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Table 1 Optimum conditions for the IgM-M-

MPHA screening test using IgM anti-HLA-A2 se-

rum

Serum titrationNegative
 control

MinutesTemperature
1：321：161：81：4

（－）（－）（－）（－）（－）30
 4℃

（－）（－）（－）（W）（－）60

（－）（－）（－）（W）（－）30
22℃

（－）（－）（W）（2＋）（－）60

（－）（－）（W）（2＋）（－）30

37℃ （W）（2＋）（2＋）（2＋）（－）60

（W）（2＋）（2＋）（2＋）（－）90

Table 2 Comparison of IgM-HLA antibody detection in 121 sera samples from PTR patients

Number detected by other methods compared to the method at left

Number
detected

Method
AHG-LCT

FlowPRAM-MPHA

IgG-IgM- & IgG-IgM-IgG-IgM- & IgG-IgM-

2083230252348IgM-M-MPHA

1803230231235IgM-FlowPRA

FlowPRA����� 3��IgM-FlowPRA��
IgG-FlowPRA��	
�� 32��IgG-FlowPRA
����� 8�����IgM-FlowPRA����
IgM-M-MPHA�
������� 48�� 13�
� IgM-HLA������������
�IgM-
FlowPRA�
������� 35�� IgM-HLA
���� !�IgM-M-MPHA�
�����"
#������$%�AHG-LCT����IgM-M-
MPHA�
������� 48��&'�20��
IgM-HLA��(���������
IgM-M-MPHA�)�� IgM-FlowPRA���

��	(*�+�����,-. IgM-HLA��
���(�IgG-M-MPHA�)�� IgG-FlowPRA
�����	(*�+�����,-. IgG-HLA
������"#�
��/0123(� HLA
����4��IgM-HLA������� 8�
5967�IgM-HLA��8IgG-HLA����� 40
�54367�IgG-HLA������� 45�54867
���5Table 37�
IgM-M-MPHA������IgG-M-MPHA��

9�� 23:���AHG-LCT
���;
�
HLA-A2�<=��!>�:� A22.?* 12:
�
@>!�IgM-M-MPHA�.A>"#���#
�)�<=�"#������� HLA���
BC�.<=�"#�����5Table 47�)��
#�D 13:�� IgM-M-MPHA�
�"��E
F��:� A1.?��GHI./JJKLMN�
"#�
��O!9�P(��
M-MPHA�
���IgM-HLA��� IgG-HLA

�������� 25:�� 13:�
@>!�
IgM-HLA��� IgG-HLA���BC�.Q�
R�<=���5Table 57�IgM-HLA��� IgG-
HLA���BC��<S:�� 5:��BC��
O*C�":�� 7:��$T�C�":�� 1
:�����IgM-HLA��� IgG-HLA���
BC��<S:��UVW� 2X3�����B
C��C�":���O!�V�����
IgMY�IgG-M-MPHA��O!���EF��G
HI./JJKLMN�"#�
��9�P(
��
3�����
IgM-M-MPHA�
���IgM-HLA���BC

��<=��� 26:�� 7:�� PCsZG
@
>!�IgM-HLA���BC�
[F�"�\9
� PCs��[F�"�\�� PCs�ZG]^.�
_���5Table 67�IgM-HLA���BC�
[
F�"�\9�� PCs���CCI24hours� 19.7`4.7
5a109�L7.b(ZG]^.c"#�������
IgM-HLA���BC�
[F�"�\���
PCs���CCI24hours� 2.0`1.95a109�L7.b(Z
G]^.cD�����
��1/defLg
���IgM-HLA-B5

Cross Reactive Group Antigen5CREG7����

hiZGjklm n52o n 3p 407



Table 3 Summary of the estimated immunoglobulin classes of 93 HLA antibodies detected in 
121 sera samples from PTR patients

FlowPRAM-MPHANumber of
reaction patternsNumber（%）Ig class of

HLA antibodies IgG-IgM-IgG-IgM-

（－）（－）（－）（＋） 5
8（9）IgM

（－）（＋）（－）（＋） 3

（＋）（＋）（－）（＋） 9

40（43）IgM+IgG
（＋）（－）（－）（＋） 6
（＋）（－）（＋）（＋） 2
（＋）（＋）（＋）（＋）23

（＋）（－）（＋）（－）38
45（48）IgG

（＋）（－）（－）（－） 7

93（100）Total

Table 4 Specificities of IgM-HLA antibodies positive on IgM-MPHA and negative on IgG-M-MPHA

SpecificityAHG-LCT

FlowPRAM-MPHA
Patient HLA type

Gender
Blood 
Type

Patient 
I.D. IgG-IgM-

IgG-IgM-

NTT‡NT†CwBA

（Anti-HPA3b+anti-HLA-A2）0/20（－）（－）0/2020/2020/20＊52511124MO+A1 

Anti-HLA-B13+B60+B610/20（－）（－）0/200/2010/20 9 154 2MB+A3 

Anti-HLA-A31+A330/20（－）（－）0/200/206/2010526124 2FA+A4 

Anti-HLA-B7+B48+B600/20（－）（－）0/200/205/20 4 962353126FA+A5 

Anti-HLA-B51+B520/20（－）（＋）0/200/208/20 94835 2FA+A6 

Anti-HLA-Cw30/20（＋）（－）0/200/2012/2052483124FO+A9 

Anti-HLA-A26+A31+A330/20（＋）（－）0/200/2010/20 9 735 711 1MA+A10

Anti-HLA-A2+B600/20（＋）（－）0/200/2012/2010 155583311MA+A11

Anti-HLA-B13+B60+B610/20（＋）（＋）0/200/2010/20 862522624FB+A19

Anti-HLA-B48+B60+B610/20（＋）（＋）0/200/205/20 1545224 2FA+A20

Anti-HLA-A26+A330/20（＋）（＋）0/200/206/20 9 1556124 2FA+A21

Anti-HLA-A210/20（＋）（＋）0/200/2010/20 152511124MO+A22

Anti-HLA-B13+B60+B610/20（＋）（＋）0/200/2010/20 8 1463524 2FB+A23

†：M-MPHA with chloroquine-untreated platelets
‡：M-MPHA with chloroquine-treated platelets
＊：Number of positive panels/Number of tested panels
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Table 5 Specificities of IgM- and IgG-HLA antibodies positive on IgM- and IgG-M-MPHA

Screening methodPatient HLA 
type

Gen-
der

Blood 
Type

Patient
 I.D.

FlowPRAAHG-LCTIgG-M-MPHAIgM-M-MPHA

IgGIgMSpecificitiesP/NSpecificities
TNT

Specificities
T‡NT†

CwBA
P/NP/NP/NP/N＊

（＋）（＋）0/14B51+B520/144/14B51+B520/144/147 1556724 2MO＋B10

（＋）（＋）0/12A260/124/12A260/124/12 7523924 2FB＋B22

（＋）（－）0/12A20/126/12A20/126/1252511124MO＋B25

（＋）（＋）A26/12A20/126/12A20/126/121061522624FO＋B7 

（＋）（＋）B48+B60+B616/20B48+B60+B610/206/20B48+B60+B610/206/20 66237 2 1FA＋B16

（＋）（＋）0/20B35+B510/206/20B600/204/201061443326FB＋B15

（＋）（＋）0/16A330/164/16B440/164/16 1545224 2FA＋B21

（＋）（＋）0/14B51+B520/144/14B600/143/149 1556124 2FO＋B23

（＋）（＋）B13+B60+B616/20B13+B60+B610/206/20B51+B520/206/20 1541124FB＋B9 

（＋）（＋）
B13+B60+B61+
Cw3

13/20
B13+B60+B61+
Cw3

0/2013/20A240/207/20 7623926 2FO＋B24

（＋）（＋）
A11+B7+B48+
B60

12/20A110/204/20B7+B48+B600/208/2010614426 2FO＋B6 

（＋）（－）A24+B4414/20B440/206/20A240/208/20 9355131 2FB+B14

（＋）（＋）B7+B546/20B7+B540/206/20B540/203/20 1465224 2FO+B19

†：M-MPHA with chloroquine-untreated platelets
‡：M-MPHA with chloroquine-treated platelets
＊：Number of positive panels/Number of tested panels

Table 6 Response（mean±SD）to platelet transfusion in patients with IgM HLA antibodies

PCs with corresponding antigens
PCs without corresponding 

antigensSpecificities of
IgM HLA antibodies

Patient HLA typeBlood 
Group

Patient 
I.D.

CCI24hours（×109/L）numberCCI24hours（×109/L）Number＊CwBA

0222.7±4.3 6Anti-HLA-B13＋B60＋B619 154 2B＋A3 

1.3±1.9320.2±2.9 8Anti-HLA-A31＋A3310526124 2A＋A4 

0.6±0.6225.2±6.1 5Anti-HLA-B7＋B48＋B604 962353126A＋A5 

0.5±1.9621.9±4.124Anti-HLA-B51＋B52 94835 2A＋A6 

0.7±0.513 14.2±3.215Anti-HLA-B51＋B52 1541124B＋B9 

5.4±4.7824.9±4.110Anti-HLA-B609 1556124 2O＋B23

0.7±1.4416.0±3.9 6Anti-HLA-A24 7623926 2O＋B24

2.0±1.938 19.7±4.774Total

＊：Number of transfusions
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Table 7 Response to platelet transfusion in patient A6 with IgM-HLA-B5CREG antibodies

CCI24hours
（×109/L）

Crossmatch-test
HLA-CwHLA-BHLA-A

Blood 
type

AHG-
LCT

M-MPHA

IgG-IgM-
8948352A＋Patient

NTT‡NT†

0（－）（－）（－）（＋）848512A＋6907

Donor

0（－）（－）（－）（＋）512A＋4390

0（－）（－）（－）（＋）848512A＋2994

22.7（－）（－）（－）（－）9848352A＋9417

19.6（－）（－）（－）（－）9352AB＋1093

27.8（－）（－）（－）（－）960352O＋1170

†：M-MPHA with chloroquine-untreated platelets
‡：M-MPHA with chloroquine-treated platelets
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PLATELET TRANSFUSION REFRACTORINESS ASSOCIATED
WITH IGM-HLA-CLASS I ANTIBODIES

�IMMUNOGLOBULIN CLASS HETEROGENEITY OF HLA CLASS I
ANTIBODIES IN PTR PATIENTS

Satoshi Saito1�3�, Toyohiro Tamai2�, Masao Ota3�, Satoshi Ota1�, Masayoshi Komatsu1�,
Morito Hirabayashi1�, Keiko Tamaki1�, Hideyuki Seshimo1�, Hisashi Shimizu1�,

Hideki Asamura3�, Hirofumi Fukushima3�and Setsuo Nomura1�
1�Japanese Red Cross Nagano Blood Center

2�Diagnostic Systems Department, Olympus Corporation
3�Department of Legal Medicine, Shinshu University School of Medicine

Although HLA-class I antibodies�Abs�are considered one of the major obstacles in posttransfu-
sion platelet increments for platelet transfusion refractory�PTR�patients, whether IgM-HLA-class
I Abs are associated with accelerated platelet destruction and transfusion failure remains unclear. Ac-
cordingly, we assessed the frequency of IgM-HLA-class I Abs development in 121 PTR patients using
the magnetic-mixed passive hemagglutination assay�M-MPHA�, flow cytometric reagents for detec-
tion of panel-reactive antibody against HLA Class I antigens�FlowPRA�and the anti-human immu-
noglobulin lymphocyte cytotoxity test�AHG-LCT�. The relationship between IgM-HLA-class I Abs
and PTR was assessed by calculating 24 h post-transfusion corrected platelet count increments
�CCI24hours�. Result showed that IgM-HLA-class I Abs were detected in 48 of 121 patients using the M-
MPHA. Only 20 and 35 of these 48 IgM-HLA-class I Abs were detected using the AHG-LCT and
FlowPRA respectively. In 7 of 48 patients positive for IgM-HLA-class I Abs, 74 transfusions without
corresponding antigen for specificities of IgM-HLA-class I Abs had CCI24hours of 19.7�4.7��109�L��In
contrast, 38 transfusions with corresponding antigens for specificities of the same Abs had CCI24hours of
2.0�1.9��109�L�. Collectively, IgM-HLA-class I Abs were detected in 39.7� of PTR patients, and
were considered to play a role in mediating refractoriness to platelet transfusions. In 28 of 48 cases,
IgM-HLA-class I Abs could not be detected by the AHG-LCT. Detection of IgM-HLA-class I Abs us-
ing the M-MPHA may clarify the as yet unknown mechanism of the pathogenesis of PTR.

IgM-HLA-class I antibodies, IgG-HLA-class I antibodies, Platelet transfusion refractori-
ness�PTR�, Magnetic�mixed passive hemagglutination assay�M-MPHA�	Flow Cy-
tometric Reagents for Detection of Panel-reactive antibody against HLA Class I antigens
�FlowPRA�

Key words


������� �52� � 3� 413


