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Elevated Ca2+ influx–inducing activity toward mast cells in
pretransfusion sera from patients who developed

transfusion-related adverse reactions

Hiroshi Azuma, Miki Yamaguchi, Daisuke Takahashi, Mitsuhiro Fujihara, Shinichiro Sato,

Toshiaki Kato, and Hisami Ikeda

BACKGROUND: Type I allergic reactions such as
urticaria-like manifestations constitute a large percent-
age of transfusion-related adverse events. Along with
donor factors, patient factors might be involved in these
reactions. Sera from some patients with chronic idio-
pathic urticaria show histamine-releasing activity (HRA).
Sera from patients who develop Type I allergic reaction
might possess HRA.
STUDY DESIGN AND METHODS: Pretransfusion
serum samples were collected. Mast cells were cultured
from peripheral blood CD34+ cells and mixed with the
serum samples. Cells with elevated intracytoplasmic
Ca2+ concentrations were monitored using flow cytom-
etry to evaluate Ca2+ influx–inducing activity (CaIA) in
serum. The amount of histamine released into the
supernatant was measured using an enzyme immu-
noassay kit to evaluate HRA. In some assays, cells
were incubated with pertussis toxin (Ptx).
RESULTS: CaIA values were higher (p < 0.05) in sera
from patients with reactions (27.68 � 20.38 [n = 145];
range, 0.49-84.90) than in sera of patients without reac-
tions (10.70 � 6.50 [n = 54]; range, 2.67-36.97) and
control sera (9.67 � 5.88 [n = 107]; range, 1.11-25.68).
No difference in CaIA was found between patients with
(27.38 � 20.46 [n = 88]) and without (28.38 � 20.59
[n = 57]) skin manifestations. However, CaIA was higher
(p < 0.05) in patients with pure urticaria (mean,
30.58 � 21.3 [n = 30]; range, 70.43-4.1) than in patients
with fever alone (mean, 18.61 � 14.71 [n = 18]; range,
45.94-3.19). Levels of HRA were higher (p < 0.001) in
CaIA-positive sera than in CaIA-negative sera. Both
CaIA and HRA were blocked by Ptx.
CONCLUSION: Elevated CaIA and HRA in pretransfu-
sion sera might be attributable to adverse reactions,
especially to urticaria-like manifestation. The Gi protein–
coupled receptor complexes on mast cells and its
ligand must be involved.

T
ransfusion-related adverse reactions manifest
in various ways with Type I allergic reactions
(from mild urticaria to anaphylaxy), accounting
for a substantial percentage of such reactions.

Factors present in blood products, such as antibodies to
alloantigens or biologic response modifiers (RANTES,
interleukin-6 [IL-6], etc.), are suggested to be involved in
adverse reactions.1 However, patient-related factors might
also play a role. For example, bacterial infections are pro-
posed as a predisposing factor for transfusion-related
acute lung injury.2 However, in most cases of adverse reac-
tions including urticaria, little is known about patient
factors.

Among various adverse reactions, urticaria-like
manifestations are a primary concern because degranula-
tion of mediators such as histamine from activated mast
cells is regarded as a key event in the occurrence of urti-
caria. Degranulation is known to be initiated either by
immunological triggers, a process that involves the aggre-
gation of high-affinity receptors (FceRI) for immunoglo-
bulin E (IgE) by the corresponding antigens3 or by
nonimmunologic triggers, which bind Gi-protein–
coupled receptors (GPCRs) and activate pertussis toxin
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(Ptx)-sensitive Gi protein.4 The latter include substance P,
bradykinin, and various amines such as the synthetic
compound 48/80.5 In the case of urticaria-like reactions
after blood transfusion, it is generally assumed that an
antibody that is specific to some plasma protein (possibly
IgE) exists in the patient and causes degranulation of mast
cells when the patient undergoes transfusion. However,
little clear evidence of this exists, except in particular
cases, such as patients with IgA deficiency.

A substantial percentage (30%) of serum samples
from patients with chronic idiopathic urticaria tested
positive in an intracutaneous autologous serum skin test;
some sera were shown to have histamine-releasing activ-
ity (HRA) in vitro.6,7 The possible association of these
activities in sera with disease manifestation has been dis-
cussed. Based on these findings, we hypothesized that
sera from patients who develop transfusion-related
adverse reactions might display similar activity.

An influx of Ca2+ (CaI) precedes the degranulation of
mast cells and can be monitored using flow cytometry.8,9

We recently developed a culture system for expansion of
functional human mast cells from CD34+ cells.10 We
decided to examine the effect of patients’ sera on CaI in
mast cells and compared it with that of sera derived from
healthy donors or patients without adverse reactions. We
then addressed whether sera that were positive for CaI
activity (CaIA) have HRA. Herein, we report that a substan-
tial percentage of pretransfusion serum samples from
patients who developed transfusion-related adverse reac-
tions did include CaIA and confirmed that the sera that
were positive for CaIA had HRA.

MATERIALS AND METHODS

Collection of sera and patient characteristics
Doctors in Japan are expected to collect and store a
patient’s serum (pretransfusion serum) before carrying
out blood transfusion. Detailed information is reported to
a regional blood center if an adverse reaction should occur
and if the doctor judges that it should be reported. The
pretransfusion serum is sent to a blood center to deter-
mine the cause of the reaction. Fundamentally, antibodies
to alloantigens or serum proteins in the serum are
examined.

Pretransfusion sera derived from 145 patients (Group
A; age, 1-94 years; mean age, 59 years; 86 male, 59 female)
who reportedly developed febrile nonhemolytic type
adverse reactions after allogeneic blood transfusions were
collected. Details of those 145 patients were the following:
hematologic disorder (mostly leukemia or myelodysplas-
tic syndrome), 74; nonhematologic malignancy, 24;
and other, 47. In fact, 21 of 74 patients had received
pretransfusion medication such as hydrocortisone, meth-
ylprednisolone, polaramine, or glycyrrhizin. Of 24

patients, 4 had received polaramine, and 3 of 47 patients
had received nonantihistaminics such as antibiotics. No
record was found indicating that any patient was allergic
to some substance. Among 145 patients, 130 patients
received only one type of blood product (platelet concen-
trate [PC], 64; red blood cells [RBCs], 50; fresh-frozen
plasma [FFP], 16); 2 patients received FFP and RBCs; 7
patients received PC and RBCs; and 6 patients received
PC, RBCs, and FFP. Except for the 130 patients, it was
unknown which blood product was responsible for the
adverse reactions.

All sera were tested for antibody to alloantigen or
serum protein. Antibodies to plasma protein were tested
using enzyme-linked immunosorbent assay with several
purified serum proteins, including IgA, IgG, IgM, and
haptoglobin. Anti-human IgG was used as the second
antibody in this assay. Therefore, only IgG was presumed
to be detected. The remaining portions of these sera were
used in this study. Sera derived from 54 patients who did
not react adversely to transfusions were used as control
(Group B). In addition, sera derived from 107 blood
donors were used as another control (Group C). The
patients in Group B were all under treatment of a hema-
tologic disorder. Their sera were sent to a blood center
for investigation of antibodies against platelets (PLTs)
because they did not obtain a sufficient PLT increment
after PLT transfusion. They were free from adverse reac-
tions. All sera in Group B were negative for HLA and
PLT antibody. No other information about them was
available.

For Group B and Group C, sera were primarily taken
to test for screening for antibody to PLT before transfusion
and for routine blood screening, respectively. Again, the
remaining portions of these sera were used. This study
was reviewed and approved by the executive review board
(functioning as an institutional review board) of our blood
center.

Mast cell culture
Mast cells were cultured as described.10 CD34+ cells
(5 ¥ 104-20 ¥ 104) derived from buffy coat were cocultured
for 8 to 12 weeks with a human bone marrow stromal
cell line (hTERT stromal cell line)11 in serum-free condi-
tioned medium, which consisted of fresh serum-free
medium (QSBF60, Quality Biological, Inc., Gaithersburg,
MD) and culture supernatant of hTERT stromal cells in
the presence of rHu (rHu) stem cell factor (100 ng/mL)
and rHuIL-6 (50 ng/mL). Every week, 80% of the
conditioned medium was exchanged. Then the mast
cells (3 ¥ 105-10 ¥ 105/mL) were further cultured in
fresh QSBF60 medium in the presence of rHuIL-4
(50 ng/mL, PeproTech EC Ltd., London, UK) for 3 days
and used for the Ca2+ influx–inducing activity (CaIA)
assay.
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Ca2+I influx assay
To perform CaIA assay, 1 mmol/L indo-1 acetoxylmethyl-
ester (Dojindo Laboratories, Kumamoto, Japan) was
added to the culture (final concentration, 1 mmol/L) and
cells were further incubated for 30 to 45 minutes in the
dark. Subsequently, the cells were washed twice with
Ca-free Hanks’ balanced salt solution (HBSS; GIBCO,
Rockville, MD) containing 0.1% human serum albumin
(HSA). Finally, mast cells were suspended in RPMI 1640
medium (GIBCO) containing 0.1% HSA at a concentration
of 3.33 ¥ 104/mL at 4°C in the dark until the assay.

First, 270 mL of the mast cell suspension (3.33 ¥ 104/
mL) was put into a reaction tube and incubated at 37°C for
5 minutes. Then, 30 mL of the test serum was added to the
sample tube and further incubated for 3 minutes. Next,
cells into which Ca2+ had been mobilized were monitored
using flow cytometry (LSR, BD Biosciences Immunocy-
tometry System, San Diego, CA). The change of fluores-
cence intensity (Ca2+ mobilization) in each cell was
fundamentally expressed as the ratio of fluorescence at
FL5 (Ca2+-bound indo-1 acetoxylmethylester) to that at
FL4 (Ca2+-free indo-1 acetoxylmethylester). The percent-
age of cells in which the FL5/FL4 ratio had been increased
by the stimulant was taken as the CaIA of that stimulant.
As a positive control, ionomycin (10 mg/mL) and sub-
stance P (10 mg/mL) were used. Data were analyzed using
software (Cell Quest, Becton Dickinson). In addition, eth-
ylene glycol tetraacetic acid (5 mmol/L, Sigma-Aldrich,
Tokyo, Japan) was used as a negative control.

In general, when mast cells are stimulated, a rapid but
transient release of Ca2+ from the endoplasmic reticulum
stores occurs within 1 minute. This is called the first stage
of Ca2+ mobilization. The second stage of Ca2+ mobiliza-
tion is a sustained influx of extracellular calcium. Fluores-
cence intensity was monitored 3 minutes after the
stimulation of mast cells. The changes of intensity were
recorded and displayed. Thereby, the sustained influx of
Ca2+ was confirmed. Furthermore, when we use calcium-
free medium in the assay, only the initial elevation of
intensity, which indicates calcium release from endoplas-
mic reticulum, was observed. It decreased soon. There-
fore, what we observed must reflect an influx of
extracellular calcium.

Usually, CaIA assays performed with flow cytometry
are limited to 30 to 40 samples because of the number of
mast cells available and time required to assay one
sample. Furthermore, the mast cells used in each assay
were derived from different donors. Consequently, the
sensitivity of mast cells to stimuli varied among assays.
Therefore, in determining the normal range of CaIA, as
many as 107 serum samples from healthy donors (Group
C) were assayed using mast cells from 11 subjects. More
precisely, approximately 10 samples were assayed at one
time: a total of 11 assays using mast cells from 11 donors
were conducted. Individual values were then combined

and the mean value and standard deviation (SD) were
determined. Similar to assays for Group C, assays for 145
serum samples of Group A were conducted eight times
using cultures of mast cells from 8 donors. Assays for 54
serum samples of Group B were performed five times
using cultures of mast cells from 5 donors.

In some experiments, Ptx (Bordetella pertussi, Wako
Pure Chemical Industries, Ltd., Richmond, VA) was used
to block stimulation via Gi-protein. Mast cells were sus-
pended in RPMI 1640 containing 0.1% HSA at a concen-
tration of 3.3 ¥ 104/mL in the presence of Ptx (0, 0.03, 0.1,
0.3 mg/mL) for 2 hours. Subsequently, cells were washed
and resuspended in RPMI 1640 containing 0.1% HSA at a
cell concentration of 3.33 ¥ 104/mL. The assay for CaIA
was then performed as described previously. In this
experiment, a monoclonal anti-human Fce antibody
(CRA1, Kyokuto Pharmaceutical Industrial Co. Ltd., Tokyo,
Japan) was used (final concentration, 1 mg/mL) as a stimu-
lus via the Fce receptor.12

Histamine release assay
Mast cells cultured for 8 weeks were further cultured in
the presence of rHuIL-4 for 3 days to perform assay for
HRA. After being washed, the cells were suspended at a
density of 3.3 ¥ 104 cells/mL in a HBSS (GIBCO) in the
presence of 0.1% HSA. Then, 270 mL of the cell suspen-
sion was incubated for 10 minutes and subsequently
challenged with 30 mL of serum and incubated for 2
hours. Next, the cells were centrifuged at 450 ¥ g for 10
minutes. The supernatant was collected, and then the
amount of histamine was measured using a histamine
assay kit (Immunotech, Marseille, France) according to
the instruction manual. The cell suspension was boiled
for 15 minutes and centrifuged at 450 ¥ g for 10 minutes
to release all the histamine from the cells. The amount of
histamine in the supernatant was then measured and
designated as the total histamine content. The percent-
age of histamine release was calculated as (released
histamine content)/(total histamine content) ¥ 100 and
designated as the HRA.

Complement inactivation and immunoglobulin
removal
Some sera were treated with 56°C for 30 minutes for
complement inactivation or treated with protein L beads
(immobilized protein L; Pierce Biotechnology, Inc., Rock-
ford, IL) to remove immunoglobulin.

Statistical analysis
The significance of differences was assessed using a
two-sided non–repeated-measures analysis of variance
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(ANOVA), an unpaired t-test, and a paired t-test. p Values
of less than 0.05 were inferred as significant.

RESULTS

No IgG antibody against plasma proteins such as IgA or
haptoglobin was detected in any serum samples. Anti-
bodies to HLA were detected in some samples from
patients and donors. However, in no case did the donor (or
patient) serum react with patient (or donor) cells by
cross match testing, nor was the possibility shown of
reacting with patient (or donor) cells, judging from its
specificity.

The recorded symptoms included skin manifesta-
tions (wheals, rash, etc.), hypotension, fever, dyspnea, and
others (nausea, vomiting, rigor, etc.). The definition of
hypotension in this study was blood pressure less than
90 mmHg, or a greater than 30% decrease from the base-
line, with a physician’s judgment that it had resulted from
transfusion. Many patients had more than one symptom.
The reactions were classified with respect to type as
follows: skin manifestations without hypotension (wheals
or rash, n = 63), skin manifestations with hypotension
(anaphylactic shock, n = 25), and hypotension without
skin manifestations (n = 34). The reaction was also classi-
fied as fever (n = 41), dyspnea (n = 37), and others (n = 13;
Table 1). The CaIA of serum samples from patients with
adverse reactions (Group A), patients without adverse
reactions (Group B), and healthy donors (Group C) are
shown in Fig. 1A. No difference in CaIA between Group B
and C existed, but a significant difference between Group
A and Group B (or Group C; p < 0.05) was found. The CaIA
of each category shown in Table 1 was higher than that of
either Group B or Group C. However, no significant differ-
ence was found among categories. The adverse reactions
were also divisible into two categories: with skin manifes-
tations and without skin manifestations. No significant
difference between the CaIA values of these two groups
was found (Fig. 1B). However, when CaIA of 30 patients
with pure urticaria (mean, 30.58 � 21.3 [n = 30]; range,
70.43-4.1) and CaIA of 18 patients with only fever (mean,
18.61 � 14.71 [n = 18]; range, 45.94-3.19) were compared,
the former was higher than the latter (p = 0.045, unpaired
t test; Fig. 2).

Setting the cutoff value for “CaIA positive” as the
mean + 2SD of the CaIA of Group C, 21.43%, the percent-
ages of sera positive for CaIA among patients with and
without skin manifestations were 47.0 and 56.1%
(Table 1), respectively. No difference was found between
the two. In addition, the percentages of sera that turned
out to be positive for CaIA among Groups A, B, and C were
51.0% (74/145), 5.6% (3/54), and 6.5% (7/107), respec-
tively (Fig. 1 and Table 1). Furthermore, a substantial per-
centage of sera samples among each type of reaction were
found to be positive for CaIA (Table 1).
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To elucidate whether the influx of Ca2+ was induced
dose-dependently, five serum samples that had been
shown previously to possess elevated CaIA were picked
from Group A, serially diluted, and assayed for CaIA. In all
samples tested, CaIA was observed dose-dependently
(Fig. 3A).

To elucidate the mechanism by which the influx of
Ca2+ was induced by the CaIA-positive sera, 10 samples
that had been shown previously to possess elevated CaIA
were selected randomly from Group A and the effect of
Ptx, a Gi-protein blocker, on their CaIA was examined. As
depicted in Fig. 3B, along with the influx of Ca2+ induced
by substance P, the Ca2+ influx induced by 9 of 10 serum
samples was clearly blocked dose-dependently by Ptx. In
contrast, the Ca2+ influx induced by CRA1 was not blocked
at all.

Ten CaIA-positive samples and 10 CaIA-negative
samples from Group A, 10 samples from Group B, and 10
samples from Group C were selected randomly and tested
for HRA. The CaIA-positive serum samples from Group A
showed significantly higher levels of HRA than the others
(p < 0.001; Fig. 4A). Furthermore, the release of histamine
by these 10 samples was blocked in the presence of Ptx
(Fig. 4B).

Six samples were treated with protein L beads to
remove immunoglobulin. However, substantial activity of
CaI remained (Table 2A). Additionally, heat treatment did

0

10

20

30

40

50

60

70

80

90

C
aI

A
 (

%
)

Skin
manifestation (+) (-)

0

10

20

30

40

50

60

70

80

90

C
aI

A
(%

)

Group A B C

**

Fig. 1. (A) CaIA of patients with or without reactions and of normal donors. Group A = patients with reactions, 27.68 � 20.38%,

n = 145, range 0.49-84.90. Group B = patients without reactions, 10.70 � 6.50%, n = 54, range 2.63-36.97. Group C = normal donors,

9.67 � 5.88%, n = 107, range 1.11-25.68. *p < 0.05, non–repeated-measures ANOVA. (B) CaIA of patients with or without skin mani-

festations. Group A patients were divided into two subgroups: with skin manifestations such as urticaria and rashes

(27.38 � 20.40%, n = 88) and without skin manifestations (28.38 � 20.59%, n = 57).

0

10

20

30

40

50

60

70

80

Pure urticaria Fever only

C
aI

A
(%

)

*

Fig. 2. CaIA of patients with pure urticaria and only fever.

CaIA of 30 patients with pure urticaria (mean, 30.58 � 21.3

[n = 30]; range, 70.43-4.1) was higher than those of 18 patients

with fever alone (mean, 18.61 � 14.71 [n = 18]; range,

45.94-3.19; p < 0.05, unpaired t test).

Ca2+ INFLUX BY PRETRANSFUSION SERA

Volume **, ** ** TRANSFUSION 5



not affect the elevated activity of CaI of five samples with
adverse reactions. Consequently, the factors in question
appeared to be resistant to heat treatment (Table 2B).

DISCUSSION

Results of this study revealed that CaIA levels were higher
in the sera from patients with adverse reactions (Group A)
than in the sera from patients without adverse reactions
(Group B) or from healthy donors (Group C; Fig. 1). Fur-
thermore, approximately 50% of Group A had a CaIA level
higher than the cutoff value. These findings suggest that
the elevated level of CaIA in serum is related somehow
with the occurrence of adverse reactions. It was of greater
interest that when CaIA of 30 patients with pure urticaria
and CaIA of 18 patients having only fever were compared,

the former was higher than the latter (p < 0.05), suggesting
that elevated CaIA activity is attributed preferentially to
the occurrence of urticaria-like reactions (Fig. 2).

The influx of Ca2+ was induced in a serum
concentration-dependent manner (Fig. 3A) in five tested
samples. Therefore, this response might result from the
physiologic action of some factor in serum. Based on the
observation that the CaIA of 9 of 10 samples tested was
almost completely inhibited by Ptx, but that of CRA1 was
not (Fig. 3B), the CaIA exerted by sera must be triggered
through GPCRs.3,4 Therefore, the factor in question is likely
to be a ligand of GPCRs. Inhibition was incomplete in
serum 3, perhaps reflecting the involvement of Fc
receptor–mediated stimulation in this case.

Because an influx of calcium is known to precede the
release of histamine from mast cells,8,9 we speculated that
CaIA-positive serum samples have the potential to induce
histamine release, even if it does not cause maximum
release. As speculated, the 10 CaIA-positive serum
samples from Group A exhibited higher levels of HRA than
the CaIA-negative samples (Fig. 4A). Furthermore, their
activity was blocked by Ptx (Fig. 4B), suggesting a direct
relation between CaIA and HRA. It is therefore concluded
that the pretransfusion sera of some of the patients who
developed adverse reactions do have CaIA and HRA. Sera
from some patients with chronic idiopathic urticaria have
been shown to possess HRA,6,7 which might support the
idea described above: that elevated CaIA is preferentially
attributable to the occurrence of a urticaria-like reaction.
In other words, in patients with enhanced CaIA, mast cells
might be preactivated to a certain degree beforehand and
tend to be degranulated when an allogeneic blood
product is transfused. However, it remains unknown
what factor in the blood product triggers mast cell
degranulation.

It is surprising that no significant difference was
found in CaIA between patients with and without
urticaria-like symptoms (Fig. 1B) and that a considerable
number of serum samples in each adverse reaction type
were shown to be positive for CaIA with the highest per-
centage (61%) among “others” (Table 1). The following
explanation can be advanced: biologic active factors that
differed from the factor in question coexist in the serum.
Alternatively, the factor in question might induce Ca2+

influx on other cells, resulting in the occurrence of mul-
tiple manifestations of adverse reactions.

Whether the increase of serum CaIA was temporary or
not, and the exact ligand and GPCR responsible for
increase of CaIA, remain unknown at present. Neverthe-
less, it is unlikely that a component of the complement or
immunoglobulin play a major role because substantial
CaIA remained after heat treatment or immunoglobulin
removal (Table 2). Involvement of IgE can also be
excluded because Ptx eliminated CaIA completely
(Fig. 3B). Moreover, substance P might not be involved
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because we failed to see an apparent synergistic effect
between substance P and CaIA positive sera (data not
shown).

In conclusion, pretransfusion sera from some
patients who reacted adversely to transfusions exhibited
elevated levels of CaIA and HRA in mast cells. This activity
might be one factor attributable to the manifestation of
adverse reactions, especially urticaria-like reaction.
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