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Summary

Cancer immunosuppression evolves by constitution of an immunosup-

pressive network extending from a primary tumour site to secondary

lymphoid organs and peripheral vessels and is mediated by several

tumour-derived soluble factors (TDSFs) such as interleukin-10 (IL-10),

transforming growth factor-b (TGF-b) and vascular endothelial growth

factor (VEGF). TDSFs induce immature myeloid cells and regulatory T

cells in accordance with tumour progression, resulting in the inhibition

of dendritic cell maturation and T-cell activation in a tumour-specific

immune response. Tumour cells grow by exploiting a pro-inflammatory

situation in the tumour microenvironment, whereas immune cells are

regulated by TDSFs during anti-inflammatory situations—mediated by

impaired clearance of apoptotic cells—that cause the release of IL-10,

TGF-b, and prostaglandin E2 (PGE2) by macrophages. Accumulation of

impaired apoptotic cells induces anti-DNA antibodies directed against self

antigens, which resembles a pseudo-autoimmune status. Systemic lupus

erythematosus is a prototype of autoimmune disease that is characterized

by defective tolerance of self antigens, the presence of anti-DNA antibod-

ies and a pro-inflammatory response. The anti-DNA antibodies can be

produced by impaired clearance of apoptotic cells, which is the result of a

hereditary deficiency of complements C1q, C3 and C4, which are involved

in the recognition of phagocytosis by macrophages. Thus, it is likely that

impaired clearance of apoptotic cells is able to provoke different types of

immune dysfunction in cancer and autoimmune disease in which some

are similar and others are critically different. This review discusses a com-

parison of immunological dysfunctions in cancer and autoimmune disease

with the aim of exploring new insights beyond cancer immunosuppression

in tumour immunity.
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Introduction

Cancer immunosuppression that favours tumour progres-

sion and metastasis evolves by constitution of an immu-

nosuppressive network, which is mediated by several

tumour-derived soluble factors (TDSFs), such as interleu-

kin-10 (IL-10), transforming growth factor-b (TGF-b)

and vascular endothelial growth factor (VEGF), and

which extends from the primary tumour site to secondary

lymphoid organs and peripheral vessels.1,2 Tumour-

derived VEGF acts as a strong chemoattractant that indu-

ces immature myeloid cells (iMCs) from the bone

marrow into peripheral vessels, where they are recruited

to the tumour site through chemokines and chemokine

receptors.3 The iMCs, which include immature dendritic

cells (iDCs) and macrophages, are functionally and bio-

chemically modulated in the tumour microenvironment

into tumour-associated iDCs (TiDCs) and macrophages

(TAMs) that are re-circulated to regional lymph nodes,

spleen and peripheral vessels for immune evasion. The

immunosuppressive iMCs and increased concentrations of

reactive oxygen species (ROS) inhibit T-cell activation in

tumour-specific immune responses.4

Despite the fact that tumour cells generate pro-inflam-

matory conditions, the immune cells are regulated in

an anti-inflammatory environment, which is mediated by

impaired clearance of apoptotic cells by macrophages

during the turnover of tumour cells. Although apoptotic

cells are removed by phagocytosis of macrophages

through the interaction of phosphatidylserine (PS) and

phosphatidylserine receptor (PSR),5,6 the soluble form of

PS, sPS, can interact with the PSR in macrophages and

DCs, resulting in the promotion of an anti-inflammatory

response by the released mediators IL-10, TGF-b and

prostaglandin E2 (PGE2), which inhibit subsequent activa-

tion of DCs and T cells.7 The impaired clearance of apop-

totic cells induces anti-DNA antibodies to self antigens

that lead to a pseudo-autoimmune status, which provokes

a pro-inflammatory response in tumour progression.7

The increased concentration of autoantibodies and iDCs

can induce the production of CD4+ CD25+ regulatory T

cells (Tregs) that inhibit T-cell function. Thus, it is likely

that cancer immunosuppression is produced by TDSF-

induced iMCs, an anti-inflammatory response to immune

cells triggered by a defective apoptotic cell clearance, and

increased concentration of Treg cells.

Systemic lupus erythematosus (SLE) is a prototype of

autoimmune disease. It is characterized by defective toler-

ance to self antigens and increased concentration of auto-

antibodies to ribonucleoproteins, double-stranded DNA

(dsDNA) and other cellular constituents, which provoke

pro-inflammatory responses.8 Given that the comple-

ments C1q, C3 and C4 are involved in the recognition

of apoptotic cells for phagocytosis by macrophages, the

hereditary deficiency of these complement factors in SLE

causes impaired clearance of apoptotic cells, which pro-

motes the production of anti-DNA antibodies.9,10 Indeed,

the impaired clearance of apoptotic cells plays a critical

role in producing autoimmune disease.11 The accu-

mulated autoantibodies stimulate a pro-inflammatory

response in the cells which leads to tissue damage. Never-

theless, the production of autoantibodies cannot be inhib-

ited by Treg cells because they are functionally deficient.12

Concerning the clinical situation associated with a link

between cancer and autoimmune disease, recent reports

indicate that several autoimmune paraneoplastic syn-

dromes—which are distinct from autoimmune dis-

eases—associated with the production of autoantibodies,

were observed in various types of cancer patients.13,14

Based on these findings, the aim of this review is to com-

pare the immunological dysfunctions in cancer and an

autoimmune disease, such as SLE. It is hoped that by

considering ways to overcome tumour immunosuppres-

sion new insights will be gained that may help to break

through the immunosuppressive network in cancer

immunotherapy.

Cancer immunosuppressive network and
cancer-associated autoimmune status

An effective tumour immune response is produced by

activation of DCs and presentation of tumour antigen to

naive T cells by cross-priming in secondary lymphoid

organs such as sentinel lymph nodes (SNs) and spleen.15

Recent studies indicate that DCs have a dual function in

immune regulation—cross-priming of T cells and immuno-

suppression by iDCs.3,16 The iDCs are derived from iMCs

in bone marrow induced by TDSFs, such as VEGF, IL-3

and stromal cell-derived factor 1 (SDF-1), which are

recruited to the primary tumour site, as well as immature

macrophages activated through chemokines and chemo-

kine receptors.17 These immature DCs and macrophages

at the primary tumour site are functionally and biochemi-

cally modulated to TiDCs and TAMs that contribute to

tumour immune privilege.18,19

The immunosuppressive activity of iMCs is exerted by

the increased activity of indoleamine 2,3-dioxygenase

(IDO) and arginase I (ArgI) to produce ROS that inhibit

T-cell proliferation and lead to apoptosis.4,20–22 Tumour-

derived IL-10 and TGF-b increase the activity of ArgI in

TAMs,23 and PGE2 increases the activity of IDO in the

tumour microenvironment.24 IDO is an enzyme for meta-

bolizing tryptophan, which is required for T-cell prolifer-

ation,25 whereas ArgI is an enzyme that metabolizes

L-arginine to ornithine and urea, and the polyamine oxi-

dation from ornithine down-regulates IL-2 production,

which in turn inhibits T-cell proliferation.26 In addi-

tion, L-arginine is also metabolized to nitric oxide and

hydroxide by inducible nitric oxide synthase to inhibit

T-cell proliferation.27 Thus, these metabolizing enzymes
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expressed by TiDCs and TAMs are able to exert immuno-

suppressive activity in primary tumour sites. The tumour-

educated TiDCs and TAMs are distributed to secondary

lymphoid organs, such as SNs, spleen and peripheral ves-

sels, resulting in the evolution of an immune evasion as

the result of the immunosuppressive network and accom-

panied by tumour progression and metastasis (Fig. 1). In

fact, several previous studies indicated that increased sup-

pressive iMCs were observed in peripheral blood and SNs

of patients with various types of cancers, including breast,

head and neck, and lung cancer.28

Given that pro-inflammatory responses enhance

tumour growth, pro-inflammatory conditions play an

important role in tumour progression. In contrast, the

immune cells such as DCs and macrophages, function

in anti-inflammatory conditions. Clearance of dead and

unnecessary cells during proliferation is crucial for cell

turnover in homeostasis, but in cancer cells, clearance of

apoptotic cells is impaired by one of the TDSFs, soluble

phosphatidylserine (sPS). Tumour-derived sPS interacts

with the phosphatidylserine receptor in DCs as well as

macrophages whereby engulfment by DCs and macro-

phages is inhibited. Further, the interaction of sPS with

PSR in macrophages promotes a release of anti-inflamma-

tory mediators such as IL-10, TGF-b and PGE2 whereby

the immune cells are shifted to an anti-inflammatory situ-

ation.7 Impaired clearance of apoptotic cells produces

autoantibodies, which contribute to provoking a pro-

inflammatory situation in tumour cells. It should be

noted that the impaired apoptotic cells produce anti-

DNA antibodies, which can promote the production of

Treg cells, leading to functional inhibition of T cells.29

Figure 1. Cancer immunosuppressive network initiated from primary tumour site and extending to secondary lymphoid organs and peripheral

vessels. Tumour-derived soluble factors (TDSFs), such as vascular endothelial growth factor (VEGF), act as strong chemoattractants that induce

immature myeloid cells (iMCs), including immature DCs (iDCs) and macrophages, from bone marrow. The iMCs are recruited to a tumour site

in which they are biochemically and functionally modulated, whereby they gain immunosuppressive activity and resistance to apoptosis in the

tumour microenvironment. Tumour-associated immature DCs (TiDCs) and macrophages (TAMs) can be re-circulated to secondary lymphoid

organs and peripheral vessels in the immunosuppressive network, whereas some of the tumour-associated DCs (TADCs) are committed to apop-

tosis. VEGF inhibits differentiation of thymic precursors, which leads to thymic atrophy.
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The enforced pseudo-autoimmune status promotes not

only a pro-inflammatory response in tumour cells but

also inhibits T-cell function in immune evasion. Previous

reports have shown that autoantibodies have been detec-

ted in various types of cancer patients against p53 tumour

suppressor gene products,30,31 surviving,32 and other pro-

teins.33,34 Furthermore, increased concentrations of Treg

cells were observed in line with tumour progression.35,36

It should be noted, however, that these autoantibodies in

cancer patients are derived from genetic abnormalities

such as mutations because anti-p53 antibodies are rarely

detected in the serum of patients with rheumatoid arthri-

tis and Sjögren syndrome.37

In addition, as a method for exploiting the produc-

tion of autoantibodies, it is well known that serological

analysis of recombinant complementary deoxyribonucleic

acid (cDNA) expression libraries (SEREX) is a powerful

approach to identify immunogenic cancer-associated pro-

teins using antibodies that are present in the serum of

cancer patients.38 Antigens can be screened with a panel

of allogenic sera from other patients and control individ-

uals. This identifies disease-specific antigens, which may

be useful targets for immunotherapy. However, a recent

study reported that administration of tumour-associated

antigens screened by the SEREX method produced

CD4+ CD25+ Treg cells,39 which suppressed the activity

of CD4+ and CD8+ T cells in a mouse tumour model,

suggesting that tumour antigens derived from impaired

clearance of apoptotic cells are able to produce a pseudo-

autoimmune status in cancer patients, which is character-

ized by increases in autoantibodies and Treg cells.

Dysregulated immune response in SLE

SLE is an example of an autoimmune disease, which is

characterized by defective tolerance to self antigens and

an increase in anti-DNA antibodies, mediated by poly-

clonal B-cell activation as a result of the hereditary

complement deficiency of C1q, C3 and C4. The auto-

antibodies also promote a pro-inflammatory response,

as shown by overexpression of the immunostimulatory

cytokine IL-6.40 Although the molecular mechanism for

production of autoantibodies has not been elucidated,

recent reports indicate that the complement factors C1q,

C3 and C4 are necessary for the engulfment of apoptotic

cells by macrophages.9,10 These complement factors are

important for the recognition of apoptotic cells, which is

mediated by the interaction between C3 and C4 and their

receptors on macrophages.41 Although it is not yet known

what role the surface-expressed C1q plays, it is also crit-

ical for the recognition during phagocytosis.42 In fact,

effective recognition by macrophages following opsoniza-

tion of immunoglobulin G (IgG) particles with C3 and

C4 complement increases both uptake and phagocytosis.43

In addition, the complement factors are required for the

activation of B cells in which complements bind to the

IgG–antigen immune complexes for production of IgG

antibodies. Thus, the complements are critically involved

in effective phagocytosis by macrophages, mediated by

PS/PSR interaction.

Despite the fact that C1q knockout cells are still

engulfed by macrophages, the complement-dependent

engulfment for clearance of apoptotic cells is exclusively

impaired in SLE patients because activation of the com-

plement in both classical and alternative pathways effi-

ciently increases the recognition of apoptotic cells for

phagocytosis.9,44,45 In contrast to cancer cells, the defective

apoptotic cell clearance does not produce an anti-inflam-

matory situation in an autoimmune disease; instead, the

impaired apoptotic cells and secondary necrotic cells

induce a pro-inflammatory situation in self tissues.46 The

engulfment by macrophages and DCs is impaired as a

result of the hereditary complement deficiency in SLE

patients; however, the DNA–IgG immune complexes are

able to activate plasmacytoid DCs (pDCs) and to produce

interferon-a (IFN-a) through the Toll-like receptor 9

(TLR9).47 Activation by these chromatin immune com-

plexes occurs by two distinct pathways. One pathway

involves dual engagement of the Fc receptor FccRIII and

TLR9, whereas the other is TLR9 independent. Further-

more, there is a characteristic cytokine profile elicited by

the chromatin immune complexes that distinguishes this

response from that of conventional TLR ligands, notably

the induction of B-cell-activating factor of the tumour

necrosis factor family (BAFF) and the lack of induction of

IL-12.48 The TLR-dependent activation can produce mat-

uration of pDCs, leading to an abnormal immune

response, because the CpG motif in the DNA that has im-

munostimulatory activity is hypomethylated.40,49 Although

the CpG motif in DNA is generally methylated in eukary-

ote cells to inhibit an abnormal immune response, the

hypomethylated CpG motif in SLE can provoke an

immune response to pDCs and B cells through TLR9,

triggered by the impaired apoptotic cells. Activation of

pDCs can lead to cross-priming of T cells by self antigens,

whereby activated T cells promote defective peripheral tol-

erance as a result of Treg cell dysfunction, which produces

tissue injury in autoimmune disease.50 The B cells are also

activated through TLR9, resulting in production of poly-

clonal IgG antibodies.

Unfortunately, although autoreactive T cells for self

antigens are usually eliminated by negative selection in

the thymus, the concentration of Treg cells is decreased

and dysregulated in SLE, so the tissue injury caused by

cytotoxic T lymphocytes (CTLs) cannot be blocked.51

This is a key difference between autoimmune and

pseudo-autoimmune status, showing that while the

impaired clearance of apoptotic cells in cancer can pro-

mote production of autoantibodies, which leads to an

increase in the Treg cells, the number of Treg cells in SLE
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is decreased and dysfunctional. The reason for the fewer

and dysfunctional Treg cells in SLE remains unclear; how-

ever, in the mouse model and in other autoimmune dis-

eases, a mutation of the forkhead box protein P3 (Foxp3)

gene, which is a characteristic and functional marker of

Treg cells, has been observed.52 In addition, another

recent study reported that loss of tolerance to nuclear

antigens was associated with a significantly reduced level

of Treg cells that preceded autoantibody production, sug-

gesting a causal relationship with the generation of auto-

reactive T cells. This finding indicates that a specific

genetic defect is responsible for lupus pathogenesis by

inducing autoreactive T cells to break self-tolerance, and

that this genetic defect is also associated with a decreased

number of regulatory T cells.53 Although studies involving

Treg cells in autoimmune disease are less abundant, sev-

eral autoimmune diseases, such as rheumatoid arthritis,

multiple sclerosis and SLE, have been shown to have a

normal or decreased frequency of Treg cells; however, the

inhibitory effect for CD4+ and CD8+ T cells and their

cytokine production was decreased or deleted, which

allowed a defective immunological tolerance.51,54

Immunological ignorance and tolerance

A tumour-specific immune response is regulated by

tumour antigen level and maturation stages of antigen-

presenting cells (APCs) such as DCs. Many solid

tumours, such as sarcomas and carcinomas, express

tumour-specific antigens that can serve as targets for

immune effector T cells. Nevertheless, the overall immune

surveillance against such tumours seems relatively ineffi-

cient. Tumour cells were capable of inducing a protective

cytotoxic T-cell response if transferred as a single-cell sus-

pension. However, if they were transplanted as small

pieces of tumour, they readily grew because the tumour

antigen level can be modulated in the tumour microenvi-

ronment.55 Thus tumour cells are surrounded by non-

tumour cells, including bone-marrow-derived cells such

as iMCs and non-bone-marrow-derived cells such as

fibroblasts, endothelium and extracellular matrix (ECM).

The ECM binds tumour antigen,56 and fibroblasts and

endothelial cells compete with DCs for the antigen,57

whereby many tumour antigens are down-regulated, thus

allowing tumour progression.58 Further, these stromal

cells increase interstitial fluid pressure in the tumour,

resulting in escape from immune attack by effector cells.59

In these situations, insufficient levels of tumour antigen

are largely ignored by T cells, even though T-cell function

is suppressed by iMCs in the tumour microenvironment.

In addition, because the decreased level of tumour anti-

gen is still attributed to the impaired clearance of apop-

totic cells, the production of autoantibodies and increased

concentration of Treg cells inhibit T-cell activation. In

contrast, sufficient levels of tumour antigen produce an

immune response, which is mediated by mature DCs pre-

senting tumour antigens to T cells by cross-priming.

However, even in the presence of sufficient levels of

tumour antigen, immature MCs inhibit maturation of

DCs and T-cell activation, resulting in immunological tol-

erance.60 Thus, it is likely that tumour immune evasion is

mediated not only by immunological ignorance because

of a decreased level of tumour antigen but also by immu-

nological tolerance because of inhibition of T-cell activa-

tion by iMCs.

In the case of an autoimmune disease such as SLE, suf-

ficient levels of self antigens produce a dysregulated

immune response, which is mediated by a defective apop-

totic cell clearance. The pDCs activated through TLR9 are

able to present self antigens to T cells, whereby CTLs are

produced, leading to tissue injury.61 It is likely that not

only the provoked abnormal immune response to self

antigens, initiated by impaired clearance of apoptotic cells

as a result of hereditary complement deficiency, but also

dysfunctional Treg cells, which are not directly connec-

ted to increased autoantibodies, provide a dysregulated

immune response in patient with autoimmune disease.

Clinical implications associated with exploiting
the dysregulated immune response in cancer and
autoimmune disease for cancer immunotherapy

The substantial differences in immunological dysregula-

tion between cancer and autoimmune disease are sum-

marized in Table 1. If the dysregulated immune response

between cancer and an autoimmune disease such as SLE

were caused by an impaired clearance of apoptotic cells,

it is likely that induction of a defective immunological

tolerance would be critical for the difference in the dys-

regulated immune response. In cancer, the impaired

clearance of apoptotic cells causes accumulation of auto-

antibodies, which is attributed to the inhibition of T-cell

function through increased Treg cells, which play a

crucial role in immunological tolerance in cancer cells.

Immature myeloid cells from the bone marrow, which are

induced by TDSFs acting as chemoattractants, also play a

critical role for immunological tolerance. Dendritic cells

not only initiate T-cell responses, but are also involved in

silencing a T-cell immune response. The functional activ-

ities of DC mainly depend on their state of activation and

differentiation, that is, terminally differentiated mature

DC can efficiently induce the development of effector T

cells, whereas iDC are involved in the maintenance of

peripheral tolerance. While accumulated iDCs, which are

educated at the tumour site, act as functional inhibitors

of a tumour-specific immune response in cancer, imma-

ture pDCs are activated by Toll-like receptors, which

leads to B- and T-cell immune responses in autoimmune

disease.62 This is another key difference between the dys-

regulated immune responses in autoimmune disease and
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cancer, which are involved in disruption of immunologi-

cal tolerance and maintenance of immunological toler-

ance, respectively.

Regarding the functional differences between pDCs in

cancer and autoimmune disease, the pDCs recruited to

the tumour site mediated by the interaction of CXC

chemokine receptor 4 (CXCR4)/SDF-1 are functionally

and biochemically modulated,63 resulting in promotion of

pDC-mediated generation of CD4+ CD25+ Treg cells,

which suggests that pDCs may play an important role in

the maintenance of immunological tolerance in cancer

patients.64 In fact, pDCs infiltrate the tumour tissue of

patients with head and neck squamous cell carcinoma

and diminish the ability to produce IFN-a in response to

CpG motif containing oligonucleotide. Tumour-induced

down-regulation of TLR9 was identified as one mechan-

ism that probably contributed to impaired pDC function

within the tumour environment. In tumour-draining

lymph nodes, the suppression of CpG-induced IFN-a
production was less pronounced than in single-cell

suspensions of primary tumour tissue.65 Further, tumour-

induced immune suppression is mediated by immuno-

logical ignorance, which is the result of a decrease in

tumour antigen in the tumour microenvironment. In

contrast, although the impaired clearance of apoptotic

cells causes accumulation of autoantibodies, the accumu-

lation is not associated with an increase in Treg cells,

rather the function of Treg cells is dysregulated, whereby

a defective immunological tolerance is produced in auto-

immune disease (Fig. 2).

CD4+ CD25+ regulatory T cells play a crucial role in

regulating an immune response for maintaining immune

homeostasis.66 Naturally occurring Treg cells represent a

subset of Treg cells that suppress immune responses

through a cell–cell contact mechanism without specific

antigen stimulation.66 In comparison, antigen-induced

Treg cells mediate immune suppression either through

cell–cell contact or through secretion of soluble factors

such as IL-10 and TGF-b.66,67 Since the inhibition of pro-

duction of autoantibodies against self antigens plays a

major role in regulating an immune response by Treg

cells, the increased concentrations of autoantibodies and

immunosuppressive cytokines in cancer promote an

increase in Treg cells. Indeed, the increased autoantibod-

ies and Treg cells in peripheral blood are observed in var-

ious types of cancer patients in accordance with tumour

progression.35,36 The function of these Treg cells has been

reported to be inhibition of CD8+ and CD4+ T cells,

which is involved in establishing immunological tolerance

in cancer immunosuppression. The immunosuppressive

cytokines, such as IL-10 and TGF-b, derived from tumour

cells, induce Treg cells,68 which activate the activity of

IDO for inhibition of T-cell function. Thus, it seems that

increased Treg cells in advanced cancer are produced not

only by iDCs, IL-10 and TGF-b but also are a result of

the increased autoantibodies caused by impaired clearance

of apoptotic cells. Functional and molecular characteriza-

tion of Treg cells has been made possible by the recent

association of cell markers, such as CD25,69 cytotoxic

T-lymphocyte-associated antigen 4 (CTLA4),70 glucocorti-

coid-induced tumour necrosis factor receptor (GITR),71

and Foxp3 gene product,68 with immunoregulatory activ-

ity, which affects both anti-tumour immunity and auto-

immunity.72

Given that the increased Treg cells suppressed T-cell

function in tumour immune evasion, the inhibition by

Treg cells may modulate the functional immune suppres-

sion. CD4+ CD25+ regulatory T cells express the inhibi-

tory molecule CTLA4 that antagonizes the costimulatory

molecule CD28, which is activated by the costimulatory

molecules CD80 and CD86 in APCs.73 Engagement by

CD28 enhances T-cell activation, proliferation, and IL-2

production. CTLA4 binds to CD80 and CD86, but with

greater affinity than it binds to CD28,74 and inhibits

T-cell activation by interfering with IL-2 secretion and

IL-2 receptor expression.75 The anti-CTLA4 antibody

Table 1. Differences in dysregulated immune response between cancer and autoimmune disease

Factor Cancer Autoimmune disease

Impaired clearance of apoptotic cells Inhibition of phagocytosis7 Impaired function of phagocytosis11

Source of macrophage dysfunction activation9,10 Soluble PS derived from tumour cells7 Hereditary defect of complement

Macrophage phenotype/susceptibility to apoptosis M2 macrophage/resistant to apoptosis19 M1 macrophage/sensitive to apoptosis46

Effect on APCs Anti-inflammatory response Pro-inflammatory response

Release of anti-inflammatory mediators

(TGF-b, IL-10, PGE2)7

Release of pro-inflammatory mediators

(TNF-a, IL-6)40

Autoantibodies Tumour antigen30–34 Self antigen9,10,61

CD4+ CD25+ regulatory T cells Increase according to tumour progression35,36 Decreased/dysfunctional12,50,53,54

Immunological tolerance Maintained60 Destroyed51

APC, antigen-presenting cells; CTLs, cytotoxic T lymphocytes; IL-6, interleukin-6; PGE2, prostaglandin E2; PS, phosphatidylserine; TGF-b, trans-

forming growth factor-b; TNF-a, tumour necrosis factor-a.
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inhibits the functional activity of CD4+ CD25+ Treg cells,

resulting in immunostimulation of CD4+ and CD8+ T

cells.76 In fact, treatment with human anti-CTLA4 anti-

body (MDX-010) in conjunction with peptide vaccination

of metastatic melanoma patients increased the tumour-

associated antigen-specific immune response to CD8+ T

cells and led to partial tumour shrinkage.77,78 However,

several severe grade 3/4 autoimmune diseases, including

dermatitis, enterocolitis, hepatitis and hypophysitis, were

observed. In addition, because CD25 is identical to IL-2

receptor-a (IL-2Ra) chain, the anti-IL-2Ra antibody also

inhibits the functional activity of CD4+ CD25+ Treg cells.

This antibody is known as denileukin diftitox (Ontak)

and has clinical applications in CD4+ CD25+ Treg cell-

expressing T-cell leukaemia/lymphoma.79 Despite the fact

that denileukin diftitox is effective in relapsed or refract-

ory CD25+ and CD25– B-cell non-Hodgkin’s lymphomas

and is well-tolerated,80 treatment with denileukin diftitox

induced toxic epidermal necrolysis in follicular large cell

lymphoma.81 Furthermore, administration of denileukin

diftitox does not appear to eliminate regulatory T

lymphocytes or cause regression of metastatic melan-

oma.82 Indeed, the functional inhibition of Treg cells tar-

geting CTLA4 and IL-2Ra using monoclonal antibody

may modulate the immunosuppressive activity by break-

ing immunological tolerance. However, an induced severe

autoimmune disease is inevitable for cancer patients.

More importantly, because cancer immunosuppression is

derived from both immunological tolerance and ignor-

ance, it should be remembered that immunological ignor-

ance still exists as a critical factor for producing immune

evasion. Further, the immunological tolerance is also

derived from the inhibitory action of iMCs on DCs and

T cells.

Signal transducer and activator of transcription 3

(Stat3) is involved in another important mechanism in

the control of immunosuppression-associated tumours.

Developing tumours suppress the induction of pro-

inflammatory danger signals through mechanisms invol-

ving Stat3, leading to impaired DC maturation which, in

turn, provides the developing tumour with a potential

mechanism by which to escape immune detection.83 A

recent study showed an enhanced function of DCs, T cells

and natural killer (NK) cells in tumour-bearing mice with

Figure 2. Different pathways for dysregulated immune responses in cancer and autoimmune disease initiated by impaired clearance of apoptotic

cells by macrophages. In autoimmune disease, defective apoptotic cell clearance causes accumulation of DNA–IgG immune complexes, which

provoke an immune response through Toll-like receptor 9 (TLR9), leading to tissue injury. Unfortunately, the Treg cells are decreased and dys-

regulated. In contrast, an impaired clearance of apoptotic cells in cancer produces autoantibodies, which increase the regulatory T (Treg) cells

and inhibit T-cell activation, causing immunological tolerance. The immunological tolerance is produced by tumour-derived soluble factors

(TDSFs) and immature dendritic cells (iDCs), which inhibit DC and T-cell activation, and exclusively inhibit the DNA–IgG immune complex-

induced pro-inflammatory responses needed for an immune response. Immunological ignorance is produced by reduced levels of tumour

antigens.
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Stat3–/– haematopoietic cells, and that tumour regression

required immune cells.84 Targeting Stat3 with a small-

molecule drug induced T-cell-dependent and NK-cell-

dependent growth inhibition of established tumours.84

Further, targeted disruption of Stat3 signalling in APCs

resulted in priming of antigen-specific CD4+/– T cells in

response to an otherwise tolerogenic stimulus in vivo.85

Thus, Stat3 signalling provides a novel molecular target

for the manipulation of immune activation/tolerance in

autoimmunity and cancer immunotherapy.

During the past two decades, several modalities for

cancer immunotherapy have been used, and some consid-

erable developments have been observed in the discovery

of tumour antigens and tumour-associated antigens,

which induce tumour-specific immune responses. These

antigens are crucial for the success of the emerging can-

cer vaccines. Nevertheless, the results of clinical trials on

cancer vaccination are not satisfactory.86 The reason for

the disappointing results may be one of several factors

involved in tumour immune evasion. However, given that

a cancer immunosuppressive network initiated from the

primary tumour site produces immunological ignorance

and tolerance in step with tumour progression, it is un-

likely that immunotherapy alone would be able to disrupt

the tolerance and ignorance in advanced cancer. Most

of the cases given immunotherapy have failed previous

treatment with anticancer drugs, and the immunosup-

pressive network is established. Rather, cancer immuno-

therapy should be used as a primary treatment targeting

a reduced number of cancer cells or residual cells in

combination with surgery and chemoradiation. Remo-

val of the primary site followed by disruption of the

immunosuppressive network is necessary and critical

for improving the tumour immune response in cancer

patients. Indeed, neoadjuvant chemotherapy for breast

cancer87 and neoadjuvant chemoradiation therapy for

cervical cancer88 showed tumour-infiltrating lymphocytes

and an enhancement of the immune competency of

tumour-draining lymph nodes in which induction of

massive tumour cell death might be a trigger for provo-

king a tumour-specific immune response.

Concluding remarks

Immunological tolerance in cancer and autoimmune dis-

ease has opposite effects in the patient: in cancer patients

it stimulates the growth of the cancer and is bad for the

patient, in patients with autoimmune disease immuno-

logical tolerance may stop the attack by autoantibodies

and thereby benefit the patient. In fact, cancer cells are

able to exploit a pseudo-autoimmune status (cancer-

associated autoimmune disease) and induce immunologi-

cal tolerance by producing autoantibodies to tumour

antigens derived from impaired clearance of apoptotic

cells, resulting in an increase in regulatory T cells. How-

ever, cancer-associated immunological tolerance is not

mediated only by Treg cells, but rather by the evolution

of the immunosuppressive network that extends from

the primary tumour site to secondary lymphoid organs

and peripheral vessels and is constituted by TDSFs and

iDCs. It is unlikely that the induction of autoimmune

disease can be the ultimate treatment for cancer patients.

Instead, a tumour-specific immune response should be

induced by disrupting or modulating the immunosup-

pressive network as a primary treatment in combination

with other treatment modalities. Although the various

molecular mechanisms involved in disrupting the immu-

nosuppressive network in cancer patients still require cla-

rification, we are approaching the time when it may be

possible to use immunotherapy as a primary systemic

cancer treatment.
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