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Abstract Cancer cells cannot develop into invasive can-
cers without interactions with cells and soluble mediators
present in the tumor microenvironment. Accumulating
evidence indicates that the immune system is a critical
determinant of malignant outgrowth; however, the tumor-
modulating effects of spontaneous immune responses
towards nascent malignancies are rather paradoxical. Both
cancer-protective and cancer-promoting features of the
immune system have been described. This review will dis-
cuss the role of the dynamic inflammatory tumor microen-
vironment during cancer development and progression, and
will focus on the intriguing question: “Do malignancies
develop in spite of—or because of—spontaneous immune
responses?”’ Special emphasis will be put on recent pro-
gress in our understanding of the immune system’s double-
edged sword function during de novo carcinogenesis.

Keywords Inflammation - Cancer - Innate immune
system - Adaptive immune system - Immunosurveillance
Introduction

Conventional therapies against cancer have tremendously
increased patient survival; however, still many cancer
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patients succumb to recurrent and metastatic disease. One
of the major impediments to effective cancer therapy is
acquisition of unresponsiveness to cytotoxic effects of che-
motherapy regimens. There is a growing body of clinical
and experimental observations supporting the concept that
not only cancer cell autonomous processes determine
malignant outcome, but that cancer cell-extrinsic processes
occurring in the tumor microenvironment are as important
as well. To increase survival of cancer patients, it will be
critical to develop combinatorial approaches that not only
target cancer cells—which are genetically instable and thus
prone to become drug-resistant-, but also target the geneti-
cally stable tumor-supportive microenvironment and acti-
vate anti-tumor immunity. To successfully reach this goal,
it is critical to understand how reciprocal interactions
between cancer cells and stromal cells positively or nega-
tively regulate tumor progression.

One of the key stromal players involved in cancer devel-
opment is the immune system. Nascent tumors do not
develop unnoticed by the immune system, and tumor devel-
opment is almost always associated with recruitment and
activation of adaptive and innate immune cells. Such spon-
taneous immune responses are not just bystander effects of
cancer development, but instead modulate malignant out-
come [13]. The importance of both the adaptive and innate
immune system during cancer development is, however,
controversial and a matter of intense debate. Already in the
late nineteenth and early twentieth centuries, opposing roles
of the immune system during cancer progression were
described. In 1863, the German pathologist Virchow was
the first to postulate that inflammation is one of the predis-
posing factors of tumorigenesis. He based this hypothesis
on the observation that cancerous tissue frequently con-
tained cells and factors that are hallmark features of inflam-
matory responses. His hypothesis has been ignored for
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more than 100 years, but recently experienced a renais-
sance [2]. As will be discussed in this review, a growing
number of recent clinical and experimental data now
support his hypothesis by revealing causal connections
between inflammation and cancer.

On the other hand, Ehrlich in 1909, and later Thomas
and Burnet, proposed the hypothesis that the immune sys-
tem has the ability to spontaneously identify and eliminate
cancer cells, and thus protects against tumor development;
a process referred to as cancer immunosurveillance [6]. The
first serious attempt to actively utilize the immune system
to eradicate tumors was already applied in the 1890s by
Coley, who treated cancer patients with bacterial prepara-
tions, now referred to as “Coley’s toxin”. Acute activation
of the patient’s immune system with Coley’s toxin was
reported to result in tumor regression in some cases [37].

More than a century after these contradicting hypotheses
regarding the link between immune system and tumorigen-
esis were postulated, the role of spontaneous immune
responses during cancer development is still a poorly
understood and controversial topic. Whereas some recent
experimental studies have provided convincing data sup-
porting the tumor immunosurveillance theory, other com-
pelling studies reveal that the immune system can promote
tumorigenesis [13]. The fact that tumors do appear and
develop despite an active and sometimes “efficient”
immune response, indicates that at least in these cases the
immune system has failed in protecting against cancer,
and—as will be discussed here—might actually have con-
tributed to progression of these tumors.

Immune system and cancer: protection, inertia,
or promotion?

For a long time, it was assumed that the immune system has
a protective role against nascent malignancies, like it is pro-
tecting us from infections with foreign pathogens. Indeed,
various clinical observations support the concept that the
immune system can prevent or inhibit certain cancers. For
example, presence of infiltrating T lymphocytes in human
colon cancers has been reported to correlate with improved
prognosis [24], and patients with a suppressed adaptive
immune system, e.g., AIDS or organ transplantation
patients, have increased incidence of viral-associated
malignancies [4]. However, over the years it has become
clear that the role of the immune system during cancer
development is more complex and can be opposing. For
example, people with an intact immune system do develop
malignancies, indicating that the immune system is not
powerful enough to protect us completely from cancer. In
addition, although cancer cells often express tumor-specific
antigens and induce spontaneous anti-tumor T cell
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responses, these antigenic tumors frequently grow undis-
turbed. Also activation of anti-tumor T cell responses by
various vaccination strategies only sporadically results
in tumor eradication. Moreover, whereas patients with
suppressed adaptive immune system do have a drastic
increased incidence of viral-associated malignancies, inci-
dence of non-viral epithelial malignancies such as breast
and prostate cancer is not increased, and sometimes even
decreased [13].

Over the last decade, a paradigm shift has occurred
regarding the interplay between the immune system and
cancer; there is a growing awareness that the immune sys-
tem can also have a tumor promoting effect on nascent
malignancies. This “dark side” of the immune system is
supported by multiple clinical observations. For example,
tumors are frequently characterized by massive influx of
chronically activated innate immune cells. Presence of
these cells often correlates with poor prognosis. In addition,
cancers frequently arise at sites of chronic inflammation
[1]. For example, patients with inflammatory bowel disease
have a strong predisposition to developing intestinal malig-
nancies. Moreover, long-term usage of anti-inflammatory
drugs, like aspirin or selective COX-2 inhibitors, is associ-
ated with a reduced risk of various epithelial malignancies
[29].

What have experimental studies taught us about the par-
adoxical tumor-promoting and tumor-protective effects of
the immune system during cancer development and pro-
gression? Initial studies on the role of the immune system
on cancer growth were performed with old-fashioned tumor
transplantation models in which murine or human cancer
cells were injected subcutaneously into immune-proficient
and immune-deficient recipient mice. These pioneering
studies mainly focused on the adaptive immune system,
and frequently supported the concept of immunosurveil-
lance and suggested that vaccination against cancer would
be a powerful and effective anti-cancer approach. Although
these early studies have increased our understanding of
tumor antigens and tumor-specific T cells, care should be
taken in the evaluation of these initial optimistic studies, as
many of the promising, initial findings observed in tumor
transplantation settings could not be recapitulated in more
sophisticated de novo tumor models that more accurately
resemble human cancer formation. For instance, Ochsen-
bein et al. [35] showed that injection of single cell suspen-
sions of antigenic sarcoma cells resulted in efficient
induction of anti-tumor cytotoxic T cell (CTL) responses
followed by tumor rejection. In contrast, transplantation of
solid tumor pieces containing the same antigenic sarcoma
cells failed to induce CTL responses and resulted in tumor
outgrowth. Likewise, Garbe et al. utilized a mouse model
for de novo adenocarcinoma of the pancreas and found
that—although these mice develop spontaneous immune
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cell responses with specificity for the tumor cells—these
mice developed progressively growing spontaneous
tumors. On the other hand, cell lines generated from these
same tumors were found to be highly immunogenic and did
not result in tumor formation upon injection in immune
proficient mice [25]. These two examples and many other
studies indicate that injection of a large bolus of cancer
cells results in a mechanistically different interplay between
immune system and cancer cells than is the case during
“spontaneous” tumor formation. Several aspects might
explain this discrepancy between tumor transplantation
experiments and “spontaneous” tumor formation. For
example, inoculation of suspensions of cancer cells results
in massive tumor cell necrosis and early release of tumor
antigens which could trigger acute adaptive immune
responses, whereas spontaneously arising tumors fre-
quently trigger more chronic innate immune responses [49].
Injected and sporadic tumors also have different growth
kinetics, transplanted tumor cells ‘develop’ into palpable
tumors without going through a premalignant phase, and
the stromal microenvironment of injected tumors does not
reflect the microenvironment of sporadic tumors. The artifi-
cial nature of lesions produced by inoculation of cancer
cells has frequently resulted in skewed results not represen-
tative for the clinical situation, and might have misled us
regarding the active interplay between immune system and
cancers.

The recent availability of de novo mouse tumor models
has allowed investigators to more carefully dissect the role
of the immune system during spontaneous tumor develop-
ment. Which lessons have we learnt from these more
sophisticated and more clinically relevant spontaneous
mouse tumor models? Thus far, many studies have revealed
that sporadic tumors do induce specific adaptive immune
responses; however, the degree of tumor control by these
“natural” responses varies greatly per tumor model. Over-
all, the malignant outcome of the dynamic interplay
between adaptive immune system and nascent malignan-
cies can be divided into three scenarios.

Scenario 1: Protection

In this scenario, spontaneous immune responses elicited by
nascent tumors recognize and eliminate cancer cells; how-
ever, after a phase of equilibrium, immunosurveillance
leads to inadvertent selection of tumor escape variants
which ultimately develop into clinically apparent neo-
plasms with reduced immunogenicity. Support for this so-
called cancer immunoediting process, initially postulated
by the group of Schreiber [17], has been provided by vari-
ous experimental studies. The central model that has been
utilized to document the existence of immunosurveillance
and immunoediting is the chemical 3-methylcholanthrene

(MCA)-induced carcinogenesis model. For example, IFNy-
insensitive mice displayed an increased sensitivity to
MCA-induced sarcoma formation as compared to wild type
mice [41]. In addition, RAG-2 deficient mice, which lack
all mature T and B lymphocytes, were reported to have
increased susceptibility to chemically induced tumor devel-
opment [41]. Mice with other immune-deficiencies, e.g.,
perforin deficient mice, TCRf deficient mice, STAT]1 defi-
cient mice and IL12p40 deficient mice, were also reported
to have increased susceptibility to carcinogen-induced
tumor formation (reviewed in [18]). Interestingly, few stud-
ies also reported that certain spontaneously arising tumors
occur with increased frequency in aged RAG-2~'~ and
IFNy~/~ mice [18]. In contrast, however, another group has
reported that RAG-1- deficient and control mice developed
MCA-induced tumors at similar tumor frequencies [39]. In
addition, SCID mice, nude mice and CD8 deficient mice do
not show increased tumor incidence or reduced latency [3,
20, 44, 46]. Thus, whereas some studies support the con-
cept that immunosurveillance is involved in controlling
MCA-induced tumor formation, other studies do not sup-
port this concept. It remains to be established whether these
discrepancies are caused by differences in administration
route or dose of MCA, by differences in pathogenic status
or genetic background of immune-deficient and immune-
proficient mouse colonies, or by other variables.

In a recent study, it was demonstrated that the adaptive
immune system is also critical for maintaining MCA-
induced cancer cells in a “dormant” phase, i.e., in stable
tumor masses; antibody-mediated elimination of adaptive
immune cells at this tumor phase resulted in outgrowth of
the tumor masses, thus providing support for the existence
of an immune-dependent equilibrium phase [31]. Whether
similar mechanisms play a role during formation of other
types of cancers that are not initiated by exposure to carcin-
ogens, but rather by loss of tumor suppressor genes or
expression of oncogenes remains to be established.

Based on some studies that did find that MCA-induced
tumors that developed in the presence of a functional
immune system do grow out after transplantation into
immune-proficient mice, whereas MCA-induced tumors
from immune-deficient mice are rejected upon transplanta-
tion into immune proficient mice, it was hypothesized that
the immune system not only has a cancer protective effect,
but also a “tumor sculpting” effect [19]. This tumor-sculpt-
ing effect is an implicit consequence of immune-mediated
elimination of immunogenic tumor cells, followed by inad-
vertent outgrowth of tumor escape variants with reduced
immunogenicity. For further details on tumor escape mech-
anisms, the reader is referred to some excellent reviews [10,
17, 30]. It will be important to address whether this same
mechanism also plays a role during formation of sporadic
tumors that are not initiated by exposure to chemicals.
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As will be discussed below, there are clear indications that
such tumors might be less prone to the process of cancer
immunoediting.

In summary, these mechanistic studies indicate that cer-
tain tumor types, and in particular MCA-induced cancers,
might be suppressed and edited by various components of
the adaptive immune system. However, as discussed below,
multiple spontaneous tumor model systems do not provide
evidence for an “elimination” or “escape” phase by the
endogenously activated adaptive immune system, but rather
indicate alternative interactions between the adaptive
immune system and spontaneously arising cancers.

Scenario 2: Inertia

In this scenario, de novo tumor formation is not suppressed
by spontaneous adaptive immune responses, and selection
of less immunogenic tumor escape variants does not occur.
Various studies, including ours, did not find a protective
and/or editing effect of the adaptive immune system during
sporadic tumor formation. For example, Willimsky and
Blankenstein utilized a mouse tumor model based on rare
spontaneous activation of a dormant oncogene and found
that tumors grew progressively, despite presence of sponta-
neous humoral and cellular immune responses with speci-
ficity for the tumor. In addition, these sporadic tumors did
not lose their intrinsic immunogenicity, as they were
rejected after transplantation in immune-competent mice.
Mechanistic studies revealed that the sporadic tumors
induced T cell tolerance, and thus were not affected by the
adaptive immune system [47]. Likewise, in another tumor
model, spontaneous pancreatic adenocarcinomas grew pro-
gressively in the presence of spontaneous tumor-specific
adaptive immune responses, whereas cell lines generated
from these same spontaneous tumors were found to be
highly immunogenic and were rejected upon injection in
immune-proficient mice [25]. These studies indicate that
the spontaneous tumors were not sculpted by the adaptive
immune system, as they did not represent escape-variants
that had lost their immunogenicity; instead, it appears that
these tumors rather avoided immune destruction by sculpt-
ing the immune system.

Whereas some studies have shown that absence of adap-
tive immune cells increases susceptibility to MCA-induced
carcinogenesis, genetic elimination of adaptive immune
cells in transgenic mouse models for de novo tumorigenesis
does not affect malignant outcome. For example, in a trans-
genic mouse model for pancreatic islet cell carcinogenesis,
e.g., RIP1-Tag2 mice, it was shown that genetic elimina-
tion of the T and B cell compartment did not affect tumor
progression [7], suggesting absence of elimination of can-
cer cells by the adaptive immune system. Whereas the
MCA chemical carcinogenesis model has been the central
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model to document the existence of cancer immunosurveil-
lance and immunoediting, another chemical carcinogenesis
model, e.g., 7,12-dimethylbenz[a]anthracene (DMBA)/12-
O-tetradecanoylphorbol 13-acetate (TPA)-induced carcino-
genesis, appeared not to be inhibited by immunosurveillance
mechanisms, as tumor incidence was unaltered in perforin
deficient animals [46], and even reduced in TNFa ™'~ mice
[34], and in o T cell deficient mice [26].

Why does the adaptive immune system not suppress
tumor growth and/or affect tumor immunogenicity in these
studies? Several underlying mechanisms have been
described, including, but not limited to, failure of T cell
homing to the tumor [5, 25], induction of T cell tolerance
[47], presence of local immunosuppressive networks [50],
and collaboration with pro-tumor inflammatory responses
[14]. Thus, besides the concept of immunoediting in which
the adaptive immune system sculpts developing tumors,
these studies suggest an alternative concept in which a
spontaneously developing tumor sculpts or avoids anti-
tumor adaptive immune responses. Moreover, as will be
discussed in more detail below, there is a third scenario by
which the adaptive immune system can influence tumor
progression; the adaptive immune system can also promote
tumor formation through modulation of the inflammatory
tumor microenvironment.

Scenario 3: Promotion

Thus far, tumor—host interactions have been largely ignored
in studies exploring the significance of the adaptive
immune system during de novo tumor formation. Recently,
however, people have begun to realize that tumors do not
develop without extensive reciprocal interactions with stro-
mal cells, including immune cells, endothelial cells, fibro-
blasts, adipocytes, and their soluble mediators. Importantly,
these tumor-microenvironmental processes also influence
systemic and local anti-tumor adaptive immune responses.
Many recent studies have underscored the significance of
chronically activated innate immune cells in determining
malignant outcome [1]. For example, mast cells are essen-
tial for full tumor development in experimental mouse
models for de novo skin and pancreatic islet carcinogenesis
[8, 43]. Likewise, macrophages play critical roles in late
stage mammary tumor and metastasis formation in the
PyMT mouse mammary tumor model [33]. Also other stud-
ies have revealed that genetic alterations alone are not suffi-
cient for tumor promotion, but that signals from the
inflammatory tumor microenvironment are critical for
tumorigenesis [23, 27, 28, 38]. As chronic inflammation is
a complex and dynamic process with different cells and sol-
uble mediators involved, it is no surprise that multiple
mechanisms have been identified via which inflammatory
states can promote cancer development [1, 9, 33, 38, 48].
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Inflammation directly contributes to cancer development by
production of reactive oxygen species that can promote
malignant mutations [36], or by paracrine regulation of
signal transduction pathways inside cancer cells [12]. In
addition, inflammatory cell-derived soluble mediators can
modulate proliferation, migration and survival of mutated
epithelial cells. Indirect mechanisms via which inflamma-
tion promotes malignant outcome are activation of angio-
genesis and stimulation of tissue remodeling [12].
Importantly, chronic inflammation also has a suppressive
effect on anti-tumor adaptive immune responses. A subset
of innate immune cells, e.g., myeloid derived suppressor
cells, frequently accumulates in tumors and lymphoid
organs, and indirectly enhances tumorigenesis through
active suppression of anti-tumor immunity via induction of
T lymphocyte dysfunction by direct cell-cell contact and by
production of immunosuppressive factors [32, 40]. Like-
wise, malignant tissues attract regulatory T cells that are
known to suppress anti-tumor immunity [11]. Thus, studies
aimed at dissecting the importance of the immune system
during cancer development or at developing immunothera-
peutical approaches, should not focus on the adaptive
immune system alone, but should encompass the entire
context in which a tumor is developing, including the
inflammatory tumor microenvironment. This is under-
scored by our studies in which we revealed that the adap-
tive immune system can actively contribute to a pro-tumor
inflammatory tumor microenvironment in a transgenic
mouse model for skin carcinogenesis, e.g., HPV16 mice.
One of the earliest characteristics of skin cancer develop-
ment in HPV16 mice is massive influx of innate immune
cells, e.g., mast cells and neutrophils, and deposition of
immunoglobulins in the dermis. To assess the functional
significance of the adaptive immune system, we took a
genetic approach and intercrossed HPV16 mice with RAG-
17/~ mice. Surprisingly, absence of T and B lymphocytes
did not accelerate tumor progression, but instead resulted in
an almost complete absence of chronic inflammation in
(pre-) malignant skin. As a consequence, levels of VEGF-A
and gelatinolytic matrix metalloproteinases remained at
steady-state levels, activation of an angiogenic vasculature
was attenuated, oncoprotein-positive keratinocytes failed to
attain a hyperproliferative phenotype, and overall carci-
noma incidence was significantly reduced. Transfer of B
lymphocytes or serum derived from HPV16 mice into T
and B cell deficient-HPV16 mice was sufficient to restore
chronic inflammation and other hallmarks of premalig-
nancy [14]. This study indicates that the adaptive immune
system, through crosstalk with the innate immune system,
can modulate the tumor microenvironment in favor of
tumor development and progression. It will be critical to
investigate the underlying mechanisms, and whether simi-
lar inflammatory pathways are critical during formation of

other tumor types. Consistent with our data, a link between
humoral immunity and cancer progression was described
by a study of Siegel et al., in which active immunization of
cancer-prone immune-proficient mice resulted in induction
of tumor-specific humoral immune responses and subse-
quent increased chemical-promoted tumorigenesis [42].
Likewise, interstitial antibody deposition does occur in can-
cer patients [13], and early presence of autoantibodies in
serum of cancer patients is associated with poor prognosis
[45]. My own studies are currently focusing on addressing
the interplay between adaptive and innate immune systems
in (conditional) mouse models for mammary carcinogene-
sis [16], where, similar to the HPV16 mouse model, immu-
noglobulins can be found in tumor stroma (Fig. 1). In order
to develop strategies aimed at interfering with inflamma-
tion-driven tumorigenesis, it will be critical to elucidate the
mechanistic link between humoral immune responses and
pro-tumor inflammatory responses. Immunoglobulins and/
or cytokines might be the critical soluble mediators linking
B lymphocytes and innate immune cells. Since both immu-
noglobulins and complement components are deposited in
stroma of (pre-) malignant skin lesions in HPV16 mice, we
hypothesized that the complement system might link the
humoral immune response with chronic inflammation;
however, mechanistic studies showed that the complement
system is not required for initiation or maintenance of
inflammation in pre-malignant skin of HPV16 mice [15].
Alternatively, B lymphocytes might activate resident innate
immune cells through crosslinking of Fc receptors
expressed on resident immune cells by immunoglobulins,
or via production of pro-inflammatory cytokines.

In conclusion, the tumor microenvironment is frequently
characterized by an immunological balance in favor of
chronic inflammatory responses that foster cancer promo-
tion and prevent or counteract anti-tumor adaptive immune
responses.

Tumor intrinsic and extrinsic parameters influencing
the nature of the crosstalk with the immune system

What determines which process—immune-mediated tumor
protection or immune-mediated tumor promotion—is dom-
inant in a particular tumor setting? Very likely, these differ-
ent immune functions are not mutually exclusive, but rather
co-exist in a dynamic balance that—in a spatiotemporal
manner—can tip over in favor of tumor progression or
tumor inhibition. This immune balance likely depends on
many different cancer cell-intrinsic and cancer cell-extrin-
sic parameters. For example, the cancer-initiating trigger
might be critical in skewing the immune system towards an
anti-tumor or pro-tumor direction. Patients with a sup-
pressed adaptive immune system, e.g., AIDS or organ
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Wild Type

K14cre;Cdh1F/F; Trp53F/F

Fig. 1 Immunoglobulin deposition is a hallmark of mammary tumor-
igenesis. Similar to (pre-) malignant skin of HPV16 mice [14] and
human breast and prostate cancers [13], robust humoral immune
responses are found during mammary tumor development in a condi-
tional mouse model for invasive lobular carcinoma, e.g., Kl4cre;

transplantation patients, suffer from a drastic increased inci-
dence of viral-associated malignancies, indicating that the
immune system in healthy individuals frequently prevents
these viral-associated malignancies from developing. Like-
wise, chemical-induced cancer might similarly be more
easily prevented by adaptive immune responses than
tumors initiated by genetic alterations [18, 47]. However,
even different chemical-carcinogenesis models, e.g., the
MCA versus the DMBA/TPA model, are shaped in a differ-
ent degree by the interaction with the immune system [26,
46]. Similarly, the tissue of origin and tumor type might
play a role in determining the nature of the interplay
between cancer cell and immune system. Possibly, epithe-
lial tumors trigger different natural immune responses as
compared to non-epithelial tumors. Also cancer growth
kinetics might determine whether the balance of the inflam-
matory tumor microenvironment is tipped over in favor of
chronic pro-tumor inflammatory responses or acute anti-
tumor immune cell responses. Recent observations suggest
that expression of particular oncogenes directly instructs an
inflammatory phenotype. For example, acute activation of a
switchable form of Myc in a f-cell tumor model induced
immediate expression of multiple chemokines, resulting in
recruitment of mast cells which subsequently promoted
further expansion of Myc-induced tumors [43]. Oncogene-
driven expression of a certain array of inflammatory mediators
might thus polarize the inflammatory microenvironment in
favor of tumor progression, suggesting that the genetic
make-up of a particular tumor might be critical in determin-
ing which leukocytes will be recruited to the genetic lesion,
and how these leukocytes will behave. The microbiological
status of the host can also influence the interplay between
immune system and cancer, as exemplified by a study
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Cdh1F; Trp53F/F mice [16]. The immunohistochemical images show
immunoglobulin deposition (IgG; brown staining) in interstitial stroma
of malignant mammary glands from K14cre; Cdh1%F; Trp53FF mice.
IgG depositions are absent in negative littermate controls, with excep-
tion of serum present in blood vessels. x40 magnifications

showing that increased tumor susceptibility of cytokine-
deficient animals could be attributed to increased sensitivity
to opportunistic infections, as antimicrobial therapy could
prevent solid tumor formation in these animals [22]. Like-
wise, inflammation-associated colon cancer development in
TGFf1-deficient mice is blocked in a germ-free environ-
ment, and reintroduction of Helicobacter hepaticus rein-
states inflammation and cancer development, indicating
that enteric flora can be a driving force in establishing
chronic inflammation and subsequent colon cancer devel-
opment [21].

A deeper understanding of tumor intrinsic and extrinsic
characteristics that influence the nature of the crosstalk with
the immune system might open opportunities to suppress
tumor-promoting immune responses and tip the balance
over in favor of anti-tumor immune responses.

Conclusions

Do malignancies develop in spite of—or because of—natu-
ral immune responses? At least one thing is evident: the
immune system exerts a tremendous effect on tumor devel-
opment and progression. However, the nature and malig-
nant outcome of the interplay between immune system and
evolving cancer is dynamic and complex, involving exten-
sive reciprocal interactions between genetically altered
cells, adaptive and innate immune cells, their soluble medi-
ators and other stromal cells present in the neoplastic
microenvironment. The context in which a malignancy is
developing largely determines whether the balance between
immune system and malignancy will be tipped over in
favor of undesirable tumor-promotion or desirable tumor-
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Current anti-cancer therapies

Cancer cells

vasculature ===-fibroblast @ adaptive immune targeting activating
cells therapy therapy
: extracellular %Iinnate immune cancer cells interrupted
" matrix cells interaction

Fig. 2 Schematic model of anti-cancer combinatorial approaches.
Conventional anti-cancer therapies, such as chemotherapy, radiother-
apy, and targeted therapies, target cancer cells directly (left panel).
These standard therapies have tremendously increased patient sur-
vival; however, many tumors eventually become unresponsive towards
their cytotoxic effects. It is now generally accepted that not only cancer
cell autonomous processes determine malignant outcome, but that can-
cer cell-extrinsic processes occurring in the tumor microenvironment

suppression. The fact that many clinical and experimental
tumors do appear and develop despite an active immune
response indicates that in these cases the immune system
has failed in protecting against cancer. Recent experimental
studies now clearly indicate that these spontaneous tumors
are not devoid of immune cells, but instead are character-
ized by massive influx of innate immune cells, and that
interference with the chronic inflammatory tumor microen-
vironment actually can prevent or inhibit tumor progres-
sion. Thus, these “successful” tumors largely progress
because of their ability to avoid or redirect anti-tumor adap-
tive immune responses and to directly or indirectly exploit
signals derived from the stromal immune cells.
Tremendous efforts have been and are being put into
development and validation of successful immunotherapeu-
tical approaches against cancer. Some of these efforts do
seem to have potential in preventing development of malig-
nancies; however, therapy of full-blown tumors remains
relatively unsuccessful. One of the likely underlying mech-
anisms for this failure is presence of an immunosuppressive
tumor microenvironment counteracting the activation status
of adaptive immune cells or preventing penetration of anti-

are as important as well. For efficient eradication of well-established
tumors, it will be critical to develop combinatorial approaches that not
only target cancer cells—which are genetically instable and thus prone
to become drug-resistant-, but also target the genetically stable tumor-
supportive microenvironment and activate anti-tumor adaptive
immunity (right panel). To successfully reach this goal, it is critical to
understand how reciprocal interactions between cancer cells and
stromal cells positively or negatively regulate tumor progression

tumor T cells. For efficient eradication of well-established
tumors, it may therefore be critical to combine standard
anti-cancer approaches that target cancer cells directly with
strategies aimed at perturbation of the cancer-supportive
tumor stroma and with cancer immunotherapeutical
approaches (Fig. 2).
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