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Abstract
The role of cytokines in modulating the formation of new tumors is mediated by their ability to regulate antigen-specific anti-tumor

responses and by the activation of non-specific mechanisms, including those involved in the processes of inflammation and innate resistance.

Cytokines may influence the growth of tumors by acting directly on tumor cells as growth promoting or growth inhibiting factors or indirectly

by attracting inflammatory cell types and affecting angiogenesis. Due to the potency and complexity of cytokine activity against tumor

growth, the improvement of cloning techniques and the availability of recombinant forms of different cytokines, a great effort has been made

in the recent years to exploit this anti-tumor potential for cancer therapy. This important goal has been difficult to achieve in most cases due to

toxicity of most cytokines which could not be dissociated from their anti-tumoral functions. Nevertheless, if well designed, treatment

protocols and/or modifications of the cytokine molecules may in some situations augment the anti-tumor effects while limiting the toxicity.

One of these molecular approaches could be the design of peptides containing the functional domain of certain cytokines, exemplified by

IT9302, a peptide homologous to the functional domain of IL-10, which has demonstrated to increase tumor NK cell sensitivity.

# 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Although tumor immunotherapy was popularized over a

century ago when William Coley used bacteria extracts to

cause sporadic anti-tumor responses, the first concepts

supporting the understanding of immune system recognition

and destruction of cancer cells were provided by Burnet and

Thomas [1,2]. These authors based the hypothesis of

immunosurveillance on the concept that the immune system

can recognize and destroy nascent transformed cells.

Schreiber and colleagues [3] redefined the observed

phenomenon of cancer immunosurveillance and indicated
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that it may function as a component of a more general

process they termed cancer immunoediting. Cancer immu-

noediting includes host-protecting and tumor-sculpting

actions of the immune system that may not only prevent

but also shape neoplastic diseases [3].

In this sense, signals from transformed cells may

cause activation of professional antigen-presenting cells

(APC). Examples of such signals include secretion of

cytokines by cells undergoing DNA damage and apoptosis

[4].

Cytokines are secreted or membrane-bound proteins that

regulate the growth, differentiation and activation of

immune cells [5]. As a result, disregulation of cytokine

production is thought to play an important role in the

development of diseases, such as autoimmune disorders and

cancer [5,6]. Indeed, cytokines can indirectly influence

tumor initiation and growth by their assorted immune

activities (Table 1).
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Table 1

Effect of cytokines in tumor immunosurveillance and tumor immune escape

Cytokines Effect in TIS or TIE Secreted by

IL-10 TIE—It has been related with tumor escape, inmuno-supression,

growth of tumors and inhibition of Th1 reponse by stoping the secretion

of proinflamatory cytokines. It also increase metastasic potential

of cells and down regulates MHC class I.

T helper cells, B cells, activated monocytes,

macrophages, thymocytes, keratinocytes,

and tumor cells.

IFN-g TIS—Elicit potent anti-tumor response by activating the adaptative and

innate inmunity. Endogenously protects the host against the formation

of spontaneous tumors.

T and B cells, NK cells, natural killer T (NKT) cells,

macrophages, and mast cells.

IL-12 TIS—It has a potent anti-tumor activity against cutaneous deposits,

experimental and spontaneous metastases It acts via IFN-g with

anti-angiogenic activity, up-regulating MHC class I and II,

and activating NK and cytotoxic cells.

APC: monocytes, macrophages, and dendritic cells.

GM-CSF TIS—It is a potent stimulator of specific cell-mediated cytotoxicity

against autologous tumor targets. Its presence gives long-fasting

anti-tumor immunity.

Macrophages, T cells and monocytes

TNF-a TIS/TIE—Participates in tissue destruction and damage recovery,

has both pro- and anti-tumor activities. Can inhibit DNA repair,

act as a growth factor for tumor cells and may promote angiogenesis.

At high doses destructs tumor vasculature and have necrotic

effects in tumors.

Activated macrophages, T lymphocytes and

tumor cells.

IL-6 TIS/TIE—It can contribute to the progression, as well as to the

anti-tumor response. Depending on the model it activates different

mayor pathways of cell proliferation, inducing tumor growth, metastasis,

and resistance to chemotherapy in a

variety of tumor cells.

T and B cells, keratinocytes and macrophages.

TIS: tumor immuno-surveillance, TIE: tumor immuno-escape.
2. Pro-inflammatory cytokines in

tumor-immunosurveillance

Studies aimed at identifying the physiologically relevant

effectors of immunosurveillance have defined the produc-

tion of cytokines (i.e. IFN-g) as one of the critical tasks that

immune cells must perform to eradicate developing tumors.

IFN-g plays a critical role in promoting both protective

immune responses and immunopathologic processes [7,8].

This cytokine is produced by several cell types (e.g. T and B

cells, NK cells, NKT cells, macrophages, and mast cells)

upon activation with immune and inflammatory stimuli

[9,10]. IFN-g exerts its biological activity by interacting

with the IFN-g receptor (IFNGR) that is ubiquitously

expressed on almost all cells [7]. During the early phase of a

developing immune response (4–96 h), NK cells are the

major source of IFN-g. Later (after 96 h), during the

adaptive phase of the immune response IFN-g is mainly

produced by CD4+ and CD8+ T cells [11,12].

IFN-g is involved in effective anti-tumor immune

responses mediated by both adaptive and innate immunity,

promoting the generation of tumor-specific CD4 Th1 T cells,

as well as cytotoxic T cells (CTL) and by activating

macrophages [7]. It has been demonstrated that endogen-

ously produced IFN-g protects the host against the formation

and growth of spontaneous tumors in chimeric mice

[13–16].

In fact, mice lacking either, IFNGR1, an IFNGR ligand-

binding subunit, or the transcription factor STAT1, have 10–

20 times more sensitivity towards developing primary
tumors. These tumors grow, more rapidly, and at lower

carcinogen doses than those injected in wild-type controls

[7,14]. Analogous results have been obtained using C57BL/

6 mice lacking the gene encoding IFN-g [16]. This loss of

immunogenicity has been associated to a reduction of the in

vivo expression of immunodominant tumor antigens in

response to IFN-g secretion by tumor-infiltrating lympho-

cytes. In addition, IFN-g participates with granulocyte

macrophage-colony stimulating factor (GM-CSF) in tumor-

immune responses and is also essential for the anti-tumor

effect of interleukin-12 (IL-12) [17,18]. IL-12 is produced

mainly by APC, such as monocytes, macrophages, and

dendritic cells (DC). Among other important functions, IL-

12 possesses IFN-g-dependent anti-angiogenic activity [19]

and potent anti-tumor activity in a wide variety of murine

tumor models [17,20]. IFN-g induced by IL-12 can up-

regulate MHC class I and II expression on tumor cells,

activate NK cells, macrophages and CD8+ CTL, inducing

the production of interferon-inducible protein 10 (IP-10)

[21,22]. Significant IL-12-mediated anti-tumor activity has

been demonstrated against established, experimental [17,22]

as well as spontaneous metastases [23] (Table 1).

One approach to improve anti-tumor immunity is to

increase the recognition of tumor antigens by T lympho-

cytes. In this sense, it is well known that GM-CSF is a potent

stimulator of specific cell-mediated cytotoxicity against

autologous tumor targets [24]. GM-CSF is a member of a

large family of glycoprotein growth factors that regulate the

expansion and differentiation of hematopoietic progenitor

cells and is able to act at several levels in the generation and
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propagation of immune responses. Deficiencies of GM-CSF

and IFN-g lead to the spontaneous development of infection,

inflammation and cancer [18]. As reported previously,

vaccination with irradiated tumor cells engineered to secrete

GM-CSF, or at a lesser extent IL-3, stimulate potent, specific

and long-lasting anti-tumor immunity [24]. This finding is

surprising because GM-CSF is a cytokine mostly associated

with cell growth and differentiation of hematopoietic

progenitors, and is known to induce the differentiation

and promote the survival of peripheral blood DC [25].

However, this cytokine, showed to be the most powerful

immunostimulatory capacity among 10 different molecules

tested [24].

Nevertheless, immunosurveillance represents only one

dimension of the complex relationship between the immune

system and cancer. The immune system may also promote

the emergence of primary tumors with reduced immuno-

genicity capable of evading immune recognition and

destruction [15].
3. Pro-inflammatory cytokines and modulation of

the anti-tumor immune response

Of the many mechanisms contributing to immune

suppression, much emphasis has recently been given to

inflammatory and regulatory cells, to soluble factors that are

associated with their activities and to inflammatory

mediators. Inflammation is a physiologic process in

response to tissue damage resulting from microbial

pathogen infection, chemical irritation, and/or wounding.

At the very early stage of inflammation, neutrophils are the

first cells to migrate to the inflammatory sites under the

regulation of molecules produced by rapidly responding

macrophages and mast cells in tissues [26,27]. As the

inflammatory process progresses, various types of leuko-

cytes, and other inflammatory cells are activated and

attracted to the inflamed site by a signaling network

involving a great number of growth factors, cytokines, and

chemokines [26,27].

The association between inflammation and cancer was

illustrated by epidemiologic and clinical studies [27,28].

Inflammatory components were characterized as key players

in tumor promotion by their ability to release a large variety

of factors that support different processes including

angiogenesis, tumor growth, and tissue remodeling [27–29].

Tumor necrosis factor-a (TNF-a) is one of the main pro-

inflammatory cytokines. TNF-a, produced mainly by

activated macrophages but also by tumor cells, binds to

the membrane-bound homotrimeric receptors TNFRI and

TNFRII. During inflammation, TNF plays a critical role in

both tissue destruction and damage recovery, maintaining

the reversibility of microenvironments, and stimulating

cellular change and tissue remodeling [30]. TNF-a has both

anti-cancer and pro-cancer activities [30]. High-dose

administration of TNF-a may destroy tumor vasculature
and have necrotic effects in tumors [30]. In contrast, TNF-a

has been found to be required in chemical carcinogen-

elicited skin carcinogenesis [31] and is also a major inducer

of nuclear factor-kB (NF-kB) activation, which shows anti-

apoptotic activity. Macrophages and T lymphocytes may

release TNF-a and macrophage migration inhibitory factor

(MIF) to exacerbate DNA damage [32]. The contradictory

roles of TNF-a in regulating cell death might be attributed to

the diverse modifications of TNF receptor complexes

triggering opposite pathways [33]. In addition, TNF-a

can inhibit DNA repair and act as a growth factor for tumor

cells. Furthermore, TNF-a may promote angiogenesis and

tumor growth by inducing a range of angiogenic factors

[28,30].

Interleukin-6 (IL-6) is another pro-inflammatory cyto-

kine which has been described to participate in tumorigenic

processes, contributing both to tumor progression, as well as

to anti-tumor immune responses in vivo. Whereas the exact

nature of IL-6 effects on a particular cell type varies

depending on the model, it is well documented that this

cytokine can activate different major pathways of cell

proliferation, participating in the induction of tumor growth,

metastasis, and resistance to chemotherapy in a variety of

tumor cells [34]. IL-6 is also crucial for the establishment

and maintenance of p53 promoter methylation, contributing

to epigenetic silencing of tumor suppressor genes and tumor

cell survival [35]. In addition, STAT3 is activated in IL-6-

induced transformation of epithelial cells, where DNA

binding and transcriptional activities of STAT3 are

significantly increased by IL-6 in sensitive mouse skin

epithelial cells [36]. Conversely, a potential role has been

shown for IL-6 as an anti-tumor agent in a variety of tumor

models [37,38].

Other work has shown that inhibition of the protective

functions of the immune system may also facilitate tumor

escape. In this scenario, tumor cell variants may produce

significantly higher levels of immunosuppressive cytokines,

including transforming growth factor-b (TGF-b) or inter-

leukin-10 (IL-10) [39] and other regulatory mechanisms to

suppress effector immune responses including recruitment

of regulatory T cells, activation of indoleamine 2,3

deoxygenase, and PD-1/PD-L1 interactions.
4. IL-10 and TGF-b as regulatory cytokines

Recent attention has turned toward the study of the

mechanisms of immune evasion at the effector phase of the

anti-tumor immune response, predominantly within the

tumor microenvironment. Many soluble products can

contribute to this local immunosuppression, among which,

TGF-b and IL-10 have fundamental roles.

TGF-b is a major pluripotent cytokine, widely dis-

tributed, and with a pronounced immunosuppressive effect,

such that deficiency in knock-out mice results in lethal

autoimmunity. TGF-b binds to receptors on the cell surface
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forming a heterodimeric receptor complex constituted by

two pairs of subunits known as receptor type I (TbR-I) and

type II (TbR-II) [40]. A membrane-anchored proteoglycan,

known as type III receptor or betaglycan, aids this process by

capturing TGF-b for presentation to the signaling receptors I

and II. Binding of TGF-b1 to the receptor complex activates

the intracellular kinase domain, which leads to the

phosphorylation and activation of members of the Smad

protein family and the subsequent regulation of TGF-b–

dependent gene expression [40].

An essential role for TGF-b1 has been recently

established in both, the suppression of T cell–mediated

immune responses and the control of autoimmunity [41].

TGF-b receptor deficient mice exhibit inflammatory

infiltration in multiple organs and uncontrolled T-cell

proliferation [42]. These mice develop a rapid wasting

syndrome, which leads to their death at the age of 3–4

weeks. Global disruption of the TGF-b1 gene in mice has

clearly illustrated the importance of this specific TGF-b

isoform in regulating immune cell differentiation and

function. TGF-b1�/� mice manifest a spontaneous auto-

immune-like syndrome, with aberrant expression of MHC

class I and II antigens, circulating SLE-like IgG antibodies

to nuclear antigens, pathogenic glomerular IgG deposits,

and progressive infiltration of mononuclear cells into

multiple organs [43]. The importance of T cells in the

genesis of this syndrome is supported by the observation that

T cell-specific disruption of TGF-b signaling leads to a

similar, though less aggressive syndrome [44].

Studies show that this suppression may be attributed to

TGF-b1 expression and secretion by regulatory T cells

(Treg). Stimulated Treg express high levels of TGF-b in both

surface-bound and secreted form. Tregs (CD4+ CD25+

Foxp3+) play a pivotal role in immunological homeostasis

by their capacity to exert immunosuppressive activity [45].

These cells represent approximately 5–10% of circulating T

cells in both mice and humans, and are also termed

‘naturally occurring’, in contrast to other types of T

regulatory cells such as T-regulatory lymphocytes type-1

(Tr1) and T-helper type-3 (Th3), which likely develop from

conventional CD4+CD25� T lymphocytes in the periphery,

and are thought to represent altered T-cell differentiation

states rather than a unique T-cell lineage [46]. Treg cells are

usually considered ‘naturally anergic’, although some recent

studies may challenge this view. Nonetheless they express

several activation surface markers, including the aforemen-

tioned CD25 (Interleukin-2 (IL-2) high affinity receptor a

chain), CTLA-4 (CD152), and glucocorticoid-induced TNF

receptor (GITR), among others [45]. It has been shown that

Treg cells can suppress the proliferation of CD4+CD25� T

cells via a cell–cell contact dependent fashion. In addition,

several in vitro studies have demonstrated that Foxp3+

expression and suppressive activity as well as the size of the

peripheral Treg cell compartment are all dependent on

signals triggered by TGF-b. These regulatory cell popula-

tions, namely the CD4+ CD25+ Foxp3+ Treg cells of thymic
origin, the inducible Tr1 cells, which are able to secrete IL-

10, and the Th3 lymphocytes, which produce elevated

amounts of TGF-b, would be accumulated in tissues

specially during tumor growth to suppress different effector

branches of the immune response [47]. Several lines of

evidences indicate that Treg cells are increased in blood and

other tissues in different types of cancer [48]. Additionally, it

has been demonstrated that in patients with refractory

metastatic melanoma, the adoptive transfer of anti-tumor

CD8+ CTLs, after non-myeloablative chemotherapy was

able to induce important tumor regressions that could be

associated to elimination of regulatory T lymphocyte

populations [49]. On the other hand, chemotherapeutical

drugs like decarbazine, besides affecting tumor prolifera-

tion, also have immunosuppressive effects on T lymphocytes

populations, as well as on accumulated regulatory T cells,

suggesting not only a novel strategy for the study of

regulatory cell populations, but also potential therapeutic

innovations which are being boarded in current clinical trials

[47].

Besides Treg cells, other types of regulatory T

lymphocytes have the capacity to generate immunosup-

pressive responses against tumors in the periphery, mainly

through increasing the secretion of immunosuppressive

cytokines like TGF- b and IL-10. As mentioned above, Tr1

secrete large amounts of IL-10 when they are stimulated in

vitro with dexamethasone or vitamin D3. Another popula-

tion of regulatory T lymphocytes is constituted by the Th3

cells that produce high amounts of TGF-b [50].

TGF-b signaling regulates cancer through mechanisms

that function either within the tumor cell itself or through

host-tumor cell interactions. The loss of tumor-specific

TGF-b-mediated cytostasis allows the tumor to utilize TGF-

b to profoundly alter the tumor microenvironment and host

immune response. TGF-b released or activated by tumor

cells acts on CD8+ CTLs to suppress the expression of five

cytolytic mediators. In the presence of TGF-b, CTL fail to

express effectors such as perforin and granzyme A and B, the

apoptotic activators that flow into the tumor cell. In addition,

TGF-b impairs expression of, the proapoptotic mediator

FasL, and the proinflammatory cytokine IFN-g. In addition,

tumor growth facilitates the induction or recruitment of

CD4+ regulatory T cells that secrete IL-10 and TGF-b and

suppress effector CD8+ T cell responses. However, CD8+ T

regulatory cells expressing IL-10 and TGF-b are also

recruited or activated by the immunosuppressive environ-

ment, where they may suppress the induction of anti-tumor

immunity [51].

Recently, accumulated evidence has shown that TGF-b

has important functions in the maintenance of the home-

ostasis, thus participating in the regulation of inflammation.

The identification of T helper cells that produce interleukin

17 (IL-17), called Th-17 cells, has ushered in a new chapter

in immunology (for details see review 16 of the present

special issue). This IL-23-dependent T-cell subset is induced

by a combination of TGF-b and IL-6, is distinct from T
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helper type 1 (Th1) and Th2 cells and is critical for driving

inflammatory autoimmune responses [52].
5. IL-10 an old actress in the immunosuppressive

scenario

IL-10 is an 18 kDa cytokine produced under different

conditions of immune activation by a variety of cell types,

including T cells, B cells, monocytes, and macrophages

[53]. This protein, initially characterized as cytokine

synthesis inhibitory factor (CSIF) [54], is a pleiotropic

molecule that displays both immunoregulatory and immu-

nostimulatory effects. It has been described that IL-10

inhibits the production of cytokines such as IL-2, TNF-a,

IFN-g, and GM-CSF by Th1 cells in response to antigens

presented by APC. Later, it was demonstrated that IL-10 also

plays important roles in blocking cytokine production, and

the expression of co-stimulatory molecules including CD80,

CD86, and MHC class II and chemokine secretion [55,56].

These effects may limit the magnitude of immune cell

activation and suppress subsequent cytokine release by T

cells during the specific immune response.

Part of these anti-inflammatory effects is due to the

activity of IL-10 on DC. IL-10 serves as a potent mechanism

for limiting the maturation of monocyte-derived DC and

their capacity to initiate Th1 responses. IL-10 can be

produced by DC and has similar immunosuppressive effects

on antigen presentation. Since DC are the most important

cells able to elicit an adaptive immune response and are

important actors in acute inflammation, cross-regulation of
Fig. 1. Paradoxical pro-tumoral and anti-tumoral activities of IL-10. IL-10 exerts d

at the tumor site low concentrations of IL-10 can be secreted by tumor cells or b

expression on the tumor surface, rendering it less sensitive to T CD8+ mediated cyt

IL-10 can be secreted by TCD4+ (Th2) cells, Treg cells and Tr1 cells. In this co

response. On the contrary, in the periphery, IL-10 produced by injected DC or the ad

by activating NK cells to produce IFN-g thus inducing DC maturation. Both IL-10

tumor responses.
inflammatory mediators and their subsequent effects on DC

is of great importance [57].

The capacity of IL-10 to induce Tr1 cells in vitro is

directly correlated to the in vivo immune response to certain

infectious agents and cancer. Pathogen-specific Tr1 cells

may be generated in vivo during the course of bacterial, viral,

fungal, or parasitic infections. The major purpose of these

cells is to control inflammation and collateral tissue damage.

[58]. In some models, Foxp3+ Treg cells have been shown to

be both antigen specific and IL-10 producers [59], blurring

the distinction between the Treg cell subsets. Thus, naturally

occurring Treg cells can act via cell contact–dependent

mechanisms in vitro, and through the release of inhibitory

cytokines.
6. IL-10 a cytokine with dual effect on tumors

Although IL-10 is commonly regarded as an anti-

inflammatory and immunosuppressive cytokine that favors

tumor escape from immune surveillance, accumulating

evidence indicates that IL-10 also possesses some pro-

inflammatory properties [60]. It is now clear that depending

on the dose and route of administration, IL-10 may display

either pro or anti-inflammatory effects (Fig. 1). For example,

while IL-10 prevents type-1 diabetes development in NOD

mice when administered systemically, [61] this cytokine

accelerates the onset rate of the disease when transgenically

expressed in the pancreas [62]. In addition, while

intravitreally injected IL-10 effectively reduces LPS-

induced uveitis in rabbits, intraperitoneal administration
ifferent effects depending on tissue location and concentration. For example,

y infiltrating T cells, and in this context IL-10 dowregulates MHC class I

otoxicity and more sensitive to NK cell-mediated lysis. In lymph nodes (LN)

ntext IL-10 may work as a tolerogenic cytokine, inhibiting the anti-tumor

ministration of the recombinant cytokine acts as an immunological adjuvant

and its functional domain peptide IT9302 need to be tested in vivo for anti-
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exacerbates LPS-induced uveitis in mice [63]. IL-10-

treatment has also been shown to aggravate experimental

autoimmune myasthenia gravis through induction of Th2 and

B-cell responses to the acetylcholine receptor [64]. Finally,

neutralizing monoclonal antibodies against IL-10 ameliorates

the course of murine systemic lupus erythematosus in NZB/

NZW F1 mice [65]. In fact, IL-10 has the pleiotropic ability of

influencing positively or negatively the function of innate and

adaptive immunity in different experimental models. There-

fore, this cytokine might be considered either a target of anti-

immune escape therapeutic strategies or rather, an immuno-

logical adjuvant in the fight against cancer.

However, until now, IL-10 is the only cytokine that has

been shown to posses an inhibitory effect on the MHC class I

antigen presentation. This has led us to propose that its

expression, in certain tumors, would be related to

mechanisms of tumor evasion [56]. This cytokine has been

associated to immunosuppression, tumor growth, and

inhibition of Th1 responses, because it inhibits the

production and secretion of IL-2, IFN-g and a variety of

other pro-inflammatory cytokines such as TNF-a, IL-1, IL-6

and IL-12 in different immune cell populations, including

lymphocytes and monocytes [53,54].

Several authors have reported the presence of IL-10 in

fresh tumors biopsies of patients with different types of

cancer such as melanoma, renal carcinoma, ovarian tumors,

and several types of adenocarcinoma [66–69]. It has been

demonstrated that solid tumors express IL10 mRNA [70]

and that patients with different types of adenocarcinoma

show high levels of IL10 in plasma [56]. It has been

proposed that IL-10 increases the metastatic potential of

tumors since the expression of this cytokine is more frequent

in metastatic tumors than in primary tumors [71].
7. IL-10 inhibits MHC class I antigen presentation in

tumors

Studies from our laboratory, have demonstrated that

melanoma cell lines pre-treated with recombinant IL-10

(rIL-10) are less sensitive to tumor-specific CTLs. This

effect is directly correlated with the ability of IL-10 to

downregulate MHC class I expression [55]. These findings

were confirmed by studies describing a negative regulation

of the MHC class I and II and the adhesion molecule ICAM-

1 in melanoma cell lines [72]. These results, added to the

multiple inhibitory effects of IL-10, have led the proposition

that secretion of this cytokine might be a mechanism

employed by tumors to evade the immune response [56].

Subsequently, we have demonstrated that the effect of IL-

10 in antigen presentation is associated with a decrease in

MHC class I expression and inhibition of the expression and

functionality of TAP-1 and TAP-2 molecules in murine

tumors transfected with IL-10, such as the RMA lymphoma

and the P815 plasmacytoma [73,74]. Other groups have

observed similar effects in human B lymphomas [75]. On the
other hand, tumors that constitutively express IL-10, like

J558L plasmacytoma or lymphoma YAC-1, when trans-

fected with IL-10 antisense, significantly increase their cell

surface expression of MHC class I and reduce their

sensitivity to NK-cell mediated lysis [73,76].

Treatment of the RMA murine lymphoma cell line with

different doses of rIL-10 or transfection with the gene that

encodes for IL-10, provide a phenotype similar to the RMA-

S mutant [73] which has a TAP-2 peptide mutation and

shows a deficient antigen presentation. A strong correlation

can be observed between expression of IL-10; increase in

tumor sensitivity to NK cell-mediated lysis, and diminished

tumor sensitivity to specific CTLs [55,73,74].
8. In vitro and in vivo effects of IL-10 in an
experimental melanoma model

The in vivo effects of the local expression of IL-10 in

tumor rejection are variable and contradictory. There are

evidences that show that the dose of IL-10 used, the route of

administration and the local or systemic application of the

cytokine are fundamental in determining its effects [60]

(Fig. 1). High doses of IL-10 would have a stimulatory effect

on the immune response, mainly through modulation of T

lymphocyte and NK cell activities [77]. This effect has been

demonstrated by a more effective rejection of certain tumors

in presence of high levels of IL-10 [77].

For example, transfected TSA mammary murine tumor

cells that produce high levels of IL-10 are more rapidly

eliminated than controls in BALB/c mice. This effect can be

explained by an increase of the lytic activity mediated by

CTLs and NK cells [78]. Similar effects have been observed,

using different immune competent murine strains and

tumors transfected to produce high IL-10 levels, such as the

murine CL8-1 and B16 melanoma [79], the mammary

carcinoma 410-4 [80] and the sarcoma MCA [81]. The

predominant role of NK cells in these systems is

corroborated by results obtained in T lymphocyte-deficient

mice. In fact, Chinese hamster ovary cells transfected with

mouse IL-10 are rapidly rejected in severe combined

immunodeficient (SCID) mice [82].

Unpublished results obtained by our laboratory indicate

that lymphoma RMA cells and human BL melanoma cells

transfected with IL-10 are more efficiently rejected than

their controls in SCID mice, and that this effect can be

reversed by depleting NK cells using an anti-asialo antibody.

On the contrary, there are several evidences of the

immunosuppressive effects of IL-10 in relation to anti-

tumoral immunity [56]. For example, it has been observed

that transgenic mice that overexpress IL-10, exhibit a

reduced ability to reject tumors [83]. In the case of murine

fibrosarcoma WP4, that expresses lower amounts of IL-10, a

major tumorigenicity is observed, which is explained by an

inhibition in the generation of CTL and T CD4+

lymphocytes [84].
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The plasmacytoma J558L cell line, that constitutively

expresses low doses of IL-10, also shows similar effects

which are mediated by an inhibition of antigen presenting

cells [74]. It has been also demonstrated that B16 melanoma

transfected with the IL-10 gene to produce low concentra-

tions of IL-10, escapes the immune system control by virtue

of the inhibition of MHC class I expression and the induction

of an angiogenic phenotype [77].

Melanoma cells treated with IL-10 were shown to have

decreased, but peptide inducible, expression of MHC class I,

decreased sensitivity to MHC class I-restricted CTLs and

increased sensitivity NK cell-meditated lysis [55–73]. These

findings could be explained, at least partially, by a down-

regulation of TAP1/TAP2 expression. In addition IT9302, a

nanomeric peptide (AYMTMKIRN), homologous to the C-

terminal functional domain of the human IL-10 sequence,

was demonstrated to mimic these previously described IL-

10 effects on MHC class I-related molecules [85]. Besides

the down-regulation of MHC class I at the cell surface, the

IL-10 homologue peptide also caused a dose-dependent

inhibition of IFN-g-induced cell surface expression of MHC

class I in melanoma cells together with an increase in

melanoma cell sensitivity to lysis by NK cells [85].

These results demonstrate that a small synthetic peptide

derived from IL-10 can mimic the antigen presentation-

related effects mediated by this cytokine in human

melanomas and increase tumor sensitivity to NK cells;

these effects are critical in the design of future strategies for

cancer immunotherapy.
9. The effect of recombinant cytokines in cancer
immunotherapy

In human cancer therapy, recombinant cytokines are

generally used to enhance immunity. Cytokines can be used

to activate the innate immune system: NK cells, macro-

phages, and neutrophils. They can also regulate the adaptive

immune system, including T and B cell-mediated responses.

In the immune system, cytokines function in cascades. Thus

clinical trials of individual cytokines are rarely useful, since

cytokines tend not to work individually, but rather act in

concert. Among the individual cytokines that have been

tested and found ineffective for cancer treatment is IL-1b,

which nevertheless can still be indirectly useful because it

helps to decrease the severe toxicity of IL-2 [86]. TNF-a

certainly sounded promising for a period of time, but in fact

caused severe hypotension when used systemically. IL-4

showed minimal anti-cancer activity and was toxic. IL-6 had

some activity against cancer cells, but turned out to be a

growth factor for myeloma cells [87]. Other cytokines such

as GM-CSF, which was primarily used in stem cell

transplantation to reconstitute the myeloid lineage, has

been studied in melanoma showing controversial results.

IL-2 and IFN-a2b are two cytokines approved by the

FDA for the treatment of cancer. IL-2 has demonstrated
activity against renal cell carcinoma, melanoma, lymphoma,

and leukemia. IFN-a2b has activity in those tissues but also

in Kaposi’s sarcoma, chronic myelogenous leukemia, and

hairy cell leukemia. Overall, cytokines are molecules that

appear to have applications in the treatment of hematolo-

gical malignancies or immunogenic tumors. Here, we will

examine the major cytokines currently in use or under

evaluation for cancer therapy: IFN-a, IL-2, GM-CSF, and

IL-12.
10. Interferon-a

Initially described for their antiviral activities, type I-IFN

are now recognized as central regulatory elements of the

immune response.

IFN-a is definitely active in hairy cell leukemia, where

complete and partial responses have been documented [88].

In addition, a significant increase in survival was observed in

different clinical trial of patients with chronic myelogenous

leukemia suggesting that IFN can be also active in this

disease [89].

In kidney cancer, few but consistent results have been

shown in phase 2 clinical trials, where reported response

rates average 11% (ranges from 8 to 29%). Currently, IFN is

included in the treatment of kidney cancer, but unlike IL-2, it

is not FDA-approved, and is considered a palliative second-

line therapy.

IFN-a has a long history in metastatic melanoma. A

series of phase 2 trials with high-dose IFN showed response

rates similar to existing chemotherapies (20–22%) [90].

There is much more promise in the use of IFN as an adjuvant

in melanoma treatment [91]. In one randomized trial, stage 3

or 2B patients were observed or given high-dose IFN for 1

year (n = 287). The IFN-treated group showed disease-free

and relapse-free benefits, and an overall survival medium of

3.8 years (versus 2.78), which ultimately led to FDA

approval and the acceptance of interferon as a standard

adjuvant therapy for stage III resected melanoma.
11. Interleukin-2

IL-2 is a T-cell growth factor, that has been used with

relative success in melanoma and renal cell carcinoma. In

dose escalation studies, patients treated with high doses of

IL-2 showed clinical responses. Patients with renal cell

carcinoma showed high response rates to IL-2 (24% at the

highest dose of IL-2), and the median survival for all patients

was 16.3 months, with 10–20% survival 5–10 years after

treatment [92]. Melanoma patients [92] who have success-

fully responded to IL-2 treatment are alive and their disease

did not progress for 5–15 years later. Nevertheless the

toxicity of the treatment is a limiting factor. The

administration of high doses of IL-2 can be compared to

inducing a controlled and reversible state of septic shock.
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Administration of IL-2 at low-doses in patients with renal

cancer and melanoma has also shown benefits [93]. In this

case objective responses rates of 18–23% were reported,

without high levels of toxicity.

It has been also proposed that patient selection is critical

for IL-2 therapy. As expected, melanoma patients with high

performance status do well, as do patients who develop

vitiligo or autoimmune thyroiditis. These findings support

the idea that IL-2 promotes an autoimmune T-cell mediated

response against melanocytes.
12. Granulocyte–monocyte colony stimulating factor

and interleukin-12

GM-CSF has been shown to stimulate an intense

inflammatory reaction, suggesting that this cytokine creates

an advantageous intracellular environment for tumor antigen

presentation [24]. Several phase I/II clinical trials investi-

gating GM-CSF-secreting tumor vaccines have been

conducted in several types of cancers. Expression of the

GM-CSF gene within tumor cell populations has demon-

strated evidence of anti-tumor activity particularly in

prostate cancer and non-small cell lung cancer [94].

IL-12 is a heterodimeric protein that promotes NK and T

cell activity and is considered to be a growth factor for B

cells. Its anti-tumor activity has been demonstrated in mouse

models, but IL-12 has shown minimal therapeutic effect in

patients. However, IL-12 may have a potential value as an

adjuvant in vaccines based on immunogenic peptides as

observed in patients with resected melanoma (Stage III and

IV) [95].
13. Interleukin-10 as a therapeutic agent

The powerful immunomodulatory properties of IL-10

and the promising results obtained from experimental

models in the course of several inflammatory diseases have

supported the application of IL-10 in clinical trials. So far

human recombinant IL-10 (Ilodecakin/Tenovil; Schering-

Plough Research, Kenilworth, NJ) has been tested in healthy

volunteers, patients with Crohn’s disease, rheumatoid

arthritis, psoriasis, hepatitis C infection, HIV infection, as

well as in the inhibition of therapy-associated cytokine

storm in organ transplantation and the Jarisch Herxheimer

reaction.

In phase-I clinical trials, safety, tolerance, pharmacoki-

netics, pharmacodynamics, immunological, and hematolo-

gical effects of single or multiple doses of IL-10

administered by intravenous (i.v.) or subcutaneous (s.c.)

route have been investigated in various settings in healthy

volunteers [96]. Overall, these studies have shown that IL-10

is well tolerated without serious side effects at doses of up to

25 g/kg, and mild to moderate flu-like symptoms are

observed in a fraction of recipients at doses up to 100 g/kg
[97]. Single i.v. or s.c. doses of IL-10 may result in transient

neutrophilia, lymphocytopenia, and monocytosis and a

delayed decrease in platelet counts was observed following a

single s.c. dose of IL-10 [96].

Administration of IL-10 did not produce adverse effects

on the studied patient population [98]. Generation of

neutralizing antibodies was not observed in any of the

studies. In vivo administration of IL-10 inhibited LPS-

induced production of IL-6, IL-1, and TNF-a in whole blood

cell assays and decreased proliferative responses and IFN-g

production following phytohemagglutinin stimulation of

peripheral blood mononuclear cells (PBMC), indicating that

IL-10 retains immunomodulatory activity when adminis-

tered in vivo. IL-10 has not been tested yet in any type of

cancer, probably because expected anti-inflammatory

effects may favor tumor growth. However, a large body

of pre-clinical evidence is in contrast with the above-

mentioned forecast. Besides the increased immunogenicity

and reduced tumorigenicity of IL-10-transfected melanoma

and carcinoma cell lines, exogenous IL-10 administration

has been shown to mediate regression of established

melanoma and breast cancer metastases in various pre-

clinical in vivo models [78–80]. Remarkably, while viral IL-

10 can inhibit tumor rejection, cellular IL-10 favors the

elimination of cancer cells, confirming that the double

function of this cytokine can be split and associated to

different domains of the molecule [99]. For this reason, the

potential use of an IL-10 functional domain homologous

peptide such as IT9302 may result interesting from a

therapeutic point of view. Many authors, including our

group, have linked the anti-tumor capacity of IL-10 to an

enhanced NK cell activity [73–85] and others have

demonstrated that this anti-tumor effect depends on CD8+

[100] or CD4+ T cells [101]. Regarding DC vaccines, it is

now very clear that mature monocyte-derived DC express

both IFN-g and IL-10, thus inducing in vivo DTH reactions

[102]. Although administration of IL-10 before anti-tumor

immunization results in immunosuppression and tumor

progression, in line with the well-known IL-10 inhibitory

activity on DC-mediated antigen presentation [100],

injection of IL-10 immediately after immunization sig-

nificantly augmented anti-tumor immunity and vaccine

efficacy [60]. In addition, the number of antigen-specific

CTLs is higher in animals treated with vaccine plus IL-10

rather than those treated with vaccine alone, suggesting that

IL-10 might act as an immunological adjuvant maintaining

the number of antigen-activated CTLs during vaccine-

induced tumor rejection [101,102]. A follow-up study in

melanoma patients showed a correlation between clinical

regression and IL-10 protein levels in tumor cells from

samples obtained before therapy [60]. Therefore, it is

possible that the presence of high in situ levels of IL-10 may

condition the tumor microenvironment to the anticancer

effect mediated by anti-tumor vaccines and this outcome

might be associated with an increased NK cell activity

against the tumor.
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14. Conclusions

It is not surprising that the cytokine network profoundly

affects the growth of tumors invivo and plays a significant role

in the immunosurveillance against newly generated malig-

nant cells. The role of cytokines in checking the formation of

new tumors is mediated by their ability to modulate anti-

tumor antigen-specific responses, according to the original

interpretation of immunosurveillance, and by the activation of

non-specific mechanisms, including those based on the

processes of inflammation and innate resistance. Due to the

large variety of functionally diverse members of the various

families of cytokines, these molecules may influence both

positively and negatively growth and metastasis.

Many cytokines act directly on tumor cells, as growth

promoting or inhibiting factors. Certain cytokines act

directly on the growth, differentiation, or survival of

endothelial cells, while others act by attracting inflammatory

cell types and affecting angiogenesis. Pro-inflammatory and

chemotactic cytokines influence the tumor environment and

control the quantity and nature of infiltrating hematopoietic

effector cells, with inhibiting or enhancing effects on tumor

growth.

Due to the potent and complex activity of cytokines

against tumor growth, a great effort has been made in recent

years, following the cloning and availability of recombinant

forms of a large number of cytokines, to exploit their anti-

tumor potential for cancer immunotherapy. Many cytokines

have proven to have a potent therapeutic anti-tumor effect in

preclinical models; however with only some exceptions,

translation to clinical practice has been disappointing.

If one considers the complexity of the cytokine network,

with an intricate tangle of positive and negative feedbacks,

synergies and antagonisms, it is not surprising that the use of

a single cytokine in tumor therapy will exhibit serious

difficulties. In addition, physiologic differences between

experimental animal models and patients as well as the

inadequacy of most preclinical cancer models makes it very

difficult to determine the most efficient treatment protocols

in patients.

Because, in the large majority of the cases, the cytokine

toxicity is due to the same physiologic function responsible

for the anti-tumor effect, it is very difficult to dissociate

these two effects. Structural modifications of the cytokine

molecule may in some cases augment the anti-tumor effects

while limiting cytokine toxicity. An example can be

illustrated by peptides containing a functional domain of

a cytokine, such as IT9302; this peptide is homologous to

the functional domain of IL-10, which has been demon-

strated to increase tumor sensitivity to NK-cell mediated

destruction.

However, the poor clinical performance observed in the

majority of the immunotherapeutic approaches might also

be attributed to tumor evasion mechanisms mediated not

only by cytokines such as TGF-b, IL-10 or PGE2 [56], but

also by the tumor-induced acidic microenvironment that
favors tumor cell survival and contributes to impairment of

immune cells [103]. Tumor-immune escape may also

involve, among others [104], tumor counterattack strategies

including tumor-induced T cell deletion by Fas–Fas ligand

interactions [105] or direct phagocytic activity by tumor

cells (cannibalism) [106]. Taken together, these observations

support the notion that the design of novel therapeutic

strategies should also consider the blockade of critical

inhibitory signals and tumor counterattack strategies at the

tumor site.
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