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Disruption of the Complement Anaphylatoxin Receptor C5L2
Exacerbates Inflammation in Allergic Contact Dermatitis

Ruobing Wang,*" Bao Lu,* Craig Gerard,”" and Norma P. Gerard*"*

The complement anaphylatoxin C5a is a critical mediator of allergic contact dermatitis, bridging essential aspects of innate and
adaptive immunity. This anaphylatoxin functions by interacting with two 7-transmembrane segment receptors, the C5aR and C5L2.
The C5aR is a classical G protein coupled receptor, whereas C5L2 is deficient in coupling to G proteins because of variations in the
sequence. Our previous work in human neutrophils revealed a unique role for C5L2 in negatively modulating anaphylatoxin re-
ceptor mediated cellular activation through interactions with B-arrestin. When C5L2 is deficient, C5aR-mediated (-arrestin
signaling is greatly enhanced. The work described in this study was undertaken first to determine the effect of C5L2 deficiency
in a murine model of contact sensitivity, and second to determine whether the resultant exacerbation of inflammatory parameters
reflects a negative modulatory function of C5L2 on the C5aR. First, we find dramatic increases in inflammation in C5L2~'~
animals compared with wild type mice. Second, these increases are completely reversed following administration of mAb against
the C5aR. Thus, in allergic contact sensitivity, as in isolated human neutrophils, C5L2 functions to suppress C5a-C5aR-mediated
responses, further underscoring its role as a negative regulator of anaphylatoxin activity. The Journal of Immunology, 2013, 191:

000-000.

llergic contact dermatitis is a common delayed type
A hypersensitivity reaction of the skin that results in more

than 8 million outpatient visits per year in the United
States (1, 2). The pathophysiology of this disease is examined
primarily using animal models of contact sensitivity (CS) and
involves induction of T-cell mediated skin inflammation resulting
from exposure to a hapten in a sensitized animal (3). Current
understanding describes at least two distinct phases of disease
development: sensitization and elicitation. During the sensitization
phase, the hapten painted on the animal’s body penetrates into the
epidermis and is taken up by resident dendritic cells. The
haptenated dendritic cells induce rapid (within 1 d) production of
IgM by B-1 cells (4). Subsequent topical application of the same
hapten to a remote site of the body initiates the elicitation phase,
triggering an inflammatory cascade of cytokine and chemokine
production, neutrophil infiltration, and mast cell activation, lead-
ing to T cell recruitment. In mouse models, this process generally
peaks at ~24 h (5).

Initial paradigms supported the concept of CS as mediated solely
by T cell activation. Tsuji et al. (6-8), however, demonstrated
a central role for complement activation by formation of IgM-
antigen complexes. In mice deficient in C5 or the C5a receptor
(C5aR), the inflammatory response fails to occur, indicating an
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important linkage of C5a in early activation of innate immunity
that is required for subsequent elicitation of the acquired T cell
response.

Studies have also invoked a role for C3 or C3a in CS, although
the mechanism is less clear. Purwar et al. (9) observed heightened
contact sensitivity to multiple haptens in C3-deficient mice, as
evidenced by increased swelling of challenged tissues, elevated
tissue expression of IFN-v, the chemokines CXCL-10, CCL-2,
and CCL-17, as well as increased IFN-y from splenocytes and
draining lymph nodes. A subsequent study was undertaken to
distinguish the individual roles of C3a and other C3 products
using C3aR-deficient mice (10). This work recapitulated the in-
creased cytokine response in the sensitization phase, but no dif-
ferences were observed in the elicitation phase in terms of challenged
tissue swelling and cytokine secretion. Thus, the apparent protective
role of C3 was thought to result from a downstream cascade in-
volving C3b or contributions of C5aR or C5L2.

The C5a anaphylatoxin is considered as one of the most potent
proinflammatory components of the complement system, capable
of activating neutrophils, monocytes, macrophages, and mast cells,
among others, at nanomolar concentrations (11). It functions
through two 7-transmembrane segment receptors, the C5aR and
C5L2. The C5aR is a classical G protein-coupled receptor (12),
whereas C5L2 fails to couple to G proteins because of an amino
acid replacement in the second intracellular loop sequence (13,
14). C5L2 exhibits similar binding affinity for C5a and CSagesarg
as the C5aR and was initially described as a decoy receptor (15).
In human polymorphonuclear leukocytes (PMNs), C5L2 has been
shown to act as a negative modulator of C5a-mediated responses
(16). In the presence of a blocking Ab against C5L2, certain C5a-
mediated functions are markedly potentiated, including ERK1/2
activation and chemotaxis, resulting from increased C5aR-
mediated B-arrestin signaling. Similar increases in inflammation
and neutrophil activation have been observed in vivo in C5L2~/~
mice (14, 17, 18). Inflammatory indices were markedly increased
in C5L27'" mice in a model of autoimmune glomerular nephritis
induced by anti-neutrophil cytoplasmic Abs (19), as well as a
model of diabetes when animals were placed on a high-fat, high-
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sucrose diet (20). In a mouse model of sepsis, blocking C5L2
resulted in increased IL-6 and TNF-a production (21). Similarly
in human colonic epithelial cells C5a stimulation induced release
of CXCL-8/IL-8, a response that was enhanced by blocking C5L2
(22).

This study was undertaken to elucidate the role of CS5L2 as
a modulator of C5a-C5aR-mediated inflammation. We tested
C5L2™'~ mice in a model of oxalozone (OX) induced CS in
comparison with wild type animals of the same genetic back-
ground. We demonstrate increased inflammation in the C5L2~'~
animals in support of the negative modulatory role of C5L2 to-
ward the C5aR. Further supporting this role of C5L2, we show
that CS inflammation in C5L2~'~ mice is reduced to the level of
wild type animals by a blocking Ab against the C5aR.

Materials and Methods

Animals

The generation and initial characterization of C5L2-deficient mice have
been described previously (17). Animals were backcrossed through at least
10 generations to the BALB/c background and maintained in the Chil-
dren’s Hospital of Boston Animal Facility. All experiments used female
wild type and C5L2~'~ mice at 8-12 wk of age. All studies were con-
ducted in accordance with the Institutional Animal Care and Use Com-
mittee of Children’s Hospital.

Abs and reagents

Oxazolone, 4-ethoxymethylene-2-phenyl-2oxazolin-5-one (OX) was pur-
chased from Sigma-Aldrich. Anti-C5aR (rat anti-mouse CD88 clone
20/70, low endotoxin) and rat isotype control IgG2b were obtained
from AbD Serotec.

Contact sensitivity induction

On day 0, wild type and C5L2~'~ mice were sensitized by topical appli-
cation of 50 pl of 3% OX dissolved in a mixture of acetone and olive oil
(4:1 v/v) to the shaved abdomen. On day 5, animals were challenged with
topical application of 20 wl of 0.5% OX to both sides of the experimental
ear, whereas the contralateral ear received vehicle alone and served as the
control. In experiments involving Ab blockade, anti-C5aR (35 g in 100
il PBS), isotype control IgG (35 pg in 100 w1 PBS), or PBS (100 wl) alone
was injected retro-orbitally 1 h prior to challenge. Twenty-four hours later,
mice were sacrificed and analyzed for CS reactions. Ear thickness was
measured using a thickness gauge (Kafer J15, Long Island Indicator,
Hauppauge, NY). Ears were harvested along the base of the lobes, and the
wet weight difference between the control (vehicle only) and experimental
(OX-challenged) ears was determined. In some experiments, the ears were
subsequently dried under vacuum at 100°C overnight for determination of
wet/dry weight ratios.

Mpyeloperoxidase assay

Ear samples (~30 mg) were homogenized in HBSS (pH 7.5). Homogenates
were suspended in 1% hexadecyltrimethylammonium bromide (Sigma-
Aldrich). Samples were subjected to multiple freeze—thaw cycles using
liquid nitrogen, and insoluble material was removed by centrifugation.
Supernatants were assessed for myeloperoxidase using 3,3’,5,5'-tetrame-
thylbenzidine (Sigma-Aldrich) by determining the absorbance at 450 nm
as described previously (23). Absorbance values were converted to neu-
trophil equivalents based on a standard curve generated with purified cells,
and results are expressed as myeloperoxidase (MPO) equivalent to the
neutrophil numbers.

Cytokine and chemokine analyses

For determination of the tissue content of cytokines, control and OX-
challenged ears were homogenized with HBSS (pH 7.5), and the super-
natants were used to assess levels of IFN-y, IL-17A, IL-4, IL-5, IL-6, IL-10,
and IL-12p40 using ELISA kits (OptEIA, BD Biosciences).

RNA extraction and quantitative real-time PCR

For RNA analyses, excised ears were stored in RNA-Later (Qiagen) at 4°C
for up to 1 wk. RNA was extracted using a commercially available kit
(RNeasy Mini Kit, Qiagen) and reverse transcribed (Superscript Vilo, Life
Technologies) according to the manufacturer’s protocols. Quantitative
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PCR was performed using SYBR Green Supermix (BioRad). All primers
were purchased from Integrated DNA Technologies and designed based on
recommendations from Life Technologies Primer Design Tool. Amplified
targets span at least one intron where possible, and the amplification efficiency
was determined at 92%—100%. The primers used were as follows: IFN-y (F5'-
TGAACGCTACACACTGCATCTTGG-3'; R5'-CGACTCCTTTTCCGCTT-
CCTGAG-3'), CXCL-1 (F5-GCTGGGATTCACCTCAAGAA-3"; R5'-AG-
GTGCCATCAGAGCAGTCT-3"), CXCL-2 (F5'-TCCAGAGCTTGAGTGT-
GA-3"; R5'-AGGCACATCAGGTACGATCC-3'), CCL-2 (F5'-AGGTCC-
CTGTCATGCTTCTG-3"; R5'-TCTGGACCCATTCCTTCTTG-3'), IL-17A
(F5'-TCCAGAAGGCCCTCAGACTA-3"; RS'-AGCATCTTCTCGACCCTG-
AA-3"), IL-6 (F5'-TCTGGGAAATCGTGGAAATGA-3'; R5'-TGGATGGT-
CTTGGTCCTTAGC-3") IL-10 (F5'-CACTGCTATGCTGCCTGCTCTTAC-
3", R5'-AAAATCACTCTTCACCTGCTCCAC-3'), B-actin (F5'-TGTTACC-
AACTGGGACGACA-3"; R5'-ACCAGAGGCATACAGGGACA-3'), and
-2-microglobulin (B2M; F5'-CTGACCGGCCTGTATGCTAT-3'; R5'-
CAGTCTCAGTGGGGGTGAAT-3"). Results for cytokine and chemo-
kine genes were determined by the AACT method, and normalized to both
B-actin and B2M as reference housekeeping genes.

Lymph node cell cultures

For ex vivo stimulation experiments, bilateral inguinal and axillary lymph
nodes were harvested from OX sensitized and challenged mice one day
after challenge. Single-cell suspensions were prepared in complete
Iscove’s medium supplemented with 10% FCS, 100U/ml penicillin and
10p.g/ml streptomycin. Cells were cultured at 1 X 10%ml in the presence of
0 or 1pg/ml OX, and assessed for chemokine and cytokine production after
1 or 24h as described above.

Statistical analysis

Data are presented as the mean = SEM. The data were analyzed using
Prism for Windows software (GraphPad) and statistical analyses were
performed using Student ¢ test and two-way ANOVA. A p value = 0.05
was considered statistically significant.

Results
C5L27"" mice exhibit increased OX-induced contact
sensitivity

The inflammation associated with allergic contact sensitivity in the
mouse has been shown to be critically dependent on early generation
of C5a (4, 7, 24). In animals deficient in C5 or the C5aR, inflam-
mation was not observed following hapten challenge. Our work in
isolated human neutrophils has revealed a role for the second C5a
receptor, C5L2, in attenuating C5a-mediated responses (16). We
therefore tested C5L2 '~ mice in the model of OX-induced contact
sensitivity in comparison with wild type animals to test our hy-
pothesis that C5L2 deficiency would exacerbate this response. Five
days after initiating OX sensitization, mice were challenged with
the application of hapten to one ear, and the other received vehicle
alone. Twenty-four hours later, animals were sacrificed and evalu-
ated for inflammatory responses. The challenged ears from both
C5L27'~ and wild type mice exhibited significantly increased
swelling after the application of the hapten compared with the
control ears, assessed as ear thickness, wet weight, and the ratio of
wet to dry weight (Fig. 1). Importantly, the response in C5L2 ™'~
mice was significantly greater than in wild type animals for all
three parameters. The increase in thickness was ~40% greater in
C5L27'~ ears, and both wet weight and the wet/dry weight ratio
were increased ~20%, compared with ears from wild type mice
(p < 0.01 for each measurement; n = 9-10 mice/group).

CSL2™" mice exhibit significantly increased inflammatory cell
influx relative to wild type animals

The CD8 T cell recruitment in contact sensitivity reactions has been
shown to require neutrophil activation and infiltration resulting
from generation of C5a (4, 7). We quantitated the tissue neutro-
phil content 24 h after OX challenge by measuring MPO levels in
tissue extracts from C5L2 ™'~ and wild type mouse ears (Fig. 2A).
Consistent with the increased tissue swelling, hapten challenged
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thickness of vehicle-treated control ears in C5L27 '~
and wild type mice. (B) Ear edema measured as the
weight of OX-challenged ears minus vehicle-treated
control ears in C5L27'~ and wild type mice. (C) Wet/
dry weight ratio for OX-challenged and vehicle-treated
control ears from C5L2'" and wild type mice. Data
are expressed as the mean = SEM for each value, and
the significance of differences is indicated; n = 9-10
mice/group.

ears from both C5L2~'~ and wild type mice revealed significantly
elevated levels of MPO at 24 h relative to vehicle-treated control
ears. Sensitized and challenged C5L2~'~ animals exhibited ~35%
greater MPO than wild type mice did (equivalent to 5.5 X 10°
PMN/ml compared with 4 X 10° PMN/ml for wild type mice;
p < 0.01; n = 10-11 mice/group).

The generation of chemokines including CXCL-1, CXCL-2,
and CCL-2 has also been shown to contribute to the recruitment
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and activation of neutrophils and CD8 T cells and to amplify cell-
mediated inflammation further in CS (7, 17, 25). We assessed the
gene expression for these chemokines by quantitative PCR in
ears of C5L27'~ and wild type mice 24 h after elicitation (Fig.
2B-D). Consistent with previous studies, the challenged ears from
both mouse strains exhibited dramatic increases in CXCL-1,
CXCL-2, and CCL-2 mRNA compared with unchallenged control
ears. For ears from C5L27'~ mice, these values were further en-
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FIGURE 3. C5L27'" mouse ears chal-
lenged with hapten exhibit increased Th1/
Th17 cytokines relative to wild type ani-
mals. (A, C, E) Expression analysis of
IFN-vy, IL-17A, and IL-10 in C5L2""~ and
wild type mouse ears following sensitiza-
tion and challenge with OX or vehicle
(control) by quantitative PCR. Results are
normalized to B-actin, mean = SEM for
6-9 mice/group. Significance of differences
is indicated. (B, D, F-H) Cytokine levels for
IFN-vy, IL-17A, IL-10, IL-5, and IL-12 in
C5L27"" and wild type mouse ears fol-
lowing sensitization and challenge with OX
or vehicle (control) determined by ELISA.
Results are the mean = SEM for 9-10
mice/group. Significance of differences is
indicated.
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hanced compared with wild type animals. CXCL-1 was increased
~2-fold compared with wild type (p < 0.01), CXCL-2 was in-
creased by >7-fold (p = 0.02), and CCL-2 was increased by >10-
fold (p = 0.01) compared with ears from OX-challenged wild type
animals (n = 8-9 mice/group). These increases in chemokine
levels in C5L27'~ mice compared with wild type animals also
support a sequence in which complement activation and C5a
generation precede chemokine production.

We also assessed the levels of a number of cytokines reported to
participate in CS in the mouse ears 24 h after OX challenge (Fig. 3),
and found increases in both C5L2~"" and wild type animals
compared with unchallenged control tissues for IFN-vy, IL-5, IL-10,
IL-12p40, and IL-17A. Importantly, C5L2 ™'~ mouse ears exhibited
significantly increased levels of all cytokines tested at this time

A

w

point relative to wild type mice, with the exception of the gene
expression for IL-10. The IL-10 protein level was increased in
C5L2™"" mice, and other cytokines for which we evaluated levels
of protein and gene expression revealed good correlation between
the two. These findings are consistent with the Th1/Th17 nature of
contact dermatitis (10, 17, 26) and are supportive of the negative
modulatory role of C5L2 on C5a-C5aR-mediated responses.

C5aR blockade ameliorates the increases in inflammation
associated with contact sensitivity in CSL2™"~ mice

To test our hypothesis that the enhanced contact sensitivity in
C5L2™"" mice compared with wild type animals is the result of
deficient negative regulation of C5a-C5aR signaling, we treated
OX-sensitized C5L2"" and wild type mice with rat monoclonal
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FIGURE 4. Ab blockade of the C5aR reverses the increases in inflammatory parameters in C5L2~'~ mice. OX-sensitized C5L2"'~ and wild type mice

were treated with anti-C5aR mAb or isotype control 1 h prior to OX challen,

ge on one ear with vehicle alone on the other. After 24 h, animals were sacrificed

and ears were assessed for inflammatory changes as in Figs. 1-3. (A) Ear swelling, (B) Ear edema determined as in Fig. 1. (C) Ear MPO content, (D) CXCL-1,
(E) CXCL-2, (F) CCL-2 determined as in Fig. 2. (G) IFN-y gene and (H) protein expression as in Fig. 3. Control in panels (D)—(G) represents the response of
the vehicle-treated ears from mice of either strain. Data are the mean * SEM for n = 3-8 mice/group. Significance of differences is indicated.



anti-mouse C5aR or isotype control Ab 1 h prior to OX challenge.
We chose this Ab because it has been used effectively to block
C5a-C5aR interactions by other investigators with no apparent
untoward effects (27, 28). C5L2~"~ mice treated with anti-C5aR
mAb exhibited significant reductions in ear swelling associated
with OX challenge assessed as increases in both thickness and
weight (Fig. 4). In the absence of mAb, the swelling of the
challenged ears was increased by ~30% in C5L2~'~ mice com-
pared with wild type animals (p = 0.03; n = 6-8 mice/group), and
this was completely reversed by treatment with the anti-C5aR
mAb (p = 0.03). Swelling was also reduced by anti-C5aR mAb
in OX-challenged ears from wild type animals (25% reduction;
p = 0.03). Ear edema was similarly increased 20% in C5L2~'~
mice compared with wild type animals (p = 0.006; n = 7-8 mice/
group) and treatment with the anti-C5aR mAb reduced this pa-
rameter ~45% in C5L2~'~ mice (p = 0.001) and 20% in wild type
animals (p = 0.01). These changes were mirrored by the changes
in ear MPO content. In the absence of Ab blockade, the MPO
content of C5L2 '~ ears was elevated by 60% compared with wild

>
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type mice (p = 0.05; n = 4-15 mice/group). Anti-C5aR mAb re-
duced this level ~20-fold for C5L2 '~ ears and 8-fold for wild
type ears (p < 0.01 for both C5L27'~ and wild type ears). These
data are consistent with the critical role of C5a in CS-associated
inflammation (7) and further support the role of C5L2 in the
negative regulation of C5a-C5aR—mediated responses (16).

We then used quantitative PCR to evaluate expression of the
chemoattractants CXCL-I, CXCL-2, and CCL-2 in the ears of
C5L27"" and wild type mice pretreated with anti-C5aR mAb or
isotype control prior to OX challenge. As we observed previously,
ears from OX-sensitized and -challenged C5L2~/~ mice exhibit
~2.5-fold more CXCL-1 and CXCL-2, and almost 4-fold more
CCL-2 compared with wild type (p < 0.01; n = 3—7 mice/group).
Pretreatment with the anti-C5aR mAb resulted in 4-fold, 20-fold,
and ~ 3-fold reductions for CXCL-1, CXCL-2, and CCL-2, re-
spectively (p < 0.01 for all three). The chemokine content of wild
type ears was also reduced by blocking the C5aR, but to a lesser
extent (NS for CXCL-1, ~6-fold for CXCL-2 and 2.4-fold for
CCL-2). Analysis of IFN-y expression by both quantitative PCR

CXCL-1, normalized expression

FIGURE 5. Lymph node cells from sensitized
C5L2~"" mice incubated with OX exhibit increased
gene expression for proinflammatory chemokines
compared with wild type mice. Cells were incu-

cated, and the expression of CXCL-1 (A, B), CXCL-2
(C, D), and CCL-2 (E, F) was analyzed by quan-
titative PCR. Results are normalized to B-actin,
mean = SEM for 4-9 mice/group. Significance of
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FIGURE 6. Lymph node cells from sensitized C5L2 '~ mice incubated with OX exhibit increased gene expression for proinflammatory cytokines
compared with wild type mice. Cells were incubated with O or 1 pwg/ml OX for 1 or 24 h as indicated, and expression of IL-17A (A), IFN-y (B), IL-6 (C),
and IL-10 (D) was determined by quantitative PCR or ELISA. Data are the mean = SEM for n = 3-8 mice/group. Results are normalized to (3-actin for
quantitative PCR, mean = SEM for 4-9 mice/group. Significance of differences is indicated.



and protein content yielded a similar result. Sensitized and chal-
lenged ears from C5L2~'~ mice exhibited ~4-fold increases in
both gene expression and protein compared with wild type ani-
mals (p < 0.01; n = 4-14 for both), and blocking the C5aR
resulted in significant reduction in C5L2~'~ mouse ears with
minor reduction in ears from wild type mice.

OX-stimulated C5L2™"~ lymph node cells exhibit increased
chemokine and cytokine production compared with wild type
cells

To corroborate our in vivo findings, we also examined the ex vivo
response of combined inguinal and axillary lymph node cells
harvested 24 h after OX challenge from C5L2~'~ and wild type
mice. As the conditions of these cultures do not include a signifi-
cant source of complement, the results are consistent with previ-
ously described evidence for local synthesis and secretion of
alternative pathway complement proteins by T cells and dendritic
cells (1, 29-31). These cells have a demonstrated capability for
producing anaphylatoxins. Cells were incubated with O or 1 pg/ml
OX and evaluated for production of the same chemokines and
cytokines assessed in vivo (Fig. 5). Within 1 h of initiating the
cultures, OX-stimulated cells from sensitized and challenged wild
type mice exhibited a tendency toward increased CXCL-I gene
expression relative to unstimulated cells and significant increases
in CXCL-2 and CCL-2 (p = 0.01; n = 4-5 mice/group). For OX-
stimulated cells from C5L2~~ mice gene expression of all three
chemokines was significant at 1 h (p = 0.01; n = 4-5 mice/group),
and these cells also exhibited greater chemokine production
compared with cells from wild type animals: ~55% for CXCL-1
(p =0.02), ~35% for CXCL-2 (NS), and CCL-2 (p =0.002; n = 4—
9 mice/group). After 24 h in culture, these changes were much
more dramatic. The increases were significantly different, result-
ing from OX stimulation of both mouse strains for all three che-
mokines compared with unstimulated cells. In addition, OX-
stimulated cells from C5L2~'~ animals exhibited elevated gene
expression for all three chemokines compared with identically
stimulated cells from wild type mice. CXCL-/ was increased
>3.5-fold in C5L2™"" cells compared with wild type (p = 0.03),
CXCL-2 was increased ~25% (p = 0.01), and CCL-2 was in-
creased >5-fold (p = 0.002; n = 5-9 mice/group).

Within 1 h of initiating lymph node cultures, expression of
IFN-vy, IL-17A, IL-6, and IL-10 was elevated in OX-stimulated
cells from both C5L27'~ and wild type mice (Fig. 6). As for
the chemokines, the changes in cytokine gene expression and
protein levels were generally more pronounced after 24 h. IL-6
gene expression and protein were elevated for OX-stimulated cells
compared with controls, but at 24 h there was no difference be-
tween CSL2~' and wild type cells. Similarly, IL-10 gene ex-
pression was increased with OX stimulation in cells from both
mouse strains, equally for C5L2 '~ and wild type cells. C5L2~"~
cells exhibited reduced protein relative to cells from wild type
mice. In contrast, IL-10 protein in the ears of OX-sensitized and
~challenged C5L2~'~ mice was elevated relative to wild type
animals (see Fig. 3F), possibly reflecting the role of distinct cell
types in lymph nodes and intact dermal tissues.

Discussion

Previous investigations have demonstrated a critical role for early
complement activation and generation of the C5a anaphylatoxin in
allergic contact sensitivity (6-8, 24). C5a exhibits high-affinity
interactions with the C5aR, a classical G protein coupled 7-tran-
smembrane segment receptor, as well as the atypical receptor,
C5L2, which is deficient in G protein coupling. This study was
initiated to determine the effects of C5L2 in a mouse model of

C5L2 EXACERBATES ALLERGIC CONTACT DERMATITIS

allergic CS induced by OX. Our work in human neutrophils
revealed enhanced C5a-C5aR-mediated responses in the presence
of a blocking Ab against C5L2 (16); therefore, we expected C5L2-
deficient mice to reveal exacerbated CS reactions. Examination of
the mechanism of action of C5L2 in neutrophils revealed a mo-
lecular association between C5L2 and B-arestin that normally
restricts the interaction between [-arrestin and the C5aR follow-
ing ligand stimulation. When the C5L2—B-arrestin interaction is
blocked, C5aR—B-arrestin interactions are potentiated and en-
hanced signaling through this pathway is observed. In OX-induced
CS, we find that C5a-C5aR-mediated responses are similarly
potentiated in CSL2~'~ mice. Indeed, all aspects of CS are ex-
acerbated in CSL2™'~ mice, including tissue swelling, neutrophil
influx, and chemokine and cytokine production, supporting the
essential role of early complement activation and generation of
C5a. Additional evidence for the specificity of the enhanced CS
associated with C5L2 deficiency is provided by treating animals
with an mAb against the mouse C5aR. This not only reverses the
increased responses associated with C5L2 deficiency; in most
instances, it ameliorates the responses observed for wild type
animals as well. In particular, we observed significant reductions
following anti-C5aR pretreatment in the ear swelling, edema,
neutrophil influx (as tissue MPO) and increased gene expression
of CXCL-2 and CCL-2 associated with OX-induced CS. In con-
trast, this treatment did not alter CXCL-1 or IFN-v in wild type
mice. Although early work showed that C5a production contrib-
utes a majority of the inflammatory activity associated with CS,
involvement of additional pathways is also evident, particularly at
later time points following hapten challenge (7).

An examination of the role of C3a in allergic CS revealed en-
hanced cytokine production in the sensitization phase in C3aR-
deficient mice, but no change in ear swelling in the elicitation
phase (32). We find that mice deficient in the C3aR also exhibit
a reduction in the expression of C5L2 protein resulting from the
formation of a heterodimer between the two (N.P. Gerard, un-
published observations). Since the impact of C5L2 deficiency is
enhanced responses to C5a, we expect a similar phenotype in
C3aR-deficient animals as well. Thus, the result in this case is not
a reflection of a protective role for C3a, but it is an indirect effect
because of an alteration in the expression of C5L2. The absence of
observed changes in the elicitation phase may be explained by the
transient nature of the reaction, as the contribution of C5a was
reduced as a function of time, whereas the apparent role of che-
mokines became more pronounced (8).

The results of the lymph node cultures closely mirror those of
the mouse ears in that the inflammatory parameters associated
with allergic contact sensitivity are elevated in OX-stimulated cells
from C5L2~'~ mice compared with wild type animals. The ab-
sence of a significant serum source for complement supports the
previously identified ability of dendritic cells and T cells to syn-
thesize locally and secrete alternative complement pathway compo-
nents that might result in the generation of anaphylatoxins (1, 30,
31). Importantly, this observation, coupled with evidence based
on Ab blockade of the C5aR, lends further support to the role of
C5L2 as a negative regulator of C5a-C5aR-mediated reactions.
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