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Abstract

IL-10 can be considered an important agent in the resolution of inflammation. Originally named 

“cytokine synthesis inhibitory factor” for its ability to inhibit IFN-γ and IL-2 production in Th2 

cells, it is secreted by monocytes, macrophages, mast cells, T and B lymphocytes, and dendritic 

cells (DCs). IL-10 production and release by monocytic cells in response to allergic challenge 

is upregulated by TNF-α, and by negative feedback regulation of itself. However, it is also 

secreted by T regulatory cells (Tregs), under the control of IL-2. Importantly in the context of 

asthma, IL-10 inhibits eosinophilia, by suppression of IL-5 and GM-CSF, by direct effects on 

eosinophil apoptosis, and effects on cell proliferation through down-regulation of IL-1. A number 

of its cytokine suppressive characteristics are now thought to occur through its upregulation 

of suppressor of cytokine signaling (SOCS)-3. IL-10 is also a suppressor of nitric oxide (NO) 

production, which may have ramifications for its role in airway inflammatory diseases. Initial 

clinical trials have demonstrated relative safety and few clinically adverse events at doses of 

recombinant human IL-10 below 50 μg/kg, with mixed success in treatment of patients with 

inflammatory bowel disease and psoriasis. However, both steroid therapy and allergen specific 

immunotherapy are known to elevate endogenous IL-10 levels, which may account for their 

efficacy, suggesting that further study of IL-10 as a target for treatment of airway inflammatory 

diseases such as asthma and COPD is warranted.
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INTRODUCTION

Interleukin (IL)-10 is an important “anti-inflammatory” cytokine, due to its effects in 

downregulating pro-inflammatory Th2 cytokine production, and its potential to promote 

resolution of inflammation. In this context, we elucidate the role of IL-10 as an anti-
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inflammatory factor, through brief review of its molecular, functional, and immunologic 

effects, and we review its potential relevance to clinical medicine through its clinical 

applications in treating allergic and autoimmune diseases. We place specific focus 

throughout on the potential role of IL-10 as an airway anti-inflammatory factor, which may 

have important ramifications for the diseases of asthma and chronic obstructive pulmonary 

disease (COPD).

STRUCTURE AND CHARACTERISTICS OF IL-10

IL-10, in both purified and recombinant forms, has three polypeptides of approximate 

molecular weight between 17, 19, and 21 kD, as determined by gel electrophoresis analysis 

[1]. This structural heterogeneity is due, in large part, to the glycosylation binding to the 

amino acid residue. The superfamily of IL-10 and IFN-γ has the same conserved helix C 

region based on conserved amino acid sequences, with IL-10 existing in a dimeric form in 

its native state [2]. The IL-10 family includes IL-19, IL-20, IL-22, IL-24, IL-26 (AK 155), 

IL-28, and IL-29 [3]. As a family, these cytokines all have unique heterodimer receptor 

complexes, and they share a partial homology in their amino acid sequences, structural 

similarities in interferon receptors, and display anti-viral activity [3].

Consistent with its structure, IL-10 binds as a dimer to IL-10 membrane receptors on human 

lymphoma and mouse mast cell lines [4]. The soluble extracellular portion of the membrane 

receptor has been reported to be glycosylated, having a mass of 35,000–45,000; however, 

in vitro studies in solution indicated that IL-10 and its receptor form a single complex 

made up of two IL-10 dimers and four receptor monomers, suggesting that IL-10 may 

bind to its receptors in a unique and cooperative way, in vivo [5]. In fact, there are two 

IL-10 receptors: IL-10R1, which is the high-affinity receptor, and IL-10R2, which is the 

low-affinity receptor. The activity of IL-10 as a cell-signaling initiator is considered to be 

ultimately dependent on binding to both receptors sequentially to form a complex, first to 

IL-10R1, and then to IL-10R2 [6,7]. Particularly for human neutrophils, in vitro studies 

have indicated that the upregulation of suppressor of cytokine signaling (SOCS)-3 mRNA, 

by IL-10, is dependent on the level of expression of IL-10R1 [8]. However, mouse studies 

also have suggested that the relative level of expression of IL-10R1 can determine whether 

IL-10 produces immunostimulative or immunosuppressive effects [9], which may account 

for some of the varied anti-inflammatory and pro-inflammatory responses to IL-10 reported 

in some experiments. In all, the necessity for IL-10 protein-dual receptor complex formation 

is common to other cytokines in the same family, including viral IL-10, IL-22, IL-26, IL-28, 

and IL-29 [6], suggesting a conservation of receptor signaling mechanism within the IL-10 

cytokine family.

IMMUNOLOGIC SOURCES AND EFFECTS OF IL-10

IL-10 was first described as “cytokine synthesis inhibition factor”, produced by mouse Th2 

cells, because it inhibited cytokine production by T helper 1 cells [10, 11]; specifically it was 

an inhibitor of IFN-γ and IL-2 production in Th2 cells [10]. Further investigations showed 

that in humans, IL-10 is produced by both Th1 and Th2 lymphocytes and inhibits both Th1 

and Th2 mediated inflammation [11]. This cytokine-inhibitory property of IL-10 also has 
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been demonstrated for other peripheral blood cells [12]. The direct effects of IL-10 on Th1 

and Th2 states appear to be mainly due to inhibition of IL-2 production and cell proliferation 

[13], as well as CD28 tyrosine phosphorylation in signaling [14].

IL-10 is produced by a variety of specific cells in mammals, including macrophages, 

monocytes, mast cells, T and B lymphocytes, and dendritic cells; in humans, monocytes, 

macrophages, and B cells are the major lymphocytic sources [15]. Although IL-10 

stimulates proliferation of some specific immune cells, such as B cells and mast cells, 

and can facilitate immunoglobulin synthesis [16], as alluded to above, its most prominent 

and potent activities relate to functional suppression of inflammatory cells (Fig. 1). IL-10 

RNA has been found in stimulated Th2 lymphocytes of CD4+ cell lines, and in mast cells 

and conventional B cells (Ly1−(CD5−) B cell) [17], consistent with its known immunologic 

functions. Furthermore, IL-10 has been shown to decrease TNF-α production in human 

cord-blood derived mast cells [18], potentially further closing the loop of understanding 

regarding IL-10 message induction, protein expression, and cell signaling response. Due to 

the importance of the mast cell associated with human lung allergic mechanisms [19], it 

would seem to be of some importance that an IL-10 mechanism be present in those cells to 

decrease histamine and pro-inflammatory cytokine production, as part of the resolution of 

the airway inflammatory response.

A primary mechanism by which IL-10 inhibits Th1 and Th2 cytokine production is 

considered to be inhibition of co-stimulators provided by molecules on antigen presenting 

cells (APC) for T helper cell activation. The co-stimulators, including B7–1 (CD80) and 

B7–2 (CD86), are inhibited by IL-10, therefore inhibiting macrophage co-stimulatory 

activity [20,21]. In the absence of B7, T lymphocytes do not respond to antigen, and do 

not proliferate and produce cytokines; they also become non-responsive to stimuli, and 

irreversibly tolerant [20]. Thus, expression of IL-10 by APCs represents an established 

pathway for induction of antigen-specific tolerance, including tolerance to allergens. In the 

case of T helper cells, T helper cell activation requires co-stimulators provided by molecules 

on APCs, and is sequentially followed by cytokine production.

However, IL-10 has also been shown to an important factor in induction of the expression 

of SOCS-3 mRNA in human monocytes [22]. Experiments in LPS-stimulated mouse 

macrophages have demonstrated the importance of SOCS-3 in the suppression of pro-

inflammatory cytokine signaling, such that SOCS-3 transfected cells released less nitric 

oxide, TNF-α, IL-6, and GM-CSF [23]. Recent evidence has shown that increased 

expression of SOCS-3 in mouse macrophages can diminish IL-10-dependent tyrosine 

phosphorylation of signal transducer and activator of transcription (STAT)-3 [23], an 

important factor in the transcription of cytokine-responsive genes. Consistent with those 

findings, it also has been shown, in human monocytes in vitro, that IL-10 inhibits expression 

of IFN-γ-induced genes IP-10 and ICAM-1, and does so by suppression of assembly 

of STAT factors on those genes, specifically by preventing IFN-γ-associated tyrosine 

phosphorylation of STAT-1 [24], thereby diminishing IFN-γ-promoted pro-inflammatory 

mechanisms. However, it bears consideration that with the increasing importance assigned 

to neutrophils in airway inflammation and remodeling in asthma and COPD [25–27], that 

IL-10 has been observed to act without triggering IFN-γ-associated STAT1 and STAT3 
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tyrosine phosphorylation in human neutrophils, but rather can induce SOCS-3 mRNA 

expression in a STAT-independent manner [28], suggesting a cell-specificity to the specific 

mechanism by which IL-10 upmodulates SOCS-3. Therefore, IL-10-driven upregulation 

of SOCS-3, and SOCS-3 attendant suppression of pro-inflammatory cytokines and their 

effects, constitute another potentially important pathway through which IL-10 can exert its 

anti-inflammatory effects.

Consistent with its anti-inflammatory characteristics, IL-10 inhibits eosinophil survival, by 

multiple mechanisms. One mechanism is through inhibition of IL-5, a pro-inflammatory 

cytokine that induces eosinophilic inflammation, through its effects on eosinophil survival 

and sustenance [29]. IL-10 also inhibits resting T cells producing IL-5, by interfering with 

B7-CD28 APC dependent signals [30], which may favor limiting eosinophil recruitment. It 

is known that survival of eosinophils is prolonged by IL-3, GM-CSF, TNF-α and bacterial 

lipopolysaccharide (LPS) [31]; specifically, LPS promotes release of GM-CSF and TNF-α 
by eosinophils, but IL-10 suppresses GM-CSF and TNF-α release [32], thereby representing 

another eosinophilia-suppressing mechanism. Finally, IL-10 has been reported to effect 

eosinophils directly, by accelerating eosinophil apoptosis [33].

IL-10 may also exert effects on the IL-1 axis, which is important in the cell proliferative 

facet of the inflammatory response. For example, IL-10 has been reported to inhibit 

IL-1receptor(R) gene expression in human monocytes, specifically through decreased 

phosphorylation of STAT-6 [34], which would presumably have the effect of decreasing 

IL-1R and its attendant promotion of cell proliferation. Additional evidence in mouse 

macrophages has suggested that IL-10 may also upregulate the specific IL-1R antagonist, 

potentially in association with, or as a result of, upregulation of SOCS-3 [23]. The 

suppression of these IL-1-associated cell proliferative activities may be significant in 

modulation of the airway remodeling response thought to be important in chronic asthma 

and COPD.

Dendritic cells (DCs) are important APCs in the differentiation of naïve T cells to either 

Th-1 or Th-2 cells, and are considered to be the primary APC of the immune system 

[35].They have received increased attention in recent years, because they are thought to play 

an important role in allergic airway inflammation [36], in part due to their ability to produce 

IL-10 [37], and the fact that their accumulation in the large airways has been associated with 

chronic eosinophilic airway inflammation [38]. In fact, there are two primary populations 

of DCs within the lung, airway DCs within the epithelium of the conducting airways, 

and parenchymal DCs [39], each serving a locale-specific APC function in the lung. The 

proximity of DCs to the airway epithelium allows them to serve an antigen sentinel function, 

while those in the parenchyma may be more closely associated with mast cells [35]. As 

such, IL-10-secreting DCs are in a position to have strong immunomodulatory effects on 

other cells in the lung, as well as themselves, which include inhibition of DC maturation 

[40], and the induction of immune tolerance [41]. However, at the present time, the overall 

physiological effects of IL-10 secreted by pulmonary DCs on airway contractility and 

inflammation remain controversial, and await further study [35].
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IMMUNOLOGIC REGULATION OF IL-10

A classical scheme of IL-10 control involves negative feedback regulation, which includes 

IL-10, itself (Fig. 1). For example, in macrophages and monocytes, a major inducer 

of IL-10 expression and release is TNF-α [42], which acts to simultaneously promote 

pro-inflammatory events in other cells, while acting to self-upregulate IL-10, as the anti-

inflammatory agent which eventually leads to the resolution of the inflammatory response 

[43]. Once induced, IL-10 feeds back to suppress TNF-α release, while simultaneously 

suppressing its own release [44]. Thus, this scheme provides a tidy mechanism that takes 

advantage of the anti-inflammatory cytokine-suppressive characteristics of IL-10, through 

which IL-10 expression and release is modulated upward and then downward, as part of 

inflammation resolution.

However, another important focus of IL-10 regulation are the regulatory T cells (Tregs), 

which are an important T helper cell subtype in innate and adaptive immunity, being 

naturally developed in the thymus and induced by TGF-β1 [45–48]. Importantly, Treg cells 

constitute 5–10% of the CD4+ cells in healthy adult humans, expressing CD4 and CD25 

constitutively (the α-chain of the IL-2 receptor) [49]. Although Tregs do not produce IL-2, 

they do compete for IL-2 secreted by responder T cells, and with IL-2 binding become 

primed to produce IL-10 [50]. Recent in vitro evidence in a Treg subtype suggests that 

IL-2 enhances production of IL-10 through synergistic activation of STAT-5 and NF-κB 

[51]. Thus, IL-2 is an essential growth factor for IL-10 production [49], and the Treg 

cell-associated IL-2-dependent mechanism of IL-10 modulation can be considered a key 

initiating element of the inflammatory resolution process (Fig. 1), which has a basis in the 

overlap of innate and adaptive immune responses.

A subset of Treg cells are the inducible type 1 Treg (Tr1) cells. Tr1 cells are peripherally-

derived regulatory T cells with upregulated CD25, and significant capacity for IL-10 

production, which can be exploited in treatment of atopy (Table 1). For example, allergen 

immunotherapy is a form of treatment aimed at decreasing sensitivity to allergens, and IL-10 

and Treg cells are considered to play a major role in this treatment. After allergen-specific 

immunotherapy (SIT) is initiated, IL-10 and TGF-β. are produced in an autocrine fashion, 

and peripheral T-cell tolerance is induced, through upregulation of IL-10 release by Tr1 

cells. Examples include grass pollen immunotherapy [52] and bee venom immunotherapy 

[53], both resultant of induction of increased IL-10 production by CD4+CD25+T cells.

IL-10: ROLE IN AIRWAY INFLAMMATION AND HYPERRESPONSIVENESS

In vitro studies in human airway cells have constituted a starting point for more focused 

airway investigations of IL-10 in other models [54,55]. For example, consistent with its 

anti-inflammatory properties on lymphocytic cells outlined above, IL-10 has been shown to 

suppress eotaxin in human airway smooth muscle cells [56], suggesting a role modulating 

the paracrine pro-inflammatory function of that important airway effector cell. Mouse 

models of allergic airway inflammation have been helpful in confirming the role of IL-10 

as an anti-inflammatory cytokine. Transfer of ovalbumin-specific CD4+CD25+ Tcells to 

ovalbumin-sensitized mice decreased airway eosinophilia and Th2 cytokine (IL-5 and 
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IL-13) production within the lung, which was found to be IL-10-dependent [57], further 

confirming its importance and potential Tcell specificity related to allergen responses. 

However, the sources of IL-10 regulation, and its specific effects and targets, have not been 

universally determined in animal models of airway inflammation. For example, in some 

studies, IL-10-deficient mice demonstrated increased eosinophilic airway inflammation with 

sensitization and challenge [58,59], while other studies of those mice showed decreased 

eosinophilic airway inflammation [60,61]. The discrepancies in these findings may be 

model-dependent, such that longer-term models of allergic airway inflammation may be 

necessary to better determine the source of the effects of IL-10, and its relevance to human 

airway inflammatory diseases. However, those differences also could be due to the relative 

expression of IL-10R1 in those various models [9], as alluded to above, but which has not 

yet been quantified and compared.

The role of IL-10 in airway inflammation-associated airway hyperresponsiveness (AHR) 

remains controversial, despite recent research. Based on the anti-inflammatory properties 

of IL-10 outlined above, it might be expected that a lack of IL-10 would result in AHR, 

associated with unresolved inflammation. In fact, the reported effects of IL-10 on AHR 

have been variable, being decreased, unchanged, or increased, and may be dependent on 

the model employed. However, paradoxically decreased AHR with a lack of IL-10 has 

been reported in several mouse models of airway inflammation, as has re-establishment of 

AHR with administration of IL-10 [58–65]. Furthermore, Wilson et al. [66] reported that 

the reduced pathological responses in IL-10 knockout mice were associated with increased 

production of IL-13Rα2. They created IL-10 and IL-13Rα2 double knockout mice, and 

these mice developed more AHR and goblet hyperplasia following allergen exposure in the 

lung, compared to single IL-10 knockout mice. These data would suggest that IL-13Ra2 

and IL-10 appear to be required to suppress Th2-dependent inflammation and prevent 

development of downstream immunopathologies; however, their interaction remains to be 

sufficiently elucidated in human airway inflammatory diseases.

Some evidence suggests that IL-10 potentiates other factors to increase airway smooth 

muscle contractility [59], possibly through IL-5 [61], or regulation of surfactant protein 

D [67]. Interestingly, the recent work of Koya, et al. [68] has shown that IL-10-treated 

dendritic cells can suppress expression of CD11c, CD80, CD86, IL-12 and Th2 cytokines 

in vitro, while decreasing BAL eosinophilia and AHR in vivo. These findings suggest a 

link between allergic airway inflammation and AHR, on which IL-10 can possibly exert a 

modulatory influence.

IL-10 AND NITRIC OXIDE

The association between IL-10 and nitric oxide (NO) has been established mainly through 

in vitro studies in cell culture systems, in which IL-10 has been reported to be a natural 

suppressor of nitric oxide synthase (NOS) activity, and therefore NO production [69]. 

However, while exhaled NO has been reported to be elevated in asthmatics, and reduced 

with corticosteroid treatment [70], it has been assumed that elevated NO in airway 

inflammatory diseases may be an indicator of ongoing inflammation that is quelled due 

to the anti-inflammatory properties of steroids [71]. Furthermore, given the findings that 

Ogawa et al. Page 6

Curr Mol Med. Author manuscript; available in PMC 2022 June 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



decreased IL-10 message and protein production have been reported in asthmatics [72], it is 

reasonable to postulate that the elevated exhaled NO in asthmatics may be due to deficiency 

in IL-10 production, essentially constituting removal of a normally-present brake on NO 

production. While this association in humans remains unproven, there is reason to speculate 

that a down-regulation of IL-10 may be a function of physiologic feedback mechanisms 

called into play in the setting of asthma.

One potential physiologic mechanism relates to the property of NO as a bronchodilator, 

through its actions on airway smooth muscle relaxation and suppression of airway 

hyperresponsiveness [73, 74], As mentioned above, findings from several laboratories 

in IL-10 knockout mice have indicated airway hypores-ponsiveness in response to 

methacholine [58–60], which was opposite of the originally-expected results, in a system 

missing a major inflammatory down-regulator. While the expected increases in recruited 

leukocytes with induction of airway inflammation were observed in the absence of IL-10, 

one group has linked the airway hyporesponsiveness to increased exhaled NO, which 

was reversed by administration of either NOS inhibitors, or reconstitution of IL-10 [58, 

65]. Admittedly, mouse models of airway inflammation cannot be considered to precisely 

extrapolate to human asthma; however, the core of the association between IL-10 and NO 

may be similar, such that a down-regulation of IL-10 in asthma may constitute a mechanism 

to defend airway caliber through production of NO. Further research is needed to test this 

hypothesis and better determine the mechanism and potential function behind the reduced 

IL-10 production and elevated airway NO levels associated with asthma.

AIRWAY INFLAMMATORY DISEASES POTENTIALLY INVOLVING IL-10

Asthma

Asthma is a disease of the airways that occurs in approximately 7% of the world population 

[75], the same percent of Americans (20 million) [76], and is associated with approximately 

5,000 deaths, annually. Progress has been made in the understanding of the disease in 

recent years, and specifically the role of cytokines in asthma has been the focus of intense 

study, due to the recognition that airway inflammation associated with leukocyte activity 

is an important component of the disease [77]. As such, asthma has been characterized 

as a disease associated with recruitment, accumulation, and activation of eosinophils in 

the lung [78]. Furthermore, the bronchial tissue and bronchoalveolar lavage fluid (BALF) 

from asthmatics have activated CD4+ T cells, eosinophils and mast cells, and increased 

Th2 cytokines, such as IL-4 and IL-5, have been measured in the BALF from asthmatic 

patients [79]. Mast cells also generate tumor necrosis factor-α (TNF-α), which leads to 

leukocyte recruitment, adhesion, activation and survival [80], as well as modulation of IL-10 

production, as outlined above.

Healthy people express IL-10 constitutively in their respiratory tract, produced by immature 

dendritic cells and mononuclear phagocytic cells. This expression of IL-10 can help induce 

and maintain tolerance to allergens or aerosols. However, in asthmatic patients, IL-10 

production is diminished, which may lead to unresolved airway inflammation, as IL-10 

is known to inhibit dendritic cell maturation, eosinophil survival and IL-4-induced IgE 

synthesis [72]. The origins and mechanism behind this lack of induction of IL-10 in cells 
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from asthma patients remains poorly understood, and suggests a potential area for future 

investigation into the role of IL-10 in asthma.

One important attribute of asthma is that acute exacerbations can be precipitated due to 

neutrophil infiltration together with eosinophil degranulation. Grissel et al. [81] reported 

that IL-10 mRNA was significantly increased in sputum from respiratory virus-induced 

acute asthma patients. Interestingly, increased IL-10 mRNA was not observed in either 

virus infection without asthma, acute asthma without virus infection, or in stable asthma, 

and the IL-10 mRNA levels were subsequently reduced on recovery from the acute 

exacerbation. These findings suggest that IL-10 may play a particularly significant role in 

virally-associated asthma. Further study is need to better define the role of IL-10 in asthma 

originating or associated with different infectious and non-infectious triggering agents.

COPD

Similar to asthma, chronic airway inflammation is a key feature of COPD. However, in 

contrast to asthma, the inflammation is predominantly associated with neutrophils [27], with 

cigarette smoking being an important causative factor in the development of the disease 

[82]. However, COPD accounts for over 762,000 hospitalizations, and over 124,000 deaths 

per year [83], and therefore has garnered renewed attention over the past ten years. Some 

antiinflammatory drugs that were originally formulated for asthma treatment have also been 

utilized in treating COPD, thus the connection to the potential anti-inflammatory role of 

IL-10 may be important in the setting of this disease, as well as asthma.

Since IL-10 is considered to be an inhibitory cytokine of airway inflammation, less IL-10 

production might be expected in COPD patients, who can be typically non-atopic and 

likely have lower baseline inflammation, than that associated with allergic asthma. However, 

like asthma, this expectation also might be based on the potential for dysfunctional IL-10 

upregulation, which may hinder the inflammation resolution response [72]. In support of 

this expectation, Takanashi, et al. showed that in sputum, both COPD and asthma patients 

have significantly less IL-10-positive cells compared to healthy nonsmokers [84]. Thus, 

overall, both asthma and COPD may be associated with a hindered inflammation resolution 

response, due to downregulation of IL-10, and it might be expected that therapies that 

upregulate its production could be useful.

CLINICAL ADMINISTRATION OF IL-10

Given that IL-10 directly suppresses the production of cytokines in human T cells [11], as 

well as indirectly, in an APC-associated manner [20,21], there has been consideration of 

IL-10 as a therapeutic target for airway inflammatory disease treatment. Furthermore, due 

to the importance and overlap between innate and adaptive immunity represented by IL-2-

modulated Treg production of IL-10, it would seem that upregulation of IL-10-secretion 

activity may represent a therapeutic potential for airway allergic diseases inducing peripheral 

tolerance [85]. However, to date, there have been no clinical experiments or trials of IL-10 

administration in humans for the treatment of airway inflammatory disease.
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Initial studies of administration of recombinant human (rh)IL-10 in humans demonstrated 

few clinical adverse events at subcutaneous injection doses below 50 μg/kg, while 

significantly suppressing IL-1β and TNF-α production in whole blood samples ex vivo 

[86]. Interestingly, a comparison of subcutaneous and intravenous administration routes for 

IL-10 administration indicated that the subcutaneous route appears to be more effective in 

suppressing those cytokines [87]. Subsequently, a single intravenous low dose of rhIL-10(10 

μg/kg) was studied, the results of which suggested that administered IL-10 transiently 

altered both lymphocyte trafficking and the antigen presentation of monocytes [88]. In all, 

these initial studies suggest that low doses of IL-10 can be tolerated and may offer potential 

therapeutic utility for inflammatory diseases.

There have also been trials of administration of recombinant human IL-10, as Tenovil® 

(Schering-Plough, Kenilworth, NJ), for other inflammatory diseases including Crohn’s 

disease and psoriasis, which may shed some light as to its promise for airway disease 

remission. Inflammatory bowel disease (IBD) is thought to stem from a chronic 

gastrointestinal tract inflammation caused by immune disregulation, manifested as Crohn’s 

disease and ulcerative colitis, associated with Th1- and Th2-associated inflammation, 

respectively. Consistent with these characteristics, IL-10 knockout mice are known to 

develop spontaneous enteric colitis with aging [89], and IL-10 administration and gene 

therapy has been shown to reduce gut inflammation [90–92]. However, reduction of gut 

inflammation with direct administration of IL-10 to humans has been equivocal to mildly 

efficacious [93–95], indicating further study is necessary before consideration can be given 

to lung therapy.

Administration of IL-10 for psoriasis, a Th1-associated disease, resulted in temporary 

clinical improvement in patients with moderate to severe disease [96]. However, it should be 

noted that injected IL-10, for the cases of treatment for psoriasis [96] and for Crohn’s 

disease [89], was associated with unmeasurable to minor improvement, similar to the 

transient remission of established colitis with injected IL-10, in IL-10 knockout mice [97]. 

These data suggest that the local and consistent availability of IL-10 to the target tissue 

will be important in elucidating its true potential to treat persistent inflammation in the lung 

associated with diseases such as asthma and COPD.

Although direct IL-10 therapy for allergic airway disease remains to be determined by 

future study, it is known that some asthmatic patients fail to respond to inhaled and oral 

glucocorticoid therapy, and are thus grouped as glucocorticoid-resistant (SR, derived from 

“steroid resistant”) asthmatics [98]. It has been shown that the CD4+ T cells from SR 

asthmatics fail to induce IL-10 synthesis, following in vitro stimulation in the presence 

of dexamethasone, unlike glucocorticoid-sensitive asthmatics (SS, derived from “steroid 

sensitive”) that respond to steroid treatment [99]. Interestingly, dexamethasone by itself does 

not enhance secretion of IL-10 by CD4+ T cells from SR asthmatics, but co-administration 

of vitamin D3 with dexamethasone significantly enhances IL-10 synthesis to levels 

observed in cells from SS asthmatics cultured with dexamethasone alone [100]. Moreover, 

pretreatment of SR asthmatic CD4+ T cells with IL-10 upregulated glucocorticoid-receptor 

expression, suggesting another potentially important anti-inflammatory effect of IL-10, on 

steroid receptor metabolism.
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Finally, IL-10 is induced and secreted prominently by allergen specific immunotherapy 

(SIT) [101]. SIT is known to reduce eosinophil and basophil recruitment in mucosal tissue 

[102], due to inhibition of IgE-dependent mast cell activation, and inhibition of eosinophil 

cytokine production and survival. However, as indicated in Fig. (2), SIT is effective, in 

large part, because it induces Tregs and dendritic cells which produce IL-10 [103]. IL-10 

not only generates tolerance in T cells but also inhibits antigen-specific IgE production and 

increases specific lgG4 and IgA [104]. While in practice for approximately a century, SIT 

is currently indicated for patients with IgE-mediated diseases, such as allergic rhinitis due 

to sensitivity to known allergens, including pollen, molds, animal dander and insect venom. 

Typically, SIT administration is subcutaneous and continued for 3–5 years, through phased 

increases to a maintenance dose, unless adverse reactions occur. Most importantly, after 

discontinuation of SIT, beneficial effects have been reported to endure for at least 3 years 

[105, 106]. Furthermore, in pediatric populations, SIT has demonstrated protective effects 

from onset of asthma, as well as inhibition of allergic progression and new sensitizations 

[107]. Thus, these findings offer some theoretical potential for development of future lung-

specific SIT-like treatments for airway inflammatory diseases.

SUMMARY

IL-10 is a potent anti-inflammatory and immunosuppressive cytokine that mediates its 

major immunosuppressive function by inhibiting cytokine production and APC function by 

macrophages, monocytes, and DCs. IL-10 also regulates effector responses associated with 

established allergic and asthmatic disease, including inhibition of cytokine production by 

Th2 cells, as well as mast cell and eosinophil function. IL-10 can be thought of as an 

“off-switch” that promotes the resolution of inflammation, and is therefore an important 

cytokine to understand with regard to its mechanisms and regulation. With continued study, 

IL-10 may hold some promise as a therapeutic target for the treatment of inflammatory 

airway diseases such as asthma and COPD.
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Figure 1. 
Regulation of IL-10 and its cytokine modulatory effects.
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Figure 2. 
IL-10-associated mechanisms promoted with immunotherapy. (adapted from ref. 88).
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Table 1.

CD4+ T cells with regulatory function associated with IL-10.

Regulatory T cell Regulation Characteristic

Naturally- occuring Treg Cell contact, cytokines (IL-10?) CD4+CD25+ foxP3+
Thymus and possibly peripheral origin
Suppresses auto-immunity
Mediates self-tolerance

Tr1 IL-10 Peripheral origin
Suppresses auto-immunity
Mechanism of immunotherapy

Th3 TGF-β Peripheral origin
Suppresses auto-immunity in gastrointestinal tract
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