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Abstract

Background: Although the exact mechanisms mediating
the initiation of autoimmune diseases are unknown, se-
quence similarity between infectious agents and self-pro-
teins (epitope mimicry) has been proposed as the main
trigger mechanism. Interestingly, this mechanism of epi-
tope mimicry may also evoke potent tumor immunity.
Indeed, experimental data support a beneficial role of
autoimmunity in some patients with cancer. Additionally,

autoimmunity induced via vaccination with xenogeneic
antigens was found to be effective. Thus, the ability to
manipulate the immune system via immunologic cross-
reactions should have important potential in both pre-
ventive and therapeutic strategies for cancer. This strategy
may break down the friendly established relationship
between tumor tissues and the cells of the immune
system.

Introduction

Normally, a functional immune system is able to
react against foreign antigens while remaining
unresponsive to self-antigens. This self-tolerance is
acquired and maintained by combination of central
and peripheral tolerances (1). In addition to clonal
selection, immune specificity is regulated by recep-
tor selection in T and B lymphocytes at different
stages of their differentiation (1). Through various
specific processes such as positive and negative se-
lections, a peripheral repertoire that is depleted from
autoreactive lymphocytes is generated (1,2). To es-
tablish unresponsiveness to self during positive se-
lection, the selected thymocytes are expected to in-
crease their activation threshold to self peptides,
thereby peripheral T cells are properly activated by
only foreign high affinity peptides. These cells can
be regarded as high affinity T cells (Fig. 1). How-
ever, despite the selective pressures imposed on B
and T cells, self-reactive lymphocytes can be found
in the blood of healthy individuals (3,4). These find-
ings imply that central and peripheral tolerances are
somehow defective. The activation of these potential
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autoreactive lymphocytes is expected to be con-
trolled by various mechanisms of antigen-induced
tolerance such as apoptosis, anergy, T regulatory
cells (Tgr), and immune deviation (4,5). In autoim-
mune diseases, self-reactive T and B cells become
aggressive and cause tissue injury, in some cases
leading to severe injuries. How the mechanisms of
tolerance mentioned are dysregulated in patients
with autoimmune diseases is not well understood.

In principle, the diversity and longevity of pe-
ripheral T and B cells determine our capacity to
mount protective immune responses. However, the
realization that the immune response to tumor anti-
gens is unable to eradicate tumor growth has ex-
panded the complexity of molecular interactions be-
tween tumor cells and the immune system (6). Our
current study, which examines the nature of the im-
mune responses in patients with breast cancer, has
indicated that in the long-time survival patients an
anti-tumor autoimmunity has occurred and that epi-
tope mimicry could be the initiating mechanism
(7-9). Notably, epitope mimicry has been proposed as
a mechanism for the induction of autoimmunity. This
cross-reaction is expected to tip the balance of im-
munologic response versus tolerance toward immune
response (10,11). This exogenous foreign alarm sig-
nal may explain why tumors are sometimes sponta-
neously rejected. Here, some important aspects of this
novel anti-cancer approach are reviewed.
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Fig. 1. Epitope mimicry can evoke an effective anti-tumor
autoimmunity. The activation of high-affinity T- and
B-lymphocyte precursors with microbial or xenogeneic antigens
may cross react with host tissue constituents and eventually
break down self-tolerance to tumor antigens. In contrast, the
activation of low-affinity T- and B-lymphocyte precursors by
tumor antigens may not be sufficient to mount a protective
immunity. In addition, tumors can induce tolerance against
neoantigens acquired during transformation. (for more details,
see the text).

Epitope Mimicry and Autoimmunity

How autoreactive lymphocytes are regulated in
healthy individuals and the factors that affect their
dysregulation in autoimmunity is the subject of a
number of studies (12-14). An important question is
how autoimmunization against, for example, syn-
ovial membrane, nucleosomes, and myelin basic
protein occurs in rheumatoid arthritis, systemic lu-
pus erythematosus, and multiple sclerosis patients,
respectively. The fact that these autoantigens are
ubiquitous and present in normal individuals raises
the question of why autoimmunity does not happen
more often. Fundamental defects in the mecha-
nisms that maintain immunologic tolerance to self-
constituents and environmental factors must play
important roles (5,13). However, despite extensive
research in this field, the primary triggers that evoke
the autoimmune reaction are yet to be identified.
Recently, the concept of epitope mimicry as a
mechanism for triggering autoimmunity has received
a great deal of attention (10,11). The theory is that an
infectious agent (e.g., parasite, bacteria, and virus)
displays epitopes immunologically resembling host
determinant and due to the mirror antigen differences
between the two, the pathogen’s epitope subse-
quently induces an immune response that eventually
breaks tolerance to the host epitope. Once the im-
mune system becomes primed to attack the invader, it
might eventually destroy normal tissues. For example,

bacterial urinary tract infections have been suggested
to induce cross-reactive immune responses to anti-
gens in the liver epithelium that contribute to the de-
velopment of primary biliary cirrhosis.Viral infection
has been implicated in multiple sclerosis, and micro-
bial heat shock proteins have been implicated in
rheumatoid arthritis (15-18).

The capacity of an epitope mimic to induce an
autoimmune disease depends on its appropriate
presentation by the host antigen presenting cells,
thereby supporting the association between major
histocompatibility complex (MHC) products and
autoimmune diseases (19). Indeed, the binding
association between a given MHC molecule and its
peptide, whether it be a self- or foreign peptide
involved in either a class I or II interaction, is a
genetically controlled event. Because of unique
MHC polymorphisms within a population, peptides
exhibiting binding capacity in a given host may be
completely nonreactive in other individuals of a
particular species who lack those MHC alleles (19).
This explains in part why autoimmunity does not
happen often. However, some autoimmune diseases
such as rheumatoid arthritis can develop in the
absence of the disease-associated haplotype (20).

Most of the described mimic epitopes (mimo-
topes) induce autoimmune disease in animal models
(21,22). From these studies, it appears that the mech-
anism(s) by which epitope mimics induce a destruc-
tive proliferative rather than anergizing response is
(are) different compared to those initiated by direct
immunization by self-antigens, where anergy is the
main primary outcome. A phenomenon that is gener-
ally termed “epitope spreading” has been observed in
most animal models for autoimmunity, such as that for
experimental autoimmune encephalomyelitis (22,23).
Although this phenomenon of epitope spreading is
more difficult to study in humans, numerous studies
have suggested a diversification of T- and B-cell speci-
ficities in human autoimmune diseases (24-28). Epi-
tope spreading may occur either within a single anti-
gen, different antigens from the same tissue structure,
or within different antigens that are not physically
linked. In this context, and in contrast to patients with
autoimmune diseases, cancer patients may immuno-
logically benefit from the phenomenon of epitope
spreading, which is more likely to depend on many
factors, including the nature of the antigen(s) and the
level of established immunologic tolerance.

Cancer and the Immune System

Cancer development is frequently accompanied by
immune response against self- and altered antigens
expressed by tumor cells (6). In this regard, autoan-
tibodies to various self-proteins have been found in
the sera of patients with solid tumors or hematologic
malignancies. This emphasizes the idea that cancer
patients can mount tumor immunity, which could
be, in part, autoimmunity. In contrast to patients



with autoimmune diseases, in the majority, if not all,
cancer patients the immune system is unable to com-
bat tumor growth. Thus, what are the major differ-
ence between immune responses in patients with
cancer and autoimmune diseases? Notably, tumors
seem to find ways to generate tolerance in the
immune system such as the down-regulation of
MHC class I molecules and cellular constituents
involved in the antigen processing and presentation
pathways (29). Tumors can also induce several
different biochemical defects in T lymphocytes (30).
In addition, the immune response against tumors
is hindered by the functional hierarchy in the
immunogenicity of T- and B-cell determinants.

T- and B-cell determinants of protein antigens
were divided into dominant, subdominant, and
cryptic to reflect their different degree of immuno-
genicity in vivo (31). T cells reactive with dominant
determinants of tumor antigens and perhaps sub-
dominant epitopes are deleted in the thymus during
negative selection. Thus, most of the tumor determi-
nants are expected to be immunologically silent;
hence an effective tumor immunity can not be
induced via self-vaccination. Additionally, as tumor
accumulate neoantigens during transformation they
also gradually induce tolerance in T cells against
these neoantigens.

Despite these escape mechanisms and the func-
tional properties of the immune system, in few
cancer patients spontaneous regression of malignant
tumors was observed (32,33). In addition, the pres-
ence of some autoantibodies correlated with patient
survival. For example, breast cancer patients with a
natural humoral response to MUCI and/or heat
shock proteins hsp90 exhibited a better outcome
(34,35). These clinical observations indicate that in
some cancer patients, protective, albeit not strong,
immunity and autoimmunity can be mounted. Thus,
understanding the nature of the immune response in
these patients would facilitate the design of effective
cancer vaccines. How does the immune system elim-
inate tumors in these patients?

Unfortunately, the study of tumor immunity re-
quires prior knowledge of the antigen (protein) se-
quences. As a consequence of this major limitation,
only a relatively small number of antigens have
been studied. However, the ability to profile the im-
mune responses with phage-display technology
does not require prior structural knowledge of the
antigens. Indeed, epitope libraries can identify the
specificities of antibodies produced in vivo whether
or not the parental antigens are known. The only
prerequisite of this novel approach is the availabil-
ity of patient sera (36,37).

During our studies of the immune responses in
patients with breast cancer using phage-display
technology, we noted that a subset of patients devel-
oped tumor autoimmunity (7-9). More important,
patients with high titers of immunoglobulin G (IgG)
antibodies against a 66-kDa and Sp100 autoantigens
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exhibited an improved outcome. Additionally,
patients with the most improved outcome have
developed IgG antibodies against most of the selected
B-cell peptide epitopes. This observation is in accor-
dance with the phenomenon of epitope spreading
seen in patients with autoimmune diseases (22).
This is a form of intramolecular and/or intermolecu-
lar amplification cascade in which determinants that
behave cryptically following primary immunization
become immunogenic as the disease progresses.
Similar to patients with autoimmune diseases, our
patients exhibited mainly a Th-1-type response.
Furthermore, the described IgG autoantibodies are
not pathogenic; no additional clinical features were
seen in our patients than the cancer. Therefore, au-
toimmunity did not develope into autoimmune dis-
ease. From an immunologic standpoint, both B- and
T-cell responses may help to produce anti-tumor re-
sponse in the long-time survival patients. When as-
sociated with appropriate alarms, tumors may be-
come seen by the immune system as dangerous
invaders. Thus, learning how tolerance is broken in
these patients may offer novel strategies to make
cancer vaccines. Although B and T cells respond to
antigens with high specificity, the type of the im-
mune response is expected to be determined by the
nature of the antigen, antigen presenting cells (e.g.,
dendritic cells) and the tissue in which the primary
response occurs (e.g., tumors). Understanding the cel-
lular interactions between these players will help us
to predict how and when protective immune response
against tumors are more likely to be generated.

The potential coupling of tumor immunity with
autoimmunity has also been suggested by the clinical
observation that patients with metastatic melanoma
who develop vitiligo have a better prognosis (38).
Notably, there are observations that support a possi-
ble protective role for autoimmune diseases in cancer
patients. In this respect, the mortality rate of cancer
patients with multiple sclerosis was found to be
significantly lower than that of cancer patients in
general (32).

Epitope Mimicry and
Anti-Tumor Immunity

Most of the IgG antibody specificities that we have
identified share a significant homology with human
and microbial proteins, thus bringing into question
a role for molecular mimicry as the initiating mech-
anism of tumor autoimmunity seen in our patients
(7). In connection with this, long-term remission of
malignant brain tumors after intracranial infection
has been reported in four patients (39). Addition-
ally, improved survival rates have been reported for
cancer patients with microbial infection (40,41).

If the tumor autoimmunity seen in our patients
was initiated by an epitope mimicry mechanism, an
intriguing question is whether this type of autoimmu-
nity is beneficial in the treatment of tumors in vivo.
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Notably, a significant homology at protein level was
found between human proteins and proteins from
other species. Thus, this sequence similarity can be
used as trigger to breakdown immunologic tolerance
to self-proteins, especially those expressed by tumors.

As a first step, we investigated the feasibility of
breaking immune tolerance in inbred syngeneic
rats against self-malignant gliomas via vaccination
with their human counterparts. Immunization of
rats with human glioma proteins inhibited tumor
growth, whereas no significant anti-tumor effect
was obtained when rat glioma proteins were used as
an immunogen (M. Sioud and D. Segrensen, unpub-
lished results). Notably, the immunogenicity of rat
glioma proteins was very poor. In contrast, their
human counterparts induced a IgG immune re-
sponse that cross reacted with rat glioma proteins.
Thus, self-tolerance against tumors can be broken
via self-foreign antigen crossreactivity.

Although the exact roles of antibodies on tumor
growth remains to be investigated, antibodies might
either mediate antibody-dependent cellular cytotox-
icity, induce complement-mediated lysis, or in some
cases trigger apoptotic cell death (42). The described
antibodies are IgG, which predicts the coexistence of
helper T cells. In accordance with our observations,
a recent study demonstrated that immune tolerance
against autologous angiogenic endothelial cells can
be broken by xenogeneic antigen from endothelial
cells (43). Interestingly, the Ig were found to be
effective in blocking endothelial cell proliferation.
Furthermore, the anti-tumor effect was found to be
CD4" T-cell-dependent.

Conclusion

Because tumors raise from own host tissues, appro-
priate (e.g., high-affinity) T and B cells specific for
tumor antigens are expected to be deleted from the
periphery. Thus, self-immunization by tumor anti-
gens may prime only a pool of precursor lympho-
cytes with low avidity for cryptic determinants. In
addition, the activity of these lymphocytes could be
held under the control of regulatory mechanisms
such anergy and interaction with T regulatory cells.
Consequently, the mounted immunity and autoim-
munity may not be sufficient to reject cancers (Fig. 1).
In contrast, exogenous immunization via epitope
mimicry may prime a second pool of precursor lym-
phocytes exhibiting high affinity toward the xeno-
geneic dominant determinants and having the poten-
tial to cross react with dominant, subdominant, or
cryptic tumor determinants. This pool of precursor
lymphocytes is expected to escape the control pres-
sure imposed by the regulatory mechanisms men-
tioned because since they have been positively se-
lected to mount effective immunity against foreigner
invaders. Furthermore, T-T and/or T-B cell coopera-
tion mediated by immunologic cross-reactions may
render immunologically silent tumor determinants

(cryptic epitopes) immunogenic. Notably, determi-
nants presented cryptically during the establishment
of tolerance in the thymus and the secondary lym-
phoid tissues may be displayed dominantly under
certain conditions (31). Factors affecting the display
of a determinant as dominant or cryptic include anti-
gen processing, lymphocyte competition for antigen-
bearing APC, as well as the intracellular versus ex-
tracellular origin of the autoantigens (31,44,45).

In light of these potential cellular interactions, the
immune system may respond to the tumors as if they
are foreign and mount an effective tumor immunity
and autoimmunity (Fig. 1). These observations, to-
gether with the fact that self-tolerance can be over-
come with the use of mimic antigens, should facilitate
the design of cancer vaccines, as exemplified by the
recent human clinical trial with the mouse prostatic
acid phosphatase (46). However, we need to find the
balance between sufficient autoimmunity to inhibit
tumor growth, while avoiding detrimental autoim-
mune attack of normal tissues (47). Thus, appropriate
mimic antigens must be characterized.
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