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Abstract

Circulating CRC markers might become useful tools for the massive screening

of people since they satisfy a high degree of accuracy, noninvasiveness, repro-

ducibility, and economy. Within circulating biomarkers, we will focus on the

detection of autoantibodies in serum from cancer patients and their target tumor-

associated antigens (TAAs). Although the sensitivity, specificity, and predictive

value of individual TAAs present low scores, the combination of multiple TAAs

shows improved values to discriminate between CRC patients and controls. In

this review, we outline the methodologies used to identify circulating autoanti-

bodies and their target proteins and discuss the relevance of CRC autoantibodies

for diagnosis at, particularly, early stages. An overview of the reported bio-

markers is given, showing the large complexity of the autoantibody response in

cancer. Different strategies to improve CRC diagnostic tests by combining

autoantibodies from different studies will be discussed. Association of autoan-

tibodies to prognosis, recurrence, and the survival of patients will be introduced.

We conclude that there is a great potential for the use of autoantibodies as

diagnostic CRC biomarkers in the near future.

List of Abbreviations

CEA Carcinoembryonic antigen

CRC Colorectal cancer

EMT Epithelial to mesenchymal transition

HPLC High-performance liquid chromatography

MSI Microsatellite instability

NAPPA Nucleic acid programmable protein arrays

PTMs Posttranslational modifications

SEREX Serological analysis of recombinant cDNA expression libraries

SERPA Serological proteome analysis

TAA Tumor-associated antigen

Key Facts of Circulating Biomarkers

• Tumor-associated antigens (TAAs) are self-proteins altered during tumor for-

mation and progression.

• Cancer humoral responses take place against TAAs.

• Autoantibodies against TAAs can be used in colorectal cancer patients as

circulating biomarkers.

574 R. Barderas et al.



• Immunoproteomics provide useful approaches for identifying autoantibodies

and their reactive TAA targets.

• Circulating autoantibodies provide an effective, reliable, and reproducible tool

in cancer patients for diagnosis, prognosis, recurrence, and therapy monitoring.

• Targets of circulating autoantibodies might be novel therapeutic targets for

intervention.

Definitions of Words and Terms

Biomarker A biological marker usually a protein or glycoprotein that can be used

as an indicator of a biological or pathological state or condition.

TAA Tumor-associated antigen which consists of an altered self-protein able to

induce an immune response in cancer patients.

Autoantibody Immunoglobulin G produced in response to self-proteins altered

during tumor formation or progression which can be used as a cancer biomarker.

ELISA Enzyme-linked immunosorbent assay which permits to detect the presence

of an immune response to a specific TAA in a biological fluid (i.e., serum or

plasma) by means of an enzyme immunoassay.

SEREX Acronym of serological analysis of recombinant cDNA expression librar-

ies (SEREX) which is a technology based on the detection of tumor-associated

antigens within recombinantly expressed tumor cDNA phage libraries by autolo-

gous antibodies.

SERPA Acronym of serological proteome analysis where proteins from tumoral

samples are resolved by 2D gels to identify TAAs by immunostaining with sera

from cancer patients and controls. TAAs are then identified in a subsequent step by

LC–MS.

LC–MS Liquid chromatography coupled to mass spectrometry. High-

performance liquid chromatography (LC) coupled to mass spectrometry (MS) to

separate a peptide mixture in a liquid phase according to hydrophobic interactions

provided by the C18 alkyl chains of the stationary phase of the chromatography

column.

Protein Microarray A chip containing thousands to tens of thousands of different

proteins attached to a support surface of glass slide or nitrocellulose membrane.

Phage Display This technique is used for the high-throughput screening of protein

interactions and consists of libraries of millions of different M13 or T7 phages
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displaying in their surface proteins fused to the N- or C-terminal end, respectively,

of proteins of the capsid of the phage.

ROC Curve Receiver-operating characteristic (ROC) curves illustrate the perfor-

mance of a diagnostic test. It is obtained by plotting the fraction of true-positive

cases among the actual number of positive patients versus the fraction of false-

positive controls out of the total actual negative controls at various threshold

settings.

PTM Posttranslational modification. After translation, proteins can be modified by

the attachment of functional groups, including phosphorylation, acetylation, carbo-

hydrate, lipid, etc.

CEA Carcinoembryonic antigen is a recommended clinical biomarker for colo-

rectal cancer recurrence but not for screening.

Introduction

Colorectal cancer (CRC) is the major cause of cancer-associated mortality in

developed countries (Duffy et al. 2007). CRC is mainly diagnosed at late stages,

when patients have developed clinical symptoms and the tumor has already spread

to adjacent lymph nodes or colonized other organs. At that point, 61 % of CRC

tumors are so advanced that the 5-year survival rate of patients is only about 11 %,

with 5-year survival rates of 91.1 % and 69.8 % for localized and regional stages,

respectively (Surveillance, Epidemiology, and End Results Program (2011),

National Cancer Institute, USA). If we could shift the diagnosis of CRC patients

to early cancer stages, their final outcome would substantially improve.

A suitable biomarker for a screening test should demonstrate a high degree of

accuracy, reproducibility, economy, and, more importantly, acceptance by the

population. Actually, the current markers for CRC, CEA, CA19.9, and CA125

are not recommended for clinical screening (Levin et al. 2003; Locker et al. 2006;

Duffy et al. 2007), because they can be altered in other diseases different from CRC

and even in nonpathological states. Moreover, circulating CEA is only

recommended to monitor therapy in advanced CRC and for prognostic information

(Locker et al. 2006; Duffy et al. 2007).

Circulating biomarker molecules might consist of altered tumoral proteins,

which are leaked to the blood. However, they are usually found at very low

concentrations and exposed to degradation (Villanueva et al. 2006), making them

questionable as diagnostic biomarkers and their actual discovery a challenge

(Villanueva et al. 2006; Barderas et al. 2010; Casal and Barderas 2010). However,

some cancer proteins are able to induce a humoral response in cancer patients,

providing an effective, reliable, and noninvasive tool for cancer screening and

preclinical diagnosis (Fig. 1; Anderson and LaBaer 2005; Murphy et al. 2012b).
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The molecular mechanisms of this humoral response to cancer proteins are rather

uncharacterized. It might be due to the alterations of self-proteins during tumor

formation and progression, punctual mutations, truncations, aberrant glycosyla-

tions, overexpression, or aberrant degradation (Anderson and LaBaer 2005;

Murphy et al. 2012b).

Novel high-throughput proteomic approaches have accelerated the identification

of circulating serum autoantibodies and their respective target proteins as potential

cancer biomarkers. Antibodies are highly stable molecules with a long tradition of

being used in immunoassays, thus facilitating their standardization. In the last years,

the apparition of new techniques has delivered multiple studies related to the use of

autoantibodies for cancer detection. In this review, we describe the features of

circulating serum autoantibody biomarkers for CRC and outline the proteomic

strategies employed to identify them since the first reports by Old’s laboratory

(Fig. 2). We will review the validation and optimization experiments required for

use in clinical practice. CRC autoantibodies and their target proteins should facilitate

the screening for early diagnosis, prognosis, and monitoring of therapy in CRC

patients, as well as for the identification of novel therapeutic targets.

Altered Cancer Protein

Wild-Type Native Protein

Normal Epithelial Cell

Colorectal Tumor

Tumor Cell

Dead Tumor Cell

Macrophage

Thymus
Antigen

presentation

Bone MarrowColon 

Proliferation
Differentiation
Migration

Autoantibodies Directed toTumor 
Associated Antigens

Serum TAA
Discovery

ELISA
SEREX
SERPA

Protein Microarrays

Plasma Cell

Fig. 1 Production of cancer autoantibodies against tumoral self-proteins. During tumor

formation and progression, altered self-proteins and cellular debris are released from colorectal

neoplastic tissue, which results in B-cell proliferation and antibody production when antigen-

presenting cells present these proteins to the immune response
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Strategies to Identify CRC Circulating Autoantibodies
in Cancer Patients

The first reports identifying autoantibodies and cancer autoantigens were published

in the late 1970s and early 1980s using an approach called autologous serological

typing (Carey et al. 1976; Dippold et al. 1980; Fig. 2), where circulating autoanti-

bodies were identified using tumoral cells in culture and sera from the same

patients. Although researchers identified several melanoma tumor-associated anti-

gens (TAAs), the heterogeneity of cancer patient’s response complicated the

antigen identification (Carey et al. 1976; Dippold et al. 1980).

SEREX and SERPA

From those early studies, different low- or medium-throughput technologies such as

serological analysis of recombinant cDNA expression libraries (SEREX) or

Colorectal Cancer
Tumoral Tissue

2D tissue proteome analysis

SERPA*

Serological Proteome
Analysis

Spot / TAA 
Identification by

Mass Spectrometry

Recombinant
Full-Length Protein

Microarrays Glycopeptide
Microarrays

Validation

• Normalization & Data Analysis
• TAA Identification

•Verification in Larger Patient
Cohorts

Biopanning of
phages displaying

CRC cDNA

Total mRNA
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Natural Protein
Microarray*

Phage

M
icroarray*

SEREX*

Serological Analysis
of Recombinant

cDNAExpression
Libraries
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Lines
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Dimension

Second
Dimension

SDS-PAGEIEF

Separation by 
Chromatography

Cell
Proteome

CRC 
sera
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Fig. 2 Proteomic strategies used to identify CRC circulating autoantibodies. *, These

strategies require a further step of identification of the TAA via sequencing (SEREX and phage

microarrays) or LC–MS (SERPA and natural protein microarrays)
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serological proteome analysis (SERPA) have been applied for the discovery of

autoantibodies and their target TAAs as cancer diagnostic markers with different

successes (Fig. 2; Sahin et al. 1995; Casal and Barderas 2010). SEREX involves the

identification of TAAs using phage display expression libraries containing cDNA

from tumoral tissues or cells, transferred onto membranes for screening with cancer

sera. In SERPA, proteins from tumoral samples are separated in 2D gels to identify

TAAs after transference to membranes for immunostaining with cancer sera and

healthy controls (Klade et al. 2001).

A variant of SEREX, where phages are printed on a microarray format, has been

also tested for autoantibody discovery in a high-throughput version (Wang

et al. 2005; Chatterjee et al. 2006; Babel et al. 2011; Chatterjee et al. 2012).

Here, TAA discovery takes advantage on the multiplexing analysis of both T7

phages and microarrays (Fig. 2). cDNA from a specific tumor is inserted in the

genome of T7 phages, and cancer peptides and proteins are displayed on the surface

of the capsid of the phage at the C-terminal end of 10B protein. Alternatively, a

random peptide library can also be used instead of tumoral cDNA libraries (Mintz

et al. 2003; Jiang et al. 2010). Then, several rounds of biopanning using sera from

healthy individuals and cancer patients permit the enrichment of T7 phage libraries

on phages displaying cancer-specific peptides or proteins. Finally, thousands of T7

phages are printed onto nitrocellulose microarrays to be screened with sera from

cancer patients and controls, and TAAs can be (theoretically) identified after

sequencing the cDNA inserted in the genome of the phage.

Although these techniques have permitted the identification of multiple TAAs,

they present several problems. SEREX is technically demanding, is labor intensive,

and presents several important bottlenecks in the construction of the phage libraries

and the identification of the proteins displayed in the phages. In many occasions, it

is impossible to identify peptides homologous to known proteins. This might be due

to problems in the insertion of the cDNAs correctly in-frame or the cloning of

noncoding regions. Despite this, SEREX has been probably the most commonly

used technology for TAA discovery. SERPA is biased toward the identification of

highly abundant proteins.

Recombinant Protein Microarrays

The low throughput of SEREX and SERPA and their limitations have pushed the

field to look for alternatives in the screening of the humoral response against cancer

(Fig. 2; Anderson and LaBaer 2005; Casal and Barderas 2010). To this end, high-

content protein microarrays have been prepared with thousands of different probes

printed on the surface of a chip. They have been used to identify substrates of

kinases and small-molecule interactors and detect protein–protein interactions and

also to track autoantibodies (Zhu et al. 2001; Zhu and Snyder 2001; Liotta

et al. 2003). Protein microarrays provide the best tool to identify circulating cancer

autoantibodies with high sensitivity and specificity in order to get the highest

coverage of cancer patients. Recombinant proteins printed in the microarray are
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known beforehand, which facilitates their identification (Zhu and Snyder 2001).

Proteins are expressed and purified before being printed at similar concentrations

on the chip (Zhu et al. 2001), which increases the chance to discover circulating

autoantibodies directed to low-abundant proteins (Babel et al. 2009; Barderas

et al. 2010; Casal and Barderas 2010).

There are protein microarrays printed with proteins expressed in insect cells,

which contain posttranslational modifications (PTMs) similar to those found in

mammalian cells (Hudson et al. 2007; Babel et al. 2009). Commercially available

protein arrays containing 9,500 human recombinant proteins expressed in Sf9 insect
cells (ProtoArrayTM, Invitrogen) have been used to identify TAAs in different

cancer types (Hudson et al. 2007; Babel et al. 2009; Orenes-Pinero et al. 2010).

However, in some cases, protein arrays express only fragments of many proteins,

which change their conformation and folding and affect antibody recognition.

Other alternatives consist of microarrays printed with the hEx1 human cDNA

library, containing about 10,000 unique human proteins expressed in bacteria

(Bussow et al. 1998, 2000). However, proteins expressed in bacteria lack most of

the PTMs.

Importantly, a protein microarray technology is still being developed, and

improvements are reported annually (Zhu and Snyder 2001; Liotta et al. 2003;

Ramachandran et al. 2004; Chatterjee et al. 2006; Kung and Snyder 2006; Oishi

et al. 2006; Hudson et al. 2007; Ran et al. 2008; Babel et al. 2009; Orenes-Pinero

et al. 2010; Babel et al. 2011; Pedersen et al. 2011; Takulapalli et al. 2012; Festa

et al. 2013). From the first commercially available human protein microarray

consisting of 5,000 proteins in 2006, the number of proteins contained in the

microarrays has grown up to 9,500 human full-length recombinant proteins in

only one chip. Considering the advances performed in DNA microarrays, where

microarrays covering the whole genome are available (Kronick 2004), we expect

that the features in protein microarrays will keep growing up in the next years.

Additionally, there is an alternative called NAPPA, where cDNAs codifying for the

different proteins are printed on the surface of the chips and translated into proteins

with rabbit reticulocyte lysates or a mammalian cancer cell milieu (Festa

et al. 2013). Still, NAPPA technology has not been widely used, and its value

remains to be demonstrated at a large scale in multiple laboratories.

Natural Protein Microarrays

In this case, protein extracts isolated from cancer cell lines are fractionated by

liquid chromatography before being printed in the microarray slides (Qiu

et al. 2004). The main advantage of this approach consists of the preservation of

naturally occurring PTMs and other alterations observed in cancer proteins, which

include alternative splicing, chimeras, or aberrant glycosylated proteins. This

facilitates the display of relevant critical epitopes of the cancer patient’s autoanti-

bodies. Even though natural protein microarrays present advantages, the spots

identified are complex mixtures of proteins, which complicate the actual
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identification of the target protein by mass spectrometry (Qiu et al. 2004). This

technology only has been applied few times for the identification of cancer auto-

antibodies, including colon cancer (Nam et al. 2003; Qiu et al. 2004).

Glycopeptide Microarrays

This approach relies on the fact that malignant transformation of cells is accompa-

nied by alterations in O-glycosylations able to induce a humoral immune response

in cancer patients (Wandall et al. 2010). Glycopeptide microarrays are printed with

peptides and O-glycosylated recombinant fragments purified by HPLC, which are

obtained in vitro using recombinant ppGalNAc-transferases, Drosophila Core-1

b3GalT, human Core3 b3GnT6, and human ST6GalNAc-I (Wandall et al. 2010;

Pedersen et al. 2011). These microarrays have been used to characterize humoral

immune responses directed against aberrant glycosylated epitopes in colorectal

cancer (Wandall et al. 2010).

Application of Circulating Autoantibodies to Colon Cancer
Diagnostic Biomarker Discovery

SEREX and Phage Microarrays

The first report describing autoantibodies in CRC was published in 1998 by Old’s

group using SEREX (Scanlan et al. 1998). The authors identified 48 antigens,

representing a broad spectrum of cellular components, with 31 clones as products

of known genes and 17 representing novel gene products. The authors identified six

clones that reacted exclusively with sera from colon cancer patients, with a fre-

quency of recognition between 10 % and 27 %, indicating the great heterogeneity in

the humoral immune response. Twenty out of 29 serum samples from colon cancer

patients detected 1 or more of these clones.

The same group published 4 years later another SEREX study. Thirteen out of

77 antigens tested – p53, MAGEA3, SSX2, NY-ESO-1, HDAC5, MBD2, TRIP4,

NYCO-45, KNSL6, HIP1R, Seb4D, KIAA1416, and LMNA – were serologically

reactive with sera from CRC patients (Scanlan et al. 2002). In this study, 34 out of

74 colon cancer patients (46 %) were detected to have 1 or more of these 13 anti-

gens. Several phage-displayed cDNA clones recognized in CRC patients showed no

homology to sequences deposited in databases. This fact is a common problem of

SEREX, which is observed in most of the published reports. The displayed peptide

could mimic a conformational epitope or there could be other reasons (see above).

Line and coworkers identified eight different serum-reactive cDNA clones with

three potential targets C21ORF2, EPRS, and NAP1L1 not recognized by the sera of

healthy individuals, but with frequencies of recognition between 4 and 17 % for the

sera of CRC patients (Line et al. 2002). Ishikawa et al., also by SEREX, performed

a screening of colon cancer cell lines with microsatellite instability (MSI) using the
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serum from a patient with MSI. The authors found 64 genes immunoreactive in

colon cancer, with one of the identified antigens (CDX2) carrying a frameshift

mutation in the repetitive G sequences (microsatellite) of its coding region, indi-

cating that the immune response was also raised against TAAs generated by MSI

(Ishikawa et al. 2003). Interestingly, the authors found galectin-4 among the

immunoreactive clones as previously described (Scanlan et al. 1998). The fre-

quency of recognition of this protein was low and not colon cancer specific, since

it was also observed in renal, pancreatic, and esophageal cancer patient’s sera and in

8 out of 38 healthy individuals (Ishikawa et al. 2003). Also by SEREX, it was found

that HDAC3 autoantibodies were increased in CRC patients in comparison to

controls. The authors found that the C-terminal region of HDAC3, with no homol-

ogy to HDAC1 and HDAC2, contained the B-cell epitopes recognized by circulat-

ing autoantibodies (Shebzukhov et al. 2005).

In 2008, Ran et al. found six phages by SEREX technology able to classify CRC

patients from healthy controls (Ran et al. 2008), with two of them showing partial

homology to LGR6 and C6orf192 and the other four without obvious homology to

any protein. Song et al. in 2011 identified BCP-20 (FBXO39) as a potential

autoantigen, but with a prevalence of only 6 % in colon cancer patients (Song

et al. 2011). Another study performed that year with a 12-mer random peptide

library displayed in phages permitted the identification of a peptide motif

(LYSNTL) with homology to ARD1A (Jiang et al. 2010). The authors found that

the full-length recombinant protein elicited autoantibodies only in 14.7 % of CRC

patients and 2 % of healthy controls (Jiang et al. 2010). Overexpression of ARD1A

in CRC tumors was associated to poor prognosis for disease-free survival and

shorter overall survival (Jiang et al. 2010). Chang et al. identified a five-phage

classifier able to discriminate between CRC patients and controls. Phages were

homologous to the uncharacterized protein hcg2038983, to TAS2R39, and to a

peptide of the C-terminal constant region of the heavy chain of human IgG, which

seems quite unusual, with two phages displaying peptides with no homology to any

known protein (Chang et al. 2011). In 2011, Babel et al. by combining phage

display and protein microarrays identified 43 phages showing higher immunoreac-

tivity with CRC sera than control sera (Babel et al. 2011). Six phages displayed

peptides with some homology to STK4/MST1, SULF1, NHSL1, SREBF2, GRN,

and GTF2i amino acid sequences. Interestingly, the replacement of two phages for

their corresponding recombinant proteins (STK4/MST1, SULF1) significantly

improved the diagnostic ability of the predictor panel from an AUC of 0.78 % to

0.86 % and sensitivity from 72 % to 82.6 % while maintaining the specificity higher

than 70 % (Babel et al. 2011).

SERPA and Natural Protein Microarrays

Hanash laboratory applied natural protein arrays printed with LoVo cells to the

study of the humoral response in colon cancer (Nam et al. 2003). They identified the

ubiquitin C-terminal hydrolase L3 (UCH-L3) as a protein target of autoantibodies
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in 19 out of 43 CRC patients’ sera, without reactivity in lung cancer patients or

healthy individuals’ sera (Nam et al. 2003). The authors verified the reactivity of the

UCH-L3 protein by immunostaining of 2D gels run with LoVo cell extracts. In 2007,

SERPA was used on HCT116 colon cancer cell line. The authors only found HSP60

as a target, with increased autoantibody levels in 13 out of 25 CRC patients in

comparison to 1 out of 15 healthy controls for a 52 % sensitivity and 93.3 %

specificity (He et al. 2007). SERPA as well as natural protein microarrays presents

the same disadvantage: the immunoreactive proteins need to be identified a posteriori

by LC–MS. This is complicated by the complexity of the samples, due to the presence

of several proteins in the 2D spots. This fact probably explains the low number of

reports identifying immunoreactive proteins by these two approaches.

ELISA Approaches

The first report using ELISA plates coated with TAAs to identify colon cancer

autoantibodies was published in 2005. The authors used Fas as a target of autoan-

tibodies based on previous observations claiming that apoptosis and the expression

of this receptor were altered during carcinogenesis in the human colon. Anti-Fas

titers were significantly higher in patients with colorectal adenomas than in healthy

controls and even higher in patients with adenocarcinomas (Reipert et al. 2005).

Moreover, autoantibodies to Fas/CD95 showed also some specificity for early CRC

detection using sera from 38 healthy controls, 38 patients with colorectal adenomas,

and 21 patients with colorectal adenocarcinoma in an ELISA-based array (Reipert

et al. 2005).

Kocer et al. found autoantibodies directed to MUC5AC in 45 % of polyp

patients, 60 % of CRC patients, and 27.3 % of healthy individuals (Kocer

et al. 2006). MUC5AC is a secreted mucin aberrantly expressed in colorectal polyps

and carcinomas. In 2007, Chen et al. investigated the humoral immune response of

Calnuc by ELISA (Chen et al. 2007). They found autoantibodies against Calnuc in

11.5 % of CRC patients’ sera and only in 1.2 % of control sera (Chen et al. 2007).

After testing Calnuc in combination with other previously described TAAs, c-myc,

p53, G2/mitotic-specific cyclin-B1 (CCNB1), and G1/S-specific cyclin-D1

(CCND1), the ability to diagnose CRC increased up to 65.4 % sensitivity and

93.9 % specificity (Chen et al. 2007). In 2009, Liu et al. tested by ELISA five

TAAs previously identified in other cancers with 46 CRC patients’ sera and

58 healthy individual sera (Liu et al. 2009). Imp1, p62, Koc, p53, and c-myc, tested

by ELISA, were permitted to discriminate CRC patients from controls with a

sensitivity of 60.9 % and a specificity of 89.7 % (Liu et al. 2009). In 2011, two

other different reports identified a humoral immune response against two proteins

overexpressed in CRC tissue in comparison to normal mucosa – RPH3AL and

SEC61β (Chen et al. 2011; Fan et al. 2011). Recently, Liu et al. in 2013 found

autoantibodies against the IGF2 mRNA-binding protein (IMP2/p62) by ELISA in

23.4 % of CRC patients’ sera in comparison to 4.8 % of patients’ sera having

colonic adenomas and 2.9 % of healthy individuals (Liu et al. 2013).
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Protein and Glycopeptide Microarrays

Regarding protein microarrays, Babel et al. used a commercial ProtoArray v4.0

containing 8,000 human recombinant proteins with sera of metastatic CRC patients

and controls (Babel et al. 2009). The authors found 43 protein targets of autoanti-

bodies composing a diagnostic protein signature (Babel et al. 2009). Six TAAs

(PIM1, MAPKAPK3, STK4, SRC, FGFR4, and ACVR2B) were validated with a

different cohort of CRC sera. An AUC of 0.85 %with a specificity and sensitivity of

73.9 % and 83.3 %, respectively, was obtained with the combination of only two

markers – ACVR2B and MAPKAPK3 (Babel et al. 2009). In addition, the same

authors reanalyzed these recombinant TAAs (Babel et al. 2009) together with six

validated phages displaying CRC-specific peptide TAAs (Babel et al. 2011) using a

different set of 96 sera. Remarkably, a CRC predictor panel composed of three

phages displaying peptides with homology to GRN, NHSL1, and SREBF2 and four

full-length recombinant TAAs – PIM1, MAPKAPK3, FGFR4, and ACVR2B –

correctly predicted the presence of cancer with a highly improved accuracy show-

ing an AUC of 94 % for a sensitivity and specificity of 89.1 % and 90.0 %,

respectively (Barderas et al. 2012). Later, Casal’s group tested a variant version

of the commercial ProtoArray v4.1 protein microarrays with a different nitrocellu-

lose surface than ProtoArray v4.0, but containing the same number of human

recombinant proteins (Barderas et al. 2013). After identifying 24 novel TAAs, the

authors validated 3 TAAs (EDIL3, GTF2B, and HCK) with a different cohort of

sera that correctly discriminate 50 CRC samples from 49 healthy individuals in

combination with p53 for an AUC of 0.75 % and sensitivity and specificity of 82 %

and 56 %, respectively (Barderas et al. 2013). In 2010, Kijanka et al. used high-

density protein microarrays printed with the hEx1 human cDNA library with

43 CRC patient sera and 40 control sera. The authors identified a protein signature

of 18 antigens associated to cancer and 4 to the absence of cancer, including p53,

HMGB1, TRIM28, TCF3, LASS5, and ZNF346 (Kijanka et al. 2010), which was

not further validated by other immunological approaches.

Interestingly, our group also proved that some TAAs can be used as potential

therapeutic targets. In particular, blocking of FGFR4 with different small-molecule

inhibitors and specific antibodies resulted in a significant reduction of tumor growth

(Pelaez-Garcia et al. 2013). The silencing of this receptor in colon cancer cells

reverted the epithelial to mesenchymal transition (EMT), producing a decrease in

the tumorigenic properties of colon cancer cells (Pelaez-Garcia et al. 2013).

A glycopeptide array approach was also tested in 2011 for identifying aberrant

glycopeptides as targets of an immune response in CRC patients (Pedersen

et al. 2011). This approach allowed for the identification of a set of aberrant

glycopeptides derived from MUC1 and MUC4 (Pedersen et al. 2011). The authors

validated the immunogenicity of these glycopeptides using monoclonal antibodies

and provided evidence of the expression of these aberrant glycosylated proteins in

colon cancer cell lines (Pedersen et al. 2011). In addition, the same group also

reported that MUC1-STn and MUC1-Core3 circulating IgG autoantibodies were

able to discriminate CRC cases from controls with 8.2 % and 13.4 % sensitivity,
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respectively, at 95 % specificity in a cohort of 97 postmenopausal women with

colorectal cancer and 97 postmenopausal women without any history of cancer

(Pedersen et al. 2014).

Shortfalls and Limitations of Autoantibody Research

Interestingly, the use of protein microarrays provides the best results in terms of

specificity, sensitivity, and predictive value of the identified TAAs for the discrim-

ination of CRC patients and controls (Table 1). However, the poor matching

between the identified TAAs by using different approaches, except for STK4 and

MAPKAPK3, with galectin-4, p53, c-myc, p62, Koc, and Imp1 as cancer TAAs but

nonspecific for CRC is worrisome. This poor coincidence is probably a conse-

quence of multiple variables including the different sensitivities of the techniques

and platforms, different repertoires of proteins printed in the microarrays, different

expression systems for protein production, different tags fused to the proteins, or

different PTMs in the proteins printed in microarrays with respect to the cancer

forms.

Another problem is the absence of validation assays in many TAA discovery

reports. Although an important number of autoantibodies have been identified in

colon cancer patients, some reports used a small number of sera and nonmatching

samples between CRC patient sera and control sera with regard to sex and age, and

there is an absence of validation data using different sera cohorts. In this sense, only

autoantibodies to MST1/STK4 and p53 have been reported in at least three different

studies using different cohorts of serum samples (Table 1; Soussi 2000; Babel

et al. 2009, 2011; Barderas et al. 2012), with p53 autoantibody frequency ranging

between 20 % and 40 % in all cancer patients (Soussi 2000).

Early Responses

Early detection is critical in cancer diagnostics. Although different reports have

claimed the utility of this approach for the early diagnosis of CRC (Barderas

et al. 2010), few reports have tested autoantibody panels for early diagnosis. A

predictor panel composed of a panel of 7 CRC-specific TAAs achieved an AUC of

90 % and a sensitivity of 88.2 % and specificity of 82.6 % for early stages (Duke’s

stage A and B) (Barderas et al. 2012). It has also been reported that humoral

responses to p53 can appear in normal-risk individuals between 1.0 and 3.8 years

before clinical diagnosis of CRC (Pedersen et al. 2013).

However, little is known about the exact moment when autoantibodies appear,

their kinetics, and their evolution according to the progression of the disease. The

answer to these questions is almost impossible to be performed using human

samples due to the enormous difficulties to get preclinical samples. Even more,

when the lesions are removed and the patient treated, the evolution of the autoan-

tibodies cannot be monitored. In this sense, by using colon cancer murine models

26 Colorectal Cancer Circulating Biomarkers 585



T
a
b
le

1
L
is
t
o
f
C
R
C
-s
p
ec
if
ic

d
ia
g
n
o
st
ic

a
n
d
p
ro
g
n
o
st
ic

a
u
to
a
n
ti
b
o
d
ie
s
a
n
d
th
ei
r
ta
rg
et

T
A
A
s.
T
h
e
st
u
d
y
sa
m
p
le

si
ze
,
m
et
h
o
d
u
se
d
to

id
en
ti
fy

an
d

v
al
id
at
e
th
e
au
to
an
ti
b
o
d
ie
s
an
d
th
ei
r
ta
rg
et
p
ro
te
in
s,
b
io
m
ar
k
er

ab
b
re
v
ia
ti
o
n
,
A
U
C
,
sp
ec
if
ic
it
y
,
an
d
se
n
si
ti
v
it
y
to

d
is
cr
im

in
at
e
C
R
C
p
at
ie
n
ts
fr
o
m

co
n
tr
o
ls
ar
e

in
cl
u
d
ed
.
np

n
o
t
p
ro
v
id
ed

R
ef
er
en
ce
s

D
is
co
v
er
y

m
et
h
o
d

T
A
A
si
g
n
at
u
re

V
al
id
at
io
n

m
et
h
o
d

N
u
m
b
er

o
f

se
ra

(v
al
id
at
io
n

se
t)

S
p
ec
ifi
ci
ty

(%
)

S
en
si
ti
v
it
y
(%

)
A
U
C

(S
ca
n
la
n

et
al
.
1
9
9
8
)

S
E
R
E
X

N
Y
-C
O
8
,
N
Y
-C
O
9
,
p
5
3
,

N
Y
-C
O
1
6
,
N
Y
-C
O
3
8
,
N
M
D
A
r

P
h
ag
e
p
la
q
u
e

as
sa
y

1
0
7

n
p

n
p

n
p

(S
ca
n
la
n

et
al
.
2
0
0
2
)

S
E
R
E
X

M
A
G
E
A
4
,
S
S
X
2
,
N
Y
-E
S
O
-1
,

H
D
A
C
5
,
M
B
D
2
,
T
R
IP
4
,

K
IA

A
1
4
1
6
,
p
5
3
,
N
Y
-C
O
4
5
,

K
N
S
L
6
,
H
IP
1
5
,
S
E
B
5
D
,
L
M
N
A

P
h
ag
e
p
la
q
u
e

as
sa
y

1
4
9

n
p

In
d
iv
id
u
al

T
A
A

se
n
si
ti
v
it
y
ra
n
g
in
g

fr
o
m

2
.7

to
1
4
.8

–

(L
in
e

et
al
.
2
0
0
2
)

S
E
R
E
X

C
2
1
O
R
F
2
,
E
P
R
S
,
N
A
P
1
L
1
,
an
d

o
th
er

fi
v
e
u
n
id
en
ti
fi
ed

p
h
ag
es

S
er
o
b
lo
t

9
5

9
7
.2
,
9
5
.7
,

9
8
.6
,

re
sp
ec
ti
v
el
y

4
.1
,
1
6
.6
,
8
.3
,

re
sp
ec
ti
v
el
y

n
p

(I
sh
ik
aw

a

et
al
.
2
0
0
3
)

S
E
R
E
X

C
D
X
2

S
er
o
b
lo
t

n
p

n
p

n
p

n
p

(S
h
eb
zu
k
h
o
v

et
al
.
2
0
0
5
)

S
E
R
E
X

H
D
A
C
3

P
h
ag
e
p
la
q
u
e

as
sa
y

4
9
8

9
9

5
n
a

(R
an

et
al
.
2
0
0
8
)

S
E
R
E
X

L
G
R
6
,
C
6
o
rf
1
9
2
,
an
d
o
th
er

fo
u
r

u
n
id
en
ti
fi
ed

p
h
ag
es

P
h
ag
e
p
la
q
u
e

as
sa
y

4
8

8
4

8
3

0
.9
3
3

(J
ia
n
g

et
al
.
2
0
1
0
)

S
E
R
E
X

A
R
D
1
A

E
L
IS
A

3
9
8

9
8

1
4
.7

n
p

(S
o
n
g

et
al
.
2
0
1
1
)

S
E
R
E
X

B
C
P
-2
0
/F
B
X
O
3
9

E
L
IS
A

1
4
6

3
4

6

(C
h
an
g

et
al
.
2
0
1
1
)

S
E
R
E
X

H
cg
2
0
3
8
9
8
3
,
T
A
S
2
R
3
9
,
an
d
o
th
er

th
re
e
u
n
id
en
ti
fi
ed

p
h
ag
es

E
L
IS
A

1
2
0

9
2

9
0

n
p

(B
ab
el

et
al
.
2
0
1
1
)

P
h
ag
e

m
ic
ro
ar
ra
y
s

S
T
K
4
,
S
U
L
F
1

E
L
IS
A

1
5
3

8
3

7
0

0
.8
6

586 R. Barderas et al.



(N
am

et
al
.
2
0
0
3
)

N
at
u
ra
l
p
ro
te
in

m
ic
ro
ar
ra
y
s

U
C
H
-L
3

S
er
o
b
lo
t

9
7

9
7

4
4

n
p

(H
e
et

al
.
2
0
0
7
)

S
E
R
P
A

H
S
P
6
0

E
L
IS
A

1
3
0

n
p

n
p

n
p

(R
ei
p
er
t

et
al
.
2
0
0
5
)

P
re
v
io
u
s

fi
n
d
in
g
s

F
as
/C
D
9
5

E
L
IS
A

9
7

n
p

n
p

n
p

(K
o
ce
r

et
al
.
2
0
0
6
)

P
re
v
io
u
s

fi
n
d
in
g
s

M
U
C
5
A
C

E
L
IS
A

7
2

7
3

5
4

n
p

(C
h
en

et
al
.
2
0
0
7
)

P
re
v
io
u
s

fi
n
d
in
g
s

C
al
n
u
c,
c-
m
y
c,
C
C
N
B
1
,
p
5
3
,

C
C
N
D
1

E
L
IS
A

4
4
7

9
4

6
5

n
p

(L
iu
et
al
.2
0
0
9
)

P
re
v
io
u
s

fi
n
d
in
g
s

Im
p
1
,
p
6
2
,
K
o
c,
p
5
3
,
c-
m
y
c

E
L
IS
A

m
in
ia
rr
ay

1
0
4

9
0

6
1

n
p

(C
h
en

et
al
.
2
0
1
1
)

P
re
v
io
u
s

fi
n
d
in
g
s

R
P
H
3
A
L

S
er
o
b
lo
t

1
4
7

7
3

8
4

0
.8
4

(F
an

et
al
.
2
0
1
1
)

P
re
v
io
u
s

fi
n
d
in
g
s

S
E
C
6
1
B

S
er
o
b
lo
t

1
5
8

7
5

7
9

0
.7
9
5

(L
iu
et
al
.2
0
1
3
)

P
re
v
io
u
s

fi
n
d
in
g
s

IM
P
2
/p
6
2

E
L
IS
A

1
4
0

9
6

2
3

n
p

(B
ab
el

et
al
.
2
0
0
9
)

R
ec
o
m
b
in
an
t

p
ro
te
in

m
ic
ro
ar
ra
y

M
A
P
K
A
P
K
3
,
F
G
F
R
4
,
P
IM

1
,

A
C
V
R
2
B
,
S
T
K
4
,
S
R
C

E
L
IS
A

9
4

7
3
.9

8
3
.3

0
.8
5

(B
ar
d
er
as

et
al
.
2
0
1
2
)

R
ec
o
m
b
in
an
t

an
d
p
h
ag
e

m
ic
ro
ar
ra
y
s

P
IM

1
,
M
A
P
K
A
P
K
3
,
M
S
T
1
/S
T
K
4
,

F
G
F
R
4
,
A
C
V
R
2
B
,
S
R
C
an
d

S
U
L
F
1
fu
ll
-l
en
g
th

re
co
m
b
in
an
t

p
ro
te
in
s,
an
d
S
R
E
B
F
2
,
G
R
N
,

G
T
F
2
i,
an
d
N
H
S
L
1
as

p
ep
ti
d
es

d
is
p
la
y
ed

in
p
h
ag
es

E
L
IS
A

9
2

9
0

8
9

0
.9
4

(B
ar
d
er
as

et
al
.
2
0
1
3
)

R
ec
o
m
b
in
an
t

p
ro
te
in

m
ic
ro
ar
ra
y

G
T
F
2
B
,
H
C
K
,
E
D
IL
3
,
p
5
3

E
L
IS
A

1
5
3

5
6

8
2

0
.7
4

(c
on

ti
nu

ed
)

26 Colorectal Cancer Circulating Biomarkers 587



T
a
b
le

1
(c
o
n
ti
n
u
e
d
)

R
ef
er
en
ce
s

D
is
co
v
er
y

m
et
h
o
d

T
A
A
si
g
n
at
u
re

V
al
id
at
io
n

m
et
h
o
d

N
u
m
b
er

o
f

se
ra

(v
al
id
at
io
n

se
t)

S
p
ec
ifi
ci
ty

(%
)

S
en
si
ti
v
it
y
(%

)
A
U
C

(K
ij
an
k
a

et
al
.
2
0
1
0
)

R
ec
o
m
b
in
an
t

p
ro
te
in

m
ic
ro
ar
ra
y

1
2
u
n
sp
ec
ifi
ed

T
A
A
am

o
n
g
IT
F
G
3
,

Z
N
F
7
0
0
,
T
S
L
C
Q
,
L
A
S
S
5
,
P
5
3
,

Z
N
F
7
6
8
,
S
N
P
2
9
,
Z
N
F
6
3
8
,
IC
L
N
,

Z
N
F
3
4
6
,
S
T
O
M
,
T
C
F
3
,
A
O
P
J7
5
,

V
G
L
L
4
,
H
M
G
B
1
,
T
R
IM

2
8
,

H
N
R
D
L
,
B
A
C
8
5
8
5
7

n
p

8
3

8
0

8
7

n
p

(P
ed
er
se
n

et
al
.
2
0
1
1
)

G
ly
co
p
ep
ti
d
e

m
ic
ro
ar
ra
y
s

M
U
C
1
(S
T
n
),
M
U
C
4
(T
n
-M

U
C
4
-

1
-T
n
M
U
C
4
-5
)

G
ly
co
p
ep
ti
d
e

m
ic
ro
ar
ra
y

1
5
0

8
9

7
9
.3

n
p

(P
ed
er
se
n

et
al
.
2
0
1
3
)

P
re
v
io
u
s

fi
n
d
in
g
s

p
5
3
(1
5
-m

er
o
v
er
la
p
p
in
g
p
ep
ti
d
es

co
v
er
in
g
th
e
w
h
o
le

p
5
3
se
q
u
en
ce
)

G
ly
co
p
ep
ti
d
e

m
ic
ro
ar
ra
y

1
9
4

9
5

3
1

0
.6
8
7

(S
y
ri
g
o
s

et
al
.
1
9
9
9
)

P
re
v
io
u
s

fi
n
d
in
g
s

T
ro
p
o
m
y
o
si
n
(T
M
S
)

E
L
IS
A

A
n
ti
-T
M
S
au
to
an
ti
b
o
d
ie
s
in

C
R
C
p
at
ie
n
ts
in
d
ic
at
e
a
b
et
te
r

o
u
tc
o
m
e
o
f
th
e
d
is
ea
se

(S
y
ri
g
o
s

et
al
.
2
0
0
0
)

P
re
v
io
u
s

fi
n
d
in
g
s

d
sD

N
A

E
L
IS
A

A
n
ti
-d
sD

N
A

au
to
an
ti
b
o
d
ie
s
in

C
R
C
p
at
ie
n
ts
in
d
ic
at
e
a

b
et
te
r
o
u
tc
o
m
e
o
f
th
e
d
is
ea
se

(P
ed
er
se
n

et
al
.
2
0
1
3
)

G
ly
co
p
ep
ti
d
e

m
ic
ro
ar
ra
y
s/

p
re
v
io
u
s

fi
n
d
in
g
s

M
U
C
4
T
R
5

G
ly
co
p
ep
ti
d
e

m
ic
ro
ar
ra
y

A
n
ti
-M

U
C
4
T
R
5
au
to
an
ti
b
o
d
ie
s
in
d
ic
at
e
h
ig
h
er

ri
sk

o
f

d
ea
th

(O
ch
ia
i

et
al
.
2
0
1
2
)

P
re
v
io
u
s

fi
n
d
in
g
s

p
5
3

E
L
IS
A

S
er
o
p
o
si
ti
v
e
C
R
C
p
at
ie
n
ts
to

p
5
3
b
ec
am

e
se
ro
n
eg
at
iv
e

af
te
r
su
rg
er
y
in
d
ic
at
in
g
u
se
fu
ln
es
s
fo
r
th
er
ap
y
m
o
n
it
o
ri
n
g

588 R. Barderas et al.



based on the use of azoxymethane/dextran sodium sulfate, our group recently

demonstrated that (i) the autoantibodies were produced very early in the disease,

even before the tumoral lesions might be detected by other techniques (histology),

(ii) the autoantibody levels increased according to the progression of the disease,

and (iii) the presence of autoantibodies was always associated to the presence of

malignant lesions, since autoantibodies were not observed in those animals

presenting nonmalignant lesions (Fig. 3; Barderas et al. 2013). A subset of human

CRC TAAs, HCK, MST1/STK4, EDIL3, GTF2B, SRC, NY-ESO-1, MAPKAPK3,

and p53 – identified through protein microarray or SEREX approaches (Soussi

2000; Scanlan et al. 2002; Babel et al. 2009, 2011; Barderas et al. 2013) – was tested

using sera from these CRC murine models, which develop a cancer humoral

response similar to that observed in human CRC patients (Barderas et al. 2013).

This subset of human TAAs was able to discriminate mice carrying malignant

lesions from controls (Barderas et al. 2013), showing a great potential to be

included in CRC diagnostic tests. Indeed, we demonstrated the exquisite sensitivity

of the humoral immune response to colon cancer for preclinical cancer diagnosis.

Moreover, as autoantibody levels increase according to the progression of the

disease, it might open its application to detect recurrences.

Optimization of a Diagnostic Test Based on Circulating
Autoantibodies

Despite promising results, very few commercial kits using this technology have

reached the market (Lam et al. 2011). Circulating autoantibodies need to be

validated in a clinical context using independent and large patient’s cohorts to

verify their usefulness in terms of reproducibility, detection limit, and predictive

value. Biomarker development consists of several phases including preclinical

studies, clinical assay development and optimization, retrospective studies of stored

specimens, prospective screening studies, and multicentered randomized clinical

trials (Pepe et al. 2001). In addition, as mentioned above, other sources of optimi-

zation to improve the diagnostic ability of an autoantibody panel would include

(i) the expression system to produce the TAA, (ii) the platform used for testing, and

(iii) the number of TAAs to be included in the diagnostic test (Fig. 4).

Optimization of the TAA Expression and Purification

Peptides and proteins produced for the validation of the candidate biomarkers

represent an important source of variability. Validation of the TAAs should be

performed with purified proteins of the highest purity and quality, containing PTMs

similar to the actual tumor target (Casal and Barderas 2010). Impurities, particu-

larly after expression in Escherichia coli, might result in false-positive detection of

cancer-specific autoantibodies due to the presence of bacteria in the intestinal

microbiota. However, minor contaminants from insect cells have also been reported
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Fig. 3 Murine models mimic the humoral immune response observed in human CRC
patients. (a) The protocol used to obtain chemically induced colitis-associated CRC in mice is

outlined. AOM was injected intraperitoneally at a concentration of 10 mg/kg and DSS (2.5 %)

supplied in drinking water. (b) Hematoxylin and eosin staining of distal colon tissue at the end of

the protocol (day 63). Images are shown at 200� magnification. (c) Murine autoantibody levels to

CRC-specific TAAs – p53 and MST1/STK4 – at day 21 and day 63 can be observed since day

21 and prior to the detection of neoplastic colon lesions by histological staining. (d) Autoantibody
levels to p53 of four out of nine randomly selected AOM-/DSS-treated mice together with two out

of nine vehicle-treated mice at indicated times to follow their levels according to the progression of

the disease (Adapted from Barderas et al. 2013)
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Fig. 4 Road map to identify and develop CRC diagnostic and prognostic tests. Steps

considered as needed or mandatory are highlighted
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to be reactive to immunoglobulins from cancer patients, which might affect the

detection of cancer-specific autoantibodies (Schmetzer et al. 2005). The presence of

different tags (GST, MBP, or 6xHis) fused to the selected TAAs in the N- or

C-terminal end of the protein should also be tested since it could affect the binding

of the autoantibodies to the protein. Moreover, optimization should include pro-

ducing each antigen in E. coli, insect, and mammalian cells for testing autoantibody

recognition. However, no comparative studies have been yet performed.

Optimization of the Platform for TAA Testing

The choice of the platform and/or the solid support used to probe the protein can

also affect the final result. It has been recently published that autoantigens perform

differently if the protein is coated (ELISA), immobilized on membranes (WB or

protein microarrays), or highly unfolded as is the case for the hEx1 proteins

(Murphy et al. 2012a). As each cancer patient can develop a different immune

response to protein regions presented as discontinuous, conformational, or linear

epitopes, diagnostic tests should contain multiple TAAs for a full coverage of

cancer patients (Lam et al. 2011; Murphy et al. 2012a). The use of multiplexed

immunoassays (magnetic beads or multiplexed ELISA) (Ling et al. 2007) or

low-density protein microarrays (Liu et al. 2009) could be useful for the develop-

ment of diagnostic tests.

Identification of the Minimum Number of TAAs to Be Included
in a CRC Predictor Panel: Correlation Analyses

In order to overcome the heterogeneous response among patients, combinations of

biomarkers are needed. Disease heterogeneity implies the use of biomarker panels.

To avoid the overlap in reactivity with sera and to select the minimum number of

TAAs for CRC diagnosis, it is convenient to calculate the redundancy of the

markers and discern whether the information provided by each TAA is redundant

or not, with the rest of TAAs to correctly classify patients and controls. Low

correlation values indicate that reactivity between markers does not show associ-

ation and they classify different subsets of CRC patients, whereas high correlation

indicates that they are recognized by the same set of patients (Barderas et al. 2012).

Globally, the final autoantibody panel would benefit if we find a combined classifier

with their TAAs showing the lowest correlation to cover the largest number of

different CRC patients (Barderas et al. 2012). On the other hand, we could test

together those combinations of TAAs identifying the same groups of patients to

simplify the diagnostic test (Barderas et al. 2012).

To identify redundancy, CRC-specific TAAs were tested with the same collec-

tion of sera, the ELISA values were plotted, and Pearson and Spearman correlation

coefficients were performed for all combinations of TAAs (Barderas et al. 2012).

An example of this correlation analysis was done for a panel of TAAs identified by
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protein and phage display protein microarray using 90 sera from CRC patient and

healthy individual sera (Table 2; Babel et al. 2009, 2011; Barderas et al. 2012).

Here, biomarker candidates discovered through the same platform showed corre-

lation values higher than 0.4, indicating the necessity to combine TAAs with low

correlation in the diagnostic TAA panel (Barderas et al. 2012). In summary,

optimization steps are required for specificity and sensitivity improvements to get

a reliable CRC diagnostic test (Fig. 4).

Potential Applications to Prognosis, Other Diseases, or
Conditions

Prognostic markers indicate a survival outcome of patients. Although multiple

reports have claimed that autoantibodies are useful not only for diagnosis but also

for prognosis, survival, and recurrence, there are almost no reports showing corre-

lation of circulating autoantibodies and prognosis of colorectal cancer. Babel

et al. showed a protein signature able to differentiate between CRC patients

suffering metastasis to liver and metastasis to lung (Babel et al. 2009). In addition,

we also found, based on results with 96 colorectal cancer serum samples, that

higher levels of circulating autoantibodies to MST1/STK4 were associated to a

better prognosis (personal observations). In two other studies, sera from 55 patients

with colon adenocarcinoma, 26 patients with benign surgical diseases, and

40 healthy individuals by ELISA were examined for autoantibodies to dsDNA

and tropomyosin and its association to prognosis (Syrigos et al. 1999, 2000). The

authors found that the presence of autoantibodies to both proteins was associated to

a better outcome of the disease. Finally, in another recent study, an association of

Table 2 Correlation study for CRC-specific TAAs identified through high-density protein
microarray approaches. Correlation values were calculated for all pairs of TAAs identified

through protein microarrays (Babel et al. 2009; Barderas et al. 2013) or phage microarrays (Babel

et al. 2011). Markers showing redundancy are depicted in green, indicating that they should be

tested together. In yellow, markers that show low levels of redundancy, indicating that those

markers perform better if they are tested individually

Protein Array 
(ProtoArray 4.1)

Phage Microarrays Protein Array (ProtoArray 4.0)

EDIL3 GTF2b HCK p53 GRN GTF2i NHSL1 SREBF2 FGFR4 MAPKAPK3 PIM1 SRC MST1/STK4
EDIL3

GTF2b

HCK

p53

GRN

GTF2i

NHSL1

SREBF2

FGFR4

MAPKAPK3

PIM1

SRC

MST1/STK4

1 0.52 0.55 0.01 0.02 0.01 0.02 0.03 0.23 0.06 0.14 0.08 0.27

1 0.85 0.01 0 0.01 0 0 0.24 0.13 0.27 0.36 0.2

1 0.01 0 0.02 0.01 0.01 0.31 0.13 0.21 0.32 0.27

1 0 0.01 0 0 0.06 0.19 0.15 0.05 0.07

1 0.64 0.88 0.86 0.05 0.07 0.01 0.01 0.03

1 0.67 0.65 0.02 0.02 0.02 0 0.03

1 0.83 0.04 0.05 0.02 0.01 0.04

1 0.06 0.08 0.02 0.01 0.04

1 0.38 0.34 0.44 0.16

1 0.5 0.64 0.08

1 0.42 0.12

1 0.1

1
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high levels of autoantibodies to the aberrant glycopeptide MUC4TR5 with a risk of

death in CRC patients has been observed (Pedersen et al. 2013).

In any case, circulating autoantibodies have shown a strong prognostic power in

other types of cancer. Using 120 cancer samples from benign ductal carcinoma in

situ or invasive breast cancer, a signature of 5 TAAs (RBP-J kappa, HMGN1,

PSRC, CIRBP, and ECHDC1) was able to discriminate patients with an AUC =
0.794. Higher autoantibody titers of RBP-J kappa were found in patients with a

higher histotype grade and higher recurrence-free survival for those patients who

were positive for the five-antibody signature (Mange et al. 2012). Similar results

were found in pancreatic cancer (Bracci et al. 2012) and glioblastoma multiforme

(Pallasch et al. 2005), where survival rates were higher in patients with higher

levels of autoantibodies to CTDSP1 and NR2E3 and GLEA2 and PHF3

autoantigens, respectively. Finally, in prostate cancer patients, higher levels of

autoantibodies to TARDBP, TLN1, PARK7, CALD1, and PISP1 were able to

discriminate benign prostate hyperplasia patients from prostate cancer patients

(O’Rourke et al. 2012).

More reports are necessary to clarify this question, since other reports claim that

p53 autoantibodies negatively correlate with the survival of cancer patients (Lubin

et al. 1995; Tang et al. 2001). Then, the correlation to overall patient survival of

autoantibody levels against a specific TAA might depend on its nature and function

in the tumoral tissue.

In addition, circulating biomarkers might be used to monitor the disease and

detect recurrences by quantifying changes in autoantibody levels during treat-

ment. However, there are few reports showing their usefulness to detect recur-

rences. In CRC, a decrease in the immune response to p53 in 78 % of

p53-seropositive patients after surgery has been reported (Ochiai et al. 2012). In

addition, a rapid and durable loss of p53 antibodies has also been observed in

breast cancer after resection of tumors and treatment with neoadjuvant chemo-

therapy (Anderson et al. 2008). In ovarian cancer, Tainsky lab detected recur-

rences at 9.07 months prior to clinical recurrence (Chatterjee et al. 2012). They

demonstrated that 3 out of 56 antigens displayed in phages and printed in

microarrays correctly classified recurrent and nonrecurrent ovarian cancer

patients (Chatterjee et al. 2012).

Perspectives and Concluding Remarks

The detection of CRC circulating autoantibodies holds great promise for CRC

diagnosis. The combination of different TAAs has allowed the obtainment of assays

with very high specificity and sensitivity. Their low invasiveness would facilitate

their inclusion in a routine health check in contrast to other invasive screening

methods, like colonoscopy. Moreover, the use for early clinical diagnosis would

significantly improve the overall survival of CRC patients and save considerable

amounts of money to the National Health Systems. However, there are some

questions that still remain open. The first and most critical, which are the factors
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that induce this autoantibody response to cancer proteins? Second, which is the

actual TAA repertoire generated for each tumor? The dispersion of identified TAAs

among the different technologies and the little reproducibility among laboratories

complicate the definition of clear guidelines for TAA acceptance. In this regard, the

demonstration of a similar response in mouse cancer models supposes a strong

support and provides a good tool for the testing of putative TAAs. Third and finally,

validation is a fundamental issue that still continues to be neglected in many

reports. A final support for the technology will come only from final clinical assays

and application. In this regard, an initial product has been recently commercialized

for lung cancer (Lam et al. 2011).

In addition to diagnostic power, the screening of the autoantibody response of

CRC patients might be useful for prognostic or therapy monitoring purposes, but

further studies are required (Fig. 5). The identification of new therapeutic targets for

intervention is also a main strength of this strategy (Barderas et al. 2010; Dudas

et al. 2010; Pelaez-Garcia et al. 2013).

Summary Points

• Colorectal cancer autoantibodies and their target proteins constitute a very

promising alternative as a diagnostic test for the massive screening of

populations to identify colon cancer-carrier individuals.

• A description of the methodologies used to identify circulating autoantibodies is

given.

• Autoantibodies directed against tumor-associated antigens (TAAs) emerge early

in the disease and follow its progression.
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Fig. 5 Medical needs covered by CRC autoantibodies according to the stage of the disease
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• Multiple reports have described a wide number of TAAs due to the heteroge-

neous response in cancer.

• Colorectal cancer murine models show similar humoral responses to that

observed in humans, allowing its study in a more reproducible way and the

possibility to compare predictive values of different autoantibodies identified

elsewhere.

• Autoantibodies might be effective for identifying recurrence and monitoring

therapy.

• Autoantibodies and their target proteins are useful for identifying potential

therapeutic targets.
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