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Human recombinant histamine-releasing factor activates human eosinophils ant
the eosinophilic cell line, AML14-3D10

Roy Bheekha-Escura, Donald W. MacGlashan Jr, Jacqueline M. Langdon, and Susan M. MacDonald

The human recombinant histamine-releas-
ing factor (HrHRF) was previously shown
to induce histamine release from human
basophils from a subset of donors. The
ability of HrHRF to directly induce hista-
mine release from only certain basophils
was thought to involve interaction be-
tween HrHRF and a particular kind of IgE,
termed IgE *, on the surface of these cells.
Recent studies disproved the hypothesis
that the IgE molecule or its high-affinity
receptor, Fc €RlI, is involved in secretion
of histamine and cytokines by basophils
stimulated with HrHRF. Rather, data sug-
gest that HrHRF is a cytokine that stimu-

lates basophils by binding to a cell-
surface structure other than the IgE
molecule. This report describes the ef-
fects of HrHRF on another inflammatory
cell type: eosinophils from mildly allergic
donors. In purified eosinophils primed
with granulocyte-macrophage colony-
stimulating factor, both tumor necrosis
factor a (TNF-) and HrHRF induced in-
creased secretion of interleukin (IL) 8. In
addition, both HrHRF and IL-5 enhanced

secretion of IL-8 stimulated by TNF- «.

Secretion of IL-8 reached a plateau level
in less than 24 hours, was inhibited by
cycloheximide, and required the pres-

ence of HrHRF throughout the culture
period. In some eosinophil preparations,
HrHRF induced calcium mobilization that
was inhibited by pertussis toxin. Addition-
ally, HrHRF caused secretion of IL-8 from
the human eosinophilic cell line, AML14-
3D10, which does not possess the «
chain of Fc eRI. These data provide evi-
dence that HrHRF contributes to activa-
tion of eosinophils and thus suggest an
additional role for HrHRF in the patho-
physiologic mechanisms of allergic
disease. (Blood. 2000;96:2191-2198)
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Introduction

Histamine-releasing factors (HRFs) comprise a group of moleculessinophils, inflammatory cells that do not normally express
that induce basophil degranulation. Molecules with this activitgell-surface FeRI.

include interleuking;? chemokines;> and the previously sub-  Although one study found that eosinophils from a subset of
cloned IgE-dependent HRF.This human recombinant HRF hypereosinophilic patients have dRi'® and another showed that
(HrHRF) (also known as p23or translationally controlled tu- the F&RI « chain is up-regulated on eosinophils after antigen
mor protei$?) was initially described as a complete secretachallenge in asthmatic subjedfthis area of investigation remains
gogue for secretion of histamifieand interleukin (IL) 4° controversial. A more recent study demonstrated that eosinophils
from basophils from a subset of allergic donors. Mediator releafem a variety of donors, including mildly allergic subjects, possess
was thought to be the consequence of physical interaction betracellular FeRIl « chain, but it was undetectable on the cell
tween HRF and a certain type of IgE, termed tgEon the surfacel” Additionally, although Kita et & found extremely low
surface of the responding basophilddowever, several lines of levels of surface FeRl, there was no effector function that could be
evidence suggest that the interaction with IgE may not be requiratiributed to this receptor. For these experiments, we used eosino-
for cell activation mediated by HrHRF. First, HrHRFphils from mildly allergic patients who had no detectable surface
enhanced anti-lgE—mediated histamine release, as well as IL-4 &xgression of FeRl, the low-affinity IgE receptor FERII, or IgE,

IL-13 protein production, in donors with IgEon the surface of as determined by flow cytometry. Furthermore, we used the human
their basophils, which by definition do not respond directly teosinophilic cell line AML14-3D10, which has no observable
HrHRF2 Second, in IgE donors, HrHRF-induced histamine FceRI o chain on Western blot analysis of cell lysates.

release can be modulated by agents that do not affect IgE- Eosinophils are known to contribute to the pathophysiologic
dependent histamine releasSéhird, rat basophilic leukemia cells mechanisms of allergic diseases by secreting proinflammatory
transfected with the humad, 8, andy chains of FeRI released granule proteins, such as major basic protein and eosinophil
histamine to polyclonal anti-IgE after passive sensitization witbationic protein, thatinduce damage of bronchial epithelial é&f%.
IgE*, but no histamine release occurred when HrHRF was thecreased numbers of these cells are found in bronchoalveolar
stimulus!* These data indicate that HrHRF exerts its activitjavage (BAL) fluids and bronchial biopsy specimens from allergic
independently of IgE and strongly suggest the existence of asthmatic patients during the late phase of an allergic reaction
HrHRF-specific activation pathway other than througheMc (LPR)2!There is evidence that these cells are capable of synthesiz-
Therefore, we studied the role of HrHRF in activation of humaimg, storing, and in some cases, releasing cytokines that contribute
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to cell recruitment and activation. Transcription or translation ofas dissolved in 400 mL of NBB buffer (20 mmol/L sodium phosphate and
the following cytokines has been reported to occur in eosinophifg?0 mmol/L NaCl [pH 7.8]) to which 400uL of inhibitor mixture
IL-1q, IL-3, IL-5, IL-6, IL-8, transforming growth factor (TGFy (PharMingen) was added. The suspension was freeze-thawed twice and
and TGFB, macrophage inflammatory proteina 1(MIP-1e), centrifuged at 9000 rpm for 20 minutes. Purification of the supernatant,
granulocyte-macrophage colony-stimulating factor (GM-CSF), tiyehich contained the HrHRF protein, was accomplished by 2-step column
mor necrosis factorx (TNF-a),22 1L-4,23 IL-10,23 IL-16,24 the chromatography. First, the supernatant was mixed with De-52 (Whatman,
regulated upon activation, normal T-cell expressed and secretégfdstone, UK) in 0.02 mol/L Tris buffer (pH 8). The flow-through was
(RANTES) cytokine?4 and IL-1225 Although there is controversy screened for the presence of HrHRF by sodium dodecyl sulfate—
about which of these cytokines are actually secrétébe eosine polyacrylamide gel electrophoresis (SDS-PAGE) and Western blotting

. . . . . using a polyclonal anti-HRF antibody generated against the recombinant
phils, but not the neutrophils, of patients with bronchial asthma or_ °. . . I )
atonic dermatitis show ub-requlated IL-8 protdirEurthermore material produced irE coli® Positive fractions were concentrated and
con?:entrations of IL-8 in FI)3Al_gﬂuids from gsthma.tic patients ,ar laced on a column (Sephadex G75; Pharmacia) in physiologic PIPES

|t high h in th f health b uffer. Again, SDS-PAGE and Western blotting were used to screen the
several times higher than in those from healthy subjécal- column fractions. Fractions were pooled and concentrated and the bioactiv-

_thou_gh IL-8 V_Vas originally defined as_a neqtmph'l Chemoattrad?@ was confirmed by using the basophil histamine-release assay. The

in vivo,230 it was found that eosinophils show chemotactig,otein concentration of HHRF was determined with a protein assay

responses toward IL-8 in vittdand that this function is enhancedgio-Rad, Hercules, CA) and was found to be 16/mL. Because the

in eosinophils from antigen-challenged allergic subjé¢fEaken molecular weight of HTHRF is 23 kd, this stock solution is equivalent to 7

together, these observations suggest that the increased levelgBél/L. HrHRF was dialyzed against physiologic PIPES buffer for use in

IL-8 in BAL fluids from asthmatic patients may be at least partlyll assays. HrHRF had a single band on SDS-PAGE and was judged to be

due to eosinophil activation that could lead to further eosinophilore than 95% pure.

recruitment to the inflammatory site. Endotoxin levels in purified HrHRF were determined by a limulus
In this study, we demonstrated that HrHRF directly caused tlagebocyte lysate assay (BioWhittaker, Walkersville, MD), according to the

release of IL-8 or enhanced TNE-induced IL-8 secretion from manufacturer’s specifications. Additionally, endotoxin was removed from

human eosinophils and the eosinophilic AML14-3D10 cell linesertain aliquots of HrHRF by using a column containing polymyxin B

primed with GM-CSF. Enhancement of cytokine secretion dénmobilized on agarose (Detoxi-Gel; Pierce, Rockford, IL).

pended on both protein synthesis and the presence of HrHRF

throughout the culture period. Additionally, HrtHRF was chemotags, ification of eosinophils

tic for eosinophils. In eosinophils from some donors, HrHRF also

induced calcium (Ca*) mobilization, which was independent of Granulocytes were isolated from EDTA-anticoagulated venous blood from

the addition of exogenous GM-CSF or TNF- mildly allergic donors by gradient centrifugation in isotonic Percoll (1.09

g/mL). Red blood cells were removed by hypotonic lysis, and CD16-

positive cells (neutrophils) were removed with an immunomagnetic bead

technique®® Eosinophils were differentiated by using high-power light

Materials and methods microscopy after staining (Diff-Quick Stain Kit; Dade, Biagen, Switzer-

land). Eosinophil purity was always greater than 98%; in some experiments,
We used 10x piperazine diethanesulfonic acid (PIPES) buffer that congwas 100%.

tained 250 mmol/L PIPES (Sigma, St Louis, MO), 110 mmol/L sodium
chloride (NaCl), and 50 mmol/L potassium chloride (KCI), adjusted to pH
7.4. PIPES-albumin-glucose (PAG) buffer was made with 109%TIPES Cell cultures
and contained 0.003% human serum albumin (Calbiochem-Novexbiochem ) . " ) . ) )
Corp, La Jolla, CA) and 0.1%b-glucose. PAG-calcium-magnesium Human eosinophils.Purified eosinophils were resuspended in medium
(PAGCM) buffer was made by adding 1 mmol/L calcium chloride (GRCl M199 (Gibco, Grand Island, NY) containing 20% fetal-calf serum (FCS;
and magnesium chloride (Mg§lto PAG buffer. Percoll (Pharmacia, Sigma) with or without GM-CSF (10 ng/mL) and incubated for 30 minutes
Piscataway, NJ) was made isotonic by mixing 1 part<IBIPES with 9 at 37°C in 5% carbon dioxide (G Aliquots of 5X 1P cells were
parts Percoll. This solution was then adjusted to a density of 1.09 g/mL bynsferred to 48-well plates containing TNH50 ng/mL or 10 ng/mL),
adding approximately 38 mL of X PIPES to 100 mL of isotonic Percoll IL-5 (50 ng/mL), HrHRF (0.7umol/L), or a combination of these reagents.
and verifying the results with a densitometér. The final eosinophil concentration in each assay was@¥mL. In some

For preparation of cell lysates, 1 mL of lysis buffer was used; thiexperiments, either pertussis toxin (PT) or its inactBreligomer (List
consisted of 25 mmol/L HEPES, 5 mmol/L KCI, 119.4 mmol/L NaQ  Biological Laboratories, Campbell, CA) was also added (1 ng/mL each).
mmol/L MgCl, 0.5 mmol/L CaC{ (pH 8), 1 mmol/L sodium orthovara After 24 hours in culture at 37°C in 5% G(plates were centrifuged for 5
date, 1% Nonidet P-40, and 20 protease inhibitor mixture (PharMingen, minutes at 1000 rpm and supernatants were collected and store2DaC
San Diego, CA). GM-CSF, TNk, IL-5, and RANTES were purchased yntj| analysis by enzyme-linked immunosorbent assay (ELISA). In some
from R&D Systems (Minneapolis, MN). experiments, cycloheximide (Lmol/L) (Sigma) was added at the begin-

ning of the culture. Cycloheximide did not affect cell viability as

HrHRF production determined by staining with erythrosin B (Sigma).
HrHRF was subcloned from the PGEX-2T vector by using the restriction AML1_4-3D10 ceIIs.The A_ML14'3D10 SUb“n?’ agift of Dr Casis,andrf':l.
enzymesEcoR1 andBanmH1 used inEscherichia colproduction® The 524 Paul (erght state Unlver_sny, Dayton, OH)Z 1 a“human eoglnophlllc
base-pair (bp) fragment was ligated into the baculovirus vector pBIueBE&‘kem'c cell line that con5|stgntly shows eosmgphlllc granulgs in 95% of
IIl, which coexpresseg-galactosidase, for color selection of successfufS cells* Cells were cultured in RPMI 1640 (Gibco BRL, Gaithersburg,
recombination. In accordance with the manufacturer’s specifications for th), 8% FCS, 2 mmol/LL-glutamine, 1 mmol/L sodium pyruvate, 50
baculovirus system (MAXBAC; Invitrogen, San Diego, CA), plasmid DNARG/ML gentamicin (all from Biowhittaker), and% 10”° mol/L mercapte
was transfected into Sf 9 cells for viral isolation and amplification and Higgthanol (JT Baker, Phillipsburg, NJ). Cells were incubated with the same
5 insect cells were subsequently used for protein production. The insegtokines used with the human eosinophils and cultured in the same
cells were grown commercially on a large scale in serum-free mediumanner. The final concentration of cells in the IL-8 production assays was
(Paragon Biotech, Baltimore, MD). The cell pellet from 14 L of insect cellg X 105/mL.
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IL-8 determination ranging in purity from 67% to 97% or AML14-3D10 cells (5:510°) were

S f imulated inoohil d4 with ILI sed in 220uL of lysis buffer for 20 minutes on ice. Lysed cells were spun
upernatants from stimulated eosinophils were assayed with an IL-1, 9o rpm for 15 minutes in an Eppendorf centrifuge (Brinkman,

specific ELISA (Biosource, Camarillo, CA), according to the manUfaCtuWestbury, NY). Subsequently, 2aL of each cell type (approximately
er’s specifications. The threshold for cytokine detection was 10 pg/mL. L‘bo 000 cells/lane) were combined with 20 of Tris-glycine 2x sample
some cases, the values obtained were compared with values determineglm/er (Novex, San Diego, CA), boiled for 5 minutes, and electrophoresed
using another commercial kit (R&D Systems). No significant differenceﬁ25 V) for 2 hours on a 4% to 20% Tris-glycine gel (Novex). SeeBlue
were observed between the 2 assays. molecular-weight markers (Novex) were used as a standard. Proteins from
) ) the cell lysates were transblotted on nitrocellulose (Schleicher & Schuell,
Chemotaxis experiments Keene, NH: 30 V for 2 hours). The nitrocellulose was blocked in 10%

Chemotaxis experiments were performed by using the modified BoydBfnfat dry milkin PBS with 05% Tween (PBS-T) for 1 hour. The blot was
chamber technique described previod&Rriefly, 25 L of PAGCM buffer  Washed 3 times in PBS-T and incubated in PBS-T and 2% BSA for 3 hours
or various concentrations of the stimuli in the same buffer were placed fith MAP 22E7 ascites, which detects theRt « chain, at a dilution of

the lower chamber in triplicate. A pm pore-sized polycarbonate mem-1:300. After a 15-minute washing, the secondary antibody, sheep antimouse
brane (Nucleopore Corp, Pleasanton, CA) separated the upper and lojiSeradish peroxidase (Amersham Life Sciences, Piscataway, NJ), was
chamber. Eosinophils (¥presuspended in PAGCM buffer were placed in iluted 1_:20 000in P_BS-T and m_cubated for 1 hour. After the final washlqg
each well of the upper chamber on top of the membrane. The chamber i (6 times for 6 minutes each in PBS-T), the blot was developed by using
then incubated for 30 minutes at 37°C in 5% C@d air, after which the SuperSignal chem!lumln_escent substrate (Pierce) and exposed to Hyperfilm
chamber was disassembled. The membrane was removed, washed in BAc (Amersham Life Sciences).

buffer to remove the nonmigrating eosinophils from the upper surface,

scraped, and stained with Wright stain. Eosinophils from 10 high-powstatistical methods

fields of triplicate wells were identified and counted. e )
Results are expressed as the mea®EM. Where indicated, cells incubated

under different conditions were compared by using the Studest. In the

Ca"* mobilization experiments, the Studemést was used to compare time
The Ca ™ mobilization assay we used was a modification of a procedummints before and after the addition of the stimulus. Specificallyt thst
described for human basophils by MacGlashan &t Blrified eosinophils was used to compare the area under the curve for a relevant time period by
were loaded with Jumol/L Fura 2-AM (Molecular Probes, Eugene, OR) forusing the initial phase of the calcium response, which is important in the
30 minutes at 37°C in RPMI-1640 (Gibco BRL) containing 2% FCS anBT response.

0.32 mmol/L EDTA. In some experiments, eosinophils were incubated for 2

hours at 37°C in 5% C@with 1 ng/mL of PT or itsB-oligomer and Fura
2-AM was added during the last 30 minutes of the incubation. The cells

(5 X 10P) were washed once with PAG buffer and resuspended in2af  Results

PAG for loading in the microscope observation chamber. Aul5eell

suspension was placed on a siliconized (Sigma Cote; Sigma) coverslip tha8 production by HrHRF in eosinophils requires priming

comprised the base of the observation chamber. After 5 to 10 minuteswgih GM-CSF

settling time, the cell drop was overlaid with 1 mL of PAGCM buffer at ) . . . .

37°C. The temperature, which was measured by a probe placed next to [Redetermine the optimal conditions for cytokine production by
settled cells, was brought to a stable 36.5°C and the stimulus (dissolved i@@sinophils stimulated with HrHRF, freshly isolated eosinophils
mL of prewarmed buffer) was added. Intracellular changes ih‘Geere  were incubated with HrHRF, TNE&; and IL-5 alone and with a
monitored with a Zeiss Axiovert microscope with epifluorescence capacigpmbination of these 3 cytokines. None of these cytokines alone

Ca** mobilization assay

as described previoust. induced significant IL-8 secretion. Only the combination of T&F-
_ ‘ and IL-5 induced significant cytokine production, which was only
Flow cytometry to determine surface IgE expression 400 pg/mL greater than the value for the medium control (data not

Cells were incubated for 30 minutes at 4°C in phosphate-buffered sal®BOWn). Although significant IL-8 production by peripheral blood
containing 0.2% bovine serum albumin (PBS-BSA) and 3.6 mg/mL hum&#®sinophils stimulated with TNE-alone has been reportéthther

IgG with saturating concentrations of receptor-specific antibody or a@uthors showed that priming of eosinophils with GM-CSF is
equivalent concentration of an irrelevant isotype-matched control antibodgquired for optimal IL-8 secretioff. Therefore, we tested whether
Surface IgE was detected by using a fluorescein isothiocyanate—conjuggiegincubation of eosinophils with GM-CSF would alter IL-8
polyclonal goat antihuman IgE (Kirkegaard and Perry, Gaithersburg, MDjecretion. Incubation of eosinophils from 4 separate donors with
The FeRI « chain was investigated by using an Ilg@ouse antihuman G\-CSF for 30 minutes before stimulation greatly enhanced the
monoclonal antibody (mAb), 22E7 (provided by Dr J. Kochan, HOﬁman'L?esponsiveness of these cells to TNBut not to IL-5 (Figure 1). In
Roche Inc, Nutley, NJ). FeRRll (CD23) was assessed by using mAb 9P.2§he presence of GM-CSF, HrHRF induced some IL-8 production
(Immunotech Inc, Westbrook, ME). Anti-ERl mAb 22E7 is known to above the value for the ,medium control: however HrHRE en-

detect the high-affinity IgE receptor on human basopfitd anti-FeRlII i .
mAb 9P.25 detects the low-affinity IgE receptor on human B élsn  hanced IL-8 secretion induced by TNFer IL-5. The magnitude of

IgG; isotype control mAb was purchased from Sigma. Cells were washéde enhancement with HrHRF and TNFwas greater than that
with PBS-BSA, incubated with 1:150 dilutions of R-phycoerythrin-with HrHRF and IL-5. Additionally, this enhancement of IL-8
conjugated F(al), goat antimouse 1gG antibody (Biosource) for 30 minuteproduction was comparable to that induced by the combination of
at 4°C in the dark, washed, resuspended in PBS with 0.2% BSA, afNF-o and IL-5 (Figure 1).

assayed immediately with a flow cytometer (EPICS Profile II; Coulter, - Although the HrHRF preparations produced in baculovirus used
Hialeah, FL). Results were expressed as mean fluorescence intensity. 5, these experiments contained low but variable amounts of
endotoxin, we do not believe that contaminating endotoxin ac-
counted for our results. Although there is one report that 10 ng/mL
of lipopolysaccharide (LPS) induced IL-8 secretion from human
Human basophils were isolated by negative selection using magnetic be@@sinophils’® we used a polymyxin B column to remove endotoxin
from a basophil isolation kit (Miltenyi, Auburn, CABasophils (5.5< 10°)  and our HrHRF preparation contained 10 000-fold less endotoxin

Cell lysates and Western blots to determine the presence
of the Fc eRI a chain
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Figure 1. Augmentation of interleukin (IL) 8 production in eosinophils primed

with granulocyte-macrophage colony-stimulating factor (GM-CSF). Cells were
preincubated in 10 ng/mL GM-CSF. After 30 minutes, aliquots were distributed in
wells containing medium, 50 ng/mL tumor necrosis factor a (TNF-a), 50 ng/mL IL-5,
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Figure 2. Induction of IL-8 secretion by HrHRF alone in eosinophils primed with

GM-CSF. Eosinophils were treated with GM-CSF and placed in medium alone or with
0.7 pmol/L HrHRF, and the supernatants were tested for IL-8 content. Twelve
experiments using samples from 7 donors are represented. Each experiment is
plotted; the same symbol is used to depict samples from the same donor. There was a
significant difference in IL-8 production between HrHRF-stimulated cells and controls

0.7 pmol/L human recombinant histamine-releasing factor (HrHRF), or a combination (P < .03).
of these cytokines, as indicated on the x-axis. After 24 hours of culture, supernatants
were collected and IL-8 content was determined by enzyme-linked immunosorbent
assay (ELISA). *P < .05 compared with cells incubated with medium alone (4

experiments).

from preformed cytoplasmic granule stores and de novo synthe-
sis# We questioned whether de novo protein synthesis is required
for cytokine-induced IL-8 production from eosinophils. Stimulated
than the amount reported as necessary to induce IL-8. Th&esinophils were incubated in the presence or absencpidl/L
HrHRF that contained 8.5 ng/mL of endotoxin on limulus amebdycloheximide. As shown in Figure 4, cycloheximide inhibited
cyte lysate assay was placed on a Detoxi-Gel column containilg8 production by all the stimuli. However, in 2 of 3 experiments,
polymyxin B immobilized on agarose and an 8500-fold reductiothe combination of HrHRF and TN&-induced small but measur-

in endotoxin was achieved. This resulted in a barely detectalglele amounts of IL-8 from cycloheximide-treated cells. Because
level of 1 pg/mL of endotoxin in the assay with eosinophils¢ycloheximide did not decrease cell viability, the decrease in
Additionally, preparations that contained almost undetectabiyHRF-stimulated IL-8 production was probably due to decreased
amounts of endotoxin (1 pg/mL) behaved similarly to those witarotein synthesis.

higher levels of endotoxin (350 ng/mL). Moreover, when prepara-

tions of HrHRF containing 350 ng/mL of endotoxin were usedontinued presence of HHRF in cultures is necessary

LPS at a concentration of 350 ng/mL did not reproduce the resui@§ enhanced IL-8 production

(n = 4, data not shown). \We questioned whether incubation of eosinophils with HrHRF for

AlthQUQh_ HrHRF alone did not significantly increase IL-8 hort periods would provide the necessary signal to enhance IL-8
production in the 4 donor samples used to produce the resuz

h - h d dani heref cretion induced by TNE- Therefore, eosinophils treated with
shown in Figure 1, there was a trend toward an increase. There -CSF were incubated for 1 hour with medium or HrHRF,

we examined samples from additional donors. In 12 experime%shed' and stimulated with additional medium or TR4thout

using eosinophil samples from 7 different donors, HrHRF inducqngRF_ The culture continued for 24 hours. When HrHRF was
significant production of IL-8 by eosinophils primed with GM-

CSF, even in the absence of TNFFigure 2). All 12 experiments
are plotted in Figure 2, and the same symbol is used to depict 1200 -
samples from the same donor. Although there was some variability, 1000
mean IL-8 levels were 256 136 pg/mL without stimulation and
682+ 202 pg/mL after exposure to HrHRF; thus, HrHRF signifi-
cantly increased production of IL-8(< .03). Because of these
results, priming or coculture with GM-CSF was used in subsequenﬁj
experiments that demonstrated IL-8 production from eosinophilsf-':|
the Ca+ experiments, and the studies with AML14-3D10 cells. =
Additionally, the kinetics of cytokine production was studied by
collecting supernatants of stimulated cells at 5, 16, and 24 hours. As
shown in Figure 3, the kinetics of IL-8 secretion was similar 0

[dsh

16 h

800

g/mi

600

400

200

regardless of the stimulus used and reached a plateau level in less & & o <« & %
. S \'4
than 24 hours. S & v <& & o
~ Q" o * QG‘
IL-8 production by eosinophils requires protein synthesis X

It is known that some cytokines are both stored in a preformed Stg{@re 3. Kinetics of IL-8 production.  Eosinophils were incubated with GM-CSF for

. | | hesi | | 30 minutes and then stimulated for 5 hours (open bars), 16 hours (gray bars), or 24
In granules and newly Synt esized. For example, TNE+eleased hours (closed bars) with the cytokines indicated on the x-axis. An experiment

from mast cells after cross-linking ER| as a result of both release representative of 3 is shown.



BLOOD, 15 SEPTEMBER 2000 + VOLUME 96, NUMBER 6 HrHRF AND HUMAN EOSINOPHILS 2195

6000+ total of 9 donors examined over months,"Caesponses to HrHRF
5000 O control occurreq in only 25% (9 of 36 e>_<periments). The lack of
responsiveness of some cell preparations was not due to a general
£ 40001 LI Cyoloheximide, 1 umoliL inability of the cells to mobilize Ca* because eosinophils always
?g ] responded to stimulation with PAF, regardless of the effect of
o 30007 HrHRF. In general, the HrHRF-induced Caresponse was less
= vigorous than that induced by PAF.
= 20001 Because HrHRF induced a Caresponse only 25% of the
1000+ time, we subsequently preincubated the cells with GM-CSF.
Preincubation of cells with GM-CSF, TN&; or both did not
0- change the response to HrHRF, nor did it induce Caobilization
in cells otherwise unresponsive to HrHRF (data not shown). Again,
S LPS used at concentrations of up to 500 ng/mL as a control for
- endotoxin in the preparation failed to induce'Camobilization in
eosinophils (data not shown).
Figure 4. IL-8 production is dependent on protein synthesis. Eosinophils were

incubated in the presence of GM-CSF and cycloheximide (1 pmol/L; open bars) or  HrHRF is chemotactic for human eosinophils in vitro
GM-CSF alone (closed bars). After 30 minutes, cells were transferred to wells

containing the stimuli indicated on the x-axis. Twenty-four hours later, the IL-8 content  Teshima et &P reported that recombinant p26 HRF injected into
of the supernatants was determined by ELISA (3 experiments). the peritoneum of ovalbumin-sensitized mice caused eosinophil
recruitment within 4 hours. Because of this report, we performed
present during only the first hour of culture, no enhancing effect @osinophil chemotaxis studies. Purified eosinophils were stimu-
TNF-a—induced IL-8 production was observed (1963 pg/miated with HrHRF or PAF, and chemotaxis was assessed by using
versus 1778 pg/mL). In contrast, when HrHRF was preseBbyden microchambers. In 3 experiments, the number of eosino-
throughout the culture period, 3913 pg/mL of IL-8 was generateghils migrating in the medium-control condition was 244. The
Decreased IL-8 production in cells primed with HrHRF was not aumber of eosinophils migrating in response to HrHRF (0.4
consequence of cell washing because comparable levels of lifhol/L) was 54+ 14, or 225% of the medium-control value; to
were produced in cultures that had been washed and thafHRF (0.24 umol/L), 58 + 6, or 243%; and to HrHRF (0.12
replenished with the appropriate cytokines (3848 pg/mL versysnol/L), 18 + 7, which was not above the medium-control value.

3913 pg/mL). In comparison, the results with the 2 positive controls were that

473+ 65 eosinophils (1971%) migrated in response to PAF
IL-8 production by stimulated eosinophils is inhibited by a (10-’mol/L) and 157+ 105 eosinophils (653%) migrated in-re
modulator of G «; protein activity sponse to RANTES (100 ng/mL).

We previously found evidence that HrHRF-induced histamin% . o . -
. L rHRF stimulates IL-8 production in the human eosinophilic
release from human basophils is insensitive to PT, a known

e . - . cell line AML14-3D10
inhibitor of G proteins bearing am, subunit!® In contrast to these '

results with basophils, PT (1 ng/mL) moderately reduced IL-8o0 demonstrate the effect of HrHRF on an eosinophilic cell line,
secretion from GM-CSF—primed eosinophils that was induced iyML14-3D10 cells were stimulated in the presence or absence of
HrHRF, TNF«, or the combination of HrHRF and TN&{Figure GM-CSF. Results were similar to those achieved with human
5). This reduction was a consistent finding. To provide a contrapsinophils in the presence of GM-CSF: HrHRF stimulated IL-8
cells were also stimulated in the presence of th@Riligomer that production to a level 2224 pg/mL above that with medium alone.
does not affect @; function. In the experiments shown in Figure 5Unlike eosinophils, AML14-3D10 cells did not need priming with
the PT B-oligomer did not affect IL-8 secretion induced by theGM-CSF for this to occur. This is not surprising, since these cells

various stimuli. These experiments used a suboptimal concentp@oduce and use GM-CSF in an autocrine fasHfoBven in the
tion of TNF-« (10 ng/mL), which was also shown to have synergy

with HrHRF for IL-8 production.

6000 -
HrHRF induces Ca ** mobilization in eosinophils from some 50004 [ controt
donors that is inhibited by PT 2 ]

\51 40004 [ Beta subunit 1 ng/mL 7‘
Because human eosinophils are known to possess the receptor for = 3000 o
GM-CSF# we investigated the effect of HrHRF on the Ca kit Pertussis toxin 1 ng/mL
response in the absence of GM-CSF. Unlike the previous experi- = 20004
ments, the initial Ca" experiments did not include use of 10004 ’—%—7
GM-CSF to prime the eosinophils. Figure 6 shows the average W
Ca** response of eosinophils (4 different donors) preincubated 0 . — T
with HrHRF in the presence of PT or the BFfoligomer. HrHRF & & éﬁ‘ «°
induced an elevation in Cd in eosinophils preincubated with the @0" & < ;\‘;
PT B-oligomer P < .05), whereas in cells pretreated with PT, the ‘».393

Ca'* response induced by either HrHRF or platelet-activating
factor (PAF), the positive control, was completely ablated. Undépure 5. Pertussis toxin inhibits IL-8 secretion by eosinophils. Cells were

. . . . . stimulated with TNF-« (10 ng/mL), HrHRF (0.7 wmol/L), or both in the absence (open
these expe”mental COﬂdItIOﬂS, Camobilization occurred in 4 of bars) or presence of 1 ng/mL of either PT (closed bars) or its inactive 3-oligomer
6 samples from different donors tested. However, in samples frongsgppled bars). Data are the mean values from 2 experiments.
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Figure 6. Changes in cytosolic free calcium in
response to HrHRF or a known positive stimulus,
PAF/PTX Bota Subunit ‘PAF.‘ Eosinqphils were preincubated with either the
350 inactive B-oligomer of PT (panels A,B) or PT (panels
P<.05 C,D) and loaded with Fura 2-AM. Cells were then
stimulated (arrows) with 0.7 pmol/L HrHRF (panels
A,C) or 1 umol/L PAF (panels B,D). The average
calcium response = SEM (vertical bars) of eosinophils
200 200 i i from 4 donors is expressed as the relative change in
0 100 200 200 0 100 200 300 Fura 2-AM saturation. P values indicate differences
between 8 time points before and after the addition
of stimulus.
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absence of GM-CSF, HrHRF produced a level of IL-8 in thstimulated by other stimuli, such as RANTES or PAF, was reported
AML14-3D10 cell line that was 1217 pg/mL above that with thepreviously?® In contrast, Nakajima et @ showed that preincuba

medium control (n= 3). tion with GM-CSF was not required for IL-8 secretion from
eosinophils when 25 ng/mL TN&-was the stimulus. Although

The effect of HrHRF on eosinophils and AML14-3D10 cells slightly different experimental conditions were used, one major

is not dependent on IgE difference between their study and ours was the inability of TNF-

alone to induce IL-8 secretion from GM-CSF—primed eosinophils.
®PRe reason for this difference is unclear, although it might be
Fxrplained by the source of the eosinophils. We routinely used
ar . . . .

eosinophils from mildly allergic donors, whereas the cells used by

. ) Nakajima et al were primarily from healthy donors. Of note,
or AML14-3D10 cells (data not _shown). we n(_axt 'nyesugateﬂlakajima et &P also reported a significant enhancement by IL-5 of
whether the AML14-3D10 cells, like human eosinophils, had aln

intracellular pool of FeRla. Western blot analysis of AML14- nLc;r?simr?i?iz:\gt :)gm;?:;()b(;?zliijs [[n;rgﬁﬁgglcoeb?gl’:m?u;;?llLa_‘g a
3D10 cell lysates incubated with a mAb specific foreRbx 9 y

» release. This parallels the results with the combination of HrHRF
showed no band, whereas the matched, positive-control basopﬁnlg TNFe or TNF and IL-5 in our experiments.

lysates had a distinct band of approximately 50 kd (Figure 7). In addressing the specificity of HrHRF activation of eosino-

Therefore, unlike human eosinophils, AML14-3D10 cells have nohiIS we also considered the following. Human eosinophils
detectable FeRla. Thus, HrHRF activates eosinophils and AML14P""S: 9. S P
Xpress Mac-1 (CD11KY,a molecule capable of binding various

3D10 cells through a mechanism that does not depend on IgE Orﬁéands, including LPS Our finding of no difference in IL-8
FceRlI receptor.

production between experiments using preparations containing
barely detectable levels of endotoxin and experiments using
preparations with high endotoxin levels rules out endotoxin as the
stimulus for the results observed. Additionally, although both

o - . . neutrophild” and monocyte8 were previously shown to secrete
The principal findings of this study are that HrHRF can activate -8 on stimulation with TNFe, it is unlikely that these cells were

cell type other than the basophil and that it acts like a cytokine. OPersponsible for the IL-8 production in our eosinophil preparations
experiments demonstrated that HrHRF causes IL-8 production '
from eosinophils and AML14-3D10 cells primed with GM-CSF

and from AML14-3D10 cells in the absence of GM-CSF. Addition-

ally, HrHRF is chemotactic for eosinophils in vitro in the absence

of GM-CSF, although it is not known whether the concentrations

required for chemotaxis have in vivo relevance. HrHRF also

induced Ca* mobilization in a subset of allergic donors in the

absence of GM-CSF coculture. Because there was no difference in

viability or cell number in cultures incubated with GM-CSF, we 50 kd —
believe that GM-CSF may provide an activation signal allowing
cells to respond to HrHRF, TNE; or both. Only the combina- 36 kd —
tion of TNF« and IL-5 induced significant IL-8 production igure 7. western blot of cell lysates incubated with monoclonal antibody to

in eosinophils not primed with GM-CSF. However, even in thige FceRl a chain. For this experiment, 5.5 X 10° basophils or AML14-3D10 cells

case, priming with GM-CSF greatly enhanced the magnitude were lysed, and 500 000 cells per lane werg loaded on a gel, electrophoresed, and
h assessed by Western blot analysis. Basophils have a band of approximately 50 kd
the response. that corresponds to FceRle; this is absent in the AML14-3D10 cells. Results shown

The necessity of GM-CSF for IL-8 secretion from eosinophilare representative of 3 experiments.

It was previously reported that human eosinophils do not expr
FceRIa but do have an intracellular pool of'it.We reproduced
these data: our flow cytometry studies detected no extracellu
expression of IgE, FeRla, or F&RII on either human eosinophils

Discussion

AML14.3D10

' 1 Basophils
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Although eosinophils with greater than 98% purity were used in &lfrosine kinase inhibitors. These different ‘Caresponses are
our experiments, purity was essentially 100% in some experimerassociated with different functional responses. Although one could
and no differences in IL-8 production were observed. propose that this difference is due to the presence of 2 different
It might be argued that IL-8 production by HRF that requiresirHRF receptors, as is the case with chemokine receptors,
GM-CSF and TNFe is only an in vitro phenomenon. However,another likely explanation is the use of different guanine nucleotide
HRF has been found in nasal lavages obtained during antigdanding proteins (G proteins) in HrHRF signaling in these 2 cell
induced LPR® and in fluids from skin blister? Additionally, types. Studies of cardiac phenomena and of bradykinins have found
GM-CSF protein was a predominant cytokine in skin-blister fluidghat different types of cells express different amounts of G
associated with LPR after an antigen challefigand levels of proteins®-62Additionally, the CC chemokine MIPelis known to
messenger RNA (mRNA) for GM-CSF were significantly elevatee coupled to multiple heterotrimeric G proteins—G(s), G(0), and
in the bronchial mucosa of asthmatic subjects compared wiB(z)—but not G(i)%3 These differences in expression of G proteins
healthy subject® Furthermore, activated T cetfsand eosinophils account for different effector functions and are being investigated.
in vivo®* have been reported as sources of GM-CSF. Although it Another difference between HrHRF activation of basophils and
remains unclear which signals induce GM-CSF production iHrHRF activation of eosinophils was observed in the HrHRF
eosinophils, it was shown that eosinophils from BAL fluids, but ngiriming experiments. Priming of basophils with HrHRF for 15
from peripheral blood, have mRNA for GM-CSFlIn antigen- minutes and subsequent washing of the cells did not diminish
challenged lungs, TNlk-can be released from mononuclear cellfistamine release (data not shown). This suggests a high-affinity
stimulated with IgE and antigen compleResand possibly from interaction between HrHRF and the basophil. On the other hand,
activated mast celR. Indeed, TNFa was found at significantly preincubation of eosinophils with HrHRF for 1 hour and washing
higher concentrations in BAL fluids and sputum of symptomatiabolished the enhancement of TNFinduced production of IL-8.
allergic subject8”-58Therefore, we speculate that after exposure f6hese findings might appear contradictory, but they could be due to
an antigen, the appropriate cytokine environment would be avate time needed to generate the response in the 2 cell types.
able for enhancement of IL-8 production by HRF. Histamine release is essentially complete within 15 minutes,
HrHRF induced increases in intracytoplasmic'Cdhat were whereas augmentation of IL-8 production takes more than 5 hours.
completely ablated by preincubation of eosinophils with PT. Eosinophils from selected patients with hypereosinopfiiéiad
However, the Ca* responses induced by HrHRF were observed iaosinophils obtained after antigen challelfgeere reported to
only 25% of donors. The reason for this low response rate éxpress FeRI. However, these results are contradicted by the data
unclear. It may have been a consequence of variability amonf) Seminario et &f and Kita et al® Additionally, our data
different eosinophil preparations. It is unlikely that it was due tdemonstrating HrHRF activation of AML14-3D10 cells, which do
differences in expression of a putative HRF receptor becauset possess ERla, suggest that neither IgE nor an IgE-binding
HrHRF always had an effect on cytokine production that wastructure played a role in Ca mobilization or regulation of
independent of Ca” mobilization. cytokine production by HrHRF in our donors. Hence, we conclude
It is intriguing that both secretion and €Ca mobilization in that HrHRF contributes to eosinophil activation in a manner
eosinophils induced by HrHRF were inhibited by PT, whereas tliedependent of FaRI. Research is currently focused on molecular
HrHRF-induced histamine release from basophils from flgEidentification of the HRF-binding structure on the surface of
donors was not inhibited by PT (data not shown). One possititglammatory cells.
explanation for these findings is that there may be differential
HrHRF signaling in these 2 cell types. There is precedent for this.
The CC chemokine, RANTES, showed 2 types of Caignaling Acknowledgment
in T-cell lines®® The initial transient peak was sensitive to PT,
whereas the second, delayed*Cgeak was inhibited by protein We thank Ms Nancy Dietz for secretarial support.
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