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Abstract Identifying appropriate tumor antigens is
critical to the development of successful specific cancer
immunotherapy. Serological analysis of tumor antigens
by a recombinant cDNA expression library (SEREX)
allows the systematic cloning of tumor antigens recog-
nized by the spontaneous autoantibody repertoire of
cancer patients. We applied SEREX to the cDNA
expression library of cell line HMy2, which led to the
isolation of six known characterized genes and 12 novel
genes. Known genes, including ring finger protein 167,
KLF10, TPT1, p02 protein, cDNA FLJ46859 fis, and
DNMT1, were related to the development of different
tumors. Bioinformatics was performed to predict 12
novel MMSA (multiple myeloma special antigen) genes.
The prediction of tumor antigens provides potential
targets for the immunotherapy of patients with multiple
myeloma (MM) and help in the understanding of car-
cinogenesis. Crude lysate ELISA methodology indi-
cated that the optical density value of MMSA-3 and
MMSA-7 were significantly higher in MM patients than
in healthy donors. Furthermore, SYBR Green real-time
PCR showed that MMSA-1 presented with a high
number of copy messages in MM. In summary, the
antigens identified in this study may be potential
candidates for diagnosis and targets for immunotherapy
in MM.
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Introduction

Multiple myeloma (MM) is a malignant hematological
disease characterized by the accumulation of clonal
plasma cells in several bone marrow sites, and by the
presence of monoclonal protein in the blood and/or
urine, osteolytic lesions, hypercalcemia, and immuno-
deficiency. It represents approximately 1% of all can-
cers, and is responsible for 2% of all cancer deaths and
20% of deaths due to hematological malignancies [2].
MM is currently an incurable disease, and the outcome
of patients with MM treated with standard therapies is
disappointing, with a historical median survival of
about 3 years [1, 32, 43]. The use of high-dose therapy
with hematopoietic stem-cell rescue has substantially
increased the frequency of remission and has signifi-
cantly improved the clinical outcomes in younger pa-
tients [4, 5, 9, 46]. However, patients with acquired
drug resistance invariably relapse, and salvage therapy
is not effective [8, 20]. Thus, novel treatments are still
urgently needed.

Toward this end, immunotherapy aimed at inducing
myeloma-specific immunity in patients has been exploi-
ted [37, 44, 45]. Idiotype protein, secreted by myeloma
cells, has been the main target for immunotherapy as it
is the best-defined, tumor-specific antigen. The key
challenge is to find an efficient target that not only
provides early indication of the disease but also can
upregulate the antitumor immune response in cancer
patients. Tumor-associated antigens, which can elicit the
immune response in an autologous host and are related
to changes during the disease process, may fulfill this
demand. Serological analysis of tumor antigens by a
recombinant cDNA expression library (SEREX) allows
the systematic cloning of tumor antigens recognized by
the spontaneous autoantibody repertoire of cancer
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patients [38]. To date, over 2,000 tumor antigens have
been identified from a variety of malignancies, as
described in the SEREX database (http://www.licr.org/
SEREX.html) [22]. In the initial application of SEREX,
tumor antigens such as MAGE-1 and tyrosinase, which
had originally been defined as T-cell-recognized
epitopes, were detected by an autologous antibody [38].
Similarly, a novel SEREX-defined antigen in breast
cancer, namely, the hMena protein, was found eliciting
both humoral and CD8+ T cell immune responses [12].
SEREX-defined tumor antigens facilitate the identifica-
tion of epitopes recognized by antigen-specific cytotoxic
T cells (CTLs) and provide a basis for peptide vaccine
and gene therapy in a wide variety of human cancers [6,
23, 31, 35, 42, 48]. Moreover, some of these antigens
appear to play a functional role in the pathogenesis of
cancer [19, 33, 40].

In the present study, we utilized the SEREX tech-
nique to identify MM-associated antigens. A cDNA
library derived from the human myeloma cell line HMy2
was bacterially expressed and screened for interaction
with antibodies in the allogeneic sera of patients with
MM. Bioinformatics can support target validation by
providing functionally predictive information mined
from databases and experimental datasets [10, 11, 27].
Here we report the serological identification and
bioinformatics analysis of novel antigens.

Materials and methods

Cell culture and construction of cDNA library

Cells from the HMy2 cell line were cultured in DMEM
(GibcoBRL, Life Technologies Ltd, Paisley, Scotland),
supplemented with 10% fetal bovine serum. All cancer
cell lines were grown at 37�C in a humidified atmosphere
containing 5% CO2. Total RNA was prepared by the
guanidinium thiocyanate method and purified to poly
A+ RNA by using an mRNA isolation kit (Qiagen,
Germany). First and second strand of cDNA were syn-
thesized by reverse transcription. Meanwhile, a 5 ll
sample was removed to a separated tube containing a
small amount of [a-32P] dCTP as a tracer to follow first-
and second-strand synthesis. cDNA was ligated into the
lambda ZAP express vector. Following in vitro packag-
ing, the size of the constructed library and the diversity of
cDNA inserts were evaluated by 14 g/l agarose gel elec-
trophoresis. Construction of cDNA expression library
was carried out according to the instruction manual
provided by the manufacturer (Stratagene, La Jolla, CA).

Immunoscreening of the library with allogeneic sera

Sera obtained during routine clinical procedures in 2004
were stored at �80�C. Approval was obtained from the
university institutional review board, and informed
consent was provided according to the declaration of

Helsinki. To remove antibodies reactive with antigens
related to the vector system, sera (1:10 dilution) were
absorbed by Escherichia coli XL1-Blue MRF’ and
bacteriaphage lysate. Screening procedure was done
according to the instruction manual provided by the
manufacturer (Stratagene, La Jolla, CA). Briefly,
recombinant phage at a concentration of 5·104 per
15 cm plate were amplified for about 6 h, and proteins
induced with IPTG were then transferred to nitrocellu-
lose membranes for an additional 10 h at 37�C. The
membranes were then blocked with 1% gelatinum for
1 h at room temperature, washed with tris-buffered
saline (TBS) and incubated in a 1:100 dilution of pre-
absorbed sera mixture (in 0.2% NFDM/TBS) for 15 h
at room temperature. After washing, the membranes
were incubated in a 1:1,000 dilution of biotinylated goat
antihuman IgG(H+L) (S-ABC, China) and 1:400 dilu-
tion of alkaline phosphatase streptavidin(S-ABC,
China) for 1 h in turn. Then, detection of immunore-
active clones was visualized by staining with 4-nitro blue
tetrazolium chloride (0.3 mg/ml)/5-bromo-4-chloro-3-
indolyl-phosphate (0.15 mg/ml) developing solution.

Sequencing analysis of immunoreactive clones

Positive clones were subcloned to monoclonality and
submitted to in vivo excision of pBK-CMV phagemids.
Plasmid DNA was extracted using plasmid DNA kit
(Huashun, China) and subjected to restriction enzyme
analysis. Clones representing different cDNA inserts
were sequenced by T3 (5¢-AATTAACCCTCACT
AAAGGG-3¢) and T7 (5¢-GTAATACGACTCACTA-
TAGGGC-3¢) primer at Genecore Company (Shang
Hai, China), using an ABI 3700 automated DNA se-
quencer. Insert-specific primers were designed as the
sequencing proceeded. Furthermore, 5¢-rapid amplifica-
tion of cDNA ends (5¢-RACE) was used to clone the
5¢end of the MMSA transcript.

Bioinformatics analysis

Sequence alignments were performed with BLAST
software on EMBL, Genbank and PROSITE databases.
Genes identical to entries in GenBank were classified as
known genes, whereas those that shared sequence iden-
tity only to ESTs and those that have no identity in both
GenBank and EST databases were designated as
unknown genes. The prediction of identified antigens
were aided with ORF Finder and BLAST genome.

Crude lysate ELISA procedure

The crude lysate ELISA (CrELISA) procedure was
implemented as previously described [47]. Protein
expression was induced with 2 mM IPTG, and pBK-
CMV-based phagemids were allowed to grow in LB
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medium for an additional 4 h at 37�C. The bacteria were
spun down and resuspended in a small volume of PBS
pH 7.2 containing 0.2 mM protease inhibitor AEBSF-
hydrochloride (Roche Diagnostics, Mannheim, Ger-
many). Cells were placed on ice and disrupted by soni-
cation (cole parmer, USA). Next, the lysates were
diluted in coating buffer (100 mM HEPES, pH 7.2),
then transferred to flat-bottomed F96 Maxisorp micro-
well plates (50 ll/well, Orange) and adsorbed for 2 h at
37�C. After antigen immobilization, plates were washed
twice with washing buffer (50 mM Tris, 150 mM sodium
chloride, pH 7.2) containing 0.1% Tween 20, and sub-
sequently twice without detergent. Fifty microliters of
human sera diluted in the ratio of 1:100 were added per
well and incubated for 1 h on an orbital shaker at
ambient temperature. Plates were washed again and
incubated for 1 h at room temperature with 50 ll/well of
goat antihuman IgG-AP (Sigma) diluted to 1:5,000 in
50 mM HEPES (pH 7.4) containing 3% (w/v) milk
powder. Plates were developed with 100 ll/well of sub-
strate solution for 10 min at 37�C, and adsorbance
values were measured immediately at 490 nm on a
DG5031 microplate reader (Nanjing Huadong Elec-
tronics Group CO. Ltd, China).

SYBR green real-time PCR for MMSA-1

Marrow mononuclear cells from ten patients with pri-
mary MM and three healthy donors were prepared by
Ficoll separation of heparin-blood samples. Total RNA
was prepared by the guanidinium thiocyanate method
and purified by using an mRNA isolation kit (Qiagen,
Germany). Cellular RNA was primed with a dT oligo-
nucleotide and reverse-transcribed with Superscript II
(Promega, Germany) according to the manufacturer’s
instructions. The cDNAs thus obtained were tested for
integrity by amplification of b-actin transcripts in a 30-
cycle PCR. The primers 5¢-TTGGGTTGTCCAGGAGT
TGATA-3¢ (forward) and 5¢-AGCACCTTCGCCCCTA
CAG-3¢ (reverse) were used to amplify a 84-bp fragment
ofMMSA-1 (multiple myeloma special antigen 1). A total
of 25 ll of the reaction system consisted of 1 ll cDNA,
6.25 U SYBR Green (Invitrogen Life Technologies,
Carlsbad, CA USA), 25 mM MgCl2 (3 ll), 2.5 mM
dNTP (S-ABC,China), each primer at 20 lM(Kangchen,
Shanghai, China), and 3 U of Taq DNA Polymerase
(Promega, Germany). Real-time reactions were con-
ducted in 100-ll thin-walled tubes and monitored using a
Rotor Gene 3000 (Corbett Research, Sydney, Australia).
The thermal cycling conditions for MMSA-1 were 5 min
at 94�C, followedby 40 cycles of 10 s at 94�C, 15 s at 58�C,
and 20 s at 72�C. PCR reactions were performed in trip-
licate, and the reproducibility of SYBR Green real-time
PCR was assessed by running samples independently on
different days. For electrophoretic analysis, PCR prod-
ucts were verified with ethidium-bromide-stained 2%
agarose gels to confirm amplification of the fragment with
the expected size.

Results

Analysis of the size of the constructed library and the
diversity of cDNA inserts

The cell line HMy2 cDNA library consisting of 1.58·106
recombinant bacteriophages was constructed for the first
time, and the proportion of recombinant phages was
96.4%. Colorless clones on NZY plates were picked up
into SM and the pBK-CMV phagemid was excised from
the ZAP express vector. After having been digested by
XhoI and EcoRI, the electrophoresis results showed that
the average exogenous insert of the recombinants was
about 1.7 kb (Fig. 1).

SEREX analysis of a myeloma cell cDNA library

In an attempt to identify genes associated with myeloma,
1·106 of recombinants were used to identify possible
seropositive clones. We repeated immunoscreening of all
these clones for four times and confirmed that 30 were
seropositive (Fig. 2). These clones were purified and
converted to pBK-CMV forms. Sequencing of the 5¢ and
3¢ regions of the cDNA inserts from the flanking T3 and
T7 promoter regions indicated that we had isolated 18
independent cDNA sequences.

Bioinformatics analysis

Further analysis was undertaken using BLAST program
to choose the antigens that potentially encoded MM-
associated antigens, which led to the isolation of six
known genes and 12 novel genes (Table. 1, 2). In add-
tion, the prediction of characterization of identified
antigens was shown in Table 3.

Fig. 1 The immunoscreening of myeloma with SEREX
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Reactivity of allogeneic sera via CrELISA

To examine the specific immunoreactivity of the anti-
gens, a panel of sera from eight patients with MM, 28
patients with acute leukemia, 16 patients with lym-
phoma, and 30 healthy volunteers were screened. In
total, we detected 12 independent cDNA clones that
potentially encoded myeloma antigens (Table 4). Con-
sequently, the optical density (OD) values of MMSA-3
and MMSA-7 were significantly higher in MM patients.

Relationship between MMSA-1 and b-actin gene
expression

The complete sequence of MMSA-1 obtained is
2,035 bp, using 5¢-RACE (Table 5). The baseline

Fig. 2 Inserts size estimation of recombinants by digestion. 1 DL
2000 marker, 2–11 inserts cDNA bands

Table 1 Known genes
identified by immunoscreening
of myeloma cDNA expression
library with SEREX

Accession
number

Homology Functional
significance

BC010139 Homo sapiens ring
finger protein 167

None

NM_005655 Homo sapiens Kruppel-like
factor 10 (KLF10)

Control cell proliferation,
growth, and differentiation

NM_003295 Homo sapiens tumor protein,
translationally controlled
1 (TPT1)

Nuclear targeting signal

AY117678 Homo sapiens p02 protein Hepatocarcinoma-related gene
AK128692 Homo sapiens cDNA

FLJ46859 fis
Nuclear targeting signal

NM_001379 Homo sapiens DNA
(cytosine-5-)-methyltransferase
1 (DNMT1)

Influences cell morphology
and adhesion

Table 2 Unknown genes identified by immunoscreening of myeloma cDNA expression library with SEREX

Designation Accession
number

Homology Accession
number

Descriptive
features

MMSA-1 AY952881 Homo sapiens
zinc finger

BC012826 DHHC domain

MMSA-2 AY952882 Homo sapiens cDNA
FLJ41464 fis

AK123458 Highly similar to POLY(RC)
BINDING PROTEIN 2

MMSA-3 AY952883 Homo sapiens mitochondrial
isoleucine tRNA synthetase
(FLJ10326

NM_018060 None

MMSA-4 AY952884 Homo sapiens cDNA
FLJ27337 fis

AK130847 Highly similar to translationally
controlled tumor protein

MMSA-5 AY952886 Homo sapiens formin
binding protein 1 ((FNBP1)

NM_015033 Induces tubular membrane
invaginations and participates
in endocytosis

MMSA-6 AY952887 Homo sapiens clone 24536
mRNA sequence

AF052166 Similar to homo sapiens
dihydrolipoamide
dehydrogenase-binding protein

MMSA-7 AY952888 Homo sapiens IkB kinase-a
(IKK-alpha)

AF080157 Inactivation of NF-kappaB

MMSA-8 AY952889 Homo sapiens ribosomal
protein 27a

BC053371 Ribosomal protein

MMSA-9 AY952890 CNSLT_cDNA CR625763 None
MMSA-11 AY960626 LOC468168 XM_523559.1 Pan troglodytes similar to ring

finger protein 167
MMSA-12 AY960627 L-plastin BC007673 Lymphocyte cytosolic protein
MMSA-13 DQ000492 Homo sapiens gamma-

glutamyltransferase 1
BC035341.1 Metabolism
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threshold and Ct values were calculated automatically,
and the concentration of mRNA was determined by
fluorescence detection. The standard curve and the
amplification curves of MMSA-1 gene are shown in
Figs. 3 and 4. Moreover, the amount of MMSA-1
mRNA expression was obtained relative to that of the
housekeeping gene. The mean of b-actin, MMSA-1, and
MMSA-1/b-actin were 1.86·10�2, 6.52·10�4, and
8.31·10�1 for patients with primary MM, respectively,
and 1.06·10�2, 4.54·10�4, and 4.28·10�2 for healthy
donors, respectively. To confirm amplification specific-
ity, the PCR products were subjected to a melting-curve
analysis followed by a 2% agarose gel electrophoresis.

Discussion

Immunotherapy is expected to offer long-term disease
control, or even possibly a cure. The characterization of
tumor-associated antigens, recognized by cellular or hu-
moral effectors of the immune system, represents a new
perspective for cancer immunotherapy [18, 30, 41].
Dendritic cells loaded with tumor-associated antigens
can prevent disease relapse in patients with MM [36].
To circumvent some of the current challenges associated

with active immunotherapy, such as tumor heterogeneity,
immune escape, and antigen loss variants, the number of
validated specific targets for immunotherapy should be
maximized. SEREX is a major advancement in immun-
oscreening that has resulted in the identification of a large
number of autoantigens, and an array of autoimmuno-
genic tumor antigens has been identified by autologous
CTLs [17, 29]. There is growing evidence that MM are
susceptible to CTL-based immune interventions [24].

In the current study, we used SEREX to explore new
antigens associated with MM. Thirty positive cDNA
clones potentially encoding MM-associated antigens
were identified, including six known genes and 12 novel
genes. The 18 antigens identified in this SEREX analysis
of myeloma represent a diverse group of proteins,
including zinc-finger proteins (e.g., Kruppel-like tran-
scription factor 10; KLF10), testis-related proteins (e.g.,
p02 protein), membrane-associated proteins (e.g.,
MMSA-5), RNA-binding proteins (e.g., MMSA-6),
signal transducers (e.g., MMSA-7), ribosomal proteins
(e.g., MMSA-8), cytoplasmic proteins (e.g., MMSA-12),
and metabolic enzymes (e.g., MMSA-13).

As a whole, six known characterized genes—ring
finger protein 167, KLF10, TPT1, p02 protein, cDNA
FLJ46859 fis, and DNA methyltransferase 1

Table 3 prediction of unknown genes by bioinformatics

Designation Accession
number

Gene size
(kb)

Amino acid
size

Coding
region

Chromatosome
localization

MMSA-1 AY952881 0.802 None Xq27
MMSA-2 AY952882 0.786 None 12q13
MMSA-3 AY952883 0.859 215 18-665 1q41
MMSA-4 AY952884 0.849 None Unknown
MMSA-5 AY952886 0.507 None 9q34
MMSA-6 AY952887 0.667 None 11p13
MMSA-7 AY952888 0.692 162 Segment 18-504 10q24-25
MMSA-8 AY952889 0.581 160 26-508 16q21
MMSA-9 AY952890 0.669 None 7q21
MMSA-11 AY960626 0.51 122 59–414 17p13
MMSA-12 AY960627 0.77 None 13q14
MMSA-13 DQ000492 0.507 156 Segment 38-507 22q11

Table 4 MMSAs reactive with sera from normal donors and patients with hematological malignancies

Designation Accession
number

Myeloma Normal
donors

Leukemia
(M2)

Leukemia
(M4)

Leukemia
(M5)

Non-Hodgkin
lymphomas
(NHL)

Hodgkin
lymphomas
(HL)

MMSA-1 AY952881 0.66 0.32 0.26 0.36 0.31 0.68 0.37
MMSA-2 AY952882 0.71 0.03 0.58 0.09 0.09 0.14 0.29
MMSA-3 AY952883 0.89 0.06 0.03 0.43 0.09 0.12 0.26
MMSA-4 AY952884 0.36 0.05 0.37 0.21 0.62 0.48 0.40
MMSA-5 AY952886 0.32 0.09 0.12 0.02 0.04 0.07 0.10
MMSA-6 AY952887 0.61 0.09 0.02 0.11 0.08 0.09 0.51
MMSA-7 AY952888 1.32 0 0.83 0.03 0.39 0.48 0.61
MMSA-8 AY952889 0.67 0.06 1.04 0.36 0.14 0.84 0.21
MMSA-9 AY952890 0.61 0.67 0.66 0.46 0.51 0.65 0.07
MMSA-11 AY960626 0.53 0 0.06 0.39 0.31 0.25 0.54
MMSA-12 AY960627 0.60 0 0.59 0.76 0.43 0.58 0.14
MMSA-13 DQ000492 0.66 0.01 0.69 0.07 0.33 0.17 0.16
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(DNMT1)—were related to the development of different
tumors. In brief, the KLF’s family is made up of 15
C2H2 zinc-finger proteins involved in vertebrate devel-
opment, and it is able to control cell proliferation,
growth, and differentiation. KLF10, an early growth-
response gene that encodes a zinc-finger transcription
factor, is potentially involved in cell-cycle regulation [7].
The translationally controlled tumor protein (TCTP) is
encoded by the Tpt1 gene that is highly conserved
throughout phylogeny [25]. TCTP expression is highly
regulated both at the transcriptional and translational
levels and by a wide range of extracellular signals. TCTP
has been implicated in important cellular processes, such

as cell growth, cell-cycle progression, malignant trans-
formation, and in the protection of cells against various
stress conditions and apoptosis [3, 15]. The DNMT1
gene is among the better known epigenetic systems that
can regulate normal and abnormal gene expression as
well as create hot spots for DNA mutations. There are
data indicating a significantly increased expression of the
DNMT1 mRNA in some cases, which suggests a role of
the DNMT1 gene in the transformation/oncogenesis
in human lymphomas and in gastric and multistage
urothelial carcinomas [13, 14, 28, 34]. Strong overex-

Table 5 Sequence name:
MMSA-1

Fig. 4 Real-time PCR amplification of MMSA-1

Fig. 3 The standard curve of the MMSA-1
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pression of DNMT1 most probably contributes to the
frequently found aberrant hypermethylation in myelo-
dysplastic syndrome, and might explain the promising
clinical response of these patients to treatment with
DNMT inhibitors [21]. DNMT1 is also one of the major
targets of doxorubicin resulting in drug-induced apop-
tosis in human cancer cells [49].

In the present study, we applied bioinformatics to
the 12 novel antigens named MMSAs. Among them,
MMSA-3, MMSA-8, and MMSA-11 encode 215, 160,
and 122 amino acids, respectively. Through the BLAST
genome, sequences identified in the present study could
be mapped to their corresponding chromosomal loci,
and all the novel antigens (except MMSA-1) may be
located on an autosome. The identification of the genes
that have properties similar to known targets is
conceptually straightforward. For example, MMSA-4
may be highly similar to TCTP; MMSA-5 may induce
tubular membrane invaginations and participate in
endocytosis; MMSA-7 may inactivate nuclear factor-
kappaB (NF-kappaB); and MMSA-12 may be one of
the lymphocyte cytosolic proteins. Computational pre-
diction is a necessary step in identifying target immune
responses, and its application to our data may bridge
the gap between biological knowledge and clinical
therapy.

We used CrELISA to evaluate 12 MMSA proteins
using sera from 82 subjects. Among the novel genes,
MMSA-3 and MMSA-7 exhibited higher OD values in
MM patients than in normal donors. The involvement
of NF-kappaB in the cell survival and proliferation of
MM has been well established. The findings of Sanda
et al. [39] indicate that IkappaB kinase inhibitors such
as ACHP can sensitize myeloma cells, in response to
the cytotoxic effects of chemotherapeutic agents, by
blocking the antiapoptotic nature of myeloma cells
endowed by the constitutive activation of NF-kappaB.
Thus, MMSA-7 might be the first candidate for a
serum tumor marker and a potential target for immu-
notherapy.

Our SEREX study led to the identification of 12
genes, and our characterization of one of them (MMSA-
1) by SYBR Green real-time PCR revealed that it pre-
sented a higher expression in MM than in normal cells.
Therefore, MMSA-1 presents with a high number of
copy messages in MM. Real-time reverse transcriptase
PCR is recognized as a highly sensitive and specific
method for the quantification of mRNA expression.
SYBR Green I dye simplifies the experimental design
but introduces the need for specific controls to maintain
high specificity [16, 26]. Therefore, we will further assess
the typical characteristics of MMSAs in normal and
other tumor specimens, and study CD4+ and CD8+ T
cell responses directed against these antigens.

In summary, we have found SEREX to be effective for
the isolation of MMSAs. The prediction of tumor anti-
gens provides potential targets for the immunotherapy of
MM patients and improves our understanding of carci-
nogenesis. In addtion, these SEREX-defined MMSAs

may be used to develop effective immunotherapeutics
consisting of multiple epitopes in order to induce a broad
and specific immune response against cancer cells.
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