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Summary

In¯ammatory allergic disorders, such as bronchial asthma,

allergic rhinitis and atopic dermatitis, are characterized by

the production of numerous cytokines and chemokines by

activated cells present in target tissues, including T cells,

mast cells, macrophages and eosinophils. Among these

cytokines, interleukin (IL)-4, IL-5, granulocyte-macrophage

colony stimulating factor (GM-CSF) and tumour necrosis

factor (TNF)-a, contribute directly and indirectly to the

onset and the perpetuation of tissue eosinophilia, a hallmark

of these diseases. IL-10 downregulates antigen-dependent

activation of most of the cell types involved primarily in

allergic reactions and prevents eosinophils homing to

in¯ammatory sites, particularly the lung, in experimental

models of asthma. Therefore, the exogenous administration

of this cytokine, or the stimulation of its endogenous

production, may represent a future objective in the treatment

of the in¯ammatory component of allergic diseases. This

review aims to summarize recent ®ndings describing the

anti-in¯ammatory pro®le of IL-10, particularly in the con-

text of atopic diseases, and discuss its potential therapeutic

use as an anti-allergic molecule.

IL-10: molecular aspects and cellular origins

Human IL-10 is a protein of 160 amino acids, with a

molecular mass of 18.5 kDa, which contains two intra-

molecular disulphide bonds. The gene encoding IL-10 is

located on chromosome 1 and contains several non-coding

sequences which are involved in the regulation of its

transcription and of the stability of the corresponding

mRNA [1]. Previous ®ndings have shown the involvement

of cAMP in the intracellular signals linked to IL-10 gene

activation. Accordingly, agents capable of increasing cAMP

levels, such as prostaglandin E2 or the phosphodiesterase

type IV inhibitor, Rolipram, augment IL-10 gene transcrip-

tion in monocytes and macrophages [2,3].

Human IL-10 receptor (hIL-10R) gene maps to chromo-

some 11q23.3 [4] and its expression have been associated

mainly with haematopoietic cells [5]. The extracellular

domain of hIL-10R is a monomeric glycosylated protein

of 35±45 kDa, which binds hIL-10 to form a single complex

involving two hIL-10 dimers [6].

IL-10 was characterized initially as a factor generated by

mouse T-helper 2 (TH2) cells which prevent cytokine

production by TH1 cells [7]. However, several other cell

types have been further identi®ed as a source of this

cytokine, including CD4� and CD8� T lymphocytes,

monocytes/macrophages, mast cells, keratinocytes,

eosinophils, epithelial cells and various tumour cells [8,9].

Thus, IL-10 cannot be considered as a TH2-speci®c cyto-

kine since its pattern of expression resembles IL-6 more

than IL-4 or IL-5. In the majority of in¯ammatory disorders,

cells of the monocytic lineage represent the major source of

IL-10.

Most of the stimuli causing activation of monocytes/

macrophages (bacterial wall components, parasites, HIV

virus), of T cells (human T-cell leukaemia virus type 1) or

of B cells (Epstein virus) promote IL-10 release. Further-

more, hormones, cytokines and lipid mediators generated

during in¯ammatory reactions upregulate IL-10 synthesis in

both T cells and macrophages [10]. Of interest, glucocorti-

costeroids, phosphodiesterase type IV inhibitors and the

immunosuppressive compound cyclosporin A enhance IL-10

production both in vitro and in vivo [3,11±13]. To what

extent this phenomenon contributes to the clinical ef®cacy

of these drugs remains, however, to be determined.

Target cells for the biological activity of IL-10

Effect on in¯ammatory cells

The concept that IL-10 acts as an anti-in¯ammatory mole-

cule was suggested primarily by studies showing inhibition

of the synthesis of a large spectrum of pro-in¯ammatory

cytokines by different cells, particularly of the monocytic

lineage. Thus, IL-10 inhibits the production of IL-1a, IL-

1b, IL-3, IL-6, IL-8, TNFa, G-CSF and GM-CSF and
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chemokines, including IL-8 and macrophage in¯ammatory

protein (MIP)-a from lipopolysaccharide (LPS)-activated

human monocytes [8,10]. These cytokines and chemokines

play a critical role in the activation of granulocytes, mono-

cytes/macrophages, NK cells, T and B cells and in their

recruitment to the sites of in¯ammation. Collectively, these

observations suggested that IL-10 plays a pivotal role

in orchestrating the in¯ammatory reaction involving

macrophage/monocyte activation in particular.

Addition of IL-10 to LPS-stimulated human mononuclear

cells and neutrophils suppresses cytokine synthesis, mainly

via the inhibition of the transcription of their corresponding

genes [14,15]. IL-10 also prevents cytokine synthesis by

post-transcriptional mechanisms, as shown in human

macrophages where the inhibition of IL-1a, IL-1b and

TNFa release induced by LPS is a direct consequence of

mRNA degradation of their corresponding genes [16]. Since

the protein synthesis inhibitor cycloheximide antagonizes

the protective effects of IL-10, it was suggested that IL-10

may be responsible for the new synthesis of a ribonuclease

acting on cytokine transcripts [16]. The ability of IL-10 to

decrease mRNA stability has also been shown for a number

of cytokines, including IL-6, IL-8, G-CSF, GM-CSF and

IL-10 itself [14,15,17,18].

Endogenously produced IL-10 may also in¯uence cell

activation in an autocrine fashion, as in the case of human

monocytes where IL-10 released upon activation down-

regulates the generation of a large variety of cytokines as

well as the expression of major histocompatibility complex

(MHC) class II molecules [9]. Furthermore, monocyte

activation in the presence of a neutralizing anti-IL-10

antibody increases proin¯ammatory cytokine production,

suggesting that endogenous IL-10 may play a role in

facilitating the resolution of the in¯ammatory response.

IL-10 also prevents its own generation by LPS-stimulated

monocytes, indicating an autoregulatory mechanism of

IL-10 expression involving a negative feedback [8].

Interestingly, the anti-in¯ammatory properties of IL-10

are not linked exclusively to the inhibition of cytokine

production, since its addition to puri®ed monocytes or

neutrophils promotes the release of the IL-1 receptor antago-

nist [19] which exerts anti-in¯ammatory activities on its own.

IL-10 also prevents free oxygen radical release and nitric

oxide-dependent microbicidal activity of macrophages and

decreases their ability to generate prostaglandins [20].

Another important cell target for the anti-in¯ammatory

activities of IL-10 is the neutrophil, which is deactivated in

terms of cytokine, chemokine and mediator production in

response to different stimuli, particularly LPS [21].

These ®ndings indicate collectively that IL-10 down-

regulates in¯ammatory reactions mainly by limiting the

production of proin¯ammatory cytokines and mediators

from monocytes and granulocytes.

Effect on cells involved in allergic reactions

Blood and tissue eosinophilia characterize atopic diseases,

including bronchial asthma [22]. Histological analysis of

bronchial biopsies from asthmatics showed the presence of

degranulated eosinophils in the vicinity of zones of epithe-

lial shedding, suggesting that their secretory products may

play a crucial role in the development of tissue damage [22].

The in®ltration and maintenance of eosinophils in the

in¯ammatory sites is regulated mainly by TH2 cell-derived

cytokines, as shown in asthmatic patients where broncho-

alveolar T cells elaborate preferentially IL-4 and IL-5, but

not IFNg [23]. Studies on animal models have disclosed that

IL-5 production by activated T cells is a crucial event in the

onset of allergic eosinophilia [24,25]. These ®ndings are

compatible with the well-known ability of this cytokine to

promote selectively eosinophil proliferation and differentia-

tion, chemotaxis, priming and survival [26]. Accordingly,

IL-5 is now considered an important and selective target for

new therapeutic agents aimed at treating allergic eosino-

philic in¯ammation. IL-10 prevents IL-5 production by

human resting T cells [27] and by TH0 and TH2 clones

[28]. In this case, the inhibitory effect of IL-10 relates to the

functional deactivation of antigen-presenting cells (APCs),

as shown by the strong downregulation of the expression of

MHC class II molecules and of the two co-stimulatory

molecules, B7 and intercellular adhesion molecule-1

(ICAM-1), on monocytes, macrophages and dendritic cells

[10]. This observation can be extended to puri®ed murine

CD4� T lymphocytes, where IL-10 suppresses IL-5 synth-

esis exlusively upon antigen stimulation in the presence of

APCs, but not in response to solid-phase anti-CD3 mono-

clonal antibody [29]. These in vitro ®ndings are corrobo-

rated by in vivo data showing suppression by IL-10 of

antigen-induced eosinophilia and IL-5 generation in the

peritoneal cavity of ovalbumin-immunized mice [29,30].

Besides IL-5 inhibition, the anti-allergic properties of

IL-10 involve the blockade of other cytokines directly

implicated in the homing and activation of eosinophils in

in¯amed tissues, such as IL-3 and GM-CSF [30,31].

More recently, another group of chemotactic cytokines,

named chemokines, have emerged as important regulatory

molecules in the context of allergic in¯ammatory processes.

Chemokines are de®ned by the presence of four cysteine

residues in highly conserved positions and classi®ed as CC

or CXC on the basis of the absence or the presence,

respectively, of a single amino acid between the two

cysteines nearest the N-termini [32,33]. Chemokines of

the CC family are claimed to play an important role

during allergic diseases, since they preferentially chemo-

attract monocytes, eosinophils, basophils and T lympho-

cytes [32,33]. Among them, eotaxin, regulated upon

activation in normal T cells expressed and secreted
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(RANTES), monocyte±chemotactic protein (MCP)-3 and

macrophage in¯ammatory protein (MIP)-1a have gained

particular attention in the context of allergic diseases,

since their in vivo neutralization prevents antigen-induced

eosinophilia both in the airways and in the skin of immu-

nized mice [34,35]. MIP-1a gene expression and protein

generation are inhibited by IL-10 in human neutrophils,

monocytes and alveolar macrophages [14,36]. Similarly,

IL-10 diminishes MCP-3 production from human mono-

cytes [37] and deactivates airway smooth muscle cells in

terms of RANTES synthesis and release [38]. Collectively,

these ®ndings suggest that IL-10 may limit chronic airway

in¯ammation, not only by preventing IL-5 production by T

cells, but also by downregulating the synthesis and release

of those chemokines essential for eosinophil, T cell and

monocyte/macrophage chemoattraction and activation. To

our knowledge, however, no data are currently available

concerning the ability of IL-10 to interfere with eotaxin

production in the context of allergic reactions. Preliminary

results from our laboratory indicate that eotaxin release in

the bronchoalveolar lavage ¯uid of antigen-challenged mice

is unaffected by IL-10 under conditions of inhibition of

airway in¯ammation, TH2 cytokine release and broncho-

pulmonary hyperreactivity (Pretolani et al., unpublished

results). This supports the concept that locally released

eotaxin, probably by resident lung cells such as epithelial

cells [39] and mast cells [40], does not represent a target for

IL-10, at least in this experimental model of asthma. Further

studies are nevertheless required to establish more precisely

the potential interference of IL-10 with eotaxin synthesis

and release, particularly from human cells.

IL-10 may also exert anti-allergic properties by deacti-

vating directly eosinophil functions. Accordingly, stimula-

tion with LPS or CD40 ligation on human eosinophils

prolong their survival [41,42]. Both phenomena are pre-

vented by IL-10, suggesting that this cytokine may accel-

erate eosinophil death, thus contributing to the resolution of

eosinophilic in¯ammation.

Besides T cells and eosinophils, increasing evidence

designates the mast cell as a multi-functional immune cell

intimately associated with the pathogenesis of allergic

disorders [43]. In particular, the production of IL-3, IL-4,

IL-5, GM-CSF, but not IL-2 or IFNg, by activated mast cells

renders their functional pro®le closely related to that of TH2

T lymphocytes [43]. Mast cells also release TNFa following

IgE-dependent stimulation [44]. This has major conse-

quences on the emergence of leucocytic in¯ammation

since TNFa may interfere directly with eosinophil

chemoattraction, activation and survival, but also indirectly,

by increasing the expression of speci®c adhesion molecules

[45]. Although IL-10 has been shown to extend the viability

of mouse mast cell lines in vitro and to in¯uence mast cell

development and differentiation [46], recent studies have

proposed important inhibitory activities of this cytokine on

mast cell functions [30]. Accordingly, IL-10 reduces IgE-

dependent TNFa and IL-6 generation from mouse bone

marrow-derived mast cells and rat peritoneal mast cells,

respectively [47,48]. This suggests that IL-10 may in¯uence

the antigen-driven mast cell activation, and thus interfere

with early steps of the immune response.

In vivo effects of IL-10 compatible with its anti-allergic

activity

As stated above, the preferential production of TH2-derived

cytokines has been identi®ed as the main mechanism

involved in the development and maintenance of tissue

in¯ammation characteristic of human asthma. Studies on

murine models con®rmed the critical role of IL-4 and IL-5

in the onset of pulmonary allergic eosinophilia [25,49,50].

TNFa also modulates eosinophil homing to the airways in

response to antigen administration, as shown by in vivo

neutralization studies [51]. IL-10, concurrently delivered

with ovalbumin, protects immunized mice from allergic

lung eosinophilia [51]. Of note, speci®c in vivo IL-10

neutralization intensi®es the degree of antigen-induced

eosinophil recruitment into the airways, supporting the

concept that endogenous IL-10 plays a central role in the

regulation of the in¯ammatory allergic processes within the

lung. In this model, the inhibitory effect of IL-10 probably

involves a blockade of the local formation of TNFa, since

IL-10 administration 1 hour after antigen challenge, i.e. the

time-point of the peak release of TNFa in the bronchial

lumen, fails to display a signi®cant protection [51].

Studies performed using mice with targeted disruption

in the IL-10 gene also shed light on the involvement of

this cytokine in in¯ammatory allergic disorders [52].

Thus, T-cell and eosinophil in®ltration into the airways

as well as IL-5 release in response to intranasally deli-

vered Aspergillus fumigatus are aggravated in IL-10 gene

knockout mice [53]. Mice lacking the IL-10 gene also

show increased abnormal contact hypersensitivity

responses [54], indicating that endogenous IL-10 acts as

a natural immunosuppressant which controls and limits

allergic in¯ammation both in the lung and in the skin. In

support, IL-10 prevents IgE-dependent TNFa and IL-6

release from human keratinocytes, further indicating that

this cytokine may regulate cutaneous allergic in¯ammatory

responses [55].

The main effects of IL-10 compatible with its anti-

allergic activities are summarized in Fig. 1.

IL-10 inhibits both TH1 and TH2 activation: two
contradictory events?

Several observations indicate that the TH1-derived cytokine
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IFNg also downregulates allergic diseases. These include

the inhibition of IL-4-mediated Ig isotype switching to IgE

in murine and human B cells [56], the blockade of TH2 cell

proliferation and the consequent TH0 cell differentiation

into TH1 cells [57]. In murine models of allergic airway

in¯ammation, systemic [58] or aerosol [59] administrations

of IFNg suppresses antigen-induced eosinophil in®ltration

into the airways. Based on these observations, it seems

dif®cult to conciliate the anti-allergic activities of IL-10,

which are largely due to its ability to dampen TH2

responses, with its well-known capacity to inhibit IFNg

production by TH1 cells. It should be mentioned, however,

that IFNg displays certain effects compatible with a pro-

allergic activity, including the induction of eotaxin gene

expression in endothelial cells [60], the increase in human

eosinophil survival and cytotoxicity [61], as well as the

upregulation of ICAM-1 expression on their surface [62].

Also, IFNg is claimed to play a critical role in respiratory

virus infection-induced asthma exacerbation [63], support-

ing the concept that blocking TH1 cell-derived IFNg may

not necessarily have negative consequences in the context of

allergic in¯ammation.

Therapeutic perspectives

Correction of the TH1/TH2 imbalance and the subsequent

blockade of TH2-derived cytokines on one hand, and

downregulation of CC chemokine production and receptor

interactions, on the other hand, may now be considered as

the main objectives for the treatment of the in¯ammatory

component of allergic disorders.

At present, the pharmacological treatment of allergic

asthma requires both bronchodilators to reverse air¯ow

obstruction and anti-in¯ammatory agents, to prevent

chronic airway in¯ammation. Glucocorticoids are potent

anti-in¯ammatory drugs, with a prominent place in asthma

therapy [64]. Although the mechanisms by which they exert

anti-in¯ammatory activities remain to be elucidated fully,

their ability to resolve eosinophilic in¯ammation is well

established. This property relates to the inhibition of the

synthesis of various eosinophilotactic cytokines, such as

IL-3, IL-5 and GM-CSF [65] and to a direct pro-

apoptotic effect exerted on mature eosinophils, both in

vitro and in vivo [66±68]. However, the major drawback

of these drugs concerns their local and systemic side-

effects resulting mainly from long-term administration.

Accordingly, the identi®cation of new therapies allowing

the doses of glucocorticoids to be reduced represents one

of the future strategies to attenuate allergic in¯ammation.

Due to its ability to downregulate APC, to exert immu-

nosuppressive effects, to inhibit IL-5 as well as chemo-

kine synthesis and to block certain functions on

eosinophils and mast cells, IL-10 may represent one of

these therapies (Table 1).

A single intravenous bolus injection of IL-10 to normal

volunteers has been shown to be well tolerated and to exert a

long-lasting inhibitory effect against LPS-induced IL-1,

IL-6 and TNFa production from peripheral blood

mononuclear cells [69]. A similar conclusion emerged

from a pilot trial in which recombinant human IL-10 was

administered intravenously to kidney trasplant recipients

receiving OKT3 induction therapy [70]. In these patients no

adverse events were described and plasma levels of TNFa

were decreased dramatically over 24 h. Although these
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Fig. 1. Potential target cells involved in the

anti-allergic activities of IL-10. IL-10

downregulates APC, CD4� TH2 cells, mast

cells and smooth muscle cells in terms of

cytokine and chemokine synthesis and

release. These include IL-3, IL-5, IL-6,

GM-CSF, TNFa, RANTES and MIP-1a

which directly and indirectly promote

eosinophil proliferation, differentiation,

survival and chemoattraction of target

tissues. By decreasing eosinophil survival,

IL-10 also participate in their elimination

thus facilitating the resolution of the

in¯ammatory process.



results are encouraging, further issues should be addressed

in order to prove the bene®t of IL-10 in human allergic

diseases. These include the search for an optimum timing

of administration, since in most animal models IL-10 is

ef®cient exclusively when administered prophylactically,

or concomitantly with the pro-in¯ammatory stimulus.

Furthermore, animal models of asthma frequently repro-

duce arti®cially an acute and reversible, rather than an

ongoing in¯ammatory process, indicating that a thera-

peutic rationale for treating patients with IL-10 should

also consider potential drawbacks linked to its long-term

administration.

Another critical point which deserves further investiga-

tion is the route of IL-10 administration, which should

ensure good bioavailability, avoid potential side effects

and target its activities. A relative de®ciency in cutaneous

IL-10 mRNA expression was detected in individuals with

established psoriasis [71]. In these patients, the subcutaneous

injection of IL-10 over 24 days improved clinical para-

meters and exerted immunosuppressive properties, indicat-

ing clearly that locally administered IL-10 represents a

promising therapeutic approach for treating cutaneous dis-

eases. Since alveolar macrophages from asthmatics also

show a reduced ability to synthesize IL-10 [13,72], the

inhalatory delivery would probably be the best strategy to

compensate the defective production of IL-10 in the in¯am-

matory airway environment. This possibility has already

been tested successfully with IFNg, since its administration

by the inhalatory route to normal subjects over 12 days

proved its clinical safety and represented an effective mode

of delivery of this cytokine [73].

Whatever the therapeutic indications and the mode of

administration, particular attention should be drawn to the

potential side effects of IL-10 therapy, resulting mainly

from its major impact on the immune system. These include

(1) the increase sensitivity to pulmonary infections as a

result of the impaired antimicrobial defence [74], (2) the

potential enhancement of systemic autoimmunity, as shown

in patients with lupus erythematosus where IL-10 increases

the production of anti-DNA antibodies [75] and (3) the

development of B-cell lymphoproliferative disorders, as

IL-10 is a potent proliferation and differentiation factor

for B lymphocytes in vitro [76]. Also, IL-10 administered

repeatedly may act as a `foreign peptide' and thus elicit

allergic responses in susceptible individuals. Accordingly,

the formulation of analogues devoid of undesired properties

or of synthetic compounds able to promote selectively

endogenous IL-10 synthesis, rather than the use of the

recombinant protein itself, may represent a more promising

strategy for the therapeutic management of in¯ammatory

allergic disorders.

Acknowledgements

The author wishes to thank Professor Michel Goldman, for

the stimulating discussions and fruitful interactions during

the last few years.

References

1 Kim JM, Brannan CI, Copeland NG, Jenkins NA, Khan TA,

Moore KW. Structure of the mouse IL-10 gene and

1168 M. Pretolani

q 1999 Blackwell Science Ltd, Clinical and Experimental Allergy, 29, 1164±1171

Table 1. Biological functions of IL-10 compatible with its anti-allergic activity

In vitro

X Inhibition of IL-5 production by resting T cells and by TH0 and TH2 clones

X Downregulation of the expression of co-stimulatory molecules on APC

X Inhibition of IL-3 and GM-CSF synthesis and release from in¯ammatory cells

X Inhibition of IgE-dependent stimulation of mast cells and keratinocytes

X Downregulation of RANTES, MIP-1a and MCP-3 synthesis and release from various cell types, including bronchial smooth muscle

cells

X Decrease in LPS- and CD40-mediated eosinophil survival

In vivo (animal models)

X Suppression of antigen-induced eosinophilia and IL-5 release in the lung and the peritoneal cavity of immunized mice

X Enhancement of allergic lung eosinophilia after IL-10 neutralization

X Intensi®cation of airway in¯ammation and local IL-5 release during allergic bronchopulmonary aspergillosis in IL-10 gene knockout

mice

In vivo (humans)

X Decrease in the levels of proin¯ammatory cytokines in the plasma and inhibition of their release from activated monocytes after

systemic IL-10

X Improvement of clinical parameters and local in¯ammation by subcutaneously-injected IL-10 during psoriasis



chromosomal localization of the mouse and human genes. J

Immunol 1992; 148:3618±23.

2 Platzer C, Meisel Ch, Vogt K, Platzer M, Volk H-D. Up-

regulation of monocytic IL-10 by tumor necrosis factor-a and

cAMP elevating drugs. Int Immunol 1994; 7:517±23.

3 Kambayashi T, Jacob CO, Zhou D, Mazurek N, Fong M,

Strassmann G. Cyclic nucleotide phosphodiesterase type IV

participates in the regulation of IL-10 and in the subsequent

inhibition of TNF-alpha and IL-6 release by endotoxin-

stimulated macrophages. J Immunol 1995; 155:4909±16.

4 Taniyama T, Takai S, Miyazaki E et al. The human interleukin-

10 receptor gene maps to chromosome 11q23.3. Human Gen

1995; 95:99±101.

5 Liu Y, Wei SHY, Ho ASY, Malefyt RD, Moore KM. Expres-

sion, cloning and characterization of a human IL-10 receptor. J

Immunol 1994; 152:1821±9.

6 Tan JC, Braun S, Rong H et al. Characterization of recombi-

nant extracellular domain of human interleukin-10 receptor. J

Biol Chem 1995; 270:12906±11.

7 Fiorentino DF, Bond MW, Mosmann TR. Two types of mouse

T helper cells. IV. TH2 clones secrete a factor that inhibits

cytokine production by TH1 clones. J Exp Med 1989;

170:2081±95.

8 Moore KW, O'Garra A, de Waal Malefyt R, Vieira P, Mosmann

TR. Interleukin-10. Annu Rev Immunol 1993; 11:165±90.

9 Lalani I, Bhol K, Razzaque Ahmed A. Interleukin-10: biology,

role in in¯ammation and autoimmunity. Ann Allergy Asthma

Immunol 1997; 79:469±4.

10 Goldman M, Velu T, Pretolani M. Interleukin-10. Actions and

therapeutical potentials. Biodrugs 1997; 7:6±14.

11 Durez P, Abramowicz D, GeÂrard C et al. In vivo induction of

interleukin 10 by anti-CD3 monoclonal antibody or bacterial

lipopolysaccharide: differential modulation by cyclosporin A.

J Exp Med 1993; 177:551±5.

12 Marchant A, Amraoui Z, Gueydan C et al. Methyl-predniso-

lone differentially regulates IL-10 and tumour necrosis factor

(TNF) production during murine endotoxaemia. Clin Exp

Immunol 1996; 106:91±6.

13 John M, Lim S, Seybold J et al. Inhaled corticosteroids increase

interleukin-10 but reduce macrophage in¯ammatory protein-1

alpha, granulocyte-macrophage colony-stimulating factor, and

interferon gamma release from alveolar macrophages in

asthma. Am J Respir Crit Care Med 1998; 157:256±62.

14 Wang P, Wu P, Anthes JC, Siegel MI, Egan RW, Billah MM.

Interleukin-10 inhibits interleukin-8 production in human

neutrophils. Blood 1994; 83:2678±83.

15 Wang P, Wu P, Siegel MI, Egan RW, Billah MM. IL-10

inhibits transcription of cytokine genes in human peripheral

blood mononuclear cells. J Immunol 1994; 153:811±16.

16 Bogdan C, Paik J, Vodovotz Y, Nathan C. Contrasting mechan-

isms for suppression of macrophage cytokine release by

trasforming growth factor-beta and interleukin-10. J Biol

Chem 1992; 267:23301±8.

17 Brown CY, Lagnado CA, Vadas MA, Goodall GI. Differential

regulation of the stability of cytokine mRNAs in lipopolysac-

charide-activated blood monocytes in response to interleukin-

10. J Biol Chem 1996; 271:20108±12.

18 Takeshita S, Gage JR, Kishimoto T, Vredevoe DL, Martinez-

Maza O. Differential regulation of IL-5 gene transcription and

expression by IL-4 and IL-10 in human monocytic cell lines.

J Immunol 1996; 156:2591±8.

19 Cassatella MA, Meda L, Gasperini S, Calzetti F, Bonora S.

Interleukin-10 (IL-10) upregulates IL-1 receptor antagonist

production from lipopolysaccharide-stimulated human poly-

morphonuclear leukocytes by delaying mRNA degradation. J

Exp Med 1994; 179:1695±9.

20 Fleming SD, Campbell PA. Macrophages have cell surface IL-

10 that regulates macrophage bactericidal activity. J Immunol

1996; 156:1143±150.

21 Kasama T, Strieter RM, Lukacs NW, Burdick MD, Kunkel SL.

Regulation of neutrophil-derived chemokine expression by IL-

10. J Immunol 1994; 152:3559±69.

22 Bousquet J, Chanez P, Lacoste JY et al. Eosinophilic in¯am-

mation in asthma. N Engl J Med 1990; 323:1033±9.

23 Robinson DS, Hamid Q, Ying S et al. Predominant TH2-like

bronchoalveolar T-lymphocyte population in atopic asthma. N

Engl J Med 1992; 326:298±304.

24 NakajimaH,IwamotoI,TomoeSetal.CD4�T-lymphocytesand

interleukin-5 mediate antigen-induced eosinophil in®ltration

into the mouse trachea. Am Rev Respir Dis 1992; 146:374±7.

25 Foster PS, Hogan SP, Ramsay AJ, Matthaei KI, Young IG.

Interleukin-5 de®ciency abolishes eosinophilia, airways hyper-

reactivity, and lung damage in a mouse asthma model. J Exp

Med 1996; 183:195±201.

26 Sanderson CJ. Interleukin-5, eosinophils and diseases. Blood

1992; 79:3101±9.

27 SchandeneÂ L, Alonso-Vega C, Willems F et al. B7/CD28-

dependent IL-5 production by human resting T-cells is inhib-

ited by IL-10. J Immunol 1994; 152:4368±74.

28 Del Prete G, De Carli M, Almerigogna F, Giudizi G, Biagiotti

R, Romagnani S. Human IL-10 is produced by both type 1

helper (TH1) and type 2 helper (TH2) T cell clones and inhibits

their antigen-speci®c proliferation and cytokine production. J

Immunol 1993; 150:353±60.

29 Zuany-Amorim C, Creminon C, Nevers C, Nahori M-A,

Vargaftig BB, Pretolani M. Modulation by IL-10 of antigen-

induced IL-5 generation, and CD4� T-lymphocyte and eosi-

nophil in®ltration into the mouse peritoneal cavity. J Immunol

1996; 157:377±84.
30 Pretolani M, Goldman M. IL-10: a potential therapy for allergic

in¯ammation? Immunol Today 1997; 18:277±80.
31 Lopez AF, Elliott MJ, Woodcock J, Vadas MA. GM-CSF, IL-3

and IL-5: cross competition on human haemopoietic cells.

Immunol Today 1992; 13:495±500.

32 Rollins BJ. Chemokines. Blood 1997; 90:909±28.

33 Baggiolini M. Chemokines and leukocyte traf®c. Nature 1998;

392:565±8.
34 Humbles AA, Conroy DM, Marleau S et al. Kinetics of eotaxin

generation and its relationship to eosinophil accumulation in

allergic airways disease: analysis in a guinea pig model in vivo.

J Exp Med 1997; 186:601±12.

35 Lukacs NW, Strieter RM, Warmington K, Lincoln P, Chensue

SW, Kunkel SL. Differential recruitment of leukocyte popula-

tions and alteration of airway hyperreactivity by C-C family

IL-10 and therapeutic potential 1169

q 1999 Blackwell Science Ltd, Clinical and Experimental Allergy, 29, 1164±1171



chemokines in allergic airway in¯ammation. J Immunol 1997;

158:4398±404.

36 Berkman N, John M, Roesems G, Jose PJ, Barnes PJ, Chung

KF. Inhibition of macrophage in¯ammatory protein-1 alpha

expression by IL-10. Differential sensitivities in human blood

monocytes and alveolar macrophages. J Immunol 1995;

155:4412±18.

37 Polentarutti N, Introna M, Sozzani S, Mancinelli R, Mantovani

G, Mantovani A. Expression of monocyte chemotactic protein-

3 in human monocytes and endothelial cells. Eur Cytokine

Netw 1997; 8:271±4.

38 John M, Hirst SJ, Jose PJ et al. Human airway smooth muscle

cells express and release RANTES in response to T helper 1

cytokines: regulation by T helper 2 cytokines and cortico-

steroids. J Immunol 1997; 158:1841±7.

39 Gonzalo JA, Lloyd CM, Kremer L et al. Eosinophil recruitment

to the lung in a murine model of allergic in¯ammation. The role

of T cells, chemokines, and adhesion receptors. J Clin Invest

1996; 98:2332±45.

40 Hogaboam C, Kunkel SL, Strieter RM et al. Novel role of

transmembrane SCF for mast cell activation and eotaxin

production in mast cell-®broblast interactions. J Immunol

1998; 160:6166±71.

41 Takanaski S, Nonaka R, Xing Z, O'Byrne P, Dolovich J,

Jordana M. Interleukin 10 inhibits lipopolysaccharide-induced

survival and cytokine production by human peripheral blood

eosinophils. J Exp Med 1994; 180:711±15.

42 Ohkawara Y, Lim KG, Glibetic M, Nakano K, Dolovich J,

Croitorn K, Weller PF, Jordana M. CD40 expression by

human peripheral blood eosinophils. J Clin Invest 1996;

97:1761±6.

43 Warner JA, Kroegel C. Pulmonary immune cells in health and

disease: mast cells and basophils. Eur Respir J 1994; 7:1326±41.

44 Gordon JR, Galli SJ. Mast cells as a source of both preformed

and immunologically inducible TNF-alpha/cachectin. Nature

1990; 346:274±6.

45 Tracey KJ, Cerami A. Tumor necrosis factor, other cytokines

and disease. Annu Rev Cell Biol 1993; 9:317±43.

46 Thompson-Snipes L, Dhar V, Bond MW, Mosmann TR, Moore

KW, Rennick DM. IL-10: a novel stimulatory factor for mast

cells and their progenitors. J Exp Med 1991; 173:507±10.

47 Arock M, Zuany-Amorim C, Singer M, Benhamou M, Pre-

tolani M. Interleukin-10 inhibits cytokine generation from mast

cells. Eur J Immunol 1996; 26:166±70.

48 Marshall JS, Leal-Berumen I, Nielsen L, Glibetic M, Jordana

M. Interleukin (IL)-10 inhibits long-term IL-6 production but

not preformed mediator release from rat peritoneal cells. J Clin

Invest 1996; 97:1122±8.

49 Coyle AJ, Le Gros G, Bertrand C et al. Interleukin-4 is required

for the induction of lung TH2 mucosal immunity. Am J Respir

Cell Mol Biol 1995; 13:54±9.

50 Zuany-Amorim C, Ruf®eÂ C, HaileÂ S, Vargaftig BB, Pereira P,

Pretolani M. Requirement for gd T cells in allergic airway

in¯ammation. Science 1998; 280:1265±7.

51 Zuany-Amorim C, HaileÂ S, Leduc D et al. Interleukin-10

inhibits antigen-induced cellular recruitment into the airways

of sensitized mice. J Clin Invest 1995; 95:2644±51.

52 Rennick D, Davidson N, Berg D. Interleukin-10 gene knock-

out mice: a model of chronic in¯ammation. Clin Immunol

Immunopathol 1995; 76:S174±8.

53 Grunig G, Corry DB, Leach MW, Seymour BW, Kurup VP,

Rennick DM. Interleukin-10 is a natural suppressor of cytokine

production and in¯ammation in a murine model of allergic

bronchopulmonary aspergillosis. J Exp Med 1997; 185:1089±

99.

54 Berg DJ, Leach MW, Kuhn R, Rajewsky K, Muller W,

Davidson NJ, Rennick D. Interleukin 10 but not interleukin 4

is a natural suppressant of cutaneous in¯ammatory responses.

J Exp Med 1995; 182:99±108.

55 BeÂcherel P-A, Le Goff L, Ktorza S et al. Interleukin-10 inhibits

IgE-mediated nitric oxide synthase induction and cytokine

synthesis in normal human keratinocytes. Eur J Immunol

1995; 25:2992±5.

56 Pretolani M, Goldman M. Cytokines involved in the down-

regulation of allergic airway in¯ammation. Res Immunol 1996;

68th Forum in Immunology, 33±8.

57 Bradley LM, Yoshimoto K, Swain SL. IFN-g and IL-12

regulate the subsets of memory effector/helper T cells in

vitro. J Immunol 1995; 155:1713±24.

58 Iwamoto I, Nakajima H, Endo H, Yoshida I. Interferon g

regulates antigen-induced eosinophil recruitment into the

mouse airways by inhibiting the in®ltration of CD4� T cells.

J Exp Med 1993; 177:573±6.

59 Nakajima H, Iwamoto I, Yoshida S. Aerosolized recombinant

interferon-gamma prevents antigen-induced eosinophil recruit-

ment in mouse trachea. Am Rev Respir Dis 1993; 148:1102±4.

60 Rothenberg ME, Luster AD, Leder P. Murine eotaxin: an

eosinophil chemoattractant inducible in endothelial cells and

in interleukin 4-induced tumor suppression. Proc Natl Acad Sci

USA 1995; 92:8960±4.

61 Valerius T, Repp R, Kalden JR, Platzer E. Effects of IFN on

human eosinophils in comparison with other cytokines. A

novel class of eosinophil activators with delayed onset of

action. J Immunol 1990; 145:2950±8.

62 Czech W, Krutmann J, Budnik A, Schopf E, Kapp A. Induction

of intercellular adhesion molecule 1 (ICAM-1) expression in

normal human eosinophils by in¯ammatory cytokines. J Invest

Dermatol 1993; 100:417±23.

63 Busse WW. Viral infections in humans. Am J Respir Crit Care

Med 1995; 151:1675±7.

64 Barnes PJ. Mechanisms of action of glucocorticosteroids. Am J

Respir Crit Care Med 1996; 148:S21±7.

65 Corriga CJ, Hamid Q, North J et al. Peripheral blood CD4 but

not CD8 T-lymphocytes in patients with exacerbation of

asthma transcribe and translate messenger RNA encoding

cytokines which prolong eosinophil survival in the context of

a TH2-type pattern: effect of glucocorticoid therapy. Am J

Respir Cell Mol Biol 1995; 12:567±78.

66 Druilhe A, Cai Z, HaileÂ S, Chouaib S, Pretolani M. Fas-

mediated apoptosis in cultured human eosinophils. Blood

1996; 87:2822±30.

67 Meagher LC, Cousin JM, Seckl JR, Haslett C. Opposing effects

of glucocorticoids on the rate of apoptosis in neutrophilic and

eosinophilic granulocytes. J Immunol 1996; 156:4422±8.

1170 M. Pretolani

q 1999 Blackwell Science Ltd, Clinical and Experimental Allergy, 29, 1164±1171



68 Woolley KL, Gibson PG, Carty K, Wilson AJ, Twaddell SH,

Woolley MJ. Eosinophil apoptosis and the resolution of airway

in¯ammation in asthma. Am J Respir Crit Care Med 1996;

154:237±43.

69 Huhn RD, Radwanski E, O'Connell SM et al. Pharmacoki-

netics and immunomodulatory properties of intravenously

administered recombinant human interleukin-10 in healthy

volunteers. Blood 1996; 87:699±705.

70 Wissing KM, Morelon E, Legendre C et al. A pilot trial of

recombinant human interleukin-10 in kidney transplant

recipients receiving OKT3 induction therapy. Transplantation

1997; 64:999±1006.

71 Asadullah K, Sterry W, Stephanek K et al. IL-10 is a key

cytokine in psoriasis. Proof of principle by IL-10 therapy: a

new therapeutical approach. J Clin Invest 1998; 101:783±94.

72 Borish L, Aarons A, Rumbyrt J, Cvietusa P, Negri J,

Wenzel S. Interleukin-10 regulation in normal subjects

and patients with asthma. J Allergy Clin Immunol 1996; 97:

1288±96.

73 Martin RJ, Boguniewicz Henson JE, Celniker AC, Williams M,

Giorno RC, Leung DY. The effects of inhaled interferon

gamma in normal human airways. Am Rev Respir Dis 1993;

148:1677±82.

74 van der Poll T, Marchant A, Keogh CV, Goldman M, Lowry

SF. Interleukin 10 impairs host defense in murine pneumococ-

cal pneumonia. J Infect Dis 1996; 174:994±1000.

75 Llorente L, Zou WP, Levy Y et al. Role of interleukin-10 in the

B lymphocyte hyperreactivity and autoantibody production of

human systemic lupus erythematosus. J Exp Med 1995;

181:839±44.

76 Rousset F, Garcia E, Defrance T et al. Interleukin-10 is a potent

growth and differentiation factor for activated human B

lymphocytes. Proc Natl Acad Sci USA 1992; 89:1890±3.

IL-10 and therapeutic potential 1171

q 1999 Blackwell Science Ltd, Clinical and Experimental Allergy, 29, 1164±1171


