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Activation of human mast cells through the high affinity IgG receptor
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Abstract

Mast cells are known to participate in the induction of inflammation through interaction of antigen with specific IgE bound to the
high affinity receptor for IgE (FeRI). Human mast cells, derived from CDB34ematopoietic precursors, not only expressfidut also
express high affinity receptors for IgG @Rl), the latter only after IFNy exposure. Human mast cells that expresgfcare activated
following FcyRI aggregation, either using antibodies directed to the receptor or through 1gG bound to the receptor. This activation results
in degranulation, with the release of granule-associated mediators, and the generation of metabolites of arachidonic acid and secretion of
chemokines and cytokines. These observations provide evidence that human mast cells may also be recruited into inflammation through
IgG-dependent mechanisms.
Published by Elsevier Science Ltd.
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1. Introduction treatment Qkayama et al., 2000)Aggregation of these
FcyRI on the human mast cell surface induces granule ex-

Mast cells are generally thought of in the context of ocytosis, generation of mediators derived from arachidonic

immediate hypersensitivity type | reactions, where activa- acid, and the up-regulation of mRNA for a number of cy-

tion follows IgE-dependent ERI aggregation Nletcalfe tokines and chemokines. While this mediator profile resem-

et al., 1997. Activated mast cells release preformed me- bles that observed in human mast cells after IgE-dependent

diators such as proteases and histamiBeg@l et al.,,  degranulation, there are differences in the profile of cytokine

1977, generate arachidonic acid derivativedakamura  production.

et al., 199), and both release and synthesize certain cy-

tokines and chemokinessfrdon and Galli, 1990 There

is also data that demonstrate that mast cells may be ac2- Structure of FcyRI

tivated by non-lgE-dependent mechanisms. This is illus- i i ) ) )

trated in a murine model where IgE-deficient mice stil  FCYRI is the 80n|y FG/QR which binds 19G with high

present some manifestations of anaphylagist(gen et al., ~ affinity (Ka: 107 to 107" M). It is expressed at the cell

1994. surface as avy, complex {an de Winkel and Anderson,
One alternative to IgE-dependent activation may involve 1999 The full length FRI presents three extracellular

IgG receptors. Murine mast cells are known to express low '9-like domains on the extracellular portion of dschain.
affinity receptors for 1gG, including R&RIIb1, FeyRIIb2 FcRy chains are required for surface expression offc

(Benhamou et al., 199and FeRIIl (Katz et al., 199D on monocytes, mf':_lcrophages, neutrc_)phils, dendritic cells

Among these, FgRIIl has been shown to induce mast cell @nd eosinophilsHeijnen and Van de Winkel, 199nd for

degranulationfatz and Lobell, 1995and promote adhesion ~ Signaling mediated by R®I (Ernst et al., 1992 FeyRI

after lgG-mediated aggregatiobdstych et al., 1997 expression has been shown to be influenced by immune
More recently, it has been reported that human mast cellsCYtokines. For example, monocytes, macrophages and neu-

express FgRI (CD64) on their surface following IFN- trophils.constitutively express ERI: However,'surface
expression of FgRI on neutrophils is strongly increased

* Corresponding author. Tek:1-301-496-2165: fax:s-1-301-480-8384. DY IFN-y (Pan et al., 1990)FcyRlI is coded by three genes
E-mail address: dmetcalfe@niaid.nih.gov (D.D. Metcalfe). A, B, C. Alternative splicing induces six different isoforms
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Fig. 1. Histamine, PDG, and LTC4 release after FcyRI and FeeRI aggregation on IFN-y-treated human mast cells. IFN-y-treated human mast cells were incubated with anti-NP-IgE (a, c, €) or F(ab');
of mouse anti-human FcyRI mAb (b, d, ). Cells were then stimulated with NP-BSA (a) at 0 (O), 0.1 (H), 1 (A), 10 (@), or 100 ng/ml (@), or goat F(ab’), of anti-mouse F(ab’); of IgG (b) at 0 (O),
0.1 (H), 1 (A), 10 (@), or 30 pg/ml () for 30 min at 37°C, and histamine release determined. For PGD; (c, ¢) and LTCy (d, f) assay, cells were stimulated by addition of cither NP-BSA (O), or goat
F(ab’), of anti-mouse F(ab'), of IgG (@). FceRI (b) was detected using anti-IgE Ab compared to the isotype control to anti-IgE (dotted line). Reproduced from Okayama et al. (2001a) by copyright
permission of The American Association of Immunologists.
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a1, &, b1, by, b3 and c. However, FgRla; is the only full 50+
length gene producEfnst et al., 1998 =
©
E 40+ ; ExXlcommon anti-Ig6
=] . aps .
3. Expression of FcyRI on IFN-y-treated human £ 304 @ isotype-specific anti-Ig6
mast cells @
S 20-
Human mast cells, derived from CDB4%rogenitors in 3
peripheral blood, were obtained following culture of pro- & 1g-
genitor cells for one week with recombinant human (rh) % i_
IL-3, rh IL-6 and stem cell factor (SCF), then for 6-8 weeks 0 2 v =
with rh IL-6 and SCF Kirshenbaum et al., 1999 These 19G, IgG. 19G, 19G,
culture conditions led to a cell population of 97% human Sensitization (100 ng/mil)

mast cells as assessed by toluidine blue staining. These mast .
cell cultures were then enriched to greater than 99.9% mast™i9- 2 P-Hexosaminidase release after IRNreated-human mast cell

cells bv removing monocvtes by adherence. To examine sensitization with different 1gG isotypes. Human mast cells were cultured
y 9 Yy y ) with IFN-y and then sensitized with purified human myeloma monomeric

possible expression of FRI on human mast cells, MRNA 4G, 1gG;, IgG; or IgGs. Surface bound IgG was cross-linked using either
of cultured cells was extracted and analyzed for the expres-isotype specific anti-lgG (hatched bars) or a common anti-IgG (solid bars)
sion of different FgRI transcripts Qkayama et al., 2000 recognizing all four isotypes-hexosaminidase release was determined
To examine whether R&R| expression was up-regulated by after stimulatior? for 30 mﬁn _at 3TC. Reproduced fror‘rWooIhiser et al.
cytokines, human mast cells were pretreated with IL-4, IL-5, (2001) by copyright permission of Wiley=VCH editors.

IL-10, granulocyte-macrophage colony stimulating factor
(GM-CSF), IFN+ or nerve growth factor (NGF). RT-PCR - . I
studies demonstrated that resting human mast cells culture as similar to that observed following &l activation.

only with SCF and IL-6 did not express mRNA for ¥Rl dFN'V prlettr_eatmse_nt_ldl(il not allter EIEI-rF?Iedlated mt"flSt cell
isoforms. However, following culture with IFN; mRNA egranulation. Similarly, FRI or FeRI aggregation on

for the FeyRlay isoform was detected after 2 h, maximizing IFN-vy-treated-human mast cells generated the arachidonic

at 4h Okayama et al., 2000 Subsequent flow cytometry acid derivatives, PGpand LTCG, (Okayama et al., 200)a

experiments, using specific antibodies, demonstrated thatThese observations were confirmed in freshly purified

FcyRlag, the product of FgRIA, is expressed on human In:[\rlmal h#mhaln cliutngﬂ:nast Ce"S_Wh'th Vé?ri cuIturetq With
mast cells after several hours of exposure to H-{Fig. 1). -y, which led to the expression of #BI. Aggregation

IFN-y treatment did not, however, affect the expression of gf ;Tle qu: |dndutc_e tmorekTNEx reltealsezcc):gmpared 0
FeRI on human mast cells. ceRI-mediated activation@kayama et al., la

Expression of low affinity receptors for IgG was also It has also now been observed t.h_at IENFe?tEd human
examined on CD3# progenitor cell-derived human mast mast cells degranulate after sensitization with human IgG
cells. Human mast cells expressed mRNAs foyRitb; immunoglobulins followed by the addition of antibodies spe-
FcyRllbs and FeyRII, however significant surface expres- cific 1o each Ig_G |sotypeFQg._ 9). Sensitization W't.h l9G
sion was only observed for FRIl. The MRNA expres- was most effective at promoting granule exocytosis, and me-

sion for these receptors was unaffected by H-Meatment. Id'?tor releas[;a and dcyt(;klne gertleraltllon. Mln_lmalbdfgdran_l:r-]
Moreover, aggregation of RRIl, using available mono- ation was observed when mast cells were incubated wi

clonal antibodies, did not induce mast cell degranulation 19Gz, 19G3 and IgG, followed by the appropriate antibody to

(Okayama et al., 200)b aggregate the IgG bound receptargoplhiser et al., 2001
4. FcyRI aggregation induces degranulation and 5. Comparison of cytokine mRNA induction and
arachidonic acid metabolite secretion by | FN-y-treated release after FcyRI or FceRI aggregation

human mast cells; comparison to FceRI activation
Mast cell degranulation following ERI aggregation

To examine whether R&RI aggregation influenced hu- is known to lead to the synthesis and release of both
man mast cell activation, IFN-treated human mast cells, chemokines and cytokine§&6rdon and Galli, 1990 This
expressing FgRI, were incubated with mouse F(3b led us to focus on cytokine mRNA regulation in~RI
anti-FeyRI, to avoid non-specific binding to FRII. Goat or FeRI activated-IFNy-treated human mast cells. Initial
anti-mouse IgG F(dl fragments were then added to ag- RNAse protection assay experiments revealed mRNAs for
gregate FgRI (Okayama et al., 2000 As illustrated in TNF-a, GM-CSF, IL-18, IL-5, IL-6, IL-1Ra and IL-13
Fig. 1, histamine release was observed afteyMcaggre- were up-regulated after FRI aggregation when compared
gation on human mast cells. The level of histamine releaseto F&RI activation Okayama et al., 20019,bThe results
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Fig. 3. Kinetics of TNFe: and IL-8 secretion after R&RI or FeRI aggregation on human mast cells. Mast cells were cultured withylFahkd incubated
with 1 ug/ml of anti-NP-IgE for 16 h ©) or 1pg/ml goat F(ah, of anti-mouse @). At the indicated time points, ERI and FeyRI were cross-linked
by addition of NP-BSA Q) or of goat F(aB, of IgG (@). TNF-« and IL-8 were measured by ELISA. Reproduced fr@kayama et al. (2001d)y
copyright permission of The American Association of Immunologists.

from RNAse protection assays were in part confirmed by F(al), fragments Qkayama et al., 200)4Fig. 3) or IgG;
ELISA experiments demonstrating that TNFprotein was antibody {Moolhiser et al., 2001 The authors also exam-
also secreted to a greater degree afteyREcactivation, ined the secretion of IL-8. There was no difference in IL-8
than when mast cells were activated employing anti-CD64 release after Rl or FcyRI aggregation of IFNy-treated

Stain Normal Psoriasis

Tryptase

CDé64

Fig. 4. Detection of FgRI in psoriatic tissue. Skin biopsies were taken from psioratic and normal skin, then fixed prior to staining with selective
antibodies. Mast cells were identified by staining for tryptase. A sequential section was subsequently stained with gRla(@RfFeCD64) antibody.
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