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Antigen-specific vaccines are one of several molecularly tar-
geted approaches under investigation as possible treatments for
prostate cancer. Important to the development of vaccines is
the identification of appropriate target antigens. We hypothe-
sized that antigens of the prostate might be identified in patients
with the chronic prostatitis/pelvic pain syndrome, a syndrome
for which an autoimmune pathology has been proposed. Such
antigens might represent naturally recognized target antigens of
the prostate that could be investigated in the future as prostate
tumor antigens. In this report, we used SEREX to identify pro-
teins expressed in a prostate cDNA expression library recognized
by IgG from the sera of patients with chronic prostatitis. Can-
didate proteins were evaluated using a panel of sera from 62
subjects with symptomatic prostatitis and 71 control male blood
donors. We identified one protein that was recognized primar-
ily in sera from subjects with prostatitis compared with controls.
MAD-PRO-34, a nucleolar autoantigen, was recognized in 6/62
subjects and 0/71 controls (p = 0.00897). This protein had pre-
viously been identified as an autoantigen in patients with prostate
cancer. In addition, the NY-CO-7 protein was recognized in 9/62
subjects and 3/71 controls (p = 0.0654). Two subjects had IgG
specific for both the MAD-PRO-34 and NY-CO-7 gene products.
Our results demonstrate that some patients with the chronic pro-
statitis/pelvic pain syndrome have autoantibodies to specific pro-
teins. Proteins identified, and MAD-PRO-34 in particular, could
be further investigated as potential prostate tumor antigens.
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INTRODUCTION

There is considerable interest in the development of ther-
apeutic vaccines for the treatment of prostate cancer (1).
Critical to the development of these types of treatments
is the identification of appropriate target antigens which,
when targeted by vaccines, would induce prostate cancer
tissue destruction. Most current vaccines under preclin-
ical and clinical investigation for prostate cancer target
proteins whose expression is predominantly restricted to
the prostate, including prostate-specific antigen (PSA) (2,
3), prostatic acid phosphatase (PAP) (4, 5), and prostate-
specific membrane antigen (PSMA) (6, 7). Previous stud-
ies in melanoma, however, identified proteins that were
immunologically recognized by tumor infiltrating lym-
phocytes and by IgG from patients with melanoma (8–10).
The finding of these naturally recognized immunological
antigens has identified targets for vaccine development
(11–13). Unfortunately, for prostate cancer there has been
little evidence to date that the prostate-specific proteins
under preclinical and clinical investigation are the natural
targets of an immune response or are recognized by tumor
infiltrating lymphocytes. A possible exception is PSA, a
protein that has been identified as recognized by T cells
and antibodies in patients with chronic prostatitis, benign
prostatic hypertrophy, and androgen-independent prostate
cancer (14–18).

Chronic prostatitis is a common, enigmatic male diag-
nosis characterized by symptoms of perineal or genital

Abbreviations used: BSA, Bovine serum albumin; ECL, Enhanced
chemiluminescence; IPTG, Isopropyl β-D-thiogalactopyranoside; PAP,
Prostatic acid phosphatase; PBS, Phosphate buffered saline; PCR,
Polymerase chain reaction; pfu, Plaque forming units; PSA, Prostate-
specific antigen; PSMA, Prostate-specific membrane antigen; PVDF,
Polyvinylidene fluoride; SDS-PAGE, Sodium dodecyl sulfate poly-
acrylamide gel electrophoresis; SEREX, Serological identification of
antigens by recombinant expression cloning.
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pain, voiding symptoms, and/or sexual dysfunction. The
name implies an association with inflammatory cells
within the prostate, however studies have varied in the re-
ports of histological evidence of prostate tissue inflamma-
tion, with some reporting 88%, and others reporting only
5% of moderate to severe chronic inflammation in patients
with prostatitis symptoms (19). To date, there has been no
consensus on the etiology of chronic prostatitis and, in fact,
it may represent a variety of different etiologies, includ-
ing viral or bacterial pathogens or a pelvic neuromuscular
disorder. While viral or bacterial etiologies have been pro-
posed, a specific pathogen has not to date been identified
(20). Many recent studies have suggested an autoimmune
component to the disease. Prostate biopsies in these pa-
tients have demonstrated intra-acinar T cell infiltrates, and
serum and ejaculate specimens from these patients have
elevated levels of inflammatory cytokines (21, 22). In ad-
dition, investigators have demonstrated prostate autoreac-
tive immune responses in the blood or seminal fluid of
some of these patients (14, 18, 23, 24). Finally, rodent
models of experimentally-induced prostate inflammation
by means of vaccines have suggested that dominant anti-
gens of the prostate exist and can be identified by Western
blot analysis (25).

SEREX, serological identification of antigens by
recombinant expression cloning, is a well-established
technique that has been applied to identify antigen-specific
IgG responses in a variety of tumor systems (26). In the
typical application, sera from cancer patients are used to
screen cDNA expression libraries constructed from either
autologous tumor samples or cancer cell lines. Results
from SEREX analysis have identified proteins that are
also the target of cytotoxic T cell responses, making this
a robust method for the identification of potential tumor
antigens (8–10, 26). To date, there has been little appli-
cation of this strategy to identify antigens recognized in
sera from patients with prostate cancer and no use of this
technique with sera from subjects with chronic prostatitis.

In the current study, we hypothesized that naturally rec-
ognized antigens of the prostate might be identified in pa-
tients with chronic prostatitis. We reasoned that antigens
identified in these subjects might suggest antigenic targets
for vaccine development, as evidence would already sug-
gest that tolerance to these proteins could be overcome
in vivo. Consequently, sera were collected from 62 sub-
jects with symptomatic chronic prostatitis and 71 male
controls. SEREX was then used to identify IgG-specific
responses to proteins expressed in normal prostate tissue
from a subset of these subjects, and identified proteins
were evaluated in the larger panel of sera from all pro-
statitis and normal blood donors. By this analysis, we
have identified two proteins, MAD-PRO-34, a nucleolar

autoantigen, and NY-CO-7, which are recognized pref-
erentially in subjects with chronic prostatitis compared
with normal donors. The MAD-PRO-34 antigen was pre-
viously identified as a protein potentially overexpressed in
prostate cancer tissue, and immunologically recognized in
sera from patients with prostate cancer. Our findings sug-
gest that the antigens identified represent naturally recog-
nized antigens that could potentially be further explored
as tumor vaccine antigens.

MATERIALS AND METHODS

Subject Population

Sera were obtained from consenting patients with clini-
cal histories of chronic, relapsing symptomatic prostatitis
(n = 62) as well as from male volunteer blood donors
without histories of prostatitis symptoms (n = 71) at the
Urology Clinic at the University of Washington Medical
Center between 1998 and 2001 as part of an IRB-approved
protocol. Sera were stored in aliquots at −80◦C until used.

Western Blot Analysis

Cellular extracts were prepared from a prostate-specific
cell line, LNCaP (human prostate cancer metastatic to
lymph node) and a non-prostate derived cell line, K562
(human chronic myelogenous leukemia) by gentle lysis
in buffer containing 50 mM Tris 7.5, 150 mM NaCl,
1% Triton X-100, and 1 mM phenylmethylsulphonyl flu-
oride. 50 µg of protein lysates were then separated by
SDS-PAGE on an 8% polyacrylamide gel and transferred
to Immobilon-P PVDF membranes (Millipore, Bedford,
MA). Membranes were then probed individually with
human sera (diluted 1:100 in PBS, 1% BSA and 0.1%
Tween-20) from individual symptomatic subjects as pri-
mary antibody. IgG reactivity was then detected with
1:5000 dilution of sheep antihuman IgG conjugated to
horseradish peroxidase (Amersham Biosciences, Arling-
ton Heights, IL) and developed with ECL+ (Amersham)
and the image recorded with a Storm 860 Phosphorimager
(Molecular Dynamics). Sera that showed immunoreactiv-
ity to proteins in the prostate-specific LNCaP cell line, but
not the K562 line, were prioritized for specific evaluation
using SEREX.

SEREX (Serological Analysis of Recombinant
cDNA Expression Library)

A λ phage cDNA expression library made from nor-
mal human prostate tissue mRNA (TriplEx, Clontech,
Palo Alto, CA) was used to transduce the E. coli strain
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XL-1 Blue (Stratagene, La Jolla, CA). Transduced bacte-
ria were then plated in top agarose in a lawn at a plaque
density of 20,000 pfu per 150-mm LB agar plate. Mul-
tiple agar plates were prepared, such that 360,000 pfu
were ultimately screened for each primary immunoscreen.
After plaques developed, nitrocellulose filters (Millipore,
Bedford, MA), presoaked with 10-mM isopropyl β-
D-thiogalactopyranoside (IPTG) were overlaid to induce
expression of recombinant proteins. After 12–16 h, the
membranes were removed, washed twice with 10-mM
Tris 8.0, 150-mM NaCl, 0.5% Tween-20 (TBST), and
once with 10-mM Tris 8.0, 150-mM NaCl (TBS), blocked
with TBST + 1% BSA, and then probed with human
sera diluted 1:100 in TBST + 1% BSA overnight. Mem-
branes were then washed and blocked again, and human
IgG was detected with an alkaline phosphatase-conjugated
monoclonal antihuman IgG antiserum (Sigma, St. Louis,
MO) diluted in TBST + 1% BSA. After repeated wash-
ing, the membranes were developed with 0.3 mg/mL
nitro blue tetrazolium chloride (NBT) (Fisher Biotech,
Pittsburgh, PA) and 0.15 mg/mL 5-bromo 4-chloro 3-
indoylphosphate (BCIP) (Fisher Biotech) in 100-mM Tris
9.5, 100-mM NaCl, and 5-mM MgCl2. For each of these
primary screenings, pairs of human sera from subjects
prioritized by the Western blot analysis were used to in-
crease the efficiency of primary screening. No specific
criteria were used to pair individual sera. Immunoreac-
tive plaques were then removed from the correspond-
ing agar plates and the phage eluted overnight in SM
buffer (100-mM NaCl, 10-mM MgSO4, 35-µM Tris 7.5,
and 0.01% gelatin). A secondary screening was then per-
formed prior to plaque purification in order to reduce the
number of false-positive plaques and increase the yield
of potentially prostatitis-specific immunoreactive plaques.
For this screening, an aliquot of each eluted heteroge-
neous plaque was individually spotted in replicate fashion
onto lawns of E. coli growing on LB agar plates. Plaques
were allowed to develop as before, and then transferred to
IPTG-impregnated nitrocellulose membranes. The mem-
branes were then screened with sera from 10 separate (not
used for primary screening) symptomatic prostatitis pa-
tients or 10 male controls in the manner detailed above.
Only those phage that demonstrated immunoreactivity in
sera from the prostatitis subjects compared with controls
were then plaque-purified by re-screening as above at low
plaque density with the sera used for the original identifi-
cation. Plaques were then rescued to pBluescript-derived
phagemids by transduction of the recombinase-positive
E. coli strain BM25.8 (Clontech). Recombinant bacteria
were selected on ampicillin-containing media, and puri-
fied plasmids were then sequenced using plasmid-specific
primers and the ABI BigDye terminator sequencing reac-

tions (Perkin-Elmer, Foster City, CA) by the University
of Wisconsin Biotechnology Center. Genbank database
searches were used to identify the gene products encoded
by recombinant plasmid/phage. Gene products were la-
beled according to the standard SEREX database nomen-
clature (MAD for “Madison,” PRO for “prostatitis”).

Immunoblot Screening

Purified phage corresponding to each of the sequenced
plasmids were then analyzed for immunoreactivity using
the entire panel of sera from the 62 prostatitis subjects
and 71 normal controls. Lawns of XL-1 Blue E. coli were
grown on LB agar plates, as above, and purified plaques
were individually spotted onto the lawns in replicate fash-
ion. A phage encoding human IgG was included on each
membrane as a positive control, and an irrelevant purified
phage was included on each membrane as a negative con-
trol. Protein expression was induced with IPTG and trans-
ferred to nitrocellulose membranes, as described above.
Sera from each of the subjects and controls were used to
screen the membranes, as detailed above. Immunoreactive
plaques were recorded for each of the subjects and con-
trols by observation compared with the internal positive
and negative control plaques. A plaque was defined as pos-
itive if there was accordance among at least three of four
independent observers, to reduce the possibility of sub-
jective interpretation. Comparison among subject groups
was made with a Fisher’s exact test.

Northern Blot Analysis

A MAD-PRO-34 gene-specific DNA probe was pre-
pared by PCR amplification of a 200 bp DNA fragment us-
ing gene-specific primers 5′-ACTGCAACGCTTTGCCA
TCC-3′ and 5′-AATCCCAGCATTCTGGGAGG-3′. The
recovered plasmid encoding MAD-PRO-34 was used as
the DNA template for the amplification reaction. The
resulting DNA fragment was purified following elec-
trophoretic resolution on an agarose gel (QIAquick,
Qiagen, Valencia, CA), and 100 ng of DNA was ran-
domly biotinylated using a SpotLight Random Primer
Labeling kit, according to the manufacturer’s instructions
(BD Biosciences-Clontech, Palo Alto, CA). The biotiny-
lated probe was then hybridized to RNA derived from mul-
tiple human tissues (MTE human array, BD Biosciences-
Clontech), as recommended by the manufacturer. The
signal was visualized by chemiluminescence (Spot-
Light Chemiluminescent Hybridization and Detection
kit, BD Biosciences-Clontech) on radiographic film and
captured by a Storm860 Phosphorimager (Molecular
Dynamics). mRNA expression levels among the various
tissues were semiquantitatively evaluated by densitometry
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analysis (ImageQuantTM software, Molecular Dynamics,
version 5.2).

Quantitative PCR Analysis

cDNA specimens were previously prepared from eight
malignant prostate tumor tissues and eight matched nor-
mal prostate tissues from the same subjects, as well
as from 10 metastatic prostate cancer deposits from 10
other subjects. These cDNA samples were kindly pro-
vided by Dr. Robert Vessella (University of Washing-
ton). The molar quantity of MAD-PRO-34 cDNA was
determined in each matched pair and the 10 metastatic
prostate cDNA samples by quantitative PCR using
an iCycler instrument (BioRad, Hercules, CA) accord-
ing to published protocols (http://www.bio-rad.com/Life-
Science/pdf/Bulletin 2915.pdf). Specifically, each of the
10 matched pairs of normal and malignant prostate tissue
cDNA, or 10 metastatic cDNA samples, was used as tem-
plate DNA in 50 PCR amplification cycles using either the
MAD-PRO-34 gene-specific primers described above, or
actin-specific primers (Promega) to control for the qual-
ity of the template cDNAs. The amount of gene-specific
message was quantified by intercalation of SYBR green
I dye into formed dsDNA, and calibrated against a stan-
dard curve using known molar concentrations of plasmid
DNA containing the cDNA for either MAD-PRO-34 or
actin. The moles of MAD-PRO-34 cDNA were then nor-
malized to the moles actin cDNA, to provide a reference
among different cDNA samples tested.

RESULTS

Prostate Tissue-Associated IgG Can Be Detected
in Some Patients with Chronic Prostatitis

Sera were obtained from 62 subjects with symptomatic
chronic prostatitis and 71 asymptomatic male controls.
Because of the infeasibility of screening all 62 subjects
with prostatitis by SEREX, sera were first prioritized
for comprehensive screening using Western blot analy-
sis. Specifically, cell line extracts were prepared from
the prostate cancer cell line LNCaP, and a control hu-
man leukemia cell line, K562. Proteins were separated by
SDS-PAGE and transferred to nitrocellulose membranes.
Membranes were then evaluated in a Western blot using
sera from patients and controls as a primary antibody.
Figure 1 shows a representative example demonstrating
IgG responses to proteins expressed in the LNCaP line but
not in the K562 cell line. The identity of these immunore-
active bands was not determined, and while they could

Fig. 1. Prostate tissue-associated IgG can be detected in some patients
with chronic prostatitis. Sera from four subjects with chronic prostati-
tis (A–D) were diluted 1:100 and used as primary antibody in a West-
ern blot experiment using 50-µg protein lysates of the LNCaP human
prostate cancer cell line (L) compared with lysates from the control hu-
man non-prostate K562 cell line (K). Arrows indicate immunoreactive
bands identified in the prostate cell line lysate but not the control lysate.

represent minor histocompatibility antigens or other irrel-
evant proteins present in the allogeneic LNCaP cell line,
these sera were prioritized for further evaluation as hav-
ing some evidence of prostate-associated IgG reactivity.
Twelve sera were chosen for which one or more bands
were identified in the prostate-specific cell line extract.

Prostate Protein-Specific IgG Can Be Identified in the Sera
of Subjects with Chronic Prostatitis Using SEREX

SEREX screening was then used to identify proteins ex-
pressed in normal prostate tissue recognized by IgG in the
12 prioritized sera. An overview of the approach and rep-
resentative data are shown in Fig. 2. As shown, sera were
paired to increase the efficiency of primary screening and
used to complete six comprehensive screenings of 360,000
pfu of a lambda phage cDNA expression library derived
from normal prostate cDNA. 781 plaques were identified
following these screenings. In the typical application of
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Fig. 2. SEREX screening methodology and representative data. A: Schema for the SEREX methodology
used to identify prostate-associated IgG responses from the sera of subjects with chronic prostatitis.
Repetitive primary screening was performed until 360,000 pfu of the cDNA expression library were
evaluated. Potential positives were then arrayed and screened against a panel of sera from 10 prostatitis
patients and 10 normal controls to exclude false positive and irrelevant plaques. Immunoreactive plaques
using sera from subjects with prostatitis but not normal controls were then plaque-purified, rescued to
phagemids, and sequenced to identify the encoded cDNA. B: Representative data obtained at each stage.

SEREX, the 781 identified plaques would then be purified
and sequenced. However, given that we were using an allo-
geneic library, we wished to exclude false positive results
and irrelevant plaques that could either not be re-identified
using the same sera or phage encoding proteins that were
“positive” in all subjects (such as phage encoding IgG).
The heterogeneous plaques were therefore subjected to
a secondary screening with sera from 10 separate sub-
jects with symptomatic prostatitis and 10 male controls
(Fig. 2). Only plaques specifically recognized in the sera
of subjects with prostatitis were then selected for purifi-
cation, a total of 105 plaques. A summary of the num-
ber of plaques screened and chosen or eliminated from
further evaluation at each step in the prioritization pro-
cess is shown in Table I. After plaque purification, phage
were rescued to phagemids and sequenced, and 51 unique

Table I. Summary of Screening Results

Pt sera screen Phage screened Immunoreactive plaques Prioritized phage Unique sequenced phage

1 360,000 196 14 4
2 360,000 80 8 5
3 360,000 152 8 5
4 360,000 170 38 19
5 360,000 136 21 11
6 360,000 47 16 7
Total 2,160,000 781 105 51

Note. Six screens, using paired sera from 12 subjects with chronic prostatitis, were performed to identify immunore-
active phage. Shown is the number of phage prioritized or eliminated at each stage of evaluation.

purified gene products (MAD-PRO-1-51) were identified
(Table II).

Subjects with Chronic Prostatitis Have Prostate
Protein-Specific IgG Responses Compared
with Volunteer Male Blood Donors

Purified phage encoding the 51 gene products were
then re-arrayed as in the secondary SEREX screening
above for comprehensive evaluation of the candidate gene
products using the sera from all 62 symptomatic and 71
asymptomatic subjects. A representative example of this
data is shown in Fig. 3. To reduce subjective analysis
of the data, four independent reviewers then analyzed
all of the membranes for immunoreactive spots; individ-
ual phage plaques were scored as “positive” if there was
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Table II. Antigen-Specific IgG Identified in the Sera of Subjects with Chronic Prostatitis Using SEREX

Phage clone GenBank accession Description

MAD-PRO-1 NM 006423.1 Rab acceptor
MAD-PRO-2 NM 007124.1 U-trophin
MAD-PRO-3 AC009634.9 RP11-413C18 DNA from chromosome 8
MAD-PRO-4 NM 000484.1 Amyloid Beta (4) precursor protein
MAD-PRO-5 NM 001396.2 Dual Specificity tyrosine phosphorylation regulated kinase 1A
MAD-PRO-6 NM 002709.1 Protein phosphatase 1
MAD-PRO-7 AC005822.1 hRPK.209 J 20 DNA from chromosome 17
MAD-PRO-8 AF308301.1/NM 030811.2 NY-BR-87/Ribosomal protein S26
MAD-PRO-9 NM 014761.1 KIAA0174 from chromosome 16
MAD-PRO-10 AF273042.1 Cutaneous T cell lymphoma tumor antigen sel-1
MAD-PRO-11 NM 001114.1 Adenylate cyclase 7
MAD-PRO-12 AK096728.1 FLJ39409 cDNA
MAD-PRO-13 NM 001747.1 Macrophage capping protein gelsolin-like (CAPG)
MAD-PRO-14 NM 000717.2 Carbonic anhydrase IV
MAD-PRO-15 NM 001011.2 Ribosomal protein S7
MAD-PRO-16 AL136040.5 BAC C-2506P8 from chromosome 14
MAD-PRO-17 AC008806.4 CTD-2086020 DNA from chromosome 19
MAD-PRO-18 AC084864.4 RP11-738B7 DNA from chromosome 7
MAD-PRO-19 NM 003750.1 Eukaryotic translation initiation factor 3
MAD-PRO-20 AY005822.1 Peroxisomal long-chain acyl CoA thioesterase
MAD-PRO-21 NM 001813.1 Centromere protein E
MAD-PRO-22 M27274.1 Prostate specific antigen (PSA)
MAD-PRO-23 NM 012116.2 Cas-Br-M ecotropic retroviral transforming sequence c (CBLC)
MAD-PRO-24 NM 015435.2 Ring finger protein 19 (RNF19)
MAD-PRO-25 AF380184.1 SON DNA binding protein isoform F
MAD-PRO-26 BC006286.3 Dual specificity phosphatase 12
MAD-PRO-27 NM 144767.1/BC017368.1/AF126008.1 Protein kinase A anchor protein 13/lymphoid blast crisis

oncogene/breast cancer nuclear receptor-binding auxiliary protein (BRX)
MAD-PRO-28 AC073879.7 BAC RP11-752K22 from chromosome 2
MAD-PRO-29 AB017363.1 Frizzled-1
MAD-PRO-30 L07872.1 Recombination signal binding protein (RBPJK)
MAD-PRO-31 AL365273.25 RP11-429G19 DNA on chromosome 10
MAD-PRO-32 XM 047011.2 o-fucosyltransferase
MAD-PRO-33 NM 017582.3 NICE 5
MAD-PRO-34 NM 006455.1 Nucleolar autoantigen
MAD-PRO-35 NM 014190.1 Adducin 1
MAD-PRO-36 AL138752.5 RP11-3J10 on chromosome 9
MAD-PRO-37 BC024007.1 Chitobiase
MAD-PRO-38 AK001572.1 FLJ10710 cDNA
MAD-PRO-39 AL356915.19 RP11-179F17 DNA on chromosome 13
MAD-PRO-40 NM 006117.1/AF257175.1 Peroxisomal D3,D2 enoyl CoA isomerase/

Hepatocellular carcinoma-associated antigen 64
MAD-PRO-41 XM 033511.8 Helicase with SNF2 domain
MAD-PRO-42 AF039689.1/XM 083939.1/AF432221.1 NY-CO-7/STUB1/CLL-associated antigen KW-8
MAD-PRO-43 AC021558.10 RP11-746L20 DNA from chromosome 8
MAD-PRO-44 NM 031946.2 Centaurin gamma 3
MAD-PRO-45 BC034250.1 Pituitary tumor-transforming 1 interacting protein
MAD-PRO-46 AC069506.14 BAC RP11-321G3
MAD-PRO-47 AC011489.6 CTB-179K24 DNA on chromosome 19
MAD-PRO-48 NM 145728.1 Desmuslin
MAD-PRO-49 NM 032415.2 Caspase domain recruitment (CARD11)
MAD-PRO-50 NM 003379.3 Cytovillin 2
MAD-PRO-51 BC029529.1 Beta tubulin

Note. Shown are the identities and GenBank accessions of the 51 antigens identified and prioritized by SEREX screening.

concordance among at least three of the four reviewers.
Immunoreactivity of individual phage-encoded proteins
was then tabulated for the entire prostatitis patient pop-
ulation compared with the control population, as shown
in Fig. 4. Two proteins showed relative specificity for the
subject population compared with the control population,

as highlighted in Fig. 4. Specifically, MAD-PRO-34, a nu-
cleolar autoantigen previously identified as an immuno-
logically recognized protein in a patient with chronic in-
terstitial cystitis (27) and in patients with prostate cancer
(28), was recognized in 6/62 subjects and 0/71 controls
(p = 0.00897, Fisher’s exact test). In addition, a trend
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Fig. 3. Antigen-specific IgG responses can be identified by immunoblot screening. Representative immunoblot screen with purified
phage with sera from a subject with symptomatic prostatitis (panel A) or a normal control (panel B). Plaques arrayed as in panel
C, with individual plaques encoding the following: A—MAD-PRO-30; B—MAD-PRO-33; C— MAD-PRO-34; D—IgG (positive
control).

toward patient specificity was seen with the NY-CO-7 pro-
tein (MAD-PRO-42), previously identified as an autoanti-
gen recognized in sera from patients with colon cancer
(29) and chronic lymphocytic leukemia (30). In the cur-
rent analysis, NY-CO-7 was recognized in 9/62 subjects
and 3/71 controls (p = 0.0654, Fisher’s exact test). Of
note, sera from two of the 62 prostatitis subjects had IgG
specific for both the MAD-PRO-34 nucleolar autoantigen
and the NY-CO-7 gene products.

MAD-PRO-34 Is Expressed in Several Normal
Tissues, and Expressed in Prostate Cancer

The tissue expression of MAD-PRO-34 was evaluated
by Northern blot analysis using an RNA multiblot array
(Clontech). This array contains RNA from 50 normal hu-
man tissues, including brain, spinal cord, heart, muscle,
colon, lung, liver, pancreas, bone marrow, testis, ovary,
prostate, breast, various fetal tissues, and various can-
cer cell lines. The results from this analysis are shown
in Fig. 5A. Densitometry analysis was then conducted to
determine relative levels of mRNA from the various tis-
sues (Fig. 5B). As shown, mRNA could be detected in
many normal tissues, with the highest relative levels of
expression seen in peripheral blood leukocytes, spleen,
prostate, testis, placenta, liver, and stomach. To determine
if MAD-PRO-34 is likely expressed in prostate cancer
tissue, quantitative real time PCR was performed using
cDNA prepared from 10 matched normal and malignant

prostate tissue samples, as well as from cDNA prepared
from metastatic prostate tissue samples obtained from
10 separate individuals. As shown in Fig. 6, mRNA for
MAD-PRO-34 could be detected in both normal and ma-
lignant prostate tissue. With the exception of one matched
pair, expression in the malignant prostate tissue was not

Fig. 4. Subjects with chronic prostatitis have prostate protein-specific
IgG responses compared with volunteer male blood donors. Sera were
screened by immunoblot analysis with all 133 sera. Columns indicate in-
dividual sera from subjects or controls. Rows indicate data for individual
plaques expressing individual gene products (n = 57) or IgG-expressing
positive controls (n = 3). 1 = MAD-PRO-42 (NY-CO-7), 2 = MAD-
PRO-34. Black boxes indicate positive IgG responses identified by at
least three of four independent reviewers.
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Fig. 5. MAD-PRO-34 mRNA can be detected in several normal tissues. Northern blot analysis was conducted with a multi-tissue RNA
array using a MAD-PRO-34 gene-specific DNA probe (panel A). Relative levels of mRNA in the various tissues were determined
by densitometry (panel B).
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Fig. 6. MAD-PRO-34 mRNA can be detected in prostate cancer specimens. Real time PCR was conducted to determine
molar quantities of MAD-PRO-34 and actin mRNA in cDNA prepared from eight matched normal (N) and malignant (C)
prostate tissue specimens (panel A) and from 10 metastatic prostate tissue specimens (panel B). Shown is the molar quantity
of MAD-PRO-34 normalized for each specimen to the molar quantity of actin.

significantly different from expression in the correspond-
ing normal prostate tissue. Relative expression, compared
with actin, was not significantly different in the metastatic
prostate tissue samples from separate individuals com-
pared with the normal prostate tissues (Fig. 6B).

DISCUSSION

One of the barriers to tumor vaccine development has
been the identification of appropriate target antigens. In the
current study we hypothesized that patients with chronic
prostatitis might have antigen-specific immune responses
to prostate-associated proteins. Such antigens might sug-
gest naturally recognized target antigens that could be fur-
ther investigated as possible prostate cancer tumor anti-
gens. The SEREX methodology has been widely used to
identify tumor antigens recognized by IgG, antigens fre-
quently also recognized by CD4 and CD8 T cells (10,
31). We report here the first analysis, to our knowledge, of
the identification of IgG responses in patients with chronic
prostatitis. Using the SEREX methodology, we have iden-
tified two proteins, MAD-PRO-34 and the NY-CO-7 anti-
gen, as proteins recognized albeit in a minority of patients,
yet distinct from a control male blood donor population.

In the usual application of the SEREX method, a cDNA
expression library is constructed from mRNA from tumor
tissue and screened with sera from patients (autologous or
allogeneic) with that cancer. Identified plaques are puri-
fied and sequenced, generating lists of possible antigenic
proteins. This strategy has successfully led to the identi-
fication of hundreds of potential tumor antigens (32, 33).
Unfortunately, however, in many cases it has been diffi-
cult to prioritize specific antigens for further study and

exclude artifact or “uninteresting” proteins. Many studies
have furthermore simply been underpowered to detect dif-
ferences in subject and control populations. In the current
study we wished to identify proteins immunologically rec-
ognized in patients with chronic prostatitis. The analysis
was constructed to prioritize only those antigens recog-
nized in sera from subjects and not controls, to reduce the
number of potential false positive results and take advan-
tage of the statistical power of having a large population of
sera from patients and controls. By doing this, a potential
disadvantage is that we might have overlooked individual
proteins immunologically recognized in individual sub-
jects that might be important. In addition, sera was limit-
ing from many individuals to permit multiple evaluations
of the final large-scale evaluation, potentially biasing our
results against detecting weakly immunoreactive plaques.
An advantage to our approach, however, was that with a
large panel of sera from subjects and controls we had the
ability to evaluate responses in multiple subjects and con-
trols to individual proteins and identify responses specific
for the subject population. To our knowledge, this is the
only application of this method to identify proteins im-
munologically recognized in prostatitis, and is one of the
largest studies using a SEREX methodology.

Two proteins were identified as being recognized pref-
erentially in subjects with chronic prostatitis. Of interest,
both proteins were previously identified as autoantigens.
The NY-CO-7 protein was originally identified as an au-
toantigen recognized in sera from patients with colon can-
cer (29). It has also subsequently been identified as an im-
munologically recognized protein in patients with chronic
lymphocytic leukemia (30). The protein has more recently
been demonstrated to be an ubiquitin ligase, and therefore
likely ubiquitously expressed (34).
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The nucleolar autoantigen that we have designated
MAD-PRO-34 has previously been identified as an au-
toantigen in two separate reports. The first report of this
protein was as the dominantly recognized protein in a fe-
male subject with interstitial cystitis, a disease believed to
be autoimmune in etiology (27). More recently, another
group identified this protein, designated No55 in their re-
port, as an immunologically recognized protein in the sera
of two patients with prostate cancer (28). These investi-
gators, who screened a cDNA library prepared from the
DU145 prostate cancer cell line with sera from patients
with prostate cancer by SEREX, identified this protein
from the sera of two separate subjects. They went on to
demonstrate in a limited Northern blot analysis that the
protein was expressed in several normal tumors, but ap-
peared to be overexpressed in malignant prostate tissue.
Finally, they demonstrated that IgG antibody responses to
the protein could be detected in the sera of patients with
prostate cancer compared with controls (28). The function
of this protein is currently unknown, however its expres-
sion in tissues, by our analysis, with high levels of cell
turnover (stomach, bone marrow, liver, testis, fetal tissues,
malignant cells), with lower levels observed in tissues with
lower cell turnover (brain, heart, skeletal muscle) suggest
it may be involved in cell proliferation. Overexpression of
other nucleolar proteins have been identified as indepen-
dent predictors of higher risk, poor prognosis, and prostate
cancer (35, 36). It is unknown whether any of the subjects
with MAD-PRO-34-specific IgG exhibited signs of au-
toimmune disease to any of these other tissues.

Our findings differ somewhat from those reported by
Fossa and colleagues (28). In their report, they identified
most abundant expression, by mRNA analysis, of this gene
product in pancreas, prostate, and ovary tissues. They also
demonstrated overexpression, again by mRNA analysis, in
two of two metastatic prostate tissue specimens. As shown
in Fig. 5, the highest level of MAD-PRO-34 mRNA ex-
pression in our results was in liver and peripheral blood
leukocytes, whereas mRNA was not detected in these tis-
sues in the report of Fossa. Similarly, expression in the
ovary and pancreas was much lower in our results than they
reported. Our real time PCR analysis, likewise, while sug-
gesting that transcription of MAD-PRO-34 is maintained
in malignant and metastatic prostate tissue, did not demon-
strate marked overexpression, at least by mRNA analysis
in this limited number of samples. Ultimately antibod-
ies specific for MAD-PRO-34 will be necessary to define
the pattern of protein expression in normal and malignant
tissues.

The identification of the same antigen by two different
strategies underscores the power of the SEREX technique
to identify immunologically recognized proteins. In ad-

dition, our results provide validation for the findings of
Fossa and colleagues, and vice versa. Our hypothesis, that
prostate cancer antigens might be identified by evaluating
sera from patients with chronic prostatitis was validated
by the identification of an antigen that has already been
shown to be immunologically recognized in the sera of
patients with prostate cancer compared with normal con-
trols. Our findings, using a larger panel of normal con-
trol sera, suggest that IgG responses to MAD-PRO-34 are
rare in men without prostate cancer or prostatitis, and sug-
gest that, indeed, this is a naturally recognized antigen of
prostate tissue.

The long-range direction of our research is to identify
proteins that might serve as prostate tumor antigens. The
identification of antigens associated with prostatitis might
suggest proteins to which immunological tolerance can
be overcome in vivo and might be rational targets. Future
directions, therefore, will further explore the tissue ex-
pression profile of the identified proteins, with emphasis
on the MAD-PRO-34 protein, and determine whether T
cell responses exist to this protein in patients with prostate
cancer.
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