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Abstract

Purpose—To accurately identify gene expression alterations that differentiate neoplastic from
normal prostate epithelium using an approach that avoids contamination by unwanted cellular
components and is not compromised by acute gene expression changes associated with tumor
devascularization and resulting ischemia.

Experimental Design—Approximately 3,000 neoplastic and benign prostate epithelial cells were
isolated using laser capture microdissection from snap-frozen prostate biopsy specimens provided
by 31 patients who subsequently participated in a clinical trial of preoperative chemotherapy. cDNA
synthesized from amplified total RNA was hybridized to custom-made microarrays comprised of
6200 clones derived from the Prostate Expression Database. Expression differences for selected
genes were verified using quantitative RT-PCR.

Results—Comparative analyses identified 954 transcript alterations associated with cancer (q value
<0.01%) including 149 differentially expressed genes with no known functional roles. Gene
expression changes associated with ischemia and surgical removal of the prostate gland were absent.
Genes up-regulated in prostate cancer were statistically enriched in categories related to cellular
metabolism, energy utilization, signal transduction, and molecular transport. Genes down-regulated
in prostate cancers were enriched in categories related to immune response, cellular responses to
pathogens, and apoptosis. A heterogeneous pattern of AR expression changes was noted. In
exploratory analyses, AR down regulation was associated with a lower probability of cancer relapse
after neoadjuvant chemotherapy followed by radical prostatectomy.

Conclusions—Assessments of tumor phenotypes based on gene expression for treatment
stratification and drug targeting of oncogenic alterations may best be ascertained using biopsy-based
analyses where the effects of ischemia do not complicate interpretation.
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Introduction

Prostate cancer is the most common invasive malignancy diagnosed in American men. In 2008,
an estimated 186,320 men will be diagnosed with prostate cancer, of which 28,660 will die of
their disease (1). The clinical course of prostate cancer is characterized by histological and
clinical heterogeneity that substantially complicates medical decision making. Nomograms
that incorporate the serum PSA, clinical stage, biopsy Gleason score, and other pathologic
variables obtained at prostatectomy have been used to predict clinical outcomes (2-5).
However, tools that rely on clinical variables are unable to fully account for the biologic and
consequent clinical heterogeneity of the disease. It is increasingly clear that to improve our
understanding of the clinical outcomes in prostate cancer; we must characterize the molecular
makeup of this disease. High-throughput approaches that profile tissue transcriptomes or
proteomes are particularly promising. Unlike individual biomarkers, these methods exploit the
complexity and heterogeneity of molecular features that underlie the pathologic and clinical
phenotype.

Characterization of expressed genes using cDNA or oligonucleotide microarrays represents a
high-throughput method for assessing the molecular complexity of tumors. Gene expression
profiles have been acquired for a broad spectrum of malignancies to identify determinants of
disease outcome and characterize pathway-based targets for therapy (6-10). An important step
towards the development of prognostic and predictive tools for prostate carcinoma is the
accurate characterization of the molecular composition of the prostate gland and the
identification of gene expression alterations that differentiate neoplastic from normal prostate
epithelium. To achieve this objective, microarrays have been used to characterize prostate
cancers and provide gene expression correlations that identify those men who may be more
likely to recur following surgery or radiation as well as identify novel targets for therapy
(11-26). The vast majority of these analyses employed gross dissection to attempt to enrich the
specimens for cell types of interest. This approach inevitably retains some contamination by
unwanted cellular components. The variability of cell type representation in such studies
demands larger sample sizes capable of distinguishing signal from noise, and necessitates some
type of secondary step to verify expression in the cell type of interest. To date, we are aware
of five studies reporting analyses of prostate cancer gene expression that used cell type-specific
acquisition methods to more specifically examine individual cellular compartments (13,24,
26-28). Of these, one (24) compared prostate cancer only to BPH and dysplasia, without
including normal tissue for comparison. A critical limitation of cell type-specific analyses is
the acquisition of cell numbers in relatively small quantities such that some type of
amplification system is required.

Todate, all reported studies using microarray-based methods to assess gene expression changes
in the human prostate cancer have used tissues acquired from radical prostatectomy specimens,
organ donors, or TURP specimens. Despite the advantage of obtaining large quantities of
materials, these acquisition methods are compromised by significant limitations. The
transcriptional and translational programs comprising the gene expression signatures in any
tissue are a reflection of both acute and chronic alterations in the host micro- and macro-
environment. For example, we have previously shown that the process of surgical manipulation
can influence the expression of genes associated with ischemia and hypoxia following
devascularization (29). In this context, few published studies disclose the time between
devascularization, sample collection, and freezing. Further, for pre-treatment prognostic
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analyses, or for stratifying patients for adjuvant therapies based on specific alterations in
oncogenenic pathways, data from prostate biopsies rather than prostatectomy specimens are
needed.

To the best of our knowledge, gene expression of human prostate cancer and adjacent benign
epithelium obtained through prostate biopsies has not been reported. This study was undertaken
to establish the feasibility, utility and results of profiling transcripts in prostate tissues sampled
by trans-rectal ultrasound-guided needle biopsy. Importantly, specimens were frozen
immediately at the time of the biopsy avoiding artifacts due to hypoxia. We generated profiles
quantitating transcripts expressed in microdissected phenotypically normal and neoplastic
prostate epithelium. Comparative analyses between these cell types identified 954 transcript
alterations associated with cancer (g value <0.01%) including several tumor-associated
alterations reported in previous studies using unamplified RNA acquired from prostate cancers,
thus validating the methods used for cell type-specific analyses. The cancer-associated profiles
include 149 differentially expressed genes with no known functional roles, a finding that
provides a rich resource for future efforts to define mechanisms mediating tumorigenesis. An
important observation supporting the use of needle biopsy materials for studies of prostate gene
expression was the absence of a gene expression changes previously associated with the process
of ischemia and surgical removal of the prostate gland. Thus, assessments of tumor phenotypes
based on gene expression for treatment stratification and drug targeting of oncogenic alterations
may best be ascertained using biopsy-based analyses.

Materials and Methods

Patients

Between January 2001 and November 2004, 57 patients with high-risk localized prostate
cancer (defined a cT2b or T3a or PSA > 15 ng/ml or Gleason grade > 4+3) were recruited for
a phase Il clinical trial of neoadjuvant chemotherapy (using docetaxel and mitoxantrone). The
design of the clinical trial has been previously described (30). The study was approved by the
Institutional Review Boards of the Oregon Health & Science University, Portland VA Medical
Center, Kaiser Permanente Northwest Region, Legacy Health System, and the University of
Washington and all patients provided signed informed consent.

Specimen collection, specimen processing and laser capture microdissection

From each patient, ten standard prostate biopsies (bilateral at the apex, bilateral medial and
lateral at mid-gland, bilateral medial and lateral at the base of the gland) were obtained under
ultrasound guidance and placed in a Cryomold. After covering the tissue with OCT, the
Cryomold is immersed in isopentane that had been pre-cooled to a viscous state in liquid
nitrogen. This process, which freezes the tissue within seconds, minimizes artifacts resulting
from the Leidenfrost effect. Biopsy material from thirty-one representative patients was used
for gene expression profiling. Frozen sections (7 uM) were cut from biopsy tissue frozen in
OCT blocks, stained with Mayer's hematoxylin (Sigma, St. Louis, MO), dehydrated in 100%
ethanol and xylene, and used for laser-capture microdissection (LCM) using an Arcturus
PixCell Il microscope (Molecular Devices, Sunnyvale, CA). To evaluate cell type-specific
gene expression, benign epithelium and neoplastic epithelium were captured separately
(~3,000 cells of each phenotype) and placed into 20 pl of sample lysis buffer (Molecular
Devices) following the manufacturer's protocol. The histology of captured cells was verified
both by review of a hematoxylin- and eosin-stained frozen section from each frozen tissue
block and review of the images taken of the section from which the cells were obtained at 2
time points: a) after laser pulse but before removal of cells; and b) after removal of the cap and
captured cells from the section (Supplemental Figure 1). All LCM images were reviewed and
assigned a Gleason pattern score for neoplastic epithelium by a pathologist (LT).
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RNA Amplification and cDNA Microarray Hybridization

Total RNA was extracted from captured epithelium using a Picopure RNA isolation kit
according to the manufacturer's instructions (Molecular Devices). Extracted RNA underwent
two rounds of amplification by a linear T7-RNA polymerase method developed by Eberwine
et al. (31) using a MessageAMP aRNA kit (Applied Biosystems/Ambion, Austin, TX). The
quality of amplified RNA was checked by gel electrophoresis to ensure adequate size ranges
of the amplified RNA products (200-600 bps following two rounds of amplification). cDNA
was separately synthesized from 3 pug of aRNA amplified from benign and neoplastic
epithelium in a reaction volume of 30 pl containing 5 pg random hexamers (Invitrogen,
Carlsbad, CA); 0.5 mM each of dJATP, dCTP, dGTP; 0.3mM dUTP; 0.2 mM aminoallyl-dUTP
(Sigma, St. Louis, MO); and 380 units of Superscript 1l reverse transcriptase (Invitrogen).
Reactants were incubated at 42°C for 120 min followed by the hydrolysis of RNA in 0.2N
NaOH at 65°C for 15 minutes and neutralized by pH7.4Tris-Cl. cDNA was cleaned using a
Microcon 30 filter (Millipore, Bedford, MA) to remove primers and salts followed by coupling
to Cy3 and Cy5 fluorescent dyes (Amersham Bioscience, Piscataway, NJ). In order to eliminate
potential dye bias, we randomly alternated Cy3 and Cy5 labeling to neoplastic and benign
epithelium across 31 samples. Labeled cDNA probes were hybridized in a head-to-head
fashion, normal versus neoplastic from the same individual, simultaneously to custom-made
microarrays comprised of 6760 clones derived from the Prostate Expression DataBase (PEDB),
a public sequence repository of Expressed Sequence Tag (EST) data derived from human
prostate cDNA libraries (32). Microarrays were constructed as described previously with each
cDNA represented twice per array (28). Following probe addition, coverslips were applied and
microarrays were incubated at 63°C for 16 hours in a humid hybridization chamber. Unbound
probe was removed through washes with gradients of SSC buffer.

Gene Expression Analysis

Fluorescent array images were collected for both Cy3 and Cy5 emissions using a GenePix
4000B fluorescent scanner (Molecular Devices) and GenePix Pro 4.1 software was used to
grid and extract image intensity data. Spots of poor quality as determined by visual inspection,
were removed from further analysis. Normalization of the Cy3 and Cy5 fluorescent signal on
each array was done using Silicon Genetics GeneSpring 7.3 software (Agilent Technologies,
Santa Clara, CA.) A print tip—specific Lowess curve was fit to the background subtracted log-
intensity versus log-ratio plot and 20.0% of the data was used to calculate the Lowess fit at
each point. This curve was used to adjust the control value for each measurement. If the control
channel was lower than 10, then 10 was used instead. Normalized log2-ratios from the
replicated cDNA spots on each PEDB chip were averaged and used for subsequent analysis.
Data were filtered to remove values from poorly hybridized cDNAs with average intensity
levels less than 300 as well as spots not present in greater than 25% of the arrays reducing the
initial list of clones from 6720 to 5910 for further analysis.

To compare the overall expression patterns of all neoplastic samples relative to their patient
matched normal epithelium, log2 ratio measurements were statistically analyzed using the
SAM procedure1 (33). A permutated one-sample t-test was used to determine whether the mean
gene expression of neoplastic cell samples differed from normal epithelium with a significance
selection threshold given a moderate estimate of false positive genes (false discovery rate
(FDR) < 0.01%). These results were reduced to 3270 known, unique genes by eliminating all
but the highest scoring clone for each gene.

In order to assess the similarity of our results to other published prostate tumor studies (15,
28,34), we calculated the overlap between top ranking genes. Affimetrix microarray data were

1http://WWW-stat.stanford.edu/_tibs/SAM/).http://www-stat.stanford.edu/~tibs/SAM/ index.html
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normalized by using R (www.r-project.org) and the RMA procedure in the Bioconductor
(www.bioconductor.org) package. Spotted cDNA microarray data (15,28) were Lowess
normalized using GeneSpring 7.3 software and all data sets were filtered as described above.
Gene expression changes between cancer and benign samples were assessed with SAM using
a one-sample t-test for the True, et al. data, a paired, two-sample t-test for the Lapointe, et al.
data and an unpaired, two-sample t-test for the Glinsky, et al. data. Results from each dataset
were reduced to unique genes as described above and merging was performed by matching
Entrez Gene GenelDs. There were 2140 genes common to all 4 datasets which were
individually ranked by their t-test scores and overlaps of the top 1%, 5% and 10% of genes
differentially expressed between benign and cancer were calculated.

To determine whether the expression changes observed in prostate cancers were enriched for
genes with specific cellular functions, cDNA array results were subjected to over-
representation analysis using EASE v2.02 (35). For this analysis, Gene Ontology,3
KEGG#4and GenMAPP® databases were queried. An FDR statistic was computed to adjust for
multiple hypothesis testing, with an FDR of < 5% considered significant.

To establish the presence or absence of ischemia-induced gene changes in biopsy samples from
this study, signal intensity levels of the top twenty genes identified to be up-regulated as a
direct result of devascularization during surgery (29) were inspected and compared using two-
sample t-tests to biopsy and surgical samples in the ischemia study (29) and the True, et al.
amplified, laser-captured surgical samples (28).

Kaplan-Meier analysis was utilized to stratify relapse-free survival of patients exhibiting
differences in AR mRNA expression between cancer and benign prostate epithelium. Curves
were statistically compared using a Wilcoxon test.

Quantitative Reverse Transcription PCR

Results

cDNA was generated from 1 pg aRNA using 2 pug random hexamers for priming reverse
transcription by SuperScript Il (200 U per reaction; Invitrogen). Primers and salts were
removed using a PCR product isolation kit (Qiagen, Valencia, CA). Quantitative reverse
transcription PCR (QRTPCR) reactions were done in triplicate, using approximately 5 ng of
cDNA, 0.2 uM of each primer, and SYBR Green PCR master mix (Applied Biosystems, Foster
City, CA) ina 20 ul reaction volume. Reactions were carried out and analyzed using an Applied
Biosystems 7700 sequence detector. Samples were normalized to the cycle threshold value
obtained during the exponential amplification of GAPDH.

Patients and Samples

The characteristics of all 57 patients who participated in this study are summarized in
Supplemental Table 1. Of these, 31 subjects contributed biopsy specimens to this analysis.
Their age and pathologic characteristics are summarized in Supplemental Table 2. For each
cancer, we attempted to capture cells of a single differentiation state, for example, Gleason
pattern 3, Gleason pattern 4 or Gleason pattern 5. In some cases, the Gleason scores of captured
neoplastic epithelium differed from that reported from the entire biopsy (Supplemental Table
2), reflecting the heterogeneity of prostate cancer found in these individuals as sampled by
random TRUS-guided biopsies.

2http://david.niaid.nih.gov/david/ease.htm
www.geneontology.org

4http://WWW.genome.ad.jp/kegg/pathway.html
WWw.genmapp.org
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Gene Expression Alterations in Prostate Carcinoma

To identify gene expression changes associated with prostate cancer we compared transcript
abundance levels in microdissected benign epithelium with microdissected neoplastic
epithelium by head-to-head hybridization on cDNA microarrays enriched for genes expressed
in the human prostate gland (32). Consistent cancer-associated differences were identified
using a one-class t-test at a false discovery rate (g-value) less than 0.01%. Overall, clear and
consistent gene expression differences were observed between the microdissected benign and
cancerous epithelium with 457 genes up-regulated and 497 genes down-regulated in neoplastic
relative to benign cells (Supplemental Figure 2).

Differential expression levels for several genes altered in this analysis were in agreement with
results from previously published gene expression studies of prostate cancer that used amplified
laser-capture microdissected cells from surgical samples as well as unamplified RNA extracted
from bulk prostate cancer tissue (Supplemental Table 3). Genes comprising the top 1% of
differentially expressed transcripts in our study also ranked in the top 10% of differentially
expressed genes in the three published datasets we evaluated. Interestingly, the highest overlap
was observed for the LCM surgical samples on the same platform of arrays (True, et al.) with
the lowest overlap between this study and the Glinksy et al dataset comprised of bulk tissue
from surgical samples on Affymetrix arrays. Specifically, we detected up-regulation of hepsin
in neoplastic epithelium in 29 of the 31 patients, AMACR in 30 of the 31 patients (Figure 1)
(36, 37). A reduction in glutathione S-transferase pi expression was measured in neoplastic
epithelium for 24 of the 31 patients, a finding also consistent with previous studies (38). The
oncogene ERG was recently found to be overexpressed in prostate cancer epithelia relative to
benign epithelial, (38) and we also detected overexpression of ERG in the cancerous epithelium
of 90% of the patients in this study.

Comparison of transcript levels of known ischemia-induced genes established the absence of
these gene expression changes in biopsy samples from this study (Supplemental Figure 3). All
biopsy versus surgical comparisons resulted in two-sample t-test p-values <0.005, whereas
biopsy versus biopsy and surgical versus surgical comparisons p-values were >0.3. These
results indicate that the prostate needle biopsies collected under the tissue acquisition protocol
utilized in this clinical trial have good quality RNA, and the microdissection, amplification,
and microarray methods yield reproducible results suitable for quantitative transcript analyses.

Of the differentially expressed transcripts between benign and neoplastic prostate epithelium,
149 have no known defined functional role. Several transcripts exhibit substantial differences
in gene expression of up to 3-fold. Further, several genes are located in chromosomal regions
shown to be amplified or deleted in prostate cancers, and thus represent candidate effectors of
these genomic events.

Pathway Alterations

To assess whether the breadth of gene expression alterations in prostate cancers associated
with particular cellular processes, we determined if any Gene Ontology, KEGG, or GenMAPP
pathways were over represented using EASE v2.0. Of >1000 annotated categories, we found
genes up-regulated in prostate cancer were statistically enriched in 25 categories, primarily
related to cellular metabolism, energy utilization, signal transduction, and molecular transport.
Genes down-regulated in prostate cancers were enriched in 27 categories that primarily
comprised immune response, cellular responses to pathogenes, and apoptosis (Table 1).

Confirmation of Cell Type-Specific Transcript Alterations by qRT-PCR

To confirm gene expression changes in cancerous epithelium identified by microarray analysis,
we used quantitative RT-PCR. Quantitative real-time PCR for AMACR confirmed the

Clin Cancer Res. Author manuscript; available in PMC 2010 August 30.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Qian et al.

Page 7

differential expression on PEDB array excepting one sample, which yielded converse findings.
ID1 in endothelial cells acts as an endogenous tumor angiogenesis promoter, but its function
in the epithelial compartment during oncogenesis is less clear (39). We measured and compared
the transcript levels of ID1 and ID3 in the isogenic hosts of our current study. The microarray
results indicated significant down regulation for both genes (Figure 1), and the subsequent
gRT-PCR using the cDNA from the same set of patients confirmed this observation (Figure
2). Significantly lower 1D1 and ID3 gene expression was seen in prostate cancer epithelium
compared with the adjacent benign counterpart (40) (Figure 2).

Exploratory Analyses of Androgen Receptor Gene Expression

Androgen receptor expression has been associated with the progression of prostate cancer.
Previous studies using immunostaining of surgical tissues have seen AR protein expression/
amplification in lymph node and bone metastasis, and the immunoreactivity of AR in lymph
node has predictive values of disease outcome after surgery (41-43). In the current study, we
compared the AR mRNA transcript levels between cancer and benign epithelium of the same
host isolated by LCM of needle biopsy prior to neoadjuvant therapy and surgery. Overall, there
was a slight (not statistically significant) down regulation of AR mRNA in cancer epithelium
relative to benign epithelium (Figure 3). Fourteen of 31 patients had AR down regulation (> 1
fold) in their cancer cells compared with benign, 8 patients had AR up regulation (> 1 fold) in
the cancer epithelium, and 10 had no change (< 1 fold of change). AR up-reguation appeared
to segregate with the presence of lymph node metastases and with early PSA relapse. Six
patients presented with persistent lymph node metastases after chemotherapy, and 4 out of 6
had AR up-regulation in cancer epithelium compared to their matched benign controls. The
remaining two node positive patients had no difference in AR gene expression. With a median
follow up of 30 months, 11 patients have had a PSA relapse (PSA > 0.4 ng/ml). Of these 9 of
11 had either AR up-regulation (n=4) or no change (n=5). This pattern appears to be distinct
from the pattern seen in the overall group. Kaplan-Meier analysis of relapse-free survival by
AR mRNA expression between cancer and benign prostate epithelium determined a
statistically significant benefit (p < 0.03, wilcoxon test) for patients with AR down regulation
(Supplemental Figure 4). In contrast to AR, the PSA mRNA transcript level had no correlation
to the status of lymph node metastasis and relapse.

We also evaluated the mRNA levels of several transcriptional co-factors that have been
reported to be associated with AR. IMID1A (JHDM2A), IMJD2C, LSD1 are histone
demethylases facilitating AR and androgen dependent transcriptional activation (44-46). LSD1
overexpression has been associated with prostate cancer progression in a clinical study (47).
Within our patient group, JMJD1A and LSD1 expression was slightly decreased in cancer
epithelium (Figure 4), however, expression levels were not associated with the expression of
PSA or with disease relapse (data not shown).

Discussion

To our knowledge, this is the first study to compare the gene expression profile of prostate
cancer and adjacent normal epithelium obtained from biopsies and untainted by hypoxic effects
or other influences associated with a major surgical procedure. Thus, we suspect that these data
represent the closest available approximation to the gene expression of human prostate cancer
in vivo.

Overall, clear and consistent gene expression differences were observed between the
microdissected benign and cancerous epithelium with 457 genes up-regulated and 497 genes
down-regulated in cancer relative to benign. A large component of gene expression changes
in neoplastic epithelial cells functionally associated with cell cycle/apoptosis, proliferation,
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metabolism, immune response and signal transduction. Further study is needed to determine
if biopsy gene expression profiles can aid in prognosis and therapy selection.

In a series of in vitro studies, the ID1 protein has been functionally linked to the growth and
survival of prostate cancer cells (48-52). However, in the current study, we measured
significantly lower ID1 transcripts in cancer epithelium. These gene expression results
complement a published immunohistochemical study of ID1 (40), in which epithelial ID1
protein was detectable only in the benign epithelium that was adjacent to the prostate
adenocarcinoma, but undetectable in epithelium of normal prostate, benign prostatic
hyperplasia and prostate adenocarcinoma. Taken together these results suggest that the ID1
may have an oncogenic function during the prostate cancer initiation stage, while the functional
significance of the loss of expression maybe more relevant during tumor progression. A similar
model is seen in the development of melanoma, in which ID1 expression is transient and occurs
during the early transition stage in the radial growth phase of melanoma cells (53).

The immunohistochemical analysis of AR protein in surgical tissues has been reported to have
predictive value in terms of cancer recurrence. However, the assessment of immunoreactivity
of AR in tissue IHC staining suffers from the lack of quantitation and internal controls. In the
current study, we used needle biopsy samples from patients that were naive to therapy, and
therefore, the AR gene expression reflects the native disease state. Through our rapid frozen
protocol, we maximally reduced ex vivo changes associated with specimen handling. We
compared the AR mRNA transcript levels of the same patient between his tumor and adjacent
benign epithelium using housekeeping gene transcripts as internal controls. We determined a
correlation between AR down regulation in tumor cells and a lower risk of recurrence, a finding
that should be examined in larger studies that incorporate multivariable analyses to determine
if AR expression can independently aid in outcome prediction.

The chromatin histone demethylase enzymes such as JHDM2A, IMJD2C, and LSD1 represent
a novel family of AR transcriptional co-factors. Theoretically, the increased expression and /
or activity of these co-activating enzymes can promote androgen independent AR activity, and
facilitate the transactivation of AR target genes. For example, histone acetyltransferase protein
p300 is robustly expressed in most prostate cancer cells, and functionally, it has been shown
to increase the acetylation of both AR and AR associated chromatin histones during AR target
gene transcription. Subsequently, the inhibition of p300 has been shown to reduce androgen
independent AR transcription. In the case of histone demethylase, increased LSD1 gene and
protein expression in prostate cancer patients have previously been associated with the Gleason
score and disease recurrence. However, in the current study, the mRNA transcripts (JHDM2A
and LSD1) of these enzymes were down regulated in the cancer epithelium compared to the
adjacent benign controls. There was not a clear association between the differential expression
and disease recurrence. On the molecular level, the mechanisms regulating the expression and
activity of these enzymes during prostate cancer development are unknown. The functions of
these enzymes within the context of AR transactivation and prostate cancer progression have
only been studied on a very limited basis. Therefore, mechanistic investigations of these
enzymes in both normal and cancerous prostate biology are urgently needed.

Accurate molecular characterization of tumors is important for the development of novel
therapeutics. As broad spectrum drugs comprising cytotoxic chemotherapy are supplemented
or supplanted by drugs that specifically alter the signals of individual targets, it is increasingly
important to be able to accurately pinpoint the molecular abnormalities associated with
neoplastic transformation in individual patients. This effort illustrates how individual cellular
compartments can be molecularly interrogated using methods that limit artifacts introduced by
sample handling.
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Statement of Translational Relevance

Accurate molecular characterization of tumors is important for progress in the development
of novel therapeutics. As broad spectrum drugs like cytotoxic chemotherapy are
supplemented or supplanted by drugs that specifically alter the signals of individual targets,
it is increasingly important to be able to accurately pinpoint the molecular abnormalities
associated with neoplastic transformation in individual patients. This effort illustrates how
individual cellular compartments can be molecularly interrogated using methods that limit
artifacts introduced by sample handling.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

The heatmap of selective genes that either have been reported to exhibit differential expression
in prostate cancer (AMACR, Hepsin and GSPP1) or represent a new observation (ID1
JMJID2A). A, upregulation. B, downregulation. Red: upregulated in tumor; Green:
downregulated in tumor. Row: genes; Column: patients.
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Figure 2.

The downregulation of tumor ID1 and ID3 mRNA was confirmed by Real-time gRT-PCR in
paired tumor and benign epithelial cDNA from 31 patients. ACT was calculated as the
difference of cycle threshold value (CT) of ID1 and I1D3 relative to the CT value of GAPDH.
For both genes, p < 0.001, paired-t test.
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Figure 3.

The mRNA level of androgen receptor in paired tumor and benign epithelium from 31 patients
was measured by gRT-PCR. P = 0.103, paired-t test.
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Figure 4.

The mRNA levels of three AR associated histone demethylase genes in 31 patients' cancer and
adjacent benign epithelium were compared by qRT-PCR. ACT was calculated as the difference
of cycle threshold value (CT) of IMID1A, IMID2C and LSD1 relative to the CT value of
GAPDH. The p values (indicated in the graph) were calculated by paired-t test.
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Gene set enrichment analysis of the expression differences between tumor and adjacent normal epithelium

GO categories significantly enriched in gene set up-regulated in cancer with g-value <0.01% compared to all genes tested

System Gene Category EASE score  FDR

GO Biological Process intracellular protein transport 0.0003 <0.001
GO Biological Process protein folding 0.0003 <0.001
GO Biological Process protein transport 0.0007 <0.001
GO Biological Process small GTPase mediated signal transduction 0.0014 <0.001
KEGG pathway Carbohydrate Metabolism - Homo sapiens 0.0020 <0.001
GO Cellular Component cytoplasm 0.0023 <0.001
GO Molecular Function chaperone activity 0.0024 <0.001
GO Molecular Function protein transporter activity 0.0059 <0.001
GO Biological Process intracellular transport 0.0061 <0.001
GO Biological Process protein targeting 0.0067 <0.001
GO Molecular Function  hydrolase activity, acting on GTP, involved in cellular and subcellular movement 0.0092 <0.001
GO Molecular Function extracellular matrix structural constituent 0.0096 <0.001
GO Molecular Function small monomeric GTPase activity 0.0103 <0.001
KEGG pathway Carbon fixation - Homo sapiens 0.0103 <0.001

GO Biological Process protein-mitochondrial targeting 0.0104 <0.001
GO Biological Process cotranslational membrane targeting 0.0107 <0.001
GO Molecular Function ligase activity\, forming phosphoric ester bonds 0.0108 <0.001
GenMAPP pathway Hs_Glycolysis and Gluconeogenesis 0.0111 <0.001
GO Molecular Function GTPase activity 0.0157 <0.001
GO Cellular Component mitochondrial ribosome 0.0186 <0.001
GO Cellular Component collagen 0.0186 <0.001
GO Cellular Component organellar ribosome 0.0186 <0.001
GO Cellular Component intracellular 0.0292 <0.001
KEGG pathway Glycolysis / Gluconeogenesis - Homo sapiens 0.0385 <0.001
KEGG pathway Purine metabolism - Homo sapiens 0.0486 <0.001

GO categories significantly enriched in gene set down-regulated in cancer with g-value <0.01% compared to all genes tested

System Gene Category EASE score  FDR
GO Biological Process immune response 0.0009 <0.001
GO Biological Process defense response 0.0011 <0.001
GO Molecular Function transmembrane receptor activity 0.0018 <0.001
GO Biological Process response to bacteria 0.0021 <0.001
GO Biological Process response to pathogenic bacteria 0.0021 <0.001
GO Biological Process response to pest/pathogen/parasite 0.0033 <0.001
GO Cellular Component integral to membrane 0.0038 <0.001
GO Biological Process response to biotic stimulus 0.0055 <0.001
GO Molecular Function hematopoietin/interferon-class (D200-domain) cytokine receptor activity 0.0056 <0.001
GO Cellular Component integral to plasma membrane 0.0066 <0.001
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GO categories significantly enriched in gene set up-regulated in cancer with g-value <0.01% compared to all genes tested

System Gene Category EASE score  FDR
GO Molecular Function DNA binding 0.0068 <0.001
GO Biological Process cell death 0.0072 <0.001
GO Biological Process cellular process 0.0080 <0.001
GO Biological Process death 0.0083 <0.001
GO Biological Process programmed cell death 0.0108 <0.001
GO Biological Process apoptosis 0.0108 <0.001
KEGG pathway Metabolism of Other Amino Acids - Homo sapiens 0.0121 <0.001
GO Molecular Function receptor activity 0.0159 <0.001
GO Cellular Component transcription factor complex 0.0229 <0.001
KEGG pathway Apoptosis - Homo sapiens 0.0265 <0.001
GenMAPP pathway Hs_Apoptosis 0.0270 <0.001
KEGG pathway Cell Growth and Death - Homo sapiens 0.0408 <0.001
KEGG pathway Glutathione metabolism - Homo sapiens 0.0620 <0.001
GenMAPP pathway Hs_Ovarian Infertility Genes 0.1174 <0.001
GO Biological Process negative regulation of cell cycle 0.0241 0.0357
GO Biological Process transition metal ion transport 0.0226 0.0385
GO Biological Process regulation of apoptosis 0.0189 0.0417
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