There is no doubt that the early diagnosis of tumors is the most effective way to
reduce the mortality caused by neoplastic diseases. Pre-symptomatic tumor dia-
gnostics may be considered as secondary prevention by effective screening to
identify cancer at a localized and curable stage. In this book methods, possibili-
ties and perspectives of pre-symptomatic tumor diagnostics will be discussed.
Because of the heterogeneity of tumors in genes and protein expression as well
as in the biological behaviour one approach alone is insufficient for a highly spe-
cific, sensitive and cost-effective screening. In four chapters the requirements for
an effective screening, the value of conventional "screening" methods (tumor mar-
kers, anatomical imaging modalities), and the search for novel biomarkers (tumor
associated genes, antigens and autoantibodies) in terms of non-imaging screening
as well as novel developments in imaging technologies and endoscopical appro-
aches will be described.
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PREFACE

There is no doubt that the early (pre-symptomatic) diagnosis of tumors is the
most effective way to reduce the mortality caused by neoplastic diseases. The
search in the field of pre-symptomatic tumor diagnostics is very complex and
interdisciplinary and should result in highly specific and sensitive as well as
cost-effective routine diagnostic programs to identify cancer at a localized and
curable stage. Many specialists working in different fields such as immunol-
ogy, clinical chemistry, molecular biology, genetics, pathology, radiology, and
clinical medicine are involved in the research for improving the early diagnosis
of tumors. The new book series “Pre-symptomatic Tumor Diagnostics” is de-
signed to provide clinicians and scientists of all fields in oncological research
and clinical medicine with reviews and new results on all topics that are rele-
vant for the early diagnosis of cancer. In the 1% volume, possibilities and per-
spectives of pre-symptomatic tumor diagnostics will be described and dis-
cussed. Because of the heterogeneity of tumors in genes and protein expres-
sion as well as in the biological behaviour one approach alone is insufficient
for a highly specific, sensitive and cost-effective screening. In four chapters
the requirements for an effective screening, the value of conventional "screen-
ing“ methods (tumor markers, anatomical imaging modalities), and the search
for novel biomarkers (tumor associated genes, antigens and autoantibodies)
in terms of non-imaging screening as well as novel developments in imaging
technologies and endoscopical approaches are described. The topics re-
viewed and discussed in this volume do not represent all fields involved in
pre-symptomatic tumor diagnostics. Missing aspects as well as the novel
developments will be the focus of the following volumes.

The editors Michael Bachmann
Karsten Conrad
Werner Lehmann
Ulrich Sack
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Chapter 1

TUMOR AND AUTOIMMUNITY
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Tumor specific autoimmune responses - Why and
when do they develop?

Jian-Ying Zhang' and Edward K.L. Chan?

1Department of Biological Sciences, University of Texas, El Paso, Texas, USA;
2Department of Oral Biology, University of Florida, Gainesville, Florida, USA.

The development of cancer is attributed to many factors such as envi-
ronmental and genetic contributions leading to gene mutations and dys-
regulations in the expression of many cellular genes. Overexpressed or
abruptly expressed self proteins are released from the continuous turn-
over of tumor cells and are presented to the immune system of the host.
The continuing elevated exposure of these proteins and/or macromo-
lecular complexes, especially with fetal oncoproteins that are not nor-
mally expressed in adult tissues, initiates immune response that is
manifested as autoantibodies. This scenario predicts that the autoim-
mune response to be initiated early on as the growing tumor mass is
turning over sufficient antigens. The autoimmune response is likely to
continue if the presentation of these self antigens persists. This hy-
pothesis provides an explanation how autoantigens in cancer may rep-
resent reporters of aberrant or overexpressed proteins participating in
the tumorigenesis process. Potential benefits to the host from these
autoimmune responses have not been adequately examined. It is possi-
ble and likely that a sustained autoimmune response in cancer patients
represent a failed response in tumor rejection. More work is needed to
address the overall effect of these autoimmune responses to the tumor.
This brief overview outlines supporting data from our laboratories.

Identification of tumor-associated antigens (TAAs)

Many studies demonstrated that cancer sera contain antibodies which react
with autologous cellular antigens generally known as TAAs [1-3]. In our labo-
ratories, the approach used in the identification of TAAs has involved initially
examining the sera of cancer patients using extracts of tissue culture cells as
source of antigens in Western blotting and by indirect immunofluorescence on
whole cells. With these two techniques, we have identified sera which have
high-titered fluorescent staining or strong signals to cell extracts on Western
blotting and subsequently use these antibodies to immunoscreen cDNA ex-
pression libraries and isolate cDNA clones encoding targeted antigens. In this
manner, several novel TAAs including HCC1 [4], p62 [5], p90 [6] and others
have been identified. Immunoscreening of cDNA libraries with serum antibod-
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ies for identifications of autoantigens is a well-established method and has
been used not only to identify TAAs but also antigens in autoimmune dis-
eases [7]. This methodology was the basis of the methods described in
SEREX (serological analysis of recombination cDNA expression libraries) with
the difference that cDNA expression libraries constructed from autologous
patient tumor were used as substrate in immunoscreening [8]. Subsequent
reports using the SEREX technique have shown that the TAAs identified are
no different from standard methods using cDNA expression libraries from cell
lines derived from different sources, so that there did not appear to be any
advantage to using cDNA libraries from autologous patients.

Overexpression of TAA p62 and p90 in cancer

Recent data from our laboratory suggest a mechanistic process may be in-
volved in humoral immune responses in certain cancers such as hepatocellu-
lar carcinoma (HCC). HCC is unique in that one can follow a cohort of patients
with chronic liver disease who will likely progress to develop malignancy over
a period of 10 or more years. It has been observed that during transition from
chronic liver disease to HCC, novel autoantibodies can appear which are not
detected prior to pre-malignant conditions [9,10]. These novel antibody re-
sponses may be stimulated by cellular proteins which are involved in carcino-
genesis. By immunoscreening an expression library, a RNA-binding protein
autoantigen p62 has been identified in HCC and autoantibodies to p62 were
found in 21% of a cohort of HCC patients [5]. p62 is a cytoplasmic protein
which binds to mMRNA encoding insulin-like growth factor Il (IGF-II), a growth
factor which is known to be overexpressed in HCC and is tumorigenic in
transgenic animals. We showed that p62 was aberrantly expressed in 30% of
unselected HCC [11] suggesting that p62 could play a role in HCC and other
tumors by upregulating expression of growth factor IGF-Il in the milieu of other
oncogenic factors. A “companion” antigen p90, autoantibodies to which were
found associated with anti-p62 responses in the same HCC patient group,
was also identified by cDNA expression cloning [6]. Indirect immunofluores-
cence showed that, like p62, p90 localized to the cytoplasm in cultured cells
and mouse fetal, but not adult liver. Among 11 human gastric cancer tissues
examined, p90 was overexpressed in 6 (55%). Our data support the working
hypothesis that autoantibody production in cancer may be directly linked to
aberrant autoantigen expression of p62 and p90 autoantigens.

TAAs are often tightly linked to tumorigenesis?

The types of cellular proteins which induce autoantibody responses are quite
varied and include oncogene products such as HER-2/neu and ras [12,13],
cellular proteins which shield mRNAs from natural physiological degradation
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such as p62 [5] and CRD-BP [14], onconeural antigens in the paraneoplastic
disorder syndromes [15], differentiation-antigens such as tyrosinase and the
cancer/testis antigens [16]. Factors leading to the production of such autoan-
tibodies are not completely understood but the available data show that many
of the target antigens are cellular proteins whose aberrant regulation could
lead to tumorigenesis, such as p53, HER-2/neu, and ras, or are proteins
whose dysregulation could have tumorigenic potential including mRNA bind-
ing proteins such as p62 and cell-cycle control proteins such as cyclin B1
[17,18]. One of the most extensively studied TAAs is p53. Autoantibodies to
p53 in cancer were first reported in 1982 [19] and since then there have been
numerous reports confirming and extending this finding (reviewed in [20]). A
highly informative study showed that lung tumors contained several types of
p53 gene mutations including missense, stop codon and frameshift mutations,
but it was the missense mutations with overexpression of p53 protein which
altered function and increased stability that correlated with antibody produc-
tion [21]. In the case of p62 which is a fetal protein absent in adult tissues,
immunogenicity appears to be related to abnormal expression of p62 in tumor
cells [11]. With the onconeural antigens in paraneoplastic neurological disor-
ders, antibody responses are thought to be related to ectopic expression of
neuron-restricted cellular proteins in tumor cells [15]. The immune system in
certain cancer patients appears to have the capability of sensing these ab-
normalities and it was proposed that autoantibodies might be regarded as
reporters identifying aberrant cellular mechanisms in tumorigenesis [1]. As the
detection of antibody immunity to tumor antigens becomes more routine, in-
vestigations have evolved to begin to address specific clinical questions such
as the role of antibody immunity as a marker for patients exposed to cancer,
as a tool to monitor therapy, or as an indicator of disease prognosis [22].

Using a mini-array of multiple TAAs to enhance
antibody detection in cancer.

A feature of HCC is that antecedent liver cirrhosis and chronic hepatitis are
common precursor conditions and during transition to malignancy some pa-
tients develop autoantibodies which were not present during the preceding
chronic liver disease phase [9,10,23,24]. A hypothesis which has been pro-
posed is that these antibody responses may be stimulated by cellular proteins
which are involved in carcinogenesis. Many investigators have been inter-
ested in the use of autoantibodies as serological markers for cancer diagno-
sis, especially because of the general absence of these autoantibodies in
normal individuals and in non-cancer conditions. Enthusiasm for this approach
has been tempered by low sensitivity. One of our recent studies showed that
detection of autoantibodies in cancer can be enhanced by using mini-array of
seven TAAs as target antigens [25-27]. As shown in table 1, the mini-array
comprised seven TAAs: c-myc [28], p53 [20], cyclin B1 [17,18], p62 [5,29],
Koc [29,30], IMP1 [31] and survivin [32,33]. Antibody frequency to any indi-
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vidual TAA was variable, and ranges from 10.8 to 24.6 percent in HCC. With
the successive addition of TAAs to a final total of 7 antigens, there was step-
wise increase of positive antibody reactions up to 56.9 percent in HCC. Com-
pared to HCC, frequency of antibody to any one of these same 7 antigens
was 67.9 percent in lung cancer. The fact is that antibodies to any individual
antigen such as anti-p53, anti-p62 or anti-c-Myc do not reach levels of sensi-
tivity which could become routinely useful in diagnosis [27]. These data in one
way indicate that the combination of antibodies might acquire higher sensitiv-
ity for diagnosis of cancer. On the other hand, the data also suggest that in
the selection of different antigen-antibody systems, some of the antigens may
turn out to be more specific for a certain type of cancer while others may be
not. It is conceivable that autoantibody profiles involving different panels or
arrays of TAAs might be developed and the results could be useful for diag-
nosis of certain types of cancer. More recently, we added three other TAAs
(p90, cyclin D1 and cyclin A) into our previously used mini-array system for
detection of antibodies in prostate cancer. The results showed that the cumu-
lative positive reactions in prostate cancer sera reached 92.5%, significantly
higher than in benign prostatic hyperplasia (BPH) and other controls [34].

Although there have been a steadily increasing number of studies describing
and characterizing autoantibodies to “cancer-related antigens” in recent years,
many of these antigen-antibody systems are not found to be useful in differen-
tiating cancer and normal. For example, we clearly demonstrate that antibod-
ies to three of so-called “cancer antigens” a-enolase, B23 and elongation
factor-1y (EF-1-y) are not unique to HCC, and suggest that its detection in
HCC might be attributed to antibody being already present in the precursor
liver diseases such as chronic hepatitis, liver cirrhosis or primary biliary cir-
rhosis [35]. This study also emphasizes the importance of a comprehensive
analysis of antibody responses to putative cancer antigens in different pre-
cancer conditions such as chronic hepatitis and liver cirrhosis before conclu-
sions can be made regarding their contribution to HCC. Some of the identified
antibody-antigen systems may be unique to cancer while others may not. A
comprehensive analysis and evaluation of various combinations of selected
antibody-antigen systems will be useful for the development of autoantibody
profiles involving different panels or arrays of TAAs, and the results could be
useful for the detection of certain types of cancer such as lung cancer, HCC
and so on. Our strategy to actively eliminate false-positive TAAs from our
mini-array assay is qualitatively different from other approaches published to
date.
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Autoantibodies as indicators of tumor development

Karsten Conrad, Dirk Roggenbuck’, Michael Bachmann
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Autoantibodies (AAB) against various types of tumor associated anti-
gens (TAA) with varying sensitivities and specificities for malignancy
have been described. The immunogenicity of TAA mainly depends on
the level and kind of expression. Therefore, tumor associated AAB (TA-
AAB) can be regarded as reporters identifying aberrant cellular mecha-
nisms in tumorigenesis and may be used as early indicators of tumor
development. However, most of the TA-AAB lack sufficient sensitivity
and specifitiy for use as biomarkers in the clinical practice. An optimal
combination of highly specific TA-AAB in multiparametric assays as
well as the standardization of the AAB analysis is necessary to realise
the potential of TA-AAB in the early (pre-symptomatic) diagnosis and
monitoring of malignancies.

Introduction

The malignant transformation of cells is a result of altered expression of ge-
nes involved in cell growth control and differentiation. Mutations, inherited
through the germline or, more commonly, arising in somatic tissues later in
life, as well as epigenetic changes that influence the expression and/or func-
tion of oncogenes and tumor-suppressor genes drive the development of
tumors from the earliest to the last stage [1-3]. Fortunately, the tumor devel-
opment can be checked by different tumor surveillance mechanisms acting on
the level of DNA (repair of damaged DNA sequences), cell proliferation con-
trol (programmed cell death) and immune defence [4]. The loss or impairment
of such control mechanisms also influence the development and progression
of tumors. Therefore, tumor growth may depend on the balance between tu-
mor promoting and tumor controlling factors/mechanisms.

The early detection of cancer that allows an effective and probably curative
therapeutic management is most important in clinical oncology. However,
current biomarkers often lack specificity and sensitivity for an efficient and
cost-effective screening, leading to false results and late detection of malig-
nancies. In theory, all changes in expression, structure and/or function of
genes/proteins involved in the tumorigenesis may be markers for pre-
symptomatic tumor diagnosis. Different approaches are used to find parame-
ters/biomarkers (single or in combination) for a specific and sensitive diagno-
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sis of early cancer stages (see Chapter 2 and 3). Here we describe the poten-
tial of tumor associated autoantibodies (TA-AAB) as indicators of cancer de-
velopment and hence early (pre-symptomatic) tumor diagnosis.

Anti-tumor immune responses

It is well known that tumors in humans and animal models may trigger anti-
tumor immune responses. Those responses may be differentiated in (1) im-
mune defence mechanisms according to the “immune surveillance® hypothe-
sis, (2) polyclonal activation of naturally occuring autoantibodies / activation of
natural defence mechanisms [5], and (3) immune responses against overex-
pressed or aberrantly expressed self-antigens independent of immune de-
fence mechanisms.

The so-called immune surveillance reflects the immune defence mechanisms
that control tumor development mainly at the level of precancerous cells. By
this way the immune system protects the organism from the growth of poten-
tially neoplastic cells that are initiated by viruses (e.g., human papilloma vi-
ruses, Epstein—Barr and other human Herpes viruses) and perhaps other
mechanisms. Besides effects of specific induced immune responses, tumor
growth may be modulated by naturally occuring autoantibodies (NOA) that
bind tumor cells or components of the immune system [6,7]. NOA are germ-
line-encoded polyreactive antibodies probably involved in the "first line de-
fence", in the clearance of senescent products and in immune regulatory
mechanisms. Among the first functions described for NOA was the reactivity
with tumor cells [8]. This reactivity is most probably a manifestation of polyre-
activity rather than an interaction between a tumor-specific antigen and a
corresponding antibody [9]. NOA may have different biological effects ranging
from enhancement to surveillance of tumor development [6,7].

Immune reactivity against tumor cells does not always represent an anti-tumor
defence mechanism but simply may be a result of an antigen-driven immune
response. Regardless of their biological role, autoantibodies (AAB) that spe-
cifically recognize antigens of the tumor may have a great potential for the
detection of early tumor development. However, only a subset of patients with
a tumor type develops a humoral response to a particular antigen, for exam-
ple p53 [10]. The immunogenicity of a tumor depends on several factors
which may be variable among tumors of a similar type. Regarding the (tumor-
associated) antigens, the level of expression, post-translational modification,
or variations in protein processing, are of great importance (table 1). Further-
more, the specific immune response to a defined antigen depends on the
structure of the highly polymorphous MHC molecules.
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Target antigens of tumor associated autoantibodies

There is growing evidence that antigens that become aberrantly or overex-
pressed during the transition to malignancy can be targets of the cellular
and/or humoral immune response (table 1) under special conditions (e.g.
sequence of MHC molecules, pro-inflammatory stimuli). Those antigens may
be involved in or the consequence of the tumorigenesis and therefore, im-
mune responses (e.g. autoantibodies) against them can be regarded as tumor
associated or even tumor specific. Alterations in at least three groups of
genes are responsible for the tumorigenesis: oncogenes, tumor-suppressor
genes and stability genes (reviewed in [11]). Examples for autoantibodies
against products of those genes are shown in table 2.

Oncogene products. The cellular oncogenes are derived from their normal
counterparts, the protooncogenes, by activating mutations or transcriptional
activations [12]. Their products include a broad range of factors that promote
cancer (e.g., growth factors, growth factor receptors, downstream mediators
and modulators of cellular signal transduction pathways, transcriptional regu-
lators). An important example of an anti-receptor immune response is the
AAB against the HER-2/neu product, a 185 kDa transmembrane protein with
extensive homology to the epidermal growth factor receptor. Anti-HER-2 AAB
are found in breast cancer patients in up to 55% [13,14]. The AAB response
correlates with HER-2/neu protein overexpression in the patient’s primary
tumor, but were also found in women with HER-2/neu negative breast cancer,
suggesting an active immunoselection for HER-2/neu negative variants [14].
This possibility is also underlined by the higher frequency and the higher titers
of p185HER-2Ineu AAB in the early stage of disease [14]. AAB against the p21
ras protein, a member of the GTPase complex whose transforming activity
evolves by point mutations, has been found in 32% of patients with colon
cancer [15]. Although p21"@s is activated by point mutations, most AAB detect
epitopes near the carboxyl terminus of the wild-type protein [15]. In addition to
these AAB directed against growth factor receptors (p185HER-2/neu) or GTP
binding proteins (p21r@s), AAB to another group of oncoproteins have been
described in patients with solid tumors (colorectal, breast, ovary, lung cancer)
and patients with leukemias/lymphomas. These AAB are directed against
nuclear regulatory proteins such as myb and myc [17-21]. However, with the
exception of AAB to the L-myc protein, these antibodies have been shown to
be relatively unspecific for tumors in some studies. Furthermore, the frequen-
cies of c-myc AAB in healthy volunteers and SLE patients varied greatly in the
different studies [16-18]. In general, different methods of AAB determinations
and differences in the populations studied may account for varying results.
The source and purification of autoantigens and the assays used for AAB
determination may influence results dramatically.
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For example, c-myc AAB were determined with ELISAs using 31-mer c-myc
peptides [17] or human prokaryotically expressed recombinant c-myc protein
[18], or with immunoblotting using the recombinant protein [16]. Furthermore,
variations in the definition of standards of detectability led to different frequen-
cies, as has been shown for p185HER-2/neu AAB in breast cancer patients (11-
21%) and in healthy volunteers (0-1%) [14]. But ethnic differences and differ-
ent influences of endogeneous and exogenous factors in the populations
studied may also be relevant for the variation in results. For example, the
frequency of p185HER-2/neu AAB s highest in women with premenopausal
breast cancer because there is also highest frequency of HER-2/neu protein
overexpression [13]. In conclusion, there is a further need for studies of the
clinical and biological nature concerning humoral autoimmune responses to
oncoproteins such as (a) the evaluation of diagnostic relevance (diagnostic
sensitivity and specificity) and the prognostic significance (correlation with the
stage of the disease and survival) in defined patient groups using optimized
and standardized methods, (b) the search for associations of antibody titers
with disease progression or relapse and therapeutic effects, (c) the search for
possible mechanisms of AAB induction (correlation with protein overexpres-
sion, mutations or presence of oncoproteins in the circulation) and (d) the
search for possible effects of AAB on tumor cells.

Tumor suppressor proteins. Alterations in tumor suppressor genes that lead
to the loss or disturbance of the function(s) of their products are of major im-
portance in tumorigenesis. Mutations may lead to impaired function and cellu-
lar accumulation of the protein by different mechanisms such as a prolonged
half-life [22] with the potential of the induction of immune responses. The p53
AAB is the most extensively studied humoral autoimmune response in human
cancer patients (reviewed in [10,23], see also Montenarh (pp. 92-107). Muta-
tions of the p53 tumor suppressor gene are the most frequently reported gene
alteration in human cancers [24,25]. In 1982 it was shown for the first time
that p53 may become immunogenic in cancer patients [26]. In the years that
followed p53 AAB were detected in sera from a variety of cancer patients in
frequencies between 3 and 65 % depending on tumor type and method of
antibody detection, whereas the prevalence of such AAB in normal popula-
tions was low [10,23,27]. Recently, another humoral anti-tumor suppressor
immune response has been described in patients with hematopoietic malig-
nancies, the response against Wilms tumor gene product gene WT1 [28]. IgG
anti-WT1 antibodies were found in 27.2-50% of leukemia patients and in
69.6% of patients with myelodysplastic syndromes (MDS) but only in 4.7% of
healthy volunteers. The simultaneous production of IgM and IgG antibodies
was limited to the patients.

Products of stability genes. Stability genes or caretakers encode products
that keep genetic alterations to a minimum. Inactivation of those genes leads
to a higher mutation rate and, thus, a higher risk of tumor development. The
best known examples of cancer genes of this group are the breast cancer
associated BRCA genes (see Jandrig, pp. 237-248). AAB against BRCA prod-
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ucts have not been described so far. Interestingly, AAB have been found
against the recombination factor Rad51 and the BRCA associated ring do-
main BARD1 proteins that are co-localized with BRCA products to areas of
damages DNA supporting a role in DNA repair [29]. Rad51 is highly ex-
pressed in human pancreatic adenocarcinoma and AAB were found in 7% of
patients but not in healthy volunteers [30]. Anti-BARD1 AAB have been in-
duced during treatment of rats with peritoneal colon carcinomatosis by injec-
tions of apoptotic bodies derived from tumor cells and interleukin 2 [31]. It was
demonstrated that the humoral immune response was directed against a
cleaved form of BARD1 present in apoptotic bodies derived from rat and hu-
man colon and mammary carcinoma cell lines. Recently, another autoimmune
response to stability genes, the DNA mismatch repair enzymes hMSH2 and
hPMS1, has been described in patients with pancreatic cancer [32]. These
enzymes are also overexpressed in pancreatic ductal adenocarcinomas.

Inhibitors of apoptosis proteins (IAP). An important mechanism involved in
cancer formation is the inhibition of apoptosis, which, by extending the life-
span of cells, favors the accumulation of transforming mutations [33]. Apop-
tosis pathways are effectively blocked by proteins belonging to the IAP family
that directly inhibits caspase and pro-caspase molecules. It has been shown
recently that at least two of the known IAPs, survivin and livin, are targets of
an autoimmune response in human cancer [34-39]. Survivin is abundantly
expressed in fetal tissue and in a variety of human tumors including lung,
colon, breast, prostate, pancreatic, and gastric cancer as well as in high-grade
lymphomas and neuroblastomas [40-42]. Anti-survivin AAB are described so
far in lung, colorectal, head and neck, breast and prostate cancer (table 2).
Livin is also highly expressed in cancer, but shows little or no expression in
normal tissues [43,44]. Therefore, it was no surprise to find AAB in cancer
patients. Contrary to survivin AAB, which were found in all clinical stages,
anti-livin AAB were found only in patients with advanced stages [36,37]. It
has been speculated that larger expression of livin is needed for induction of
AAB responses to livin compared with survivin.

Cancerl/testis class of tumor antigens (CTA) are expressed in a variable
proportion of a wide range of human tumors, but are silent in most normal
tissues except the testis. They were initially identified as targets for cytotoxic T
cells (MAGE, GAGE, BAGE) and, later on, uncovered by SEREX (serological
analysis of recombinant cDNA expression libraries of human tumors with
autologous serum) analysis (reviewed in [45,46]). CTA identified by SEREX
elicited an AAB response in tumor patients. Therefore, this methodology leads
not only to the detection of new tumor antigens but also to the identification of
specific humoral responses which may be used for diagnostic purposes.
Stockert et al. were the first who tested a great number of tumor sera for hu-
moral immune response to SEREX-identified tumor antigens, including sev-
eral CTA, by ELISA with recombinant proteins [47]. They showed that 9.4% of
melanoma patients, 12.5% of ovarian cancer patients, 4.2% of patients with
lung cancer and 7.7% of patients with breast cancer have AAB against NY-
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ESO-1. No AAB were found in 47 patients with NY-ESO-1 negative melano-
mas, but were present in 53 % patients with NY-ESO-1 positive melanomas,
suggesting an autoantigen driven response. No AAB against CTA were found
in 70 blood donors [47]. The current determined tumor associated humoral
anti-CTA responses are summarized in table 3. With few exceptions those
responses are relatively infrequent. NY-ESO-1 AAB seem to be the most
frequently observed anti-CTA response. Jager et al. showed that both NY-
ESO-1 autoantibodies and cytotoxic T cells (CTL) against NY-ESO-1 peptides
can be present in the same patient [48]. This suggests that the screening for
an AAB response may be a simple and effective way to identify concomitantly
CTL reactivity.

Onconeural antigens (ONA) are normally restricted to the nervous system
but are aberrantly expressed in a number of tumors possibly by gene activa-
tion or derepression or post-transcriptional regulatory mechanisms. They may
then be recognized by the immune system as "foreign" and elicit an autoim-
mune response causing paraneoplastic syndromes affecting the nervous sys-
tem. AAB against ONA may detect neuronal nuclear antigens (= anti-neuronal
nuclear antibodies ANNA), cytoplasmic antigens of Purkinje cells (= anti-
Purkinje cell antibodies APCA), synaptic or retinal proteins (see table 4). In
most cases of paraneoplastic syndromes the detection of specific AAB can
strongly suggest the presence of a tumor (for review see [49-54]). Anti-Hu
positive patients with paraneoplastic encephalomyelopathies (PEM) or suba-
cute sensory neuronopathy (SSN) most often have small cell lung cancer
(SCLC) as underlying disease. Similarly, anti-Yo positive patients with para-
neoplastic cerebellar degeneration (PCD) often harbor gynaecological neo-
plasms. Furthermore, Hu, Yo and Ri AAB can be found in lower frequency
and at lower titers in SCLC or ovarian cancer patients without neurological
diseases [55,56]. Neurological syndromes associated with AAB to ion channel
proteins have a lower frequency of tumors as the syndromes associated with
Hu, Yo and Ri antibodies. Patients with anti-VGKC positive acquired neuro-
myotonia have SCLC or thymoma in 20% and only 10-15% of the AchR anti-
body positive Myasthenia gravis (MG) cases are associated with thymoma. In
thymoma associated MG other autoantigens such as ryanodine receptor and
titin may also play a pathogenic role [57,58]. Recently, AAB against neuroec-
todermal antigens, SOX group B and zinc-finger gene of the cerebellum
(ZIC)2 proteins, have been found in high frequency of SCLC patients without
the presence of paraneoplastic neurologic syndroms [59]. The presence of a
strong humoral autoimmune response to SOX1 and ZIC2 proteins without
concomitant development of autoimmune neurologic disease and the correla-
tion of anti-SOX1/ZIC2 AAB with prognosis suggest that these antigens could
be targets for cancer vaccine strategies [59].



62l (%S1) Jeoued 8jejsoid L-39V1 39V
€z122l (%81 ) ewouepw (%/ ) J8dues uojoy ZXSS ZXSS
Ll (%6'21) 490uEd UOJ0D J9VO pajeouniy V-39V9
zeLlel (za abeys Ajuo :9%ee) ewoydwA| |1go-1 wﬁsowcvsa (%52) Lwocmvo uojod RERYIE) JOV10
0¢L-8¢1 %7v'6) ewouejsw ¢ %$8) 193ued

‘6ZL'8v' Ly }5881 pUE ‘(%5'Z)) UBLBAO (%02-2'8) S1e1s0id '(%8'9) U0j0d (%0z-F) BunT 1"OS3AN 0s3
121 Jaoued (%z°¢) [eual pue (%,05) iseaig (¥1-S31-WOH) L-dOS d0S
YARYA) (9%9°1) J9oued ajeisouid ‘(ewouldied0usape || ‘9,Gz) Jaoued bunT q1-39VvX JOVX
¥zl (%01) ewouepw (% 9z) 180UED [eL}ewopuUd (%Z|) J8oued uojo) 39V0 J9VO

€zl (%1 °8) 480UEd UOJ0D V-39V
zzl' Ly (%9¢-1) ewouew ‘J90Ued (% | "¢) UBLEAO pUB (%8'Z|) U0j0d (%) bunT LV-3OVIN V-39V
EERIEIETE| Saljjua Jown| jsujebe saipoqiueoiny Apweyylo

(V.LD) suabnue Jown) Jo sseo sisay/leoued jsuiebe ssipogiueoiny ¢ ajqel




64 Karsten Conrad, Dirk Roggenbuck, and Michael Bachmann

Proliferation associated antigens other than oncoproteins. Proteins in-
volved in cell cycle regulation / progression and mitosis, but also other pro-
teins involved in cellular processes that might be increased in unregulated cell
growth, may drive autoimmune responses in tumor patients. AAB against
nuclear and cytoplasmic cell cycle regulated or regulating proteins and pro-
teins involved in splicing processes and ribosome biosynthesis could be de-
tected in tumor patients. This supports previous observations that AAB re-
sponses against intracellular antigens are often directed at molecules involved
in cellular biosynthetic or proliferative functions [60].

Cyclins and cyclin-dependent kinases (CDK) are a group of cell cycle regulat-
ing proteins acting at different points of the cell cycle progression. They are
amplified and overexpressed in many tumors [61-64]. Covini et al. showed
that AAB to cyclin B1, cyclin A and CDK2 are present in sera of patients with
hepatocellular carcinomas (HCC) in 15%, 1% and 1%, respectively [65]. Fur-
thermore, anti-cyclin B1 antibodies could be found in patients with a higher
risk of HCC development, e.g. in patients with chronic hepatitis (in 1 of 70
cases) and cirrhosis (in 3 of 70 cases), suggesting a predictive relevance of
these AAB. Recently, AAB against cyclin B1 have been found in frequencies
higher than 10% in patients with lung, colorectal, gastric and protate cancer
[38,66]. In prostate cancer also anti-cyclin D1 and anti-cyclin A AAB have
been described [38].

Many other AAB against proliferation associated antigens with more or less
specificity are present in sera of cancer patients, such as AAB against (1)
SG2 nuclear antigen, a member of a novel family of calmodulin binding pro-
teins associated with the serine/threonine phosphatase PPA2 [67,68], (2) the
centromere protein F [69], (3) DNA topoisomerase |l [70], (4) a novel nuclear
autoantigen with splicing factor motifs, provisionally designated HCC1 [71], (5)
insulin-like growth factor Il (IGF-II) mRNA-binding proteins IMP-1, IMP2 (p62),
and IMP-3 (Koc) that regulate the expression of IGF-Il [72,73 ], (6) DEAD-box
protein 48 (DDX48), also known as eukaryotic initiation factor 4A-like NUK-34
[74], (7) 32 kDa subunit of replication protein A (RPA32) [75], (8) annexins I,
II, and XI-A [76,77], AIS gene product p40 [78], only to name a few. The list of
cancer autoantigens is growing rapidly: several hundreds have been found via
recognition by AAB in cancer patients sera using SEREX [45,46,79; see
Koslowski, pp. 78-91 or proteomics-based technologies [74,81-83; see also
Klein-Scory, p. 141]. How can we use this potential on humoral autoimmune
responses in research and clinical practice?



¢XOS pue

65| Jeoueo bunj |j2o-llewis LXOS susBiue (xOs) Xog dnoib Auiigow ybiy axii-Ais
vEL J90ued bun| |[9o-|lewS uonelauabap Jejjagalad aynoeqng (5-dINYD) G-uejoud Jojeipaw asuodsal uisde|0)
65 Jaoued bun ||90-||lews 201z uieyoud Jabuy-ouiz
yEL J90ued bun| |[99-||lewS uonelauabap Jejjagalad ayndeqns D17 uidjoud sabuly-ourz
[To]" 480uE0 Bunj [j80-J[eWS Ayjedounai pajeloosse-1aoue) s||92 Jojdaoaiojoyd jo uisjoid e ‘ulBA0daY
J9oued Jsealqg : : : ’
101dadal auipouely
. ewouloJed
8G‘/G SILAL] 1O BUIOWAL | sinelb ejuayiseAp sadojida uny aAoe8I-SS0ID
J0)daoal auljoyojhlaoe ayj Jo (s)uisyoid
ewowAy | (swolpuAs soees) s d 6-06
VS Jaoueo bunj ||90-||lews ejuojoAwolnau palinboy louueyo wnissejod pejed-ebeion Jo (s)uieroid
] ER] /) S|auueyd wniojed pajeb-abeyjon
¢sls 480uE0 Bun| [j90-[EWS awolpuAs oluayiseAw cogmm_-fﬁ_wnEm.v_ Aow%mnwb 7 pue N ‘O/d auyl jo (s)uisiold
Jaoued bun ||90-||lews siieAwojeydasus onsejdosueled uisAydiydwe
eel Jaoued Jsealqg awlolpuAs uew yis onsejdosueled uigjoid pajejal-afoisan ondeuls
ewoydwA| s,ubpoH
¥S 480uE0 Bun| [j80-[EWS uoijesauabap Jejjagalad onse|doauelied (2-294p2 ‘1L-294p2 ‘pip2) suabiue oA
J8oued Jsealqg : : :
J92UBD UBLEBAQ
25 180uED Bun| |90-J[EWS awoipuAs snuojpoAwy/snuojposdQ (Z-VAON ‘L-VAON) suabnue 1y
J90UeD Jsealqg e
Gg'es J8oued Bun) j9o-|lews Auyedouoinau Aiosuss anoeqng (LN-18H ‘OnH ‘anH) susbnue Ny
salyjedojaAwoleydaous oisejdoaueied ’
EERNEIETENY siowin} pajeldossy sawoipuAs onsejdoaueled jsuiebe saipoqiueoiny

soseasIp pajeloosse pue suabijue (jewlspojosoinau) [eInauoouo Jsulebe saipoqiueolny " ajqel




66 Karsten Conrad, Dirk Roggenbuck, and Michael Bachmann

Relevance of tumor associated autoantibodies

Since AAB response in tumor patients is often associated with aberrant or
overexpression of TAA in tumor tissue or serum, most TA-TAA seem to be a
result of antigen-driven immune responses like those suggested for autoim-
mune diseases [60]. Furthermore, it may be concluded that TA-AAB can be
viewed as reporters from the immune system revealing the identity of antigens
which might be playing roles in the tumorigenic processes [84,85]. Therefore,
TA-AAB are important markers for different approaches:

Molecular probes for the identification of novel proliferation associated
antigens and pathways [68,71,86-88]. Sera of cancer patients have been
shown to be useful reagents for identifying new cellular proteins possibly in-
volved in tumor development. A new cell cycle specific DNA-binding nuclear
protein has been identified using autoimmune serum of a patient with bladder
and metastatic lung cancer [67,89]. This serum produced a previously unde-
scribed cell cycle-related staining pattern on HEp-2 cells. According to the cell
cycle distribution the detected antigen was provisionally named SG2NA (S/G2
nuclear antigen). The centromere protein F is another novel proliferation as-
sociated and cell cycle dependent protein detected by autoimmune sera. Ca-

siano et al. identified a centromere protein provisionally designated p330d
(doublet polypeptide of 330 kDa), which accumulates in the nuclear matrix
during S phase, reaching maximum levels during G2 phase and localized at
the centromeres during prophase and metaphase and at the central spindle
and midbody regions during anaphase and telophase [86]. The same protein,
designated centromere protein F (CENP-F), was identified by Rattner et al.
using a serum from a lung cancer patient [90].

Search of new targets for vaccine-based therapies. Most TA-AAB detect
antigens that are highly expressed predominantly in tumor cells. Those tumor
associated antigens are putative candidates for a tumor vaccination strategy
because the B-cell response is often accompanied by a cellular immune re-
sponse [48].

Biomarkers for the prediction, diagnosis and monitoring of tumors. De-
spite the large number of TA-AAB detected until now the practical application
is limited by the following reasons: (1) The aberrant or overexpression of TAA
in tumors is, with few exceptions necessary, but not sufficient for immune
activation. Usually, individual TA-AAB are detected in only small numbers
(<20%) of patients with cancer depending on the MHC status and other indi-
vidual factors. Therefore, the diagnostic sensitivity of most TA-AAB is too low
for diagnostic screening. (2) Overexpressed genes/proteins are thought to
elicit an immune response by over-riding thresholds critical for the mainte-
nance of tolerance [91]. Because proliferation associated antigens may be
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also overexpressed in other hyperproliferative disorders such as autoimmune
diseases [92], the AAB response is often not specific for malignancy
[17,93,94]. (3) The results regarding sensitivity and specifcity of TA-AAB may
differ dramatically from study to study due to different methods used for AAB
determination, study design and ethnicity of tested subjects. Nevertheless,
TA-AAB may have a great potential in the early (pre-symptomatic) diagnosis
of cancer, because the autoimmune response does not depend on the size of
the tumor.

Tumor associated autoantibodies — biomarkers for
the prediction and early diagnosis of cancer?

There is still a need for parameters which are specific for tumors and are de-
tectable in preclinical stages. The ideal tumor marker should be highly sensi-
tive and highly specific for tumors. The tumor sensitivity should be higher than
that of other diagnostic methods and the earlier diagnosis should lead to an
improvement of therapy. Tumor-associated antigens present in sera of cancer
patients (e.g., CEA, NSE, SCC, CA50 etc.) can be useful markers for prog-
nosis and for monitoring cancer therapy but have a limited value for diagnosis,
especially for the early diagnosis of cancer. Novel approaches and develop-
ments (see Oehr, pp. 26-43 and Chapter 2-4] may improve the diagnostic
possibilities but are too expensive for a broader use or for the screening of
risk groups. TA-AAB may develop (very) early with respect to tumor formation.
Hints for predicitive relevance of TA-AAB are given by different observations
and approaches:

TA-AAB are significantly more often detectable in risk groups for cancer
development than in healthy volunteers. A higher risk of tumor develop-
ment is observed in populations expressing cancer susceptibility genes (he-
reditary cancer syndromes, see Jandrig, pp. 237-248), populations who are
exposed to carcinogenic substances (e.g., uranium miners), and in popula-
tions with preneoplastic or cancer predisposing diseases (e.g., Barretts’ oe-
sophagus, chronic liver inflammation or cirrhosis, dermatomyositis, Sjogren’s
syndrome). TA-AAB have been descibed in some of the known risk groups in
higher frequencies than in healthy controls: Anti-p53 AAB in uranium miners
[95]; anti-p53 AAB in patients with liver cirrhosis and other chronic liver dis-
eases [96]; anti-Crt32 AAB in HBV positive chronic hepatitis [82]; anti-WT
AAB in myelodysplastic syndromes [28]; anti-hMSH2 and hPMS1 AAB in
patients with dermato/polymyositis [32]; anti-HMdU (5-hydroxymethyl-2’-
deoxyuridine) and anti-p53 AAB in otherwise healthy women who had a family
history of breast cancer [97,98]. However, the TA-AAB response in these
populations does not indicate that all AAB positive subjects will develop can-
cer, because overexpression of the relevant autoantigens with the potential of
AAB induction can be observed also in non-tumorous cells [99]. The AAB
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responses rather reflect changes that might be relevant in tumorigenesis and
therefore indicate a rising risk of tumor development in those subjects.

TA-AAB are significantly more often detectable in pre-malignant and
early tumor stages than in healthy volunteers: Anti-RPA32 and anti-p53
AAB are detectable in ductal carcinoma in situ of the breast with early, non-
palpable (3-5 mm) lesions [75,100]; Anti-YKL-40 AAB are detectable in early
stage of ovarian cancer more often than the conventional tumor markers (65%
vs 35% CA125 and 13% CA15-3) [101].

TA-AAB against neuroectodermal antigens in paraneoplastic syn-
dromes. Paraneoplastic syndromes are (most often neurologic) disorders
(PND), that are caused by a strong immune response against a shared anti-
gen in the tumor and normal host tissues. Because there is a direct relation-
ship between those TA-AAB and paraneoplastic manifestations, the PND
specific AAB response is an early indicator of tumor development (table 4). It
has been shown that AAB against the neuroectodermal antigens HuD, am-
phiphysin, recoverin, or enolase precede the diagnosis of cancer in approxi-
mately 70% of patients by up to 4 years [102-105].

Retrospective studies demonstrate how long TA-AAB are detectable before
disease manifestation or the definite diagnosis with conventional methods.
Lubin et al. [106] were the first who described that the humoral anti-p53 re-
sponse may be an early event during tumorigenesis and can be detected
before clinical manifestation of the disease. In two retrospective studies Triv-
ers et al. showed that p53 AAb were present months to years before the
manifestation of tumors: (1) angiosarcoma of the liver in workers occupation-
ally exposed to vinyl chloride and (2) lung cancer in heavy smokers with
chronic obstructive pulmonary disease [107,108]. In a retrospective study on
former uranium miners, we could show that anti-p53, anti-NY-ESO-1 and anti-
survivin AAB are detectable in sera from patients with lung cancer collected
over a period of up to 10 years prior to disease manifestation or confirmed
diagnosis [34,95,109]. Anti-RPA32 AAB was shown to be present 18 months
before diagnosis of cancer in one patient [75] and in another one anti-IMP1
and anti-IMP3 (Koc) AAB were detectable approximately 8 years before diag-
nosis of HCC [73].

Prospective studies. The follow-up of TA-AAB positive persons is of great
importance to show the real risk of cancer development in those subjects. Up
to now only one study has been published: Women, healthy at blood donation
but who were diagnosed 0.5-6 years later with breast or colorectal cancer
exhibited significantly increased anti-HMdU (5-hydroxymethyl-2’-deoxyuridine)
AAB over the age-matched controls [97]. Hopefully, further prospective stud-
ies of TA-AAB positive persons will show whether defined AAB can be used in
the screening for preneoplastic or microinvasive tumor lesions allowing an
early diagnosis and an early intervention of cancer.
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Conclusions

Of the several hundreds AAB specificities detected in sera of tumor patients
so far, more and more have become candidates for introduction in the clinical
practice. According to the spectrum of reactivity, two classes of TA-AAK can
be differentiated: those associated with specific types of cancer (e.g., anti-
HCC1) and those common to a wide spectrum of cancer (e.g., anti-p53, anti-
survivin, and anti-RPA32 AAB). For further use TA-AAB should be selected
for their specificity regarding malignancies and for their potential clinical appli-
cation (screening of risk groups, early diagnosis, disease monitoring). If se-
lected for high specificity, for the screening of risk groups, the sensitivities of
most TA-AAB are too low. Even the highest frequencies of about 30 to 50%

found in lung, colorectal, head and neck cancer (anti-p53, -p21aS) and breast
cancer (anti-HER-2/neu) with concomitant high specificity are not sufficient for
a screening programme. A combined determination of two or more tumor
specific AAB may overcome this problem. Therefore, a further evaluation of
the relevance of known AAB specificities as well as the search for novel diag-
nostically relevant TA-AAB is necessary.

Taken together, the screening for an AAB response in tumor patients may
lead to new diagnostic tumor markers and may be a simple and effective way
to identify concomitantly CTL reactivity. Furthermore, as "reporters from the
immune system" such AAB could be used to elucidate the nature of autoanti-
gens which drive the immune response.
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