834 Japanese Journal of Transfusion and Cell Therapy, Vol. 59. No. 6
F 2 HERERF R BIEE A & M A R
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JeiEil 288 | 353% | 56.3% | 44.8% | 523% | 494% | 459% | 2486% | 637U/IK | 1382U/K | 300U/ | 37.28g//K | 4.93g/FE
HHREL 86 | 506% | 535% | 47.1% | 529% | 71.8% | 457% | 271.1% | 6.02U/IK 9.81U/IK | 229U/5K | 2937g/IK | 4.35g/IK
LR 65 | 520% | 50.9% | 43.6% | 61.1% | 764% | 539% | 2859% | 6.30U/IK | 1379U/MK | 259U/M | 43.25g/M% | 827g/Mk
YIENL 80 | 455% | 59.7% | 54.2% | 62.5% | 722% | 58.0% | 306.6% | 5.18U/KK 779U/ | 157U/IK | 2083g/MK | 358g/HK
FRHBL 62 | 66.0% | 69.6% | 69.6% | 754% | 684% | 67.2% | 3504% | 538U/IK | 11.86U/ER | L58U/FK | 2997g/Fk | 2.71g/FR
1y 28 | 444% | 875% | 625% | 87.0% | 875% | 826% | 407.1% | 8.04U/IK 925U/IK | 308U/IR | 334g/IK | 263g/IK
’Fﬁi 213 84 | 486% | 706% | 67.7% | 758% | 754% | 750% | 364.4% | 568U/ 718U/ | 228U/1K | 2398g/K | 387g/k
KB 78 | 308% | 574% | 449% | 582% | 652% | 414% | 267.1% | 644U/#K | 870U/K | 183U/KK | 2680g/KR | 423g/K
HEA UL 72 | 421% | 684% | 541% | 593% | 59.0% | 695% | 3104% | 7.23U/K | 1026U/KK | 340U/k | 46.78g/1% | 6.19g/1k
BEIGUL 98 | 554% | 756% | 70.0% | 74.7% | 722% | 852% | 377.8% | 658U/IK | 12.95U/IK | 330U/IK | 3537g/IK | 4.24g/ik
By keht 222 | 49.1% | 669% | 481% | 525% | 563% | 558% | 2795% | 833U/MK | 1237U/IK | 381U/ | 39.08g/IK | 7.55¢/1K
TH#E 151 | 419% | 724% | 446% | 65.9% | 654% | 51.9% | 3003% | 866U/MK | 1333U/IK | 429U/ | 46.73g/K | 5.59g/h
HORAR 415 | 504% | 738% | 71.0% | 682% | 636% | 827% | 3593% | 867U/IK | 17.10U/IR | 432U/IK | 4745¢/IK | 643g/IR
ML | 188 | 454% | 696% | 69.2% | 720% | 701% | 649% | 3458% | 827U/IK | 1414U/IK | 341U/IK | 36.70g/IK | 6.57g/IK
B R 88 | 615% | 844% | 645% | 77.9% | 96.1% | 827% | 405.6% | 682U/IK | 1479U/IK | 244U/1K | 39.33g/IK | 4.66g/1%
Bk 48 | 495% | 727% | 65.7% | 61.8% | 66.7% | 63.9% | 330.8% | 513U/ | 88U/IK | 142U/1K | 2529g/1K | 455g/1K
PRI 53 | 500% | 851% | 674% | 66.7% | 653% | 755% | 360.0% | 448U/IK 7.270/1K | 115U/IK | 1538g/IK | 342g/IK
RiFELL 52 | 437% | 639% | 514% | 432% | 564% | 487% | 2635% | 698U/IK | 1285U/IK | 229U/0K | 353g/WK | 69g/IK
IEUR 38 | 551% | 647% | 714% | 735% | 722% | 686% | 3505% | 6.00U/IK | 716U/ | 253U/IK | 3878g/MK | 4.16g/IK
JHPUE 80 | 526% | 739% | 652% | 75.0% | 826% | 702% | 3669% | 592U/IK | 1145U0/IK | 226U/ | 3091g/I% | 5.22g/1K
I KL 5 83 | 593% | 723% | 61.2% | 64.2% | 746% | 636% | 336.0% | 6.11U/IK 7.82U/1K | 208U/EK | 3969g/FK | 540g/FR
i b I 102 | 468% | 722% | 615% | 62.9% | 63.7% | 602% | 320.7% | 867U/IK | 13.38U/IK | 308U/IK | 36.05g/IK | 4.00g/1%
EaE 184 | 41.1% | 654% | 59.7% | 584% | 534% | 622% | 299.1% | 759U/ | 13.93U/K | 367U/IK | 3608g/IK | 7.02g/IK
ZEpL 47 | 398% | 651% | 50.0% | 558% | 77.3% | 614% | 309.6% | 606U/ | 1L86U/IK | 278U/M | 3498g/KK | 637g/1K
AT 35 | 467% | 750% | 621% | 655% | 733% | 73.1% | 3490% | 6.11U/IK | 1049U/IK | 287U/IK | 4466g/IK | 4.60g/Tk
LRI 92 | 455% | 654% | 60.2% | 48.8% | 58.8% | 706% | 303.9% | 6.75U/FK | 1277U/FK | 444U/JK | 5961g/FK | 6.98g/ER
T 254 | 37.0% | 733% | 594% | 58.0% | 60.9% | 611% | 312.7% | 7.66U/KK | 1402U/IK | 407U/IK | 448lg/IK | 581g/hk
R 179 | 398% | 692% | 723% | 709% | 765% | 76.6% | 365.6% | 7.29U/K& | 10.83U/IK | 325U/KK | 3806g/K | 4.12g/H
SR 43 | 434% | 744% | 55.0% | 47.5% | 550% | 40.0% | 271.9% | 658U/IK | 1844U/IK | 456U/IK | 17.15g/IK | 540g/IK
AFLE 44 | 324% | 735% | 383% | 486% | 514% | 457% | 257.6% | 595U/IK | 867U/IK | 3.18U/IK | 46.14g/IK | 6.07g/IK
KSR 28 | 483% | 75.0% | 54.2% | 66.7% | 760% | 66.7% | 3385% | 6.64U/IK | 1L28U/IK | 245U/I% | 38.16g/IK | 4.llg/hk
VAL 29 | 500% | 739% | 750% | 783% | 810% | 826% | 3938% | 486U/ | 1026U/K | 1L93U/KK | 1466g/1K | 453g/h
FR LA 96 | 434% | 68.6% | 65.1% | 627% | 663% | 720% | 334.6% | 6.89U/IK | 10.78U/IK | 286U/IK | 4953g/FK | 5.08g/IK
LRE 141 | 426% | 69.0% | 47.9% | 54.8% | 55.1% | 500% | 2768% | 644U/IK | 2385U/IK | 245U/IK | 46.02g/IK | 648g/IK
LR 82 | 503% | 71.0% | 536% | 59.7% | 69.6% | 57.6% | 3115% | 492U/IK | 6.02U/K | 203U/IK | 2542g/1K | 3.89g/kk
HEL 43 | 277% | 706% | 588% | 47.1% | 588% | 625% | 207.8% | 511U/EE | 9.07U/EE | 194U/B | 3685¢/5K | 881g/R
Faplitng 51 | 345% | 66.7% | 47.5% | 60.5% | 585% | 487% | 282.0% | 563U/IK | 833U/IK | 277U/IK | 2877g/FK | 8.64g/FK
ER 85 | 438% | 687% | 623% | 621% | 639% | 66.7% | 3237% | 576U/IK | 9.25U/IK | 291U/IK | 3745g/IK | 6.00g/IK
fia 1A 66 | 440% | 66.7% | 50.9% | 66.1% | 741% | 49.1% | 306.9% | 466U/KK 927U/KR | 271U/ | 20.10g/1K | 2.15g/HK
HRFSL 233 | 379% | 689% | 55.2% | 56.9% | 594% | 549% | 295.3% | 6.62U/FK | 1L67U/KR | 306U/FR | 4547g/FR | 3.56g/HF
B 65 | 436% | 64.0% | 423% | 36.7% | 51.9% | 47.1% | 242.0% | 422U/IK | 582U/IK | 275U/IK | 2720g/IK | 1.95g/IK
IR 101 | 362% | 680% | 475% | 51.9% | 67.5% | 494% | 284.2% | 499U/IK | 848U/IK | 237U/IK | 4530g/HK | 3.39g/ik
HE AL 146 | 423% | 603% | 49.6% | 546% | 458% | 47.0% | 257.3% | 6.39U/k | 10.19U/KK | 3.15U/IK | 46.15g/IK | 4.04g/HR
KIrhk 99 | 440% | 67.1% | 482% | 554% | 578% | 427% | 271.2% | 536U/ 828U/IK | 291U/Kk | 2840g/Kk | 251g/kE
G 62 | 281% | 457% | 41.3% | 37.8% | 426% | 444% | 211.7% | 565U/IK 9.90U/IR | 286U/IK | 3817g/IK | 443g/1R
BEMLESIE | 112 | 27.0% | 4949% | 42.1% | 44.8% | 393% | 489%.| 2245% | 496U/EK | 7.95U/EK | 231U/EK | 3660g/EK | 287g/FR
R 34 | 354% | 71.0% | 75.0% | 75.0% | 78.1% | 688% | 367.9% | 898U/ | 1421U/K | 507U/IK | 50.74g/1K | 9.95g/H
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Abstract:

In the survey conducted in 2012, among the 11,348 Japanese institutions receiving blood supply from the Japa-
nese Red Cross Blood Center (JRCBC), the 4,812 institutions, which responded to the questionnaire, were enrolled.
Except for the appointment of the doctor responsible for the management of transfusion, more than 90% of the large
institutions (more than 300 beds) achieved the establishment of blood managing system. In cases of small institutions
(less than 300 beds), however, only 50 to 70% of them achieved it and no significant improvement was observed in the
last 5 years. Especially, the appointment rate of the doctor responsible for the management of transfusion was as low
as 50.3%. Compared to the fiscal year 2008, the number of red blood cells, platelets products and fresh frozen plasma
(FFP) used per number of beds in the fiscal year 2012 has increased by 15.6%, 21.5% and 30.1 %, respectively. 2-5 times
regional variations in the amount of blood product usage (red blood products by 2.1 times, platelet products by 4.1
times, FFP by 4.4 times, albumin by 4.1 times and IVIG by 5.1 times) was observed. It is an important issue to promote
the establishment of blood managing system in the small institutions, which account for 90% of all transfusions, and
is also critical to decrease the differences in the use of blood products between regional institutions.

Keywords:
nationwide questionnaire survey on transfusion medicine, transfusion management system,
appropriate blood transfusion
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Occupancy of whole blood cells by a single PIGA-mutant
clone with HMGAZ2 ampilification in a paroxysmal nocturnal
haemoglobinuria patient having blood cells with NKG2D

ligands

Paroxysmal nocturnal haemoglobinuria (PNH) is an acquired
stem cell disorder caused by expansion of PNH clones that
harbour PIGA mutations and lack glycosylphosphatidylinosi-
tol (GPI)-linked membrane proteins, such as CD55 and
CD59, leading to complement-mediated intravascular haem-
olysis and thrombosis (Parker & Ware, 2003). PNH also
manifests immune-mediated bone marrow (BM) failure.
PNH presents critical problems that need to be resolved
(Luzzatto et al, 1997; Dunn et al, 2000; Inoue et al, 2003;
Nakakuma & Kawaguchi, 2003; Parker & Ware, 2003): the
mechanism by which PNH clones expand, the pathogenesis
of BM failure, which is a major cause of death, and PNH
aetiology. :

Two hypotheses exist for the mechanism of clonal expan-
sion: survival and growth advantage theories. For the first
theory, PNH clones selectively survive in the setting of
immune-mediated BM injury (survival advantage) (Dunn
et al, 2000; Inoue et al, 2003; Nakakuma & Kawaguchi,
2003). A possible candidate for this is NKG2D (KLRK1)-

mediated immunity (Hanaoka et al, 2009), which is triggered
by the expression of ligands, such as major histocompatibilty
complex class 1 chain-related peptides A and B (MICA/B)
and cytomegalovirus UL-16 binding proteins (ULBPs).
MICA/B and ULBPs are peptide-linked (transmembrane)
and GPI-linked membrane proteins, respectively. The ligands
share NKG2D as a common receptor on such lymphocytes as
natural killer (NK) cells and CD8" cytotoxic T cells. The
engagement of NKG2D with its ligands that are frequently
coexpressed promotes the elimination of NKG2D ligand-
expressing cells by NKG2D" lymphocytes. Then, PNH clones
lacking GPI-linked ULBPs may preferentially survive by
immunoselection (Hanaoka et al, 2006). The growth advan-
tage theory is partly supported by the pathological expression
of genes such as high mobility group AT-hook 2 (HMGA2),
which encodes a transcription factor often found in benign
tumours such as lipoma and myoma, early growth response
factor 1 (EGRI), and Wilms’ tumour 1 (WT1) (Inoue et al,
2003; Nakakuma & Kawaguchi, 2003; Ikeda et al, 2011;
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Murakami et al, 2012). Current reports suggest that the two
theories are cooperative rather than mutually exclusive
(Inoue et al, 2003; Nakakuma & Kawaguchi, 2003). Indeed,
we here report a patient with PNH showing this cooperation.

A 47-year-old woman was diagnosed as having PNH with a
coexisting congenital deficiency of C9 in 1980. She is presently
79 years old and has maintained a high quality of life for more
than 32 years after PNH diagnosis. She has mild BM failure
responsive to low-dose metenolone acetate (10 mg/day). She
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Fig 1. Characterization of the PNH clone. (A-C) Lack of CD55 and
CD59. (A) total peripheral blood cells (Total cells, shaded histo-
gram), (B) erythrocytes (CD235a" cells), (C) granulocytes (CD11b"
cells) and lymphocytes (CD11b™ cells, ¥). An arrow (in panel A)
indicates blood cells positive for CD55 and CD59 of a healthy donor
(positive control). (D) Granulocytes positive for MICA/B but nega-
tive for ULBPs. (E) Lymphocytes positive for NKG2D. (F) HMGA2
mRNA amplification in leucocytes of the present case in this report.
For comparison, the data of the present case (e) were shown
together with our published data of 25 patients with PNH (PNH)
and 11 healthy volunteers (Normal) (Murakami et al, 2012). The
value of relative expression shows the ratio of HMGA2 mRNA
expression: sample/normal control. The mean relative mRNA expres-
sion (—) was 1-97 + 1.15 (standard deviation, SD) in PNH, 2.73 in
the present case of PNH, and 0-70 + 0-26 in normal individuals. (A,
D, and B) Dotted lines in the histograms indicate nonspecific back-
ground staining with isotype-matched control immunoglobulin.
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also manifests very low levels of both intra- and extravascular
haemolysis, with detection of haemosiderinuria and C3d-
bound erythrocytes (Hanaoka et al, 2012). Flow cytometry
showed complete occupancy of her peripheral blood by PNH
cells negative for both CD55 and CD59 (Fig 1A). Erythrocytes
(Fig 1B) and leucocytes (Fig 1C) all had the PNH phenotype.
In general, it is very rare that all lymphocytes show PNH
phenotype even in patients with high population of PNH-
erythrocytes and -granulocytes. Of interest, virtually all cells in
the lymphocyte fraction (CDI11b~ leucocytes) were also
negative for CD55 and CD59 (Fig 1C). It is then conceivable
that all haematopoietic stem cells are also affected. The blood
cells were of a single PIGA-mutant clone, which has
persistently‘ maintained haematopoiesis under the treatment
with low-dose metenolone acetate for more than 13 years since
1998 (data not shown). These findings prompted us to be
concerned about the mechanism by which the mutant clone
completely occupies blood cells in the patient.

Regarding NKG2D-mediated immunity as a potential
candidate that allows the immunoselection of PNH clones
(Inoue et al, 2003; Nakakuma & Kawaguchi, 2003; Hanaoka
et al, 2006, 2009), we confirmed the pathological expression
of MICA/B, peptide-linked NKG2D ligands, on granulocytes
(Fig 1D). Given that NKG2D receptor is expressed in the
patient’s lymphocytes (Fig 1E), NKG2D-mediated injury of
the blood cells may occur in the patient (Hanaoka et al, 2006,
2009). In this setting, the PIGA-mutant clone lacking ULBPs as
GPI-linked NKG2D ligands (Fig 1D) may survive and
accumulate (Hanaoka et al, 2006, 2009), leading to clonal expan-
sion. Of note, the PIGA-mutant clone also showed HMGA2
amplification about four times normal (Fig 1F), which is
reported to confer the benign tumour-like growth phenotype
(Ikeda et al, 2011; Murakami et al, 2012). The amplification
may also support expansion of the mutant clone in the patient.

This is the first case of PNH indicating the marked
expansion of a single PNH clone by combination of both
survival and growth advantages.
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Complement C3 is a substrate for activated factor Xlil that is

cross-linked to fibrin during clot formation

Complement C3 is the main effector protein of the comple-
ment system and plays a major role in innate immunity. A
growing body of evidence indicates complex interactions
between the complement and coagulation cascades (Oiko-
nomopoulou et al, 2012), which are likely to be beneficial in
the context of protection following injury. We previously
identified C3 as a novel clot component and demonstrated
that C3 binds to fibrin with high affinity and prolongs fibri-
nolysis in a purified system and plasma milieu (Howes et al,
2012), consistent with results of several clinical studies
(Schroeder et al, 2010; Hess et al, 2012; Howes et al, 2012).

116

In the present study we further explored the mechanisms
by which C3 becomes incorporated into clots, by evaluating
the interactions between C3 and factor XIII (FXII). Using
5-(biotinamido)pentylamine (BPNH2) in microplate-based
cross-linking assays (full details of all methods are provided
Appendix S1), BPNH2 was incorporated into immobilized
C3 and fibrinogen (positive control) in the presence of
thrombin-activated EXIII (FXIIla) but not zymogen EXIII
(FXIIIA2B2) in a concentration-dependent manner (Fig 1A).
Time-dependent incorporation of BPNH2 to C3 in the fluid
phase was also observed in the presence of FXIIla but not

© 2012 Blackwell Publishing Ltd
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OPTIMA study : Detection of GPI-anchored protein deficient cells
using high-resolution flow cytometry
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Abstract

Paroxysmal nocturnal hemoglobinuria (PNH) is a hematologic disorder characterized by the clonal expansion of
hematopoietic stem cells that are incapable of glycosylphosphatidylinositol (GPI) -anchor biosynthesis, due to an
acquired somatic mutation in the phosphatidvinositol ghcan class A-gene. The detection of GPl-anchored protein
deficient cells by flow cytometry (FCM) is essential for the diagnosis of PNH. Moreover, it helps to predict response
to immunosuppressive therapy in patients with bone marrow failure (BMF) such as aplastic anemia (AA). However,
the clinical significance of such PNH-type cells has not been assessed in a multi-centered, large-scale study. A
nationwide multi-center prospective observational study (OPTIMA study) was conducted to determine the prevalence
of increased PNH-type cells and its correlation with prognosis in patients who develop BMF. PNH-type cells were
detected with a high-resolution FCM method with liquid fluorescent aerolysin and antibodies against CD55 and CD59
that was established by Kanazawa University. The sensitivity and specificity of the assay (granulocytes, =0.003%;
erythrocytes, =0.005%) were validated by six laboratories using a positive sample containing 0.01% PNH-type cells as
well as a negative sample from a healthy individual. Of 664 cases examined so far, 240 (36.1%) had PNH-type cells and
76 (11.4%) had =1% PNH-type cells. In patients who had =1% PNH-typs cells, 50% showed lactate dehydrogenase
levels =1.5xupper limits of normal cases. Thus, we confirmed the feasibility for different laboratories to detect PNH-
type cells less than 0.1% precisely with a standardized high-resolution FCM method.

Key words : OPTIMA, PNH, high-resolution flow cytometry
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PNHAA Tich Bk L BEUIZUIEPNHA A TR OB O Th LY BEETRT,
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1285, PNHAA T HRMB A1~ 10%THNE, BLFFREFEHHENZL,

; TableZ OPTIMA HEROEE

FTEEGREH,; 1000HLLE

E5FEARN: 201144 H ~20134128318

WP HARS; 2011448 ~20165 12531 H(EREE34)

FEFMIEER ;

« BIRABIZ &L\T%}J@fﬁﬂ%ﬂ#@r’mimf*(%Mﬁkilﬁ%ﬁhﬁ%)
1%L FRETHEEFDEE

Bl R EEmIE B ;

o RIEBIZBULTHIEFIEROPNHE M5k (FrinEkE LU BERIBR)
DEHFEHFRIMEBR =0.005%., BHIBE=0.003%%RTEEDE
A

o« FERIERFPNHE MEBRAVEE 1% (FRIMBk =0.005%., FERIBR
=0.003%) THH=BI-BITAPNHE M B DENE DR TL

o PNHEUMIRAITE RICHTen - EN&IEEOSE LPNHE N
BROEREEDOBEZ
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OPTIMA : E#E FCM - X % PNH B3RO H

FLAER

Figure1 FLAER (Fluorescent-Labeled inactive toxin AERolysin)
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Figure2 PNHBRBERICBEH 25 —T1 07

PATEDS—BE, LTWAEILET, F0OLTH0Y%
OPNHEMBREHFTL2EEAN (B bo—)
Wefil, PNHEMRZFS 2VHOEESE (B
yihua—n) 2RAVCERNLR S ORAS) T ay
WL D BHRICBITAEELHERL CWa,

4. PEBHRER
20124 9 H OB ET, REHFEE 700 5, EBIC
TR T o - B8R HIT 664 BITH o 72 (Fig 3)o PNH
R mERES HEER 1 240 61 (361%) THH, ZOHT
Pt A 1% L EOEFIE 76 51 (114%) TH o 726

26

PNH B MIREEERN I BT 5 BRADEI &1, AA D
52% T b £, WV TMDSI5%, PNHI3% Th o
7z (Fig. 4)o F7:, PNHEMER 1% L EDEFICB
LEEBOESE, AAL%, PNH35%, MDS11% THh o
72 (Fig.5)0

PNH B f1Ek 1% LA EDEFICB VT, D 50%
T lactate dehydrogenase (LDH) »SRiRELHEED 15 /%
Ukt oTBY BMOFENRE X /2. PNHE
MEDFRELEF KT IO T, IDHBERL
TWHEAOEE DML TV 72 (Table3)o

Presented by Medical*Online



Cytometry Research 23 (1) : 23 ~ 28, 2013

== H R
~a=F RN

Rt 153

=i {%ELE

Figure 3 EARSE

Figure4 PNH MERKBHEFIC B L REEOHE

&@'&‘&&r&rﬁ’@&@«ﬁ‘@&

;ﬁ

BURRE
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Table3 PNH sk 1%Ll HAEFNC 31T % LDH #3808 LB 15 &2 B EfloEE

No. of cases | % 1.5x ULN

PNH clone 2 1% 64
50.0%

PNH clone 2 1% »aan LDH > 1.5x ULN 32

PNH clone 2 3% 48
v : 64.6%

PNH clone =2 3% and LDH > 1.5 x ULN 31

PNH clone = 5% 42
69.0%

PNH clone 2 5% and LDH > 1.5x ULN 29

PNH clone 2 7% 41
70.7%

PNH clone 2 7% and LDH > 1.5 x ULN 29

PNH clone =2 10% 35
74.3%

PNH clone 2 10% and LDH > 1.5 x ULN 26
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