEL-6 : 5-ATGACCAAGTTTTCTGGAAA-3,

DEL-r3 : 5-CAGCAAGTCAACATATGTACT-3,

DCEI1041 : 5-TGTAATGAGACATTTAGGCT-3,

D10-r1 : 5-TCAACTCCATTTTCTCTGACTS,

DCE8-1 : 5-TACTGACACCGACAGTCCTT-3,

DCES8-rl : 5-TGCTGTGTCCTGGCAATGGT-3,

DNEGH2 : 5-CGAAGGTTTCCAAACCCCAA-3,

DNAG-r2 : 5-TCTTTTCTGGCCTTAACATC-3.

@IEIALH O fFHT

RHD #fzF® gDNA BRI, f > bur4o
—HhrS5TFY 6 FTD201bp %, D4fl (5-AG
CTCTGAACACCAGTCTCA-3’) & D6r1 (5-AGCC
AGGATGGATCCCTCA-3) % FlvCHIlE L, f#hT L 7=

F 7z, MARIMER & Y i L7 mRNA X D cDNA %R
# t%, D10rl & Rh-ENT3 (5-CACCATGAGCTCT
AAGTACCCGCGGTCTGT-3) % fiv»CT RHD #&f&T %
YR a— FHIZRRICHEEL, T L7

Bw R

MipED Rh (D) MR T, #HRILERE N A
Foru—rH DG —V) L ORI ERE TBE,
D BEtEigsliBR Ttk (1+) Th o7z, 7z, BbUR
MERDYL D Bt D 512 L TR EFH L
CAMETH 572 (Tablel). WICKHH D & OIS %
T2l 2AH, WHORINERE 3HBHOKRY) 7 a—F
YLD & DU, il 15 5B OHE TTNTRETH -
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Table 2 Reactivity of the woman's RBCs with three polyclonal and five monoclonal anti-D reagents

R.T 15 min IAT
Anti-D reagents
Proband D+ D- Proband D+ D- DIVa DIVb DVa DVI

Commercial polyclonal antibodies

1) A 1gG 0 4+ 0 1+ 4+ 0 nt nt nt nt

2B 1gG 0 4+ 0 1+ 4+ 0 nt nt nt nt

3)C IgG 0 4+ 0 1+ 4+ 0 nt nt nt nt
In-house monoclonal antibodies

1) HIRO-55 1gG nt nt nt 1+ 4+ 0 - - - -

2) HIRO-5 1gG nt nt nt 0 4+ 0 + +/ - + -

3) HIRO-2 1gG nt nt nt 3+ 4+ 0 + + -

4) HIRO4 IgG nt nt nt 3+ 4+ 0 - - + +

5) HIRO-3 1gG nt nt nt 3+ 4+ 0 + + +

R.T15 min : incubate at room temperature for 15 minutes, D +
TIAT : indirect antiglobulin test nt : not tested

1920 bp
263 bp
208 bp
102 bp
1 2 3 4 5 6
Fig. 1 PCR-SSP analysis of a patient with weak D
phenotype

Genome DNAs were amplified using a set of eight
primers to identify the RHD genotype. Lane 1: DNA size
marker, lanes 2-5: control samples (RHD genotypes D/D,
d/d, DEL/d, andD/d, respectively), lane 6: DNA sample
obtained from the patient. The top band (1920 bp) is the
hybrid-Rhesus  box RHD
deletion!),

The second band (263 bp) corresponds to exon 10 of the
RHD. The third band (208 bp) is the internal control
corresponding to exon 8 of both RHD and RHCE. The
fourth band (102 bp) is the DEL amplicon having the
1227G> A mutation.

amplicon indicating the

72, BlEBEXERLZZIAT TIEIXT1+%2pR L7
—, BREE ) 70 —FWHiD EOFIMIIAT Tl+~
3+ T HIRO-5 D AREMETH - 7253, BEH D £-HE partial
DIZ—&%FT ARI/¥NF — V3R E % h o 72 (Table 2).
R 70— )V DT & 2 Wb e <, Bk
RIMERD 515 S N7 MEHERR & D BERIMERO KOt 4+
THolz. Tz, 7RIVRINERE O RS TIEPL D FrE
W@z s, D HRABRARMER RICHFET 52 L

: D positive, D— : D negative

AHER S N7z,

RHD #1z%¥f##7 Ti&, gDNA % i\ T PCR-SSP
#47o72& 2%, RHD KAERIZA S5 1920 bp DN
¥ FWE O RHD I2A 515 263 bp DN R
W&z (Fig.1). L7225- T, #H#Fo RHD #E{nFH
& D/-BlLEz 5hiz. KIZ, RHD BIzT A4~ tn
YADTWMNLIFY V6 F TOMHE % PCR lE LIE
B 2 RIAER, A a AR TIA TV T
ZREMANER IVS4A-2A>G) RO SNz, 2T,
MR IMER D mRNA X B L 72 cDNA 2w T
RhD % ¥ /827 32— N BE LSRR 2 7z &
A, ITFVVALIFVIEDBICA a4
R A (87 bp) HFED Tz (Fig.2). T OIFHEH
ALY RhD # 2827 220D 7 I VBAHEA S
EEZoNL. T, RIRHFAICLY, £2EA ROD
BIET (DY) EXHBHETH D Z Enhodz. Tl
HZOXPIE D*/D (D*Ce/DcE), #3#i1d D/ - (DCe/
cE), Wi#id D*/— (D*Ce/cE), #kix D/— (DcE/
cE) THo7: (Fig.3).

E

— M2, weak D 1& RhD % > /327 ORE K X £
VMM KA 4 23— N4 5 RHD @inF o
I2&oC, DHIE259EE5 L T 5. —7, partial D
13 RHCE #15¥ & RHD &5 T D@ {AF 23R B
KA 4 2123 —F§5 RHD BEFORERIZLI ST,
DY F—TO—EHRBLAEE% D HUREIFEH
ENBY, BKTIE, ZNFETIZweakD 7V IVIET0
FELL L, partial D 7 U Vi 35 HiLL Eo#iEAsH 0 2,
weak D Tl type 1~3 %%, partial D Tix DVI A5 d —
WETH DY, —JF, HARTIE Typel5(845G>A, Gly
282Asp) X Type24 (1013T>C, Leu338Pro) ® weak
D7 UNDHESNTBYYY, F 2 BRI 2
weak D % partial D 7V IV Boho TnBHEY,
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a) exon4 intron4 exon5

-
>

Y
rHDgene [ cTcclcTa {1 acccc..cccacleeec... N

--------

e —
Leu Gly
b) exon4 b intron4 i exon$5
1
RHD*gene [ c1cclera...{ H..Acccc...cccéclcccc;_
—__-"’-' _Y_’
e 87 bases
rHD*<DNA [l -cTeckccc. . cccedecac...
Leu Ala... ..Pro Gly

29 amino acids

Fig. 2 Generation of novel RHD transcripts having an 87-base insertion by a cryptic
splicing of the acceptor site
Sequencing results of the RHD gene and RHD cDNA are shown: a) an individual with
common D+, b) the present patient with weak D. The patient has a novel RHD with
A>G mutation at the splicing accepter site of intron 4 as compared with common RHD.
The intronic mutation may cause an 87-base insertion as a consequence of alternative

splicing.
4.2% % type 157 TIZ BRI ALK < OIEEE ¥
XA UIZH B0, RhD ¥ ¥ 37 O ERKEE ] & H
OREERIZL TV AL IREMEIEZ SN TS, FE,
He
0*/p(D*Ce/DcE) n/~(DCe/cE) Zﬂ;fh@ weak D TR D # sk L7l

D*/—(D*Ce/cE) D/—(DcE/cE)

Fig. 3 Pedigree of a family associated with a novel
variant RHD gene.
The Rh blood group phenotypes and RHD genotype of
each person are shown. Arrow indicates the proband.

EHZRMERICEHENTWE DY =7 G
PraEFE) $ix 10,000~33,000 TH B DX L, weak
D ® D ¥ b—7%u 200~10,000 & A7 \\?, @,
weak D ZRIMERICIZTRTOD ¥ b—THFHHRINT
V5 728, weak D #:Iw A3 BN JEHSR D D Btk
HRICE2BEBEZITTH, D ZEATLZ LT LW
LEZLNTWEY, LA L, RHD &5 T €/
7 ua—F Wik E 7z D SUROME AR & -
T, DZE P =7 E2 RIS T L TWw 5 weak D
(Rhesus Index 7% 0.3 i) OHIZIZEEL D ¥ b—
TO—HERLDOBDH Y, MTIEHLHHLD & EE
T AHUREED eI S T BY. h T, weak D type

—%, partialD i, D ¥ b —=7D—EHKIEL T
W57z, DPUROEIEI X ) RIBFBALITK LILD
BHETLHIENDbPoTWAE, F1TYH, FELD
I¥ b—7 (epD6.1-68) %K< DVIL, #D % LI
LIEEET L2 E2H D, IkdBRIKNEED S\ par-
tlalD EEZLNTWAEY, Z07%, WK TIXH KR

WZBWTIEDVIZIERD & LTRHELRNE ),
%%%ﬂ%@tb@Rh@)&ﬁL@ﬁ&ﬂmew
ERIBLRWE 72 —F )V IgM $L D RIEHE A &
o BETRARTD AEREICHFHINTWS

WD Rh (D) MEMMRAICB VT, ﬁ&fmﬂ
TP D R L R E TR, D BT
Bt CTH o722 &2 5, weakD EHEL7. LAL,
T D AR & 2 BREARAT X 1 B & AieD TR 220

ZEH5, FEmE O D YURAS variant TH 5 W ieME%
Tﬁif%&?ﬁ‘o 727z, FEHIZ RHD iz B Mm%
EOEREER L7, BROE /) 70 —FVHD
L @Jiﬁ?\ TIZEEN D &FE partial D & —303 5 /3% —

VIR ENL o722 B D partial D Tl W Z &3

W2 S N7z, RHD IR FT ORR, FmEE D™/~
TH5H T EHHHL72H(Fig. 1), RHD &5 T gDNA
AV BV ADRTITA TV FZREIC A>GAVSS-
2A>G) DHERDED LN, 4V ba Y 4RO R
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TIA YV TRHEIMITHR L T0B 2 Lghsie.
SHICEY, EAL v by 3K S 87 ik B
BB AGHIBRATTIA Y vV TS/ L L 725 T,
A bB Y 4O~ mRNA ICHFA Sz EE 272
(Fig.2). D PR O FBILIT O EIE 1Z weak D @ type
WX o THRLR DD, % {13 RHD &7 SNP (single
nucleotide polymorphism) (2& 55D TH Y, FhIZ
PEo CTEILLZZT I VBRIZRhD ¥ v /%7 OFEEME K X
A VRMBBE F AL VBT S 2 ER5hoTw
5 FZD7D, weak D ICRED LN DL I ALV ALRE
W DHHEOLY =L D b RhD ¥ ¥ 237 ORIUE
BT 5 LEZLNTWEY, SN L7z weak D & RHD
BIEFDATIA VY T ORERIZE ) 2 F Y~
5024 v ba v 4lko 87 Mo HA SN, €
DGR, RhD & ¥ 737 OEE# X 4 222907 3
JBAESIHASIN, DBESHE L2b DL HEE
SNb. DEOWE»S, LD %l L7 Eflh 2
H VEEEET S weak D typed.2 X typeld O HEM:IX
TFER &% 2 12, MIEEMIC weak D #5335 2 L i
AUHETH Y, B TFREOEESEZ BRI TN

RAMEICLY, RIEOT =7 74 THEEBEHEIIX
5 D*Ce ZHBN S cEDONT T T A4 TEZITHEN
7220 DPUEAE LW L LR S NS. 2 AN
FHREZOERBET 2R > TWENIE, SHROKE
o Tt % 5.

TR IgM € / 7 10— V3t D RSEOHUR B REE LS,
b PHEKD IgGHL D K1) 7 0 —F IVHRIZ I AREED
Wk L7z, BA—#%07% weak D (type 1~3) i& 4
S LREFETHIRITELZ L G->TEBNY, ¥LD
RV 70 —F VHURTERD b N7 PRI S (C &z
3D BAR T U trans 212 25128 2 L6k
59, BlZIE Dee/Ce) DEBIZ T hwEEZLNR
TW5.

2005 SELLHG, WKl Rh (D) M BIRAE G il
ENENETH > 72 HE121E weak D 7 A b (=D BatEE
FHEAER) DYEM S N, weak D 7 A AN % o 24T
IR 1 D B E L TfbiiTwiz®, 20k,
DVI Ol Ll 85 25 D EARIMmERIC & - TRAES
NPTV EDPWHLNE RS LY, DVI OB
HWHCK Tk Rh (D) MiEEOMRAIESE A3 ME S h,
HEEHE CRE~5RMEo e BEE DEME LT
) LHWEE N, D BHERREICX 5 D UM
FEARE & 7p o 72099,

HARNIZBIT 5 weak D DHEIZ0.004% T, HA0.3%
WL TRV, F 72, partial D O#E B % 0.0004 %"
& RCRD 0.015~0.05% 1ZHRTEL (WY, Ly
b, WK Tld partial D DB L Z 95% 2SDVITH 5B D
WL, HARATIZDVIL D S FELZDZE M=

157

(epD6.1-6.8) HRILERAYPR/z M, WP D A IC L 21
BHETHEMELE %25 DIVb % DVa DLW, 2
DZLhs, DVIOBEEFHEOEKS Z XML, HE
WA T weak D & HIE SN2 DVIAYE TN AW HE
PR AR DR E b s, ARICBW
T, I F TIZDIVb D439t D % 4 L HDFN
S 2 L7ERIHE X H %55, DVI R o Wi 13-
72D Tl MM X ) DVIBESHD 2EAEL
7w b LIEFADOATH LY.

HARMNIBWT weak D & HI5E & /=404 75 D Btk
W & o CHREREKIES N, PT D 12X %5 HDEN % i
ST LIIBO TR EEZ ZDMICWRELE D H 5.
WH, weak D 3T RTHOIY b —7HFEHIN T3S
7D IIR MBI Rh (D) MR AL % 47 v weak D
THNWIEZRAIGCOM R LT 5 HWY. —J, RhIG
235 L CHRIERIE & 2KV o ¢, fail-
safe * ZEB L THEGTH5E2HDHHY. Lal, B
MEDOREZE % 2 % &, RhIG IZAMKEZ FERICLTWS
CEDSBYIEEFEOY A 7 R EIHERTAZ L1
TETLEREZ TSI LCo®G L% 5. Ulo
ZEMS, MO weak D #HEIGFO X 5 12HL D BrEEEA
AHLD TR G @ RhIG B G- ORI T, TG
FIIMAN RHD AR TR % E6d 728 73 2 9 Bl O HAE
PUETHDLEEZS.

w &

Br7- %281 RAD #5712 & - T D HUFATES L
7o &b b weak D WIFERE R L /2. T 0L R E R
FiE, KRB SHEL T2, AR T B
T Ot D ROIG 23589, BIZDBETH -7
AL PL D FEAE % D 2o 72, lH weak D & H)
E I NI RhIGHGOMNR LIRS WA, T
D BB AR AR D TR WG~ DM 12O\ Tl RHD
BTN % &GO 7RG RN ALEETH 5.

x &
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Abstract:

Background: To prevent anti-D alloimmunization by D-positive RBCs derived from an infant or newborn, the admini-
stration of Rh human-immunoglobulin (RhIG) to D-negative women without anti-D antibody is recommended during
pregnancy or at delivery. However, there is no guidance for pregnant woman with the weak D phenotype in Japan.
Case and Results: A primigravid woman was admitted to our hospital at 34 week’s gestation. Her RhD typed as weak
D because her RBCs were not agglutinated by the immediate spin method but were positive by the indirect an-
tiglobulin test using a commercial anti-D reagent. RhIG was not administered to the woman during pregnancy or at
delivery despite her first baby being D-positive. However, anti-D alloantibodies were not detected in her sera during
pregnancy or at delivery. Her RHD gene was suspected to be D variant and analyzed. According to the sequencing
results of the RHD gDNA and RHD cDNA derived from peripheral reticulocytes, the pregnant woman had a novel
RHD gene with A>G mutation at the splicing acceptor site of intron 4. This intronic mutation may cause alternative
splicing as a consequence of its generating a unique transcript with an 87 base insertion.

Conclusion: We experienced a case of a weak D primiparous woman in whom RhIG was not administered during the
perinatal period or at delivery. Her first baby was D-positive. However, anti-D alloimmunization was not induced. She
has a novel RHD (IVS4-2A >G) with A >G mutation at the splicing accepter site of intron 4. It was considered that
abnormal splicing may have caused the weak D with a 29-amino acid insertion.
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