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Background: The recently cloned human recombinant IgE-
dependent histamine releasing factor (HrHRF) was initially
thought to stimulate histamine release from human basophils
from a subpopulation of allergic donors by interacting with
the IgE molecules on the surface of these cells. Additional data
suggest that HrHRF exerts its biologic effects by binding to a
distinct cell surface structure and not to IgE.
Objective: To address the hypothesis that the HrHRF signaling
pathway is distinct from the classical high-affinity IgE recep-
tor (FceRl) pathway, we used pharmacologic agents known to
affect basophil histamine release.
Methods: In this report we compared the effect of stau-
rosporine, Bis I, GO 6976, rottlerin, and pertussis toxin on his-
tamine release from human basophils mediated by the follow-
ing stimuli: HrHRF, polyclonal human anti-IgE antibody, and
antigen, as well as the IgE-independent stimulus, FMLP.
Results: None of these modulators, except rottlerin, could dif- IgE-dependent HRFThis HRF was originally detected
ferentiate histamine release induced by anti-IgE or antigen in late-phase skin blister fluiland in nasal lavage fluid
from that induced by HrHRF. Rottlerin enhanced HrHRF- during the late-phase reacti®rzurthermore, mononu-
mediated h_|stam|ne releas_e and dose _dependentl_y blO.Cke.d clear cells from patients with atopic dermatitis who are
FMLP-mediated release without affecting basophil activation .

allergic to foods spontaneously produce large amounts of

by either anti-IgE or antigen. . .
Conclusion: These data suggest a unique signaling pathway for HRF, and the production of HRF correlated with the

HrHRF and thus strengthen the hypothesis that HrHRF binds severity of their diseasé.
to a specific receptor other than IgE. (J Allergy Clin Immunol Only 50% of allergic donor basophils released hista-
1999;103:937-43.) mine in response to stimulation with the IgE-dependent
HRF. Furthermore, using techniques to remove IgE from
the surface of the basophils with lactic acid, we have pre-
viously demonstrated that it was the IgE from certain
Histamine-releasing factors (HRFs) comprise a het-allergic donors that conferred sensitivity to this HRF.
erogeneous group of proteins that are capable of mediaThis led to the concept of functional heterogeneity
ing histamine release from human basophils. These moamong human polyclonal IgE molecules. We defined the
ecules were first discovered in the supernatants from culgE from donors who respond to HRF lg&*,11 and
tured PBMCs stimulated by mitogen or antige3everal  therefore all other IgE molecules are ternigd-. The
groups of molecules with histamine-releasing activityhuman recombinant IgE-dependent HRF (HrHRF) was
have been discovered to date, including interleukinsfound to be a complete secretagogue for histamine and
chemokineg;6 and a recently subcloned molecule, theIL-4 protein secretion from basophils expressing*IgE
Moreover, in IgE basophils HrHRF was capable of
inducing IL-4 secretion with similar kinetics to anti-
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Abbreviations used
DMSO: Dimethyl sulfoxide
FceRI: High-affinity IgE receptor
FMLP: N-formyl-methionyl-leucyl-phenylalaine
HrHRF: Human recombinant IgE-dependent histamine-
releasing factor
IC5y:  Inhibitory concentration of 50%
PAG: PIPES-albumin-glucose
PIPES: Piperazine N,N’bis 2 ethane sulphonic acid
PKC: Protein kinase C
PMA: Phorbol myristate acetate

Key words:Histamine-releasing factor, human basophils, IgE het-
erogeneity, pharmacologic regulation



938 Bheekha-Escura et al J ALLERGY CLIN IMMUNOL
MAY 1999

histamine release when HrHRF was the stimulus (unpubDMSO during the histamine release assay was at least 1/34,000.
lished data). Third, we have recently shown that nonre-FMLP, phorbol myristate acetate (PMA), and pertussis toxin and its
sponding basophils, which by definition are those B-oligomer were purchased from Sigma Chemical Co (St Louis, Mo).
basophils possessing tgHlisplay an increased release of Polyclonal human IgE antibody was made in a goat and affinity puri-
histamine and IL-4 when preincubated with HrHRF and fied-

then challenged with anti-IgE These basophils also .

released IL-13 when primed with HrHRF and then Sub_Preparatlon of HrHRF o )
sequently stimulated with anti-IgE. This is noteworthy HrHRF_Was '_shuttled'frorp the PGEX-2T yector, which is used in
because in humans both IL-4 and IL-13 are important inEschenchla colproduction? into the baculovirus vector, pBlueBac

. o . I, which coexpressesf-galactosidase for color selection of suc-
isotype switching (IgM to IgE) in B Cel@'_ Taken cessful recombination. As per MAXBAC baculovirus system man-
tPQGFher' these data su_ggest that ong poss_lble explan‘ufacturer’s specifications (Invitrogen, San Diego, Calif), plasmid
tion is that HrHRF activates basophils by interaction pna was transfected into Sf 9 cells for viral isolation and amplifi-
with a specific receptor on their surface. One approaclcation. Subsequently, High Five insect cells were used for protein
to address this would be to examine a variety of signaproduction, and pBlueBac lll—produced HrHRF protein was detect-
transduction events thought to be important in promot-ed by SDS-PAGE and Western blotting with a polyclonal anti-
ing secretion in human basophils or modulating secre-HrHRF antibody generated against recombinant material produced
tion from human basophils. Unfortunately, for human in E coli.

basophils, there are many quantitative issues to b(E iched b hil .
resolved. We believed that a better approach would be t nriched basophil preparations

determine whether pharmacologic agents could discrim- Venous blood from consenting donors was anticoagulated with

inate between the histamine release by HrHRF Versu:lo mmol/L EDTA. Whole blood was centrifuged at §0and the
leukocyte interface (buffy coat) was carefully aspirated and trans-

release mediated by other known basophil Secretaferred to PAG-EDTA buffer (1:1 vol/vol). Basophil-enriched sus-

go_gues. Under the proper Condltlons.’ this typ_e of dat‘epensions were prepared by Percoll density centrifugation, as previ-
might more clearly demonstrate the difference in SIgnal'ously described? Briefly, the diluted buffy-coat suspension was

ing C_aused by HrHRF. ) ~ layered onto gradients consisting of 12 mL of 55% Percoll layered
It is generally accepted that the signal transductiononto 12 mL of 63% Percoll in 50 mL of polypropylene centrifuge

pathway triggered by IgE-dependent stimuli involves tubes. Percoll gradients were centrifuged atg7#6® 20 minutes at

activation of a number of kinases, including the high- room temperature. Basophils were in the fraction consisting of the

affinity IgE receptor (FeRl)—associated kinases Lyn and lower half of the 55% Percoll, 63% interface, and upper half of this

Syk.15At the inception of these studies, protein kinase clayer. Cells in this fraction were washed twice in PAG-EDTA and

(PKC) was also thought to play a proactive role in IgE- underwent a final wash in cold PAG at 4°C. Basophils were count-

mediated histamine release. Therefore we compared thed N Spiers-Levy chambers by using Alcian blue staifinthe

effect of agents thought tOI inhibit PKC on histamine purity of the basophils in the cell suspensions used for these studies

. . ranged from 5% to 40%.

release from human basophils mediated by HrHRF, IgE- 9

dependent st_imuli such as a_nti-IgE antibody or antigenPurified basophil preparations

and the IgE-independent stimulus FMLP. Because the Purified basophils were obtained from peripheral blood by mix-

latter is known to signal in basophils through a G pro-ing with 0.9% saline, layering over a single Percoll gradient with a
tein—coupled receptdf,we also compared the ability of density of 1.082, and spinning at 1200 rpm for 15 minutes at room
pertussis toxin, an inhibitor of G proteins bearinge G  temperature. The interface was removed, diluted in PAG with 4
subunitl” to modulate histamine release by these stimuli.mmol/L EDTA (PAG-EDTA), and spun at 800 rpm for 8 minutes at
room temperature. Two subsequent washes with PAG-EDTA at 4°C

METHODS were performed. The cells were stained Wi_th Alcian Blue and count-
ed on a Speirs-Levy Chamber to determine total cell number and
Reagents percent basophil purigt

Piperazine N,N’bis 2 ethane sulphonic acid (PIPES) ddh- Cells were suspended in PIPES buffer with 1% BSA and 2
tained 250 mmol/L PIPES, 1.10 mol/L NaCl, and 50 mmol/L KCL mmol/L EDTA (PIPES/BSA/EDTA) to a density of &@ells per
(pH 7.4). A PIPES-albumin-glucose buffer (PAG) contained one tenth100 mL of buffer. Subsequently, the Basophil Isolation Kit from
10x PIPES in addition to 0.003% human serum albumin (Cal- Miltenyi Biotec GmbH (Auburn, Calif) was used, with slight mod-
biochem-Bering Corp, La Jolla, Calif) and 0.1% D-glucose. PAG ifications to the manufacturer's specifications. Specifically, 50 mL
supplemented with 4 mmol/L EDTA is designated PAG-EDTA. Iso- of FcR-blocking reagent was added pe? &@lls and incubated on
tonic Percoll (referred to al00% Percoll consisted of 1 part X0 ice for 30 to 45 minutes. Next, 100 mL of hapten-antibody cocktail
PIPES and 9 parts Percoll (Pharmacia, Piscataway, NJ). Percoll soltper 1@ cells was added and incubated for 30 minutes on ice, gently
tions of 55% (density, 1.072) and 63% (density, .082) were made bymixing every 10 minutes. PIPES/BSA/EDTA buffer (650 mL) was
mixing the appropriate amounts of RIPES and 100% Percoll. Rot- added per 1®cells in the presence of 100 mL of anti-hapten
tlerin (5,7-dihydroxy-2,2-dimethyl-6[2,4,6-trihydroxy-3-methyl-5- microbeads and incubated for 30 minutes on ice, again mixing every
acetylbenzyl]-8-cinnamoyl-1,2-chromea®)Bis 1l, a compound 10 minutes. The cell suspension was placed on a MidiMACS LS
derivatized from tetrahydrpyrido[1&}indole to bisindolyl- Separation Column (Miltenyi Biotec GmbH) and washed with 12 to
maleimidé?; and Go 6976, a methyl- and cyanoalkyl-substituted 14 mL of PIPES/BSA/EDTA buffer in a 15-mL conical tube on ice.
nonglycosidic indolocarbazdewere purchased from Calbiochem The cell suspesion was pelleted by spinning at 1500 rpm for 10 min-
Bering Corporation. A stock dilution of these compounds was pre-utes at 4°C. The pellet was resuspended in 1 mL of PAG with 0.03%
pared in dimethyl sulfoxide (DMSO) so that the final dilution of human serum albumin (P[%8]G), stained with Alcian Blue, and
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counted in the Speirs-Levy ChamBémBasophil purity in these 80
experiments ranged from 64% to 82%.

For histamine release experiments, cells were resuspended i 70 *
P(10<A)G at approximately 0.38 10° basophils per milliliter. The _L
cells were preincubated in the absence or presence of rottlerin at tt
indicated concentrations in a 96-well flat-bottom plate for 15 min-
utes at 37° in an atmosphere of 5% L®rewarmed buffer,
P(10<A)G, or stimulus (HrHRF, 3.5 107 mol/L) were added to
each well and incubated for an additional 45 minutes at 37° in ar-
atmosphere of 5% COn the presence of 5 mmol/L calcium. The
plate was spun at 1000 rpm for 3 minutes to bring cells to the bot
tom of each well, and then 100 mL of supernatant from each condi
tion was removed to assay for histamine. Specifically, 100 mL of
supernatant was added to 200 mL of 8% HC#nd 700 mL of
PAG, and the acid was precipitated overnight at room temperature
The tubes were spun, and supernatants were decanted and assa
for histamine content.

Histamine results are expressed as a percentage of total hiStEI_G 1. Human basophils were incubated in the absence of stau-
mine from lysed cells, and each determination is done in duplicaterosporine (STSP. filled bars) or in the presence of varying con-
Enhancement was determined by subtracting the percent histamircentrations of staurosporine (50 nmol/L [hatched bars], 100
release from HrHRF-stimulated wells from those with both HTHRF nmol/L [stippled bars], or 500 nmol/L [open bars]) for 10 minutes
and rottlerin and then dividing by percent histamine release fromand then stimulated with FMLP (1 umol/L), anti-IgE (100 ng/mL),

Release

mine

Hista

%

anti-igE HrHRF

the wells stimulated with HrHRF alone. or HrHRF (1 umol/L). There was a dose-dependent inhibition (P <
.05) of both anti-IgE- and HrHRF-induced histamine release. As
Incubation with kinase inhibitors has been previously reported, staurosporine enhanced FMLP-

induced release.?2 Probability (P) value (*P < .05) is indicated for
secretagogue-induced histamine release with or without stau-
rosporine, as calculated by the Wilcoxon signed-rank test (n = 5).

Basophils (1x 106 cells/mL) were resuspended in warm PAG
and preincubated for 15 minutes with various concentrations of the
kinase inhibitors. Previous studies with these inhibitors determinec
that a 10-minute preincubation period was adequate to observe a

full effect. After this preincubation period, aliquots of cells were diated ti Theref d st .
added in duplicate to tubes containing the prewarmed (37°C) stim/Mediated secretion. Therejore we used staurosporine as a

uli in the presence of Ga(5 mmoliL). The total reaction volume 1IrSt Step to determine whether it would discriminate the
was 10QuL. After 45 minutes of incubation at 37°C, 90D of PAG signal transduction pathway between HrHRF and the
was added to each tube, cells were pelleted for 2 minutes gt 300 IgE-mediated stimuli: anti-IgE and antigen and the non-
and the supernatants were harvested. IgE—mediated stimulus FMLP. As previously observed
. . . . by others?3 staurosporine slightly enhanced release by

Incubation with pertussis toxin FMLP while it blocked anti-lgE—mediated histamine

Basophils were resuspended ax 20° cells/mL in RPMI 2%  release in a dose-dependent manner from 50 to 500
FCS containing either pertussis toxin or its inacfiveubunit (2 nmol/L (Fig 1). HrHRF-mediated release was inhibited
pg/mL) for 2 hours at 37°C. Cells were then extensively washed an(by staurosporine in a manner similar to that of anti-IgE
challenged. (n = 5,P < .05, Wilcoxon signed-rank test).

Histamine release assay The kinase inhibitors Bis Il and Gé 6976 do

Hista_lmine was measured in supernata_nts from stim_ulatecnot discriminate between HrHRF- and anti-
basophils by using the automated fluorometric method of Siragan . . .
IgE-mediated histamine release

ian22 Total histamine was calculated by using cells lysed with 8%
HCIO,. Spontaneous release was subtracted from all experimente
values to yield net release. Thesalues represent discrete experi- ~ We investigated whether more selective kinase
ments, and according to our previoulsy published methodology, hisinhibitors that target specific PKC isozymes are capable
tamine measurements are performed in duplicate for each stimuluof differentiating between IgE-dependent and IgE-inde-
pendent stimuli. Although there are no completely spe-
cific inhibitors of the PKC isozymes, we tested com-
pounds belonging to 2 different families of staurosporine
derivatives that display an enhanced selectivity for vari-
ous PKC isozymes, the bisindolylmaleimides (Bis Il) and
RESULTS the indolocarbazoles (G6 6976). In previous experi-
ments, G6 6976, at a concentration of 250 nmol/L, sig-
nificantly inhibited anti-lgg—mediated release, whereas
Bis Il at 390 nmol/L inhibited PMA-induced release
Staurosporine, a nonspecific PKC inhibitor, is known (MacGlashan, unpublished data). Because the intent of
to inhibit IgE-mediated histamine release from humanour investigations was to find a difference between IgE-
basophils. On the basis of its characteristics, it is likelymediated and HrHRF stimulation, we chose concentra-
that this drug inhibits tyrosine kinases critical to IgE- tions that would ensure optimal inhibition. We used con-

Statistical methods

Results are expressed throughout as means + SEM. Treated a
nontreated cells were compared by using either the Wilcoxor
signed-rank test or Student’sest.

Histamine release by HrHRF is inhibited by
staurosporine
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* %

80 7 at low concentration¥.241n an experiment not shown,
- '—L‘ rottlerin was titrated to determine its effect on both
70 7 ’ basophil viability and histamine release by a number of
50 - stimuli. Because at concentrations greater thamal/L
cell viability was decreased, we chose to use rottlerin at
50 1 500 nmol/L. At this concentration, rottlerin did not sig-
nificantly affect release induced by a range of anti-IgE
407 (Fig 3,A) or antigen (Fig 3B) concentrations (0.005 to
30 1 0.1 pg/mL). In contrast, rottlerin inhibited release by
l FMLP (Fig 3,C). The inhibition of FMLP by rottlerin
20 7 was significant only at FMLP concentrations of-40
10 mol/L (P < .004, Student’s test) and 1€ mol/L (P <
.04, Studentd test). No significant inhibition was seen
at 105 mol/L FMLP, although at this concentration there
anti-IgE PMA FMLP HrHRF was a trend toward decreased histamine release in the
presence of this agent. FMLP concentrations of 10

% Histamine Release

FIG 2. Histamine release by basophils preincubated with the
kinase inhibitors Bis Il, G6 6976, or medium is shown. G6 6976
(open bars) significantly inhibited anti-IlgE-mediated release (n =
8, *P < .05) and completely abolished release induced by 1
umol/L HrHRF (n = 8, ***P < .01). Bis Il (filled bars) did not have
any effect on anti-IlgE- or HrHRF-mediated release. In contrast, it
significantly inhibited release induced by 30 ng/mL PMA (n =8,
**P < .05). Release caused by FMLP (1 pmol/L) was not affected
by either inhibitor (n = 6). Each n value is representative of sepa-
rate experiments, with duplicate histamine determinations for
each stimulus. All experiment are n = 8, with the exception of the
stimulus FMLP for which the experiment was n = 6. All P values
are calculated by the Wilcoxon signed-rank test.

mol/L did not induce significant histamine release either
in the presence or the absence of rottlerin. Importantly,
histamine release by HrHRF was significantly enhanced
by preincubation of basophils with rottlerin (Fig 3).
Because nanomolar amounts of HrHRF did not induce
significant histamine release, HrHRF concentrations in
these experiments were chosen in a range that induced
optimal histamine release. Under these conditions,
enhancement of HrHRF-mediated release by rottlerin
was observed at ¥#®mol/L HrHRF (P < .005, Student’s

t test) and 2x 10-6 mol/L HrHRF (P < .05, Student’¢
test). Rottlerin did not induce histamine release above
controls in unstimulated cells (data not shown). Addi-
centrations slightly above the previously determinedtionally, matched controls with DMSO alone did not
inhibitory concentration of 50% (kg values, 300 affect basophil histamine release (data not shown).
nmol/L for G6 6976 and 400 nmol/L for Bis Il. As )
depicted in Fig 2 and as expected, GO 6976 at 30A dose-de?endent e.nhan(fement by r?“le"“
nmol/L significantly inhibited anti-lgE—mediated hista- ©" HrHRF-induced histamine release in

mine release (n = & < .05, Wilcoxon signed-rank test) Ppurified human basophils

but also completely abolished release by HrHRF (n = 8,

P < .01, Wilcoxon signed-rank test). In contrast, Bis Il at  To determine that this effect of rottlerin was acting
400 nmol/L did not have any effect on histamine releasespecifically on the basophils and not contaminating cells,
by either of these 2 stimuli, but it did have significantly human basophils were purified from a starting purity of
diminished release induced by 30 ng/mL PMA (n £8, 4% to 82%. As shown in Fig 4, there was a dose-depen-
< .05, Wilcoxon signed-rank test). Release by FMLP wasdent enhancement by rottlerin of HrHRF-induced hista-
not affected by these kinase inhibitors (n = 6). mine release. As is evident in this figure, the enhance-
ment is maximal at a rottlerin concentration of 500

Rottlerin uniquely discriminates between nmol/L.

IgE-dependent and IgE-independent stimuli

Because neither G6 6976 nor Bis Il were able to exert . .
a specific action on HrHRF-mediated histamine release P€rtussis toxin
we investigated the effects of rottlerin, a nonstau- Because rottlerin affected both HrHRF- and FMLP-
rosporine-derived kinase inhibitor isolated frovallo- mediated release, we investigated whether reagents mod-
tus philippinensiswhich targets the calcium-dependent ulating FMLP-mediated release would affect histamine
PKC isozymes. To date there are no pharmacologicelease mediated by HrHRF. FMLP is known to signal
agents that are absolutely specific for PKC isoenzymesthrough a receptor coupled to a G protein bearingian
However, rottlerin exhibits a certain specificity for the subunitlé This subunit can be adenosine diphosphate
PKC3 isozyme (IGg, 5.3 pmol/L), an enzyme found in  rybosylated by pertussis toxin, which greatly reduces the
abundance in human basophils when compared wittcapacity of Gii proteins to bind guanine nucleotides and
human mast cells (MacGlashan, unpublished data). Irto activate downstream signaling eveht§Ve preincu-
other systems the calmodulin-dependent kinase (CaMbated human basophils for 2 hours with a saturating con-
kinase Ill) is blocked at the sames}@ange and is there- centration of pertussis toxin (&/mL) and exposed the
fore the only kinase other than P&@&ffected by rottlerin  cells to various stimuli. ThB-subunit of pertussis toxin,

Histamine release by HrHRF is insensitive to
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FIG 3. Effect of rottlerin on histamine release induced by IgE-dependent and IgE-independent stimuli.
Basophils from donors allergic to ragweed were preincubated in the presence (open bars) or absence
(hatched bars) of rottlerin and then stimulated with varying concentrations of anti-IgE (A), antigen E (B), FMLP
(C), and HrHRF (D). A, Anti-IgE concentrations were 0.005 pg/mL (n = 4), 0.01 ug/mL (n = 3), 0.05 pg/mL (n =
5), and 0.1 pg/mL (n = 5). B, Antigen E concentrations were 0.005 pg/mL (n = 3), 0.01 ug/mL (n = 5), 0.05 pg/mL
(n=4), and 0.1 ug/mL (n = 2). C, FMLP concentrations were 10-7 mol/L (n = 2, *P < .04), 10-6 mol/L (n =7, **P
<.004), and 105 mol/L (n = 2). D, HrHRF concentrations were 10-6 mol/L (n = 10, *P < .005), 2 x 106 mol/L (n
=6, **P < .05), and 3 x 10-6 mol/L (n = 3). Probability (P) values were calculated by using Student’s t test.

which is known to intercolate into membranes but doeswhether HrHRF- and IgE-mediated signals can be phar-
not have the bioactivity of pertussis toxin, was used as macologically differentiated from one another. To
control. As shown in Fig 5, the effect of pertussis toxinaccomplish this, we used a series of pharmacologic mod-
on histamine release by HrHRF (n = 4) or anti-IgE (n =ulators affecting signal transduction events. The purpose
3) did not differ from that of th@-subunit alone. As of these studies was to determine whether there was a
expected, pertussis toxin, but not Bssubunit alone, pharmacologic agent that discriminated HrHRF-induced
completely abolished histamine release induced bhhistamine release from anti-IgE—induced release. Using
FMLP (n =4,P <.002, Student'stest). This would sug- these types of experiments, we did not intend to investi-
gest that HrHRF is not stimulating histamine releasegate exact signal transduction events.

from human basophils by interacting with a receptor cou- The general kinase inhibitor, staurosporine, and a

pled to a pertussis toxin—sensitiveliGrotein. somewhat more specific derivative, G6 6976, did not dis-
criminate between HrHRF and the IgE-dependent stimu-
DISCUSSION lus anti-IgE, whereas they did differentiate anti-IgE stim-

ulation from the IgE-independent stimulus FMLP. Bis Il
Although HrHRF was originally thought to induce did not exert any significant modulation in basophils
histamine release from certain donors’ basophils by aistimulated with HrHRF, anti-IgE, and FMLP, whereas it
IgE-dependent mechaniskhas mentioned above, fur- downregulated PMA-induced release. In a cell-free sys-
ther investigations have revealed that HrHRF is capabltem, nanomolar concentrations of the indolocarbazole
of modulating release of histamine and IL-4 and IL-13G6 6976 have been described to inhibit the Ca(++)-
from all basophild3 In this article we investigated dependent PKC isozymesand 31, while showing no
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various stimuli. Basophils were preincubated with pertussis toxin
(open bars) or its inactive B-subunit (hatched bars), washed, and
then challenged with HrHRF (0.5 pmol/L), anti-IgE (100 ng/mL), or
FMLP (1 umol/L). Histamine release induced by both HrHRF or
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FIG 4. A dose-response curve of rottlerin enhancing HrHRF-
induced histamine release from purified human basophils is

anti-IlgE was unaffected, whereas FMLP-induced release was
completely abrogated by pertussis toxin (n = 4, *P < .002). Proba-
bility (P) values were calculated by using Student’s t test.

shown. Basophils from peripheral blood were purified by nega-
tive selection as described in the Methods section. Starting
basophil purity was 4%, which was increased to 82% by this tech-
nique. Percent histamine release to HrHRF (3.5 x 107 mol/L) was
14%. The graph demonstrates percent enhancement of varying
doses of rottlerin (from 100 to 1000 nmol/L) on HrHRF-induced
histamine release. This is representative of 3 separate experi-
ments with purified basophils.

kinases, such as casein kinase Il arakinases in the
enhancement seems unlikely on the basis of the
described IG, of rottlerin for these enzymes (from 30 to
>100 pmol/L, respectively}8 On the other hand,
calmodulin-dependent kinase Il has been shown to be
blocked by rottlerin at the same §fas PK®.18
Calmodulin-dependent kinase Il catalyzes the phospho-
effect, even at micromolar concentrations, on the kinaserylation of elongation factor-24 a protein apparently
activity of the Ca(++)-independent PKC subtyges, unrelated to any basophil activation event leading to his-
andZ.29 Bis Il, on the other hand, inhibits PKC in vitro tamine release.
with an 1G, value of approximately 13 nmolAS Although the role of PK& in regulating histamine
Despite the body of information on these inhibitors, the release is not defined, it seems to be quantitatively the
exact specificity of these compounds has not been fullymost abundant PKC isozyme in human basophils (Mac-
defined in a cellular system. Glashan, unpublished observations). Therefore it is
In contrast to the above inhibitors, rottlerin did differ- tempting to speculate that PR@ involved in basophil
entiate between HrHRF and other IgE-dependent stimuliactivation by HrHRF and that its activity can be regulat-
(anti-IgE and antigen). The main difference between theed by rottlerin. That the anti-IgE, antigen, and HrHRF
staurosporine-related inhibitors and rottlerin is that theyresponses are differentially regulated by rottlerin is of
discriminate, to an extent, between calcium-dependenimportance because it suggests the existence of 2 inde-
and calcium-independent PKC isozymes, respective-pendent basophil-activation pathways by these stimuli.
ly.18.24|n a cell-free system, rottlerin has been describedOn the other hand, the commonality between the signal
to have an Ig, of 6 pmol/L for the recombinant form of  transduction pathways of IgE and HRF unveiled by stau-
PKCd, which is one order of magnitude lower than that rosporine, Bis I, and G6 6976 would suggest that HRF
for the other PKC isoform® It is likely that the 1G, acts as a modulator of a signal that is primarily generat-
obtained in vitro differs from that calculated in a cellular ed by the FeRI. Further experiments to determine the
system because it has been described for other kinasprecise signal transduction events caused by HrHRF and
inhibitors, such as Go6 69728:26 However, the only  anti-IgE antibody are planned by using cell lines.
observable effect of rottlerin on histamine release FMLP was the only stimulus other than HrHRF with
occurred at concentrations ranging from 100 to 500its effects modulated by rottlerin. On the basis of this
nmol/L (data not shown). At 500 nmol/L, a concentration observation, we investigated whether signal-transducing
below its 1G; in vitro,18 rottlerin could significantly = components of the FMLP pathway, such as @oteins,
enhance release by HrHRF, although it did not affect theare also involved in the HrHRF pathway. We have
anti-IgE or antigen response. The cellular substratesdemonstrated that histamine release from basophils stim-
involved in the upregulation of HrHRF-mediated releaseulated by HrHRF is not altered by preincubation of cells
by rottlerin are largely unknown. Involvement of other with pertussis toxin, which suggests that@i @rotein is
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not involved in the release process mediated by HrHRF
This response is not altered by the contribution of othe
leukocytes present in the incubation mixtiff@ecause
individual cells contain 4 to 5 types @fsubunits that are
not inhibited by pertussis toxii,the lack of inhibition 8.
of the HrHRF-mediated histamine release by pertussi
toxin does not totally exclude the involvement of other G
proteins. However, it can be concluded that the HrHRF ™
pathway does differ in this respect from the pathway

used by most C-C chemokines, which are dependent c10.

a G protein—associated receptor sensitive to pertuss
toxin.27

A recent report from our laboratory has shown that;

kinetics of IL-4 release from responsive basophils (ie,
basophils possessing IgEstimulated with HrHRF are
comparable with those of anti-lgE—stimulated basophils.
These results suggested the existence of a direct inters

tion between IgE and HrHRF. However, in additional 13.

experiments with nonresponsive IgE donors, HrHRF was
capable of enhancing anti-lgE-induced mediator re-

leasel3 This supports the possibility of a distinct receptor“'
15.

for HrHRF. It is feasible that IgE(as opposed to IgE
binding to FeRI provides a signal that lowers the activa-

tion threshold of the basophil. Furthermore, the fact thal6.

IL-3 and D,O are complete secretagogues for basophils
bearing IgE supports this hypothesig8 Alternatively,
HrHRF might stimulate IgEbasophils by binding to both
its putative receptor and IgE, which would lead to direct

mediator release, whereas HrHRF/HrHRF-receptor inter®-

action in IgE basophils would trigger an “incomplete” or

priming signal. The independent signal transduction pathyg.

way for HrHRF uncovered by rottlerin suggests the exis-
tence of such a receptor. Studies designed to demonstrz

whether there is specific binding of radiolabeled HrHRF2*

are in progress to determine the actual existence of th,,
receptor.

23.
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