Immunity, Vol. 5, 387-390, October, 1996, Copyright 11996 by Cell Press

A Dominant Role for Mast Cell Fc Receptors

in the Arthus Reaction

Diana L. Sylvestre and Jeffrey V. Ravetch*
Division of Molecular Biology

Memorial Sloan-Kettering Cancer Center
1275 York Avenue

New York, New York 10021

Summary

Antibody-antigen complexes are central to the inflam-
matory response and are implicated in the develop-
ment of such diverse diseases as systemic lupus
erythematosis, rheumatoid arthritis,immune glomeru-
lonephritis, and vasculitis. We recently demonstrated
that experimental immune complex-mediated injury
in mice, as modeled by the cutaneous Arthus reaction,
requires receptors for the Fc portion of the antibody
and is unaffected by deficiencies in complement com-
ponents. However, the responsible cell type(s) and Fc
receptor(s) were not known. We now demonstrate by
differential reconstitution in vivo that FcyRIll on mast
cells is necessary for this inflammatory response. We
propose a general model of antibody-mediated dis-
eases as an immunopathologic spectrum whose spe-
cific manifestations are determined by the Fc receptor
and cell type engaged.

Introduction

The molecular mechanisms by which immune com-
plexes trigger such diverse diseases as systemic lupus
erythematosis, rheumatoid arthritis, immune vasculi-
tis, and glomerulonephritis remain poorly understood.
These macromolecular complexes are able to interact
directly with effector cells through Fc receptors (FcyRs)
or indirectly through the binding and activation of com-
plement components. This promiscuity of immune com-
plex binding and the heterogeneity of immune complex
receptors have confounded attempts at defining the se-
quence of events that culminates in immune complex-—
triggered injury.

FcyRs form a key link between the humoral and cellu-
larimmune systems. They are expressed by a wide vari-
ety of hematopoietic cells and can bind either mono-
meric immunoglobulin G (IgG) (the high affinity receptor
FcyRI) orimmune complexes (the low affinity receptors
FcyRIl and FcyRlIll). These receptors share structurally
related ligand-binding domains, but differ in their trans-
membrane and intracellular domains. In addition, both
FcyRI and FcyRlll share with the IgE-binding receptor
FceRlI their association with the y subunit of the FcyR
complex, which is necessary for assembly and signaling.

The availability of defined mutations in mice that per-
turb immune complex interactions with effector cells
has facilitated a dissection of the pathways involved in
immune complex injury. Mice genetically deficient in the
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v subunit of the FcyR complex, and lacking functional
FcyRI and FcyRlll as well as the high affinity receptor
for IgE, FceRlI (Takai et al., 1994), exhibit a grossly dimin-
ished inflammatory reaction in the reverse passive Ar-
thus reaction (Sylvestre and Ravetch, 1994). In contrast,
mice genetically deficient in complement component
C3, as well as those deficient in C4 or C5, exhibit Arthus
reactions indistinguishable from wild-type animals (Syl-
vestre et al., 1996). Thus, the presence of an intact com-
plement cascade is neither necessary nor sufficient to
trigger or propagate the Arthus reaction, indicating in-
stead an essential requirement for FcyR engagement,
resulting in cellular activation, chemotaxis, and infiltra-
tion of neutrophils. The FcyR-bearing cell types residing
in the skin that most likely mediate this response are
the mast cell or the epidermal Langerhans cell, both of
which express FcyRIl and FcyRlll, or tissue macro-
phages, which express FcyRlI, FcyRll, and FcyRlll (Ra-
vetch and Kinet, 1991; Esposito-Farese et al., 1995).
Previous studies have shown that the mast cell-deficient
mouse line, W/W", exhibits an attenuated Arthus reac-
tion, which is reconstituted by mast cell replacement.
We therefore proposed that the mast cell FcyRIll was
the molecule responsible for triggering the inflammatory
response to IgG immune complexes (Sylvestre and Ra-
vetch, 1994).

Results and Discussion

To test this hypothesis, we developed a protocol based
on differentially reconstituting the mast cell-deficient
mouse strain W/W' with mast cells derived from wild-
type or FcyR-deficient mice. As shown in Figure 1, bone
marrow from y —/— mice and littermate +/+ controls
was harvested, cultured under conditions that result in
homogeneous population of mast cells, and implanted
intradermally into W/W" recipient animals. Previous
studies have shown that the migration of mast cells to
their normal locations in the postcapillary venules, as
well as the alteration to a characteristic skin cell pheno-
type, occurs slowly over a period of approximately 8
weeks (Nakano et al., 1985; Kitamura, 1989; Galli, 1990).
Therefore, after waiting 8 weeks for full reconstitution,
we performed the reverse passive Arthus reaction on
reconstituted mice, using y —/—, wild-type C57BL/6,
and W/W' C57BL/6 mice as controls, as described pre-
viously (Sylvestre and Ravetch, 1994).

Figure 2 shows representative skin sections harvested
from an 8 hr Arthus reaction; the purpuric spots of the
hemorrhagic reaction are characteristic of this inflam-
matory response. y —/— mice (Figure 2A) show little
detectable response, whereas +/+ control mice (Figure
2B) exhibit vigorous hemorrhage. The baseline W/W"
reaction (Figure 2C) is reduced by approximately 50%,
as has been previously reported (Zhang et al., 1991).
Reconstituting the W/W" mice with mast cells derived
from y —/— animals (Figure 2D) does not result in any
further augmentation of the Arthus response of the re-
cipient W/W' mice, while reconstitution with +/+ mast
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Figure 1. Protocol for Differential Reconstitution of Mast Cells

Bone marrow was harvested from y —/— or +/+ littermate controls
and cultured separately in WEHI-conditioned medium as a source
of IL-3 for 4-6 weeks, resulting in a homogeneous population of
immature mast cells. W/W' mast cell-deficient mice were then in-
jected intradermally in two separate sites with 1 X 10° mast cells
per site, and the Arthus reaction was performed after an incubation
period of 8 weeks to allow for mast cell migration and phenotypic
differentiation.

cells results in substantial enhancement of the Arthus
reaction (Figure 2E), approximately to the levels of +/+
controls in the reconstituted areas.

The Arthus reaction can be dissected into three dis-
tinct components: a rapidly evolving edema reaction,
followed by the more slowly emerging hemorrhagic and
infiltrative phases of the reaction. Microscopic quantita-
tion of the three parameters of edema, hemorrhage, and
neutrophil infiltration in an 8 hr Arthus reaction, which
we have previously shown to correlate well with other
means of quantitation (including '®l-labeled human se-
rum albumin for edema and the colorometric measure-
ment of myeloperoxidase), is shown in Figure 3 (Sylves-
tre and Ravetch, 1994). The left group of bars represents
the edema seen at this timepoint, the central group rep-
resents hemorrhage, and the right group represents
neutrophil infiltration. As reported previously, +/+ in-
flammation is significantly greater than that of —/— for
the three parameters (Sylvestre and Ravetch, 1994). In
addition, the edema, hemorrhage, and infiltration exhib-
ited by the W/W' mice is intermediate between these

two genotypes, although some statistical overlap occurs
for each of the criteria. Reconstituting W/W"' mice with
+/+ mast cells restores the edema, hemorrhage, and
neutrophil infiltration to levels similar to that of wild-type
control animals, as has been previously reported (Zhang
et al., 1991). However, the inflammation exhibited by the
—/— mast cell-reconstituted mice is significantly less in
all three criteria, not differing significantly from that of
the background W/W" genotype. This was not due to a
difference in density of reconstituted mast cells between
the two genotypes: microscopic quantitation of the
number of mast cells per mm? showed a density of 11 =
3 for +/+ and 10 * 3 for —/—.

The finding that mast cell FcyRlll is responsible, in
part, for the triggering of the Arthus reaction under-
scores the similarity between the response to IgG im-
mune complexes and the IgE-mediated anaphylactic
reaction, in which FceRI cross-linking on mast cells re-
sults in an acute inflammatory response. Thus, despite
the long-held dogma that these two reactions are funda-
mentally different, these data support the conclusion
that they are mechanistically quite similar. It is worth
noting that in the original description of the Arthus reac-
tion, the response was called “an anaphylactic response
of the rabbit to horse serum” (Arthus, 1903).

The Arthus reaction and the anaphylactic reaction dif-
fer, however, in their kinetics of response and histologi-
cal appearance. The edema triggered by IgG immune
complexes is more gradual in onset than that elicited
by cross-linking IgE. In addition, the late phase Arthus
reaction exhibits not only cellular infiltration, as seen
with IgE triggering (Wershil et al., 1991), but also hemor-
rhage and, in severe cases, necrosis due to damage to
the vascular wall. What then accounts for these physio-
logical differences? The relevant FcyRs differ only in
their o subunits, which may account for differential sig-
naling from the same cell in response to ligand cross-
linking. Alternatively, the differences between these two
reactions may reflect the contribution of additional, un-
characterized components in one that are absent in the
other. In addition, our data demonstrate that the mast
cell-deficient mouse has an Arthus reaction intermedi-
ate in intensity between the wild-type and vy —/— mice.
The partial response seen in the mast cell-deficient
mouse, which is totally abolished in the vy —/— mouse,
argues for the involvement of another FcyR-bearing cell
type that is required for reconstitution of the complete
reaction. Tissue macrophages or Langerhans cells are
FcyRlll positive and could function to mediate the later
phases of the Arthus reaction, perhaps thereby contrib-
uting to the diversity of syndromes seen in IgG-mediated
inflammatory disease states.

The establishment of parallels between IgG- and IgE-
mediated reactions suggests the interesting possibility
that antibody-mediated diseases may represent an
overlapping immunopathologic spectrum whose mani-
festations are dictated by the characteristics and distri-
bution of the FcyR engaged. An understanding of the
different pathways elicited by IgE and IgG when signal-
ing through their respective mast cell FcyRs, as well as
the cell types that contribute to the different reactions,
should provide valuable insight into the process of in-
flammation.
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Figure 2. Hemorrhage from 8 hr Arthus Reaction

Inverted skin samples are shown from control y —/— (A), +/+ (B), and unreconstituted W/W" mice (C). W/W" mice were reconstituted with
either y —/— mast cells (D) or +/+ mast cells (E) in the upper right and lower left positions, as marked by tattoos. Negative control injections
were given in the upper left position, and 30 g of anti-ovalbumin was used in the other three sites; the dorsal skin was harvested 8 hr after
intravenous administration of 20 mg/kg ovalbumin. Results are representative of at least six mice in each group.

Experimental Procedures

Mast Cell Reconstitution

Mice were sacrificed using CO, asphyxiation, and bone marrow was
flushed from femurs using sterile phosphate-buffered saline. Cells
were resuspended at a density of 3 X 10°in RPMI, 10% FCS supple-
mented with 15% WEHI-conditioned medium as a source of interleu-
kin-3 (IL-3). Nonadherent cells were harvested weekly and resus-
pended in the same medium at a density of 1 X 105 After 4-8
weeks of culture, the mast cells were washed and resuspended in
phosphate-buffered saline at a density of 1 X 10° per 100 ul and
immediately injected intracutaneously into the shaved dorsal skin
of W/W' mice in a discrete bleb, with two separate sites per animal.

Sites of implantation were marked with indiaink tattoos. Both recon-
stituted genotypes contained approximately equivalent numbers of
mast cells as assessed histologically. Mast cell density was quanti-
tated by counting mast cell numbers in serially cut Giemsa-stained
skin sections, as previously described (Walker et al., 1985).

Arthus Reaction

Mice were anesthetized with avertin and their backs were shaved.
We intradermally injected 30 pg of either preimmune polyclonal
rabbit IgG or polyclonal rabbit IgG against ovalbumin in a volume
of 7.5 plin a discrete spot, followed immediately by 20 mg/kg oval-
bumin. Mice were sacrificed using CO, asphyxiation at either 2 or

Figure 3. Microscopic Quantitation of the 8
hr Arthus Reaction

Histological scoring was based on a1+ (mini-
mal) to 4+ (vigorous) scale for the parameters
of edema, hemorrhage, and neutrophil infil-
tration (PMN) 8 hr after a standard Arthus
reaction using 30 pg of antibody. Abbrevia-
tions are as follows: +/+, wild type; —/—,
v knockout; W/WY, unreconstituted mast cell
deficient; +/+ MC, W/W' reconstituted with
wild-type mast cells; —/— MC, W/W"' reconsti-
tuted with —/— mast cells. Results are based
on at least 16 sections in each group; error
bars are = SD. The differences between the
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reconstituted mice were statistically signifi-
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by the paired Student’s t test.
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8 hr, and dorsal skins were harvested. Skin sections were fixed in
10% buffered formalin and stained with hematoxylin and eosin.

Hematoxylin—eosin-stained skin sections were graded in ablinded
fashion for each of the parameters of edema, hemorrhage, and
neutrophil infiltration on a scale of 1+ (minimal) to 4+ (vigorous) at
both 2 hr and 8 hr.

Statistical Analysis

The differences in mast cell counts, as well as a comparison of
the values for the different Arthus reaction parameters between
genotypes, were analyzed for statistical significance (p < 0.05) using
the paired Student’s t test.
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