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Classification of cytokines as pro- versus anti-inflamma-

tory might not apply to the pleiotropic effects of inter-

leukin-10 (IL-10). Several reports suggest that IL-10

enhances the function of natural killer cells, which

leads, through pathogen destruction, to increased anti-

gen availability. In addition, by inhibiting the matu-

ration of antigen-presenting cells (APCs), IL-10

preserves their ability for antigen uptake while simul-

taneously hampering their migration to draining lymph

nodes. This review suggests that this ‘antigen-loading’

phase might constitute an important component of the

innate immune reaction to a pathogen. Additional

proinflammatory stimuli might subsequently lead to

maturation of ‘loaded’ APCs that could migrate to

draining lymph nodes or recruit and activate adaptive

immune effectors locally.

Traditionally, cytokines have been classified as pro- versus
anti-inflammatory based on global effects in animal
models or direct effects on individual immune-cell popu-
lations. This simple dichotomy might not fully describe the
pleiotropic role that several cytokines, such as interleukin-
10 (IL-10), have during the early immune response.
Indeed, the function of a given cytokine is determined by
its tissue levels, the nature of the target cell and activating
signal, the timing and sequence of cytokine exposure and,
more generally, the experimental model tested, as recently
discussed for a wide range of cytokines [1]. This review
postulates that several cytokines cooperate through
different pathways during the early phases of the innate
immune response and thereby amplify the signal conveyed
by an exogenous or endogenous insult. Stimulation of
antigen-presenting cells (APCs) with lipopolysaccharide
(LPS) induces IL-10 release, which is further increased
by the presence of damaged cells [2–4]. In these early
phases, IL-10 expression is coordinated with that of
other innate immune genes that have potent proinflam-
matory and chemoattractant properties [3,4] and only at
a later stage are genes that regulate the adaptive
immune response induced [3]. In the early phase of the
immune response, APCs might adopt measures condu-
cive to the induction of the cognitive phase of the
immune response (Fig. 1).

As the recruitment of immune cells progresses,
APCs ‘load’ themselves with antigen in a concentrated
effort to kill damaged cells by engagement of tumour

necrosis factor (TNF)-family ligands to corresponding
death receptors [5,6] or by activation of natural killer
(NK) cells [7,8]. It is at this juncture that the pleiotropic
functions of IL-10 converge into a congruent attempt to
limit the damage triggered by the pathogen by contribut-
ing to its destruction while simultaneously limiting
collateral damage by dampening the inflammatory pro-
cess. IL-10 is a potent stimulator of NK cells [9–17], a
function that might contribute to the clearance of the
pathogen and facilitate antigen acquisition from dead cells
for cross-priming by activated APCs, providing a link
between the innate and the adaptive immune responses
[8,18–20]. NK-cell activation by IL-10 could serve similar
purposes because the recruitment of monocytes and
macrophages induced by this cytokine (through the
induction of human chemokine-4 and the scavenger
receptors CD16 and CD64 Fcg, respectively) is responsible
for antibody-dependent cell-mediated cytotoxicity and
phagocytosis of opsonized particles [21,22]. This ‘antigen
procurement’ phase of the innate response has three
potential benefits: (1) possible clearance of pathogen if
the insult is limited; (2) increased antigen availability
and (3) cell-damage-dependent signalling (apoptosis and/or
necrosis) conducive to APC activation [9,10].

In contrast to the activation of NK cells and other
effector mechanisms, IL-10 suppresses the proinflamma-
tory functions of APCs by antagonizing expression of
costimulatory molecules, the release of proinflammatory
cytokines and, in general, APC maturation [4,21,23]. This
function might be part of a general effort to self-contain the
extent of the inflammatory process in situations when the
exposure to a given insult is transitory and inconsequen-
tial. In addition, by inhibiting APC maturation, IL-10
prolongs their capability for antigen uptake while simul-
taneously postponing their migration to draining lymph
nodes. When the pathogen is not cleared by this early
response, the inflammatory process progresses, providing
additional signals that lead to further APC maturation
and recruitment of adaptive immune effectors [10,24,25].
IL-10 secreted by CD4þ T cells might have a similar role in
the later phases of the immune response by extinguishing
the inflammatory response when the proinflammatory
stimulus induced by the pathogen is eliminated by potent
antigen-specific effector mechanisms [21].

Anti-inflammatory and proinflammatory effects of IL-10

The predominant effect of IL-10 is to reduce inflammation.
IL-10-knockout mice develop chronic inflammatory bowelCorresponding author: Francesco M. Marincola (fmarincola@cc.nih.gov).
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disease because they cannot mitigate the immune
response to intestinal flora [26]. This phenotype differs
significantly from transforming growth factor-b (TGF-b)-
knockout mice, which develop a widespread multi-organ
autoimmune disease [27]. In transgenic models, IL-10 has
a more complex role by reducing the ability of mice to
mount significant T- or B-cell responses to ovalbumin,
Listeria monocytogenes and Leishmania, and by prevent-
ing experimental autoimmune encephalomyelitis [28].
However, IL-10-transgenic mice demonstrate mucosal
inflammation [29], accelerated development of auto-
immune diabetes and increased T-cell-mediated rejection
of cancer (reviewed in [1]).

Animal models suggest that IL-10 can induce NK-cell
activation and facilitate target-cell destruction in a dose-
dependent manner [12,13]. Administration of IL-10 to
wild-type mice has variable effects. For instance, it can
inhibit antigen-specific immune responses in vivo [30]. In
mice and humans, IL-10 can induce long-term antigen-
specific anergy in CD4þ T cells [1,21]. In humans, IL-10
has a role in inducing systemic lupus erythematosus [31],
yet counteracts psoriasis [32] and Crohn’s disease [33].
During HIV infection, IL-10 sustains NK-cell cytotoxic
function in vivo through induction of NK receptors [14,15].
In addition, it has recently been reported that IL-10 could
have a key role in mediating autologous graft-versus-host
disease [34]. Intravenous administration of IL-10 to
healthy volunteers has proinflammatory effects through
the release of interferon-g (IFN-g), IFN-g-inducible pro-
tein (IP)-10 and increased granzyme levels [15]. These

effects are counteracted by inhibition of the release of
monocyte inflammatory protein-1a (MIP-1a), MIP-1b and
monocyte chemotactic protein-1 (MCP-1) [35], TNF-a,
IL-1b, IL-6 and IL-8 [36,37], and T-cell function [37].
In vitro evidence suggests that IL-10 inhibits APC
maturation and, by downregulating their costimulatory
capacity, hampers their ability to stimulate adaptive
immune effector cells [21,38].

Although several inconsistencies require elucidation, it
appears that the overall effect of IL-10 in mice and humans
is to promote local effector mechanisms, such as NK-cell
activation and the enhancement of expression of cytotoxic
molecules. Concomitantly, IL-10 appears to mitigate the
induction of mechanisms capable of attracting and acti-
vating adaptive immune effector cells (e.g. reduced expres-
sion of chemokines targeting T and B cells, hampered
maturation of APCs) [23].

IL-10 and experimental cancer models

Experimentally, IL-10 consistently demonstrates anti-
tumourproperties [12,13,39–42] (Table1).Mostresearchers
attribute its antitumour activity to NK-cell activation
[13,39], although cytotoxic T lymphocytes might be
synergistically involved through maintenance of a
CD8þ antitumour response [43] or tumour rejection
might be mediated in the context of a systemic Th2
response [43,44]. Yet, a direct stimulatory action of IL-10
on adaptive immune effector cells remains to be convinc-
ingly demonstrated. Furthermore, IL-10 enhances the
susceptibility of target cells to NK-cell lysis by reducing

Fig. 1. Hypothesized early phase of the innate immune response to pathogen. A pathogenic stimulus (damaged cell, virus, bacteria) delivers a nonspecific stimulatory signal

to the APC and, possibly, to other components of the innate immune response. This stimulus leads to an immediate reaction that includes killing of the pathogen by natural

killer (NK) cells and other innate effector mechanisms with simultaneous activation of the APC. In the early phases of this response, APCs might potentiate the stimulus by

releasing factors capable of directly increasing the destruction of the pathogen, such as tumour necrosis factor-a (TNF-a) and Fas ligand (FasL). In addition, pathogen

destruction can be indirectly induced by the APC secreting cytokines, such as interleukin-10 (IL-10) that induce activation of NK cells. This destruction has three possible

effects: clearing the pathogen when the pathogenic insult is self-limited; providing antigen for uptake by the APC; and further activating APCs by the induction of apoptosis

and/or necrosis of damaged cells. On activation, the APC amplifies the original proinflammatory signal through production of chemoattractants, such as IL-8 and monocyte

chemotactic protein-1 (MCP-1). This leads to recruitment of components of the antigen-specific immune response. B and T cells attracted to the site are exposed to antigen

by direct contact with the pathogen (either viruses or bacteria for B cells or infected cells for T cells). At the same time, powerful antigen-specific stimulation can be pro-

vided by antigen-loaded APCs that have upregulated the expression of costimulatory molecules, such as CD80, and secrete cytokines, such as IL-2 and IL-12.
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the surface expression of MHC antigens [16,17]. IL-10
also increases the recruitment of macrophages and
neutrophils [22] and inhibits cancer growth by hampering
tumour angiogenesis and invasiveness through induc-
tion of metalloproteinase (MMP) inhibitors [22,39,40,45].
In a colon carcinoma mouse model, the transfection of
tumour cells with IL-10 reduces the malignant potential
in the context of a predominant Th2-type immune
response [44]. IL-10-transfected cell lines derived from
mouse mammary adenocarcinoma [22,46], ovarian carci-
noma [47] and melanoma [11] elicit loss of tumouri-
genicity and increased immunogenicity accompanied by
a strong lymphocyte and antibody-dependent immune
memory.

Thus, experimental models strongly support a role for
IL-10 as a mediator of tumour regression. Although local
administration (tumour transfectant models) predomin-
antly inhibits tumour growth, systemic IL-10 adminis-
tration has protective and/or curative effects. The
mechanism(s) responsible for antitumour properties
remains unclear; however, it seems that IL-10 stimulates
effector functions by enhancing tumour-cell killing by NK
cells and, perhaps, CD8þ T cells. This is in line with the
hypothesis that the primary role of IL-10 is to induce
destruction of abnormal cells with secondary beneficial
effects on antigen presentation [19].

IL-10 and human cancer

The role of IL-10 in the context of human cancer is less
clear. A negative correlation between circulating levels of
IL-10 and prognosis was observed in patients with solid or
haematological malignancies [21]. However, this associ-
ation might reflect the bulk of IL-10-producing tumour

cells in advanced stages. Overexpression of Th2-type
cytokines (including IL-10) associated with depressed
APC function was observed in tumours unresponsive to
immunochemotherapy [48]. By contrast, high IL-10 levels
were observed in areas of spontaneous regression of
primary melanoma [49].

Information available on IL-10 production in freshly
excised human tumours, including carcinomas of the
ovary, breast, renal cell, lung and skin and melanoma,
has recently been summarized [38]. In the tumour micro-
environment, IL-10 is probably secreted by tumour cells
because several human cancer cell lines constitutively
produce IL-10 in vitro [38]. The biological significance of
IL-10 production by tumour cells is unclear. The prolifer-
ation rate of human melanoma cell lines is enhanced by
exogenous IL-10, suggesting that this cytokine might be a
tumour growth factor [50]. In addition, IL-10 immune-
suppressive effects could enable tumour escape from
immune recognition [50–52].

However, the role that IL-10 might have in tumour
escape is far from established. In the context of human
papilloma virus-related cervix carcinoma, IL-10 enhances
synergistically with IL-2 tumour-specific T-cell expansion
and cytotoxicity by increasing the intracellular accumu-
lation of perforin [53]. In a recent study, the treatment-
induced behaviour of melanoma metastases was linked to
their phenotype by serial gene expression analysis of
samples obtained by fine-needle aspirates (FNA) [54].
Using this strategy, the mRNA levels were measured of
genes with immune-regulatory function, such as IL-8,
IL-10, TGF-b1 and TGF-b2, which are thought to be con-
stitutively secreted by tumour cells [52]. mRNA levels
were documented before and during therapy with systemic

Table 1. Inhibitory effects of IL-10 on tumour growth in animal modelsa

Experimental model Method of

delivery

Role Best result reported Ref.

IL-10-transfected hamster ovarian tumour implants Local Local antitumour effect Inhibition of

tumour growth

[47]

IL-10-transfected spontaneous mammary carcinoma Local Induction of antitumour

immune response

Protection [46]

IL-10-transfected tumour implants Local Induction of antitumour

immune response

Protection [42]

Various types of established (7-day) murine tumours Systemic Induction of antitumour

immune response

Treatment [41]

Subcutaneous implants of B16 melanoma transduced with IL-

10

Local Local antitumour effect Protection [11]

IL-10-transfected murine mammary cancer subcutaneous

implants

Local NK-dependent inhibition

of tumour

Inhibition of

tumour growth

[13]

B16 and spontaneous melanoma lung metastases Systemic (i.p.) NK-dependent inhibition

of tumour

Inhibition of

tumour growth

[12]

Breast cancer cells transduced with murine IL-10 Local Recruitment of leukocytes Inhibition of

tumour growth

[22]

IL-10-transfected CT26 colon carcinoma-cell implants Local T-cell-dependent inhibition

of tumour

Inhibition of

tumour growth

[44]

IL-10-transfected A375 human melanoma subcutaneous and

pulmonary metastases xenografts

Local Local antitumour effect Inhibition of

tumour growth

[64]

b-Galactosidase-expressing 3-day pulmonary metastases Systemic (i.p.) Adjuvant to poxvirus-based

vaccine

Treatment [40]

Human prostate cancer vertebral metastases xenografts Systemic (i.m.) Inhibition of vasculogenesis Inhibition of

tumour growth

[45]

Ovalbumin-expressing subcutaneous implants Systemic (i.p.) Adjuvant to peptide-pulsed

APC vaccine

Protection and

treatment

[43]

aAbbreviations: APC, antigen-presenting cell; IL, interleukin; i.m., intramuscular; i.p., intraperitoneal; NK, natural killer.
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IL-2. Surprisingly, it was found that IL-10 mRNA was
expressed at significantly higher levels in pre-treatment
FNA samples obtained from immune-responsive lesions
(t-test p2 , 0.002) [55]. A follow-up study on an independent
patient population confirmed this finding by identifying a
positive correlation between clinical regression and IL-10
protein levels in tumour cells from FNA obtained before
therapy [38]. Thus, it could be speculated that IL-10
produced by some tumours might pre-condition the
tumour microenvironment to the antitumour effects of
systemic IL-2 administration.

As a result of these observations and the extensive
literature suggesting a role for IL-10 in NK-cell activation
[9,10,12–17], the proliferative and cytotoxic activity of NK

cells exposed to this cytokine in the presence or absence of
IL-2 was tested. IL-10 did not affect NK-cell proliferation.
However, a significant increase in the lysis of Daudi cells
but not K562 cells, resulted from the combination of IL-2
and IL-10 (Fig. 2a). The enhancement of cytotoxic activity
induced by IL-2 was associated with a significantly
enhanced expression of perforin, granzyme, TNF-a,
inducible nitric oxide synthase and IFN-g. IL-2 also
increased the expression of IL-8 but neither cytokine
affected the expression of TGF-b1, TGF-b2, CD28, NK-
inhibitory receptors, CD16, CD2 or Fas ligand (FasL)
(Panelli, unpublished). IL-10 specifically upregulated the
expression of T-cell intracellular antigen (TIA)-1 and CD69
(both of which are associated with NK-cell cytotoxicity)
(Table 2). It was recently observed that TIA-1 is expressed
at a higher level in melanoma metastases responsive to
systemic IL-2 therapy [56]. In addition, gene profiling of
FNA samples obtained during IL-2 therapy associated
TIAR (a homolog of TIA-1) mRNA upregulation with
immune responsiveness, suggesting that IL-2 and IL-10
might synergistically promote the expression of TIA genes
in vivo [57].

Genetic profiling of NK cells stimulated in vitro suggests
that IL-2 and IL-10 act on NK-cell function through
distinct pathways (Fig. 3). Out of 6500 genes investigated,
200 were differentially expressed in IL-2-stimulated
NK cells (not shown). IL-10 induced differential expres-
sion of 244 genes independently of IL-2. Of these, 60
were consistently upregulated (Panelli, unpublished). It
appeared that IL-10 induced genes with contrasting
functions. Among the 60 upregulated genes, some had
proinflammatory function [e.g. MRC OX2, associated
with the switch from Th2 to Th1 immune responses;
LD78, a MIP-1a analog; several IFN-inducible genes,
including MxA and MxB (IFN-induced cellular resistance

Fig. 2. Effects of interleukin-2 (IL-2) and IL-10 on the cytotoxic function of natural

killer (NK) cells. Peripheral blood mononuclear cells were purified by Ficoll gradi-

ent separation and cultured for 48 hours in the presence of IL-2 (300 IU ml21)

and/or IL-10 (30 ng ml21). Cytotoxic activity was measured against the human

chronic myelogenous leukaemia cell line K562 (a) or the human lymphoma cell

line Daudi (b) with a calcein-based survival assay. Percent (%) lysis was cal-

culated as follows at the effector to target (E/T) ratios of 5:1, 10:1 and 20:1;

% lysis ¼ 1 2 [(experimental fluorescence 2 background fluorescence)4 (maxi-

mum fluorescence 2 background fluorescence)] £ 100. An average of three

experiments performed with NK cells from different donors is shown ( p ¼ t test p2-

value ¼ 0.02 between the treatment with IL-2 alone and the treatment with IL-2 plus

IL-10).
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Table 2. Selected genes with immunoregulatory properties

whose mRNA levels are selectively increased on stimulation of

NK cells with IL-10a

Geneb Putative associated function

TIA-1 NK-cell cytotoxic function

CD69 NK-cell receptor

MRC OX2 Inducer of Th1-type immune responses

MIP-1a Chemotactic and proinflammatory properties

MxA, MxB Acute inflammatory processes

Hsp70 Tissue damage, inflammation, antigen presentation

CD30 ligand Lymphocyte survival and differentiation

(TNF-family member)

IKB-a Modulator of immune response through NF-kB

Lipoxin A4 Resolution of inflammation

Caspase-8 Apoptosis

aAbbreviations: Hsp70, heat shock protein 70; IFN, interferon; IKB-a, inhibitor of NF-

kb a; IL, interleukin; MIP-1a, monocyte inflammatory protein 1a; Mx, IFN-induced

cellular resistance protein; NK, natural killer; TGF, transforming growth factor; TIA-

1, T-cell intracellular antigen 1; TNF, tumour necrosis factor.
bGene expression was measured either by quantitative real-time PCR on exposure

of peripheral blood mononuclear cells to IL-2 and/or IL-10 (as per Fig. 2a) or by cDNA

array analysis of the same samples. Genes shown are those whose expression was

significantly different in at least three consecutive experiments and were specifically

affected by IL-10 but not IL-2. Other genes analysed by quantitative real-time PCR

were not significantly affected by IL-10 and included: perforin, granzyme B, Fas

ligand, inducible nitric oxide inhibitor, TNF-a, IFN-g, IL-8, TGF-b1 and b2, CD28, NK-

inhibitory receptors, CD16 and CD2. Other genes analysed by cDNA arrays can be

accessed at http://www.cc.nih.gov/dtm/dtm_research.htm. The data presented here

do not take into account post-transcriptional regulation.

Review TRENDS in Immunology Vol.24 No.1 January 2003 39

http://treimm.trends.com

http://www.cc.nih.gov/dtm/dtm_research.htm
http://www.trends.com


proteins); heat-shock protein 70; CD30 ligand ], some
were related to the resolution of inflammation (e.g.
IKB-a, lipoxin A4, formyl-peptide receptor ) and some
had pre-apoptotic function (inhibitor of apoptosis-2,
caspase-8 ). In general, it appeared that IL-10 activated
intrinsic NK-cell activity and promoted a lipid medi-
ator class switch to mitigate the surrounding inflam-
matory process [58]. The combination of IL-2 and IL-10
administration specifically induced the differential
expression of 190 genes, mostly promoting inflam-
mation and increased NK-cell migration and function
[e.g. CD11c, CD151, CD27-binding protein, MMP-12,
TNF receptor I (TNFRI ), MHC class I ].

On the basis of these findings and the observation
that IL-10 is secreted constitutively by tumour cells, it
can be hypothesized that IL-10 might pre-condition the
immune responsiveness of tumours to proinflammatory
stimuli. This effect might be mediated through NK-cell
activation leading to tumour cell killing, antigen release
and APC stimulation by damaged cells. At the same
time, IL-10 inhibits classical APC maturation, which
preserves their antigen-uptake function and promotes

polarization towards an M2 phenotype that promotes
angiogenesis, tissue remodelling and repair [23]. Finally,
IL-10 inhibits recruitment and activation of adaptive
immune mediators, which maintain a chronic inflam-
matory state within the tumour microenvironment. On
addition of a secondary proinflammatory stimulus (i.e.
the systemic administration of high-dose IL-2), the
balance is shifted towards activation of APCs with
consequent production of chemoattractants, costimula-
tory molecules and cytokines with proliferative effects on
immune cells [57] in a situation similar to the one
depicted in Fig. 1. In this case, APCs loaded with antigen
act as strong immunogens for the incoming tumour-
specific T cells (Fig. 4). Obviously, this proinflammatory
activity is not limited to IL-2 alone because other
cytokines could serve as a link between innate and
adaptive antitumour immunity, as recently reviewed by
Belardelli et al. [20].

IL-10 in human trials

There are few examples of clinical trials adopting systemic
IL-10 administration. Subcutaneous administration of

Fig. 3. Eisen’s hierarchical clustering of genes expressed by natural killer (NK) cells on stimulation with interleukin-2 (IL-2), IL-10 or a combination of both. (a) Clustering of

3635 genes filtered out of 6500 genes for expression in $20% of the experiments at an intensity ratio of ,2 or .0.5 compared with a reference sample consisting of RNA

derived from peripheral blood mononuclear cells (PBMCs) from five random donors. In red are genes overexpressed in NK cells compared with PBMCs; in green are genes

underexpressed. Antisense RNA was prepared from NK cells obtained by negative selection of apheresis products from three healthy donors (,95% purity). Results from

the three donors are shown to emphasize the reproducibility of the expression pattern. For each donor (1–3), the first column represents samples from untreated, the

second from IL-10 (30 ng ml21) treated, the third from IL-2 (300 IU ml21) treated and the fourth from IL-2 plus IL-10-ated NK cells. Stimulation was performed for 4 hours. (b)

Functional signature of 60 genes significantly (paired t test p2-value ,0.05) differentially expressed on incubation with IL-10. (c) Functional signature of 70 genes signifi-

cantly (paired t test p2-value ,0.01) differentially expressed on incubation with the combination of IL-2 and IL-10. The blue line represents samples from untreated NK cells,

the light blue samples from NK cells treated with IL-10, the red line samples treated with IL-2 and the purple line samples treated with the combination of IL-2 and IL-10. A

different pattern of gene expression results in response to IL-1 and IL-10 administration to NK cells: (c) genes induced by the combination of IL-2 and IL-10; (d) genes

induced by IL-2 and further upregulated by IL-2 and IL-10 combined; and (e) genes specifically induced by IL-10, repressed by IL-2 and whose expression is normalized by

the combination of the two cytokines.
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IL-10 (8 mg kg21) induced modest but significant improve-
ments in patients with psoriasis [32,59], Crohn’s disease
[33], rheumatoid arthritis [60] and chronic hepatitis C
infection [61]. In general, the predominant biological effect
of systemic IL-10 administration was global immune
suppression, decreased T-cell and macrophage infiltration,
inhibition of NF-kB activation and depressed TNF-a and
IL-12 expression by monocytes. In a separate study in
which IL-10 was given to patients with acute myelogenous
leukaemia, IL-10 induced elevated serum levels of TNF-a
and IL-1b [62], an effect opposite to the in vitro obser-
vations, suggesting that these might not necessarily
reflect the in vivo effects of this cytokine. Discordant
with the anti-autoimmune effects of IL-10, administration
of neutralizing anti-IL-10 antibodies [31] reduced symp-
toms in patients with SLE. Several clinical trials have
been performed in healthy volunteers to address the safety
and biological effects of IL-10 administration [15,36,37,63].
These studies have uniformly demonstrated that IL-10
administration at doses associated with biological activity
has minimal side effects. In a recent report, intravenous
administration of human recombinant IL-10 (25 mg kg21)
when given 1 hours after the induction of endotoxaemia,
produced proinflammatory effects by enhancing release of
IFN-g, IP-10 and other monokines induced by IFN-g [15].
In addition, IL-10 induced activation of cytotoxic T and
NK cells as reflected by increased levels of granzyme b.
This finding is concordant with the observation that high
levels of IL-10 during HIV infection enhance NK-cell
activity [14].

Given that IL-10 has been associated with an effective
anticancer immune response in animal and human
models, several investigators have suggested administer-
ing IL-10 to cancer patients [12,13,40,41,64]. However, to
our knowledge, no clinical trial is testing this possibility.
On the basis of the previous discussion, we believe that it is
unlikely that IL-10 alone will induce tumour regression.
However, IL-10 might pre-condition the tumour micro-
environment to concomitant therapy either with other
cytokines associated with the generation of adaptive
immune responses [20] or with IL-2 as suggested by our
clinical findings (Fig. 4).

Conclusions

Although IL-10 is highly regarded as an immunosup-
pressive cytokine and this reputation has discouraged
clinical investigators from using it as an anticancer
agent, preclinical models as well as observations in
humans suggest that it might have a facilitator role in
pre-conditioning tumours to immune recognition. On
the basis of extensive pre-clinical data discussed here
(Table 1), together with the two consecutive studies
that identified IL-10 expression in the tumour micro-
environment as a classifier of immune responsiveness
[38,55] and its limited toxicity when systemically
administered [15,36,37,63], it is proposed that pilot
clinical trials be performed under intense scrutiny
to assess the true role that this cytokine might have
in cancer therapy. In addition, it has become increas-
ingly apparent that IL-10 might have a key role in

Fig. 4. Hypothesized role of interleukin-10 (IL-10) in the tumour microenvironment. IL-10 is secreted constitutively by some tumours. Independently of the reasons for its

secretion, IL-10 has two major roles within the tumour microenvironment: (1) it increases natural killer (NK)-cell activity with consequent killing of tumour cells, release of

antigen and possibly APCs by damaged cells; and (2) it inhibits maturation of APCs with consequent maintenance of the ability to uptake antigen and to remain in situ

rather than migrating to regional lymph nodes. Thus, IL-10 maintains a chronic inflammatory state within the tumour microenvironment and also inhibits recruitment and

activation of the adaptive immune system. On addition of a secondary proinflammatory stimulus (i.e. the systemic administration of high-dose IL-2), the activation of APCs

is completed and a situation similar to the one depicted in Fig. 1 occurs. In this case, APCs loaded with antigen can serve as strong immunogens for the incoming tumour-

specific T cells.
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graft-versus-host and/or graft-versus-tumour reactions
[65]. Because of the extensive effects of IL-10 on NK-cell
function, it would also be reasonable to monitor IL-10
levels and its downstream effects during allo-NK
therapy as well as during transplantation of autologous
stem cells [34].
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