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XoCTEERMBEMNTF 74 5F L —DRIETH L
bH 5. JFEIgE PUAMRER A X v 7 A P TEED L
CIZBEBR 2 fE RS 2356, @ik s LTF v L >
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T UNF— UG T b HERLAZENE DO —DTH
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Table ], 2 TEH SN D LHIZ, BAT i ATR B
D7z \ZEII R ST &7z 2009 4RI, Fx
VIS ATR 23564 L 72 9 Bloo i/ MR A F i (PC-
SN, supernatant of residual transfused platelet concen-
tration) S OE LR\ BIVE ASFEA L %% 2o 72 12 Bl
PC-SN IZDWT BAT %475 72" i BNIIE TH -
2720, R IEER DV — 2 L LTI ATR B Tld %L
fiEm AN HHWwTwab, ATR 235842 L 72 9 Bl PC-SN
DILD3IFITIE, PR EDBEHEASADIB LA
DOUFIEFER % 15L& 7258 (Table 1, case N1~N3),
ZD—75T, WERIZEIER A4 L =5 - 72 PC-SN
LB T IEEROIGHAL BB SN e o 72, 2O
13, ATR &l & O RRBAR & R 2 BEReR A & L
TOBAT 2B LMD TOLDOTH L. Tz, #H
NIFERER % v 72 BAT (&, 33t o ATR JE K 85
DR K F OFFHTE 2 S *, & OF D TR S
NTwa (Tablel, case N4~N6).

HEERY 7 OX 7y FHREE L TO BAT

2011 412, Nubret & K ¥ Dewachter HiE A F L »
TV — LB L 7= i A SR T O L 72 ATR3 FEBIIZ D W
T, Thzhl, 26092, G 3BICO>VWTHE L
(Table 2). ATR BE OIFHIEERIE, 3 BIETIZBNT,
AF LY TV L 72 [ — F - — Hisk o 455,
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Table 1 Summarized profile of non-cross-match BAT cases

reference blégzn;?::ieudc is patients non-cross-match BAT
serial lasma protein SN of residual product vs. normal subject
case N b b basophils o suspected
case No s activation  allergen
No. reference 73 "y o products elicited inhibition by by suspect
No £ symptoms Ab against 11
relerence deficiency antibody no dasatinib + dasatinib allergen
suspect
antigen
N1 A4 PC anaphylaxis (-) (=) The PC-SN activated
basophils from all of
5 normal subjects
N2 Matsuyama, A8 PC urticaria (—) (-) The PC-SN activated
2009 1) basophils from 3 of 5
normal subjects
N3 A9 PC  anaphylaxis  (-) (Z) " The PC:SN activated
basophils from 1 of 5
normal subjects
N4 case 1 PC  anaphylactic (—) (=) The PC-SN activated inhibited inhibited by activated by fish

shock basophils from 1" of 5 fish collagen I mackerel collagen I*
normal subjects Ab*# extract
N5 Matsuyama, case 2 PC  anaphylactic (-) (—) The PC-SN activated inhibited
2015 (25) shock basophils from 1 of 5
normal subjects
N6 case 3 PC  anaphylactic (—) (—) The PC-SN activated inhibited

shock basophils from 1 of 5

normal subjects

"the normal subject whose basophils were activated by the SN of the residual blood products possessed anti-mackerel IgE

# fish collagen I is a major allergen of mackerel.

#*anti-mackerel Ab was detected in one normal subject, and the BAT between the subject and case 1 PC-SN were inhibited in the presence

of fish collagen type L.
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AM PCSN IC & o T b s 5 & & & AfRE L 72
(Table 2, case C5, C6). BAT \d#iAF7H 7z R
SR BT %720, BHE4AIME %5% PCSN % 20 : 1
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(X 51) 12 250ml @ PC ZHgiil L 72312455, &
NS DIEBIFNT DOFE RS, BAT 3N 7 0 2 < >
FF A & LTATR Ll & ORBEBEROREIHN
EEZONL. LaL, INHIRE2E, P Bk
ThoT, 7BATyFFAbLTOBAT ORI
Pl D 5D LS ETH S, TORHIZOVTIE,
[RfF ] OB THERIT 5.
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WE T CT RS 2 LB H 5. Fig 1 1B ZRT DS,
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SNs of the residual product of other ATR cases

SN No.1 SNNo.2 SNNo.3

1. cross-match BAT between the patient and SN of the residual blood product

Patient » when cross-match BAT is positive,
WB there is a positive causal relationship between the patient and the transfusion.
» when cross match BAT is negative
mm) there is no positive causal relationship
WB from

normal subject 1

2. extended BAT using SNs from unrelated other ATR cases and WB of norm

subjects
WB from

normal subject 2 > when patient basophils are activated only by the SN of the residual transfused product,
but not by SNs from unrelated other ATR cases,
m=) the risk of ATR in the next transfusion would be low.

» when patient basophils are activated not only by the SN of the residual transfused
product, but also by SNs from unrelated other ATR cases,
m=) the risk of ATR in the next transfusion would be high.

» when the SN of the residual transfused product activate not only basophils of the
patient, but also those from normal subjects,

K =) the product would have caused ATRs ,

WB from
normal subject X

if the product were transfused to other patients.

/

The causal relationship between ATRs and transfusion is to be first tested by the cross-match basophil activation test

Fig. 1 Identification of causal relationship and estimation of potential ATR risk in future transfusion(s)

(BAT) using patient whole blood and the supernatant (SN) of the residual ATR blood product. If it is positive, potential
risk in the future transfusions is to be assessed using SNs of products from other unrelated ATR cases. To assess the
potential risk of the ATR product to other patients, the BAT is to be performed between the SN of the ATR product

and whole blood from unrelated normal subjects.

i, i PCEMHL Ty, LIFLIEATR
MRIELLETPHRENDL. DX HIZ, BBTELEK
& BRI DAL O BH) B & o BAT (&, [k ic
BUF % ATR V) A 7 Gl & #EE) 2 B OFE RIS BT
HTH5%.

ATR DR & 7 - 72 85F) 1312 X - T, Y% BELT
HWHIRO A7 & FH NIFEREER D AL S =4 &
X, ZoBHNZ, BERFRENEL CYSFDAOBEEFICD
ATR ZFIES /- LEZ NS, FA2DIRHD BAT
WEZE T L7z 9 Bl ATR #H EiFD 9 b 36T,
5 NOEFAD S B4 7% L 1 NOIRHERZ HE L
727, 2 360 (Table 1, case N1~N3)® ATR
HMHIDOHBLD 1 DDA (case N1) 1, EHAS A&
TOWEEERZ EEL S 872, BHRNIIETH - 72
720 M AR ILER (case N1) OFHEALZ RS Z
TR WAS,  C OBF OUERIIG T LE O B
FREMEIIK RSO B 1IN S L7235 TH ATR
ERIESRLEEZONL. IREIBWIC, Ak
L7z ATR #%) (Table 2, case C5~C7) TiZ, f#H A
IR R 2 TG S o 72,

BAT (C & % ATR RE 7 LIV > OFHil
FATHIZEIZ B W T, Nubret 5 ) U Dewachter & i,
ATR DR T L V7 > & LT MBALEE L 72 FFP % 4%
%€ L72. Nubret 5 DR (Table 2, case C1) & T De-
wachter & O%ER] (Table 2, case C3) DZFNZFIIZE
W, BEUFEIEERIE MB 20 b o ThiEit s hz
ZENS, T LV VIEMB EfRE Sz F 72, Iwamoto
5OEFCBWTIE, BEBMEFRONT Frae s
ERIEFLTW2720, NThZOuE BT LVE YT
HDHZENRRBIHES NI, LrL, 20X BE
BUIFET, 2L DA, TULVWF Y 2FAETHIE D
LRSS L IEREETH L. 7LV v OE
1%, B IgE PURORRRMMRAS N L 5 5.
%I N4 (Table1) I2BWT, ATR ®EHE % - 72 PC-
SN 12 & o THEH NFREERAE AR i L S 7z,
PRZR VL Z 212, SO NI NS 5 IgE difk
AL, FEBIH R (AF 07X MHRT S
) 12X o THMAEE ADOIFEILERANIEMEIL S -,
EHI, a7 Y I(HNNT LV F—DEZEHE D
—D) PiikTLE% PC-SN Z FiL# L, £ PC-SN % [H
A NIFYE FEER IR L 7= 3 & LR SR 5k 0 16 AL
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B SN o 727 BEEE T % W AL
HERZ R TIRD LD, 2N OFEENS, ATR
DFENTVIVF a5 =7 1 THDHI EAVRES
nz. ToFEEHWIUEL, ATROEREEDLDNDL T
LIV U L7286, RT7 L7y LAERT
LIV R 2823 NT 5 BATIZE-C, 7L
Wy EHEETAHIELUEETH S.

TUIWE—REDA DXL : T LIS IgE &TF
B - JERFRVIREE, IMAMKTER - FRHKTFRVZRS

IgE/FceRL # 4 L7z ZF VBT F 714 5% V=3
JEDEELRKEEZ LN TWDEA, IE, w7 A
BOTIgG/FOR Z2hT56T7F 714 F7F v —=dbHiEsh
TWwaY e MIBIFLZORKEN LT 74 5%
VI EN T VAR WD, EE T BRI
FAETET 5. B 20E, ARG I X o TEgMnT 7 41
FEV—RREELL-BEIBNT, Suy Iy, T
A NT v, #M¥EZ 1gG, Mz TNFollxt 3 % IgG
PURDFRD 57208 IgE HiiRIZEBD b e o7z &
BIREDH B0 MR L2 T F 74 FF ¥ —
IZBWT, Bl L7z N7 b 7a ey KRR TlENT
Mrav x5 IgG PR Z TR EhTnwd
(Table 2, case C4). 7272, N7 b 7o € L Zx$ % IgE
Pk 2RI T & e dr o 2720, BB ICI3AFEL,
ATR ZIEICG- L2 H Y 9 52,

H ) —2D ATRBIEA B = X A & LCHLiEA o
AR E (biologic response modifiers : BRMs) 2%
#Z2 5HNA. BRMs I MEEA ORERICER I I
HLIIEVET A b A R T EIA YR EDVEEN, F
NOPEIEINLZETT ULV F - uzs &7
ZENEZLNS. PCSN ICIZRApFEFICEHE I N
VEGF %, soluble CD40L, & 2 ¥ 3 ~, TGF-B1, RAN-
TES 7% & ® BRMs SR EICE TN TW 1072 2
NO DG FHIRICH B m A iE SNz ga, B
B ORI 2 ST TR D 5. 7T LV F—
FS~NOD BRMs DS Z DWW T RAOERGH % <,
SHDOWRORENFEEINS.

B3, TTEHEINLIME &~ 28 712 & o CTtsr A
BANEMALE N, B A Y I UERIT S E V)G
AN, ZZTTUNT YR BIVIME Y 25271,
A n7a7) yREEE N LRk E IR LS 2
B, INFTICHHE SN TV EIMVMLY 287 L
—FH L 7w, 2hud ATR BIEICEIS-§ % 4 % H O
DOUREMEA D B A, FHICiE, & 0 PR e s B
TH5b.

BEIGE b L 1E 1gG o RS DFE, 7Ly
H L<IEBRMs ORIE & 1Z 22 Y, IR0
R AT 5 I IRIES TH D, ORI
2O T L > TirbN s, E—I12, BAT DK
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J6SR1Z dasatinib Z M L7268 Lado 268 T
BB IEIG AL O M2 iR T 2 EBRTH 5.
3 7% b bH, dasatinib % & D Ber-Abl F 0 Y v FF—8
KWSre 77 3 —Fua ¥ F—EHlHIIL FeeRI
TWROY T FNGFIAEHL, 20Y 7P vnEz
EF L, FOILIZE 5T, IgE/FceRl %41 L 720k
FIERDIETEALASE X 59" —7, dasatinib 1% LPS,
fMLP, PMA, IL-3, IL-33, X 2~ K7 DNA(—
> DAMPs), JOBL HLA PifkZ: £ BRMs 12 & %
BEHE IR ERTE PR LI BHEE L e W% 8512, ATR J5IA
R P BB AIR 2 R R IE T L S 2 % O,
ZhE bR NIFRIEER S IETEAL S 2 % O & TR
A, HB—IE, T ULIVF VI X DU ILERIGE AL 2% IgE
WAL D IFEAT 2RI L, B, AR Bk
1bA%, PURMRAER AR CREFRERN) SHURIERAE T
TR A2 H B 5.

7 LIV VA3 SR C1 225 C4 Tid, IgE
3 L <3 IgG PUMEAFN 22 2 7 F VI X 5 T ATR 2%
JEL72E#E 2 5N 5 (Table2). JEBI C4 TN hru
E KT 5 G 7 7 ADHAMS IR S hTnwb 2k
25, FAEFID ATR & IgG A IR CHE L 72 g
MddH 5. FER C5~C8 T, dasatinib IRMIC &L - T
I FEBR DAL ASIHE S /2 2 &2 5, IgE IRAFAYRE
AL e s s, —J, EFINI (Ta-
ble 1, case N1) Ti¥, ATR ® 5N & % - 72 PC-SN
2L o> TR L2 TofE A (n=5) OUFEIERDTE
AL I N2 Z &5, HREFFICE £ T 72 BRMs
WESTATRPEIELZEEZEZOND. 2D X HIL,
BAT i3 ATR ® A 7 = X L DFFHMICAH M TH 5.

%5 BAT IC K 2 BHBIHIEEDKRE

ATR BB IR RE A, EEES, MAERNRER
M, BEIEBAEZHENBEVPLZELAAETSH. Ih
LEFICBWTIL, JEHEEERIC X - TEREPIHI25
ETBHEBHY, TD LD LE, BAT ICLELREK
DOUFERERE AT§5 2 L IZWEETDH 5. 4iE6I C5~C8
(Table 2) Ti%, BHDIFHINEIREICH Y, TomE
2D, SERMIIER] C5~CT7 Tld ATR FJER 30, 15,
40 HZRIZZENZENBAT 295 L7z, £ 72, JERIC8
B LTI BAT 3RERD T EFTHSH. ATR D
72O @ BAT AN B W T, FHiENHLEE D S OUFHE I
HKRRPUT EE LWk T REMED—DTH 5.

1970 4E12 Ishizaka 51 b M IE IgE TBEE & &
TR DNAAR T % A 72058 %2 920 U 72, R 13,
BIES e P GERENT LV Y LIEe b
IgE VifkgsImckoCe Ay I v gfufa by o %
WH L 72%. 20, Pruzansky S I3 RBENTE=%
IgE % b MRS ZBBESE, COTHEET LV
F—W O 87729, bbb, A
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Fig. 2 Storage time and basophil activation
Blood samples from 6 healthy individuals were stored for up to 72 h at 4 C prior to the basophil

activation test (BAT). Data are shown as mean = 2SD. Comparisons between groups were per-

formed using the Wilcoxon t-test with Bonferroni correction. Probability values of P<0.01 were

considered statistically significant. Storage from 48 to 72 h resulted in significantly reduced baso-

phil activation. * P<<0.01 vs 0 h.
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Is there an adequate number of basophils to perform the BAT?
Yes =

cross-match BAT
extended BAT

!

Inhibition of the basophil activation using Dasatinib

Detection of specific IgE in patient plamsa

1 present

BAT

Inhibition experiment using MoAb against the allergen candidate

Activation experiment using candidate allergen

No b [prBAT
1

cross-match pi-BAT
extended pi-BAT

Detection of specific IgE in patient plamsa

1 present

pi-BAT | or wait until basophil number is recovered =

Inhibition experiment using MoAb against the allergen candidate
Activation experiment using candidate allergen

Fig. 3 Proposed flow chart to elucidate the mechanism underlying ATR
For cases with an adequate number of basophils, the basophil activation test (BAT) including cross-
match BAT, extended BAT and inhibition experiments using dasatinib are to be performed. If the

subsequent test for specific IgE is positive, inhibition experiments are to be performed. For cases

with an inadequate number of basophils, the passive immune (pi)-BAT should be performed in place

of the BAT.
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POSSIBLE UTILITY OF THE BASOPHIL ACTIVATION TEST FOR THE ANALYSIS
OF MECHANISMS INVOLVED IN ALLERGIC TRANSFUSION REACTIONS

Fumiya Hirayama", Kazuta Yasui", Nobuki Matsuyama" and Ikue Okamura-Shiki®
YJapanese Red Cross Kinki Block Blood Center

*Division of Hematology and Stem Cell Transplantation, Shizuoka Cancer Center

Abstract:

Allergic transfusion reactions (ATRs) are the most common adverse reactions occurring during transfusion of
blood components. Although most reactions are mild and involve cutaneous manifestations, severe ATRs including
life-threatening anaphylaxis may also occur. The mechanisms of ATRs are largely unknown because they have not
been well studied. One of the reasons for this may be the absence of a standard assay system for investigating these
processes. Basophils and/or mast cells are key effector cells in immediate-type allergic reactions. They possess the
unique ability to degranulate upon cross-linking of specific IgE bound on the membrane-bound, high-affinity IgE re-
ceptor or upon direct stimulation by exposure to allergens. Basophils are present in peripheral blood, unlike mast cells
which are located in tissues. Therefore, basophils are valuable for the clinical testing of allergy. Consequently, the ba-
sophil activation test (BAT) was developed as a simple blood test for the diagnosis of allergic reactions to substances
such as foods, inhalants, medicines and venom. In the last decade, the BAT has also been applied to transfusion medi-
cine; 5 pilot studies revealed that the supernatants of the responsible blood products activated basophils in the BAT
in 13 ATR cases, suggesting a causal relationship between ATRs and transfusion.

In this review, we describe those cases and explore the potential utility of the BAT as a test performed in refer-
ence laboratories for the analysis of ATRs. We also describe the weaknesses, pitfalls, and unanswered issues of this

assay.
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