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Fig. 1 Detection of HLA antibodies in the clinical course
of case 1.
A. Results of flow cytometric crossmatch (FCXM).
Mean FI: mean fluorescence intensity, PE: plasma ex-
change, DFPP: double filtration plasmapheresis. B. HLA
antibodies measured by LABScreen Mixed Beads
method and LABScreen Single Antigen Beads Class I
method. NBG ratio: normalized background ratio. The
scheduled date of kidney transplantation is day 0.

ZJii L 72. ™MEasy Sep(STEM CELL ) # FHiWwC K —
V UOSERZ B L 22120, BT & RS S B
Z M1 FITC-conjugated AffiniPure F(ab)2 Fragment
Goat Anti-Human IgG(Jackson Immuno Research #1),
PE Mouse Anti-Human CD19(BD Biosciences #k), APC
Mouse Anti-Human CD3(BD Biosciences #1) T4t L,
FACSCantoII (HARNRZ + 7 v ¥ vy v4l) TN
L7

3. MiEFEE1E

MRS Tl 8720 2M CaClsul & hu v Uy #
UM%, 4C T—MEL, fiL7z74 7Y Vi
Beds U Ui b 2 47 - 72, Bidiin i & 72 13 iE b st
L 72RO VT, IFOT7)~7) Dwihhro
LB L C HLA Yk % % L 72,

7) 56C, 30min QL.

4) DTT (dithiothreitol) A3 : # 2 B A% 0.006M
ERBEHICDTT 2%, 37C, 30min ALEE

%) EDTA (ethylenediaminetetraacetic acid) JL¥ :
FELREDS 0.05M & 72 % & 912 EDTA i
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61 etk BUARIREBTRIC L 2Bl #IT L
720, BEEN CHRINLTBY, RE2FF—LT5
A A BT L 72. HLABUfk% LABScreen Mixed beads
(LSMix) TRz 25, BHETHLZ LA L
72. HLA RO ¥R % LS Single I %% v CHERE L
72& 2%, DSA & 7% 5 HLA-A2 JUiRS B &, 20
Median Fluorescence Intensity MFD)f#Z 3,199 T -
72,9 ¥ 38k 1 A< v FTld Lymphocyte Cytotoxic-
ity Test (LCT) ¥, Anti-human globulin-LCT (AHG-
LCT) #&ETidkatk & g s 725, FCXM ED A TR
P& 7o 7z BRATHTENIZBESE DSA DMHAET 554,
it BN HUAR B A PUR 2 237 X 7 3R,
% Z T HLA k% B S8 5 BB EILE %217, FCXM
B2 X 5 HLA PR BIALD R TE 125612 %
FEhti$ % FHér& L7z (Fig. 1A BX U B).

HLA ¥iRBREOMTRIZOWTHRET 570, T3
ARG Day —37121) Y ¥4 » 200mg & & 5- L 72 1%,
Day —34 1 3600m] DFrfif Bk ML%E 2 A v TS
(plasma exchange : PE) # %jifi, Day —28 |Z ~H
AE3SH# (double filtration plasmapheresis : DFPP) %
FEfi L7z, 25 OFAE RO YU 2 FCXM 12
THE L, Puikbrah= % MEd L7 (Fig. 1A). PE
BAC—IFICHMEME T L, ROWE F TIZITO L
NIWEL ETOYNT V EPEO 6Nz 5l EHVT
4T L7z DFPP I & ) FCXM #:CTH i 2 5 HLA
RO+ R T 2R L7z, 2 ORI W HLA
PRz 072912, BAli Day —1312V v F4 >~ 200
mg #%5-, Day —7 & Day —5 2 DFPP # 17 \», Day
—3 & Day —1IZPE #jiti L7-. Fig. 1A i3#&EF o
FCXM EIZ L 2 WEMDHERTH S, FRIZKLT,
Day —13 @) v ¥4 5. DIkEL, €Dl obuikkx
FALIRG | AR TRUS TG IS L TB Y, 2otk
® PE, DFPP (2 & 2 HUABRZA R ITFED ST, B
RlEHIE & o 7.

Fig. 2 IZARFERIZ BT % LS-Single I 12 £ 5 DSA
DOFERZRT. B EMG O Day —213 i3 HLA-
A2 ¥ —XTR§ 2 FUBH IR D <, ZTOMIC A2 &
ZRu o H 5 HLA LR @ B57, A68, B53, A69
D3tk & HIE S N7z AT H 1213 FCXM i Tid ik
HWTHo7212d 22 b 59 LSSingle I Tix HLA-
A2 UKD DT Hh 4 EAPHERINI2DARTH o 72753,
RO PUEIIT T A RIGOKE & LR 2RO 7
(Fig.2).

AIEF DOFEM A D LS-Mix 38 X U LS-Single T 12
X % HLA YR o JIER R % i L7 b © % Fig. 1B
129, LSMix 12 X 281X FCXMEEF U4 A
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Fig. 2 Effects of EDTA treatment on the titer of HLA
antibodies detected by LABScreen Single Antigen
beads Class I method (case 1).
Mean FI: mean fluorescence intensity, EDTA: ethylene-

diaminetetraacetic acid. The scheduled date of kidney
transplantation is day 0.

IVITEBLTEBY, FCXM B2 & 2 Ml E 455 & [h
FeDOHERE & 7 5 T b, LSSingle I 0% i3l 21
DB & | D 2 HOMKRTH AHH, LS-Mix % FCXM
HEORREITKE CTHEL Tz,

INSOMEREBEOTRMD KN E LT, MEHARK
&) —RPuk & ZRPUA & DRUSAHE S L TWw
DTV LE R, WM EDTA 23N L7z
412 LS-Single I #:12 & ) HLA pifA %l L 7> (Fig.
9). Day —213 OHEMEFEO MHIZ>WTld EDTA
WHNZ & 5 HLA-A2 OHUMEDOZALIZFAD bk o
7203, AT H il OBl EDTA @ & ) MFI
34504 A5 22245 N RE L ER L7

[5EH 2)

58 ek, BRI BEREE D HBAT L2k a i
P LI TR O 72 80 |2 [F) A I Bl R Rl S L B &
Tolz. BNV 7 TIIHLA =3 FF =24 6N T,
s A 2 i 5 & & 1278 o 72, BBAIRTIZ LS-Single
18 X ' LS Single IT %12 X ) HLA $tihhbHTH %
ZEDSHIE L TWwWiz7z, HLA A—BHE A EE %
F$ 5 HLA JUBRIZHIS L X 912 HLA-DR —BER
—H D FF—25B NS N7z (Fig. 3A B LU B). I
BHEf% 20 &7 H © LSSingle I #:12 & © HLA Juik %zl €
L7:& 2 A, HLA-A2 Hifk @ MFT 238 i 5 @ 4,495
2520269~ & LR L TWwiz, BHLH o LS-Single I
B L DRI R 2 FME L2 25, HLA-A2 B
0 b, HLA-A2 Juls & 87 Utk B 5 HUFIC RV
B ASER 57z (Fig. 3B). #®7:%, HLA-A2 Pu)E
&5l < RS L7z HLA-A2 fifk & e it3E v o Zkbifk
EDORIEA, BHIMER DI L ) HES TSR
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Fig. 3 HLA antibodies detected in case 2.

A. HLA profile of case 2. B. HLA antibodies detected
by LABScreen Single Antigen beads Class I method. B.
Effects of EDTA treatment on the titer of HLA anti-
bodies detected by LABScreen Single Antigen beads
Class I method. Open bars correspond to the bars pre-
sented in Figure 3B. Median FI. median fluorescence
intensity, EDTA: ethylenediaminetetraacetic acid.

A% 272 PME I EDTA Z3b0 L T LS-Single
[ %5 L7-& 2 A, AR O HLA-A2 Juikid B Hit%
20 7 A ofi & [FARICEE & t;?o 72 (Fig.3C). F7=, #
MME I EDTARML 722 2125 ) MFLI AR & E
b L7z D1k HLA-A2 Hifk k HLA-A1L $tfKTH - 7-.
RO EMERRE CELL72d oD, KEFITIE
BIREN2BER IO HLA 7 5 X THEIE—3 L Tz
7o 17 HITEFEE PR SN, BBENOLH)
WxhwnwetEz 5hi-.

RICHE O#REHER

HLA Uk DI 33\ TG HH ORI A8 55 25 2 %
DS % BHE LT 2 1 REVE 2 RS 3 % 72912, HLA
PURAS Il % 7R L7z 8 MARIC DWW T, 7)) n#k (56C,
30min) {2 & 2 HiRDIE@IL, 1 )DTT LB, ~)EDTA
LI % 4T\, £ O T LS-Single I #:38 & U LS-Single
I #:C HLA ik % l5E L7z, 8 Mk 7 MRiz B v,
WkOIEEML, DTT WLH, EDTA W Z 352 L1Ck o
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Table 1 The effect of EDTA treatment on the MFI value of HLA antibodies in 8 cases.
Number of beads exhibiting indicated MFT
Sample EDTA 1,001 ~ 5,001 ~ 10,001 ~ 15,001 ~ | 20,001 ~
Methods ID | treatment | =199 | 5000 10000 | 15000 | 20000 | 25000 | =22001

- 0 1 8 8 28 0 0

®
+ 0 3 7 6 12 15 12

Class T
) - 3 12 8 11 8 13 0
PRA ©F3

+ 4 13 6 12 7 12 1
- 1 11 20 3 0 0 0

Class I @
Lab + 1 1 9 13 10 1 0
Screen - 27 22 6 11 2 6 0

®
+ 24 26 5 3 5 8 26

Class T
- - 37 28 11 4 12 5 0
Single 3

+ 41 24 11 4 12 5 0
- - 38 28 6 5 10 5 0

Class IT ®
+ 43 19 2 1 7 12 8
B - 0 0 20 16 0 0 0

Class T @
+ 0 1 3 18 14 0 0

WA]\I/(IEIOW PRA

- 2 15 14 0 0 0 0

Class I @
+ 2 13 7 8 1 0 0

In all cases except case 3 (*), the frequencies of HLA antibodies with higher MFI were increased after treatment with EDTA. Mean FI:

mean fluorescence intensity, EDTA: ethylenediaminetetraacetic acid.

T, PR OMAK L ) & v MFL 2R 3P E— XD
B DSHEIN S A AR S 7z, Table 1 12 LS-Single
[ X BHIEICHIT 5 EDTA WP O E2HaT L7z
KR AR T. EDTA B X o THRHEFTOMIK L ) b
B MFL 2 7R PR E— ZOBEDSHEML Twb. F
7z, PURE — XT3 5 RS IE MFI 28w (3 L, s
RIOIMFIC & o TRIBAFR S HHl S hTwiz, Tk
912 HLA YR DA AT T EIMEIC & 2 FOSHE
A58 W EH 1] 1 X LABScreen PRA (Class I, Class IT) #,
LS-Single I 3 X ' 11 #:, WAKFlow MR (Class I, Class
ID) BTl LA Thilo o/, FEMIZ, Ta-
ble 1 HOMAOIEEH PRI TH 212D ST, 1L
® EDTA WLHIZ X 5 MFIEO K& LB biZA SN L
Ao 72. Fig. 4 13 LSSingle T #1128 W T, Z DB G A A
LNz 16T, #HEdic MFIfE, ##1213 EDTA JLa
B MFIEDSE WIEICY — X0E% (7)) VvE) %
RLTWA. EDTA JLE# O MFI A% 15000 X 1 b &
WRIBERTE—XI2BWTNE - DTT LD 5 i
EDTA WLFIZ X 2 HukMli 0 ERASHO SN 2Dz
SIS ORRE S LY, FUEHURR G 2] S
nTwiztEzohs 72, WTIhORKIZBWT
b DTT WLEZ EDTA WLBE & fitR DI LI LT MFT
EDOZEALIZ/NETH - 7z

z =

figE SRR (2 B U 72 HLA PUiARE T, BREEIC XY
PG O ZE B TEHEASTRD SN B 2 fEl & e L 7.
AL U 721035 % F 72845 5 & LB ET o ML T oRs R
EERHEBRE LA, ZOTRMIIPURORREC
FBIRA R <, B OPURIE &R O E AR T
AT 25 B EF AR S 7z HLA Pk oM i
HH ORI 2 HLA I3 2 ik (—kbifk) & s
FHDOE =X EOPURE O FULICE] & FnT, PusIC
KA L7z i h o $ifk % 385k 3 2 kPR O KOs 5 5
W S b, HURBURRIS IS B W THAAAEE & 7 -
WA, B LA RSO Z 2R T a v —
VHIG | LIFERTWS. bbb ORER L 72 iER T
BRINHLD, 2o [Fuy—rEHE | LHEML
TWAIZ ENS, KFTIE [Fay—UKB%] L
W s, Z0kda7ay—UEBRIEREICR ST
WENHA SN TVWB?, 7y — U HEBLS I I3k
ClHBS LTWB I EARIEBENT WA, Fig. 5 124
K C1 O & L L T — kPRSI G T 28T %
RY. #ifkClix Clg, Clr, Cls ¥ 72=v b5
ok &, Cls-Clr-Clr-Cls ®— PRI § 5 k5458
LA RPUARAE A AL & B E LT B BN R, Mk
DO BRI DOFEMALIZ X > TRIKTH 5 Clg D=
TEVARMEE DK E Y, WEINIC ZRPUAD RS %
FHEL TV B EEMED £ 2 Shiz. Aoz s v
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Secondary antibody (anti-lgG)

Primary antibody (19G)

Fig. 5 The structure of complement 1 associated with primary antibodies

on the beads.

The complement component 1 (C1) molecule is composed of one Clq sub-
unit (blue) and a tetramer (320 kDa) consisting of two Cls subunits (red)
and two Clr subunits (flesh), stabilized by eight Ca?* ions. The Clq mole-
cule forms a hexamer with the aid of disulfide bonds. In the activated
state, the binding region in Clq become accessible to highly dense IgG.
The binding of the complements interfere with the binding of the anti-
IgG detection antibodies in the LABScreen Single Antigen Class I meth-
od. The addition of DTT cleaves the disulfide bonds between subunits of
Clg. EDTA treatment abrogates the tetramer formation by Cls and Clr

by withdrawal of Ca2* .

TDTTAHETT OV — VB ARE E N0,
Clq DAREKETEHR LTS SSTHEGHIM S hiz7-0
ThobEEZHNY EDTAMEIZ Ca  #FL— T
HIEZEVHiKClDH 7=y FTHh 5 Cls-Clr
ONBEREE ZHEL T2 #2515 LS Single
B0 YA — KPR D Fe BRCHEET 5 D12nk L
T WAKFlow MR #:43 Fab #402k&d %25 70—
VREBLSIZFEBRICEO SN S, kKO
P (—RPUENOHEA AT Fe ¥ 7213 Fab) (ZI3KHFF
LZawe# 2 515, Table 1 OBAAEGIZ B WHUAMG 2
RLAZICOELT 7Ty — VBN RD SN d o
7225, iU HLA ik ki e omuwg7 2
5 XA TH 5 IgGl % 1gG3 D5 B EEHA % d o 727
FEMEDSH B L ERZ L Tnh. EHIZFCXMETT R Y —
VRSO SN o DI, U v 3k Eo HLA
PEOBEENRE = LR TEW 2O TH L EEZ S
N5, LS-Mix % Tid LSSingle #: & ) &£ ¥ — X125k
T O [F— R B EAME L, IgG O ML 2 L EE T 5
RO AHEZ D IZ Wiz 7y — VR
BARI NI otz R ENT.

SR OFEFITIZY) ¥ 88k 7 0 A< v F % WK fiAT
LTz, MBI X 2REOT 2 522 T
& 7275, LSSingle O A THET 5 %6, FFIE 11l
O HLA difkx Wik & 3RS 5. 2 z2pi <70
WA RIE L SR 2L EBHLH, Tkl L

T 56C, 30min {2 & Z2MBLIII Ny 7 755 v 8
EABYEDH Y, I EDTA L %4 5139 HijfE
TRETHDHEEZOND. T2, BEOMEKREKT
DMBEFERICB W TR EEDE 42 R T 5 2
ELHEBMTHY, Tuv— UHRHROAEE S HIT
PR L D YT ORI BT, LS-Single
BETODSADKFTE) YR B A~y FTH D
FCXM ZWATLTEMBLTHY, HIKRELL B oz
SEBNI ST L22ER 1 OATHS. LrL, U
RERZ 0 A~y F RN L e W M RGER 7 &3
T, MEDIMIEMR T o LS-Single H: O H % Hiat
L 72458, MFI %% 15,000 DLk & Jufkflinses <, K
IS E VL 2o TV B Y — XD ) A5 MFI %52
LTEY, Tuy— RGP EbNSRERD, ¥ 5%
TAEL 72

E )

BES R BT, BEDOHRA T 5 HLAYiUKA DSA
& % W EEMEDSE K Z DA AR O FHICK &
A, ARToOREHC LY, MG oAk HLA
PkoOMM A2 EST 256055 2 LARENTED,
AV RAE LT RRE oG Tid %k <,
EDTA Z@ML7ZMENOEENE TN 5.
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INACTIVATION OF COMPLEMENT IS REQUIRED FOR PRECISE EVALUATION
OF Anti-HLA ANTIBODIES: AN IMPORTANT LESSON LEARNED FROM
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Yasuo Miura", Akihiro Kanematsu®”, Tadakazu Kondo", Satoshi Yoshioka"", Osamu Ogawa®,

Akifumi Takaori-Kondo", Hiroo Saji” and Taira Maekawa"

"Department of Transfusion Medicine and Cell Therapy, Kyoto University Hospital
“HLA Laboratory

“Department of Urology, Kyoto University Hospital

“Department of Hematology and Oncology, Kyoto University Hospital

*Present affiliation: Department of Urology, Hyogo College of Medicine

Abstract:

Precise evaluation of donor-specific HLA antibody (DSA) is essential because the existence of DSA is closely as-
sociated with poor prognosis in allogeneic transplantation of solid organs such as the kidney, lung, heart and liver, and
in non-HL A-matched allogeneic hematopoietic stem cell transplantation. We experienced two patients whose high
level of DSAs were underestimated by LABScreen single-antigen beads class I methods. In contrast, the DSAs were
measured precisely by using LABScreen mixed beads methods, as well as flow cytometric crossmatch. Surprisingly,
DSAs were measured precisely using single-antigen beads (SAB) assay when the patient sera were treated by heat
(66, 30 minutes), ethylenediaminetetraacetic acid (EDTA) or dithiothreitol DTT). These results suggest that comple-
ments inhibited binding of the secondary antibodies to the primary antibody (DSA) in the detection of DSA using SAB
assay. Such inhibition was observed specifically when antibody titers were markedly high. We call the inhibition by
complements “prozone-like phenomenon,” and here propose that inactivation of complements in the test serum by

treatment with EDTA is mandatory for the precise measurement of DSA using SAB assay.
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