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Modulation by IL-10 of Antigen-induced Allergic Responses
in Mice
Claudia Zuany-Amorim™*, B Boris Vargaftig, Marina Pretolani
Unité de Pharmacologie Cellulaire, Institut Pasteur, INSERM n° 485, 25, rue du Dr. Roux, 75015 Paris, France

Over the last few years, we examined the anti-allergic properties of interleukin (IL)-10 in different
models of inflammation in the mouse, as well as against IgE-dependent activation of mouse bone mar-
row-derived mast cells (BMMC). We showed that IL-10, concurrently administered with ovalbumin,
inhibited inflammatory cell accumulation in the airways and in the peritoneal cavity of sensitized mice,
as well as the accompanying cytokine release. IL-10 also blocked antigen-induced cytokine generation
by IgE-stimulated BMMC. Together, these results identify a novel biological property of IL-10, as a
cytokine with potent anti-allergic activities.
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Allergic inflammation involves the attraction Thl clones (Fiorentino et al. 1989). Several prop-
and activation of a variety of cell types at the siterties of IL-10 on various cell types have been de-
of antigen stimulation, including mast cells, eosiscribed since then, including growth stimulation
nophils, neutrophils and lymphocytes (Arm & Leeof thymocytes, mast cells and B cells, and inhibi-
1992). Attention is particularly focused on eosition of cytokine production by activated mono-
nophils, since their recruitment in elevated numeytes, macrophages (Moore et al. 1993) and, more
bers into the airways of asthmatics after allergerecently, by neutrophils (Cassatella et al. 1993,
exposure (Bousquet al. 1990, Azzawi et al. 1992) Kasama et al. 1994) and eosinophils (Takanashi et
may lead to a long-term damage of the bronchial. 1994). Only a few studies, however, have fo-
mucosa (Gleich & Adolphson 1986), as a result ofused on thén vivo allergic modulatory proper-
the release of cytotoxic proteins (Gleich 1990)ties of IL-10.

Several mechanisms responsible for the attraction In this report, we evaluated the effects of IL-
and localization of inflammatory cells at site of10 on: (i) Antigen-induced airway inflammation
allergic reactions have been proposed. Amonig immunized BALB/c mice; (ii) IgE-dependent
them, attention is presently focused on Th2-derivealctivation of mouse bone marrow-derived mast
cytokines, particularly interleukin (IL)-5, which cells (BMMC); (iii) Antigen-induced IL-5 genera-
promotes the growth, differentiation, survival andion, CD4" T-lymphocyte infiltration and activa-
activation of eosinophils (Sanderson et al. 198%ion into the mice peritoneal cavity.

Clutterbuck et al. 1989, Sanderson 1992) and IL-
4, which induces IgE production by B cells (Pen%i

etal. 1988). In murine models of allergic inflam- ;03" ¢ 10’ |1q ovalbumin to sensitized BALB/c
mation, infiltration of the airways by eosinophils i o inqiced a rise in the number of eosinophils

is regulated by IL-5 and IL-4, since sensitized MIiCE "the bronchial tissue at 24 hr (Fig. 1A). Treat-

treated with anti-IL-5 (Nakajima et al. 1992) Of ent with 0.1 ug recombinant murine (rm) IL-10,

anti-IL-4 (Lukacs et al. 1994) antibodies OIiSpIaymarkedly decreased ovalbumin-induced eosinophil
reduced eosinophilia in their bronchoalveolar lav

. S . “VInfiltration in the peribronchial wall (Fig. 1B), as
age (BAL) fluid and bronchial tissue following well as in the BKL fluid (Zuany-Ar&o?im e% al
antigen challenge. 1995) '

IL-10 was initially characterized as a product : - :
n Several lines of evidence designate tumor-ne-
of CD4" T-lymphocytes of the Th2 subtype andcrosis factor (TNF) as a cytokine generated by

shown to inhibit interferon (IFNy-prodution by numerous cell types during inflammatory reactions
and shock states (Tracey & Cerami 1993). The
participation of TNFe in allergic reactions is

N - linked to different observations, including its re-
Corresponding author. Fax +33-1-4568.8703. E-mailgase by mast cells, basophils and alveolar mac-
czamorim@pasteur.fr rophages upon IgE-dependent mechanisms (Burd
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A Takanashi et all994). Thus, the observation that
TNF-a released upon antigenic stimulation is also
susceptible of inhibition by IL-10 may have im-
portant consequences for the subsequent invasion
of the bronchial wall by inflammatory cells.
Accordingly, failure by IL-10 to modify anti-
gen-induced cellular infiltration when administered
1 hr after the challenge, i.e., the time of the peak
release of TNF& in the BAL fluid, support the
hypothesis that blockade of local TNFgenera-
tion and inhibition of leukocyte recruitment are
related phenomena. In confirmation, we demon-
strate that the local administration of an antiserum
to TNF-a markedly reduced antigen-induced eosi-
nophil accumulation in the BAL fluid (Fig. 2B).
These results extend those from previous studies
showing the participation of TNE-in leukocyte
infiltration associated with IgE-dependent cutane-
ous inflammation in sensitized mice (Wershil et
al. 1991). Together, these results suggest that the
inhibitory effect of IL-10 probably involved down-
regulation of TNFa generation in the BAL fluid,
since treatment of sensitized mice with a specific
anti-TNF- antiserum drastically reduced airway
eosinophilia.
Fig. 1: cyanide-resistant eosinophil peroxidase activity in the . .
bronchial wall of sensitized saline- or antigen-challenged mice. |gE-dependent cytokine generation by mast
(A) Lung section from an immunized ovalbumin-challengedcells -Contrary to the inhibition of allergic airway
o soeaews e omna meoes. larmation observed when rmiL-L0 was given
Pows); (B) ovalbumin-challenged-rmIL-10 (0.1 pg/mouse)-by mtra-_nasal rOUte.’ its subcutaneous |nject|0r! did
treated mouse with scant eosinophils in the bronchial submf0t modify antigen-induced cellular accumulation
cosa (arrows). BL : bronchial lumen, PBI : peribronchial infil-in the BAL fluid (data not shown). These results

trate. Original magnifications x 100. suggest that the target(s) for IL-10 are located in
the airways and that the amounts of rmIL-10 reach-
Gossetet al. 1991). High levels of TNB-have NG the bronchial compartment after its systemic
been shown in monocytes and epithelial cells frof@dministration are probably not sufficient to dis-
asthmatics (Mattoli et al. 1991) and BAL fluid fromPlay an effect. Since mast cells are one of the ma-
antigen-challenged guinea-pigs (Watson et alof sources of TNFe in the bronchial wall, we hy-
1993). Finally, treatment of sensitized guinea-pigBothesized that reduced TNFrelease observed
with an IL-1 receptor antagonist prevents antiger]? the BAL fluid from antigen challenged IL-10-
induced eosinophil accumulation and TNEen- treated mice resulted frpm mas_t cell deactivation
eration in the BAL fluid (Watson et al. 1993), in-PY IL-10. To address this question, we tested the
dicating that TNF& may modulate allergic airway €Xtent to which IL-10 could interfere with IgE-
inflammation. We thus investigated whether antiediatedin vitro mast cell activation, with par-
gen challenge induced the release of this cytokirfieular emphasis to cytokine production.
in the BAL fluid of sensitized mice and verified __Dinitrophenyl-bovine serum albumin (DNP-
the potential modulatory activity of IL-10 in this BSA)-mediated stimulation of BMMC was fol-
process. The intra-nasal administration of ovalbowed by TNFe release, which occurred as early
min was followed by a marked rise in the levels oftS 1 hr after challenge, peaked at 3 hr and resolved
TNF-a in the BAL fiuid, which reached a peak atoetween 6 and 24 hr (Fig. 3A). Incubation of the
1 hr to resolve between 3 and 6 hr after the cha#€!ls with 50 ng/ml rmIL-10 resulted in a signifi-
lenge (Fig. 2A). The simultaneous administratiorf@nt inhibition of TNFel production, particularly
of ovalbumin and rmIL-10 indicated a substantiaft 3 and 6 hr (Fig. 3A). These findings suggest that
reduction in the levels of TNE; particularly at 1 TNF-0 originating from pulmonary mast cells upon
hr (Fig. 2A), a result extending previous observa@ntigenic stlmylatlorj is one of the main targets for
tions showing reduction by IL-10 of LPS-inducedthe ant_|-allerg|c activity of IL-10. Northern blot
in vivo TNF< generation (Howard et al. 1993’analy5|s revealed a reduction by rmlIL-10 of
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Fig. 2 - A: inhibition by rmIL-10 of antigen-induced TNF- .
eneration in the BAL fluid from sensitized mice. Sensitized |9: 3:effect of rmiL-10 on DNP-BSA-induced TN&{A) and
9 GM-CSF (B) release from mouse BMMC. IgE-sensitized

BALB/c mice were challenged with intra-nasal sali or ) : )
9 ox BMMC were incubated with 50 ng/ml rmiL-1 @ ) for 10 min

with 10 pg ovalbumin, administered either alo @ )(or with h
0.1/ 1g rmiL-10 and they were killed at various time-inter-21d then challenged with 10 ngf1€ells of DNP-BSA Q).
vals after the challenge. The levels of ThFa the BAL fluid  1he levels of TNFa and GM-CSF were determined by a spe-

were evaluated by a double-sandwitch specific ELISA. Resul@fic ELISA. Values are means + SEM of 4&gperiments. p
are expressed as means + SEM of &Periments for each <0.05, as compared with sensitized DNP-BSA-stimulated cells.

group. B:eosinophil distribution in the BAL fluid from sensi-

tized mice challenged with intra-nasal sali[_]{ or ovalbu- . . .

min and treated concomitantlyia the intra-nasal route, with Antigen-induced IL-5 generation, CHZ-lym-

SQﬁl/mOUSE OlfaS_heeP anti-muriae) TbFﬂ{Bntilserum )orh phocyte and eosinophil infiltration into the mice

with its control preimmune serurlll). Results represent the i iy in iniecti R

number of eosinophils x #0ml BAL fluid. * p < 0.05 and p perltpneal CaVIty Th(ej I'SAICE/C“OU of 1 %g OV?;

< 0.05, as compared to saline- or ovalbumin-challenged urp-um'n t.O Sens't,'ze c m'Ce, in u_Ce a

treated mice, respectively. marked increase in the number of eosinophils, start-
ing at 6 hr and reaching a plateau between 24 and

48 hr (Fig. 4). No changes in the number of eosi-
TNF-o0 mRNA expression’ a fmdmg Consistentnophns were observed in Saline-challenged mice
with the inhibition of TNFe protein release (Arock at any time point (Fig. 4A).
et al. 1995). In contrast, while GM-CSF protein  The administration of 0.1 pg rmIL-10, con-
release in the medium was decreased by more thg@mitantly injected with 1 pg ovalbumin, reduced
50 % by 50 ng/ml of rmIL-10 (Fig. 3B), the same€0sinophil counts at 6 h and 24 hr after the antigen
concentration of the cytokine failed to reduce GMchallenge. At 48 hr, even though the numbers of
CSF mRNA expression (Arock et al. 1995). Thigosinophils were reduced by 47% by the treatment
suggests that IL-10 interferes rather with post-trafvith rmIL-10, the high variability in cell counts
scriptional events involved in GM-CSF productionPrecluded the results from achieving statistical sig-
than with itsgene expression. nificance (Fig. 4A).



144  Modulation by IL-10 * Claudia Z-Amorim et al.

A enough, the administration of rmIL-10, 3 hr after
15- antigen challenge still inhibits eosinophilia in the
Ll Saline * ud PL fluid at 24 hr (Zuany-Amorim et al. 1996). This
H OVA . . . . .
74 OVA +rmIL-10 result differs from our previous findings showing
that the intra-nasal instillation of rmIL-10, 1 hr af-
ter ovalbumin stimulation, failed to protect sensi-
tized mice against eosinophil accumulation in the
BAL fluid (Zuany-Amorim et al. 1995). This dis-
crepancy suggests that mediator(s) and/or
cytokine(s) released in the peritoneal cavity later
* than 3 hr after ovalbumin stimulation are involved
i "

Jury
(=]
L

* i

Eosinophils (10° /ml)
w

in the eosinophil recruitment and are target for the
anti-allergic activity of IL-10. The data presented

6 24 48 herein show marked down-regulation by rmIL-10

Time (hours) of antigen-induced IL-5 release in the PL fluid at 6

B hr (Fig. 4B), a phenomenon temporally correlated
40095 Satine T with the subsequent inhibition of eosinophil accu-
® OvA mulation in this compartment. The IL-5-depen-

0 _OVA +rmiL-10 dency of allergic eosinophilia in sensitized mice

300 has been widely demonstrated (Kaneko et al. 1991,

Okudaira et al. 1991). In particular, the observa-
tion that than vivo administration of an antibody
to murine IL-5 receptor prevented eosinophilia in
IL-5 transgenic mice (Hitoshi et al. 1990), further
supports the concept that IL-5 generation and eosi-
nophil recruitment are related events. In confirma-
tion of these findings, we showed a reduced anti-
gen-induced eosinophil accumulation in the peri-
toneal cavity of sensitized mice after treatment with
Time (hours) a neutralizing anti-IL-5 monoclonal antibody
(Zuany-Amorim et al. 1996).
Fig. 4 - A: effect of rmIL-10 on antigen-induced eosinophil  Ovalbumin stimulation was followed by a time-
accumulation in the PL fluid from sensitized mice killed 6, 24dependent rise in CO4r cells at 24 hr (Fig. 5A).

or 48 hr after the challenge. Animals were injected i.p. eithefp, parallel, a significant increment in the number
with saline []), or with 1 pg ovalbumin alone[ll), or mixed

+ ; :
with 0.1 pg/cavity rmiL-10[Z]). B: inhibition by rmIL-10 of of CD4" cells be?”ng IL-2 receptor on their sur-
antigen-induced IL-5 release in the PL fluid from sensitized@ce (CD28/CD4" T-cells) was observed at 24 hr
mice. Sensitized mice were challenged with sa O },(orwith  (Fig. 5B). When 0.1 pg rmiIL-10 were co-injected
1 ug ovalbumin alon¢® ), or concurrently administered with with ovalbumin, a significant reduction in the num-

0.1 pg rmiL-10 []) and they were sacrificed at various time _ ;
intervals after the challenge. The levels of IL-5 in the PL quidber of CD4'T Iymphocytes and in that of CD25

were determined by enzyme immunometric assay. Results D4 cells at 24 hr was observed (Fig. 5A, B).
expressed as means + SEM (vertical bars) of 3-14 experimentshese results parallel those of Jinquan et al. (1993),
*p<0.05 and < 0.05, as compared to saline- or ovalbumin4who demonstrated that IL-10 inhibitsvitro CD4*
challenged untreated mice, respectively. T-lymphocyte chemotaxis induced by IL-8.
Accumulating evidence indicates that the re-
cruitment and function of eosinophils may be or-
Contrary to what we have observed when thehestrated by the products of activated T-lympho-
animals were challengafi the intra-nasal route, cytes. Thus, our observations that IL-5 release in
no release of TN was detected in the supernathe PL fluid rised at 6 hr, while T-cell numbers
tant of peritoneal lavage (PL) fluid after the intraincreased at 24 hr, suggest that T-lymphocytes re-
peritoneal administration of ovalbumin, at anysiding in the peritoneal cavity, rather than those
time-point (data not shown). These results indicateaving infiltrated this compartment in response to
that IL-10 reduced antigen-induced eosinophili@ntigen challenge, are responsible for the early
in the peritoneal cavity by mechanisms unrelategytokine release and the accompanying eosino-
to the blockade of the local generation of TMF- philia. Alternatively, cell types other than T-lym-
and suggest that, depending upon the site of iphocytes, such as mast cells (Plaut et al. 1989),
flammation, IL-10 may exhibit anti-allergic prop- may be involved in ovalbumin-induced IL-5 pro-
erties by acting on different cell types. Interestinglyluction at 6 hr. Nevertheless, our observation that

200

IL-5 (pg/ml)

100 +
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unrelated to T-cell activation (possibly antigen-

29 presenting cell deactivation) are targets for the anti-

allergic activity of IL-10 in this model.

" In recent years, evidence has suggested that
allergic inflammation is a Th2-cytokine-mediated
disease. As IL-10 is produced by bronchial epithe-
lial cells (Bonfield et al. 1995) and can suppress

i acute inflammation induced by immune-complexes

in mice lungs (Shanley et al. 1995), there has been

considerable interest in the role of IL-10 in regu-
lating Th2-like responses leading to allergic lung

inflammation. Our present results showing that IL-

10 can negatively regulate allergic inflammatory

reaction by inhibiting IL-5 and TNE-release, sug-

B gest that this cytokine may have therapeutic value

0.3 - for treating eosinophilic disorders, such as bron-

[ Saline .

W OVA chial asthma.

OVA + rmlIL-10

CD4at/CD3™ cells (10% /ml)
=
1

0
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