
Large-scale delineation of secreted protein
biomarkers overexpressed in cancer
tissue and serum
John B. Welsh*†, Lisa M. Sapinoso*, Suzanne G. Kern*, David A. Brown‡, Tao Liu‡, Asne R. Bauskin‡, Robyn L. Ward§,
Nicholas J. Hawkins§, David I. Quinn¶, Pamela J. Russell�, Robert L. Sutherland¶, Samuel N. Breit‡,
Christopher A. Moskaluk**, Henry F. Frierson, Jr.**, and Garret M. Hampton*††

*Genomics Institute of the Novartis Research Foundation, 10675 John Jay Hopkins Drive, San Diego, CA 92121; ‡Centre for Immunology, §St Vincent’s
Hospital, and ¶Garvan Institute of Medical Research, University of New South Wales, Sydney, New South Wales 2010, Australia; �Oncology Research
Centre, Prince of Wales Hospital and University of New South Wales, Sydney, New South Wales 2031, Australia; and **Department of Pathology,
University of Virginia, Charlottesville, VA 22908

Communicated by Webster K. Cavenee, University of California at San Diego, La Jolla, CA, January 15, 2003 (received for review December 12, 2002)

Genetic alterations in tumor cells often lead to the emergence of
growth-stimulatory autocrine and paracrine signals, involving over-
expression of secreted peptide growth factors, cytokines, and hor-
mones. Increased levels of these soluble proteins may be exploited for
cancer diagnosis and management or as points of therapeutic inter-
vention. Here, we combined the use of controlled vocabulary terms
and sequence-based algorithms to predict genes encoding secreted
proteins from among �12,500 sequences represented on oligonucle-
otide microarrays. Expression of these genes was queried in 150
carcinomas from 10 anatomic sites of origin and compared with 46
normal tissues derived from the corresponding sites of tumor origin
and other body tissues and organs. Of 74 different genes identified
as overexpressed in cancer tissues, several encode proteins with
demonstrated clinical diagnostic application, such as �-fetoprotein in
liver carcinoma, and kallikreins 6 and 10 in ovarian cancer, or thera-
peutic utility, such as gastrin-releasing peptide�bombesin in lung
carcinomas. We show that several of the other candidate genes
encode proteins with high levels of tumor-associated expression by
immunohistochemistry on tissue microarrays and further demon-
strate significantly elevated levels of another novel candidate pro-
tein, macrophage inhibitory cytokine 1, a distant member of the
tranforming growth factor-� superfamily, in the serum of patients
with metastatic prostate, breast, and colorectal carcinomas. Our
results suggest that the combination of annotation�protein sequence
analysis, transcript profiling, immunohistochemistry, and immunoas-
say is a powerful approach for delineating candidate biomarkers with
potential clinical significance and may be broadly applicable to other
human diseases.

gene expression � microarray � genome ontology � sequence analysis �
immunohistochemistry

Many of the genetic alterations selected during malignant
transformation disrupt paracrine signaling networks, result-

ing in the release of tumor cells from normal growth constraints or
the establishment of new signaling pathways that confer growth and
survival advantages on cancer cells (1). The emergence of cancer-
specific autocrine and paracrine signals is often facilitated by the
inappropriate, supraphysiological expression of secreted proteins or
their receptors (2). Many small peptide hormones have been
identified as highly expressed in cancer, with potential clinical utility
for therapeutic intervention or as diagnostic or prognostic biomar-
kers. Recent genomic analyses have identified an increasingly large
number of genes overexpressed in cancers, of which several encode
secreted proteins (e.g., see refs. 3–5). Although the functional
impact of these overexpressed proteins is unclear, their clinical
utility is emerging. For example, cDNA microarray analysis has
revealed significantly elevated expression of the prostasin and
osteopontin genes in ovarian cancers, and correspondingly high
levels of these proteins have subsequently been detected in the

serum of ovarian cancer patients (6, 7). Bioinformatic analyses have
also revealed the emergence of autocrine loops in hematopoietic
and solid tumors by correlating the expression of genes encoding
known ligands and their cognate receptors in cancer tissue
samples (8).

Here, we sought global methods to identify genes encoding
secreted proteins in common human carcinomas from among
thousands of genes represented on commercially available mi-
croarrays. The approaches described herein led to the identifi-
cation of 2,300 genes inferred to be extracellular through anno-
tation- and sequence analysis-based approaches, of which 74
were overexpressed in one or more carcinoma types relative to
their physiologically normal counterpart tissues. The overex-
pression of several of these genes was confirmed at the protein
level, as well as in the serum of cancer patients. Our results
suggest that many of these proteins may be clinically relevant to
cancers of multiple anatomic origins.

Materials and Methods
Tissue and Serum Samples. Carcinoma samples used for RNA
extraction and GeneChip hybridization have been described (4, 5,
9). The set of normal counterpart tissues comprised two breast, four
colon, two gastric, three kidney, four liver, four lung, four ovary,
four pancreas, and nine prostate samples. The University of Vir-
ginia Human Investigation Committee approved the use of the
human malignant and normal counterpart tissue samples obtained
at the university. To estimate the normal range of serum protein,
260 normal serum samples were obtained from the Red Cross
Blood Bank (Adelaide, Australia) as described (10). Patient serum
samples were obtained from subjects who had stage IV disease
according to the 1997 Union Internationale Contre le Cancer�
American Joint Committee on Cancer classification. Samples from
26 patients were obtained, eight with colorectal cancer, nine with
breast cancer, and nine with prostate cancer. All patients were
being treated at St. Vincent’s Hospital (Sydney) and the serum
samples were obtained with the informed consent of the patient.

RNA Extraction and GeneChip Hybridization. Each of the normal and
carcinoma samples was processed as described (9). The Gene-
Atlas set of normal human tissues represents a defined subset
of samples recently described in detail (see ref. 11; http:��
expression.gnf.org). RNA was extracted, and cRNA was pre-
pared and hybridized on oligonucleotide microarrays (U95a
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GeneChip, Affymetrix, Santa Clara, CA) exactly as described (4,
5, 9). All average difference values �20, including negative
average difference values, were raised to a value of 20.

Mining for Genes Encoding Secreted Proteins. Two approaches were
used in parallel to mine for genes encoding secreted proteins. First,
we used the Genome Ontology (GO) consortium annotations (12)
to identify genes associated with keywords implying extracellularity
(www.geneontology.org). Specifically, Affymetrix probe-set identi-
fication numbers were used to retrieve gene-associated sequences
from Affymetrix. BLAST comparisons of the Affymetrix sequences
to the UniGene database (www.ncbi.nlm.nih.gov�UniGene) gave
rise to exemplar sequences, which were used to query the Lo-
cusLink database (www.ncbi.nlm.nih.gov�LocusLink). GO terms
associated with each gene were retrieved and searched for each of
the following 30 terms: blood coagulation, blood coagulation factor,
cell–cell signaling, cell communication, complement activation,
complement component, diuretic hormone, ephrin, extracellular,
extracellular matrix, extracellular matrix glycoprotein, extracellular
matrix structural protein, extracellular space, hormone, insulin-like
growth factor receptor ligand, IL-12 receptor ligand, IL-2 receptor
ligand, IL-4 receptor ligand, IL-5 receptor ligand, IL-6 receptor
ligand, IL-7 receptor ligand, IL-8 receptor ligand, leukemia inhib-
itor factor receptor ligand, ligand, neuropeptide hormone, opsonin,
protein secretion, secreted phospholipase A2, tissue kallikrein, and
vascular endothelial growth factor receptor ligand.

In a second approach, predicted amino acid sequences for each
gene on the U95a array were obtained from RefSeq (13) and
analyzed with the EMBOSS programs TMAP (14, 15) and SIGCLEAVE
(16). Both programs accept arbitrary sequences of amino acids as
arguments; SIGCLEAVE estimates the likelihood of an authentic
signal peptide cleavage site, and TMAP predicts the number of
transmembrane regions. For SIGCLEAVE, we chose a high-
confidence threshold (�3.5), which corresponds to 95% specificity
and 95% sensitivity of detection. We noted that several authentic
signal peptide sequences were counted as transmembrane regions
by TMAP and therefore chose to admit proteins having as many as
one transmembrane domain. This approach is likely to identify
proteins that are initially anchored to the plasma membrane before
secretion [e.g., CA15–3 (17), CD44 (18), and CD27 (19)].

Differential Gene Expression. Genes were selected as ‘‘differen-
tially expressed’’ if the measured expression levels were at least
3-fold greater in one or more tumors from a specific anatomic
site versus their correspondingly normal tissue counterpart, and
at least 2-fold greater than the levels of expression in any of the
GeneAtlas tissues (11). Data were processed in CLUSTER and
visualized in TREEVIEW (20).

Validation of Gene Expression by RT-PCR. RT-PCR was carried out
exactly as described (4). Primers for the relaxin-1 gene were:
forward, 5�-GCGGCATGAGCACCTGGAG-3� and reverse, 5�-
GATTGCTGTCTGCGGCTTCACTT-3�.

Tissue Microarrays (TMAs) and Immunohistochemistry (IHC). Two
TMAs containing 0.6-mm cores were constructed from zinc
formalin-fixed, paraffin-embedded specimens by using a Tissue
Microarrayer (Beecher Instruments, Silver Spring, MD). Each
microarray contained one core of each neoplasm whose tran-
scripts were profiled in the study (with the exception of the
ovarian serous papillary carcinomas that had been profiled as
described in ref. 4). An independent set of 17 serous papillary
carcinomas was included in the TMAs, as well as cores of
selected normal tissues. For IHC performed on the TMAs and
selected whole tissue sections, the avidin-biotin immunoperox-
idase method was used. Slides of deparaffinized tissue sections
were placed in citrate buffer and treated with microwave heat for
20 min. Primary antibodies used included monoclonal anti-

MUC-2 (clone CCP58; 1:40 dilution; BioGenex); monoclonal
anti-maspin (clone EAW24; 1:50 dilution; Novocastra, New-
castle, U.K.); and rabbit polyclonal anti-neuropeptide Y (NPY)
(1:2,000 dilution; Research Diagnostics, Flanders, NJ). After the
addition of the biotinylated secondary antibody, avidin-biotin
immunoperoxidase was applied. Diaminobenzidine was used as
the chromogen. Sections were counterstained with hematoxylin.
Staining for NPY was scored as negative or positive, whereas for
MUC-2, tumors were classified as negative, 1� (�10% positive
cells), 2� (10–50% cells), or 3� (�50% cells). For maspin,
tumors were scored as negative, 1� (�50% positive cells and
weak intensity), 2� (�50% and moderate or �50% positive and
weak intensity), 3� (�50% and strong), 4� (�50% and mod-
erate), or 5� (�50% and strong).

Macrophage Inhibitory Cytokine 1 (MIC-1) ELISA. The MIC-1 sand-
wich ELISA used for the quantification of MIC-1 in serum was
performed as described (10, 21) by using a mouse monoclonal
anti-hMIC-1 antibody, 26G6H6, for antigen capture and sheep
anti-MIC-1 antibody 233B-P for detection. Three human serum
samples, which had undergone multiple serum MIC-1 determi-
nations in the formatted assay, were used as controls. Sample
diluent was used as a background control. All samples were
assayed in triplicate.

Results
Identification of Genes Encoding Secreted Proteins. Two approaches
were used to select for genes on the Affymetrix U95a GeneChip
array that were likely to encode secreted proteins (Fig. 1). First,
we asked whether the annotation(s) associated with each gene
implied the secretion of the encoded protein into the extracel-
lular space. Specifically, we mapped probe-sets from the Af-
fymetrix U95a GeneChip to annotations provided by the GO
consortium via the National Center for Biotechnology Informa-
tion’s LocusLink database (see Materials and Methods), which
provides a controlled vocabulary related to a protein’s molecular
function, biological process, and cellular component (12). Of the
annotations associated with genes on the U95a GeneChip, we
focused on 30 of these terms (see Materials and Methods),
identifying 1,160 genes. In a parallel approach, we looked for
genes whose protein sequence features implied the presence of
a signal peptide cleavage site, as well as the absence of trans-
membrane domains, thus suggesting a protein product that
would be secreted through a membrane. Using conservative
thresholds for the algorithms that we used (TMAP and SIG-
CLEAVE, see Materials and Methods), we identified a set of 1,724
genes that potentially encoded extracellular proteins. Together,
these two methods identified a nonredundant subset of 2,308
genes, of which 576 were obtained with both methods (Fig. 1).

Candidate Genes Encoding Secreted Proteins Are Overexpressed in
Tumors of Diverse Anatomic Origin. We next examined the expres-
sion of these 2,308 genes in a series of 150 carcinomas repre-
senting samples from 10 distinct anatomic origins, 46 normal
tissues from the corresponding anatomic sites, and nine other
anatomic sites not represented in our ‘‘tumor�normal’’ collec-
tion (11) (Fig. 2). We sought genes whose expression was high in
tumors of one or more sites of origin, with correspondingly low
or absent expression in other normal body tissues (see Materials
and Methods). Eighty-three of the 2,308 (3.6%) probe-sets met
these criteria (Fig. 1; Table 1, which is published as supporting
information on the PNAS web site, www.pnas.org), representing
74 different genes. Of the 32 probe-sets (30 distinct genes)
identified by both annotation- and sequence-based approaches
(designated as GO and TMSC in Table 1; Fig. 2 A), we found
strong evidence that almost all of them encode secreted proteins;
only 3�30 genes (the RET coreceptor, GFRA-1; member 9 of the
tumor necrosis factor superfamily, TNFR9; and the cytokine
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receptor-like factor 1, CRLF-1) are unlikely to encode such
proteins. For the 16 probe-sets (15 different genes) identified by
annotation alone (designated as GO only in Table 1), we found
clear evidence that 11�15 were secreted. However, only 9�29
unique genes selected by features within their amino acid
sequences alone had evidence of secretion (designated as TMSC
only in Table 1). The majority of these genes were found to be
glycosylphosphatidylinositol-anchored or integral membrane
proteins.

Validation of Candidate Gene and Encoded Protein Overexpression in
Tumor Samples. Significant validation of our approach comes from
the observation that many of the genes identified here encode
secreted proteins previously shown to be dysregulated in cancer
tissue (e.g., by other transcript-based approaches or IHC), or shown
to be elevated in the serum from cancer patients compared with
matched controls. The latter include gastrin-releasing peptide
(GRP�bombesin) in lung carcinomas (22), kallikreins 6 and 10
(KLK6, KLK10) in ovarian carcinomas (23, 24), �-fetoprotein

(AFP) in liver carcinomas (25), and mammaglobin A (MGBA) in
breast carcinomas (26).

For many of the 74 genes that we discovered with this
approach, we validated tumor overexpression by using several
independent methods. For example, in prostate carcinomas
(highlighted in Fig. 2B), we confirmed the highly tissue-selective
expression of relaxin-1 (RLN1), a small peptide hormone of the
insulin family involved in remodeling the birth canal (27), by
semiquantitative RT-PCR in nine prostate and 19 nonprostatic
tissues. Expression levels of RLN-1 determined by PCR were
entirely consistent with the results obtained by microarray
hybridization (Fig. 3A).

For NPY, which was highly expressed in 15�25 prostate
carcinomas compared with normal prostate tissue, we stained
TMAs containing 229 carcinomas and 36 normal tissue samples
of diverse anatomic origin with a commercial anti-NPY anti-
body. In normal prostate tissues, we found staining in nerves and
a few prostate secretory epithelial cells, whereas in prostate
carcinomas that had high NPY gene expression, we found
correspondingly high levels of protein expression (Fig. 3B). The
anti-NPY antibody did not stain carcinomas of other anatomic
sites on the TMAs, nor other non-neural or non-neuroendocine
normal tissues that we included on these arrays. In carcinomas
of other sites, we also obtained similarly consistent results by
using antibodies directed against other candidate proteins. As
expected from transcript analysis, antibodies specific for MUC-2
(in the group designated GO only in Table 1) showed selective
expression in carcinomas of the colon, whereas antibodies
specific for maspin showed high expression in carcinomas of the
colon, gastroesophagous, lung, and pancreas compared with
normal tissue sites (Fig. 4, which is published as supporting
information on the PNAS web site). Although we did find
evidence for decreased maspin expression in some ductal car-
cinomas of the breast, compared with normal ductal breast
tissue, consistent with its purported role as a tumor suppressor
in breast cancer (28), we also identified cases of breast carcinoma
with significantly elevated levels of the maspin protein (Fig. 5,
which is published as supporting information on the PNAS web
site). In a small series of breast tumors, we found that maspin
expression correlated with estrogen receptor status of the tumor,
consistent with recent reports of maspin gene overexpression in
estrogen receptor-negative carcinomas (29).

Candidate Genes Are Overexpressed in Independent Datasets. Be-
cause of the relatively small number of anatomically distinct
carcinoma samples that were used in our analysis, we queried
candidate gene expression in other independent datasets. For
example, publicly accessible data from Bhattacharjee et al. (30)
enabled us to query the expression of 26 lung cancer candidate
genes in 203 lung tissues, including 17 samples of normal lung,
127 adenocarcinomas, 21 squamous carcinomas, 20 pulmonary
carcinoids, and six small cell undifferentiated carcinomas (Fig.
6, which is published as supporting information on the PNAS
web site). This analysis demonstrated some striking correlates
of gene expression with histological subtype. For example,
GRP�bombesin was overexpressed predominantly in small cell
lung carcinomas and carcinoids, consistent with published
reports (31), and in only 2�127 adenocarcinomas; maspin, in
contrast was expressed in almost all of the squamous cell
carcinomas, but only in a minority of adenocarcinomas, and
not at all in carcinoids. The specificity of these results is
ref lected by the relative lack of expression of relaxin-1 and
NPY, which we included as controls based on their predom-
inantly prostate cancer-specific expression. Compared with
normal lung tissue, and based on their relative histological
specificity, we suggest that proteins such as maspin, and others
that remain to be validated (e.g., heparin-binding protein 17

Fig. 1. Mining for genes that encode secreted proteins. Oligonucleotide
probe-sets were filtered for candidate genes encoding secreted proteins by
two distinct approaches (step 2, filtering). Affymetrix gene probe-sets were
mapped to GO Consortium annotations, and those with evidence suggesting
secretion of the encoded protein were identified (1,160 total). Protein se-
quences of the genes represented on the oligonucleotide microarray were
interrogated by using two sequence-based algorithms, SIGCLEAVE, which esti-
mates the likelihood of an authentic signal peptide cleavage site in arbitrary
amino acid sequence data, and TMAP (TM), which predicts transmembrane
regions in proteins. A series of 1,724 probe-sets (genes) met the criteria
imposed by both sequence algorithms. Probe sets selected by each method
were then compared for the degree of overlap (step 3, method comparison),
and, finally, their overexpression in carcinomas of different anatomic origin
(step 4, tumor differential expression).
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and galectin 7) are worthy of further investigation as diagnostic
biomarkers.

Serum Levels of MIC-1 Protein Are Elevated in Patients with Meta-
static Cancer. To begin to address the clinical significance of
candidate genes for noninvasive diagnosis of cancer, we used
a recently described ELISA (21) to evaluate the serum levels
of the transforming growth factor-� superfamily cytokine,
MIC-1 (32), the gene for which we found highly elevated levels
of expression in prostate carcinomas and, to a lesser extent,
carcinomas of the colon and breast. Using serum samples from
26 patients with metastatic breast, colorectal, and prostate
carcinomas, we found significantly elevated levels of the
MIC-1 protein compared with the mean basal level of the
protein determined from 260 normal serum samples. Overall,
we found elevated serum MIC-1 levels in 8�8, 6�10, and 8�9
patients with colorectal, breast, and prostate carcinomas,
respectively. Notably, the levels of MIC-1 protein in the serum
of patients with metastatic prostate carcinomas were signifi-
cantly and markedly higher than those from patients with
breast and colorectal carcinomas (P � 0.0001; ANOVA),

consistent with the differences in the levels of gene expression
that we observed in these carcinomas.

Discussion
The approach presented here was designed to exploit large cancer
transcript databases to identify genes encoding secreted proteins
with up-regulated expression in carcinomas relative to normal
tissues. The two methods that we used, annotation-based searching
and analysis of amino acid sequences for specific features, are
complementary to the extent that they query fundamentally dif-
ferent aspects of biological knowledge. We initially focused on gene
annotation alone to identify candidate genes of interest. However,
the genes represented on commercially available arrays (e.g., the
Affymetrix U95a GeneChip) are mostly well characterized, with
defined biological roles. With the completion of the genome
sequence, and the construction of arrays based increasingly on
transcripts of unknown function or transcripts based on in silico
predictions, annotation-based approaches will become less useful,
and one must begin to rely on other computational approaches to
define genes of interest. In that regard, we evaluated multiple
methods to interrogate predicted amino acid sequences for relevant

Fig. 2. Candidate secreted biomarkers elevated in multiple cancer types. (A) Thirty-two genes encoding secreted proteins selected by annotation- and
sequence-based analyses had significant overexpression in at least one tumor-normal counterpart tissue pair (�3-fold), and significant overexpression in tumors
compared with any other normal tissue (�2-fold). Counterpart tissues are tissues at the sites of tumor origin; GeneAtlas tissues are those described in ref. 11.
BR, breast (ER�, ER�); CO, colorectal; GA, gastric�esophagus adenocarcinoma; KI, kidney; LI, liver; LUA, adenocarcinoma of the lung; LUS, squamous carcinoma
of the lung; LUO, lung other, small cell lung carcinomas, large cell undifferentiated carcinomas of the lung; OV, ovary; PA, pancreas; PR, prostate. Gene symbols
are depicted to the right. (B) An expanded view of genes preferentially up-regulated in carcinomas of the prostate. Numbers of tissue samples from each
counterpart site are given in parentheses. GeneAtlas tissues are: Te, testis; Th, thyroid; Ut, uterus; SG, salivary gland; Tr, trachea; AG, adrenal gland; He, heart;
Pi, pituitary gland; Sp, spinal cord; CC, cerebral cortex; Nor. Pr, normal prostate. Transcript levels were normalized in CLUSTER and visualized in TREEVIEW (20).
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features; in this case, features that imply secretion of the encoded
protein into the extracellular space. The two algorithms used here,
SIGCLEAVE and TMAP, were found to perform well and were
typically easy to implement.

A significant fraction of the 74 genes identified in this study
have been described by others as dysregulated in cancer (at the
RNA and�or protein level) or shown to have clinical utility.
Some of these show diagnostically elevated levels of secreted
protein in the serum of cancer patients, and others have been
shown to lead to the emergence of autocrine loops that can, or
have been, targeted therapeutically. We have also shown signif-
icantly elevated levels of several of the proteins encoded by these
genes in cancer tissues, as well as highly elevated levels of a
candidate protein, MIC-1, by ELISA in the serum of patients
with metastatic prostate, breast, and colorectal carcinomas,
demonstrating the potential clinical utility of the current ap-
proach for the discovery of tissue and serum biomarkers.

A small, but growing, number of examples of successfully
translating microarray-based observations of gene overexpres-
sion into candidate serum biomarkers now exist. These include
osteopontin and prostasin in ovarian carcinomas (6, 7), TIMP-1
in pancreatic adenocarcinoma (33), and MIC-1 in metastatic
prostate, breast, and colorectal carcinomas described here.
Based on these data, we suggest many of the other proteins
described herein, such as relaxin and NPY in prostate carcino-
mas, neuromedin U in ovarian carcinomas, Gal7 and heparin-
binding protein 17 in squamous carcinomas of the lung, among
others, may have similar utility (see Table 1). Interestingly,
proteins such as maspin, which has to date been considered a
suppressor protein (28), may also find utility as a biomarker of
several cancers, most particularly for squamous carcinomas of
the lung. In this tumor, we identified strong, almost uniform IHC
staining, as well as high expression in an expanded set of
pulmonary carcinomas (30).

Up-regulation of several of the secreted proteins described
here may also result in growth stimulatory autocrine loops.
Overexpression of GRP�bombesin in several cancers can stim-
ulate growth via cognate GRP receptors, specific antagonists of
which can reverse this effect (34). Our data suggest that this loop
may be particularly important in carcinoid tumors of the lung, as
well as small cell undifferentiated carcinomas, as described (22).
The detection of elevated levels of GRP in the serum of cancer
patients may help stratify those who would most benefit from
anti-GRP-based therapies (if they are proven beneficial). The
limitation of our approach toward identifying autocrine loops is
that we have not systematically evaluated the expression of the
cognate receptors, which, in many cases are not known. Graeber
and Eisenberg (8) have described methods based on correlation
of gene expression levels to identify ligand–receptor pairs con-
comitantly up-regulated in solid and hematological cancers (8).
Although their approach is based on a priori knowledge of
the ligand–receptor pair, we envision an approach in which one
may be able to correlate ligand gene expression (i.e., the gene
expression levels of the secreted proteins identified here) to the
transcript levels of genes predicted to encode receptors, thereby
driving discovery of novel autocrine loops in cancer.

In summary, we describe and apply an approach for identifying
genes that encode secreted proteins overexpressed in human
carcinomas from multiple anatomic sites. Because several of the
genes are known to be dysregulated in cancer, and are diagnos-
tically or therapeutically useful, we suggest that many of the
other genes presented here, some of which we have validated,
may find similar utility. Interrogation of the entire transcriptome
in human cancers and normal tissues, coupled with refined
methods for sequence motif searching, and biological methods
for enrichment (35) are likely to yield many more proteins of
importance secreted by these malignancies.

We are grateful to our colleagues at the University of Virginia and the
Genomics Institute for valuable discussions, Mr. Chris Benner for critical
evaluation of the methods used, and Drs. Quinn Deveraux and John
Hogenesch for critical evaluation of the manuscript.

Fig. 3. Validation of microarray gene expression by RT-PCR, IHC, and ELISA.
(A) RNAs from multiple different human tissues. Three normal and six primary
prostate carcinomas were reverse-transcribed and amplified under standard
conditions by using primers directed toward relaxin-1 (4). (Upper) The primary
microarray data are shown (hybridization intensity on the y axis; samples on
the x axis). (Lower) A representative PCR is shown. Primers specific for 18S were
used to control for the amount of amplified cDNA. (B) IHC was performed with
an anti-NPY antibody on whole tissue sections. (Upper) Primary microarray
data are shown. (Lower) Examples of IHC staining in normal, microarray-
positive, and microarray-negative prostate cancers. (C) Box plot showing
MIC-1 serum levels in normal subjects (n � 260) and patients with breast (n �
10), colon (n � 8), and prostate (n � 9) carcinoma. P values were determined
by comparison with normal by ANOVA. The prostate serum MIC-1 levels were
divided by 10 (1�10) for graphical representation.
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