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SEREX: discovery of tumor antigens
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The identification of tumor antigens is essential for the development of anticancer therapeutic vaccines
and clinical diagnosis of cancer. SEREX (serological analysis of recombinant cDNA expression library)
has been used to identify such tumor antigens by screening sera of cancer patients with cDNA ex-
pression libraries. SEREX-defined antigens provide markers for the diagnosis of cancers. SEREX is also
a powerful method for the development of anticancer therapeutics. The development of anticancer
vaccines requires that tumor antigens can elicit antigen-specific antibodies or T lymphocytes. This re-
view provides information on the application of SEREX for discovery of tumor antigens.
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Introduction

A number of powerful methodologies are being utilized
to define the complete repertoire of human cancer antigens,
which we have termed the human cancer immunome. The
immunome comprises antigens defined by T-cell epitope
cloning [27], MHC peptide elution [17], and serological ex-
pression cloning [12], which are able to identify tumor tar-
gets recognized by CD8+ T cells and antibodies respectively.
These approaches are now being supplemented by bio-
informatics, transcriptomics and proteomics based assays
to accelerate the definition of the cancer immunome [16].

Sahin and his colleagues [18] have introduced a method
for the identification of tumor antigens recognized by
autologous serum IgG of cancer patients. This method,
termed SEREX (serological analysis of recombinant cDNA
expression libraries) has led to the identification of a series
of provocative cancer antigens that have relevance to the
etiology, diagnosis, and therapy of cancer. As annotated in
the SEREX database [2]. More than 2,000 different antigens
have been defined by SEREX analysis of more than 15
different tumor types to date, including cancer/testis or CT
antigens [22], differentiation antigens [6], mutational antigens
[15], over expressed or amplified genes [20], splice variant
antigens [9], and viral antigens [24].

It is generally accepted that immune recognition in-
volves both cell-mediated and humoral-immunity. The re-
cent development of a new approach to dissect the humor-
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al immune response to cancer has opened the way to es-
tablishing a comprehensive picture of the immune reper-
toire against human cancer antigens. SEREX allows sys-
tematic and unbiased search for cancer-specific antigens,
and immunogenic proteins based on their reactivity with
autologous patient serum.

Serology plays a central role in two phases of SEREX
analysis. The first phase is antigen identification. A second
phase involves screening panels of serum from normal in-
dividuals and cancer patients with the aim of defining an-
tigen panels that demonstrate cancer-restricted immune
recognition [3].

The demonstration of cytotoxic T-lymphocytes (CTL) re-
active with SEREX defined antigens, and the SEREX identi-
fication of antigens that were originally defined as CTL
recognized peptides [7] indicate that SEREX detects tumor
antigens eliciting CTL immunity as well. Thus, in compar-
ison to the other methods, SEREX is less technically de-
manding and can yield similar information regarding host
immune responses to cancer.

SEREX Approach

The SEREX approach offers following features : i) the
use of fresh tumor specimens restricts the analysis to genes
that are expressed by the tumor cells in vivo; ii) the use
of patients’serum allows for the identification of multiple
antigens iii) the screening is restricted to antigens against
which patients raised high-titer antibody responses.

SEREX (Fig. 1) employs a bacterophage recombinant
cDNA expression library prepared from tumor tissues, tu-
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Fig. 1. Method of SEREX for discovery of tumor antigen cDNA expression libraries are made from tumor tissues, tumor cell lies,
or testis tissues. The obtained cDNA library is cloned into A ZAP expression vector. cDNA expression libraries are screened
with pooled sera of patients with cancers. Immune reactive clones are selected by reacting nitrocellulose membrane
containing recombinant clones with pooled sera of patients with cancers followed by incubation with alkaline
phosphatase-conjugated secondary antibody. Thus selected clones are subjected to in vivo excision and sequencing to

determine identity of each immune reactive clone.

mor cell lines, and testis tissues. The use of tumor cell
lines for SEREX analysis has benefits, including the ab-
sence of contaminating normal cell types invariably pres-
ent in tumor specimens, and the elimination of B cells that
give rise to false-positive IgG-expressing clones in the ex-
pression library. The ¢<DNA expression library is used to
transduce E. coli. The recombinant protein library is in-
duced and transferred to nitrocellulose membranes. These
membranes are then incubated with diluted (1:100-1:1,000)
extensively preabsorbed pooled serum from the autologous
patient. Clones reactive with high-titer antibodies are iden-
tified using an enzyme (Alkaline phosphatase-conjugated
secondary antibody specific for human IgG. Positive clones
are then subjected to DNA sequencing. Sequence in-
formation of DNA insert can be used to determine ex-
pression profile of the transcript and to evaluate the in-
cidence of antibody responses to the respective antigens.
SEREX has been widely used in identifying antigens in pa-
tients with solid tumors [3)] and autoimmune disease, in-
cluding systemic sclerosis, systemic lupus erythematosus,
and Sjogren’s syndrome [8].

Classification of the SEREX-defined antigens

A number of SEREX-defined antigens with these can-
cer-related characteristics have been identified and can be

classified into one of the following categories, including
differentiation antigens, mutational antigens, over ex-
pressed antigens, and cancer/testis antigens.

Mutational Antigens

Several mutational antigens have been isolated by
SEREX. Tumor suppressor gene p53 has been identified by
SEREX of ovarian cancer, colon cancer [21]. In the case of
colon cancer, a single base substitution of p53 (A to G) was
identified, confirming this mutation as the basis for the ob-
served immunogenicity. Other examples of mutational an-
tigens in colon cancer were AD034, with a 32 bp frame
shift mutation, and CDX2, with a single-base frame shift
mutation [5].

Differentiation Antigens

Differentiation antigens are expressed in tumors in a lin-
eage-specific pattern, but also in normal cells of the same
origin. The classic example of a differentiation antigen rec-
ognized by SEREX is the melanocyte-specific protein ty-
rosinase [15]. Other examples include NY-BR-1 in breast
cancer [6], and glial fibrillary acidic protein (GFAP) in
glioma. Normal tissue expression of galectin-4 is restricted
to normal colon and small intestine. Because galectin4 is
localized to the leading edge of lamellipodia, it is thought
to have a role in cell adhesion [19].



Amplified or Overexpressed Antigens

Many SEREX-defined genes are overexpressed in cancer
based on northern blot analysis, and real-time RT-PCR.
Amplified or over expressed antigens identified include
carbonic anhydrase XII in breast [29], elF4 gamma [1] in
lung cancer, AKT1, and HER-2/neu [20] in breast cancer.
Several mechanisms can account for amplified expression
of gene products in cancer, including gene amplification
(e.g., elF-4 gamma), increased steady-state mRNA (e.g.,
KOC3), and increased protein stability [28].

Cancer/testis antigens (CT)

CT antigens share the following characteristics: (i) pre-
dominant mRNA expression in testis, but generally not in
other normal somatic tissues, (ii) gene activation and
mRNA expression in a wide range of human tumor types,
(iil) existence of multigene families, and (iv) with rare ex-
ception, localization of coding genes to chromosome X.
Table 1 shows partial list of CT antigens identified by vari-
ous methods, including SEREX. The frequent expression of
CT antigens in various types of tumors is an exception to
this general rule. It suggests that the CT antigens, most of
them with unknown function at present, are a distinct
group of proteins in terms of their regulation and possibly
their biological function [22,25].

Cell surface antigens
To date, relatively few surface-associated antigens have
been identified using SEREX. Nevertheless, the increas-
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ingly detailed annotation of the human genome and the
availability online of details of the function and subcellular
distribution of gene products render the deliberate search
for surface antigens by SEREX . By applying this approach,
we identified two antigens (NY-SAR-35 and NY-TLU -57)
that are putatively exposed on the cell surface and might
thus serve as targets for monoclonal antibody-based im-
munotherapy [12,13]. Of particular interest is NY-S5AR-35,
which represents a recently defined CT antigen apparently
expressed exclusively in normal testis, as well as melano-
ma, sarcoma, lung cancer, esophageal cancer, ovarian can-
cer, and breast cancer. Like several other CT antigens,
NY-SAR-35, maps to chromosome X, but in contrast to oth-
er CT antigens , NY-5AR-35 is not a member of a multi-
gene family. The presence of a signal sequence, a putative
transmembrane domain, and a Trefoil domain suggests
that NY-5AR-35 may be an extracellular or plasma mem-
brane associated protein. Thus, in addition to being a po-
tential cancer vaccine target, NY-SAR-35 may also be a tar-
get for of therapeutic antibodies [12]. The gonad specific
anion transport protein SLCO6A1 (NY-TLU-57) was shown
to be tissue-restricted. RT-PCR showed it to be expressed
strongly only in normal testis, and weakly in spleen, brain,
fetal brain, and placenta. In addition, NY-TLU-57 mRNA
was found in lung tumor samples and lung cancer cell lines,
as well as bladder and esophageal tumor samples. These da-
ta suggest that SLCO6A1 is a putative cancer/testis (CT)
cell surface antigen of potential utility as a target for anti-
body-based therapy for a variety of tumor types [13].

Table 1. Examples of cancer/testis antigens encoding immunogenic product

CT antigens gene family =~ Number of gene / Function

Chromosome location Immune response

MAGEA 12/ translation
MAGEB 4/ unknown
BAGE 2/ unknown
GAGE 8/ unknown
SSX 5/ unknown
NY-ESO-1 3/ unknown
SCP1 3/spematogenesis
MAGE-C1 2/ unknown
OY-TES-1 1/ spematogenesis
NY-5AR-35 1/ unknown
c¢TAGE-1 2/ unknown
CAGE 1/ helicase
FATE 1/ unknown
TPTE 1/ phosphtase
NY-TLU-57 1/ transport

Xq28 cellular and humoral
Xp21-22 humoral
13 cellular
Xpll cellular

Xp11 cellular and humoral

Xq28 cellular and humoral
1p12-p13 humoral
Xq26 humoral
12p humoral
Xq28 humoral
Xq27 humoral
Xp22 humoral
Xq28 humoral
21 humoral
21 humoral

*humoral and cellular denotes identification of cancer/testis antigens by SEREX and T cell epitope cloning



844 YaterglX] 2007, Vol. 17. No. 6

Biomarker of SEREX-defined antigens; SADA

The identification of biomarkers for diagnosis, prog-
nosis, and therapy of human cancer has been a long-stand-
ing challenge in cancer research. With regard to serum
markers for cancer, a limited number of clinically benefi-
cial antigenic markers have been defined, such as carci-
noembryonic antigen in gastrointestinal cancers, fetopro-
tein in hepatoma and germ cell tumors, CA125 in ovarian
cancer, and prostate-specific antigen in prostate cancer [26].
SEREX analysis has defined a subset of tumor antigens
that react exclusively with serum antibodies derived from
multiple cancer patients but do not react with sera from
normal individuals. Extensions of the petit serology have
been devised by Scanlan et al,[23], and given the name
SADA (serial analysis of defined antigen). This involves ar-
ranging the phage clones on filters in a “dot blot” fashion,
thus allowing simultaneous testing of a large panel of anti-
gens (Fig. 2). This method works very well for clones that
show strong sero-reactivity.

Evaluation of antibody responses to the SEREX-defined
antigens using allogeneic sera from cancer patients would
offer valuable cancer diagnostics employing antibody-based
screening. Aside from SADA (serial analysis of defined an-
tigens), two new screening methods are established and
named sero GRID and SMARTA (serological mini-arrays of
recombinant tumor antigens [10,11]. These assays would
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-Mix AZAP phage and E.coli host into 96 wells
-Incubator the 96 well plate at 37°C for 10 min.

/

Incubator the plate at 37 °C,
overnight

provide alternatively reliable method for analyzing a panel
of recombinant antigens at a large scale.

Conclusion

In the past two decades, the number of SEREX-defined
antigens has been greatly increasing. Identification of these
antigens makes it possible for early detection and the de-
velopment of anticancer vaccines. However, SEREX has its
own problems that need resolution. In the conventional
SEREX approach, the antigens are expressed in bacterial-
and phage-based systems, which are generally not capable
of naturally folding antigenic proteins and modifying them
posttranslationally. The conformation and posttranslational
modifications play an important role in the proper func-
tion of proteins and also affect their immunogenicity. This
problem can be solved by employing eukaryotic expression
vector systems such as yeast [14]. Thus, modifications of
SEREX have been tried to minimize the identification of ir-
relevant antibodies and increase the number of cancer-re-
lated antibodies [14].

Identifying the complete repertoire of immunogenic
gene products in human cancer is now an achievable goal
for tumor immunology. Since the establishment of the
SEREX database in 1997, 2593 sequences derived from 2169
clones have been deposited. Many of the genes have been
isolated repeatedly by SEREX, from the same and/or from
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Fig. 2. Analysis of SADA (serial analysis of defined antigens). (see reference 12, 23 for detailing method)



different tumor types, indicating that these gene products
are highly immunogenic in the human host. In our recent
study of sarcoma and lung cancer [12,13] only about one
third of the isolated genes were already in the database,
suggesting that the pool of immunogenic cancer antigens,
although apparently finite in size, is still far from com-
pletely defined.

Thus, we propose that continued SEREX-based searches
for cancer antigens should be undertaken to provide as
wide an option as possible for the design of novel therapies.
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