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Antibody against immunoglobulin E contained in blood
components as causative factor for anaphylactic
transfusion reactions

Takaaki Abe," Eiko Shimada," Minoko Takanashi,' Takeshi Takamura,” Kyosuke Motoji,’
Hitoshi Okazaki," Masahiro Satake,’ and Kenji Tadokoro'

BACKGROUND: Determining the mechanism underly-
ing the development of transfusion reactions is impor-
tant in transfusion therapy. Two bags of fresh-frozen
plasma obtained from a donor (index donor) were
implicated in two cases of anaphylactic transfusion
reactions.

STUDY DESIGN AND METHODS: The serum prepared
from the index donor plasma transfused into the second
patient (Patient 2) was evaluated using cord blood—
derived mast cells (CBMCs) incubated with Patient 2
plasma. The component in the serum required for the
degranulation was determined and quantified by chro-
matography in combination with degranulation assay,
Western blot analysis, and enzyme-linked
immunosorbent assay. The component in the plasma
required for CBMC sensitization was determined using
human immunoglobulin (Ig)E or normal plasma in place
of Patient 2 plasma in the assay. Sera collected from
the index donor between 2001 and 2008 were exam-
ined for the CBMC degranulation factor.

RESULTS: The donor serum activated CBMCs incu-
bated with Patient 2 plasma. The IgG fraction of the
donor serum induced degranulation of CBMCs sensi-
tized with IgE or plasma containing a normal IgE con-
centration. The IgG anti-IgE at a concentration higher
than 2200 ng/mL, which showed CBMC degranulation
activity, was detected in the donor sera for at least 7
years.

CONCLUSION: Transfusion of a high concentration of
the anti-IgE in the donor plasma was suggested to
induce mast cell degranulation in the patients leading to
the development of anaphylactic transfusion reactions.
Antibodies existing in not only the patient circulation but
also the transfused blood might cause transfusion-
induced anaphylaxis.

ransfusion reaction cases that occurred
throughout Japan have been reported volun-
tarily to the Japanese Red Cross Society (JRCS)
since 1993 to improve transfusion safety.!
Among approximately 1500 cases of transfusion reactions
reported each year, more than 200 cases have been classi-
fied as severe anaphylaxis, which is generally termed ana-
phylactic transfusion reactions.? JRCS has also been
collecting patient serum or plasma samples as well as the
remaining blood components implicated in transfusion
reactions to analyze their adverse effects. However, the
cause of the reactions remains unclear in most cases.
Mast cells are considered to play a key role in anaphy-
laxis.® That is, the cross-linking of Fce receptor I (FceRI) via
the complex of an antigen and immunoglobulin (Ig)E
molecules on the cell surface stimulates the release of
several enzymes and chemical mediators such as tryptase
and histamine from the cells. These phenomena are
closely related to the development of anaphylaxis and
increased concentrations of serum or plasma tryptase are
considered as a marker of anaphylaxis.**> The serum or
plasma tryptase concentration in patients who developed
anaphylactic transfusion reactions was observed to
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increase significantly after the onset of the reactions, sug-
gesting that mast cell degranulation is triggered during
these transfusion reactions.® We previously reported two
cases of anaphylactic transfusion reactions associated
with the transfusion of platelet (PLT) concentrates that
contained oligomeric IgE capable of inducing the
degranulation of cord blood-derived mast cells (CBMCs).”

JRCS was notified that another two bags of blood
components obtained from a single donor were involved
in two cases of anaphylactic transfusion reactions. In our
preliminary analysis, the degranulation of CBMCs incu-
bated with plasma from one of these patients upon stimu-
lation with the serum sample prepared from one of the
blood components was observed. In this study, we exam-
ined these samples by an in vitro degranulation assay
using CBMCs and plasma protein purification techniques
similar to those performed in a previous study’” We
propose a new mechanism by which the adverse reactions
were elicited in these cases.

CASE REPORTS

Two cases of anaphylactic transfusion reactions involving
two bags of fresh-frozen plasma (FFP) obtained from a
donor were reported to JRCS.

Index donor

The index donor was a 64-year-old female in 2004. She
donated more than 100 times between 1994 and 2008 and
at least 18 bags of blood components including FFP pre-
pared from her blood were transfused into recipients. Two
of them were implicated in anaphylactic transfusion reac-
tions that developed in two different patients described
below. She had no history of allergy. The concentrations of
IgE and IgG in her serum prepared from the FFP used for
the second patient (Patient2) were determined to be
24.2 ng/mL and 10.5 mg/mL, respectively, which were
normal concentrations (lower than 415 ng/mL and 8.70-
17.0 mg/mL,*? respectively). We examined retrospectively
the hemovigilance data that had been accumulated in
JRCS since 1993 by searching for reports concerning the
blood component prepared from her blood. However, no
cases were reported except these two cases of anaphylac-
tic transfusion reactions. She had not donated since 2009
and currently she cannot donate owing to the age limita-
tion for blood donation.

Patient 1

Patient 1 was a 53-year-old female suffering from pulmo-
nary hypertension, renal failure, anemia, and thrombocy-
topenia. She had been diagnosed with thrombotic
thrombocytopenic purpura and had been treated with
plasma exchange four times without any transfusion reac-
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tions. She had no history of allergy. She received her fifth
plasma exchange using five sequential bags of FFP in
2004.Within 10 minutes after the start of transfusion of the
fifth bag of FFP, which was donated by the index donor on
April 17, 2004, her systolic blood pressure decreased from
136 to 30 mmHg, and her pulse rate also decreased to
30 beats/min; she then stopped breathing. She was
considered to have developed anaphylactic transfusion
reaction from her clinical manifestation.'®! The IgE con-
centration in the pretransfusion plasma sample of the
patient was 77.9 ng/mL. Her posttransfusion sample was
not available for testing.

Patient 2

Patient2 was a 62-year-old female with thrombotic
thrombocytopenic purpura associated with systemic
lupus erythematosus and underwent plasma exchange in
2005 using a bag of FFP obtained from the index donor on
October 26, 2004. She had no history of allergy and she did
not develop any adverse reactions during her transfusion
therapies with four bags of FFP and a bag of PLT concen-
trate before the transfusion of FFP from the index donor.
Ten minutes after the start of transfusion of FFP from the
index donor, she started to feel throat pain and to wheeze,
her forehead turned red, and her blood pressure dropped
from 150/87 to 86/47 mmHg. Her oxygen saturation level
measured by pulse oximetry was 86%. She was considered
to have developed anaphylactic transfusion reaction from
these clinical manifestations.'®!! Her plasma IgE concen-
tration decreased from 177 ng/mL before the transfusion
to 90.7 ng/mL after the transfusion. The tryptase concen-
tration in her plasma increased from 4.0 to 20.5 ug/L
(normal range in healthy individuals, 2.1-9.0 ug/L)," indi-
cating mast cell activation.

MATERIALS AND METHODS

Plasma and serum

Plasma samples were collected from Patient 1 before the
transfusion and from Patient 2 before and after the trans-
fusion. An aliquot of plasma from the bag of FFP trans-
fused into Patient 2 was incubated with 40 mmol/L CaCl,
at 37°C for 2 hours and then at 4°C overnight to prepare
serum. Seven serum samples were also collected from the
index donor when she donated her blood between 2001
and 2008. Control samples were collected from healthy
donors. All the samples were dialyzed against or buffer
exchanged with saline for the degranulation assay. IgE and
IgG concentrations in the samples were determined by
peak-rate nephelometry using an immunochemistry
system (IMMAGE 800, Beckman Coulter, Tokyo, Japan).

CBMCs

CBMCs, which are generally used for the in vitro study of
mast cells,’® were prepared for degranulation assay.



Umbilical cord blood was obtained from the Japanese
Red Cross Kanto-Koshinetsu Cord Blood Bank. Written
informed consent was obtained from mothers for the use
of the cord blood in transplantation- or transfusion-
related studies in cases when the number of cord blood
cells is not sufficient for transplantation. The differentia-
tion of cord blood cells into mast cells was induced as
previously described.”

CBMC degranulation assay

Mast cell degranulation activity in the test sample was
determined from the percentage of tryptase or histamine
release from activated CBMCs during the degranulation
assay. CBMCs suspended in the culture medium were
plated at 5x 10° cells per well in a 96-well plate with
80 nug/mL sodium heparin and 20% (vol/vol) of the
pretransfusion plasma from Patient2, four plasma
samples from healthy donors, or the index donor serum in
a final volume of 50 uL. The cells were then incubated at
37°C in 5% CO, for 6 hours. Subsequently, 60 uL of a
sample solution containing the index donor serum or
a healthy donor serum in 0.18% (wt/vol) dextrose,
2.6 mmol/L CaCl,, 1.8 mmol/L MgCl,, and 0.18% (wt/vol)
bovine serum albumin was added to each well. After incu-
bation at 37°C for 40 minutes, the supernatant of each well
was collected. The tryptase and histamine concentrations
in the supernatant were measured using an allergy and
autoimmunity analyzer (UniCAP 100, Phadia, Tokyo,
Japan) and a histamine enzyme immunoassay kit (A05890,
Bertin Pharma, Yvelines, France), respectively. The per-
centage of tryptase or histamine release was calculated as
described previously.” To examine the effects of IgE and
IgG on mast cell degranulation activity, CBMCs were incu-
bated with 35.4 ng/mL human IgE from plasma (hIgE;
16-16-090705, Athens Research & Technology, Athens, GA)
or human IgG from serum (hIgG; 14506, Sigma-Aldrich
Japan, Tokyo, Japan). The CBMCs were then washed and
incubated in a 96-well plate containing the sample solu-
tion described with or without 10,000 ng/mL hIgE or higG.
The mast cell degranulation activity in the sample was
then assessed.

Fractionation of index donor serum

To separate the components that induce CBMC degranu-
lation from the other components of the serum, the index
donor serum was fractionated by gel filtration and affinity
chromatography. Gel filtration chromatography was
carried out using 2 mL of the index donor serum on an
column packed with prep grade (HR 16/50 and Superose
12, respectively, GE Healthcare Japan, Tokyo, Japan) at 4°C.
The IgG fractions of the index donor serum and healthy
donor serum were obtained using a protein G column (17-
0404-01, GE Healthcare Japan) in accordance with the
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manufacturer’s protocol. The unbound fraction was col-
lected as the pass-through fraction. Chromatographic
fractions were assessed to determine mast cell degranula-
tion activity using CBMCs sensitized with Patient 2
plasma and IgG concentration.

Detection of IgG anti-human IgE

In the Western blot analysis to detect the IgG anti-IgE,
hIgE was blotted onto a transfer membrane (Immobilon-P,
Nihon Millipore, Tokyo, Japan). The membrane was incu-
bated with the index donor serum, healthy donor serum,
or the IgG fraction of these sera, and then the IgG anti-IgE
was detected using a horseradish peroxidase-conjugated
anti-human IgG antibody (HRP-anti-IgG; 054220, Life
Technologies Japan, Tokyo, Japan) and Western blotting
detection reagents (ECL Plus, GE Healthcare Japan). hIgk
on the membrane was visualized using a gold staining
kit (Protogold, British BioCell International, Cardiff, UK).
The IgG anti-IgE was quantified by enzyme-linked
immunosorbent assay (ELISA). The test serum samples
from the index donor or healthy donor were incubated in
a 96-well plate (Nunc Immuno Plate PolySorp, Thermo
Fisher Scientific, Kanagawa, Japan) coated with hIgE. The
IgG anti-IgE in each well was detected using HRP-anti-IgG
with 3,3",5,5’-tetramethylbenzidine (KPL, Gaithersburg,
MD). A humanized monoclonal IgG anti-human IgE,
omalizumab (Novartis Pharma, Tokyo, Japan), was used to
generate a standard curve for quantification (detection
range, 100-40,000 ng/mL)."

Statistical analysis

The percentage of tryptase release and the concentration
of the IgG anti-IgE were determined in two and four inde-
pendent experiments, respectively. The mean percentage
of tryptase release was compared between samples by the
two-tailed t test for independent samples using computer
software (Excel 2010, Microsoft Corp., Redmond, WA). A
p value of less than 0.05 was considered significant.

RESULTS

Index donor serum—induced degranulation of
CBMCs sensitized with Patient 2 plasma

The index donor serum induced the degranulation of
CBMC s incubated with Patient 2 plasma (Fig. 1). No sig-
nificant difference was observed between the tryptase
concentrations in the culture supernatants of CBMCs
incubated with 20% (vol/vol) Patient 2 plasma only and in
that incubated without it (data not shown). However, the
CBMCs sensitized with Patient 2 plasma released tryptase
when incubated with 2.5 to 40 uL. of the index donor
serum in 110 uL of assay solution in a dose-dependent
manner; CBMCs incubated without Patient 2 plasma were
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Fig. 1. Degranulation of CBMCs induced by index donor
serum. CBMCs were incubated with (filled symbols) or
without (open symbols) Patient 2 plasma followed by indi-
cated volumes of index donor serum (®, O) or healthy donor
serum (M, [J). The mean + SD percentage of tryptase release is
plotted.

not activated by the index donor serum. These results
indicate that CBMCs were activated by the combination of
Patient 2 plasma and the index donor serum.

CBMC degranulation induced by IgG fraction of
index donor serum

Chromatographic fractionation was performed to sepa-
rate the components of the index donor serum and iden-
tify those that activated CBMCs. Gel filtration fractions
A37 to A49 induced the histamine release from CBMCs
sensitized with Patient 2 plasma to a greater extent than
the other fractions (Fig. 2A). These fractions contained a
high concentration of IgG, suggesting that IgG is involved
in the activation of CBMCs. The IgG fraction obtained
from the index donor serum, as well as the index donor
serum containing the same amount of IgG (3.56 uL),
induced the degranulation of CBMCs sensitized with
Patient 2 plasma (Fig. 2B). Thus, it is considered that the
factors in the index donor serum that activated Patient 2
plasma-sensitized CBMCs were in the IgG fraction.

Requirement of human IgE for CBMC sensitization

Next, the components in Patient 2 plasma required for
CBMC sensitization were determined. CBMCs washed
after incubation with Patient 2 plasma were activated by
the index donor serum (data not shown). Hence, IgE may
be necessary for CBMC sensitization because IgE binds to
FceRI on the CBMC surface and is not removed by
washing.”” Indeed, CBMCs incubated with hIgE at the
same concentration as that of IgE in Patient 2 plasma and
then washed were activated by the index donor serum and
the IgG fraction of the serum (Figs. 3A and 3B). Besides
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Patient 2 plasma, other plasma samples could also sensi-
tize CBMCs to the index donor serum (Fig. 3C). CBMCs
incubated with plasma with an IgE concentration similar
to that in Patient 2 plasma were activated by the index
donor serum, whereas CBMCs incubated with plasma
containing a low IgE concentration or an extremely high
IgE concentration were not activated by the serum. These
results suggest that normal IgE generally contained in
human plasma could contribute as a factor for CBMC sen-
sitization at suitable concentrations in place of Patient 2
plasma.

IgG anti-IgE in index donor serum activating
IgE-sensitized CBMCs

As shown in Figure 3C, CBMCs were not activated by the
index donor serum in the presence of a high IgE concen-
tration. Moreover, CBMC degranulation induced by the
IgG fraction of the index donor serum was inhibited by the
addition of an excess amount of hIgE (Fig. 4A), suggesting
that the IgG fraction recognized IgE. Western blot analysis
revealed that IgG in the index donor serum bound to hIgE
(Fig. 4B). Hence, it is considered that the index donor
serum contained the IgG antibody against human IgE and
this antibody triggered CBMC degranulation by the cross-
linking of IgE-bound FceRI on the cells.

IgG anti-IgE in index donor serum detected over

7 years

The IgG anti-IgE in the index donor serum samples col-
lected between 2001 and 2008 was examined to deter-
mine the relationship between the presence of the
antibody and the occurrence of anaphylactic transfusion
reactions (Table 1). The IgG anti-IgE was detected in all
eight samples by Western blot analysis. The concentra-
tion of the antibody was calculated to be in the range
between 2200 and 8900 ng/mL by ELISA. All the test
samples activated hIgE-sensitized CBMCs. These results
indicate that the index donor had continuously pro-
duced the IgG anti-IgE over a long period of at least 7
years. CBMCs incubated with Patient 1 plasma were also
degranulated after incubation with the index donor
serum obtained from FFP that was from the blood
donated on April 17, 2004, and that was transfused to
Patient 1 (data not shown).

DISCUSSION

Mast cells in transfusion recipients are activated and
degranulate during anaphylactic transfusion reactions,®
although the activation mechanism remains unclarified in
most cases. In the cases presented in this study, the sera
from the transfused FFP showed degranulation activity
against CBMCs sensitized with the patient plasma and the
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Fig. 2. Mast cell degranulation activity in fractions separated from index donor serum by chromatography. (A) The index donor
serum was fractionated by gel filtration chromatography. (I) Chromatogram. (II) Elution patterns of mast cell degranulation activ-
ity and IgG. The histogram shows the percentage of histamine release during degranulation assay of 50 pL of each fraction. *The
percentage of histamine release was not higher than 0%. The solid line represents the IgG concentration in each fraction. (B) CBMC
degranulation assay was performed using the indicated samples. The concentrations of IgG from the test samples in the assay solu-
tions are indicated at the bottom of the panel. p values indicating significant differences are shown. The mean + SD percentage of

tryptase release is plotted.

factor responsible for CBMC degranulation was deter-
mined to be the IgG anti-human IgE in the donor plasma.
It was suggested that the antibody was the causative factor
for the anaphylaxis.

Autoantibodies against human IgE are found in
patients with various diseases such as allergic
disorders,'*16¥® systemic lupus erythematosus,?’ parasite
infection,? systemic sclerosis,” Crohn’s disease,* and vis-
ceral leishmaniasis. The IgG anti-IgE was also detected in
normal individuals in some studies.!*** Generally, no
more than 300 ng/mL IgG anti-IgE was observed in

patient serum samples.'”?> However, another report
showed that the IgG anti-IgE concentrations in two of 96
individuals were more than 4000 ng/mL."* The index
donor was reported to have no history of allergic, autoim-
mune, or other diseases. Despite that, the IgG anti-IgE was
detected in the index donor sera at relatively high concen-
trations ranging from 2200 to 8900 ng/mL. In our prelimi-
nary study to detect the IgG anti-IgE in approximately 250
serum samples prepared from the blood components,
only one serum sample showed a high IgG anti-IgE con-
centration of 1200 ng/mL; however, that serum sample
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Fig. 3. Incubation of CBMCs for degranulation induced by index donor serum. CBMC degranulation assay was performed. (A and B)
CBMC:s incubated with 35.4 ng/mL hIgE or hIgG as the control were washed and then used for the degranulation assay of the indi-
cated serum samples (A) and the IgG fractions of these samples (B). The IgG concentrations in the assay solutions are indicated at
the bottom of the panel. (C) CBMCs were incubated with indicated plasma or serum, and then the degranulation assay was per-
formed using 10 pL of the index donor serum. The IgE concentrations at which CBMCs were incubated are indicated at the bottom
of the panel. p values indicating significant differences are shown. The mean + SD percentage of tryptase release is plotted.

did not activate IgE-sensitized CBMCs. Thus, it is sug-
gested that the blood component with a high concentra-
tion of the IgG anti-IgE possessing mast cell degranulation
activity similarly to the index donor plasma is very rare.
The concentration of IgE that sensitizes the cells
seems to regulate whether CBMCs are induced to
degranulate by the index donor serum. CBMCs were acti-
vated by the index donor serum when incubated with
plasma containing appropriate IgE concentrations, as
shown under Results, and when incubated with hIgE at
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tens to a thousand of nanograms per milliliter but not at
lower or higher than these concentrations (data not
shown). The results suggest that at a low IgE concentra-
tion, the amount of IgE molecules on CBMCs was not
sufficient to react with the IgG anti-IgE and that at an
excessively high concentration of IgE, by forming an
antigen—antibody complex, the IgE molecules in the assay
solution inhibited the binding of the IgG anti-IgE to IgE on
the CBMC surface to induce degranulation. Indeed, the
IgE concentration in Patient 2 plasma decreased by half
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plotted. (B) The IgG antibody against IgE in the index donor
serum was detected by Western blot analysis. The hIgE-
blotted membrane was incubated with the samples indicated
at the bottom of the panels.
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after the occurrence of transfusion reactions. It might be
suggested that the transfused IgG anti-IgE was consumed
in part during its complexation with circulating IgE in the
patient’s blood.

In addition to the concentration of patient plasma IgE,
a rapid transfusion rate might be required in the develop-
ment of anaphylactic transfusion reactions. Both patients
who developed anaphylactic transfusion reactions were
treated by plasma exchange, in which the transfusion rate
was considered to be much higher than that for supple-
mentation of the blood coagulation factor. The rapid infu-
sion of a high concentration of anti-IgE might facilitate the
induction of the degranulation of the patients’ mast cells.
This may explain why no transfusion reaction cases other
than the two cases presented in this study have been
reported, despite the fact that many bags of blood compo-
nents were prepared from the index donor blood.

In summary, the results suggest that the IgG anti-IgE
in the transfused plasma caused anaphylactic transfusion
reactions in these two patients. Thus, we propose a pos-
sible mechanism underlying these transfusion reactions.
That is, the transferred antibody against a recipient’s
antigen causes anaphylactic transfusion reactions. An
existing antibody in the patient blood that recognizes a
substance in the transfused blood component has been
proposed as a causative factor for anaphylactic transfu-
sion reactions. However, concerning transfusion-related
acute lung injury (TRALI), transferred antibodies, such as
antibodies to human leukocyte antigens (HLA) and
human neutrophil alloantigens (HNA) are considered as
causative factors activating various cells in transfusion
recipients.®® The concentration of the transferred HLA
antibody is suggested to be related to the development of
TRALL# Similarly, anaphylactic transfusion reactions
could be induced in some patients in the presence of an
adequate concentration of a transfused antibody against a
specific antigen on the patient’s cells, such as the IgG anti-
IgE found in this study. Identification of causative anti-
bodies in blood components would help reduce the risk of
these transfusion reactions.

TABLE 1. IgG anti-IgE in index donor sera collected on various dates
IgG anti-IgE
Concentration* % Tryptase releaset

Collection date Western blot analysis Mean (ng/mL) SEM Mean (%) SD
February 22, 2001 + 3200 210 30.7 2.0
August 23, 2002 + 3200 98 31.3 1.1
September 1, 2003 + 3000 230 30.8 2.4
April 17, 2004 (Case 1) + 2300 130 23.3 21
September 17, 2004 + 2800 180 25.9 3.8
October 26, 2004 (Case 2) + 2200 220 22.4 1.6
January 26, 2005 + 2500 250 211 3.0
July 11, 2008 + 8900 560 29.9 3.1
* The concentration of the IgG anti-IgE was measured by ELISA.

1 For the degranulation assay, higE-sensitized CBMCs were activated with 10 pL of each of the index donor sera collected on the indicated

dates.
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