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Luminex-based Immunoassay for Organ Transplantation

Hyeyoung Lee, M.D. and Eun-Jee Oh, M.D.

Department of Laboratory Medicine, Seoul St. Mary's Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Development of luminex-based solid phase assays enables advanced measurement of HLA antibody with sensitivity, specificity,
and increasing knowledge of unacceptable antigens. In this review, we described the principle of the luminex-based assay and
its current applications for organ transplantation including C1q assay, calculated panel reactive antibody, and virtual cross-
matching. We also discussed the technical aspects and limitations for clinical utilization. The variables related to measurement
of HLA antibody specificities and their clinical relevance remain unclear, therefore the interpretation of results requires compre-
hensive knowledge and clinical information in critical cases.
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N B sto] AH 9} uHSA17] 3 luminex AH|E o] &5l HLA
P HLA FAIE HEshs otk ol2i3t tsr|=
A7) 0]4] A}of A HLA (human leukocyte antigen) & o =4 HH (multiplex bead immunoassay)2 A& U=
WAHT HLA GAGAHE o|49) ol Siash ARk of Solwsh 3 AHEshE Alokg o83 4 gl Aol
S o3 9 WOl 20 1) Fasich Ageld  glel, A char A8 wael § Aol F7ksa 9
Ao} a7]el GA wiAY Aol AgT AR th 2 =Fol A luminexE o] &3 o] ARl U
£ fl8liAl= oA 5ol HLA 34 (donor-specific HLA oF F5, dA A& 9 AyeA Al asiof & F
antibodies, DSA) 9] M85t &3} sj4o] R7EG1-3).  ofa) chEuA gk
LuminexE 0]-8-3} solid-phase assay (SPA):= DNA probes
U 35 Ee Ax2d © HLA s g3 =] 72 1. dAr 2
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solth AAl W F, FAl DNA, 54 59 45 Sl
FEAQ Agto] 7Hsgt Al 3¢, DNA probe 50]
AERARC beads®} HAAE ®HEA|Z]AL PE
(phycoerythrin) @F=2 0] AgHe 22 A E o]-&5}o
7% T PE 333 A|7149-S green laser (532 nm)E o]-&-3}
o %47t} Luminex B]=E ARESE SPAE 212 49 4
A7 50 L oJsh= FHf 1000 71| 9] HARE FAl°l
Aldsl 4= Qlom, HIZFE7) =11, median fluorescence in-
tensity (MFD) gro 2 WhgeF £4]0] 7ks3tm, 2} 3jALe]
A AlEshe 8 i TRIWS S HAF 2HE &

A3t}

T o

luminex

2. HLA HZAAL

LuminexE ©]-§-¢t HLA ¥ Ake] Yef= MHC (Major
Histocompatibility Complex) class 12] exon 2, 3, MHC class
119] exon 2 HQE group specific primer2 ZZA|7] &
luminex H]E9¢f HZ}F= sequence specific oligonucleotide
probeste] 132 725kl HLA 382 275k PCR-SSO
(Polymerase Chain Reaction-Sequence Specific Oligonucleotide)
v o|th(4), PCR ZZ o) A% primero] biotino] %
Zkz]o] 9]al, probe2}l Z=Z%] DNAQ| hybridization =
Streptavidin-Phycoerytherin (SAPE) conjugate@} ¥H2-A]71
% luminexof A HETeE A SAH+= luminex 7| Ei=
AR HLA §2849] Z$ TotE Anhx 23 s
A E-FEE HAE HAlul, BE ko] DNAS A}
gsto] e AR WA ZHse gael glol ARl
of Abgol Z7bska Qe

3. HLA S ZHAH
Luminex& ©]-83t HLA A A= HLA gF¢lo] 72

H H =9 @4 W) HLA A& ¥H-A17] 1L, A8 4]}
Z2 WG o]§3t HLA FAE HEsk= B olths).
Luminex ZAH= Fawelol AESAWE o8 HLA
A Al Hls) WES} SolEr 9451 (6), 4]
AAIE AH&-3FAL, 96 well microplate S ]85t HAFSE 4=
qlor qErAAE s e Aol stk ol % A
ZALe] AJeFo] FFE| a1 ¢ltHTepnel/Lifecodes, Stamford,
CT, USA and One Lambda, Canoga Park, CA, USA).

H|Eof A3 FAgkdol et oh29] 37H] HAL=
TLESE 4= QItH(Table 1). 1) class I = class II pooled Ag
g dE v o FAste] 2kx} E W class [ Ei= class
I gA 5575 HEsh= HLA A AdE5 AHpooled Ag
bead, HLA antibody screen test), 2) 3t 2] HLA class I
1= class 1T FHS g 7h9] H|=of K 2alsto] o] &)=
HLA 3}4] &4 AHphenotype bead, HLA antibody identi-
fication test), 3) A%t ohe 3Fo] HzhE ke 319
H|=(single antigen bead, SAB)E o|&3}l= ot &4
HLA 3}#] %A A AHsingle antigen bead, HLA antibody
specification). ©] < W 3 HLA 3R AA= A3t
W Sol4l BAo] THssa, GBS0l AN ol
&Fo] calculated panel reactive antibody (cPRA), virtual
crossmatch 5ol 2§ 7}-53}c}. E3F HLA -2 4=}9] g
U 55 4 A=F sho] ARSHE= HLA-DQ, HLA-DQA,
HLA-DPA, HLA-DPB, MICA &= A% 7}53}th 3]
HLA-DQ 1= A1%H0]4] Bh2he] 33~00%ol| 4] 721
(7,8), de novo DSAQ] FQ 1Q1 0 Z A] o]Al&Atu} 7o)
U= Hirh glem2(9), 2 HLA-DQ ¥ #HAReh
A A oAl BAS AT Fa3 oXHAHALRE T
e Qlek

Luminex ©|§¢ HLA @484k 715X AR

Fi

Table 1. Characteristics of three beads for luminex-based HLLA antibody tests

Pooled antigen bead

Clinical utility Screening

Relative antigen density Low

Antigen composition per bead Class 1 or II phenotype of
several individuals

Resolution —

Result Positive/negative

Single patient phenotype

. [ Singl ti bead
(identification) bead ingie antigen bea

Identification of antigen speci- Identification of allele speci-

ficity, % PRA ficity
Intermediate High
Class I or II phenotype of one Single allelic HLA antigen
individual
+ +++

Identification
Unacceptable antigen
% cPRA/ Clq binding

Identification
% PRA

Abbreviations: PRA, panel reactive antibody; cPRA, calculated panel reactive antibody; HLA, human leukocyte antigen.
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517He 1o, MEL Aabghe ©]-8-3F HLA &4 9] RE =k
A A 971 BYEHP Y A7 a3 Jye] o8
I Qlth= Harso] Qitk(1-8,10). 28t oA & F4d A
FREZolu o4 A5 oSS 4= 3= MFL 3t 7]
3l A= 1,500~10,000 MFI 5.2 Hi1z} o) He|7b
chFsh 2 (11-15), MFI9] A=A WU E g dAAE R
oF T = ojof stm, MFL gholl FF= & & Ue
AloFat HARER ztolof tigh el &S A E o
oF & Zlo|th

o] A DSA 94 T DSA 24/high PRA (panel re-
active antibody) FAJZR}ol| A 12 X] k& FkAjof H|F
ojA e &7t FA| gthe ®ivt 9lan(11,16-19), o] 4 &
de novo DSA7} 3.8~687]< Alo]o]] 6~38%2] W2 7
ZH0, ol FAARWLT B G Bl
AE A, AAG GA)7e o] gt mas Ay
Apujet chopstet. A4kl 4] ol Hat o) Fo] Aashe HLA
%= non-HLA A AR} B E 22o] AR Kol of
gk goke &3 ATH?20).

<A1y A FAEAP
Y PA Solynt wAAE Aol utet $x9)
A8 1ES LR
A BA FEEAL £, A o4 Teis

s HA o)A Mlxsd @*}Oﬂ/ﬂ DSA7} A&, A ¢
3L o| ofAjol AHL b‘L;q] uH7HAg
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Lo]4] 3 DSA AAME A4 AW E|ofof T,
014 21 DSAZ} o 4] A& E 7L g o7t 271
Sl A4 Baka o el wlo] Yt

£ 0]4] 3 de novo DSA AL Bt ool whelo]
ol

« jHE9] de novo DSA+= HLA class 11 §H]o

I
« 2 AALE FA| uisfA ST CAd SRS gLoJ 3
of gtttk
- HLA A gAeE 224400 A7l A= uhet
o2A AR
e (o)A A g A BE WA DSA F
IR 2390 BAk): o4 A 374 Yief
DSA ket A HARE A3tk
Ho

"FEE FRDSA Y TA] Lot At
84U B ol4 £ 1A ol DA e
wsm DSA piold 24 7AE AWk

a2go] it A HMH o] AL "o Bla}
) 0]/4 3 3~12711Q Afolof| DSA HAALS A3}
DSA Aol ZAAAES A3t

AAL St Z2eg 2] A

_I_‘\Z
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(negative control) E212] MFI L= $H4 Z71517] W&o
QD), a3} A A] S dx 24 dHE FsliA &
Zhafjof gieh Wit 2 119 7ke] HLA A& 7H11 2hatol| A
Cl HHEFA o] fitE]o] v =o) AjsbA1H22,23),
HAFZEYU M (IgM)-& 233 7|ef @4 EZo] A
Al Hl=of Adtsto] 9154 duE 2 & = Qo
(24-26). o] AA ] ¥-&(prozone effect)o] 23t £]-&-A
o] oJA1E Ao ARES 54547 LF EDTA/dithiothreitol
= @A E ol BAIE AT 4= 9lrh(20,22,27). H| =

Woll 9 7 GUSE FES| UL A epitope) S
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3T 7] whiel BA ) HLA A7} of el v]=of
BAElo] AP UART e ML ghe B % 9]

HLA 347} v|=9] &g HLA 3+
‘ﬂ' O]'WE]' Ei}‘ig (Cross reactive group, CREG)9]|
£ MFI gko] Uryﬂ =3 % _/'\_

2

ol S wsefor aich, Akelo] g 417 o
Z1AFSel 57 HLA gl50] Fa8cks 1wt 3)
o], ol= H|=9] e HLA AI7F Addshe 2ol A
W2 o] ARApl A ALxA] BISEE Qlef(29-31) b o
2= R] ¢F= neoepitopes LAY 7|7} L& E o] W
ASHE $19g AT LA om(32:39), of FASE
‘natural’ HLA g}H|2 EFE|QQcH(33,34). ‘Natural” HLA
A E5HA e HLA FUo] tfa FAS2 ol ol3]
11(33) 1,000~5,000 ko] W MFI Zk2 Kol o]
E4oJuH21), MFI 5,000 o]/l ghAfef A &= oF 25%¢] 4]
girke 237} QlomR(), FAF An 4 A gl
a7} ek o] 23t natural HLA A E2] &3t 7]
o} Braj 7% QskAlet vholel 2, uheelo} FHelo]
FA A FAYTE A o= eI 9lom(29), A
221 ofujof] thgt F=7FAE7F B R SITH36,37). mpR|Eto =,
luminex& ©] 83} SPA= AEZ M3 (ot to Iot) 7+ H|E L
Koll Ao} 91 4 lomm Aol YA Aol ke
HLA A &) MFI gto] ®3hE o2k A] |0l Folof
3ITH(38-40). whebA], Luminex B <) HLA 34| AAF Ao
Yakg A4S PAAL Bape] ke Rl g o
A AT A AA S, luminex-screen) 2}9] v w7} & Q 51ch
AlAFo] Alof| Al HLA E+= non-HLA 3} AA} Wt
ALY F 2ol AR R gt gk r,]__o_;r_} ZtH20).
AR ALY BANTE T APEGE

KUorfhorle 2> ox %0 Jl% 5t

)

e

Zia".: [N R A
FSL’ FIQ e

S o] &7 WA A2 "I A

+ SPAX= microtiter plate (ELISA) = polystyrene bead
of 2%t Y-S GAHEZ EA 7| luminexE HAFSH
= HHe xR
- ZA} oWl =2 v WP, Luminex >ELISA/ QA Z 5
4> uRojzy AEEY pold)

o that A @A) $18 o] 4] A AAt] SPAZ
ALt

CAIE 71 AR A R AES A, SAZ B
2 olgat WAL SPAZ T Aastel 5 A}

2 5 4 gl 71449 S0, v)so] RahE el
oFe] Aot L WAL meshop FAc.

HES o] g3 AAR: B4 EL uPT HAfelth
AAH ZE b o ARkl Rol7t ek

5. Luminex& ©|§% HLA ¥ ZAe| & HE

1) C1q assay

Clq HAR= luminex®] SABE 4} @33} vE-s-AlZ o
BAIE Clg HAS 718t Whg-A17]aL, §go] Fate
@ Clq Ao ¥H-3-A1A HLA 4 5 Clg7t desh=
‘complement-fixing HLA A& HE5I= AAMHo|tH
(29,41). Clq+DSA+ FA}Fo| 4 Clg—DSA+0] tj] 2o
H]3 C4d oFAl, A 7fA ARERS, AlaA o] B
3 oo} FEfo] 91a1(42,43), MFI 97}¢} Clg ¥he-2 3t

wo] glrks W7} QITH4d). 1, Clg+ B 1G1/3
o] o}gel iejze] HLA GHAolH AEHTHE RusE
9lom & (13-154345), Clg AAFS] AAHA 8o T3t
271157} B Qi

2) Calculated PRA (cPRA)
SABE 0|83l HLA A AALS] =

S04 o] 7H5a) Mo whek FAE RS0y Azt
£ o] g3to] PRA 2k A& 4= Itk cPRAL 574 <l
% W5 o, 54

Aete] HLA 3 Q=5 o]§3}

FA| 2} vh-g-o] oAl == U HIEE AESh=s Zlolth
(46). n]=&7]0] A7) 71521 United Network for Organ
Sharing (UNOS)o]| A= cPRA 80% ©o|AS Hols S
LAFTOE 7hEskal Lo, gujoA= dF HAMY
of| A ZHA] Zksto] AR Foll 91aL(46), =i 7)ol Al
Al o A= cPRAY =911 AES HE Fof Sk
CPRAL o]4] A 3hate] 7k Aw2 7hHAoa o 2= 9
= A4 A Eo|B=, gF% A7) o] Ao {-851A 2
o ZAog AztErct

3) Virtual crossmatch

Virtual crossmatch’= SABE o]-&3F HLA 3}4| 7 Alof| A
A= A EolA] ZIE 0]&5}9] unacceptable HLA
antigenS A4 51T 4B HLA 84 Azje} o) zs)ol,
AR AAA S AlBSHA] L AaE dlSsh= 7MY
WALA[S] ot} o] 4] tf 7 &boll A HEE HLA A7}
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A%t 7153 HLA 98 7124 A|3AS virtual cross-
matchE F8f wlz] wjAd 4= Qleug, o]4 A Ak A8
of o] &= A1}H21), high-PRA (>85%) FAlof| A &=+
A7 & DSA A7 4 Ae = U HaESs &
015} o] AlS A3}t o] RE 4= Qth4748). 1ejL),
HLA A Al A A& A ¢be Aol 3t nxbAI ¢

PA) AEE A 0|49 A8t BolE & qlonz
(49,50), SV} Q4N M 82 919 HLA S50l 4
AP 9] FE3H} MFI cut-off A o] & Q3s)c}

i)
ofr

6. BEs} ¥ Fpa

Luminex o] &t HLA 3 dAhs A} shalo] %8
3 MFL gke] 712207} AAH 2k b e 4 9,
2 Ak ZRE S Aol7h 9 4 rHBSLI).
2 ) ) WUS eR, BY ZE AFS AHea)
153 Z2EZEZ AFSE AARA 71 v|a dto A=
(53), HLA class 13} class I 4] A<o] tfak dx]&o] z+
7+ 96.0%, 97.2%R 31, MFI k2 0.947~0.991 (HLA class
1 8H4)), 0.992~0.997 (HLA class Il G2 =2 AFphal
Hoth. MFL gho] A g7helA= 1,000 vrte] MFIL
ol A L o)) MEL gt g2 WolAls g B3
th &5 o2 AlzAblA AlzE AlES T A4
HlI A7 2R o R o dEy, dgHes 783
cut-offo] 3+ 9 A2t Ay} sjAS sl AAML 7+ &
Zokel A&52Q o Armwe|7) Had Aotk

e

2 E

HLA®E 3} HLARA| G ALl ©]-8-%]+= Luminex-SPA=
RISl So| R} 28 925 WA ot Luminex &
AAALL] ML AR o] 4-ato] HLAGHA] j7he] my]
Elgo] 7l5atT, FA S04 ATE o] 4sko] Clg assay,
cPRA, virtual crossmatch o] 28 7}5sl2 2 #7| o] Al
74&};/\19/] <‘>j1/\1-7<4 O_Q_/HO J]O 27}’61— 7—]0]1:]— 1311,]—
Aol FF= & 7 e AP 7IsA ads aEska
AR ¢ O@E@r WE AAF ﬁJ%QH Hl nE e A4

9 A9 SRR 2,

b
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