Japanese Journal of Transfusion and Cell Therapy, Vol. 60. No. 6  60(6) : 585—591, 2014

—[E ] Original —

Luminex system ZBHUL\ciMR Y NI AR E EDRFE

ZIC RN R ¥
S P

folkitE—Res gk B mHE AR

PUMEE S VX BRI T F 7 4 7 F 2 —MOIEBEMMEMIMEEHORK E %25 2 EAHE SN TS, K41 Lu-
minex system % W 7=PLIEE ¥ > 28 7 Gk i 2 BASS L, IR mavER G2 oW T IgA, IgA,, IgA,
Frruavy, o-xrzurzursyy, kvarI5A3 Ly, C4, COCHT APURDOMBERAL. S 5ICEEED
Mz AL T 7 —IVIiE % v 72 IIGRER & IR 24T - 72, 2 OFER, Btk » b a—)LVTdh 2 it IgA Pk,
L IgABUiR, BN T b 7o ¥ UK, Bikv o 75 A 3 UHUE, Bt C4 HiRIZ4 T Luminex B THRINTE, v b7 —
JVIMAELS X 2 WRGRERC & JUS OWIFIAHR T E 72, M IgA FRB L UHN 7 b 7 ¥ v Bz v 2 R ERE T
X ELISA 0 64 RO R IKE R IR L7z, 242 ARDPUER 7 ) — = ¥ 7Tt [gA Bk &L i 7 b 7o ¥ U Hifko
Z1BIFormt s, WwInd ELISA ECIIBEMTH o 72, 4 OB L7z Luminex #:12 X A PUllEy o8
PUAHATE I ELISA I H AW KBS, R85 <, FREMPERIVEH O S RN 1208 L 72 @R i Th 5 &

ErRb.

F—U— R IREMmMrEEImECEH, PNy > o8 s ik, BIgA Pk, $inT h 7 a ¥ Pk, Luminex

L ®IC

MY 7 KT HHKETF 74 7F 7 —HoD
MR QR & 72 27 b SETIZ 7
74 I F ¥ —HoIEEMmEHmEERORRKE LT,
FHIHUIgAYUER, BT N 70 ¥ U HHROE DL\,
P IgA Ptk 7 » 7o ¥ U hifkid IgA K4EH,
SVIEINT b ra ey RIEDSMREA 2 EHT 5 2
ETHAEINLZEPMONT WS, IgA KIBOFE
EE AT 0.05~05%, HAAT 0.005~0.033%"%, %7z,
NT N7 VISR B ARSI S B
57, 0011~0.025% &WE SN TWEY, ZhdDoh
iM% % > 23 7 PifkidHt HLA Bifk, $t HNA difk & Ak
WIEEIMPERIMEEH ORI & 2 5720, TN 2 4f
FET B, FEREO R VAL ORI IZIEETH 5.
FrlZoNnTTHRINESY 37 kA s LTHE
o> ELISA #: THAE 247 - T 7223, JE ki &
TEREBINC B\ TR R Pkt S 7z 2 L idde
<, RN L BOADM SN Tnwi, 2T,
X OREM R e E LT, RE - FRREICERS &
# %2 5N % Luminex system % W72 2 B L,
IR 2 3H H O BUARINE % A7z,

M EFE

1. Luminex ;&IC & M2 2 /N7 EHEHEO/ER

Luminex i ® carboxyl beads (Bio-Rad, CA, USA) %
Luminex #t®» 2 — ¥ —~< = 2 7 V{2 # U 5mg/ml 1-
Ethyl-3- (3-dimethylaminopropyl) carbodiimide (EDC)
¢ 5mg/ml N-hydroxysulfosuccinimide (sulfo-NHS) T
% P 1t L, 50mM 2-Morpholinoethanesulfonic acid
(MES) 78y 7 7 — (pH5.0) TAHML 7z b IgA (Jack-
son Immuno Research, PA, USA), ® b IgA, (Jackson
Immuno Research, PA, USA), t b IgA.(Jackson Im-
muno Research, PA, USA), & M7 7ot ¥ (Ath-
ens Research & Technology, GA, USA), o=~ 27 1271
71 v (Athens Research & Technology, GA, USA),
v bEra75 A3 v (CosmoBio, i, HA), & b
a7 A3 (Calbiochem, MA, USA), & b+ C4
(Calbiochem, MA, USA), t b C4(Quidel, CA, USA),
t I C9(Calbiochem, MA, USA), & s 7V 7 3 ~ (Ath-
ens Research & Technology, GA, USA), t b IgG (in
house), bovine serum albumin (BSA) (Millipore, MA,
USA) #ZhZN5ug/ml DEETHRA SR 2%
BSA il phosphate buffered saline (PBS) T7 & v 7,
T, ETOF VIR - A% EEN 500/ul
E b X DI 2%BSA N PBS TIRAARLE—-X3I v

HAF ettt oy 7kt v ¥ —
(ZftH :20144£ 6 A 26 H, =¥ H :20144E9 A 2 H)
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Table 1 Purified plasma proteins coupled with Luminex beads or ELISA microplate

Beads No. Purified plasma protein Bead symbol Manufacturer Luminex ELISA
30 Bovine serum albumin BSA Millipore yes
61 Human serum albumin HSA (background) Athens yes
70 Human IgA IgA Jackson yes yes
71 Human IgA1 IgAl Athens yes
72 Human IgA2 IgA2 Athens yes
73 Human Haptoglobin Hp Athens yes yes
74 Human oz 02M Athens yes yes
Macroglobulin
75 Human Ceruloplasmin Cp-1 CosmoBio yes yes
76 Human Ceruloplasmin Cp-2 Calbiochem yes yes
77 Human C4 C4-1 Calbiochem yes yes
78 Human C4 C4-2 Quidel yes yes
79 Human C9 C9 Calbiochem yes yes
80 Human IgG IgG (positive control) In-house yes

7 AL L7 (Tablel).

2. Luminex JEIC K 2 M5 > N7 EORIE

BRVIEYAZ7aTL—bDY 2 IZ01% BSA
ML 7z 0.05% Tween20-PBS (PBST) T 10 f54 M
L 7o #tRiiis, & 5 \WidimaEz sul smFE L7z, 2561
M4E s >~ 7827 % [E5% L7z Luminex € — X 3 v 7 A3k
7 45ul Mz, FBIRTENLL T30 5 HEBHEL RN S A
¥ % 2~— b L7=. 150ul ® PBST C 4 [ 7H%, 0.1%
BSA-PBST T 100 #%4 R L 7z phycoerythrin (PE)
#kpte b IgGFcy(Jackson Immuno Research, PA, USA)
% 200l EL, SERCEN LT 15 MR L 2255 4
¥ % 2~—h L7z 150u] ® PBST C 1 7%, PBST
% 50ul Mz CTY¥— A% FiziE L C Luminex (Luminex
Japan, H5t, HA) E#ETHELZ.

# Y — ZOHINlD 5 LT OX T Index HEFHE L
By M7 U R R & HE L7

sample fluorescence of bead #nn

sample fluorescence of background bead

Index= -
negative control fluorescence of bead #nn

negative control fluorescence of background bead

71y b 7 XBETERAA 70 617 F v 22 T s B v
T, &2 TOHFEYE — X TREBRAFIHME +3SD LL 1 &
%% index=5 i E L7z 72725 L C4 3Bptta > v —
N DWRIAE DK > 72720, BEMEBAR T +6SD
KM % index=3%%4 v b+ 7 & L7

3. E®E M7 —IVmFIC & BHRINHER

H 5 Hh COPWMILE sl & ER e b 7— Vg% 5
wl ZIRAL, ST 30 54 ¥ F 2x— b LTHRIUE
i dto72. S BIZRBINORAR & FAARIZ 0.1%BSA-
PBST T 10 @M L, 22 5ul % H v TR
TEZ AT, R 63 2 WA O index fED
T 25 H L7z, BB 10 Bl CoPiimaicBw T

FL S M7z index KT OTFIE +2SD 124 % 50%
EPEM R A Y b T L L, 50% L index fEOL
TARD O N B YA WIGRERR %, 3 7% b b Fpak
by EHELT

4. ELISAEICK BHIMEE 5 > /N7 DAIE

ELISA {37 IO &, 7u b a— v & —H&H
LCHERML. 96 /K~ A 7 17 L — MORRIAE
TRy G S E TR T L— M ERLA 2o
<A 717 L— MII0UREARR L 22 ehriiinid 2 iz 37°C,
304 ¥ 2 ~xX— bt L, PBST T, 50,000
R e+ F Vi e b IgG (Zymed, CA, USA) %
mz 37C, 1M A4 ~ % 2= b, PBST THiE, &5
12 horse radish peroxidase-avidin biotin complex (HRP-
ABC) i#3€ (Vector Laboratories, CA, USA) %Mz T
37C, 1WA »F 2 xX— 1L PBST TP L7z, Te-
tramethylbenzidine (TMB) & % il 2 T 10 412
IN %l CHUG % 16 T, 450nm OWSEEZ~ 4 7 07
L—M)—F—TlllEL7z Btka>r ta—1o 2+
0100 %4 v FEA7 & L7

5. EMEiA%EF

Luminex O EE % 53 5 720, BEtka >~ b
T —)L & LCTHERD ELISA & THREEMEEE S Twn
5 B PRI (F0 TgA Bk 2 B, BT IgABufk 2 B, Hin
Thrue Pk 16, SLCABUR1BD, o NTE
Jrua—F itk toe.v2zu a7y Yhidk, bt
a7 oA vPR) Rl L F£72, smiElfEM
HBE 646, Wi EI/ERRER L <5 — 49 61, 48§ i
B 3360, F NI — 96 Flodt 242 Btk Tt
KA 2 ) == 7R FER L7z, Zohm gL
HE72 5 72 126 Mefk & BEA O B tEseA 6 BloE] 132 #fk
IZDWTIZHEk D ELISA & DI 217 - 7=.

E 512, Luminex Lo THANT My, it
IgA PufRAsrit & 7= IR bk VR FRE BT LS D v T
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Fig. 1 Luminex assays with reference positive samples for anti-plasma proteins

Table 2 Comparison of sensitivity between Lu-
minex assay and conventional ELISA

Reference positive samples ELISA Luminex
TgA: x64

ti-IgA #2 IgA: x1

ante £ IgA2: X256
. IgA: x1-2
ti-IgA2 #4 TgA: < x1

antle & IgA2: X 64

anti-Haptoglobin X 1,000 X 64,000

anti-Chido (C4) x1-2 X2

End titer of serial dilution

Mrairo7z.

w R

1. Luminex & E

Btk >~ b o —v (F0 1gA Bufk, Bt lgA.bufk, Hi
Zhrurhk, BLCAPUK Ploevrmru ) ¥
PUR, ikt 795 2 3 UPUK) 1d Luminex #: T4 T
Btk %R L, WIRELZAT o 72 IDGAER T & 37XT 50% LA
LORISOKT 25580 b7z (Fig. 1). k=2 >~ bo—
VoOP IgA ik zRA T 5 2 BloiiEix Igh, IgA,
IgA: DT RTHOE =X LS L, ¥t IgA. Pk z A9
% 2BIDIMIEIE IgA ¥ — A DAL GO sz, 2
MR LV e 7523 Y E=2XDH B Cp-2 13T

tvars A3 vE 7 a—F itk e oG
WA o 72 72 DR A H B L7z, F 72, B C4 Pifk
ZRAT HIMFETIZC4 E— X LT IgA U= XL DX
5 FED BT, RIGAER T OISO IX C4 ©—
AT67T%, IgA ¥ —XATlE37% THo72720 IgA &
DI RIS TH 5 2 L dkkbh /.

BRI L 728tk 2 > @ — )V % H T Luminex
ORI EE 2RO 5 &, PIgA Pilk, i IgA,
Uik, N7 b 7 a B PR TIERER O ELISA 2t
~ 64 15, BL C4 HUATH ELISA #:0 2 50 kfe 2 R L
72 (Table 2).

242 Bk DHER 7 1) — = 7 DR R, WIGRER7Z: L
TIE 49 Bl (202%) T S2OMEESY 37 & O Rt
A3ERD Sz (Table 3). 2D 49 BIOWRZE A 5 & IgA
G R TZIIRT LRI D E L, IgA, IgA, IgA.
DOV & UG L 72BefkiE 35 61 (145%) T, Btk
D7 EE DR BB, Z0 49 Blid4 T ELISA #:&
HThHose. & b T —IVIIEEC X 2 WIGRE: % F 3
%L, 49 PIORERKRD 9 bR RED R I N-D1F
26 (BLIgAPufk, Jin7 7 vhifk) oRTH
D, o 47 FUIIEIF RIS TH B L& 2 b iz, BE
WHRIZE RO EE AL L, FEEIMTERIE RS
D BERARDT 64 Blrp 22 B (34.4%) Btk & %2 1), o
BRSNS & 25D EEwEEERE R L.
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Table 3 Anti-human plasma protein screening by Luminex assay

IgA

sample n Hp o2M Cp C4 C9 positive
total IgA IgAl IgA2

Non-hemolytic transfusion 64 14 8 7 0 1 2 0 1 4 22 34.4%
reaction-related patient 0 0 0 0 1* 0 0 0 0 1 1.6%
Non-hemolytic transfusion 19 5 1 4 0 0 0 0 2 0 7 14.3%
reaction-related donor 0 0 0 0 0 0 0 0 0 0 0.0%
. . 2 1 2 0 1 0 0 0 1 4 12.1%
Multi-transfused patient 33 0 0 0 0 0 0 0 0 0 0 0.0%
14 11 7 1 1 0 0 1 0 16 16.7%

Healthy d 96
calthy donor 1 0 0 1 0 0 o 0 0 1 10%
35 21 20 1 3 2 0 4 5 49%** 20.2%

Total 242
ot 1 0 0 11 0 o 0o o0 2 08%

Upper section: Number of Luminex assay-positive samples

Lower section: Number of Luminex absorption test-positive samples

*Haptoglobin deletion (Hp™!/Hp™)
**All 49 Luminex positive samples were negative on ELISA.

Table 4 Comparison of speci-
ficity between Luminex assay
and conventional ELISA

ELISA
+ _
Luminex * 6 2
0 124
n=132

*1 anti-Haptoglobin, 1 anti-IgA2

132 Mefk % Fl\»C ELISA : & O B % 1T - 724G 3,
2 BIDOR—FAFD 57z (Table 4). Z @ 2 BIZWLIL
AERTHREMEDSMER SN2 L5, ELISA B0
RERIHIBBRRIC X 2 BREEEZ SN, S5612,
COHNT M rae yHREESIoNT N ra e v
BT 2MAE L7222 A, Hp"/Hp“BlonNT v r7ra e
VEBETRIETH S Z LHFER SNz (Table 3).

2. EIfEREESIDET

1) yinT rruae kbR HER (Fig 2)

BT MDS @ 80 ALoBHT, 7TLF—FKNK,
EEGBIEREZL. 201141 H17H, 1H18H®
M /MCEANE S & 0 MR EE, T, 3 v
REAE L7z, BE, EMER, RMEEIEL. v
I—77, fif O CICBERG L DIERIZEE L
72. 1 A 17 BUET oWl CIEEIERIZIE ShTwik
Motz MY, it v & — TORIEHRE TS
M3, B X OFEREIMOP HLA Uk, HsEs » 87 i
& (ELISA ) 3w hEMETH - 7245, Luminex
BCHUEE s ¥ 3y ik 217072 L 2AHNT b
7 u e PR EE OMINLET 3 X ORI LT 2> 5
mMahs. ZogofET, BHEINT 7o viE

EFRETHAH I EHHPHLL BHEOVNT MO
v UPiklioHRE B & BIEHREAE R b &L,
RIVEH 56 R 720 — R L DU O IR A /L & 72 23,
FOBREAIZER L. S O—H 2 3L 72
M/MEFNCE TN B ANT b Za e v ic k) BEILE
FOPNT b ru e USRI S N7 e TS
N5, Z0%HO 20114 2 H 25 H O 1325 i)
Wa Fv7z28, BITERZEA DG X R h - 7.

(2) ¥t IgA PuRRERIVERER (Fig. 3)

BE I H ORI TH 2 IRA TR AR & 2
SN 10D BE M. 201245 H 14 B S D—HD
MR I T I8 E, W95 & S89E L7z, IMUEZH), I
BB L. it v & — CRMERMRELZ Lz 25,
Luminex 2 & ) BRZILE A 530 [gA Pk S h
72728, 6 A LR BRI DS /MK E v, BV %
HEOEZIED > 72, BEOBZ D) — XML TH
IgA PR DMEZIT o728 25, BIEHZSED 1 48]
@ 2011 4E5 A 2 HE TIIHLIgA PRI S TE S
3, FO®%IZIEMEINLZ LTwidol T2, IgA
EEMRATIZ 2006 4E 4 H 6 H2 S5 EBH D IgA #1315k 4
IARTLTEY, 200946 H 19 HLKEIL IgA RED
FMEM L LTWD 00lmeg/dl LT & %572 20124E5
H 14 H ol s 5 IgA X LHE L Tw A%, 2hid
i L 7z M/ MRCRA T o IgA ISERT 23D TH D,
BHEOPIgA PR Z O S N7z IgA 12X D IRIN S
Nt L7-Z206N%. 201245 H 23 H» 5
6 H20 HETo 1 HHEOEImOPEIZ X ) BF I
O IgA ROKT VRO LI, ZhITHE, 6 20
H LLBE O B3 I T O IgA ikt S 7.
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Fig. 2 Case of non-hemolytic transfusion reaction with anti-haptoglobin-positive patient
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Fig. 3 Case of non-hemolytic transfusion reaction with anti-IgA-positive patient

z = RHRBAICHH IR TWS
Luminex E3HOGY — X2k & L7208 EdkT SRR E TR TILRIE UF% R A BIERIZH D,

HY, FHRE—-AIHE SN WE L HEEH
55 N7 DNA %R 70 —H% 4 b X MY — L ERER
JECTH D Luminex system % H W CEEEICHRIET S

EIREALE X5 & IR RS OBMASHEE 2 5. T
IgA PUAMIE T H IR RUSHRE L 2 0¥, k4
ELISA #:THi U723t IgA Hifhkon 2 G REAHIH L

Z L AT & A. Luminex system O4FEIE, HETH 5
HOB Y — X % 5K 100 R R0 L ClRlET 5 2
ENUEERETH Y, HLADNA # 1 ¥ » 7% HLA
PuimAs, B A N A A CE % ETRIRES I H I HS 2

TWALREH IgA EIIRGT A4 MIsEFO IgA &
IS LW &2 FBLTwWa. KMETHIIgA
PuikBstE & Hl g S 7z 35 Bl 34 Blik e b 7 — v i %E
TRILEN W, FEH IgA & OARET PR T
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briEZOLNZ ZORKELT, HEMETEN
L7z IgA &L DABURT % IR RN iR Z i L Tw
LI ENTFHENS., Z0X S IR GE XY
5722 b T =V TORNGRERIZ AR TH b
REMEOR EICKRELSFG LD EEx bR,

T 72, PLIgA, OB TlE, IgA. DI IgA 125D %
#ED10% HETH 720, FIHli OB IgA. Tl IgA
PR & DFUEAR SN WITRENEA S 5. PL IgA. DB
Mary ba—)v200d IgAh =X & ORILA RO HiL
o2, IgA Iz IgA,, IgA, PR E — X % H
BINCHETAZ LI DIl IgA Z HREICRIT 5 2
EMMREE o7z

s P FIE FE B CAT & 2 OBURAHH S /-85
&, Zouk L BIERORREEGREZIEHT 5 2 &3
L., BEDPPUREZRAE LTV BEE1E, duke KD
L IR A 2 L 72358 SO REWE 3£ L
ZUFUEHRRRD D LN ND D, ERIZEZF
THERR T & 72IERIEA %2\, Sandler S 13HT IgA Pilko
BRI TS B MBREEHE 2 (PHA) T 1 : 1,200 T 578,
P IgA PiiRIC & 2 B ERIWER OFA = 1 1 20,000~
47,000 IZHARTEBD TREWEERTH 57290, HilgA
PARDETE IR MR E SRR ORI 2 5w
L # 2 Tw5bY, Robitaille ST IgA YifE % & oMLk
AN X 2 IEEmPEEIVER O LRI IgA Pilkze &
FRVEANCHSRTEL oML TWDY. L
7eh3o T, FESEIMAPERIVEFRES] TR S o7z diimse &
XD iR BAECEIER ORIN & & 2 5 X E Tl
e,

—7, xS ERRI L7z 2 BlOBIETER Tldw
TN BEMIE PRGN EZ I T L TED,
LT ORI ERASED S Zhi
B & ) B ML R OPLE & > /% 7 JuikHhik
NI N7 2 2587 S TH Y, Luminex
BoOMMEE, ERUENSVOBRTELBLTH
5. ERILET#R CHURME OZ B A 2 WA I121E, Bl S
NzPusE ¥ >3 7 iz sER & o’ AR %
RKdDZ LIFEETHLREXE#Z 5. Luminex %
AW THREOWIMATZOVUMED LB 2 HEST 5 2 &
WD, AFEOBE IR O KR 5T A RE I %
HEEZD.

& E

Luminex % X 2 $Ul4E 7 > 73 7 iR R A I HE R O
ELISA #: X0 b 2~64 REERETH o 7. HEEDHL
BT RSP Z 5 Z & D% was, e b 7' —
VIS X 2 WRIGERER % AR ICE /T 5 2 212X 0 4
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DETECTION OF ANTI-HUMAN PLASMA PROTEINS USING A LUMINEX SYSTEM

Toru Miyazaki, Keiji Matsubayashi, Shinichiro Sato, Toshiaki Kato, Hisami Ikeda,

Syuichi Kino and Shigeru Takamoto
Japanese Red Cross Hokkaido Block Blood Center

Abstract:

Anti-human plasma proteins, especially anti-IgA and anti-haptoglobin, are reported to cause anaphylactic trans-
fusion reactions. To detect anti-plasma proteins effectively, we designed and evaluated a sensitive and specific immu-
noassay using a Luminex system. Subjected samples were assayed with human plasma proteins (IgA, IgA., IgA. hap-
toglobin, az-macroglobulin, ceruloplasmin, C4, C9, and albumin) coupled with microspheres and analyzed using the Luminex sys-
tem. An absorption test was performed for sample serum which had been pre-incubated with pooled human plasma. In the sen-
sitivity test using 2-fold serially diluted anti-IgA and anti-haptoglobin serum, the Luminex assay showed 64 times higher sensi-
tivity than an ELISA. In screening of 242 serum samples derived from non-hemolytic transfusion reaction cases, multi-
transfused patients, and healthy donors, 49 were found to be positive for at least one plasma protein using the Luminex assay.
Only 2 of these were confirmed positive for anti-IgA. and anti-haptoglobin using the absorption test. The other 47 sera were re-
garded as nonspecific reactions, since their reactivities were not absorbed by pooled human plasma. All 49 Luminex-positive
sera were negative on ELISA.

Although highly sensitive immunoassays often show nonspecific reactions, conducting a simultaneous absorp-
tion test could improve the specificity of the Luminex assay. Therefore, our newly developed Luminex assay is suit-
able for detecting anti-human plasma proteins in non-hemolytic transfusion reaction cases.

Keywords:
Non-hemolytic transfusion reaction, Anti-human plasma proteins, Anti-IgA, Anti-haptoglobin, Luminex
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