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Background: We have previously shown that the human
recombinant histamine releasing factor (HrHRF) caused hista-
mine release from a subset of basophils from donors with
allergy, and this release seemed to be dependent on the pres-
ence of a certain type of IgE, termedgE+. IgE molecules that
did not support HrHRF-induced histamine release were
termed IgE—. However, subsequently we demonstrated that
HrHRF primes anti-lgE-antibody—induced histamine release
from all basophils, irrespective of the type of IgE on the cell
surface.

Objective: Because these data suggested that HrHRF does not
exert its biologic effects by binding to IgE, but rather that it
interacted with a surface receptor on the basophil, we wanted
to obtain functional evidence that HrHRF did or did not bind
to the IgE molecule.

Methods: The rat basophilic leukemia cell line (RBL-SX38),
which has been transfected to express a functional human
FceRI (a-, B-, and y-chains of the receptor) in addition to the
normal rat FceRlI, was used. The presence of the human &Rl
receptor enables these cells to be sensitized with human IgE.
Cells were passively sensitized with 1000 ng/mL human IgE+
or 1000 ng/mL human IgE- for 60 minutes at 37°C. Unsensi-
tized cells served as a control. After the cells were washedx1
105 cells were stimulated in the presence of 1 mmol/L G&a

with 0.1 pg/mL anti-IgE, 40 pg/mL HrHRF, or 40 pg/mL
mouse recombinant HRF (MrHRF), which has 96% homology
to HrHRF.

Results: Mean anti-lgE—induced histamine release was 33% +*
15%, and there was no difference between IgE+ sensitization
(32% £ 12%) and IgE— sensitization (34% + 18%). However,
in contrast to human basophil experiments, neither HrHRF
(0% + 0%) nor MrHRF (3% * 5%) caused histamine release
in RBL cells sensitized with IgE+. In addition, priming the
transfected RBL-SX38 cells or the parental cell line, RBL-2H3
cells, with HrHRF or MrHRF did not increase anti-
IgE—induced histamine release.

Conclusion: The results indicate that HrHRF does not bind to
IgE, either IgE+ or IgE—. Therefore it appears likely that

rHRF signals through its own specific receptor, which is not
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expressed or functional on RBL-SX38 or RBL-2H3 cells, but
which seems to be expressed on basophils of atopic and
nonatopic donors. (J Allergy Clin Immunol 1999;103:642-8.)
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The human recombinant histamine—releasing factor
(HrHRF; also called pZ3 and translationally con-
trolled tumor protei?) was subclonedand was shown
to cause histamine release and IL-4 protein secretion
from a subset of basophils from donors with allekgy.
The mechanism by which HrHRF induced histamine
release was originally thought to be dependent on a cer-
tain type of IgE, termed IgE%? IgE molecules that did
not support HrHRF-induced histamine release were
termed IgE—. Because of these findings, it appeared like-
ly that HrHRF did bind to the IgE+ molecule but not to
IgE—8 However, additional data have shown that HrHRF
will augment or prime anti-lgE-antibody—induced hista-
mine release and IL-4 and IL-13 production from all
basophils, irrespective of the type of IgE on the cell sur-
face?® Furthermore, HrHRF caused chemotaxis and aug-
mented IL-8 production from human eosinophils of
donors with mild allergy® Although there have been
reports that eosinophils from patients with hypere-
osinophilia express ERI1l and that mRNA for the
FceRI can be detected in eosinophils from patients with
asthmal? eosinophils from our donor pool do not ex-
press measureable surface levels ofRicby flow
cytometryl3 Taken together, these data suggest that
HrHRF does not exert its biologic effects by binding to
IgE, but rather that it interacts with another cell surface
receptor.

The aim of this study was to demonstrate whether IgE
(either as IgE+ or IgE-) could mediate the signaling
caused by HrHRF. To accomplish this goal, the rat
basophilic leukemia (RBL)-SX38 cell line was used.
These RBL cells express a functional human high-affinity
IgE receptor, FRI receptor, with all 3 chains( 3, and
y). This enables these cells to be passively sensitized with
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_secretion. To compare the RBL-SX38 data with previous

results obtained in human basophils, the RBL-SX38 cell
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required to induce half-maximum histamine release) was
assessed. HrHRF priming experiments were performed to
examine the HRF reactivity of RBL-SX38 cells. To deter-

mine whether an HRF signaling pathway may have been
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express the rat high-affinity IgE receptorgR¢, and have addition-
ally been transfected with a functional humageMd¢ posessing the
a-, B-, andy-chains!é Cells were cultured at 37°C in 95% oxygen
HSA: Human serum albumin and 5% carbon dioxide in EMEM (4 minimal essential medium
MrHRF: Mouse recombinant histaminereleasing facto with Earle’s salts and glutamine; Paragon Biotech Inc, Baltimore,
PAG: PIPES/albumin/glucose Md) containing 1.2 mg/mL geneticin (G418; Sigma, St Louis, Mo),
10% heat-inactivated FCS (Sigma), 100 U/mL penicillin, and 100
pg/mL streptomycin solution (Paragon Biotech Inc). After the cells
reached confluence in 75 érftlasks (Sarstedt, Newton, NC), the
G418-containing medium was changed to EMEM for secretion
experiments. Cells were kept in G418-free EMEM for at least 12
hours to a maximum of 36 hours before the initiation of an experi-
lost by transfecting the RBL-SX38 cells with the human ment. These adherent cells were harvested with 2.0 mL of 0.05%
FceRI receptor, additional HrHRF and mouse recombi- trypsin/0.53 mmol/L EDTA< 4Na (Gibco, Grand Island, NY) for 2
nant histamine—releasing factor priming eXperimemsminutes, resuspended in 10 mL EMEM, centrifuged for 5 minutes

were done in RBL-2H3 cells, which are the parental RBL at 10@, and counted. Treating basophils with 0.05% trypsin/0.53
' mmol/L EDTA x 4Na for 2 minutes did not affect HrHRF-induced

Abbreviations used
HRF: Histamine-releasing factor
HrHRF: Human recombinant histamine—releasing factd

=

PIPES: Piperazine-N-N’-bis [2-ethane sulphonic acid]
RBL: Rat basophilic leukemia

cells. histamine release. For passive sensitization, cells were divided into
3 pots (control cells, IgE+ sensitization, and IgE— sensitization) to

METHODS obtain an approximate final number of I05 cells per reaction tube

Materials for histamine release experiments. Viability of cells used was 95%

. . . . or more.
HrHRF and mouse recombinant histamine-releasing factor

(MrHRF) were subclone_d and expressed as desgribed pre\Aoust.RBL_ZH3 cells and culture
The HrHRF stock solutions used in these experiments were pre
pared at a concentration of 1p@/mL (HrHRF) and up to 375
ug/mL (MrHRF). The serum containing IgE+, drawn after informe
consent from patient 1, contained 12,000 ng IgE/mL. The serum
containing IgE—, drawn from a patient with myeloma, was a gift of
Dr H. Gewurz (Rush Medical College, Chicago). After purification - .
by anion exchange chromatograpghyhe IgE content was 10,000 Peripheral blood basophils
ng IgE/mL. In previous experiments, the biologic activity of IgE+  After informed consent, 40 mL of peripheral blood was obtained
and IgE- in these sera was determifd®y definition, IgE+ did by venepuncture of healthy volunteers and mixed with 12.5 mL of
transfer sensitivity to HrHRF, and IgE— did not. Anti-human IgE 6% Dextran 70, 5 mL of 0.1 mol/L EDTA, and 375 mg glucbse.
antibody (anti-IgE) was generated in a goat and provided by Dr N.After 90 minutes of sedimentation at room temperature, the leuko-
F. Adkinson of our Division. The hybridoma (H1-DNP6) was cyte-rich plasma was transferred to 50 mL flat-bottomed tubes and
obtained previously from Dr D. Katz (La Jolla Institute of Cellular Spun for 8 minutes at 1§0Basophils were then washed with cold
and Developmental Immunology), and ascites were generated anPAG (4°C) followed by 0.9% cold saline solution. Surface IgE was
used without purification. DNP-human serum albumin (HSA) was removed by adding 5 mL of cold (4°C) lactic acid pH 3.90 for 3.5
synthesized5 minutes!” Immediately afterwards, 40 mL of PAG was added, and
All reagents used for buffers, piperazine-N-N’-bis [2-ethane sul- basophils were washed twice. For passive sensitization, cells were
phonic acid] (PIPES), EDTA, heparin, lactic acid, and glucose, divided into 3 pots (IgE-stripped control cells, IgE+ sensitization,
were purchased from Sigma (St Louis, Mo). HSA was purchasedand IgE— sensitization) to obtain an approximate final number of 2
from Calbiochem-Novabiochem Corp (La Jolla, Calif) and Dextran % 10% basophils per reaction tube for histamine release experiments.

70 6% btained from McGaw (Irvine, Calif). . e .-
 was obtained from McGaw (Irvine, Calif Passive sensitization of RBL-SX38 cells, RBL-
Buffers 2H3 cells, and basophils

All RBL cell histamine release experiments were performed in  Passive sensitization of RBL cells was done according to a mod-
PIPES/albumin/glucose (PAG) buffer containing 25 mmol/L PIPES, ification of the method of Levy and OsERBL-SX38 cells were
110 mmol/L NaC1, 5 mmol/L KC1, 0.003% HSA, and 0.1% D-glu- passively sensitized with 1000 ng/mL IgE+ (serum, patient 1) or
cose in the presence of 1 mmol/L Cadlhe pH of the buffer was 1000 ng/mL IgE- (IgE myeloma serum, patient 2) for 60 minutes in
adjusted to 7.40. All basophil histamine release experiments werean incubator at 37°C with 95% oxygen and 5% carbon dioxide.
also performed in PAG buffer but in the presence of 5 mmol/L EMEM medium was added to obtain a total volume of 3@00ut
CaCh.4 Ca2+ free PAG buffer was exclusively used for washing no EDTA/heparin was added. Unsensitized RBL cells served as
RBL cells and basophils. controls.

Lactic acid containing 0.01 mol/L lactic acid, 140 mmol/M RBL-2H3 cells were passively sensitized with 1000 ng/mL
NaC1, and 5 mmol/L KCl adjusted to pH 3.90 by 0.1 mol/L NaOH mouse anti-DNP-IgE for 60 minutes as described earlier. Again
was used to remove surface IgE from basophils. unsensitized cells served as controls.

Acetate elution buffer containing 0.05 mol/L acetate, 0.85%  Basophils were passively sensitized with 1000 ng/mL IgE+
NacCl, 0.01 mol/L EDTA, 0.03% HSA, and pH 3.7 was used for total (serum, patient 1) or 1000 ng/mL IgE— (IgE myeloma serum,
IgE measurements. patient 2) for 60 minutes at 37°C in the presence of R0®f

EDTA (4 mmol/L/mL)/heparin (1qug/mL).18 Additional PAG was
RBL-SX38 cells and culture added to obtain a total volume of 10@0. IgE-stripped, but unsen-

Experiments were performed with rat basophilic leukemia cells sitized, basophils served as controls. Based on previous atata

(RBL-SX38), a gift of Dr J. P. Kinet (Boston, Mass). These cells evaluation of FeRI receptor density on the cells, 1000 ng of IgE

RBL-2H3 cells, a gift from Dr C. Fewtrell, Cornell University,
4 were used for HrHRF and MrHRF priming experiments only. Cells
were grown in G418-free EMEM as described earlier. Cells were
passively sensitized with mouse anti-DNP-IgE.



644 Wantke et al J ALLERGY CLIN IMMUNOL
APRIL 1999

provides an excess amount of IgE (approximatly equivalent to 3.3 PAG/HSA/EDTA. After spinning, cells were resuspended in1i00
105> molecules) for sensitization of RBL cells and basopMils. of phycoerythrin-labeled goat anti-mouse antibody (3188nL;
After incubation, both the RBL cells and the basophils were washeBioSource, Camarillo, Calif) and incubated for 30 minutes on ice.
twice in PAG and resuspended in the appropriate volume of PAG. Afterwards, cells were spun (4 minutes atd)5@nd the superna-
. tents were removed and resuspended infI5AG/HSA/EDTA.
HRF priming of RBL-SX38 and RBL-2H3 cells FACS analysis was performed on an Epics-Profile 2 (Coulter
IgE+ and IgE- sensitized RBL-SX38 cells were primed with 40 Counter, Hyla, Fla). To calibrate the flow cytometric data (ie, to
ug/mL HrHRF for 15 minutes, then anti-human-IgE antibodies convert arbitrary flow units to absolute cell surface receptor densi-
were added and histamine release was performed. To determitties), a portion of the cells labeled with either 2000 or 666 ng/mL of
whether an HRF signaling pathway may have been lost by transanti-gp 120 IgE were both counted and “stripped” of their IgE mol-
fecting the RBL-SX38 cells with the humaneRt receptor, addi-  ecules with acetate buffer, pH 3.The cells were sedimented, and
tional HrHRF priming experiments were done in RBL-2H3 cells, the supernatant fluid was immediately titrated to neutrality with 1
which are the parental RBL cells. Anti-DNP-IgE sensitized RBL- nol/L NaOH. Total IgE in the supernatents of the acetate-treated
2H3 cells were primed with 0.Q4g/mL, 0.4pg/mL, 4ug/mL, and  cells was measured by the IMx System (Abbot, Abbott Park, Ill)
40 pg/mL HrHRF or MrHRF for 15 minutes; histamine release was according to the manufacturer’'s specifications. Acetate elution
performed. removes all of the IgE molecules from the surface of the cell but,
As a positive control, although basophil data have been previunlike lactic acid treatment, does not yield a viable cell that can be
ously published, native human basophils were primed with 0.04 passively sensitized. On the basis of this, the RBL-SX38 cells
pg/mL, 0.4pg/mL, 4 pg/mL, and 4Qug/mL HrHRF or MrHRF for  expressed 70,000 to 150,000 receptors per cell. One flow unit rep-
15 minutes; histamine release was performed. resents 1400 + 700 IgE molecules per cell.

Histamine release assay Statistical analysis

The histamine release assay was performed in a final volume ¢ For statistical analysis, the Wilcoxon signed-rank test and the
100 pL in the presence of @& Based on previous experience in Kruskal Wallis test were used.
kinetic experiments, 1 mmol/L Caghas used for the RBL cell his-
tamine release experiments and 5 mmol/L Gd@i the basophii  RESULTS

experiments.An approximate number of 2105 RBL cells and . . . .
10* basophils were used per reaction tube. Cells were added to perIStamme release to HrHRF and anti-IgE in

warmed (37°C) tubes and incubated for 45 minutes at 37°C in :human basophils

waterbath. In HrHRF/MrHRF-priming experiments, cells were

primed for 15 minutes at 37°C, then anti-IgE (Ag{mL final) was In human basophil experiments (n = 5), H'HRF at 40
added to the primed and to the control cells and incubated for 4pg/mL induced 29% * 9% histamine release in IgE+ sen-
minutes. In RBL-2H3 cell experiments, DNP-HSA (Qud/mL sitized cells P < .04, Wilcoxon signed rank test). As
final) was used as the antigen. At the end of the incubationt900 expected, neither the IgE— (0% + 0%) nor the IgE-
of cold (4°C) PAG was added to stop histamine release, and tubestripped basophils (0.2% + 0.4%) responded to HrHRF.
were centrifuged (basophils, 2 minutes at ®BL cells, 5min-  On the other hand, anti-IgE-induced histamine release
utes at 10@). Cell-free supernatents were collected and assessed f(with the optimal dose of 0419/mL5 resulted in the same
histamine content by the automated fluorometric assay of SiragaramOunt of histamine release in IgE+ (52% + 9%) and

ian20 Results were based on the mean of duplicate determination . .
— 0, 0, =
and were expressed as a percentage of histamine release by divIgE (46% + 10%P = not significant) sensitized cells.

ing the total histamine after subtracting the spontaneous release B€Cause lactic acid treatment removes approximately
unstimulated cells (20% to 25% for RBL cells and 25% to 5% for90% of surface IgE from E®I receptors on the
basophils after 45 minutes). Total histamine was obtained by lysinpasophil? the IgE-stripped cells released 25% * 9% his-
the cells with 2.0% perchloric acid. tamine to anti-IgE (Fig 1).

RBL-SX38 cell sensitivity Histamine release to anti-IgE in RBL-SX38
To interpret the results obtained appropriately, we investigateccells

and compared the sensitivity (defined as the density of IgE require In pilot experiments (n = 3), using anti-lgE-antibod-

to obtain half-maximum histamine release) of RBL-SX38 cells with ies at a final concentration of 0.Q@/mL, 0.1 ug/mL
known sensitivity data from human basopBkfiszor 30 minutes, 1 ) » O-LHQ ’

x |06 cells were sensitized at 37°C in the incubator with several conl'_0 Hg/mL, and 5.QJg_/mL, the_Opt'mum dose for h_'Sta'
centrations of human antibody to glycoprotein 120 peptide of theMine release bY anti-lge antibodies was determined to
HIV envelope coupled to ovalbumin (anti-gp 120-ovalbumin) IgE P€ 0.1pg/mL (Fig 2). This concentration therefore was
(2000, 666, 222, 74, and 25 ng/mL). Unsensitized cells served aused for anti-IgE-induced histamine release in all further
the control. After the cells were washed, histamine release was peexperiments with passively sensitized RBL-SX38 cells.
formed as described earlier with @@/mL gp120-ovalbuminor 0.2 As expected, the results showed no difference in hista-
pg/mL anti-human IgE antibodies as stimuli. In additiorns 200 mine release in IgE+ and IgE— sensitized cells and no
sensn_lzed or unS(_ensmzed cells were u_s_ed fo_r FACS analysis. Celhistamine release in unsensitized cells. These results
bl '”Cquat?d ‘4‘””‘ 1"609/ mk ﬁ'f thetam"T'd am'boi‘_’ ﬁBb'_l%"‘ (Dlr gave strong evidence for binding IgE+ and IgE- to the
rances Davis, Tanox Corp, Houston, Texas), which binds only tc o\ otected human ERI and functional signaling

anti-gp120 IgE, or with a 1/900 dilution of the aatiehain anti- .
body, 22E7 (Dr Jarema Kochan, Hoffmann LaRoche, Nutley, Pa}thrO'Jgh the human ERI in these RBL-SX38 cells.

for 30 minutes in PAG/HSA/EDTA (PAG + 0.06% HSA and 0.01 Human IgE is well known not to bind to the ragRezt
mol/L EDTA) on ice. Cells were spun (4 minutes at g)s@he al"ld therefore doeS not Contl‘lbute to the reSU|tS Of th|S

supernatent was removed, and the cells were washed ipL56D figure.
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70
. anti-IgE 0.1 pg/ml
60 HrHRF 40 pg/ml “'

% histamine release

control IgE+ IgE-

FIG 1. Histamine release to HrHRF and anti-IgE in lactic acid stripped (control), IgE+, and IgE- sensitized
basophils (mean of 5 + SD). HrHRF induced significant (P < .04) histamine release in IgE+ sensitized basophils.

707 —O——  control
60 -] ——  IgE+
—8—  IgE
50
40

301

20

% histamine release

concentration of anti-IgE in pg/ml

FIG 2. Anti-IgE dose-response curve in unsensitized (control), IgE+, and IgE- sensitized RBL-SX38 cells (mean

of 3+ SD).
Histamine release to HrHRF and MrHRF in MrHRF in these experiments because the RBL cells
RBL-SX38 cells might have been more reactive to the MrHRF than to the

HrHRF.

In 6 experiments, RBL-SX38 cells passively sensi- ..
tized with IgE+ did not release histamine to eitherHlRF priming of RBL-SX38, RBL-2H3 cells and
HrHRF (0.0% + 0.0%P = not significant) or to MrHRF  human basophils
(3% = 5%,P = not significant) with a final HrHRF con- Priming RBL-SX38 cells with 4@g/mL HrHRF (n =
centration of 4Qug/mL (Fig 3). In addition, neither IgE— 3) did not increase the anti-lgE—induced histamine
sensitized nor unsensitized cells (control) released hisrelease, in either IgE+ or in IgE— sensitized cells (data
amine to HrHRF or MrHRF (Fig 3). Although HrHRF not shown). In addition, priming RBL-2H3 cells that had
and MrHRF have 96% homology, we included thebeen sensitized with mouse DNP specific IgE with 0.04
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FIG 3. Histamine release to HrHRF, MrHRF, and anti-IgE in unsensitized (control), IgE+, and IgE- sensitized RBL-
SX38 cells (mean of 6 + SD). Neither HrHRF nor MrHRF induced histamine release in IgE+ sensitized
basophils.

pg/mL, 0.4pg/mL, 4 ug/mL, or 40pg/mL of HrHRF or  enhanced HrHRF-induced histamine release but not anti-
MrHRF (n = 3) did not increase histamine release inducelgE—induced histamine release in basophils from IgE+
by DNP-HSA. In human basophils, HrHRF and MrHRF donors. These data suggest that the signaling pathway trig-
in a concentration of gg/mL and 4Qug/mL, but not 0.04 gered by HrHRF differs from that of IgE-dependent stim-
pg/mL or 0.4ug/mL, enhanced anti-lgE—induced hista- uli.22 Furthermore, HrHRF caused chemotaxis and aug-

mine release (Fig 4). mented IL-8 production from human eosinopk#i#. can-
RBL-SX il e not be absolutely excluded that RBL-SX38/RBL-2H3
BL-SX38 cell sensitivity cells express an HRF receptor that did not bind to HrHRF

Based on the assessment of IgE density on sensitizeor could not signal after binding to HrHRF. The absence of
RBL cells with acetate stripping, our RBL-SX38 cells an effect was observed with humans and MrHRF, which
express a mean of 134,400 + 16,80@MHcon their cell  was included in the experiments because RBL cells are rat
surface (n = 3). RBL-SX38 cells require approximatelycells, which may be more closely related to the mouse sys-
the same number of IgE crosslinks as human basophils tem than to the human system. With the use of the PCR
obtain 50% of maximum histamine reled8eOn the  technique, it has been shown that RBL cells neither con-
basis of these data, the transfected RBL cells are approtain nor secrete HRF (Susan MacDonald, unpublished
imately as sensitive as are human basophils (Fig 5).  data). By definition, RBL cells are considered to be a mast

cell line, and experiments with human mast cells also indi-
DISCUSSION cate that they fail to react to HrHRF (Susan MacDonald,
unpublished data).

We have demonstrated that HrHRF and MrHRF failed The fact that HrHRF and MrHRF did not induce hist-
to induce histamine release in the presence of IgE+ iamine release in IgE+ sensitized RBL-SX38 cells is
RBL-SX38 cells. This finding is in contrast to our results strong evidence that HrHRF does not exclusively bind to
obtained in human basophils, which release 29% histethe human IgE molecule to induce aggregation and medi-
mine to HrHRF in IgE+ sensitized celB € .04). There ator release from human basophils. It is important to con-
are several possible explanations for these results. First,sider that the RBL-SX38 cells appeared to be as sensitive
appears likely that these RBL cells simply lack an HRFto IgE-mediated activation as human basophils. Addi-
receptor, although the existence of an HRF receptor stitionally, it should be noted that the ability to fill 200,000
remains hypothetical. Previous studies indicated thaof the RBL-SX38 human ERI should be sufficient to
HrHRF does not bind to solid-phase bound IgE+ (Susademonstrate secretion from these cells. Even crosslink-
M. MacDonald, unpublished data) and that HrHRFing 500 receptors on normal human basophils would
primed anti-IlgE-antibody—induced histamine release anigenerate a modest response so that, if HrHRF were
IL-4 and IL-13 production from all basophils, irrespective inducing a low level of aggregation on the RBL-SX38
of the type of IgE on the cell surfag@aken together, cell, it would have to be less than 1% of the cell surface
these data suggested that basophils have a distinct receplgE to be undetectable. It is more difficult to factor in
for HRF. More recent studies have shown that rottlerin, ¢how the size of any aggregate formed might influence the
nonstaurosporin-derived kinase inhibitor, significantly ability to induce histamine release with recombinant
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FIG 4. HrHRF and MrHRF priming of DNP-IgE sensitized RBL-2H3 cells (mean of 3 + SD). HrHRF neither aug-
mented nor primed anti-IgE-induced histamine release at 40 pg/mL, 4 pg/mL, 0.4 pg/mL, or 0.04 pg/mL (A and
C). In contrast, HrHRF and MrHRF augmented or primed anti-IlgE-induced histamine release in human
basophils at 40 ug/mL and 4 pg/mL (B and D; n = 1). Data are given in percentage of histamine release com-
pared to the anti-lgE-induced histamine release control (0.1 pg/mL in all conditions).

1207 gp 120 OVA 0.2 pg/ml
107 —&—  anti-IgE 0.2 pug/mi
100 ~
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FIG 5. RBL-SX38 cell sensitivity. RBL-SX38 cells express about 134,000 + 16,800 human FceRI (mean of 3 + SD);
1 flow unit is equal to 1400 + 700 human IgE molecules. Histamine release is shown as a fraction of maximum
histamine release (anti-IgE, 48% release; gp 120-OVA, 54% release).

HRF. RBL cells are known to be relatively insensitive to The passively sensitized RBL-SX38 cells did not
aggregates in the size of dimers but so too are mosrelease histamine to recombinant HRF, either HrHRF or
human basophils. Overall, the data summarized earlieMrHRF, the latter showing 96% homology to HrHRF at
provide additional functional evidence that HRF does notthe protein level. Priming the RBL-SX38 cells with
induce the aggregation of IgE directly. HrHRF (40ug/mL) for 15 minutes did not increase the
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anti-lge—induced histamine release, either in IgE+ or in
IgE— sensitized cells (data not shown). In addition, priming
the parental RBL cells, RBL-2H3, with various concentra- ~
tions of HHRF and MrHRF for 15 minutes did not increase
the DNP-HSA-induced histamine release. In contrast 6.
priming basophils, which formerly did not release histamine
to HrHRF, for 15 minutes with HrHRF significantly
increased their anti-lgE—induced histamine reléasben 7.
these data are compiled, it appears unlikely that RBL-SX3i
or RBL-2H3 cells respond to either recombinant HRF. Thus
the most probable explanation for these findings is the lac &
of an HRF-specific receptor on RBL cells.

With the evidence suggesting that HRF does not direct g.
ly interact with IgE but only acts in a cytokine-like man-
ner, the dependence of HRF-induced histamine release ¢
IgE+ raises additional questions about the mechanism fc
this reaction. In this context, it should be noted that othe

priming agents can be shown to have a dependence on t11.

presence or absence of IgE+. For example, IL-3 does n
normally directly induce histamine release from human
basophils but if the cells are first sensitized with IgE+, but
not IgE—, IL-3 induces relead&A similar result can be

found for the ability of deuterium oxide (partial replace-
ment of the HO in the buffers with BD) to directly induce

release8 The working hypothesis is that IgE+ has the
property of inducing a low level of ERI aggregation, not

detected by incubating cells in normal buffers. However,
any agent that significantly “primes” or enhances

basophil function reveals this low level of aggregation anc**

induces histamine release. Furthermore, mouse recomk

nant IL-3 priming for 15 to 30 minutes did not enhancezs.

anti-lge—induced histamine release in these cells (dat
not shown), despite the fact the IL-3 is known to prime
basophils for histamine relea&e26 These results also

suggest that the RBL cell does not express a receptt

capable of binding HrHRF, which would “prime” the cell. 1s.

In conclusion, these results provide evidence tha
HrHRF does not directly induce histamine release
through interaction with IgE antibody alone. In conjunc-
tion with other data, it seems likely that HRF does not
interact with IgE at all. Therefore it appears likely that

HrHRF signals through its own specific receptor, which20:

is not expressed or is not functional on RBL-SX38 or,,
RBL-2H3 cells but which seems to be expressed ot
basophils of atopic and nonatopic donors.

We thank Roy Bheekha-Escura and John T. Schroeder for tect
nical advice.

23.

REFERENCES

1. Burckhard GM, Gaestel H, Bhm H, Bielka H. cDNA sequence coding 24.

for a translationally controlled human tumor protien. Nucleic Acids Res
1989;17:8367.

2. Bohm H, Benndorf R, Gaestel M, Gross B, Niirnberg P, Kraft R, et al. 25.

The growth-related protein p23 of the Ehrlich ascites tumor: translation-
al control, cloning and primary structure. Biochem Intl 1989;19:277-86.
3. Sanchez JC, Schaller D, Ravier F, Golaz O, Jaccoud S, Belet M, et a

Translationally controlled tumor protein: a protein identified in several 26.

nontumoral cells including’ erythrocytes. Electrophoresis 1977;18:150-5.
4. MacDonald SM, Rafnar T, Langdon J, Lichtenstein LM. Molecular iden-

13.

14.

22.

J ALLERGY CLIN IMMUNOL
APRIL 1999

tification of an IgE-dependent histamine-releasing factor. Science
1995;269:688-90.

5. Schroeder JT, Lichtenstein LM, MacDonald SM. An immunoglobulin E-

dependent recombinant histamine-releasing factor induces interleukin-4
secretion from human basophils. J Exp Med 1996;183:1265-70.
Sampson HA, Broadbent KR, Bernhisel-Broadbent J. Spontaneous
release of histamine from basophils and histamine-releasing factor in
patients with atopic dermatitis and food hypersensitivity. N Engl J Med
1989;321:228-32.

MacDonald SM, Lichtenstein LM, Proud D, Plaut M, Naclerio RM,
MacGlashan DW, et al. Studies of IgE-dependent histamine releasing
factors: heterogeneity of IgE. J Immunol 1987;139:506-12.

MacDonald SM, White JM, Kagey-Sobotka A, MacGlashan DW, Licht-
enstein LM. The heterogenity of human IgE exemplified by the passive
transfer of D20 sensitivity. Clin Exp Allergy 1991;21:133-8.

Schroeder JT, Lichtenstein LM, MacDonald SM. Recombinant hista-
mine-releasing factor enhances IgE-dependent IL-4 and IL-13 secretion
by human basophils. J Immunol 1997;159:447-52.

10. Bheekha-Escura R, MacDonald SM. The human recombinant histamine

releasing factor (HrHRF) promotes cytokine secretion by human
eosinophils [abstract]. J Allergy Clin Immunol 1998;101:S230.

Gounnl AS, Lamkhloued B, Ochlal K, Tanaka Y, Delaporte E, Capron A,
et al. High-affinity IgE receptor on eosinophils is involved in defense
against parasites. Nature 1994;367:183-6.

12. Rajakulasingam, K, Till S, Ying S, Humbert M, Barkans J, Sullivan M, et

al. Increased expression of high affinity IgE €Rt) receptora chain
mRNA and protein-bearing eosinophiis in human allergen-induced
atopic asthma. Am J Respir Crit Care Med 1998;158:233-40.
Seminario MC, Bochner BS. Eosinophils (EOS) possess intracellular a
chain of the high affinity IgE receptor but little or no expression on their
surface [abstract]. J Allergy Clin Immunol 1998;101:S175.
Kleine-Tebbe J, Hamilton RG, Roebber M, Lichtenstein LM, MacDon-
ald SM. Purification of immunoglobulin E (IgE) antibodies from sera
with high IgE titers. J Immunol Meth 1995;179:153-64.

Liu FT, Bohn JW, Ferry EL, Yamamoto H, Molinario CA, Sherman LA.
Monoclonal dinitrophenyl-specific murine IgE antibody: preparation,
isolation and characterization. J Immunol 1980;124:2728-37.

Wiegand TW, Williams PB, Dreskin SC, Jouvin MH, Kinet JP, Tasset D.
High-affinity oligonucleotide ligands to human IgE inhibit binding to
FceRI. J Immunol 1996;157:221-30.

17. Pruzansky JJ, Grammar LC, Patterson R, Roberts M. Dissociation of IgE

from receptors on human basophils. 1. Enhanced passive sensitization for
histamine release. J Immunol 1983;131:1949-53.

Levy DA, Osier AG. Studies on the mechanism of hypersensitivity phe-
nomena XIV: passive sensitization in vitro of human leukocytes to rag-
weed pollen antigen. J Immunol 1966;97:203-12.

19. MacGlashan DW Jr, Bochner BS, Adelman DC, Jardieu PM, Togias A,

McKenzie-White J, et al. Down-regulation of FceRI expression on
human basophils during in vivo treatment of atopic patients with anti-IgE
antibody. J Immunol 1997;158:1438-45.

Siraganian RP. An automated continuous-flow system for the extract and
fluorometric analysis of histamine. Anal Biochem 1974;57:383-94.

. Kulczycki A Jr, Isersky C, Metzger H. The interaction of IgE with rat

basophilic leukemia cells. J Exp Med 1974;139:600-16.
Bheekha-Escura R, Langdon JM, Lichtenstein LM, MacGlashan DW,
MacDonald SM. Pharmacologic regulation of histamine release by the
IgE dependent histamine releasing factor (HRF) [abstract]. J Allergy Clin
Immunol 1997;99:90.

MacDonald SM, Schleimer RP, Kagey-Sobotka A, Gillis S, Lichtenstein
LM. Recombinant IL-3 induces histamine release from human basophils.
J Immunol 1989;142:3527-32.

Yamaguchi M, Hirai K, Otha K, Suzuki K, Kitani S, Takaishi T, et al.
Nonreleasing basophils convert to releasing basophils by culturing with
IL-3. J Allergy Clin Immunol 1996;97:1279-87.

Kuna P, Reddigari SR, Schall TJ, Rucinski D, Sadick M, Kaplan AP.
Characterization of the human basophil response to cytokines, growth
factors, and histamine releasing factors of the intercrine/chemokine fam-
ily. J Immunol 1993;150:1932-43.

Baeza ML, Reddigari S, Haak-Frendscho M, Kaplan AP. Purification and
further characterization of human mononuclear cell histamine-releasing
factor. J Clin Invest 1989;83:1204-10.



