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Abstract
Diagnosis of prostate cancer (PCa) typically relies on needle biopsies, which are routinely archived
in paraffin after formalin fixation and may contain valuable risk or prognostic information. The
objective of this study was to determine the feasibility of mRNA and miRNA expression analysis in
laser-capture microdissected (LCM) formalin-fixed paraffin-embedded archived prostate biopsies
compared to the gold standard of frozen tissue. We analyzed the expression of compartment-specific
and PCa-related genes in epithelial and stromal tissues collected from paired sets of archived prostate
biopsies and frozen radical prostatectomy specimens from three patients. Our results showed
appropriate compartment-specific and PC-related expression with good within patient agreement
between the FFPE-biopsies and the frozen tissue. The potential for both mRNA and microRNA
expression profiling in the biopsies was also demonstrated using PCR arrays which showed high
correlation between the biopsy and frozen tissue, notwithstanding sensitivity limitations for mRNA
detection in the FFPE specimen. This is the first study to compare RNA expression from biopsy and
frozen tissues from the same patient and to examine miRNA expression in LCM-collected tissue
from prostate biopsies. With careful technique and use of appropriate controls, RNA profiling from
archived biopsy material is quite feasible showing high correlation to frozen tissue.
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INTRODUCTION
Despite advances in the diagnosis and treatment, prostate cancer (PCa) remains the second
leading cause of cancer-related deaths in men. The vast majority of PCa are detected by needle
biopsies that provide a random and sparse sample of prostate tissue, which is archived in
paraffin after formalin fixation. Although RNA is degraded in formalin-fixed paraffin-
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embedded (FFPE) tissue, recent studies have shown that meaningful gene and microRNA
(miRNA) expression data can be obtained from these specimens 1–3. The ability to analyze
RNA expression in FFPE-bpx provides a useful tool for risk stratification for negative biopsies,
identification of prognostic markers in positive biopsies and could allow gene expression
profiling to become an important surrogate endpoint in PCa prevention trials

Prostate biopsies contain a mixture of histological entities (stroma, benign epithelium, cancer,
pre-malignancy and atrophy). Therefore, it is imperative to separate well-characterized
epithelial areas from the stroma by laser capture microdissection (LCM) prior to RNA analysis.
Shukla et al used LCM to obtain reliable gene expression markers for epithelial and stromal
compartments in radical prostatectomy (RP) and TURP samples 2. However, only one study
to date combined LCM with analysis of the expression of gene transcripts in formalin-fixed
prostate biopsies 1. Although that study reported plausible results for expression of genes that
are specifically associated with stroma, benign epithelium and PCa, the only direct comparison
of FFPE to frozen tissue was made in tissue from a xenograft model and the number of genes
was limited.

Here we report validation of RNA expression analysis in FFPE biopsies by comparison to the
gold standard, frozen tissue, obtained at radical prostatectomy (RP) from the same patient. We
isolated pure populations of normal epithelium, normal stroma and PCa epithelium and then
compared matched FFPE and Frozen Tissue for gene expression of several compartment-
specific and PCa-related mRNAs. We also examined the expression of several PCa-related
miRNAs in normal and malignant epithelium in the matched sample types. Lastly, to determine
whether our technique could quantify expression of mRNAs and miRNAs in multi-target
panels, we compared fixed and frozen samples from the same patient using PCR arrays.

MATERIALS AND METHODS
Prostate Tissue

Archival formalin-fixed paraffin-embedded (FFPE) prostate needle biopsy (Bpx) specimens
were used. Needle biopsy cores (18G), eight per patient, were fixed in formalin immediately
and paraffin embedded within 24 hours. Biopsy specimens were collected from February to
July 2007 and paired fresh-frozen tissue was acquired at radical prostatectomy (<6 months
from biopsy), by a pathologist during the gross examination and dissection of specimens.
Tissue was snap frozen and stored at −80°C. Frozen tissue was collected from October 2007
to December 2007. The protocol for acquiring tissues was reviewed and approved by the UIC
Institutional Review Board.

Laser Capture Microdissection
For both biopsy and frozen material, two 8μ sections were cut and placed onto Leica RNase-
free PEN slides (Leica, Bannockburn, IL, USA). FFPE-Bpx slides were de-paraffinized, lightly
stained with 0.5% toluidine blue and dried for 5 minutes on a 37°C slide warmer. FFPE-Bpx
tissues were sectioned the day of LCM-collection. Frozen tissue was sectioned and fixed in
100% ethanol one day prior to LCM-collection. LCM collection was done on the Leica
LMD-6000; 60–160 acini of epithelium and all of the surrounding stroma were collected. For
cancer, all of the foci available on each slide were collected. The tissue was collected into
Eppendorf caps containing 50 μl of Digestion Buffer® (from RecoverAll® kit). Microdissected
tissue was stored in Digestion Buffer® overnight at −80°C prior to RNA isolation.

RNA Extraction and cDNA Synthesis
Total RNA was extracted from the tissue with RecoverAll® (Applied Biosystems Inc, Foster
City, CA). The manufacturer’s protocol was followed with the exception of increased DNase
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digestion for 60 minutes at 37°C. RNA quantity and quality was determined by OD at 260 and
280 nm on a NanoDrop® ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington,
DE, USA). cDNA was generated from 50 ng of total RNA with Superscript III reverse
transcriptase.

mRNA Expression by PreAmp TaqMan® qRT-PCR
The genes of interest included three housekeeping genes (supplemental Table 1): beta-2-
microglobulin (B2M), tata-box binding protein (TBP), and hypoxanthine
phosphoribosyltransferase 1 (HPRT1); three epithelial-specific genes: prostate specific antigen
(PSA), cytokeratin 18 (K18), and NK3-homobox 1(NKX3.1); three stroma-specific genes:
desmin, tissue inhibitor of metalloprotease 3 (TIMP3), and insulin-like growth factor 1(IGF1);
two genes reported to be up-regulated in PCa: prostate cancer antigen 3 (PCA3), and alpha-
methylacyl-CoA racemase (AMACR); and one gene reported to be down-regulated in PCa:
NKX3.1. All 11 of the TaqMan® Assays (ABI) were pooled, diluted 1:100 and utilized for 14
cycles of pre-amplification with PreAmp Master Mix (ABI.). cDNA from 50 ng of total RNA
was used for a pooled PreAmp reaction. The resulting PreAmp product was diluted 1:20 and
served as template for the individual TaqMan® qPCR reactions which were run on the ABI
Realtime PCR Machine HT7900 (Applied Biosystems, Inc.). Control PCR samples were run
with no template and no reverse transcriptase reactions. Fold-changes were calculated using
ddCt method relative to patient #1 and normalized to the expression of HPRT1, B2M and TBP.

microRNA Expression by PreAmp TaqMan® qRT-PCR
5ng of total RNA was reverse transcribed using the Taqman® microRNA Reverse
Transcription kit (ABI). RT products were pre-amplified using the PreAmp Master mix as
described above. The pre-amplified product was used as the template for the Real-time PCR
run on Step-one Plus (ABI). Control PCR samples were run with no template and no reverse
transcriptase reactions. Fold-changes were calculated using ddCt method relative to patient #1
and normalized to the expression of RNU44 and RNU48.

Protein Expression by Immunohistochemistry
FFPE biopsy sections (4μ) were baked, deparaffinized and dehydrated. Slides were
immunostained using the DakoCytomation Envision+ System-HRP (DAB) kit protocol from
DakoCytomation, Inc (Carpinteria, CA). Antigen retrieval was for 20 minutes at 95–99°C in
Target Retrieval (Dako) solution. The tissues were blocked in a serum-free protein block
(Dako) followed by a peroxidase block (Dako). Anti-NKX3.1 was used at 1:2500 dilution
(incubated overnight at 4° C) and was a generous gift from Dr. Charles J. Bieberich
(Department of Biological Sciences, University of Maryland Baltimore County). Anti-
AMACR (Zeta Corp, Sierra Madre, CA, USA) was used at 1:100 dilution (incubated 1 hour
at 37°). HRP-conjugated secondary antibodies were used followed by DAB. The tissues were
counterstained with Hematoxylin, rehydrated and mounted.

mRNA expression by TaqMan® Custom PCR Array
Following cDNA synthesis with random decamers, 50 ng of cDNA was used as the input for
14 cycles of preamplification with pooled Taqman® primers for a custom human PCR array
(ABI). Following dilution, cDNA was loaded onto the custom array. This 384-format custom
array contained 64 genes plated 6 times. We analyzed FFPE-Bpx and frozen-RP normal
epithelium in duplicate (128 wells each) and the paired PCa from those samples in singlicate
(64 wells each). Ct (crosses threshold; threshold=0.2) values were determined for all samples
and genes. Individual amplification plots were manually inspected. The Ct values for the
technical duplicates were averaged and the data grouped by Ct value intervals. Pearson
correlations between biopsy and frozen Ct values were calculated. For normal versus PCa
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comparison, fold-changes were calculated by ddCT method. Sensitivity was calculated by (true
positives)/(true positives + false negatives) and specificity (true negatives)/(true negatives +
false positives), based on frozen-RP results as the gold-standard.

miRNA expression by TaqMan® Low-Density Array (TLDA)
20 ng of RNA was used as the input for cDNA generation. Eight distinct pools of RT primers
were used for analysis of 370 distinct miRNAs. Following dilution, 12 cycles of
preamplification with the Megaplex pool protocol for the array was performed on the cDNA.
Following dilution, the cDNAs were loaded onto two arrays (Human miRNA Array v1.0, ABI).
This facilitated analysis of 384 wells; 370 distinct miRNAs analyzed in singlicate and two
housekeeping snoRNAs with 8 replicates for each. Ct (crosses threshold) values were
determined for all samples and genes. Individual amplification plots were manually inspected.
Pearson correlation of Ct values was calculated.

RESULTS
LCM-Collected RNA

Three pairs of prostate specimens were selected from an existing set of radical prostatectomy
patients. From each patient, we compared gene expression profiling from their pre-surgical
FFPE prostate needle biopsies (FFPE-bpx) to their frozen surgically-removed radical
prostatectomy tissue (frozen-RP). The patients were 53–56 years of age with similar Gleason
scores (6–7), pre-operative PSA, identical clinical stage and race. LCM was performed to
separately collect the normal epithelium, normal stroma and PCa epithelium (Supplemental
Figure 1). Areas for LCM were selected by a pathologist avoiding areas of prostatic
intraepithelial neoplasia (PIN) or proliferative inflammatory atrophy (PIA). All specimens
yielded RNA of sufficient quantity (> 100 ng) and most showed relative high purity with an
OD260/280 around 1.6 (Table 1).

mRNA Expression Analysis
The expression of 11 individual mRNAs was analyzed by PreAmplification-PCR with
Taqman® assays (see Supplemental Table 1). We analyzed three housekeeping genes, three
epithelial-specific genes, three stroma-specific genes, two genes reported to be up-regulated
in PCa and one gene reported to be down-regulated in PCa.

The Pearson correlations between the Ct values of housekeeping genes were calculated using
all data points from biopsy and frozen samples (N=36 for each gene)(Table 2). The R-values
were all close to 1 indicating linear and unbiased amplification of the cDNA. All three patients
showed appropriate expression of epithelium-specific (K18, PSA, NKX3.1) and stroma-
specific (IGF1, desmin, TIMP3) mRNAs (Figure 1). In Patients #2 and 3 the IGF1 levels were
higher in the normal epithelium than Patient #1, but still lower than the stromal IGF1 levels.
In all three patients, there was agreement in the relative mRNA levels between the FFPE-bpx
and the RP sample (Figure 1).

We were able to collect cancerous tissue in FFPE-bpx and RP tissue from two patients (one
patient did not have detectable PCa in the frozen specimen). PCA3 and AMACR mRNAs were
clearly over-expressed in both tumor samples relative to the normal epithelium (Figure 2).
PSA, which may be down-regulated in organ-confined PCa 4, was decreased in only one of
the patients (Figure 2). Importantly though, the PSA results were the same for RNA collected
from FFPE-bpx and frozen-RP tissues. NKX3.1 mRNA was slightly down-regulated in both
tumor samples (Figure 2). Again we observed good agreement in the relative mRNA levels
between the biopsy and RP samples.
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The changes in AMACR and NKX3.1 mRNA were confirmed by immunohistochemical
analysis in the biopsies. AMACR protein was not present in normal epithelium or stroma, but
was highly expressed in the cytoplasm of PCa epithelium (representative image Figure 3).
NKX3.1 protein showed nuclear localization in normal epithelium, which was decreased in
PCa epithelium, and was not expressed in stromal tissue (representative image Figure 3).
Overall, our findings are consistent with known PCa-related changes in the protein expression
of AMACR and NKX3.1 5,6

miRNA Expression Analysis
The expression of two PCa related miRNAs and housekeeping small RNAs was analyzed by
stem-loop RT-PCR Taqman® Assays and there was excellent correlation (r = 0.98) between
the Ct values of the two housekeeping RNAs (Figure 4A) (N=16). MiR-125b and miR-16 were
selected because they have been reported to be down-regulated in prostate tumors 7. We did
not observe consistent decreased expression of miR-125b and miR-16 in tumor compared to
normal epithelium (the means for all specimens are shown in Figure 4B). However, we found
miR-125b and miR-16 expression to be 2–3 fold higher in the normal stroma than in the normal
epithelium (Figure 4C) and notably, the frozen and FFPE samples were concordant.

PCR Array analysis of mRNA and miRNA expression
We next tested our ability to simultaneously analyze multiple mRNA and miRNA targets in
the FFPE biopsy material using PCR arrays and matched FFPE and frozen samples from a
single patient (patient #1). The mRNA array included 64 genes associated with wound-healing,
inflammation and hormone signaling, represented by amplicons < 100 bp in length. The level
of agreement between duplicate wells was extremely high for both frozen and FFPE samples
(CV% < 0.5% for all genes detected). However, the mean Ct for FFPE across all genes was
33.5, compared to 24.5 for frozen tissue, indicating a more than 500-fold greater amount of
intact mRNA in the frozen sample. Consistent with the high Ct values, 23/64 (37%) of the gene
targets were undetected (Ct >35) in the FFPE samples, versus only one undetectable target in
the frozen samples (see Table 3). As expected, the likelihood of detection in FFPE was related
to the level of gene expression; among 38 genes with Ct < 25 in the frozen sample, 100% were
detectable in the matched FFPE. Among genes that were detected in both samples (n = 41),
the overall correlation between FFPE and frozen tissue was very high (r = 0.89). Correlation
was greater for highly expressed genes vs. those less highly expressed: r = 0.87 and 0.29 for
genes with FFPE sample Ct values of <31 and 31–35, respectively. Figure 5a shows the
scatterplot and linear regression line for the agreement between FFPE and frozen normal
epithelium for jointly detected genes when the FFPE Ct values are less than 31.

Among the 64 genes in the mRNA array, 34 were differentially expressed between frozen-RP
samples of normal and PCa tissue, with differential expression defined as at least a two-fold
difference in relative expression (Table 4). Ten of these 34 genes (29%) were also found to be
differentially expressed in the comparison of normal and PCa tissue from the FFPE biopsies.
Among 30 genes that were not differentially expressed in frozen tissue, only 6 (20%) were
found to be differential in FFPE.

We also compared miRNA expression between FFPE and frozen normal prostate from the
same patient using a qPCR array with 370 unique miRNA sequences. All miRNAs were
represented by one well, with the exception fo two housekeeping miRNA sequences whichwere
evaluated with 8 replicates per array (both CVs < 3%). In contrast to mRNA, the mean Ct for
frozen tissue was only 0.6 less than matched FFPE. Consistent with a previous report,
approximately half of the miRNAs were not detected, and thus were probably not expressed,
in both types of tissue (see Table 3) 8. Agreement between sample types on miRNA
detectability was good - 73% of miRNAs detected in frozen tissue were also detected in FFPE
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(sensitivity = 0.73), while only 8% of FFPE detections were false positives (specificity = 0.92).
Among all 116 jointly detected miRNA species, the correlation for Ct values between matched
frozen and FFPE samples was 0.85 (see Figure 5b).

DISCUSSION
In this study we directly compared mRNA and miRNA expression from LCM-collected FFPE
and frozen tissues from the same patient. It was important to fully validate expression analysis
from FFPE-RNA since the RNA is highly fragmented and not an ideal RT-PCR template. We
found that small amplicon size (60–75 bp) TaqMan® assays worked well since non-specific
primer-dimer products are not detected. Our previous attempts with small amplicon primer
pairs and SYBR green resulted in an abundance of primer-dimer products which made
quantification impossible (data not shown). We further improved detection sensitivity by
running 14 cycles of pre-amplification PCR prior to the quantitative real-time PCR.

We analyzed the expression of 12 well-characterized mRNAs in the FFPE-bpx and frozen-RP
samples. The epithelial and stroma-specific genes confirmed that pure populations of cells were
collected by LCM and analysis of normal vs PCa also demonstrated appropriate expression of
PCA3 and AMACR and NKX3.1. The decrease in small NKX3.1, was consistent and
significant in both sample types and confirmed at the protein level by immunohistochemistry.

By comparing the FFPE-bpx and frozen-RP tissue from the same patient, we were able to show
that RNA expression in the FFPE-bpx was reflective of the whole prostate as the relative
expression was similar to the frozen-RP. Similarity was evident in that the genes with highly
differential expression showed the same direction of change. However, there was not always
agreement in the amount of change, which is likely due to unavoidable sampling differences
between the biopsy and the RP.

The role of miRNAs in cancer is a rapidly emerging area of investigation. Expression profiling
has identified miRNA signatures in cancers that associate with diagnosis, staging, progression,
prognosis and response to treatment 9. MiRNAs are ideal biomarkers in FFPE-tissue because,
unlike mRNA, miRNA integrity is affected very little by formalin fixation 8,10–12. MiRNA
expression signatures specific to PCa have been reported 7,13,14; we selected miR-16 and
miR-125b for analysis based on a previous report which showed down-regulation in human
PCa compared to normal prostate 7. Our results, although based on only two patients, did not
confirm the results by Porkka el al. During preparation of this manuscript, we found conflicting
findings for miR-16 and miR-125b expression in PCa as they were down-regulated in PCa
according to one report 7 and up-regulated according to another 13,14. Methodological
differences in expression analysis and tissue preparation likely contributed to the heterogeneity
of the published PCa miRNA signatures. The aforementioned studies utilized whole sections
from frozen prostate tissue 7,13–16. The prostate is a milieu of stromal cells and epithelial acini
and one of the hallmarks of PCa is decreased stromal content. Therefore, profiling whole
prostate tissue has potential bias towards an under-representation of stroma-specific miRNAs
in the PCa sample. Indeed we found that miR-16 and miR-125b had higher expression in the
prostate stroma than in epithelium; a finding supported by Mitchell et al who reported 4-fold
higher miR-125b levels in prostate stromal cells than in prostate epithelial cells17. Our data
suggest that miRNA profiles generated from whole prostate tissue may display some degree
of artifact resulting from decreased stromal tissue in the PCa lesions.

Ideally we would like the ability to profile more than a handful of genes in the LCM-collected
biopsy samples. Our results demonstrate feasibility, albeit with several limitations. The biggest
hurdle in the mRNA profiling is sensitivity in the meager FFPE-Bpx samples. The results
showed excellent correlation when low Ct values (20–31) were analyzed, but much lower
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correlation at Cts >31. To accommodate the wide range of Cts in our target genes, we utilized
five housekeeping genes, which came up at Cts ranging from 23–32 in the FFPE samples.
Although mRNA profiling from FFPE-Bpx presents a challenge, as long as there are rigorous
controls and careful data analysis, meaningful results can be obtained. We would suggest that
proper profiling include the following; at least 3 housekeeping genes with variable expression
levels, PCR amplicons <80bp, analysis of Ct values <31 (lower than the typical cutoff of 35).
Our data suggests that technical duplicates are not necessary.

When we used these criteria to analyze of gene expression changes in the normal versus PCa,
the FFPE-Bpx sample identified the PCa changes with 80% specificity and 30% sensitivity.
The sensitivity is likely diminished in the FFPE sample because RNA degradation. However,
the specificity was good, suggesting that valid results can be obtained from the biopsy material.
It should be noted that our results comparing FFPE and frozen are conservative because they
assume that the frozen-RP data represents the “true” data with zero false positives or negatives,
which may not be the case because of inherent sampling differences between the needle biopsy
and surgically obtained tissue. The ultimate goal is whole transcriptome amplification of biopsy
material to provide analysis of all genes by array, which requires μg amounts of RNA compared
to the ng amounts achievable from biopsies

In contrast, the miRNA PCR array profiling results show superb correlation between the biopsy
and RP specimen without the limitations of the mRNA profiling. The results were correlative
throughout all Cts (20–35). Furthermore, the Ct values for the bpx and RP were similar,
indicating that the miRNAs are not degraded in the biopsies. Although we utilized the Human
microRNA PCR array v1.0 from Applied Biosystems that contained 370 distinct miRNAs there
is now a v2.0 PCR array that includes 667 distinct miRNAs. Since the protocol that we used
involves dilution of both the RT and preamplification products, the RNA isolated from FFPE-
bpx would be more than sufficient to analyze all 667 miRNAs in the current platform.

PCa-associated stroma has been shown to contribute to carcinogenesis 18,19 and has gene
expression profiles distinct from normal prostate stroma 20. Unfortunately, there was
insufficient PCa-associated stroma in the biopsies to facilitate gene expression analysis.

CONCLUSIONS
We show that despite all of the challenges, with careful attention to technique and a full
understanding of the limitations, expression profiling of mRNA gene sets by PCR arrays is
readily achievable from archived biopsy material. MiRNA expression profiling from archived
biopsies produced equivalent results to data obtained from frozen specimens, further
supporting the utility of miRNAs as biomarkers in archived specimens.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Expression of cell-type-specific mRNAs in FFPE-bpx and frozen-RP specimens using
Taqman®PreAmp. Epithelial cell-specific mRNAs K18, PSA and NKX3.1 expression in
LCM-collected normal epithelium and stromal tissue (A-C). Stromal cell-specific mRNAs
IGF1, Desmin and TIMP3 expression in LCM-collected normal epithelium (E, open bars) and
stromal tissue (S, dark bars) (D-F). Results are shown relative to the expression of normal
epithelium from Patient 1. Graphs display the mean relative mRNA expression after
normalization to the expression of B2M, HPRT1 and TBP. Error bars represent standard error
of the averages based on standard deviation of duplicates.
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Figure 2.
Expression of prostate cancer-related mRNAs in FFPE-bpx and frozen-RP specimens using
Taqman®PreAmp. Expression of mRNAs that are commonly up-regulated in prostate cancer,
PCA3 and AMACR, in LCM-collected normal epithelium (N, open bars) and prostate cancer
tissue (PCa, dark bars)(A-B). Expression of mRNAs commonly down-regulated in prostate
cancer, PSA and NKX3.1, in LCM-collected normal epithelium and prostate cancer tissue (C-
D). Results are shown relative to the expression of normal epithelium from Patient 1. Graphs
display the mean relative mRNA expression after normalization to the expression of B2M,
HPRT1 and TBP. Error bars represent standard error of the averages based on standard
deviation of duplicates. Within each patient, paired t-test between normal epithelium and PCa;
# = p < 0.01.
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Figure 3.
Immunohistochemistry staining for AMACR and NKX3.1 protein. Negative control (HRP-
secondary antibody only) is shown in left panel. AMACR staining shown in center panel and
NKX3.1 staining in right panel. An area of prostate cancer is outlined (red dashes).
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Figure 4.
MiRNA expression analysis in LCM-collected tissue from FFPE-bpx and frozen-RP
specimens using Taqman®PreAmp. A, Correlation of miRNA housekeeping gene expression
in all specimens (N=16). Expression of miR-125b and miR-16 in, B, normal (open bars) and
PCa epithelium (dark bars) and, C, in normal epithelium (open bars) versus normal stromal
tissue (dark bars). Graphs display the mean relative mRNA expression after normalization to
the expression of RNU44 and RNU48. For A, mean of expression for Patients 1 and 2 is shown
for normal and PCa epithelium. For B, mean of expression for Patients 1, 2 and 3 is shown for
normal epithelium and stroma. Error bars represent standard deviation of 12 observations (n=6,
technical duplicates) (except RP normal vs PCa, n=4). Results are shown relative to the
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expression of normal epithelium from Patient 1. Within each set of specimens (bpx or RP),
paired t-test between normal epithelium and stroma; * = p<0.05, # = p < 0.01.
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Figure 5.
Correlation of FFPE-Bpx and Frozen-RP mRNA and miRNA expression profiles by TaqMan®
PCR array. Correlation between FFPE-bpx and frozen-RP tissue from Patient #1 in mRNA
expression on, A, 41 genes from mRNA PCR array with Cts <31 and, B, miRNAs expressed
in both tissue sources (N=116).
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Table 1

LCM-Collected RNA from Prostate Tissue

SPECIMEN ng RNA 260/280 nm

FFPE-Bpx 1 N-Epi 238 1.58

N-Str 198 1.23

PCa-Epi 275 1.49

FFPE-Bpx 2 N-Epi 121 1.21

N-Str 246 1.28

PCa-Epi 529 1.76

FFPE-Bpx 3 N-Epi 561 1.42

N-Str 283 1.63

PCa-Epi 244 1.3

Frozen-RP 1 N-Epi 466 1.85

N-Str 350 1.69

PCa-Epi 376 1.63

Frozen-RP 2 N-Epi 451 1.61

N-Str 736 1.36

PCa-Epi 288 1.16

Frozen-RP 3 N-Epi 294 1.75

N-Str 899 1.45

PCa-Epi NA NA

N-Epi = normal epithelium, N-Str = normal stroma

PCa-Epi = PCa epithelium, NA = not available
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Table 2

Pearson rho* values for housekeeping genes

B2M TBP HPRT1

B2M - 0.98 0.98

TBP 0.98 - 0.99

HPRT1 0.98 0.99 -

*
R value when comparing Ct values of housekeeping among all data points from biopsy and frozen samples (N=36 for each gene)
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Table 3

Detection of mRNAs and miRNAs (Ct<35) in Frozen-RP vs. FFPE-Bpx samples of normal prostate epithelium
from the same patient.

mRNA Array†
Detected Frozen-RP

YES NO Totals

Detected FFPE-Bpx

YES 41a 0 41

NO 22 1 23

Totals 63 1 64

microRNA Array‡
Detected Frozen-RP

YES NO Totals

Detected FFPE-Bpx

YES 116b 16 132

NO 40 198

Totals 156 214

†
64 genes analyzed in duplicate

‡
370 miRNA analyzed in singlicate

a
frozen-FFPE Pearson correlation r=0.89 for jointly detected genes

b
frozen-FFPE Pearson correlation r=0.85 for jointly detected genes
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Table 4

Detection of mRNAs differentially expresseda in PCa vs normal in the same patient

mRNA Array

Differential Expression Frozen-RP

YES NOb Totals

Differential Expression FFPE-Bpx

YES 10 6 16

NOb 24 24 48

Totals 34 30 64

a
>2-fold difference in expression, Ct<31

b
sum of not differentially expressed and not detected
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