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JR Blood Group and Anti-Jr* Antibody

Soon Sung Kwon, M.D., Sinyoung Kim, M.D.

Department of Laboratory Medicine, Yonsei University College of Medicine, Seoul, Korea

The Jr(a+) antigen is one of the high-frequency antigens belonging to the JR blood group system. Although the
clinical significance of anti-Jr" is not well defined, cases of hemolytic disease of the newborn and hemolytic
transfusion reactions caused by anti-Jr" have been reported. This review introduces the genetic background of the
JR blood group, the frequency of Jr(a+), and the clinical significance of anti-Ji based on existing literature.
Additionally, it summarizes the identification of anti-Jr* and the transfusion strategies that can be adopted for
patients with anti-Jr* alloantibodies. (Korean J Blood Transfus 2024;35:167-177)
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a+) FEE = 5 stUE R FNY
ol &b RS FHoltt Iia+) FHE A
+ 19709 HxE U= FA Bl 1
NS 7HA = sge] EAolA AT 7] A
Foet ¥hgokA] o= FE AT FEEAL
71& AAYFETO] Aol ERl=A] gkttt ol
213t 22 AP 2t 5 3 O o E(Rose
Jacobs)& WA JR NP0 R FHHUTE IF
oA JR ENHFT-Z Junior BHFFO T A7l5k=
AHE £ 5 A=t ol o5 FAMIe R IRt

QfjoflA HRH Aom BZETHI2].

Jr(a+) L2 ATP-binding cassette, subfamily G,
member 2 (ABCG2) T &o] ZAsl= Fo|tt.
ABCG2 ©E2 Axdo] EAstes 542
ol FRANAY thofAl WA ddE A
o= AFHOH3] o]F HYRt YAIEAM A=
o] Alx9 &S 5% terA WA7IAS 7HA
+ 20| ERIFAT. ABCG2= AW Thget 4]
EolA T == R A, digAd, 1t
Az, g, #Hx, A4, 2, JE, A,
AVE SOl BEATHA-T). 83, HEWP, o
1§ B 230 E£Esh= ABCG2= AAol=
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(xenobiotics) ¥ HJEA9] WjE&S S AAE
Hos5te 943 71 Ao s AFZHEThs). ES
ZEEAEO A EAET B3} 3 F Hda
ke A= Hol E7|ME EAARE AME
U FAO] 729 E7IA 25 FA®=
I&Z ot Ao® FSEHU,10]. HEFo] T
A== ABCG2= AtHEOfA AlgoF & ARl
H|3l =2 IS Holm AgFaof whet HAt
sl A Rl

i) BAFS FIHA 249 A=
Holm[1] o]z o]¥ JR EHFFe] AP A
TE {FAAR] 4BCG22}F A¢E WHolEo otk
A= SRJAHATH12,13]. Jr(a) FAFH AT
Hol7} 5 F A (homozygote) B2 EHHO|FH
A (compound heterozygote) FEfZ EA|5l= 7
 Jr(ar) EEFo] YEILA Ho-

FHY B3

2012d & 259 AFAA BAl 4BCG2
9] FEukS -5 A (null allele)?} Jr(a-) IS
I A= o= RS EASt] HAskelr12,13].
Saison [12] 7]&o] AZH Jr(at) FEES
ARl HMR0921-& ©]-&35to] s A7} AX| 5k
= FYE ¥4 shlth Al A E o] H]s)
HMR09213} 735t ¥h8-& Hol= 11o|9 AF
TE o]8s}o] HMR09213} Z3gtsl= 70 kDa 2
719] dAS 2ol F, AFEATV|E 0|85
of s ©EiEo] ABCG2S &RI5H3IH. o] ¢
K-562 A|ZF0] 4BCG2 GRS WAAX] & &+
Al ZEAE &3l Jrat) o] ABCG2 T
ZAHE ERISHAT ESE 4BCG2 F-HAHS] of
m3t Wol7t Jr(a-) EEF I AT/E A=A &9l
517] fIske] 1872 Jr(a-) EAEO] et 4BCG2

f27te] @7IHGEAE Sastel Folmlmonse-

nse) L Eo|=(frameshift) Mo/} SFHTA &
o 3lo
=2

1o
o,
_O‘L
)
5

Zelinski 5T13] Jr(a-) @] ER1H 6ol of
ot B2 Q E] =t Elj(single nucleotide poly-
morphism, SNP) 2412 =35}0] 53 H&/d(homo-
zygosity)S Ho]& 397,000 bp LS oIty
g 3 99 MEPE, SPPI, PKD2, ABCG2 4
A 95T o] T ABCG2TE A EFo A T
do| ERI= Q7100 6754 4BCG2 FAA] &
AN BRAG AFsto] 3712] Feju](monsense)
ol5 glste] 4BCG2 FRESHH-F-AAHnull al-
lele)ol] &J3f Jr(a-) EFF O] YEFE= SI5HH:
O|F Jr(a-) BEFS 7= SAR=OIAIA 4BCG2
F71M G40l AP Ji(ar) REFH A
2 o) ABCG2 §7F HolSo] BelEo]
B 5 tH14-17]. o] st Hol|EL International
Society of Blood Transfusion (ISBT)OJ|A] A|5-oH=
Blood Group Allele Tableso]] & A==} QJcH18].
71& Hargl Ho] ot EEA ERIE= 4BCG2 &
AR} WolEo] Jr(a-) REFY AWE Zo=R
HIE T 9om[19,20] Jr(a-) EFFT} Jz]o]
HUER|= QA I f W2 Hle= &
Ask= ABCG2 F-7A2] Fou](nonsense), E°1F
(frameshift) 8- &2o]S(splicing) WHOlEX Jr(a-)
FAFO] Yelo] T Ao kAR a)
Age] Y9l Bo] 71 GIEAL AL 4BCG?
¢376C>T (Glnl26Ter)2 2 YEQIo|A =4
HRA[12,13], Jr(a-) EEFES Hol= FEQ] A
ool thet AtollA Rl ®o] F 95% o=
tAste Ao® HIEJE22]. ol Ji(a)
BE 7= T=RloM e 7 &5k dQl |
o]o|tH19,21]. HFH, AFQlo|A= 4ABCG2 ¢.706C >
T (Arg236Ter)S ESFSE 1 @] WHol7} Ir(a-) &
F= 7Hl= BFol ¥ &3] TEETH12,13].

gl
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Jra+) L2
oA 99% o]49] =& RIEE Ktk Jra) FY
2 GEQA 7 &3 AogE dHA glom
71 9 S, S ERASH

of

ofAJotH A 1
et AoE dEA 3l
3t Aol =
W gl = Jr(a-) EEY HEL 0.026~0.07%
o2 HIUEQITH16,23-25]. L FAA HeolH
£ ol&% AT W B AP ¥l RAL
7} 7hsdiglen olg E&ste] dh]lofAle
Ji(a) FEY WIS 43 AFE0] ABEU
I SFERIoA 9] HIE X 0.02~0.045% 2 35
ATH21,26]. 71 9] =7kl A Ji(a-) BEFZ 7HA
= AP AR 2A127-3015°] A2 ofAlot
Hof| vlsiA= 1 ¥I=7F W2 A o= B2,

0

8l
e
5

Anti-3 BR|2] 24T olo)
Anti-Ii* A= $8 S2 J4l 5ol sf T
o % 9ok Anidr Aol o3t Hoborg
ZZHhemolytic disease of the fetus and newborn) 3%
H HIEZ ATHEH titkeo] ARoA 7]&9]
QAleo] G AL BRI & Yomps), AT

|= AR By | T A=

AAlZo] Sl AHENA anti-li" FA7L T &5
A A= Hu e QITH31]. AT 4R H
VAL 71E9 dAalgo] Qe RARRAE
anti-Ji* GA7F LAE AFEE JUTH32-34].

>
=
-+
:
=
S
ol

JAl= HorilgorgddeE 4o
T e A= Hirwo] 9lom ti7je] FE- AH|
o TS Holu ARA 4t 882 HAl A
=X AUth HolAlgogdAgtof itk 7| K
11+ Katsuragi 52517 Kim 53519 EHIiloA
Z Aot a7fskar ot AFEO|A] anti-Jr' &

2 9l JR S Anti-Jr? A

A7t AEE AlEle FuiolA 38 HarE b 9le
M 1o A= HioMlAdorgdAgto] BAYsHA] ¢
AA1[36], 1A= A=l §Eo] Tt oH
[32], 1IN = As W 8 9 &4 & udrd
T AABIR oL EA7F AR AR AATH3S).

A9 AHET 2ol anti-lr* FAE 7= AR
oA "o Jorgddete] A o7 7T t=A
u Age] S5t - oSl vEu] mie
of, of2igt Aol ¥l mefstalat sh= A=
of AJP= Ut} Anti-li' FA = AZE EjobilPoks
g A GROIA HEFTEEEA H (monocyte
monolayer assay, MMA) 22 &4 5HAT A5
o, ool Alols 84 Ang o
gobalol B Ao WA ofi W FEEES o
2571 ofgcky ol ARICH11253739). T4
AAte] At} chro] AlolA] 8ol 577}
AgalA] ek A B0l 2ol anti-l Aol
Surslo] UEfh ot 9 Algole] Wdo] &
Furhs anidr FA] o5t AT A4 oAl
ot Zolet AR UeH3). 5 AT an-
I GRS T B 8 A 5 487 4
A5 AAE A=t AR 2RE Bl
37] anti-Jr* Aol 23t AE AP AA| o 7o
stoje 7R A7 R Ao g AYZbEr:

Anti-Ii* A H71et glopilgorgddst 55
Lo PAE HESHA] 9tk 71E HalgoA o
It M anti-lr' FA| F7HE 7HAI= ARSI
HuEd=d 15 2 97H1:2,048)F 7=
AtEOA 7350 &8rt W ARRTI7E e
Hido] Hlwa Y2 A7H18)A As W 8
o] Q= Bk QUTH37]. Anti-Ii* Ao
OJgt glop4lgorg At Al S tigt Hil o
FAE A F7h= FeE} dido] R
Hs}al QIth25,40]. 9F H 1o A anti-li* FAE
7HA = AYRLO] Ejo} Z-2 Aot Ji(a) EEY
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& Bl AdE Ak AT AN F43F 2

A ATk

L

Ii(a+)ell HFoH=
U A7to] AT F

Jr(a+) 61—0 o] X%A]—x% o=z %}oﬂﬂ 1:]—25
gl 2AR stol aniii FA) I3 W U
0 QT Jia+) FY WA oA B 7154

= AN Bt Uck40). ot HBT] ABCG2 %

AL el 7+ B} -

<=l

ANE HYa, &
A5t AR AL

o] A

A]o]—}]Oi E_,_Qoq

11], o= anti-Ir* 8o ©1g gfol Aol

FAsto] 33w0} chFehAl Uehbs 23t A
5& s Tk ABCG2 Td2 Hiol @A
8l AEFEY =4 YEr=H|[11.20], ol o
X717y & A=A} 7PA3].1;_ FARS Holth11].
Anti-Ir* A7 AEEHE A4 ADTAA]
o] BaT A, BHE AL ) B
< 73717t o o1F7] di2el E7HsHA r(a
+) HEFE P B A7) 9o ol
o3t Al Eo] BEalE|o] QlrkTable 1). Anti-Ii* &}

Table 1. Summary of cases of Jr(+) red blood cell transfusions in patients with anti-Jr"

Results
Reference Year Agel Diagnosis Monocyte Transfused Consequence
Sex Titer monolayer Volume
assay
28 1976  40/F Gynecologic surgery 64 - 2 mL* The half-life of transfused red blood cells: 80
minutes (no transfused red blood cells were
detected 24 hours post-transfusion)
36 1995 35/F Cervical insufficiency 8 - 1 unit No hemolytic transfusion reaction
41 1986 28/F Labor complication 32 - 1,500 mLT No transfused red blood cells were detected
35 days of post-transfusion
42 2004 69/M  Gastrointestinal 32 33% 4 units No hemolytic transfusion reaction
bleeding
45/F  Aneurysm 32 245% 3 units Acute hemolytic transfusion reaction
43 1988  0/? Hemolytic disease 32 - 488 mLT No hemolytic transfusion reaction
of the newborn
72/F  Esophageal cancer 16 - 1,400 mL No hemolytic transfusion reaction
44 2020 %F 7 - - 16 units  Acute hemolytic transfusion reaction
2F ? - - 4 units Acute hemolytic transfusion reaction
77 - - No hemolytic transfusion reaction
45 2005 31/F Postpartum bleeding 4 68.5% 15 units  Delayed hemolytic transfusion
reaction (mild)
46 2018 54/F Traffic accident - - 10 units  Delayed hemolytic transfusion reaction
47 2007 57/F  Aortic valve - - 10 units  Delayed hemolytic transfusion reaction (mild)
regurgitation
*Cr’'-labeled red blood cells.

TWhole blood.

TExchange transfusion using synthetic blood (hematocrit 40%).
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A7+ &88uS{hemolytic transfusion reaction)=
2ozl AEEol BuE uF glou, HEFAA
U W mi VIS e B £
Sgubgo] WA QS ARISE HTE T
of anti-If* FA} SEHENISY AT ugz%
5}2] 9t 1976 Kendall [28]2 Cr'' radioisotope
FA AT 10 mLE ani-lf FAL 71 2ol
1 5 25 AP0 YRS 25
o 248 Wl s0Ro%on Y A7
ol +YE AW wE Abintn Bast
At 1986 Bacon §{41]2 anti-Ji' FAE 712
SEAROA| 1,500 mLe] HAFAG dES s
ARIE BHASHRAL, Sig HilojA= 4 35Y
B & Jr(at) HEFTE O ol SASHA ¥
out gRAN &9 SA= YHHA
t}. o]Q] 479 BAAE Jiat) HEF7T &
TESS FOo7|A] AT [36,42-44] 35«]
HIOHE AAY SE5UNSo] nIHo
U o 89e] Aot Auaigon Woe
ZA7F BROFA| FUTH45-47]. SFARE 3752 &
Aol digt HiloM e w4d-8dagntsol Hal
g AR Qlo] anti-Ir* FAE 7HA= Al o
& HEAAA 2 A F7F BR¥E HofF
I QUATH42,44). 488 ENES Hel A 5
1IHojA= disdR® o Al 2¢
ES

™

X,

—lm

4@rgol Vet
U] ghgtort e 5 7UA 712 19919 &
ARAY AATAR 58 F FHSELINS

919 HaFAg
HELAAE oA 8F5
72 H =

o& 4=l S50 Yehd Bt Jlrh42). A
A4 SRRSOl YER 2719 HilojA =
Hz 58 Aol gdo] UeA] gt 371
2 $ESIYS 1 8E5Ego] Ueht A7t
At Ae weiste old P2 AT 7]outS
OF anti-Ji' A J7P} AFSche] 80| HhAysH
= Aog =A=rhH46,47]. SHAEL, EjolAlAYolg

&M Q: JR U Anti-Jr® S|

GAZ AL} v R Ji(a+) EH SEE 2

WrEuhea 5 A ani-lt A 710l

o e gt old Al B SN
anti-Jr' G7H= 14~ 1:642 TH4sSHA HIlEQO
0, §ESANI Arlote] ABYS At A
o2 Bl BelPEEEAY Aol Iat) o
H

A 5E 5 §USTNS WY ABHE P2t
b4 Sk Jia+) B9 SR A% FHEB4

g AR BIo)H GeTaERa Ay
33%% 24 ATE Bl X0 dig 82 82
/\%H]_o O Q] 07];(] 901—01—;(]151_]-’ 24.5% 2 03:/\3 7‘?3_37,].
£ 2l EA) digt #82 F48EEE 242
ZTH42]. SHARE, EAt %"i HFEEE 15999
iat) HEFE FEE2 T 449 AR Hild
HE 58 A 9 58 5 A2 gAk gl
SR AT 247 68.5%2F 72.5% 2 WA At
ou AFe] Ay $ST Selsly
tH45]. Anti-Ji* AEYE7} DI, anti-Ii* A 7
A B didt ) AEF 5 ARE =
o o] % BHATHZRA S APslo] Ane B
33 AR o9 Ho] 3759l A7t Basit

8Lo

Anti-J¢' N9 58

Anti-Ii* FAZ 71 = SR} ﬂM H]of| 7] A
AEAA 2 SZAHANA = Al AE o
SRS Ho|HA A7tz J =73%1 =g}
ol tigt Aol gt HARAS HRlck Hi7f
Fig. 17} ZHo] 2+ U|9]o] Aw & S7Hk3-S Ho|
1, 7]&00= Ir(a+) o] BAA o] tish A%
& 7HI= Ao & HilEo] glou} ARHEo] 4
Al @S A i FEoll A= Fig. 13 o] B34
;qag] A Fe} vkS A BT A=
271 &351tt Anti-l' FA7F JAEE HL
Jr(a—) et HESAIA BOo2H anti-Ii' FAE
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Identification/0.8% panel C+auto

W ORI W

Cell-1 | Cell-2 | Cell-3 | Cell-4 | Cell-5 | Cell-6 | Cell-7 | Cell-8 | Cell-9 [ Cell-10 | Cell-11 | Auto-12

Identification/0.8% panel C enzyme

‘\\\._'/‘ ‘!l - !

Cell-1 Cell-2 Cell-3 Cell-4 Cell-5 Cell-6 Cell-7 Cell-8 Cell-9 Cell-10 | Cell-11

Fig. 1. Representative features of an unexpected antibody identification test in which an anti-Jr* antibody was
identified. Upper panel: auto-control negative and 2+ agglutination with 11 panel cells in the anti-human
globulin phase. Lower panel: the reaction is weakened in the enzyme-treated panel cells.

AT & oy S A 4R AAMEE 4 Gl gk Sanger sequencing= AP 4= 9l
A Lstale Jr(a) EF-E o717 o= 9 AA o} HZ AREL 4BCG2 ¢376C>T HolQ] )
of &&3st7l= offH:. &I, A AEFO] #H € A2 FI%t TagMan 7IRF HAPES anti-ir* &
3 HAAE AlFgstd Jr(a—)o] 8% anti-Jr* A2 AS] 7ol Z-&-5h= S 2703t B QUTH48].
40 =20] 2 4 oy FYoAxE= FEH 1 Q]| %= Matrix-Associated Laser Desorption/Ioni-
< F51717}F o9 1 gjAlof 719l anti-Jr"7F zation Time-of-Flight (MALDI-TOF) AFEAH 7]
=4 3xjo] dHo] 2= 4= ok Ji(a) B ¥t ABCG2 4% E4W[22]7} high-resolution
% FEH | FEI} of2e BF 4BCG2 A melting (HRM) #41% 75F HAR[16]°] IR &
GIABENE Bol ) HRBS 24T 5 9 W $AF FAL skl B8 4 ek

ouf olF o4 Iiw) FHFS e %)
kg ZAol= 4BCG2 ¢.376C >T (p.Glnl26Ter)
Ho|9o] H-HE Elsl7] QJafl ABCG2 -FAAL] exon
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Anti-Jr*' &H|7} SHE
EXIoM L] ST

SR AA anti-Ir" FH7F EHH Ho gut
29l nHI=FU] g FA7E FHE Bl
F 2AES 1AT 5 YrHe9]. A SR
A% 9 AE sk, AEAAA +EY 9
F-o9] 1eE F3 % Bas Aol 85

3

AP.QJ—Oﬂ/\-]L 7F53t Jr(a) @A ot
ok FHoA= Lyt ’53_3291 3 Jr( o) A
51717} vl ol 9] ARe] 71 F In(a) AEAL
£ Zo} Atddo] gHE A= o= Utk 5J,
anti-Ji* YAZ AT F5% 042 Ho} §IEO]
HEEo] A W o] B33t ol ok
O] Aol A Jr(a-) BHE FHBE] FHTH50]
g A 3}_“%-7‘% ol AHF At dAZ
AAste] £8st= AL 1HT ¢ low AA
= ARIE ATH35]. 71 2o, H|w A Ji(a) E
A StE7} golgh JEO AU 375t &
HES StH5k= ol 1o Ji(a) EH FHE
ol LEAHURAL 2E 3% 5t 2799
AGHLE T2 A7 Aok
\_}_‘a] 2R ST} ojg A ;L 5 3l
A= A7 A L HHEETIHINA A
= e 5 @93y 5ol oy BE AR
of AL&sl7]= olgth= ©iol ok d4F e
2 IO A anti-Ii* FAE 7HA= SA|A =
| 233 Bfol= HaFAY FHY +ES
v fstojof gttt QhAl AT|RE At S0l WEW
EEY] S anti-li* FAE 7HA= SAfIA F
AFATL Ir(a+) @HES Fot= HFo] &35
Hhgo] YetA] ALY Aujet XA &85
ghSRE UEhd Aoz worEy, AR AR o

u:&

° rlr

J m&l-

Ay 9 JR HHSE} Anti-Jr® SHH|

A FHEESEGo] et Al So] o
HE 48 F AT & Uk §85ENS o)
A it 243 A 24 39 A7) AAB
o @tk 53], Irat) BALS SFEL TR
ia+) AL 713 F@stelof Bh F9ol

193l Sft anid Yo A7} 5k ol
AT FEE ol4e] §EFANS) 9ol 9

owmz 719st Ay 9 Uehg 2 9 83
ge] e AT 2 AR B
[42,46]. Jria+) BN 28 A £E2F4HES
uslr) Q5] AFHd T—}E%ﬂ(mtravenous immu-
noglobulin, IVIG)E A& A E et i
Ao A= Tiat) AEFAA 8 & §E5E
WIS Rl S et 271 HETAA 4
Al IVIG (0.4 g/kg/day)S 397F Folsli 89
FERkgol UehA] ktthal HAIgh HF Qlth
[46]. Tet AHEI7F AlgEA o] 1, A dgt g=Fof of
& oot Bl 48 Aol 158
sfo} & AoF Bt HP=9] National Health
Service Blood and Transplanto]| A A|A|St 7}o] ==
Q1] A5 ABT 59 4] IVIG EE o=
Bl g 4 AH(51].

Jr(a-) EoHo| BHZ 9|3t
S| ABER T2y

o) AEAY] 57h - Aof Ji(a) B
GE7F we- o7 Wizl Zt=elAls SHd
A 2RSSO i) ARAE SEIL
st ol s AR AHAATE & 2 F=HL
A BEANE, SRAUAALY] Ko ntad
20159 712 524 Jr(a) FFAE 2,367F(RhD
=73 448, RhD F4J 2,3237)01310H 2012~2013
| 717 & FETE Jr(a) EHol 2,113 ST
[52]. 2] g AlE BIofA Zrol4o] Bad

- 173 -



Korean J Blood Transfus Vol. 35, No. 3, 167-177, Dec. 2024

SERFO A anti-Ir' A7 ZAE o] 7rolAlSLw}
e AT 7I7HEt T 4999 In(a-) AETE
SEol 93 H9-E HI5H9=H o|& &9
L2 A9 Ir(a-) AEAL S F FH FFo] ¥
SHA o]FojRS & 4 AUTHS3]. "= A
A IASZ A A (American Rare Donor Panel)Q] B
a ]/ﬂl‘ 202249 712 5239 Jr(a-) FEAE= 10

0% R HjF I L= Zj_gq- Jr(a) EHo]

A9 ST 5 Uk AL vHRIso
[54].

<l ok ek

3o, m&:_,

_Vlr

3
e

mx

g

13

o
< (o)
o7 4 glov] 3

87 W Sl 52

o

o)

|

AntiJi* FR19] 3ol 2joj Wetex
1}, glofAlAol8-dd3e o
o metM = Aa Wi
9] glopldg dod 4% k. ESH anti-Ir' ’52,
A7t &7 E Aol Higt Iia+) AEFAA
< YRoA EEFENEY ¥Rlo] H 5 Alﬂr.
webA] anti-Ji't FA|] et 4o A,
Ji(a) @] FHIF Fas5I S AP FE
e T A4 7)ere) BAek ) AR
57} o 20| 9lA gred), U Iie) EAT
¥z o] ulgo] Ar} SR AEQl HE 17
W =7k A9 Hae] Waw Hoz B

O

o

ol g 1o

.41

w©
o
»
Lo
1o
Ir

anti-Jra A

TS A
7} e H} &’lﬂr. £ F4 i% IR NP
9AA ¥|A, Jr(a+) 63—%0 U %, anti-Jr* A9
WGE 9oE 7| 58 EgiE AaUfst

rm
Mo
ol
m
ﬂJ (0]

Eﬂ%‘ﬂ anti-Ir* A 9] 574

8 BRolH AT 5 Y SFALEL 3

FJ 0?9&1’—}.
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