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ABSTRACT

FE-3 cells were established by Hanashiro et al. by hybridizing mouse myeloma cells (Sp2/0-Ag14/SF) with rat
spleen cells that were freshly isolated from Brown–Norway rats sensitized with DNP-As. FE-3 cells can con-
stitutively secrete IgE without stimulation by cytokines. Our preliminary experiments demonstrated that the
IgE secretion was decreased at 3 days after start of culture and the addition of exogenous IgE into culture
media depressed the secretion of IgE. Thus, we hypothesized that the IgE production in FE-3 cells may be
regulated by a signal transduction through the binding of IgE to its high affinity receptor (FceRI) or to an
IgE binding protein on the cell surface. In this study, we aimed to identify the nucleotide sequence of IgE FE-
3 and compared with those of mouse IgE and IgE IR162 to find a structural heterogeneity in the Fc region
of IgE FE-3. We also tested if the mRNA of FceRI was expressed in FE-3 cells using the reverse transcrip-
tase-polymerase chain reaction (RT-PCR) method with the combination of sequencing analysis. Consequently,
the cDNA sequence of IgE FE-3 was identical to that of the CH3 and CH4 domains in the e-chain of rat IgE
IR162, whereas the cDNA of FceRI was identical to that of mouse, suggesting that the genes of IgE FE-3 and
FceRI was derived from that of rat spleen cells and mouse myeloma cells, respectively.
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INTRODUCTION

MANY STUDIES demonstrated that the type I allergy is me-
diated by the interaction between the IgE and its high

affinity receptor (FceRI), followed by cross-linking with a spe-
cific allergen. To study the type I allergy, we have used rats
because the rat is a more useful animal than the mouse in terms
of experimental procedures such as drug administration, blood
sampling, and recording the resistance of airway in response to
a specific allergen. It was also necessary to measure the pre-
cise IgE level in circulating blood, body fluid, and culture me-
dia to clarify the role of IgE in the type I allergy. However,
only rat IgE derived from IR162 myeloma cells (IgE IR162)
was commercially available for the research.(1–10) Furthermore,
IgE IR162 is not an antigen-specific IgE that is produced in the
process of allergic reaction.

Antigen-specific IgE antibodies were desperately needed to
study the mechanisms that underlie allergic reactions in re-
sponse to a specific antigen. Therefore, IgE-secreting hy-
bridoma (FE-3) was established by the cell fusion of mouse
myeloma cells with the spleen cells from the Brown–Norway

rats, which were sensitized by dinitrophenyl (DNP)-conjugated
proteins of Ascaris suum (DNP-As).(11) It was reported that
there was a structural heterogeneity in the Fc region of rat IgE.
Hanashiro et al.(12) demonstrated that the purified rat IgE from
sensitized rats by DNP-As was structurally different from IgE
IR162 using Western blot with anti-rat myeloma IgE (Fc) an-
tibody. Therefore, we first identified the nucleotide sequence
of IgE FE-3 and compared with those of mouse IgE and IgE
IR162 to find a structural heterogeneity in the Fc region.

In physiological condition, IgE-producing cells can produce
and secrete IgE by the stimulation of various cytokines such as
interleukin-4 (IL-4), IL-13, and CD40.(13–15) However, FE-3
cells can constitutively secrete IgE without the stimulation by
cytokines. In addition, in our preliminary experiments, we
found that IgE secretion from FE-3 was decreased at 3 days af-
ter start of cell culture and that the addition of exogenous IgE
into culture media depressed the secretion of IgE. Therefore,
we hypothesized that IgE production in FE-3 cells may be reg-
ulated by a signal transduction through the binding of IgE to
an IgE receptor (e.g., FceRI) or an IgE binding protein on the
cell surface.
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In this study, we aimed to identify the nucleotide sequence
of IgE FE-3 and to test if FceRI is expressed on the cell mem-
brane of FE-3 cells.

MATERIALS AND METHODS

Reagents

Guanidinium thiocynate, phenol, chloroform, isoamyl alcohol
(3-methyl-1-butanol), isopropyl alcohol (2-propanol, iso-
propanol), ethanol, sodium acetate, sodium citrate, sarcosyl, and
ethidium bromide were purchased from Wako Pure Chemical In-
dustries, Ltd. (Osaka, Japan). Moloney murine leukemia virus re-
verse transcriptase (M-MLV RTase) was purchased from GIBCO
BRL, Life Technologies, Inc. (Gaithersburg, MD). Taq DNA

polymerase was purchased from Promega Co. (Madison, WI).
NucleoSpin Extraction Kits and Nucleospin RNA II Kits were
purchased from CLONTECH Laboratories, Inc. (Palo Alto, CA).
BigDye terminal cycle sequencing FS ready reaction kits were
purchased from Perkin-Elmer Co. (Foster City, CA). NuSieve™

GTG agarose was purchased from FMC Bioproducts Co. (Rock-
land, ME). The primers used in this study were purchased from
Hokkaido System Science Co. Ltd. (Hokkaido, Japan) and listed
in Table 1. Unless otherwise stated, only reagent grade chemi-
cals were used as other reagents.

Cell culture

FE-3 cells were established by Hanashiro et al.(11) by hy-
bridizing mouse myeloma cells, Sp2/0-Ag14/SF (American
Type Culture Collection, Rockville, MD) with rat spleen cells
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TABLE 1. PRIMERS FOR b-ACTIN, IgE, AND IgE RECEPTOR (FceRI)

Name Sense/antisense Sequence (59 to 39) Position DDBJ* accession number

BA-S sense GAGCTATGAGCTGCCTGACGG 794–814 X03672 (mouse b-actin)
BA-AS antisense TTGCGGTGCACGATGGAGGG 1179–1198 X03672 (mouse b-actin)
A-1-1 sense CTTACCTGTCTGGTTTTGGACCTGG 1179–1203 J00744 (rat IgE)
RT-1S antisense AAGCAGTGGTAACAACGCAGAGG adopter region of RT-1
D-1-A antisense CGGAGGGAAGTGTTACCAAGGC 1744–1765 J00744 (IgE)
RIA-S1 sense CCTGTGCAGTGGTAGCTGCC 56–75 J03606 (rat FceRI a)
RIA-S2 sense CTGTAGTGTCCTTGGACCCACC 136–157 J03606 (rat FceRI a)
RIA-AS antisense CCTGTGCAGTGGTAGCTGCC 594–614 J03606 (rat FceRI a)
MIR-S sense GGTCACTGGAAGGTCTGCCC 42–61 J05018 (mouse FceRI a)
MIR-AS antisense CTAGGGATCACATGAGTGGCC 881–901 J05018 (mouse FceRI a)

*DDBJ: DNA Data Bank of Japan.

FIG. 1. The nucleotide sequence of b-actin obtained from FE-3 hybridoma cells. For comparison, the corresponding nucleo-
tide sequences of b-actin obtained from the mouse and rat are shown. It was found that 11 bp of 405 bp in the b-actin gene from
the FE-3 cells showed overlapping differences from both the mouse and rat nucleotide sequences. The Ys in bold of b-actin FE-
3 represent heterozygous nucleotides (C and T), indicating that the nucleotide sequence of the b-actin gene in the FE-3 cells was
heterozygous between the mouse and rat genes. The numbers in right-hand side indicate the positions of nucleotide at the end of
each row from the start of cDNA (b-actin Mouse, X03672; b-actin Rat, V01217).



that were freshly isolated from Brown–Norway rats sensitized
with DNP-As. The FE-3 cells were grown in RPMI 1640
medium (Nissui Pharmaceutical Co., Tokyo, Japan) containing
0.3 mg/mL of L-glutamine (Wako Pure Chemical Industries),
0.1 mg/mL of pyruvic acid (Sigma Chemical Co., St. Louis,
MO), 0.2 mg/mL of insulin (Takeda Chemical Industries, Ltd.,
Osaka, Japan), 100 mg/mL of penicillin (Takeda Chemical In-
dustries), 100 mg/mL of streptomycin (Meiji Seika Kaisha, Ltd.,
Tokyo, Japan) and 2% NaHCO3 and supplemented with 10%
fetal bovine serum (FBS) (Sanko Junyaku, Tokyo, Japan), as
described previously.(11) The number of FE-3 cells in the col-
lected culture medium was counted using a hemocytometer and
were adjusted to 1 3 105 cells/mL and cultured in 25–cm2

flasks (Corning Inc., Corning, NY) at 37°C in a CO2 incubator
(Astec Inc., Fukuoka, Japan) under 5% CO2-95% moisture. The
cell viability was evaluated by the Trypan blue dye exclusion
test. The collected culture medium was then centrifuged at 3000
rpm for 10 min at 4°C. After the cell pellet was washed, it was
resuspended in 100 mL of cold phosphate-buffered saline
(PBS).

Extraction of total RNA from FE-3 cells

The total cellular RNA was extracted from the FE-3 cells
(1 3 106 cells) using the acid guanidinium-phenol-chloroform
(AGPC) method as described by Chomczynski and Sacchi(16)

or NucleoSpin RNA II kit (CLONTECH Laboratories, Inc.).
Briefly, 1 3 106 cells of FE-3 cells were homogenized with 500
mL of the denaturing solution: 4 M guanidinium thiocyanate,

25 mM sodium citrate, pH 7.0; 0.5% sarcosyl, 0.1 M 2-mer-
captoethanol. Subsequently, 50 mL of 2 M sodium acetate (pH
4.0), 500 mL of water-saturated phenol, and 100 mL of chloro-
form-isoamyl alcohol mixture (49:1) were added to the ho-
mogenate. The suspension was shaken vigorously for 10 sec
and cooled on ice for 15 min and centrifuged at 15,000 rpm for
20 min at 4°C. After centrifugation, RNA in the aqueous phase
was transferred to a new tube and precipitated by isopropanol,
and then the RNA pellet was rinsed by 75% ethanol. Finally,
the RNA pellet was dissolved in RNase free water. When us-
ing the NucleoSpin RNA II kit, total RNA was extracted ac-
cording to the manufacturer’s instructions. In this case, FE-3
cells were homogenized by passing through 21-gauge needle
10 times. Concentration of total RNA was determined by read-
ing the absorbance at 260 nm using spectrophotometer.

Reverse transcription of mRNA

Reverse transcriptions (RTs) were carried out according to
the standard procedures.(17–19) In brief, 500 ng of total RNA in
22.5 mL of reaction mixture (5 mL of 5 3 M-MLV buffer, 5
mL of 10 mM dNTP, 2.5 mL of 100 mM DTT, and mess up to
22.5 mL with RNase free water) and 0.5 mL of 50 mM syn-
thetic oligo(dT)-adaptor primer (RT-1, 159-AAGCAGTG-
GTAACAACGCAGAGGCC (dT)31VN-39) were mixed. After
denaturing at 75°C for 3 min, the reaction was cooled down on
ice and initiated by adding 2 mL of M-MLV RTase and incu-
bated for 2 h at 37°C. The synthesized first strand cDNA was
stored at 220°C until use.
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FIG. 2. The nucleotide sequences of the CH3 and CH4 domains of IgE obtained from FE-3 hybridoma cells (IgE FE-3). For
comparison, the corresponding nucleotide sequence of IgE obtained from IR162 rat myeloma cells IgE IR162) is shown. It can
be seen that 587 bp in the CH3 and CH4 domains revealed an overall homology of 100% at the DNA level. The numbers in
right-hand side indicate the positions of nucleotide at the end of each row from the start of cDNA (IgE IR162, J00744). In the
case of IgE IR162, CH3 domain starts from 1101 and ends at 1422, and CH4 domain starts from 1423 and ends at 1788, as in-
dicated with two arrows on the alignment of the two nucleotide sequences.



Amplification of cDNA by polymerase chain reaction
(PCR) and nested PCR

The cDNAs of the IgE FE-3 CH3, CH4 domain, FceRI a
subunit, and b-actin genes were amplified by the PCR
method(20) with Program Temp Control System PC-800 (Astec
Inc., Fukuoka, Japan). The Hot Start PCR was performed ac-
cording to the method of D’Aquila et al.(21) Briefly, 1st strand
cDNA, Taq DNA polymerase enzyme and a pair of synthetic
oligonucleotide primers were employed for amplification. Syn-
thetic oligonucleotide primers were designed on the basis of the
published sequences of b-actin (DDBJ accession number,
X03672), e-chain of IgE (J00744), and FceRI a subunit
(J03606). The primers used in this study were listed in Table
1. A pair of synthetic oligonucleotide primers, BA-S and BA-
AS, was used for amplification of b-actin gene. A pair of syn-
thetic oligonucleotide primers, A-1-1 and RTAS-1, was used
for amplification of the cDNA fragment of IgE FE-3 CH3, CH4
domain. The nested PCR was then performed using the PCR
product and a pair of synthetic oligonucleotide primers, A-1-1
and D-1-A. The cDNA fragment of FceRI a subunit extracel-
lular domain was amplified by the primers, RIA-S1 and RIA-
AS with a subsequent nested PCR using RIA-S2 and RIA-AS.
Condition for both PCR and nested PCR were: a single 2 min
at 94°C, 30 cycles of 30 s at 94°C, 30 s at 58°C, 1 min at 74°C,
followed by a single 5-min extension. PCR and nested PCR
products were analyzed on NuSieve™ GTG agarose/Tris borate
EDTA gel, visualized with ethidium bromide.

DNA sequencing

After the amplified cDNA fragments of b-actin, IgE and
FceRI a subunit by PCR was purified by NucleoSpin™ Ex-
traction Kits, the nucleotide sequences were analyzed by an ABI
PRISMTM 310 genetic analyzer (Perkin-Elmer Co.) with the
BigDye terminal cycle sequencing FS ready reaction kits
(Perkin-Elmer Co.). This sequencing analysis is based on the
dideoxy nucleotide chain termination methods by Sanger et
al.(22) The synthetic oligonucleotides, BA-S, BA-AS, A-1-1, D-
1-A, RIA-S2, and RIA-AS, were used as primers. The cycle se-
quencing was carried out according to the manufactures’ in-
structions.

RESULTS

Determination of the nucleotide sequences of b-actin
and IgE FE-3 in FE-3 cells

The primers (BA-S and BA-AS) specific for b-actin gene
detected a single band at the size of 405 bp by PCR. The se-
quencing results of the PCR product demonstrated that 11 bp
of 405 bp in the b-actin gene from the FE-3 cells showed over-
lapping differences from both the rat(23) and mouse(24,25) nu-
cleotide sequences (Fig. 1). The primers (A-1-1 and D-1-A)
specific for e-chain of IgE detected a single band at the size of
587 bp by nested PCR, following the first PCR with the primers
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FIG. 3. Comparison of the established nucleotide sequences of IgE high affinity receptor (FceRI) a subunit from rat RBL-2H3
and mouse mast cell line PT18. Rat-specific nucleotides are represented in bold. The designed primers (RIA-S1, RIA-S2, and
RIA-AS) are indicated with arrows on the alignment of the two nucleotide sequences. The numbers in right-hand side indicate
the positions of nucleotide at the end of each row from the start of cDNA (FceRI a Rat, J03606; FceRI a Mouse, J05018).



(A-1-1 and RTAS-1). The sequencing results of the PCR prod-
uct demonstrated a complete identity with the previously pub-
lished sequence of IgE IR162, which corresponds the constant
region (CH3 and CH4 domains) in the e-chain (Fig. 2). The nu-
cleotide sequence data reported in this paper will be appeared
in the DDBJ nucleotide sequence databases with the accession
number AB028845, AB028846, and AB028847.

Detection of mRNA of FceRI a subunit by nested PCR
following RT-PCR

To test if the mRNA of FceRI was expressed in FE-3 cells,
RT-PCR was carried out. Primers were designed on the basis
of the previously published sequences of FceRI subunits (a, b,
and g).(26) Consequently, the homology of FceRI a subunit be-
tween rat and mouse (87%) is higher than those of other sub-
units (b and g), and the extracellular domain of a subunit was
evidenced to serve as the binding site for IgE.(27,28) Thus, the
specific primers (RIA-S1, RIA-S2, and RIA-AS) targeting the
extracellular domain of FceRI a subunit was designed by com-
paring the two established nucleotide sequences: FceRI a sub-
unit from rat RBL-2H3,(29) mouse mast cell PT18(26) (Fig. 3).

PCR was carried out with the RIA-S1/RIA-AS primers, fol-
lowed by nested PCR with the RIA-S2/RIA-AS primers. PCR
and nested PCR products were analyzed by agarose elec-
trophoresis, and then visualized with ethidium bromide by UV
transilluminator (Fig. 4). In Lanes 2 and 4, there were many
weak nonspecific bands over the lane. In Lane 3, there was an

intense band at 440 bp, the size of which was the same as the
target. Because there was no specific band at 440 bp when to-
tal RNA was used as a template for nested PCR following PCR,
the 440 bp band in Lane 3 was amplified from mRNA, not from
contaminated DNA. The nested PCR product in Lane 3 was ex-
tracted from agarose gel and its sequence was analyzed. Con-
sequently, the sequence of nested PCR product was identical to
mouse FceRI a subunit extracellular domain cDNA corre-
sponding 158–534. Therefore, it was evidenced that the mRNA
of FceRI a subunit extracellular domain was expressed in FE-
3 cells.

Next, we tried to identify the cDNA coding all amino acids
of FceRI a subunit protein except for signal peptide. The spe-
cific sense primer, MIR-S, was designed by referring to the nu-
cleotide sequence of mouse FceRI a subunit cDNA (corre-
sponding 42–61 of mouse FceRI a subunit cDNA). RT-1S, which
has the adopter sequence of RT-1 primer, was used as an anti-
sense primer. Nested PCR was carried out using RIA-S1/MIR-
AS primers following RT-PCR with MIR-S/RT-1S primers. The
PCR and nested PCR products were analyzed by agarose elec-
trophoresis with 2.5% agarose gel (Fig. 5). Lane 2 is smeared
with nonspecific unidentified bands and there are also several
clear nonspecific bands. In Lane 3, there was an intense band at
850 bp, the size of which was the same as the target.

The nested PCR product (Lane 3 in Fig. 5) was extracted from
the agarose gel and the sequence was analyzed. Consequently,
794 nucleotides out of 850 nucleotides could be sequenced, with
the resultant sequence being 100% identical to mouse FceRI a
subunit cDNA. Therefore, it was evidenced that the cDNA of
FceRI a subunit was expressed in FE-3 cells (Fig. 6).
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FIG. 4. Detection of mRNA of FceRI a subunit by nested
PCR following RT-PCR. Lane 1: 100bp DNA stepladder
marker. Lane 2: RT-PCR product with RIA-S1/RIA-AS
primers. Lane 3: nested PCR product with RIA-S2/RIA-AS
primers using the 1:100 diluted RT-PCR product (as in Lane
2) as a template. Lane 4: PCR product with RIA-S1/RIA-AS
primers using total RNA as a template. Lane 5: Nested PCR
product with RIA-S2/RIA-AS primers using the 1:100 diluted
PCR product (as in Lane 4) as a template.

FIG. 5. Amplification of mRNA of FceRI a subunit includ-
ing all amino acids except for signal peptide by nested PCR
following RT-PCR. Lane 1: 100 bp DNA step ladder marker.
Lane 2: RT-PCR product with MIR-S/RT-1S primers. Lane 3:
Nested PCR product with RIA-S2/RIA-AS primers using the
1:100 diluted RT-PCR product (as in Lane 2) as a template.



DISCUSSION

Our working hypothesis is that the IgE production in FE-3
cells may be regulated by a signal transduction through the bind-
ing of IgE to its receptor or binding protein on the cell surface
in vivo. In the present study, RT-PCR with the combination of
the sequence analysis revealed that mRNAs of IgE FE-3 and
FceRI a subunit were expressed in FE-3 cells.

It was also very interesting from which species the expressed
mRNAs of IgE and FceRI in FE-3 cells were derived because
FE-3 cells were established by the cell fusion of mouse
myeloma cells and rat spleen cells. It was revealed that the
cDNA sequence of IgE FE-3 was identical to that of the CH3
and CH4 domains in the e-chain of rat IgE IR162,(6,30,31)

whereas the cDNA of FceRI was identical to that of mouse,
suggesting that the genes of IgE FE-3 and FceRI was derived
from that of rat spleen cells and mouse myeloma cells, respec-

tively. In addition, one of housekeeping genes, b-actin, was ex-
pressed in FE-3 cells and sequencing analysis revealed that 11
bp of 405 bp in the b-actin cDNA were derived from rat and
mouse, demonstrating the simultaneous expressions of rat and
mouse b-actin cDNA.(23–25) It was thus clarified that the nu-
cleotide sequence of the b-actin gene in the FE-3 hybridoma
cells was heterozygous between the rat and mouse genes.

In our preliminary study, we found that the secretion of IgE
from FE-3 cells was decreased at 3 days after start of culture. We
also found that secretion of IgE from FE-3 cells was decreased
by the addition of purified IgE FE-3 into culture media. In the
present study, it was evidenced that FceRI a subunit mRNA was
expressed in FE-3. These results suggested that the binding of IgE
FE-3 to FceRI a subunit cells might negatively regulate the IgE
production in FE-3 cells. However, it remains unclear whether the
FceRI a subunit protein is expressed on the cell surface of FE-3
cells. Simth et al.(32) reported that blood eosinophils from atopic
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FIG. 6. Comparison of the nucleotide sequences between FceRI a subunit in FE-3 cells and the established sequence of mouse
mast cell PT18. In the case of FceRI a (Mouse), open reading frame starts at the initiation codon (ATG) and ends at the termi-
nation codon (TAG) corresponding 40 and 792 of mouse FceRI, respectively. Sixty-nine nucleotides from 40 to 108 are coding
the signal peptide of 23 amino acids. The FceRI a subunit protein (Mouse) is coded by the nucleotides from 109 to 789 and con-
sists of three domains: extracellular domain, transmembrane domain, and cytoplasmic domain. The numbers in right-hand side
indicate the positions of nucleotide at the end of each row from the start of cDNA (FceRI a Mouse, J05018).



donors expressed mRNA of FceRI a subunit in the cell but did
not express a subunit protein on the cell surface.

The type I hypersensitivity reactions are mediated by the in-
teraction between the IgE produced by B cell and its high affin-
ity receptor (FceRI), followed by cross-linking with a specific
allergen. It has been reported that IgE were bound to Fce RI,
which are expressed on target cells including mast
cell,(26,29,33,34) basophil,(34–37) and eosinophil.(32,39,40) When the
Fce RI-bound IgE antibodies are cross-linked by an antigen, the
target cells are activated for degranulation and release bioac-
tive mediators. In addition, it was also evidenced that Fce RI
was expressed in many types of cells other than target cells, in-
cluding macrophages,(39,41) Langerhans cells,(39,42) megakaryo-
cytes,(43,44) platelets,(43,44) monocytes,(41,45,46) dendritic
cells,(36,47) and bronchial epithelial cells.(48) These cells do not
produce and secrete IgE. Conversely, IgE secreting cells such
as B cells do not express FceRI receptor. Thus, it was unique
that FE-3 cells actually expressed those two mRNAs. It has not
yet been clarified how those two mRNAs are simultaneously
expressed in FE-3 cells. The possible answers to this question
are as follows: (1) The FceRI gene may translocate to 59- or
39-flanking region of IgE e-chain gene, resulting in construct-
ing a consecutive single gene. Thus, the two different genes
might be separately expressed by alternative splicing. (2) The
two different genes may become to have a common promoter
sequence at their upstream regions and to share a common tran-
scription factor in the process of hybridization.

REFERENCES

1. Bazin H, Querinjean P, Beckeres A, Heremans JF, and Dessy F:
Transplantable immunoglobulin-secreting tumours in rats. IV.
Sixty-three IgE-secreting immunocytoma tumours. Immunology
1974;26:713–723.

2. Kulczycki A Jr., and Metzger H: The interaction of IgE with rat
basophilic leukemia cells. II. Quantitative aspects of the binding
reaction. J Exp Med 1974;140:1676–1695.

3. Kelly KA, Sehon AH, and Bazin H: Standardization of radioim-
munoassay: differences in reactivity of rat IgEs with antibodies to
a monoclonal IgE. Mol Immunol 1979;16:597–607.

4. Lehrer SB, McCants ML, Farris PN, and Bazin H: Passive cuta-
neous anaphylaxis inhibition: evidence for heterogeneity in IgE
mast cell interaction. Immunology 1981;44:711–716.

5. Rousseaux-Prevost R, Aubert JP, Rousseaux J, Loucheux-Lefeb-
vre MH, and Bazin H: Conformational studies of rat monoclonal
immunoglobulin E. Mol Immunol 1982;19:1465–1479.

6. Hellman L, Pettersson U, Engstrom A, Karlsson T, and Benich H:
Structure and evolution of the heavy chain from rat immunoglob-
ulin E. Nucleic Acid Res 1982;10:6041–6049.

7. Rousseaux-Prevost R, Rousseaux J, Bazin H, and Biserte G: Dif-
ferential reduction of the interchain disulfide bonds of rat im-
munoglobulin E: relation to biological activity. Mol Immunol
1984;21:233–241.

8. Rousseaux-Prevost R, Rousseaux J, and Bazin H: Studies of the
IgE binding sites rat mast cell receptor with proteolytic fragments
and with a monoclonal antibody directed against epsilon heavy
chain: evidence that the combining sites are located in the Ce3 do-
main. Mol Immunol 1987;24:187–196.

9. Burt DS, Hastings GZ, Healy J, and Stanworth DR: Analysis of
the interaction between rat immunoglobulin E and rat mast cell us-
ing anti-peptide antibodies. Mol Immunol 1987;24:379–389.

10. Burt DS, and Stanworth DR: Inhibition of binding of rat IgE to rat

mast cell by synthetic IgE peptides. Eur J Immunol 1987;17:437–
440.

11. Hanashiro K, Nakamura M, Tamaki N, and Kosugi T: Production
of monoclonal dinitrophenyl-specific rat IgE and establishment of
an IgE-capture ELISA for estimating the concentration of rat IgE
antibodies to dinitrophenyl-Ascaris suum. Int Arch Allergy Im-
munol 1996;110:371–379.

12. Hanashiro K, Kosugi T, Tamaki N, Sunagawa M, and Nakamura
M: Identification of IgE with low molecular weight from serum of
rats sensitized with DNP-Ascaris. Ryukyu Med J 1996;16:111–
116.

13. Gauchat JF, Lebman DA, Coffman RL, Gascan H, and de Vries
JE: Structure and expression of germline epsilon transcripts in hu-
man B cells induced by interleukin 4 to switch to IgE production.
J Exp Med 1990;172:463–473.

14. Pawankar R, Okuda M, Yssel H, Okumura K, and Ra C: Nasal
mast cells in perennial allergic rhinitics exhibit increased expres-
sion of the FceRI, CD40L, IL-4, and IL-13, and can induce IgE
synthesis in B cells. J Clin Invest 1997;99:1492–149.

15. Jeppson JD, Patel HR, Sakata N, Domenico J, Terada N, and
Gelfand EW: Requirement for dual signals by anti-CD40 and IL-
4 for induction of nuclear factor-kappa B, IL-6, and IgE in human
B lymphocytes. J Immunol 1998;161:1738–1742.

16. Chomczynski P, and Sacchi N: Single-step method of RNA isola-
tion by acid guanidium thiocyanate-phenol-chloroform extraction.
Anal Biochem 1987;162:156–159.

17. Maniatis T, Fritsch EF, and Sambrook J: Molecular cloning: A lab-
oratory manual, 2nd ed. Cold Spring Harbor Laboratory, Cold
Spring Harbor, NY, 1989.

18. Ausubel FM, Brent R, Kingston RE, Moore DD, Seidman JG,
Smith JA, and Struhl K: Current protocols in molecular biology,
3rd ed. John Wiley & Sons, Inc., NY, 1988.

19. Larrick JW, and Siebert PD: Reverse transcriptase PCR. Ellis Hor-
wood Ltd., London, 1995.

20. Saiki RK, Scharf SJ, Faloona F, Mullis KB, Horn GT, Erlich HA,
and Arheim N: Enzymatic amplification of beta-globin genomic
sequences and restriction site analysis for diagnosis of sickle cell
anemia. Science 1985;230:1350–1354.

21. D’Aquila RT, Bechtel LJ, Videler JA, Eron JJ, Gorczyca P, and
Kaplan JC: Maximizing sensitivity and specificity of PCR by pre-
amplication heating. Nucleic Acid Res 1991;19:3749.

22. Sanger F, Nicklen S, and Coulson AR: DNA sequencing with
chain-terminating inhibitors. Proc Natl Acad Sci USA 1977;74:
5463–5467.

23. Nudel U, Zakut R, Shani M, Neuman S, Levy Z, and Yaffe D: The
nucleotide sequence of the rat cytoplasmic beta-actin gene. Nucleic
Acids Res 1983;11:1759–1771.

24. Alonso S, Minty A, Bourlet Y, and Buckingham ME: Comparison
of three actin-coding sequences in the mouse: evolutionary rela-
tionships between the actin genes of warm-blooded vertebrates. J
Mol Evol 1986;23:11–22.

25. Tokunaga K, Taniguchi H, Yoda K, Shimizu M, Sakiyama S: Nu-
cleotide sequence of a full-length cDNA for mouse cytoskeletal
beta-actin mRNA. Nucleic Acids Res 1986;14:2829–2829.

26. Ra C, Jouvin MH, and Kinet JP: Complete structure of the mouse
mast cell receptor for IgE (FceRI) and surface expression of chi-
meric receptors (rat-mouse-human) on transfected cells. J Biol
Chem 1989;264:15323–15327.

27. Robertson MW: Phage and Escherichia coli expression of the hu-
man high affinity immunoglobulin E receptor alpha-subunit
ectodomain. Domain localization of the IgE-binding site. J Biol
Chem 1993;268:12736–12743.

28. Rigby LJ, Epa VC, Mackay GA, Hullet MD, Sutton BJ, Gould HJ,
and Hogarth PM: Domain one of the high affinity IgE receptor,
Fce RI, regulates binding to IgE through its interface with domain
two. J Biol Chem 2000;275:9664–9672.

IgE AND Fc«RI IN FE-3 CELLS 367



29. Blank U, Ra C, Miller L, White K, Metzger H, and Kinet JP: Com-
plete structure and expression in transfected cells of high affinity
IgE receptor. Nature 1989;337:187–189.

30. Hellman L, Pettersson U, and Bennich H: Characterization and mo-
lecular cloning of the mRNA for the heavy (e) chain of rat im-
munoglobulin E. Proc Natl Acad Sci USA 1982;79:1264–1268.

31. Aveskogh M, and Hellman L: A single major transcript encodes
the membrane-bound form of rat immunoglobulin E. Scand J Im-
munol 1995;42:535–539.

32. Smith SJ, Ying S, Meng Q, Sullivan MH, Barkans J, Kon OM,
Sihra B, Larche M, Levi-Schaffer F, and Kay AB: Blood
eosinophils from atopic donors express messenger RNA for the al-
pha, beta, and gamma subunits of the high-affinity IgE receptor (Fc
epsilon RI) and intracellular, but not cell surface, alpha subunit pro-
tein. J Allergy Clin Immunol 2000;105:309–317.

33. Rossi G, Newman SA, and Metzger H: Assay and partial charac-
terization of the solubilized cell surface receptor for immunoglob-
ulin E. J Biol Chem 1977;252:704–711.

34. Lunderius C, Xiang Z, Nilsson G, and Hellman L: Murine mast
cell lines as indicators of early events in mast cell and basophil de-
velopment. Eur J Immunol 2000;30:3396–3402.

35. Liu FT, Albrand K, and Robertson MW: cDNA heterogeneity sug-
gests structural variants related to the high affinity IgE receptor.
Proc Natl Acad Sci 1988;85:5639–5643.

36. Pelletier C, Guerin-Marchand C, Iannascoli B, Marchand F, David
B, Weyer A, and Blank U: Specific signaling pathway in the reg-
ulation of TNF-a mRNA synthesis and TNF-a secretion in RBL-
2H3 mast cells stimulated through the high affinity IgE receptor.
Inflamm Res 1998;47:493–500.

37. Maculation D, Mckenzie-White J, Chichester K, Bochner BS,
David FM, Schroeder JT, and Lichtenstein LM: In vitro regulation
of Fc epsilon RI expression on human basophils by IgE antibody.
Blood 1998;91:1633–1643.

38. Rajakulasingam K, Durham SR, O’Brien F, Humbert M, Barata
LT, Reece L, Kay AB, and Grant JA: Enhanced expression of high-
affinity IgE receptor (Fc epsilon RI) alpha chain in human aller-
gen-induced rhinitis with co-localization to mast cells, macro-
phages, eosinophils, and dendritic cells. J Allergy Clin Immunol
1997;100:78–86.

39. Ying S, Humbert M, Meng Q, Pfister R, Menz G, Gould HJ, Kay
AB, and Durham SR: Local expression of epsilon germline gene
transcripts and RNA for the epsilon heavy chain of IgE in the
bronchial mucosa in atopic and nonatopic asthma. J Allergy Clin
Immunol 2001;07:686–692.

40. Rajakulasingam K, Till S, Ying S, Humbert M, Barkans J, Sulli-
van M, Meng Q, Corrigan CJ, Bungre J, Grant JA, Kay AB, and
Durham SR: Increased expression of high affinity IgE (Fc epsilon
RI) receptor-alpha chain mRNA and protein-bearing eosinophils in

human allergen-induced atopic asthma. Am J Respir Crit Care Med
1998;158:233–240.

41. Ochiai K, Kagami M, Umemiya K, Matsumura R, Kawashima T,
and Tomioka H: Expression of high-affinity IgE receptor (Fc ep-
silon RI) on human alveolar macrophages from atopic and non-
atopic patients. Int Arch Allergy Immunol 1996;111:55–58.

42. Bieber T: Fc« RI on human Langerhans cells: a receptor in search
of new function. Immunol Today 1994;15:52–53.

43. Joseph M, Gounni AS, Kusnierz JP, Vorng H, Sarfati M, Kinet JP,
Tonnel AB, Capron A, and Capron M: Expression and functions
of the high-affinity IgE receptor on human plaelets and megakaryo-
cyte precursors. Eur J Immunol 1997;27:2212–2218.

44. Hasegawa S, Pawankar R, Suzuki K, Nakahata T, Furukawa S,
Okumura K, and Ra C: Functional expression of the high affinity
receptor for IgE (Fc epsilon RI) in human platelets and its’ intra-
cellular expression in human megakaryocytes. Blood 1999;93:
2543–2551.

45. Sihra BS, Kon OM, Grant JA, and Kay AB: Expression of high
affinity IgE receptors (Fc epsilonRI) on peripheral blood basophils,
monocytes, and eosinophils in atopic and nonatopic subjects: rela-
tionship to total serum IgE concentrations. J Allergy Clin Immunol
1997;99:699–706.

46. Reischl IG, Corvaia N, Unger J, Woisetschlager M, and Mudde
GC: Characterization of Fc epsilon RI expressing human mono-
cytic cell lines. 1. The role of CD45 on signal transduction in pri-
mary monocytes and cell lines. Int Arch Allergy Immunol
1997;113:444–453.

47. Geiger E, Magerstaedt R, Wessendorf JH, Kraft S, Hanau D, and
Bieber T: IL-4 induces the intracellular expression of the alpha
chain of the high-affinity receptor for IgE in in vitro-generated den-
dritic cells. J Allergy Clin Immunol 2000;105:150–156.

48. Campbell AM, Vachier I, Chanez P, Vignola AM, Lebel B, Kochan
J, Godard P, and Bousquet J: Expression of the high-affinity re-
ceptor for IgE on bronchial epithelial cells of asthmatics. Am J
Respir Cell Mol Biol 1998;19:92–97.

Address reprint requests to:
Masanori Sunagawa, M.D., Ph.D.

1st Department of Physiology
School of Medicine, University of the Ryukyus

207 Uehara, Nishihara, Okinawa 903-0215
Japan

E-mail: sunagam@med.u-ryukyu.ac.jp

Received for publication October 8, 2001. Accepted for publi-
cation October 11, 2001.

TOKESHI ET AL.368


