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Abstract
Since 1909, the cancer immunosurveillance concept has undergone four distinct eras. These
include a general acceptance during 1957-1974, an abandonment during 1974-1996, resurrection
during 1996-2001 in the form of an elegant theory of tumour immunoediting proposed by Robert
Schreiber, and a retreat since 2006. Recently, in the Journal of Pathology, Ciampricotti et al
reported an elegant experimental model designed by establishing RAG2−/−/MMTV-NeuT mice.
Using this, they demonstrated that the development and metastasis of HER-2/neu-positive
spontaneous mammary carcinoma were not altered by the presence or absence of the adaptive
immune system. Their fascinating results are a call to revisit controversial reports as to an
effective role of the adaptive immune system in tumour inhibition versus tumour promotion or
tolerance in the development of spontaneous carcinomas. Ciampricotti and colleagues present a
strong case for revising our ideas of cancer immunoediting and appreciating the complexity of the
interaction between cancer and the immune system.
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The concept of cancer immunosurveillance had a chequered history before it was developed
into a cancer immunoediting theory by Robert Schreiber [1]. Recently, Ciampricotti and
colleagues [2] provided evidence that challenged the cancer immunoediting theory by
establishing RAG2−/−/MMTV-NeuT transgenic mice and revealing that adaptive immune
response is not involved in promoting or inhibiting spontaneous tumour development. They
also demonstrated that the inflammatory tumour microenvironment is not associated with
adaptive immune responses. It can be argued that their experimental system was similar to
human cancer, where tumours develop spontaneously. The RAG2−/−/MMTV-NeuT
transgenic mouse model of spontaneous breast carcinoma used in their studies may be more
clincally relevant than those reports based on transplantable tumour models. Consideration
of the history of tumour immunology shows that although the majority of experiments were
conducted on transplanted tumour models or chemically induced cancers, there were also
spontaneous tumour models that supported the tumour immunosurveillance concept. For
instance, the surgeon Bradley Coley (1862–1936) demonstrated that bacterial infection may
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induce immune responses that could protect patients from cancer. Promising results of the
‘Coley vaccine’ in inducing regression of established tumours provided a key cornerstone of
the early history of tumour immunology [3].

The concept that the immune system can recognize and eliminate nascent malignant cells
was first conceived in 1909 by Paul Erlich [4] and was later formulated into the cancer
immunosurveillance theory by Burnet and Thomas in the late 1950s [5,6]. The theory was
mainly supported by the immune-mediated rejection of transplanted tumours induced by
chemical carcinogens or viruses in syngeneic mice [7,8]. However, studies in animals with
impaired immune systems produced discordant results as to the susceptibility of these mice
to spontaneous or chemically induced tumours [9]. In fact, the higher incidence of cancer in
immunocompromised hosts was attributed to their inability to clear transforming infectious
agents, rather than a lack of the tumour immunosurveillance. The concept of cancer
immunosurveillance was later largely abandoned because of the observation that athymic
nude mice did not show an increased incidence of spontaneous or chemically induced
tumours compared to wild-type animals [10,11]. Surprisingly, Prehn et al proposed that the
immune system can promote tumour growth [12]. Retreat from the cancer
immunosurveillance concept was then reflected in Thomas's statement that currently
available experimental animals cannot show the existence of tumour immunosurveillance
[13].

During the 1990s it became evident that nude mice had NK cells and leaky T and B cell
function, which could represent some degree of immunosurveillance. Using a different titre
of MCA revealed that nude and SCID mice were more susceptible to tumour formation than
wild-type (WT) mice [14,15]. During 1994–1998, two key findings raised interest in cancer
immunosurveillance theory. First, it was demonstrated that endogenous IFN-γ could protect
the host against transplanted and chemically induced tumours [16,17] and spontaneous
tumours [18,19]. The second key finding was a greater sensitivity of perforin−/− mice to
MCA-induced tumours compared with their WT counterparts [20–23]. RAG2-deficient mice
were also more sensitive to MCA-induced sarcomas than WT mice [24]. A higher incidence
of virally-induced cancers, such as non-Hodgkin's lymphoma, Kaposi's sarcoma and
carcinomas of the skin and genitourinary region, were also reported in immunocompromised
or immunodeficient patients [25–29]. An increased incidence of spontaneous cancer after
organ transplantation has been reported [30–33], which could support the equilibrium phase
of the immunoediting. These observations revived cancer immunosurveillance theory until
early 1990s, yet the key question remained: why do cancers occur in immunocompetent
individuals?

To answer this question, Robert Schreiber proposed the term ‘cancer immunoediting’ in
order to broadly describe the dual host-protecting and tumour-sculpting actions of the
immune system that not only surveil for, and eliminate, nascent malignant cells but also
shape neoplastic disease through equilibrium and escape mechanisms [1]. On the other hand,
Willimsky and Blankenstein challenged the immunoediting concept by demonstrating that
immunogenic tumours expressing SV40 T antigen did not escape their recognition but rather
induced tolerance in the transgenic mice. They showed that tumours were immunogenic and
were rejected by the transgenic mice after vaccination but before spontaneous tumour
formation [34]. Spontaneous tumours could suppress effector function of an anti-tumour
immune response, so that even vaccination could not induce rejection of transplanted
tumours in mice bearing spontaneous tumours (Figure 1, pathway 3). This possibility was
supported by the observation that young transgenic mice could also reject some tumour cell
lines that were established from spontaneous tumour cells [34]. There was no experiment
conducted in the spontaneous tumour-bearing mice to distinguish tumour-induced immune
suppression from tolerance after the vaccination.
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In line with the immune tolerance model, Ciampricotti et al have now demonstrated a
similar rate of spontaneous tumour formation in WT NeuT and RAG2−/−/MMTV-NeuT
mice [2]. They showed that genetic elimination of the adaptive immune system did not alter
the latency, multiplicity, outgrowth and phenotype of mammary tumours. They also reported
an increased accumulation of CD11b+ Gr1+ MDSC in the tumour-bearing mice. Such
phenomenon has also been reported in the FVBN202 transgenic mouse model of neu-
positive mammary carcinoma by our group [35,36] and by others [37]. Therefore, tumour
growth may be due to an increased accumulation of MDSC preceding spontaneous
mammary tumour formation in WT NeuT mice, which could suppress immunosurveillance
(Figure 1, pathway 3) and push the tumours toward a situation in which tolerance is
mimicked (Figure 1, pathways 9 and 10).

The data presented by Ciampricotti et al. [2] are in fact an evolution in our understanding of
tumour immunology. Although the results apparently contradict the experimental data that
support the tumour immunoediting theory, putting all the reports into a unfied picture leads
to the notion that tumour cells and cells of the immune system interact in a complex network
that is not simply a one-way road (Figure 1). According to this model, tumours are
heterogeneous because of the genetic instability and therefore each tumour cell may
communicate differently with cells of the adaptive immune system. Whereas dangerous
clones (red colour) elicit immune responses that may trigger tumour immunosurveillance,
non-dangerous clones (blue colour) fail to do so and may favour the immune tolerance. The
clonal composition of the tumours determines the balance between immunoediting and
tolerance. However, most tumours, including HER-2/neu over-expressing carcinomas,
melanoma or SV40 T antigen, contain a higher frequency of dangerous clones. Therefore,
they are expected to fall into the immunoediting category. Even in such cases, the quality of
the immune response determines the outcome. While the specific type of immune response
may facilitate spontaneous regression of melanoma or reduce the incidence of cancer in
immunocompetent hosts compared to immunodeficient individuals (pathway 1), other
immune response types, particularly M2 macrophages, may exhibit tumour-promoting
effects (pathway 2) or induce epigenetic changes in the tumours and result in tumour escape
and relapse (pathway 3). It has been reported that IFN-γ-producing T cells simultaneously
induce apoptosis and antigen loss in the tumour cells, which results in initial tumour
rejection but eventual tumour relapse [38–40].

Tumour clones that express immunosuppressive chemokines or receptors may suppress the
immunoediting process (pathway 4) and lead to the state of immune tolerance (pathway 5).
Moderate effector cells of the immune system or less invasive tumour clones may result in
the state of tumour inhibition and equilibrium phase (pathway 6). These clones may form
invasive cancer in elderly or immunocompromised patients (pathway 7) or may undergo
epigenetic changes as a result of a chronic immune pressure and relapse (pathway 8).
Tumours may also be selected under the immune pressure, such that less dangerous clones
may survive and form cancer (pathway 9). Cancers with a dominant population of non-
dangerous clones may appear silent to the immune system and result in tolerance (pathway
10). Some pathways depicted in Figure 1 have already been reported [40–42]. It can be
argued that tumours utilize complex pathways rather than a single pathway in order to
survive in an immunologically hostile microenvironment. The discordant results in the field
also imply the existence of different pathways, which may be complementary rather than
conflicting. Therefore, rather than focusing on a single pathway, we need to understand the
complexity of these pathways. The proposed unified theory of cancer immune complexity is
an effort toward a better understanding of the interaction between cells of the immune
system and cancer cells.
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Although cancer immunoediting theory can explain a number of observations in cancer
patients, it has mainly been developed based on the murine model. The overall structure of
the immune system in mice and humans is quite similar [43]. Therefore, results obtained
from the murine model indicate the need for understanding the diverse interactions between
tumour cells and cells of the host immune system in humans. However, taking into
consideration the differences between the mouse model and humans, the tumour
immunoediting concept may not provide a comprehensive understanding of tumour
immunology in humans. For example, there are several differences in FcR expression
between mice and humans [44,45]. Given that FcR represents a link between the adaptive
immune system and the innate immune system, such differences could regulate different
responses. In addition, the mutation of key signalling molecules in T cells has markedly
different effects in mice and humans. Deletion or mutation in common γ-chain cytokine
receptors results in severe immunological defects, which differ between human and mouse
XSCID [46,47]. Therefore, we propose to develop a unified theory of tumour immune
complexity that appreciates the differences among species. Understanding the diversity of
interactions between malignant cells and the immune system in humans would require an
improvement in our immunomonitoring tools so as to determine the extent to which research
results from the murine model can be applied to humans.
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Figure 1.
A unified theory of cancer immune complexity. Tumours comprised of a heterogenous
population of cells that expands from clones that send danger signals to the immune system
(red) to clones that do not appear to be dangerous to the immune system (blue). The balance
between these two clones determines the state of tumour immunosurveillance in the host.
There are 10 possible pathways depicted here, which describes the interplay between tumour
immunoediting and tolerance.
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