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on Human Mast Cells: Up-Regulation by IFN-y*
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Biologically relevant activation of human mast cells through Fc receptors is believed to occur primarily through the high-affinity
IgE receptor FceRIl. However, the demonstration in animal models that allergic reactions do not necessarily require Ag-specific
IgE, nor the presence of a functional IgE receptor, and the clinical occurrence of some allergic reactions in situations where
Ag-specific IgE appears to be lacking, led us to examine the hypothesis that human mast cells might express the high-affinity IgG
receptor FcyRI and in turn be activated through aggregation of this receptor. We thus first determined by RT-PCR that resting
human mast cells exhibit minimal message for FgRI. We next found that IFN- y up-regulated the expression of FgRI. This was
confirmed by flow cytometry, where FeyRI expression on human mast cells was increased frony2 to 44% by IFN-+y exposure.
FceRlI, FcyRIl, and FcyRIll expression was not affected. Scatchard plots were consisted with these data where the average binding
sites for monomeric IgG1 K, = 4-5 x 10° M™% increased from ~2,400 to 12,100—17,300 per cell. Aggregation of &Rl on
human mast cells, and only after IFN< exposure, led to significant degranulation as evidenced by histamine release (24 %.4%):
and up-regulation of mMRNA expression for specific cytokines including TNFe, GM-CSF, IL-3 and IL-13. These findings thus
suggest another mechanism by which human mast cells may be recruited into the inflammatory processes associated with some
immunologic and infectious diseases.The Journal of Immunology,2000, 164: 4332—4339.

he high-affinity Ig receptors Rl and FeyRI have tissue-  Furthermore, aggregation of #RI on IFN-y-treated mast cells
specific distributions related to function (1-3). Rt leads to degranulation and enhanced cytokine expression.
binds monomeric IgE with &_ of 10"°M ™, is expressed )

with a-, 8-, andy-chains on mast cells and basophils (1, 3, 4) andMaterials and Methods

is believed in humans to essentially be responsible for allergenCD34" cell culture

dependent allergic responses; thus, the focus on the identificatiouman peripheral blood CD34progenitor cells were obtained and pro-
of Ag-specific IgE in the evaluation of the patient with an allergic cessed, following informed consent, as described elsewhere (10), and
reaction (4). FgRI, which binds monomeric 1gG with & of placed in serum-free media (StemPro-34 SFM; Life Technologies, Grand

. -1 Island, NY) supplemented with 2 mMglutamine, 5Qug/ml streptomycin,
10°-10° M, is reported to be expressed by monocytes, macroloo IU/ml penicillin, 100 ng/ml recombinant human ¢tstem cell factor

phages, and IFN-stimulated neutrophils, eosinophils, and glo- (scr) 100 ng/ml rhiL-6, and 30 ng/ml rhiL-3 (first week only and to
merular mesangial cells (1-3, 5). This receptor is believed to meexpand progenitor cells; PeproTech, Rocky Hill, NJ) (10, 11). Half of the
diate phagocytosis, Ab-dependent cellular cytotoxicity, superoxideulture media was replaced every 7 days. Mast cell purities were assessed
production, Ag presentation, and cytokine release (1-3, 5). by metachromatic staining of cytopreparations with acidic toluidine blue

. . - . . pH 1.0). More than 95% of the cells were identified as mast cells 8—-10 wk
Because of the increasing body of evidence in animal model fter the initiation of the culture (10, 11). To remove contaminating mono-

that mast cells may be recruited into allergic reactions by non-19Exytes/macrophages, cultured cells were incubated in a culture disk (35
dependent mechanisms (4), and that mast cells participate in hosd mm) for 2 h and nonadherent cells were harvested. The final purity of

defense mechanisms against bacteria (6—9), we hypothesized thagst cells was>99%.
human mast cells might also express/R¢ perhaps influenced by |solation of RNA and RT-PCR

specific factors produced in the microenvironment. Human mas
p“ th P ttured f CD34peripheral blood-derived ﬁ'otal cellular RNA was isolated from mast cells and the human monocyte-
cells were thus cultured irom peripheral blood-derive like, histiocytic lymphoma cell line U-937 (American Type Culture Col-

precursors (10) in the presence or absence of various growth fagaction, Manassas, VA) with RNeasy mini kits (Qiagen, Valencia, CA)
tors and cytokines and examined for the expression gRFECAS according to the manufacturer’'s specifications. The purity of RNA was
will be shown, resting human mast cells express low levels ofssessed on the basis of the,MA g, ratio, and the integrity of RNA was

. S e _ _verified by agarose gel electrophoresis. The yield of RNA pérraast
FcyRI and this expression is significantly up-regulated by HN cells was 5.2 (4.0-7.5) ug (median with range) = 11). An equal amount

of RNA (250 ng for Fe/RI experiments, 100 ng for cytokine experiments)
was used for RT-PCR analysis. PCR was performed in a thermocycler as
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primers, mRNA for APRT was detected as a positive control. PCR withoutmin at 4°C by the addition of streptavidin-allophycocyanin diluted in PBS/
cDNA was performed to exclude contamination. Comparative densitomet0.1% BSA and 1% milk plus 0.5% saponin.

ric analysis was performed by running all samples within the same RT- Cell analysis was performed using a FACScalibur (Becton Dickinson,
PCR and developing the samples on the same gel. Since quantification &an Jose, CA) and CellQuest software (Becton Dickinson). The median
FcyRI or each cytokine involved measuring the relative expression ofvalues of fluorescence intensity of mast cells were converted to the num-
FcyRI or each cytokine with respect to APRT, the RT-PCR technique wasbers of molecules of equivalent fluorescein (MEFL) using Sphero rainbow
optimized for reproducibility and accuracy. Equal amounts of cDNA were calibration particles (PharMingen) on each day an experiment was per-
amplified for APRT and FgRI or each cytokine using 25, 30, 35, and 40 formed, as per the specifications of the manufacturer. The results were

cycles. Measurement of the signals by densitometric analysis with the aiéxpressed as MEFL or percent positive cells. Eighty-five to 90% of cul-
of GelExpert (Nucleotech, San Carlos, CA) revealed that amplification oftured mast cells were routinely of the ME(17). A similar analysis was

APRT, FeyRI, and each cytokine was proportional to the amount of cDNA

also performed on IFN~treated mast cells.

used for amplification. Furthermore, dose-dependent amplification was not . . .
observed as the number of amplifying cycles was increased beyond 30 fdeYytokine stimulation

APRT and 35 for FgRI and each cytokine. Therefore, we employed 30
amplifying cycles for APRT and Rl and 35 amplifying cycles for
cytokines.

Competitive RT-PCR using DNA competitor

To further compare the relative levels of I mMRNA expression over
time during incubation of mast cells with IFM-a competitor control DNA
containing 5 and 3 primer sequences of FRI was used as a standard in

Mast cells (10-16 wk old) were cultured in serum-free media containing
rhiL-6 and rhSCF, with or without rhIL-4 (50 ng/ml), rhiL-5 (50 ng/ml),
rhiL-10 (50 ng/ml), rhGM-CSF (5 ng/ml) (PeproTech)Bdnerve growth
factor (NGF) (50 ng/ml)(R&D Systems, Minneapolis, MN), or rhIRNtb

(15 ng/ml)(Genentech, San Francisco, CA). After 48 h, the medium was
discarded, and the mast cells were stained and analyzed by flow cytometry.
The viability of mast cells in serum-free medium containing rhSCF and
rhlL-6 without or with IL-4, IL-5, IL-10, GM-CSF 8-NGF, and IFN«y for

a competitive RT-PCR. DNA competitors were constructed using the com48 h, as determined by trypan blue exclusion, was 8729, 94.1+ 0.9,

petitive DNA construction kit (RR017; Fisher Scientific, Pittsburgh, PA)
according to the manufacturer’'s protocol. The sequences of th&IFc
primers which are EC3 specific aré primer, 3-GCT CCA GTG CTG
AAT GCA TC-3' and 3 primer, 3-ACT CAG GGC TGC GCT TAA
GG-3 (14). The sequences of primer for the DNA competitor afe 5
primer, 5-ATT TAG GTG ACA CTA TAG AAT ACG CTC CAG TGC
TGA ATG CAT CGT ACG GTC ATC ATC TGA CAC-3 and 3 primer,
5-ACT CAG GGC TGC GCT TAA GGC GCC ATC CTG GGA AGA
CTC C-3. The amplified product of the competitor was distinguished from
that of the target by size. For determination ofyR¢ mRNA levels, 18

96.2+ 1.7,89.2+ 3.3,93.4+ 2.6, 91.9+ 2.9, and 91.3+ 3.2% (mean*-
SEM, n = 4), respectively.

Mast cell surface iodination and immunoprecipitation

Mast cells (106 cells) were preincubated with IFNfor 48 h and labeled

at room temperature with 0.5 mCi/ml of i (NEN Life Science Prod
ucts, Boston, MA) by the lactoperoxidase method. Cells were immediately
lysed in cold lysing buffer containing 1% Triton X-100, 1% BSA, 1 mM
PMSF, 1 mM iodoacetamide; 10g/ml each of aprotinin, leupeptin, pep-
stain, E-64, and betastatin; 20 mM EDTA; and 0.14 M NaCl in 0.01 M

-1 copies of the competitor were added to PCR amplification reactionsryis-c| (pH 7.4) without C&" and M@*. Anti-FcyRI mAb 10.1 (5pug)
containing a constant amount of the experimental cDNA sample. Competiymobilized on 50ul of protein G agarose beads (Pierce, Rockford, IL)

itive PCR was performed in a thermocycler as follows: 94°C, 5 min, fol-
lowed by 30 amplification cycles (94°C, 30 s; 60°C 30 s; and 72°C, 30 s)

was added to the precleared lysate, and the tubes were incubated for 12 h.

‘After washing the agarose beads with lysing buffer, the beads were over-

PCR—_ampIified products were \{isualized ona 2% agarose ge_l by_ ethidiur_]hyered with SDS protein gel loading solution containing 5% 2-ME. The
bromide. Measurement of the signals by densitometric analysis with the a'ﬁroteins were run on 4—12% Tris-glycine gels. As a positive control, im-

of GelExpert revealed that the log of the ratios of targetyfdg to com-

munoprecipitation of FgRI proteins was performed using U-937 cells.

petitor PCR products at all time points, when plotted against the concen-

tration of competitor input, yielded a linear relationship (data not shown).

lodination of human IgG1 and binding assays

The amounts of target RNA were calculated to equal the copy number of . . o .
the competitor when the ratio of the target to competitor PCR productdiUman IgG1 (Chemicon International) was iodinated using lodo-Beads

equaled one (15).
Abs and flow cytometric analysis

The following mAbs were purchased: mouse anti-humanR¥Fc(clone
10.1, subclass 1IgG1) and mouse anti-humapRtt (clone 3G8, subclass
IgG1; Caltag Laboratories, Burlingame, CA); F(ghfragments of mouse
anti-human Fe¢RI (clone 22, subclass IgG1) and F(pbragments of
mouse anti-human R&I! (clone V.3, subclass 1IgG2b; Medarex, Annan-
dale, NJ); mouse anti-human Rl (clone 32.2, subclass IgG1; Accurate
Chemical & Scientific, Westbury, NY); mouse anti-human CD117 (sub-

class 1gG1; Coulter-Immunotech, Miami, FL); mouse anti-human tryptase

(subclass IgG1; Promega, Madison, WI); and mouse anti-human chyma
(subclass 1gG1; Chemicon International, Temecula, CA). FACS analysi

was performed as described previously (11). In some experiments, ma:

cells were preincubated with kg/ml of human myeloma IgE (Calbio-

chem, San Diego, CA) for 12 h. Mast cells were resuspended in a mixtur

of PE- or PE cyanine 5-conjugatedkit-(CD117), biotin-conjugated goat
anti-human IgEe chain (BioSource International, Camarillo, CA) and
FITC-conjugated mouse anti-humamFeceptor mAb for 30 min at 4°C.
Cells were next washed and incubated with streptavidin-allophycocyani
(PharMingen, San Diego, CA) for 20 min at 4°C.

For extracellular/intracellular double staining to determine the mast cel
phenotype, i.e., M& (tryptase/chymase-containing mast cells) and;MC
(tryptase-containing mast cells) (16) andyRt¢ expression on mast cell

surfaces, cells were first incubated with FITC-conjugated human IgE (17§
at 37°C for 1 h. Cells were then stained with PE-conjugated mouse anti

human FeRI (clone 32.2) and PE cyanine 5-conjugatekitdor 30 min at
4°C. After washing in PBS, cells were fixed in PBS plus 0.5% parafor-
maldehyde for 15 min at room temperature, followed by two washing step:

(Pierce) with Na2%1 (NEN Life Science Products; sp. act., 1095 Ci/mmol).
For binding assays, 1-8 10° mast cells/ml were incubated in 1% BSA in
RPMI 1640 with radioligand and varying concentrations of unlabeled li-
gands at 4°C for 45 min. Cell-bound ligand was quantified by centrifuging
the cell suspension through 10% sucrose in PBS in duplicate and counting
the radioactivity of the cell pellets by gamma scintillometry. The binding
data were curve fit with the computer program Ligand (Biosoft, St. Louis,
MO) to determine the affinity, number of sites, and nonspecific binding.

Cell activation

For high-affinity IgG receptor-dependent activation, mast cells were pre-
cubated with or without IFNy for 48 h. The expression of K&l on
N-vy-treated cells was then confirmed by FACS analysis. The cells were
xt washed and resuspended with culture medium in 96-well culture
plates. Cells (5 107 cells for histamine assay or 2 10° cells for RT-

PCR/200ul/well) were incubated with Jug/ml of F(ab), fragments of

anti-FeyRI mAb 22 or mouse F(dp, fragments of 1gG (Jackson Immu
noResearch Laboratories, West Grove, PA) for 30 min at 37°¢RFwas
cross-linked by incubation of mast cells with goat Fiabdragments of

I‘Enti-mouse F(abh, fragment of IgG (1Qug/ml; Jackson ImmunoResearch

aboratories) for 30 min for histamine assay and 2oh for cytokine

MRNA analysis. As a positive control, cells were incubated with human

IgE (1 ng/ml) for 30 min and activated with sheep anti-human IgE (10
wrg/ml; Serotec, Oxford, U.K.) for an additional 30 min for histamine assay
nd for 2 h for cytokine mRNA analysis. The reaction was stopped by
centrifugation at 4°C, culture supernatants were collected, and histamine in

the supernatants was measured using an enzyme immunoassay kit (Immu-
notech, Marseilles, France). The cell pellets were used for total RNA

gsolation.

in PBS. Cells were then permeabilized in 0.5% saponin for 10 min at roomgtatistical analysis

temperature and washed in PBS. Intracellular staining with biotinylated

anti-human tryptase or anti-human chymase diluted in PBS/0.1% BSA an&tatistical significance of differences was performed using the two-tailed
1% milk plus 0.5% saponin was performed for 30 min at 4°C. Cells wereunpaired Student's test. Differences were considered to be significant
then washed twice in PBS/0.1% BSA and 1% milk and developed for 20when thep was < 0.05. Data are expressed as meanSEM.
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a Time (h) 0o 2 4 8 12 24 48
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FIGURE 1. Time course of FgRI mRNA ex- IFN-y sttt
pression by IFNy-treated human mast cells. Mast b4 Wl
cells were cultured with or without IFN= Intracel- FeRla— ‘;:'" L S B 1500
lular mMRNA for FeyRIl and APRT was amplified by FeRlb2~ = .
RT-PCR, subjected to electrophoresis, and visual- - - ~-600
ized by ethidium bromide. Total cellular RNA was - »-600
extracted from U-937 cells as a positive control
(C1). In the absence of cDNA, no PCR product was APRT [ —— —~200
visualized (negative control, C2). IFMactivated b
mast cells expressed mRNA leading to the 1291/ 1.25
1294 bp FgRI PCR product, which may include - i I
FoyRlal (1291 bp), b1 (1294 bp), and ¢ (1293 bp). & 1.00-
The PCR product at 1009 bp may contain a2 (1015 %
bp) and b2 (1009 bp) forms encoding for the i 0.75
FcyRIA2 and FcyRIB2, respectivelyb, Semiquan- [2)
tification of FeyRla was performed by measuring % 0.50-
the band density of the relative expression ofRta >
with respect to APRT. Mast cells were incubated ‘2 0.25-
without (open bars) or with (filled bars) IFN- Re- .“E’
sults are presented as the meanSEM (nh = 3). #, = 00 o]
p < 0.05,##, p < 0.001, when the band density of 0 2 4 8 12 24 48
the relative expression of KRl with respect to Time (h)
APRT of mast cells incubated with IFNwas com-
pared with cells incubated in the absence of IFN-  Copy Number of Competitor 105 10° 107 10® 10° 10% 10° 107 10 10° M bp
At 0 and 8 h, minimal signal was detected for - 500
FcyRla. When error bars are not shown, they are too Competitor — | = -
small to be diagrammed, Upper panel Increase of lgcyﬂla - : — --_ _‘_::'— -
FcyRla mRNA expression afted h of stimulation - 200

by IFN-y compared with untreated cells (control).
The level of FgRIa was measured by a competitive
RT-PCR. One hundred nanograms of total RNA was
used for cDNA synthesis and the synthesized cDNA
was amplified by PCR in the presence of five dilu-
tions of competitor (18-1C° copies) using primers
homologous to EC3, subjected to electrophoresis,
and visualized by ethidium bromideower panel
Time course of FgRla mMRNA expression after
IFN-vy treatment. The levels of target RNA were cal-
culated to equal the copy number of the competitor
when the ratio of the target to competitor PCR prod-
ucts equaled one (sééaterials and Methods The
ratio of FcyRla mRNA to control is the ratio of the
level of target RNA from IFNy-treated cells to that
from untreated cells.

Results
Detection of FgRI mRNA in human mast cells: effect of IFN-

It is known that three highly homologous genés B, andC) and
at least six transcripts: two from gere(al and a2), three from
geneB (b1, b2 and b3), and one from ge@dc), code for a family

of FcyRI proteins (14, 18, 19). Thus, using primers that detect

multiple isoforms (14, 20), we performed RT-PCR using mRNA
extracted from resting human mast cells and mast cells treated wi
IL-4, IL-5, IL-10, GM-CSF, IFN<y, and NGF. Few, if any, prod-
ucts were visible after 30 cycles of amplification@Gh or after
mast cells were exposed to IL-4, IL-5, IL-10, GM-CSF, and NGF
(data not shown). However, FRI isoforms were clearly detected
by 2 h and were maximaltat h when human mast cells were
treated with IFNy (Fig. 1,a andb). The PCR product detected at
~1300 bp may include Ra&Rlal (1291 bp) and b1 (1294 bp) and
¢ (1293 bp). The PCR product at1000 bp may contain a2 (1015
bp) and b2 (1009 bp) forms encoding for theEyRIA2 and
FcyRIB2

Ratio of FcyRla mRNA to control

t!

Control 4h IFN-y

12.5

10 —

7.5

2.5
14

o —~
& -

24 36

Time (h)

To specifically demonstrate the up-regulation ofyRtaland in
a more quantitative manner, we employed theafd 3 primer
sequences for EC3 of FRI. As seen in Fig. & we confirmed the
up-regulation of FgRIal mRNA expression by IFN-in human
mast cells using RT-PCR with a DNA competitor containing the
primer sequences of EC3. Thpper panebf Fig. 1c demonstrates
an increase in FgRla mRNA expression aftet h of IFN-vy stim-
Hlation compared with control. RRla mMRNA expression is max-
imal between 4 and 8 h, at which time the increase wéa8-fold
(lower pane] Fig. Ic). Thus, human mast cells exhibit #RI
mMRNA, and the level of this mRNA is up-regulated by IRN-
among those growth factors and cytokines examined.

Analysis of FgRI expression by human mast cells

To verify that the high-affinity IgG receptor FRIa, the product of
FcyRIA, is expressed on the human mast cell and to determine the
effects of IFN+y on this expression, we employed flow cytometry
using anti-FgRI mAb specific for EC3 (clone 10.1). In addition to
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FIGURE 2. Expression of FeRI and Fey receptors by human mast cells in the absence or presence of.IMdst cells were cultured in serum-free
medium without Igft two panel¥ or with (right two panel¥ IFN-vy for 48 h. FeRI was detected on kit* mast cells using anti-kit mAb and anti-IgE
Ab (b andd) compared with the isotype controls to antkitmAb and anti-IgE Ab & andc). Fcy receptors were detected irkit-"IgE™-gated cells using
either FITC-conjugated Rd&RI (f andh) or FcyRIIlI (n andp) and the isotype controle@ndg, or mando (e andm are the samegg ando are the same))
and FeRII (j andl), or the isotype controli (andk), and analyzed by flow cytometry.

analyzing the surface expression ofyRt, we also determined the As with RT-PCR, we also examined whether other proinflam-
surface expression of FRII and FeyRIIl, known to be expressed matory cytokines could influence the expression of Feceptors

on mouse mast cells (21, 22), as well agflc As may be seen in  on cultured human mast cells. Mast cells were thus incubated with
Fig. 2, >95% of human mast cells expressecRtas expected, either IL-4, IL-5, IL-10, GM-CSF, or NGF for 48 h before flow
and this expression was not affected by IFN agreement with  cytometric analysis. These cytokines did not significantly affect
the up-regulation of FgRI mRNA by IFN-y, the number of mast Fcy receptor expressiom(= 4; data not shown).

cell expressing FgRla increased from 2.2 0.7% to 43.4+ 8.8% We next analyzed the kinetics of the intensity of surface expres-
(n = 4 donors). In contrast, the expression ofyRtl was 44.7+ sion of FeyRI over 48 h (Fig. 8). The intensity of surface expres-
6.3% at baseline and was unchanged by H-I#5.5 = 5.7%). sion of FeyRl was maximal at 24 h and appeared to plateau
FcyRIIlI expression was minimal (0.5 0.4% at baseline) and this through 48 h, at which time 43% of the mast cells expressetRFc
low level of expression was unchanged by IFNO.2 = 0.6%). (see also FigH). Thus, FgRI on the human mast cell surface
We confirmed the expression of #la using a second anti-FRI appeared to be up-regulated over the first several hours of exposure
mADb (clone 22) which recognizes a second epitope on EC3 (2340 IFN-y and to remain expressed over at least 48 h.

25). The comparison of the intensity of fluorescence between these The presence of R&RI on the mast cell surface was further
two mAbs showed no significant differenca & 3; data not confirmed by immunoprecipitation (FighR As expected, the hu-
shown). We next determined that preincubation of mast cells withman mast cell FgRI had a molecular mass 6f72 kDa. This is the same
IgE did not alter the expression of f-ceceptors on mast cella & molecular mass as the ¥Rl expressed by human monocytes (23).

4; data not shown). Finally, we characterized mast cells for the o o ) .

presence of chymase and tryptase by flow cytometry. 4FN- Determination of IgG1 binding sites and affinity on human mast
treated FgRI* and Fe/RI~ mast cells had approximately similar C€llS

phenotypes (96-97% MG and 78—-85% MGc). Thus, human  FcyRI was the only receptor up-regulated with surface of H-N-
mast cells express the high-affinity IgG receptor on the cell surfacéreated human mast cells as assessed by flow cytometry. To further
and the number of mast cell expressingyRtis increased 20-fold confirm the up-regulation of this receptor and to determine recep-
after incubation with IFNy. tor number, we performed binding assays witf-labeled human
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FIGURE 3. FcyRI surface expression by IFhHreated human mast
cells. a, Membrane expression of FRI on mast cells cultured without
(open circles) or with (filled circles) IFN: Mast cells were identified as
ckit"IgE™ cells. Data are expressed as MEFL (meaiSEM; n = 3). *,
p < 0.05,**, p < 0.01, when MEFL of cells incubated with IFM-was
compared with the results without IFi}N-When error bars are not shown,
they are too small to be diagrammdg). Immunoprecipitation of FgRI
protein from membranes of mast cells preincubated with 4Ffgr 48 h.
Cell surfaces were labeled witf3%, the cells were lysed, and KBl was
precipitated with anti-FgRl mAb 10.1 (ane 2 or with mouse IgG1 used
as a negative controlgne 1). The proteins were run on a 4—12% Tris-
glycine gel.
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FIGURE 4. Analysis of **3-labeled human IgG1 binding to human
mast cells. A representative ligand displacement curve is shown, and Scat-
chard plot transformation of the binding data is presented in the inset.
Human mast cells were preincubated with IFNer 48 h. Human mast
cells (1 X 10° cells/tube) were incubated wittf3-labeled human IgG1
(2095 Ci/mmol) in the presence or absence of increasing concentrations of
unlabeled ligand for 45 min at 4°C.

tamine release (24.5 4.4% vs 4.0= 0.9%). For comparison,
FceRI was also aggregated on human mast cells with or without
pretreatment with IFNy. In both cell populations, FeRI-mediated
histamine release was similar (4025 6.7% vs 43.0= 11.0%).
Thus, it appears that human mast cells must first be exposed to
IFN-y before Fg/RI receptors are sufficient in number to provoke
degranulation when aggregated. This effect appears to be specific
for FcyRI in that IFN-y did not alter histamine release due to
FceRI aggregation.

The profile of cytokine mMRNA expression by mast cells induced
by the aggregation of Rl or FcyRl was next examined. As
expected, the aggregation of the high-affinity IgE receptaRiFc
led to induction or increased accumulation of IL-3, IL-4, IL-13,
GM-CSF, and TNF transcripts in IFNy-treated mast cells (Fig.

IgG1 using human mast cells, an aliquot of which had been pre-

treated with IFN« for 48 h. Scatchard analysis revealed that rest- 60

ing mast cells bound 1gG1 with K, of 4.2 X 108 M~* with a
calculated 2420 binding sites/cell. IFMtreated mast cells bound
IgG1 with aK, of 4.9 X 108 M~ * with a calculated 12,110 binding
sites/cell (Fig. 4). Unlabeled IgG1 fully competed with-la-
beled IgG1 for FgRI with IC4, of 3 X 1078 M. To confirm these

observations, a second mast cell culture from a separate donor was

also examined. Data obtained were similar, where f-tleated
mast cells bound IgG1 with i, of 4.4 x 10° M~ * with a calcu
lated 17,250 binding sites/cell.

FcyRI aggregation is followed by histamine release and up-
regulation of cytokine mRNA expression

To examine whether the aggregation ofyR¢ on the human mast

cell surface is capable of mast cell activation, we exposed cultured

mast cells to a mAb against f/Rla and followed histamine release
and cytokine mRNA induction. To circumvent participation of

FcyRII (26), which is constitutively expressed on mast cells (Fig.

2,j andl), F(ab), fragments of mAbs were employed. After-in
duction of FeyRI expression by IFNy, cells were activated with
F(ab), fragments of anti-FgRlI mAb 22 cross-linked with goat
F(ab), fragments of anti-mouse F(gb fragments of IgG. No his

% 501  —
°
T 401 .
2 M
€ 304
8
ko]
T 204
s
(o]
F 104
o~
0-

L 1 — L1
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2nd Ab None gHab),omF(ab), None olgE

FIGURE 5. Histamine release from human mast cells following aggre-
gation of FeyRI or FceRI. Mast cells were incubated for 48 h without (open
bars) or with (filled bars) IFNy. Mast cells were then placed in 96-well
plates and incubated with IgE or a mAb (1st Ab) for 30 min at 37°C,
followed by addition of anti-human IgE or goat F(apbfragments of anti-
mouse F(abh), fragments of 1IgG (2nd Ab) for 30 min at 37°C. Plates were

tamine release from human mast cells was observed unless th@yen centrifuged, and the released histamine was measured. Results are

had first been exposed to IFN{Fig. 5). This aggregation of

FcyRI on IFN-y-treated mast cell surfaces led to significant his-

presented as the meatsSEM (n = 6); #*, p < 0.01. When error bars are
not shown, they are too small to be diagrammed.
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a b Flab)migG+  Flab)oFeyRl +
FIGURE 6. Cytokine mRNA expression in hu- IgE IgE + ulgE gF(ab)omF(ab),  gF(ab)omF(ab),
man mast cells following aggregation of éRi or b w b s .
FcyRI. Mast cells were preincubated for 48 h with N(')veq »LEE va(;)(? > SE vaggﬁ? >-,_?_E Nnve(‘)zﬁ"—&
IFN-v, followed by exposure to human IgE for 30 bp éééggéi% JJ‘JJ%&E% :‘d:’:‘§§|§% =s=s=_s£'§L_|.,_%

min at 37°C, followed by the addition of anti-human )
IgE for 2 h at37°C (@), or exposure to F(d, frag  500= & ' ‘m
ments of anti-FgRI mAb 22, or F(ab), fragments 200-| o . - -
of mouse IgG for 30 min at 37°C, followed by the

addition of goat F(ab, fragments of anti-mouse 2.5 2.5+
F(ab), fragments of IgG fo 2 h at37°C (). Total
RNA was then isolated and intracellular mRNA for
each cytokine or APRT was amplified by RT-PCR,
subjected to electrophoresis, and visualized by
ethidium bromide. The expected product sizes of
cDNAs of IL-2, IL-3, IL-4, IL-13, GM-CSF, IFN4,
TNF-a, and APRT are 255, 455, 449, 500, 215, 270,
254, and 246 bp, respectivelygper panél. Semi-
quantification of cytokine expression was performed 0 o
by measuring the band density of the relative ex- Y — o e ——————
pression of each cytokine with respect to APRT :g::g;g :;::22:2_: ;;:SQ“: ;::':22:
(lower pane). Results are presented as the means Cloal Cloa & W= hado o
SEM (nh = 3). When error bars are not shown, they (-ﬁ Sﬁ <_|/>_| ('?1

are too small to be diagrammed. IgE IgE + «lgE Flab),migG + Fab)oFcyRl +
gF(ab)0mF(ab), gF(ab)omF(ab),

et
-

2.0 2.0
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6a), but neither IL-2 or IFNy mRNA. The aggregation of R&l diators when their FgRIIl receptors are cross-linked (29). fRlII
by anti-FeyRI (mAb 22) induced a similar cytokine mRNA profile signaling may further lead to the adherence of mBMMCs to fi-
to that observed after aggregation ofeR¢ in IFN-y-treated mast  bronectin (34). Mast cells have also been shown in a mouse model
cells. Thus, activation of human mast cells via aggregation ofo play a role in immune complex-induced injury, related to the
FcyRl is capable of inducing up-regulation of mRNAs for cyto- expression of IgG receptors (35-37). The relationship offfic
kines, including TNFe, GM-CSF, IL-3, and IL-13. expression reported in this paper to the expression gRAcand

) ) FcyRIl by human mast cells (Fig. 2) remains to be determined.
Discussion Three genes for AR, i.e.,FcyRIA, FeyRIB, andFcyRIC, have
In this paper, we demonstrate that human mast cells express ttgen identified as encoding at least six transcriptsyR¥al,
high-affinity 1gG receptor FgRI and that this receptor is up-reg- FcyRla2, FeyRIb1, FeyRIb2, FeyRIb3, and FeRIc (14, 18, 19).
ulated by IFNy (Figs. 1, 2, and 8). We further demonstrate that The FeyRIA gene product FgRlal uniquely contains the EC3 as
receptor aggregation is followed by mast cell degranulation (Figwell as transmembrane and cytoplasmic domains (18, 19). The
5) and up-regulation of mMRNAs for a number of cytokines (Fig. 6). presence of these domains, as well as the presence of EC2, allows
This demonstration of a functional high-affinity IgG receptor on this gene product to bind monomeric IgG with high affinity and to
mast cells may help explain in vivo observations which documeninitiate IgG-mediated cellular responses (25). Two transcripts (b1
the participation of the mast cells in host defense mechanismgnd c) have stop codons in the third extracellular domain (EC3)
against bacteria (9) and suggests that aggregation of the high-agnd are believed to only code for soluble secreted proteins (18).
finity receptors for IgG should be considered as a possible mechrhree transcripts are alternatively spliced isoforms, one (a2) from
anism by which mast cells could be recruited to contribute to in-gene A and two (b2 and b3) from gene B (19)yRtb2 lacks EC3
fIammaFion associated with viral diseases which induce 4FN- (18) and is not expressed on the cell surface (38YRfo3 lacks
production (27). the signal sequences (S)2, EC1, and EC3 (19yRFa2 lacks the

Althou”gh we believe thisl t?hbe t':'e firls)t definittive _reportt (tjhat S2 and EC1 (19). The protein product and function offl@2 and
mast cells may express #RlI, there have been extensive studies FcyRIb3 are unknown (19). As can be seen in Fig. 1Rt

on the expression of A&Il and FoRI. IL-3-dependent, mouse MRNA expression is induced in human mast cells exposed to

bone marrow culture-derived mast cells (nBMMCSs) express thq . o . ) o :
low-affinity IgG receptors FgRIIb1 and FoRIIb2, and mouse se- FN-v. This expression is maximat 4 h in akinetic pattern sim-
; ilar to that observed in neutrophils and monocytes (39). However,

rosal mast cells additionally expressyRill (21, 28). Mature se- . }

rosal mast cells degranulate when exposed to IgG complexes (29}5,5*,‘0“",’ be noted that the RT-PCR techniques employed do not
whereas mBMMCs appear to internalize aggregated 1gG withoufl!Stinguish among FRla, FeyRIbl, and FeRIc. Thus, by RT-
causing the release of substantial amounts of histamine (28). IFCR. theFcyRIAgene product cannot be confirmed. However, all
later studies, it was reported thatyRilb inhibits FeyRI-mediated ~ Known ADbs to FgRI identify an epitope on EC3, which is found
degranulation of mMBMMCs and rat basophilic leukemia cells (30,0nly on FeyRla (1, 23-25). Employing such Abs, we could con-
31) because of the ability of RRIIb to recruit Src homology 2 firm that IFN-y treatment of human mast cells resulted in the up-
domain-bearing inositol 5-phoshatase (3@puse mast cells alter regulation of FgRla on the mast cell surface (Figh)2 Note that

the surface expression of certain IgG receptors (33). Thus, mBMMCWe also detected F&®Ib2 mRNA (Fig. J). However, FgRIb2 is
up-regulate surface expression ofyRtll when cultured with 3T3  not believed to be present on the surface membrane (38), does not
fibroblasts (33), which may be functionally important becausebind either monomeric or complexed IgG, nor is it recognized by
cocultured mBMMCs degranulate and generate various lipid meAbs to the high-affinity 1IgG receptor (38). Thus, as analyzed by
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RT-PCR and flow cytometry, human mast cells express the highbacterial or viral infections (27, 50), provides a novel means by
affinity IgG receptor, the gene productBEyRIA, on the cell sur-  which the mast cell may be recruited into both immunologic and
face within hours after exposure to IFN- infectious diseases and may help explain the etiology of cellular

After up-regulation of mMRNA for FgRI by IFN-v, the resulting
cell surface expression of the protein was evident by 16 h and
maximal at 24 h (Fig. 8). Scatchard plots usintfA-labeled hu
man IgG1 (Fig. 4) revealed i, of 4-5 x 10° M™%, consistent ;.
with the expression by human mast cells of a class of Fc receptors
binding IgG1 with a high affinity. Furthermore, the average num- 2
ber of IgG1 binding sites on mast cells after incubation with H*N-
was increased 5-fold, as has been observed with human monocyte$
(40). The immunochemical assessment of the size of this cell sur-*
face receptor determined it was identical in size to the humans,
FcyRI on human monocytes (23) (Figb)3 This protein was rec-
ognized by two different anti-R&RlI mAbs which recognize the
EC3. The mAb 10.1 blocks 1gG binding (23) while mAb 22 rec-
ognizes an epitope which is distinct from the binding site for the Fc

. 7.
portion of human IgG (24).

IFN-vy treatment of human mast cells significantly up-regulates 8.
surface FgRI (Figs. 2 and 8). IFN-y had little effect on the sur-
face expression of FERI or on the surface expression of ¥Rll
and FeyRIll, as also has been reported in human monocytes (41).
Although IL-10 has been shown to up-regulate the expression o
FcyRI in human monocytes (42), IL-10 failed to induce the surface
expression of FgRI in mast cells, as has been reported in neutro-11-
phils (43). Also, neither IL-4, IL-5, GM-CSF, nor NGF up-regu-
lated FeyRI (1, 2, 41-47). Thus, IFNs might be expected to up- 12.
regulate 1gG-dependent responses in mast cells in pathologic
situations associated with IFM-production at the tissue level.
Such IFN+y production has been reported in association with viral13-
infection (27). Studies are thus underway to determine whether the
surface expression of KRl on mast cells as assessed by histo-
chemistry is up-regulated in such diseased tissues.

The aggregation of R&RI was examined by first exposing IFN-
y-treated human mast cells to F(gbfragments of an Ab to
FcyRI. These cells were then exposed to goat Fgaibagments of
an Ab directed to mouse F(9b fragments of IgG. This strategy 16.
avoids the possibility that intact Abs might directly bind to other
surface receptors on IgG and activate these cells through the same
or another receptors, specificallyyRll or FcyRIIl. FcyRI aggre-
gated by this strategy induced histamine release only from IFN-
y-treated mast cells (Fig. 5), which averaged 24.51.4%. For g
comparison, mast cell degranulation was also induced through ag-
gregation of FeRI. FceRI aggregation, which also led to histamine
release, was not effected by IFNpretreatment and approximated
35-40%.

Triggering of mast cells by aggregation of ¥Rl with F(ab),
fragments of anti-FgRlI mAb also led to induction of specific 21.
cytokine mRNA expression (Fig. 6). Aggregation ofyRl on
human monocytes induces IL-6 and TNFproduction (48, 49).
Activation of human mast cells through I appeared to up-
regulate mRNAs for IL-3, IL-13, GM-CSF, and TNé&-Fig. 6b).
Overall, the pattern of cytokine mRNA produced followingeR¢
or FeyRI aggregation appeared to be similar (compare Fig.t6,
b). These data are in agreement with the observation that biological,
responses triggered by FcR with immunoreceptor tyrosine-based
activation motifs seem to depend more on the cell type than on thg5
receptor (3).

We have thus, for the first time, definitely shown that human
mast cells or, for that matter, mast cells from any species, may bés:
activated through FRI. The expression of the functional #RlI
required several hours of exposure to IFNThis exposure, how-
ever, does not affect mast cell activation througheMc Thus,
IFN-vy production associated with specific disease states, including

6.

9.

14.

15.

20.

22.

23.

27.

reactions to Ag where Ag-specific IgE cannot be identified.
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