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Functional Expression of the High Affinity Receptor for IgE (FceRI) in Human
Platelets and Its’ Intracellular Expression in Human Megakaryocytes

By Shunji Hasegawa, Ruby Pawankar, Katsuhiro Suzuki, Tatsutoshi Nakahata, Susumu Furukawa,
Ko Okumura, and Chisei Ra

The high affinity IgE receptor (FceRI) expressed on the cell
surface of mast cells and basophils is the key molecule in
triggering the IgE-mediated allergic reaction. Recently, it
was elucidated that the FceRI is expressed on a variety of
other cells like Langerhans cells, monocytes, and eosino-
phils, and the functional importance of the FceRI expression
in Langerhans cells was also shown. Some studies suggest
that human platelets may play important roles in allergic
inflammation through the cell-surface expression of the
FceRIl and FcyRIl. Here, we report that human platelets and
megakaryocytes constitutively express the messenger RNA
and protein for the FceRI. Although the FceRl is expressed on

HE HIGH AFFINITY RECEPTOR for IgE (FeRl) is the

the cell surface of human platelets, it is only detected in the
cytoplasm of human megakaryocytes. We also confirmed
that human platelets express the genes for the «, B, and vy
chains of the FceRI without any defined mutations. Further-
more, stimulation of human platelets via the FceRI induced
the release of serotonin and RANTES (Regulated on Activa-
tion, Normal T Expressed, and presumably Secreted). Taken
together, these results suggest a novel and important role
for human platelets in perpetuating allergic inflammation
through the expression of and activation via the FceRI.

© 1999 by The American Society of Hematology.

cells, results in the perpetuation of the allergic reaction.

prototype of antigen recognition receptors, composed ofActivated platelets induce aggregation and form micro-
multiple subunits that include T-cell receptor (TCR), B-cell thrombosis, and release chemical mediators such as serotonin,

receptor (BCR), Fc gamma (ff; and Fc alpha (k) receptors.

thromboxane A PF4 (platelet factor 4), PDGF (platelet-

Ligand-binding and signal-transducing functions in these Fcderived growth factor), and cytokines such as RANTES (Regu-

receptors are separately performed by distinct sub&ithe
FceRl is a tetrameric structure comprising omechain, one

lated on Activation, Normal T expressed, and presumably
Secretedy® In the present study, we showed the expression of

chain, and two disulfide-linkecy chains. The extracellular the F&RI in human platelets and megakaryocytes, and that
domain of thex chain contains the entire IgE-binding domain, activation of human platelets via thedRl induced the release
whereas thel andy chains are primarily involved in signal of serotonin and RANTES. These findings show a novel role for

transduction. One of the defined functions of thehain is to
facilitate the cell-surface expression of thesRt a chain® It

was recently reported that the chain is also found in
association with FgRIIl, TCR, FeyRI, and FeR 512 and that

the y chain is a member of a group of functionally related

polypeptides, including the TCR andn chains?1? Compari-

human platelets in triggering the allergic reaction through the
FceRI.
MATERIALS AND METHODS

Isolation and purification of human peripheral blood platelet3en
mL of venous blood was collected from normal volunteers (healthy

sons of the primary sequences of the cytoplasmic domains (ﬁubje_cts) and patients with atppic diseases, in heparinized syringes, and
signal transducing components of antigen receptors showed gentrifuged at 129 for 15 minutes at room temperature. The PRP
consensus motif, first identified by RethThis region was (platelet-rich plasma) was resuspended in washing buffer (9 mmol/L
designated as an immunoreceptor tyrosine-based activatiop2 EDTA, 26.4 mmo"L NaHPQ,, 140 mmol/L NaCl) and centrifuged
motif (ITAM). 14 The ITAM is based on neighboring tyrosine at 80@ for 10 minutes at room temperature. Subsequently, the pellet

. . . containing the platelets was resuspended again in washing buffer and
moFlf (Y_XXLXXXXXYXXL) that is tyrosine-phosphorylated centrifuged at 209 for 10 minutes at room temperature. The superna-
during signaling®1°via the receptors.

91 - tant was centrifuged at 89@or 15 minutes at room temperature and the
Crosslinking of allergen-specific IgE bound to theeRt pelleted platelets were then resuspended in phosphate-buffered saline
expressed on the surface of mast cells, with multivalent

allergens, results in the release of both preformed and newly
generated mediators, and in the manifestation of allergic
symptoms:+>1°Thus the FeRI on mast cells and basophils is £ the Department of Immunology, Juntendo University, School of
the key molecule in triggering the IgE-mediated allergic medicine, Tokyo, Japan; Department of Pediatrics, Yamaguchi Univer-
reaction such as in bronchial asthma, atopic dermatitis, andity, School of Medicine, Yamaguchi, Japan; and the Department of
allergic rhinitis. It was recently reported that theeR¢ is Clinical Oncology, The Institute of Medical Science, University of
expressed not only on mast cells and basophils, but also ofokyo, Tokyo, Japan.
dermal Langerhans cells, monocytes, eosinophils, and dendritic Submitted December 29, 1997; accepted December 4, 1998.
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Human platelets are derived from the bone marrow, circulatéé’&?t”fffﬁ Ot"giggogg;il‘“z‘:iz}] School of Medicine, 2-1-1 Hongo,
in the pgrlpheral blood, and play .an important role in the Thg publicatign costs of this F?':lrticle were defrayed in part by page
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(PBS) containing 0.02% EDTA. The total yield of platelets was more Applied Biosystems, Model 373A) with Taq dye terminator method
than 1 108 (purity: >99%). using the Taq DyeDeoxy TM Terminator Cycle Sequencing Kit (Perkin
Cell lines. The human megakaryocyte-like cell line, HML-1, was Elmer Applied Biosystems). After phenol/chloroform extraction and
cultured ina-MEM (minimal essential medium) (GIBCO BRL Life  ethanol precipitation, the products for sequencing were electrophoresed
Technologies, Inc, Gaithersburg, MD) supplemented with 10% heat-on the 6% polyacrylamide/8.3 mol/L urea sequencing gels.
inactivated fetal calf serum (FCS), 1% bovine serum albumin (BSA). Analysis for the cell-surface expression okRt on human platelets
and 10 ng/mL granulocyte-macrophage colony-stimulating factor (GM-and HML-1 cells by flow cytometry.Platelets were isolated as
CSF). described above. & 107 platelets in 100 pL of 0.02% EDTA-PBS were
Monoclonal antibodies (MoAbs).Mouse MoAbs to human feRla incubated with 10 pg mouse MoAb to humareRt « chain on ice for
chain (CRA2, CRA3: mouse IgG1 and CRAL: mouse IgG2b) were useds0 minutes, and X 10° untreated HML-1 cells in 100 pL of 1%
to detect the expression of thedRl « chain in human platelets and BSA-PBS were incubated with 100 ng mouse MoAb to humaiRFa
megakaryocytes, and for the studies on the release of serotonin anghain on ice for 60 minutes. After subsequent washing, these cells were
RANTES from human platelet52(CRA2 and CRA3 are competitive  incubated on ice for 45 minutes with 100 ng rabbit fluorescein
with IgE and recognize the IgE binding domain of the&Rta chain;  isothiocyanate (FITC)-lgG against mouse @M. Fluorescence
CRAL1 is noncompetitive with IgE). Mouse MoAb to human CD61 intensities of stained cells were analyzed by an immunofluorescence
(GPllla, DAKO A/S, Glostrup, Denmark) was used as the positive cell sorter (Becton Dickinson, San Jose, CA: FACScan). To determine
control for flow cytometric analyses. PE-conjugated CD61 MOAD the intracytoplasmic expression ofdRi in HML-1 cells, the cells were
(Pharmingen, San Diego, CA) was used for two-color flow cytometric pretreated with cold 70% ethanol on ice for 15 minutes before

analysis of bone marrow cells. Mouse MoAb to humayRit (CD32, incubation with mouse MoAb to human &l « chain.

IV.3) was used as the positive control for serotonin releasing assay from Analysis for the IgE bindability to FR| on the cell surface of human

human platelets. platelets by flow cytometry.2 x 107 purified platelets in 100 pL of
Analysis of the gene expression foreRt o, 3, andy chains by 0,029 EDTA-PBS were incubated with 10 ug human myeloma IgE on

reverse transcription and polymerase chain reaction (RT-PCRRtal jce for 60 minutes. After washing, the platelets were incubated with 50

cellular RNA was extracted from purified platelets of healthy individu- pg/mL FITC-conjugated goat antihuman IgE on ice for 60 minutes. To
als and patients with atopic dermatitis, from HML-1 cells, peripheral getermine whether IgE binding was competitively inhibited by MoAb
white blood cells (as positive control) and human erythroleukemic celltg the human FeRI « chain (CRA2, a MoAb that is competitive with
line, K562 cells (as negative control) by the phenol-guanidium isothio—|gE)7 platelets were pretreated with 100 pug/mL CRA2 or isotype-
cyanate metho#, and reverse-transcribed, as previously descriBed. matched control mouse IgG, for 60 minutes on ice before incubation
FceRI a, B, andy chain gene segments from 1 pg of each resultantyith the human myeloma IgE. Fluorescence intensities of the stained
complementary DNA (cDNA) sample were PCR amplified in the ¢glis were analyzed using a FACScan.
presence of specific sense and antisense primers (1 umol/L each) (Table|mmunohistochemical analysis for the expression of theRFax
1), 200 pmol/L dNTP, 0.05 U/uL Ampli Taq (Perkin Elmer, Norwalk, chain in human platelets, and HML-1 cellsPurified platelets (1x
CT), 1 U Perfect Match (Stratagene, La Jolla, CA), and PCR buffer (1.5108/mL) and HML-1 cells (5x 10%) were fixed with 4% paraformalde-
mmol/L MgCl,, 50 mmol/L KCI, 10 mmol/L Tris-HCI, pH 8.3, 0.001%  hyde, washed in PBS containing 15% sucrose, and cytospinned onto
gelatin) in a final reaction volume of 20 pL. PCR was performed in sjlane-coated slides. The cells were then air dried, rehydrated in
DNA Thermal Cycler (Perkin Elmer)(chain: 35 cycles chain: 40 Tris-HCI buffer, pretreated with 10% normal rabbit serum, incubated
cycles;y chain: 30 cycles), each cycle including denaturation (94°C, 1 gyernight at 4°C in saturating concentration of the mouse antihuman
minute), annealingo( chain: 50°C, chain andy chain: 55°C, 1 MoAb to the FeRI o chain (CRAL), and stained by the alkaline
minute), extension (72°C, 2 minutes), and final incubation (72°C, 10phosphatase antialkaline phosphatase method (APAAP) (DAKO APAAP
minutes) after the last cycl@-actin cDNA was amplified as internal i) as previously describe¥.For the detection of intracellular ERI o
control and the cDNA was substituted with that of human erythroleuke-chain in HML-1 cells, the cells were first permeabilized with 0.1%
mic cell line, K562, as negative control. The PCR products weresaponin in PBS (saponin-PBS) and stained as described above.
electrophoresed on 2% agarose gels and after staining with ethidium Analysis for the cell-surface and intracytoplasmic expression of
bromide, the results were visualized under ultraviolet illumination. FceRI o chain in normal human megakaryocyteS' by flow Cytometry.
Sequence analysis of the PCR products fosffax, B, andy chain  For the detection of RRI o chain expression in normal human
genes. PCR products of the Rl «, B, andy chain genes were  megakaryocytes, 5 mL of bone marrow was aspirated from normal
sequenced directly on an automated DNA sequencer (Perkin EImegybjects after obtaining their informed consent according to the
regulations of the hospital’s ethical board. The bone marrow was
Table 1. The Sequences of the Oligonucleotides Used for RT-PCR aspirated into a heparinized syringe from a single site in the posterior
iliac crest, diluted 1:2 in RPMI 1640, mixed with 2.5 mL of 5% Dextran
(M.W. 180,000) in saline, and then kept at room temparature for 2

FceRI a chain (796 bp)

1 18 . .
o, , hours. The cell-rich supernatant was collected, centrifuged, and washed
Forward: 5 _(XhOD;‘ZGGCTCCTGCCATGGAA_;A twice in Ca™* and Mg"* free PBS. The cells were then treated with 2

mL of lysing solution (Becton Dickinson) for 10 minutes at room
temperature, centrifuged and resuspended in PBS at a concentration of
2 X 10’/mL. For the detection of cell-surface expression of theRfFin

Reverse: 5'-(Notl) TCAGTTGTTTTTGGGGTTTGG-3'
FceRI B chain (757 bp)

1 21 - }
Forward: 5'-(Xhol) ATGGACACAGAAAGTAATAGG-3' megakarocytes, these cells were treated with 5' pg/mL of PE-conjugated
35 705 antihuman CD61 MoAb (Pharmingen) for 15 minutes at room tempara-

ture, washed, and treated with 1 pg/mL of FITC-conjugated ariRFc
MoAb (CRA2), or the FITC-conjugated mouse IgG1l (as negative
control) for 30 minutes at room temperature. For the detection of

Reverse: 5'-(Notl) TTATAAATCAATGGGAGGAGACATTTCCCCT-3’
FceRI y chain (283 bp)

! 21 intracytoplasmic expression of the dRl in megakarocytes, the cells
Forward: 5 -(Xhog 6AiTGATTCCAGCAGTGZ:::'“FG'3 were first treated with 5 pg/mL of PE-conjugated antihuman CD61

MoAb (Becton Dickinson) for 15 minutes at room temperature,

Reverse: 5'-(Notl) CTACTGTGGTGGTTTCTC3 followed by treatment with 0.5 mL of the permeabilization solution
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(Becton Dickinson) for 10 minutes at room temperature (according tocontrol2® The radioactivity of H] serotonin released into the superna-
the manufacturer’s instructions), and then treated with 1 pg/mLtant, and of the total platelet suspension was measured, and the percent
FITC-conjugated anti-FeiRl MoAb (CRA2), or the FITC-conjugated release was calculated as: [fa b)/c] X 100, in which a is the
mouse IgG1(as negative control) for 30 minutes at room temperatureconcentration of serotonin released from the stimulated platelets, b is
Finally, the cells were washed twice, and theeRt expression in  the spontaneous release of serotonin from the unstimulated platelets,
normal human megakaryocytes was analyzed by two-color flow cytom-and c is the total concentration of serotonin in the cells after lysing the
etry using a FACScan (Becton Dickinson) after gating on the polymor-platelets with 1% NP-40.
phonuclear cells that were CD61 positive (CDGAMN). Assay for FeRI-mediated release of RANTES from human platelets.
Immunoelectromicroscopic analysis for the expression of tk&Fe Venous blood (50 mL) was collected from healthy individuals with
chain in human platelets. Purified platelets (X 10°/mL) were fixed 0.38% sodium citrate and centrifuged at §Z0r 15 minutes at room
with 4% paraformaldehyde, washed in PBS containing 10% sucrosetemperature and the PRP was collected, as described above. The PRP
and then incubated in saponin-PBS for 10 minutes. The cells were the(l X 10%/mL) was washed, resuspended in HEPES-Tyrode’s buffer (pH
treated with 0.1% KD,, washed in saponin-PBS, and incubated 7.4, 142 mmol/L NaCl, 6.2 mmol/L KCI, 1 mmol/L CagI10.6 mmol/L
overnight at 4°C with the mouse antihuman MoAb to thefax chain MgCl,, 6.5 mmol/L HEPES) supplemented with 1% FCS and 100 ng/ml
(CRA1) at the saturating concentration. Subsequently, the cells wer@Gl, and incubated at 37°C for 60 minutes with the mouse antihuman
washed and treated with peroxidase-conjugated goat antimouse 1gG &c<R| « chain MoAb at a concentration of 100 pg/mL. We used
the saturating concentration. After four washes, the cells were treatethrombin at a concentration of 1 U/mL as the positive control. RANTES
with 0.25% glutaraldehyde for 5 minutes, washed, and treated withthat was released into the supernatant and of the total platelet
diamino benzidine hydrocholride (DAB) in dimethyl sulphoxazide suspension was measured by ELISA, using the RANTES specific
(DMSO) for 30 minutes. The reaction was developed with the DAB ELISA kit (Quantikine Human RANTES Immunoassay; R&D Systems,
substrate. Finally, after washing twice in PBS the cells were treated wittMinneapolis, MN). The percent release was calculated relative to the
2% osmium tetroxide for 30 minutes, washed and dehydrated in gradetbtal concentration of RANTES in the cells as previously described.
series of alcohol (30% to 100%), embedded in epoxy resin, and then Assay for IgE-mediated release of RANTES from human platelets.
polymerized for 72 hours. Ultrathin sections were cut, taken onto fineln the meantime, for IgE-mediated stimulation, the PRFX(10¥/mL)
grids, counterstained briefly with uranyl acetate and lead citrate, andvere incubated on ice for 45 minutes with the human myeloma IgE at a
examined with a Hitachi 800 electron microscope. concentration of 100 pg/mL, washed, and resuspended in HEPES-
Assay for FeRI-mediated serotonin release from human platelets. Tyrode’s buffer supplemented with 1 mmol/L Ca@.6 mmol/L MgC},
Fifty mL of venous blood was collected from atopic patients (patientsand 10% mouse serum. The platelets were then incubated at 37°C for 60
with atopic dermatitis and chronic urticaria) and healthy individuals minutes with goat antihuman IgE (CHEMICON International Inc,
with 0.38% sodium citrate. The blood was centrifuged atgl20® 15 Temecula, CA) at a concentration of 300 pg/mL. In addition, platelets
minutes at room temperature and the PRP was collected. The PRP (1 were incubated at 37°C for 60 minutes with either human myeloma IgE
10°/mL) was incubated with3H] serotonin (NEN, Boston, MA) at a  alone (100 pg/mL) or goat antihuman IgE alone (300 ug/fiL).
concentration of 2 uCi/mL and P&(Cayman Chemical, Ann Arbor,
MI) at a concentration of 100 ng/mL at room temperature for 60
minutes. The PRP was then centrifuged at@fif 15 minutes at 4°C, RESULTS
washed, resuspended in HEPES-Tyrode’s buffer (pH 7.4, 142 mmol/lL  Gene expression of ERI «, B, andy chains in human

NaCl, 6.2 mmol/L KCI, 6.5 mmol/L HEPES) supplemented with 1% patelets and HML-1 cells. To determine the expression of
FCS and 100 ng/mL PGland incubated on ice for 45 minutes with messenger RNA (MRNA) for k&I «, B, andy chains in

mouse antihuman ERI « chain MoAb (10 pg/mL) and 0.03% human _human platelets and HML-1 cells, we performed RT-PCR of

serum albumin. After washing the platelets were resuspended i . s
HEPES-Tyrode’s buffer supplemented with 1 mmol/L GaCl0.6 'human platelets obtained from healthy individuals, and of

mmol/L MgCl,, and incubated at 37°C for 45 minutes with the rabbit HMIffl cells. Human peripheral white blood cglls were used as
antimouse |gG+ |gM at a concentration of 30 ug/mL We used pOSItIVE Contl‘0| and the human erythl’0|eukemlc Ce” ||ne, K562

thrombin at a concentration of 10 U/mL and a mouse MoAb to humancells, were used as negative control. mMRNA expression for
FcyRII/CD32 (IV.3) at a concentration of 10ug/mL as the positive FceRI o chain (796 bp)g chain (757 bp), ang chain (283 bp)

o chain f chain
800bp
800bp —>
Fig 1. FceRI gene expression in human platelets —b
and HML-1 cells. The FceRI gene expression in hu- 700[)
man platelets (total number: 1 x 108, purity: >99%) p .
and in the human megakaryocyte like cell line, HML-1
cells (total number: 1 x 107) was analyzed by RT-PCR. 1 2 3 4 1 2 3 4
1 x 107 human peripheral white blood cells were
used as positive control and 1 x 107 of the human i ”
erythroleukemic cell line, K562 cells were used as Y chain ﬁ_a(’t'“
negative control. FceRIl «, B, and y chain gene seg-

ments from 1 pg of each cDNA sample were PCR
amplified in the presence of specific sense and anti- 300[)[] 8(}0bp
sense primers. Lane 1: human peripheral white blood ——-> .+
cells; lane 2: human platelets; lane 3: human mega-
karyocyte-like cell line, HML-1 cells; lane 4: human
1 2 3 4 1 2 3 4

700bp
—

erythroleukemic cell line, K562 cells as negative
control.
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was detected in human peripheral white blood cells, humar
platelets, and HML-1 cells but not in K562 cells (Fig 1).
Moreover, gene expression of Rl «, B, andy chains was
detected in human platelets from both healthy individuals anc
allergic patients (data not shown). To verify the occurrence of
any mutations in the Rl «, B, andy chain cDNAs in the A
RT-PCR products of human platelets of healthy individuals, anc
HML-1 cells, we performed direct sequencing analyses. Se
quencing analyses showed that the PCR productseR e, B,
andwy chains had exactly the same sequences as those describ
in previous report§?-34

Cell-surface expression of the &l « chain in human
platelets. To examine whether the ERI « chain is expressed
on the cell-surface of human platelets, we performed flow
cytometric analyses of human platelets from healthy individual
stained with mouse MoAbs to the humareR¢ « chain (CRA2
and CRA3). Our results showed that theeRt o chain was
expressed on the cell-surface of platelets from healthy individu-u
als. The levels of FRI expression in human platelets when
stained with CRA2 and CRA3 MoAbs were 30.3% and 36.1%,
respectively (Fig 2). We also confirmed that theRta chain
was expressed on the cell surface of human platelets fron=
patients with atopic dermatitis, but there was no significantm
difference in the level of FeRIl « chain expression in human
platelets between normals and patients (data not shown).

We next examined the levels of cell bound IgE in human
platelets of healthy individuals by flow cytometric analyses.
Our results showed that human myeloma IgE bound to the cel
surface of human platelets (19% positivity) (Fig 3A). We
confirmed that this binding was partially inhibited (68.4% C
inhibition) by treatment with the mouse MoAb to humareRt
« chain (CRA2, a MoAb that is competitive with IgE) (Fig 3C),
but was not inhibited by treatment with the isotype-matched
control Ab (Fig 3B). These results confirmed that the human
myeloma IgE mainly bound to the cell surface of human
platelets via the FeRI.

Expression of the FfRl o chain in HML-1 cells, normal
human megakaryocytes, and human platele® investigate
whether the FeRI « chain is expressed on the cell surface of
HML-1 cells, we performed flow cytometric analyses of !

. . platelets analyzed by flow cytometry. The platelets were incubated

HML-1 cells after staining with the mouse MoAbs to the human with mouse MoAbs to (A) human CD61 as positive control, (B) human
FceRI a chain. Mouse MoAb to human CD61 was used asFceRl « chain (CRA2), and (C) human FceRl « chain (CRA3) respec-
positive control. Although CD61 was expressed on the celltively, and then stained with the FITC-labeled rabbit antimouse IgG +
surface of HML-1 cells, these cells did not express theRfe. ~ '9M (solid dark line). Mouse IgG, was used as isotype-matched
chain on their cell surface (Fig 4A). We next examined whether~ontrol antibody (dashed fine).
the FeRI « chain was expressed in the cytoplasm of HML-1
cells after fixation with ethanol. As shown in Fig 4B,dRl o cell surface of human platelets (data not shown). Furthermore,
chain was expressed in the cytoplasm of HML-1 cells (CRAL:by immunoelectronmicroscopy after staining with the mouse
25%, CRAZ2: 51.3%, and CRAS3: 93.8%). Furthermore, by MoAb to human FeRI a chain (CRA1), we could precisely
immunohistochemistry, immunoreactivity for thedRi o chain localize the FeRI « chain on the cell surface of human platelets
was not detected on the cell-surface of HML-1 cells (Fig 5A), (Fig 7A). However, no staining of the cell surface of human
but was detected in the cytoplasm of these cells (Fig 5B). platelets was detected after staining with the isotype-matched

By two color flow cytometry, we examined the expression of Ab (Fig 7B).
the FeRI « chain in normal human magakaryocytes after FceRI-mediated serotonin release from human platele®o
gating on the CD61 PMN. Although, we could not detect the learn whether the Rl o chain expressed in human platelets
expression of the FERI « chain on the cell surface of normal was functional or not, we examined if activation of human
human megakaryocytes (Fig 6A), we could detectéFHca platelets via the FaRI could induce the release of serotonin.
chain expression in the cytoplasm of these cells (Fig 6B). ByUsing the mouse MoAbs to the humaneR¢ o chain (CRAL
immunohistochemistry, we also detecte&REta chain on the  and CRA2) we stimulated human platelets for the serotonin

ell Nﬁmber
=

ve

at

Log Fluorescence Intensity

Fig 2. Cell-surface expression of the FceRl a chain on human
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Fig 3. Bindability of human IgE to the FceRl on human platelets
analyzed by flow cytometry. The platelets were (A) untreated (dashed
line; only FITC-labeled goat antihuman IgE, solid dark line; human
myeloma IgE plus FITC-labeled goat antihuman IgE), (B) pretreated
with isotype-matched control Ab (dotted line; only FITC-labeled goat
antihuman IgE, dashed line; human myeloma IgE plus FITC-labeled
goat antihuman IgE, solid dark line; pretreated with mouse 1gG,), (C)
pretreated with mouse MoAb to human FceRI a chain (CRA2) (dotted
line; only FITC-labeled goat antihuman IgE, dashed line; human
myeloma IgE plus FITC-labeled goat antihuman IgE, solid dark line;
pretreated with CRA2). These results shown are representative of 10
independent experiments.

2547

the total content (Fig 8). The serotonin release from human
platelets by isotype-matched control Abs was always less than
1%, in all experiments performed.

IgE- and FeRI-mediated RANTES release from human
platelets. To verify whether the ReRI expressed in human
platelets was functional or not, we also examined whether
activation of human platelets via the dRd could induce the
release of RANTES. Using the mouse MoAb to the human
FceRl o chain (CRA1) we stimulated human platelets and
evaluated the RANTES release. The level of released-RANTES
from platelets stimulated by thrombin was measured as the
positive control. The levels of released RANTES from platelets
stimulated by the MoAb to the human ¢RIl o chain and
thrombin were always more than 50% of the total content (Fig
9). The levels of released-RANTES from human platelets by the
isotype-matched control Ab were always less than 1%, in all
experiments performed.

Next, we also examined whether activation of human plate-

A B

CD61
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% CRA2

o

m 1 o 162 100 10t g L. AR S 3]
CRA3

5

Log Fluorescence Intensity

Fig 4. Cell-surface expression of the FceRl in HML-1 cells. (A) The
cell-surface expression of the FceRl a chain in HML-1 cells was

re.lease' The level Qf released-serotonin from the platelet%nalyzed by flow cytometry. Untreated cells were incubated with
stimulated by thrombin was measured as positive control anGnhouse MoAb to human CD61 and human FceRI « chain, respectively,
was always about 20% of the total content. Furthermore, thetained with the FITC-labeled rabbit antimouse IgG + IgM. Mouse
fraction of the released-serotonin from the platelets by MoAb to!dG1 or 1gG2b (for CRAL) were used as isotype-matched control

- 0 antibodies. (B) Intracytoplasmic expression of the FceRIl in HML-1
FcyRIIl (also used as positive control) was about 10% of the

) . cells was analyzed by flow cytometry after pretreatment of the cells
total content. The fraction of the released-serotonin fromyith cold ethanol before incubation with primary or secondary

platelets by the mouse MoAb to &Rl « chain was about 4% of  antibodies.
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A B

Fig5. Expression of the FceRI in HML-1 cells. The cell-surface expression of the FceRI in HML-1 cells (A) was analyzed, by immunohistochem-
istry after staining with the antihuman FceRI a chain MoAb (CRA1) using the APAAP method. The intracytoplasmic expression of the FceRl in
HML-1 cells (B) was analyzed, by immunohistochemistry as described above after permeabilization with saponin. Although no immunoreactivity
was detected for the FceRIl a chain on the cell surface of HML-1 cells, FceRI a chain expression was clearly detected in the cytoplasm of HML-1
cells.

lets via IgE and anti-IgE stimulation could induce the release ofexpress the FeRRll and FeyRIIA, and release chemical media-
RANTES. The level of released RANTES from platelets tors such as serotonin, thromboxaneg, #F4, PDGF, and
stimulated by human myeloma IgE and goat antihuman IgE Abcytokines like RANTES, when activated. However, only most
was more than 30% (Fig 10). The background RANTES releaseecently M. Capron’s grou reported the expression of &Rl
from human platelets by only human IgE or only goat antihu-in human platelets of patients with parasitic infections and
man IgE Ab was always less than 1%, in all experimentsshowed FeRI-mediated cytotoxicity folSchistosoma mansoni
performed. larvae. In the present study, using samples from normal subjects
Taken together, these results confirmed that human plateletss well as atopics we showed the functional expression of the
could be activated via the ERI and IgE, suggesting that the FceRI in human platelets and its intracellular expression in
FceRI expressed on the cell surface of human platelets wasnegakaryocytes, and its probable role in allergy based on the
functionally active and its probable roles in IgE-mediated IgE-anti-IgE mediated release of RANTES from human plate-
diseases. lets.
It was reported that the ERI is usually expressed as a
DISCUSSION tetramer &B+,) in mast cells and basophig;32-34but that it
It was not until recently that we have gained an understandingnay be expressed as trimetyp) in human monocytes,
that human platelets play an important role in the allergicepidermal Langerhans cells, and dendritic cElg:21.36\We
reaction and inflammation. Human platelets were reported tdgherefore examined the expression of each subunit of thRIFc

A B
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Fig 6. Expression of the FceRl in normal human megakaryocytes. (A) The cell-surface expression of the FceRIl a chain in normal human
megakaryocytes was analyzed by two-color flow cytometry. Cells were isolated from the bone marrow aspirate (as described in the text) and
were incubated with PE-conjugated antihuman CD61 MoAb and the FITC-conjugated antihuman FceRIl a chain MoAb (CRA2) (solid line) and
analyzed using the FACScan after gating on the polymorphonuclear cells that were CD61 positive (CD61* PMN). FITC-conjugated mouse 1gG1
was used as isotype-matched control antibody. (B) The intracytoplasmic expression of the FceRI a chain in normal human megakaryocytes. Cells
were first incubated with the PE-conjugated antihuman CD61 MoAb, treated with the permeabilization solution (Becton Dickinson) and then
incubated with FITC-conjugated antihuman FceRl « chain MoAb, and analyzed using the FACScan after gating on the CD61* PMN.
FITC-conjugated mouse IgG1 was used as isotype-matched control antibody (thin line).
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Fig 7. Immunolocalization of the FceRI in human platelets. Local-
ization of the FceRl a chain in human platelets was examined by
immunoelectromicroscopy after staining with the antihuman FceRI «
chain MoAb (CRAL), using the indirect immunoperoxidase method.
(A) FceRIl a chain was localized to the cell-surface (arrow head) of
human platelets. (B) Negative control with isotype-matched control
Ab shows no cell-surface staining.
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Fig 8. Serotonin release from human platelets. “;_’ 7.5 7

Human platelets (1 x 108/mL) were stimulated with
the mouse MoAb to human FceRI a chain (CRA1 and
CRA2, each 10 pg/mL), or with mouse MoAb to 2.5 —
human FcyRII/CD32 (IV.3, 10 pg/mL), or with throm-
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Fig 9. FceRl-mediated RANTES release from human platelets.
Human platelets (1 x 108/mL) were stimulated with mouse MoAb to
human FceRl a chain (CRA1 at 100 pg/mL), or with thrombin (1
U/mL). The levels of released RANTES were measured by ELISA.
Spontaneous release was always <1% of the total RANTES content.
Results are shown as mean =SD (n=3). * P < .01.

in human platelets and megakaryocytes, and confirmed the
expression of MRNA for each subunit of thesR¢ in both kinds

of cells. Furthermore, the ERI expressed on human platelets
was functional as shown by the dRI-mediated release of
serotonin and RANTES. However, in comparison with throm-
bin and the MoAb to human R&ll, the amount of serotonin
released from human platelets when stimulated via thedRFc
was relatively less. No significant differences were detected in
the levels of FeRI expression or FeaRI-mediated serotonin
release from platelets obtained from healthy individuals and
atopic patients (data not shown). Most importantly, we showed
that human platelets from healthy individuals released signifi-
cant levels of RANTES when stimulated via IgE anckRE
Presently, we are elucidating the levels of RANTES released
from platelets of atopics and nonatopics.

We further confirmed that the mRNA for &Rl «, B, andy
chains expressed in the human megakaryocyte-like cell line,
HML-1 cells, but failed to detect Rl « chain on the cell
surface of HML-1 cells and normal human megakaryocytes. On
the other hand, FeRRl was detected in the cytoplasm of these

i

bin (10 U/mL). The levels of released serotonin were
measured as radioactivity, in the supernatants and
the percent release was estimated as described in
Materials and Methods. Spontaneous release was
always < 1% of the total serotonin content. Results
are shown as mean =SD (n = 3). *P < .01.
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Fig 10. IgE-anti-lgE-mediated RANTES release from human plate-

lets. Human platelets (1 x 108/mL) were stimulated with human
myeloma IgE (100 pwg/mL), and/or goat antihuman IgE (300pg/mL).
The levels of released RANTES were measured by ELISA. Spontane-
ous release was always <1% of the total RANTES content. Results
are shown as mean = SD (n = 3). * P < .01.

cells by immunohistochemistry and flow cytometry, using the

anti-F&RI o chain MoAb. Human megakaryocytes have stages

of differentiation by endomitosis and &Il may be expressed

on the cell surface of mature megakaryocytes. But we could not

show the expression of ERI on the cell surface of HML-1
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