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ABO-Incompatible Kidney Transplantation

Shina Lee, Duk-Hee Kang

Department of Internal Medicine, Ewha Womans University School of Medicine, Seoul, Korea

Kidney transplantation is the best treatment for end-stage renal disease patients.
However, the relative shortage of organs for transplantation has led to ABO-incom-
patible kidney transplantation as an accepted method to expand the pool of kidney
donors. Recent advances in immunosuppression and antibody removal methods
have made ABO-incompatible kidney transplantation more feasible, and have in-
creased the opportunities for patients to receive kidney transplantation, as well as for
special patients with ABO-compatible donor. Indeed, the outcome of ABO-incompat-
ible kidney transplantation has shown remarkable developments and is now compa-
rable to that of ABO-compatible kidney transplantation during last decade. However,
there are still some uncertain issues to be addressed in ABO-incompatible kidney
transplantation. In this article, we reviewed the current status and protocol of ABO-
incompatible kidney transplantation and listed the concerns to be addressed in near

future. (Ewha Med J 2015;38(1):7-13)
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ARZE olrlo 2 PAlofl= & ABO FAIC] A4 elojof| tigt o]
I3 A AAE At Axx|e] 24 igol, @Hg 2
ZJoIAS AIYTHA] 13 Thof] 254 AR ERS-0] dAjo 2 o]
= Z2E3I ABO EAY 4 Aloja]o] 4452 1985
Z 52 oA A%
O FAG AgolAoA Ag Ba5IgA o] % ABO H-4
olAlof thgh A7t AJRFEIQIEE, A2 oA HARAF 7] 7]
Z-82] doF, ABO EAHYP FAg Algolalel I
242|7} o |HA] 1989 E EHwehEl} Y]
FREEZ o183t FHY BT Aloalo] EAZ O 2 AIYE]
IEH5]. 1990t FHH7EA|Q] ABO H-25H Algola] o] Adale
ABO gt AlgolAlof vlsto] £2] 5o 6], 1990EH &
Y} tacrolimus} mycophenolate mofetil¥} 2+ 732t HE |
A7t =UEHA] ABO FAGH Algolalat xpo7t gl &2 434
o] B FJrH7]. 2003 AR Y X|5o] 220 2
g CD20+ A SEFANR rituximab2 Ax[0 =5, A
oMz vZAEE thAl rituximab2 ©OF&9H ABO Eog B4
o AloALE Aot FERF A2} ojalAl AJE-E004 ABO
25k Algolalof] Fok= A0
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A Aol Pare Basleitts), Aol 4
2 9007 X8 HoNE BUX| AVgolalo] 430z Al o]
WA R ARl ARBt 9L, 20131 ) Algelale]
21.7%% XE HER ulFo] 2A Z7FsIgeH2). olol A5
91 ABO @l HLAIg AVgoIALe Bof g710) Alghe Fuet 4
9l TiokO = ofAR|TL Qi RO ABO WO BT Al
Ao|alo] Bz ARuES ol Helol thaf Al 13 o] w2

H =
— —
ABO B 2| Aol bl oale] b 2 1}

O3 ABO o] @A Y Al AN 220 e S
&o] Lo, =EIAre] dHof| EAfsk= & ABO &2}k k35
BAAE 2okt &4 o2 ME=4d 711 SASHIA 25
A B g4 A TPV AR B8 Yo Ivk= AoleH9l. w
2hA] o]A] Fu|IolA §F ABO A9 I7HE sk, A
ot AAE Aot FA| GU7he SHAITHA] GAaARR] & o
A1Z Alggstofol gt Ugbd o g JolEoX| = T2 EF0| 4
SiA = A2 of L FABO FAHIE FE5H] et Mk o
=2 2ot A, E9E% (plasmapheresis) F= HEE2 =
(immunoadsorption) il 23t ©]A] A] A antibody depletion -7
=, 22X, BAY v 5 FAE 8 A WY AA
©] modulation, AA, B]7¢4E=0ltt thA] 7hsS ARl &
CD20+ @ 22 FAQ rituximaba 53 B-HZL A A,
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IR, proteasome inhibitor (bortezomib)-2 =5t A4S Hl5Y,
AR, ChHOf thet HUEE Al (eculizumab) = FAUH7HAS A
F9kS oA, upx|ete 2 7ol HAA A o] fA|2 Qokd

0]
AR 1.

—_

. @734k== (plamapheresis)
s Ake] @l Ujof] 2Afsk= & ABO FAIE AlASk= =42
e Al FETEe] A2 ot X|mayt
o 4 QA wANEE-C 2 o] SIS oL A A&
Ziolet, Jefut 1 vl-go] 1rpely, NS x5S
Ql2lo] WA shH -SAIRIRe] AA, ALEES, 1L
52| F2kgo] IAT £ oltt. EvtEsl] B
Algjofct zjolE HoIt}, ul=tofAl= A&7 W e (total
plasma exchange)= AFSSI=U, X S A7olA= @AY =
AX| AltolAlofA] 1995WRE] 2010W7HA] @A wSke T} 218
O] HAW 225710 WS AMESI 7382 EhAfofA
Al o, oAl 7] 1d7ke] =4 ojAAl MEEL 5.9%E
Ol= @l A Alojaloja] 2.9%2] ojAJAl =g HTE =9F0
0, 0|2 7|52 (graft loss) O] YHAYok= 74-90oll= T2 &
S 25 olujof] L= A= RAREQITHI0]. olof gl U2
9] ¢, oI5 We] @7E2] W& (double filtration plasmapher—
esis, DFPP)JH2 = ARE]ITE 2001E5E 20109 oI5 2
8 @R weeat vEEs tA rituximabS ARSRE X
9] IO E Ao 1 BEE 98%, Ol AEE 96%, Id
AZE 91%, oA AZEE 83%2] AZS B SH v} Ql=t] o]
= YA &g 4lojA] 9] /At vl sty A2 APt Gl
ot AMGITHI]. 290E-E vl oA = & ABO A9k
= % 9= HAT 2= (immunoadsorption)2 5
2 ARESR=T] 200349 29410 Tyden 51812 501 & ABO &
A2 0]85t HAG AL} rituximabe AR GO ZH] oy B
23t Alojalo] Af=-2 -2 BA HQIH. olefet ¥k 8% 2] A4
< 4.59] F FA7 17 5] FAMIEE2 93%, °lrAl A
252 91%°19eH, & AB FAIt HAH G4 ) vl A
Hukg2 ofoirkyl BUSHETH 1], YoM Al AFHA|
Oh ¢ 50| HEE2E thil vIE0ld TGRS ARSI
o, 127g2] FRpoA 2ol 4355t en] 1 FAB A9 o
717t & E0] HAZ AT} HlW SIS o X7t gtk At
S FHSIGH 2], 2FE 2520] o Ao = FHY FAT 4l
oJAlof|A] B]RFAZEE0TL rituximabl] BEHE10] Tthet A X7
ol EYRtEE A8 YU S ETel B Qo ey
37752l TXfoA 2670E 2] F2&0A oAAl AHEE 100%E T
ok, 71921 A tirig HARERS-2 F HollA EAYSI

Cfar B argh HE Qe 131,
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s SO0 w22 vhEshke ] 2 232 A
/goIA] ZolE HOIR|TE, FA| A aat Y o]4] o5 A A
T7E ol wet AfolE Hol=R]of tisiAl= oRA7HR] gEs|
el vp7E Qi) ot e U S 54 el =
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oF Alo]Alof A QF &), Human leukocyte
antigen (HLA) 7413} Alo]Alof| x| 73%ul =252 Q9o of
SF g4t wo|, thr]3 National Institutes of Health (NIH)]
ATE EZESH FY AFoIA FEW A2 ET B 8§90
HLA F2I5+ Aloja]ojja] &ZF2to] aaprt QIQiekal B argh vf Q)
1, 2013 Vo S[15]-& Panel reactive antivody (PRA)7}F 80% ©|
o2 Z¥abe Alojal ER|F 2 E AoA HAHW HAZ= S
3} rituximab®] HIFQH O 2 M]3 1AL w 21 o]AlAl A}
E80] 87.5%2] F2 442 YRS, ¥, Alachkar 5(16]
2 100% PRAS 711 2779 o|A] 7 IAHE 2416t o A&
Zo| A HAZ =53 HAF] siltiete, HLA A ==
ko] oJu] Ql= Wk QIR ¥ gk vt 9lo] HLA #-49t
AlojalojA 75 uk A2 5T Q92 ojAldIEulTE oRE T2
EZZ =1 Qlt}, SHH, ABO G FA AlojA]oflA 18-
FO| W HAz2 5 T Qo] tigh A= Al gl A
B2, T2 AlojA] MIEjojlA] BK Biol2|A ZHwt 2R 75|70
tielstod #1872l B Ha=251 89H(100~500 me/kg
body weight)2 Ed9HE=t o] ARESAL QIEH17,18]. ©
J==5do] A i HRERSE clYshs 71X S5
LA QUA| GFOLt ARk 0 g2 A== 7S Telo] Fe 4~
|49 e, alloantibody ©fl THet 2142191 F-Ad e}, L/Jeke BH
Z52] CDI19°] ek e A, BA| 9 alloreactive THZ-2
AACITH19,20]. S FEE & A Y JE o HE g
MO = o}s5k= FABO A= {15t H7te] vhso] Uoid =
S, HYEEEY2 ol dAIsk= 8L Q)= AR oY
A SleH 2], FEPAE A L2fuetolrs B 59 d"E

HHS 4 glo] ARSBIX) O AlELE

3. HPAEE rituximab

Rituximab= BEZ- FHo|| Eojxo g ¥dAE|o] Q)= CD 20
of theh T E2 FAoft, Bafl M EE X 5A|=A] s
UOL}, BEEFE AHA o7 uhalfsh= E43 O, OA&A}
O] AW HY §h-Z AAIT =42 =2 20001 T 29HFE] 4%

¢

o

O] ool AREE|7] AJAE|QITE, ABO S EUX] A10]
AloJA] 24710 A HERRS-Z AT FH0=
T2 5e T 0B FE3O e AGES S7HIPIL
H2.0] 7191 B AI*E(memory B cell) 7} 8]&©] opd 20 &
Atk A-Zato] 251 o o HALER] QAT rituximab
02 YA QtH 21,221, Kohei 512312 rituximab2 ARESH
ABO EHE HAT}H AIOJA T} rituximabS £ BHA] -2 gl
& 215} Alo]A]0] A9 ¥|wHtE=H], rituximabg £
ohy BAIGF AlolA10] 2R chronic antibody mediated rejection
(AMR) 2] EHE T A5-AF £°| gl (donor specific antibody,
DSA) 2] de novo TAYEC] rituximabe T BHX] o5 oy A
o AlOIAOMEL HOIH Z10 2 HI5H0] o]4] Ao BY AL
HISEN7E AN OlAlH A4S BaAFE Ao = 451
T}, Rituximab®] FHA|7 = Z} oAlAlIE{uftt Xjo]7} Q1 oLt Tzl
O] 2300014 17HE A TR}, 2710= o] HEZ0| ARERF

2 Fololgont @Al S riuximab RS AHGIH Ale]

ko &
- =

4. Proteasome inhibitor (bortezomib)- 53+ FEAIZZOIA] FA|

W oA

Rituximab-> BHZ~0] E0]4 08 A-85k= ekAlo|u=z, g
Ag Yikoks FEAIE = A-8-6HA] H=TH24]. Proteasome
inhibitor®l bortezomib-> 22 HHH] Z4F2] A5A= AR
o] gtk I HolA @EAIEL] XS RS = 0], 5=
Ao g = A LS RISk AR8-2 et o9 refractory
AMRO] 23t&olgk= H7t QIX|9H25,26], olAl M 24 &
o] tfishial= o] ZA7F B9 A%oltt. Wahrmann 5{27]
2 = O] 7H2ke SExIO| A bortezomib-& T+ HA] ARG T
HLASSIAL FA/B reactivity7F ZH4%A] &Uthal B st
PO ol= thE Ao E ERIE vl QIeH 28], webA] 24
A mofA D=0 2 ARBEY] HTk= rituximab ¥ BFWHEE X
R 9o|x Z/3HSH0] o]R0fR|R] o= FAOIA F= AR
UL

5. BX] C50]l gt humanized monoclonal inhibitory antibody
(eculizumab)

A C50f 3t monoclonal inhibitory antibody= 2861 G+
Aoi7NAg AEEESof LW QSF membrane attack complex 2] A
2 Aol A Qlrt, 27] WAy ot EMARFO] A=
A2 = FDA 5912 Wot WS- Qg hRfe] ehbat =l).
Holl ARRE|7] AIRFSHEEH 29]. ABO BN FA15H Alo]A]of
A B eculizumab®] E3HAOIQIH= HY H 17} glont
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[30-32], obal7ile FeR IOl FelzA % AW7t 1s
st

6. HAAAA 2] 34| 8

oJA] 7Y e HAAAAE FHsk= Aol 2 A FH
AR FA7ARERS-C] w0l Atk= B o] A5, T
=2] AlE{of|A= o]4] 7TUHRE HIAAA| FAE AlRFsIaL
th, FH FAg AlojA]oxs ZAlREl AAIA S tacrolimus 7T
cyclosporine ¥} H|w 5 O}AAIO] Aj=g0] Q431 7oz O
A B8 AlEje] =2 B2 o]Al 13 A tacrolimus®] 7[§HSH
34 2% (tacrolimus, corticosteroid, mycophenolate)©] 41317
UEH331.

T

o

]

1z rr

5

O]} o] M FAgH Algolalof A 2|22 ojalE Qi o
2 A7 AT A Al Foll ot siEEA] ok &A
=01 2 7K goltt. ARz = A FABO FAIE o= =
THA] A7AsoF sk=71ol| thet ZAlE & = Ut A9dat 5
oAM= 1:4 olekz iAo R U2 ArHA| APl QAL
[34,35], L22] 79 1:32 oVJOIA acute AMRE] HAYEC| =
ORAItH= B a1of| A3 1:16 OJsk= F3Eokal UtH36]. ©]
Al 3 1~2U2 silent period 2t 5t FABO A7 oAAIS T
AHSHA| eF= 717F ol RE] ULZHA] 71712 critical period2h
Skl acute AMRE] 910] 7 =2 AI7|2 tiF-=2] AlEjofA]
o] Al7]of| A9 §FE-2 B ¢ EutEsS AlYshL otk
(Fig. 1) [9]. SR 7|4 H7tof| whet Exjujet o2 Sl E%
Ul=59 Q9= 514 E=H), Johns Hopkins Hospital olA1= 7]
A Q7tof| 2 ola] Mo FNtEE0| SIE AAlRH vf oItk
[37]. 714 PE =245 =3 7ol =E5h| 6l A==

A== ST SIS B = et SR A2 V1M
71o] wet =i Fto 25| ffoh Al ddRtEse] 3l
= el AL obd ZIskaAl SV BRItk
A= w2 71X s FHSe GV aabdo g AR
ofz}eo = AlojAl & A ui7ig ARRESL] 7T Y ojAlkIg]
LHE of| 29} Aato] Qlth= Z10th(38,39]. 1Bt =2 97tel
7|50] AlEfuict o211 0] w2 HAAA|A| Z2EF0| )
=i G7HE dYsk=t ool itk FABO FA|LE 5]
A T HRE EARES S2gsol High Aol Al 7P Hol
AREE]TT Q1= AIS]TH (test tube method, saline tube method)
Hrk= A 7te =49 (gel column agglutination method)©] =4
AF Q77 ATk o] Q1o vlgo] Wol E=ThHo| Qlof A
AR o7 Qo Agshr]o] F2i7E 9o of Aol =
AL Z130o]| wet 7 =7 Ak FERhA[40] Seiuet Aol 2
Al 2R A S4wo] Ha skt

AR A A MEE AAISH] ek 4] Y A =
ULHHAA kA e ZAE & 5 UTh AolA Aget Hi=
rituximab®] B8 A2 tiASkL= QAT rituximabll 8%
T} 5 A|7]9]| tsiA] o]H0] B2oitt, Z7|oll= M HETO
A19] 2|18 g+ 20] 375 mg/m” FofslH oL = & 83
100~200 mg®] #1852 FAH5I%S woll= A7 atol 72 2t
o7} ghs o= B w 9ItH41,42]. Rituximab©] CD 20+ B
YIS S50 GaAPPP7] Holixte Aoz 1Y Hejig
T A0 AR e ARRRg0] F 2= 27| FE5l ¢
AEX] oot aaPt gikE 4= Sl @NkEE 5 FoIck=s B
o= @detEsol o AR 23t Basiie ST
& 1~2570]| Foiok= Zo] uigAleh Zog dufR QIrH43].
Lefuere] e Fdy B4t A01AE Alsk= AA 71 5

T cell suppression FK506

MMF

stelroid
1

B cell suppression o
Plasmaphere§|s/IVIG

VYV YY

Rituximab

Anti“ABO antibody

Accomodation

Silent Critical
period | period
— >

Stable period

Fig. 1. Strategy for immunosuppressive
therapy in ABO-incompatible kidney trans-
plantation. It is important to implement
B cell-mediated immunosuppression and
T cell-mediated immunosuppression at

Anti-ABO antibody

-1 mo -2 wk -1 wk
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Transplantation 2nd day 1~2 wk

different times; MMF, Mycophenolate mo-
fetil; IVIG, Intravenous immunoglobulin.
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53%°1A41 250 mg/m?* B]9ke] A8 rituximab-2 ARESH Q=
o= ZALERITH44], 9FH, T ]| AJRRRTE bortezomib
OJL} eculizumab S°f gAML Blw L7 L _5kch
opx|eto 2 oy Hafoh Algolalo] = 2|2t Ak

F2R80] et ZAIE 5 4 Stk Al @RkE=ol oot H]—
o2 A A7l et BE HFH STt A, rituximab AF
80 T2 A AE Y AUAIE vloj A 4, HEZAE THE
S 712] 7ol 2ot AFFAY =TT oIkl LA QIeH45].
webA] ol At Y o = & Vo] WSt

k0] ENY BAX] AlFolAlo] s AHLE AHET, 2007
H U0 IS trtez S A WA BTt it 46]. ol%
2011L=l 38744 oS Y| AlgolAlof thigh B 19 W ritux—

A Eeo] Fgu HeeeaTS /\P%’ETW LAl AF5ARI
AlojAlol tiet 7s/d2 AIAISHRAL

AR HAZ 2 B8 AR8GIA] &2 0] 71»01_j_ 0]0]— }\]-UFE
of ofist @3RS IR R ATH] SlotE T, 1
910l Thet ole wissleitHAT). 2024 45%e] BRI
AFo 2 5 ATojAls EAW TS T} AW T2 20| Wt
Q¥ A|3i5IaLT| 29o] Zielo] YhAIGHA T, r1tux1mab— 375
me/m’2 I 23k 100 meo) T4 SUS Foldt 49E
W5t FS W w4 AT AFEESO] 37—%% oA 339 5
3710] St 7ol vlslel 48w o 129 FOIAE AN
oo} z1-822F9] rituximab -3 Q0] YA 984S TOISH 4~
9loit}48]. T} Lejuete] Fold Eas Alojale] dalrt
7E'_ | 01’0]— o:lOHo:] __'_24 Sh }\]O]/K]__] _.gﬂj]- 112.141—1] 01»_37_ _T_X-17]7]-O]
e AJako] glof ol sty ish Wy o] Wastch

;F‘.:

AP H717 i Fa0 2 Folakn glont olo] w4

o ER el Befel siek 2 et ool )

F Alojale] AJzjo] Fougd gt AlojAlo]

zﬁz}amﬂ g S ojEstoLt P02 Rl £
oA o OFAIS ofi Hro] ko ik ARSR|o] T
Unkae] e Ezo] HalA|x| ok Aefoln, olalol] Hgt 3
ABO @A0] B o7} = o7k ARIO] BB AYER

ORe AFElE 0lZ SIShAE T T 7ot wao] LR Holck

el 2
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