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The main challenge for clinical management of prostate
cancer is to distinguish tumors that will progress faster
and will show a higher tendency to recur from the more
indolent ones. We have compared expression profiles of
18 prostate cancer samples (seven with a Gleason score of
6, eight with a Gleason score of 7, and three with a Gleason
score of >8) and five nonneoplastic prostate samples, us-
ing the Affymetrix Human Array GeneChip Exon 1.0 ST.
Microarray analysis revealed 99 genes showing statisti-
cally significant differences among tumors with Gleason
scores of 6, 7, and >8. In addition, mRNA expression of 29
selected genes was analyzed by real-time quantitative RT-
PCR with microfluidic cards in an extended series of 30
prostate tumors. Of the 29 genes, 18 (62%) were indepen-
dently confirmed in the extended series by quantitative
RT-PCR: 14 were up-regulated and 4 were down-regulated

in tumors with a higher Gleason score. Twelve of these
genes were differentially expressed in tumors with a Glea-
son score of 6 to 7 versus >8. Finally, IHC validation of the
protein levels of two genes from the 12-gene signature
(SEC14L1 and TCEB1) showed strong protein expression
levels of both genes, which were statistically associated
with a high combined Gleason score, advanced stage, and
prostate-specific antigen progression. This set of genes
may contribute to a better understanding of the molecular
basis of prostate cancer. TCEB1 and SELC14L1 are good
candidate markers for predicting prognosis and progres-
sion of prostate cancer. (Am J Pathol 2012, 181:1585–1594;

http://dx.doi.org/10.1016/j.ajpath.2012.08.005)

Despite the high incidence of prostate cancer (PCa), only
30% of patients will be afflicted by tumor progression.
Prostate cancer (PCa) PCa is the third most diagnosed
cancer in Spain1 and the second leading cause of can-
cer-related death in US men.2 There have been numer-
ous advances in basic research on PCa initiation and
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progression, as well as clinical advances that have im-
proved patient outcome,3 but there are still challenges to
face, such as identifying which relevant genes are altered
and classifying patients into clearly defined high- and
low-risk groups to improve their specific management.

The main screening technology that has revolution-
ized the diagnosis of PCa during the past 30 years is
the detection of serum prostate-specific antigen (PSA).
In fact, the widespread use of serum PSA has resulted
in the identification of an increasing number of asymp-
tomatic low-stage tumors in younger men. Although
early diagnosis provides an opportunity for curative
surgery, new recommendations4 favor later and less
frequent PSA screening tests, because many patients
with clinically localized low-grade carcinomas may not
require aggressive treatment and are candidates for
active surveillance, because their tumors are relatively
indolent. One of the goals of research in PCa is the
identification of molecular markers for the early distinc-
tion between patients with more aggressive tumors,
which will have a higher risk of progression, and, pa-
tients with apparently similar tumors, which will carry a
much lower risk of progression.

Many molecular studies have shown that genetic
alterations are important for prostate carcinogenesis,
but few oncogenes or tumor suppressor genes have
been consistently linked to prostate adenocarci-
noma.3,5 Microarray technology is a powerful tool for
detecting differentially expressed genes and can be
useful to search for new prognostic markers that can
be translated into clinical practice. In the case of PCa,
the microarray gene expression studies previously per-
formed have compared the expression profiles be-
tween normal and tumoral prostate tissues6 –14 and
between prostate tumor samples classified according
to different clinicopathological features, such as met-
astatic versus organ-confined tumors15 or the different
Gleason score categories.16 –19

There are previous studies16 –19 reporting differen-
tially expressed genes in association with Gleason
score. Singh et al16 analyzed 52 prostate tumor sam-
ples and identified a gene expression signature of 29
genes associated with Gleason score. They have also
developed a model that, using gene expression data
alone, accurately predicted patient outcome after
prostatectomy. Lapointe et al17 reported a 52-gene
expression signature in 62 primary prostate tumors in
which two genes (AZGP1 and MUC1) were associated
with a higher Gleason score. The expression of these
genes was validated by immunohistochemistry (IHC),
concluding that they were strong predictors of tumor
recurrence. True et al18 used laser microdissection of
prostate tissue to isolate cancer cells from Gleason
pattern 3, 4, and 5 foci. They identified an 86-gene
profile that distinguished high- from low-grade carci-
nomas. Recently, Ross et al,19 using tissue laser mi-
crodissection, reported 670 genes that were differen-
tially expressed between Gleason scores 6 and 8. The
main involved pathways were androgen receptor sig-
naling, growth factor, and cytokine-mediated path-

ways.
Herein, we report a gene expression signature of 99
genes differentially expressed in tumors with Gleason
scores of 6, 7, and �8. From these 99 genes, mRNA
expression of 29 selected genes was validated by quan-
titative RT-PCR (RT-qPCR) in TaqMan low-density arrays
(TLDAs), and 18 (62%) of the 29 genes were confirmed
as differentially expressed. Subsequently, this signature
was further refined to 12 genes that were differentially
expressed in tumors with Gleason scores of 6 to 7 versus
�8. As a result, a signature of PCa with aggressive his-
tological characteristics was obtained. Furthermore, we
analyzed the protein expression levels of two of these
genes (SEC14L1 and TCEB1) as possible markers for
tumor subtypes: high protein levels of both genes were
correlated with a Gleason score of �8, advanced tumor
stage, and PSA progression-free survival. Our results
support the existence of an aggressive histological gene
expression signature in PCa. TCEB1 and SELC14L1
emerge as new potential molecular markers of poor prog-
nosis in PCa.

Materials and Methods

Tumor Samples and Patients

A total of 30 frozen and 43 formalin-fixed, paraffin-em-
bedded (FFPE) prostate cancer samples were the sub-
ject of this study. From the 30 frozen samples, 29 were
obtained from radical prostatectomy specimens and 1
was obtained from a cystoprostatectomy specimen with
an incidentally detected tumor. From the 43 FFPE sam-
ples, 39 were prostatectomy specimens and 4 were nee-
dle biopsy specimens. Samples were collected from
2002 to 2010; 20 of them were obtained from the Parc de
Salut MAR Biobank, and 10 were obtained from the Tu-
mor Bank of the Hospital Clínic–Institut d’Investigacions
Biomèdiques August Pi i Sunyer, Barcelona, Spain. Sam-
ples were obtained following ethical and institutional pro-
tocols. Tissue fragments were embedded in optimal cut-
ting temperature (OCT) medium (Tissue-Tek; Sakura
Finetek, Torrence, CA), snap frozen, and stored at
�80°C. We also included five frozen nontumor prostate
samples as controls. The Gleason scores were re-evalu-
ated by two genitourinary pathologists (N.J. and J.A.L.)
who reviewed the whole prostate Gleason score, as well
as the score in the frozen sample and in the homologous
paraffin section, to ensure concordance between the
three values. Detailed pathological and clinical data for
all of the frozen specimens are provided in Table 1.
Regarding the FFPE tissues in which the correlation be-
tween clinical variables and IHC expression was per-
formed, the mean follow-up was 34.3 months (range: 11
to 101 months). Tumor progression was considered when
PSA values were �0.4 ng/mL after prostatectomy. None
of the cases had received preoperative or postoperative
radiation or hormone therapy.

Total RNA Isolation

Microscopic examination of H&E-stained sections from

frozen tissues was used to select the tumor area. All
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cases contained a minimum of 70% of tumor cells, with
most of the cases higher than that figure and with a
maximum of near 100%. Total RNA was extracted from
the 30 frozen prostate tumor samples and 5 nontumor
samples with Ultraspec (Biotecx Laboratories, Houston,
TX) and an RNeasy Mini kit (Qiagen, Cathsworth, CA),
from 10 to 15 sections (10 �m thick). Total RNA purity and
quality were assessed with a NanoDrop ND-100 spectro-
photometer (NanoDrop Technologies, Wilmington, DE)
and an Agilent 2100 Bioanalyzer (Agilent, Santa Clara,
CA). Only samples with good RNA integrity (RNA integrity
number) were subsequently used in microarray experi-
ments. From the 23 samples analyzed by microarray
experiments, 18 were prostate tumors and 5 were normal
prostate tissues. Thirteen tumors showed RNA integrity
number values �7. The five prostate tumors and the five
normal prostate tissues showed RNA integrity number
values between 6.3 and 6.9.

Microarray Hybridization

A total of 23 frozen prostate samples were used for mi-
croarray analysis. Of these samples, 5 were normal pros-
tate tissues and 18 were prostate tumor tissues. Prostate

Table 1. Clinical-Pathological Features (Gleason Score, Tumor S
Microarray and in the RT-qPCR Studies

Tumor no. Gleason score Tumor stage

1 3 � 3 pT2b
2 3 � 4 pT2a
3 3 � 4 pT3a
4 3 � 3 pT3a
5 3 � 3 pT3a
6 3 � 4 pT3a
7 5 � 4 pT2b
8 3 � 3 pT2a
9 3 � 3 pT2b

10 3 � 3 pT2b
11 4 � 3 pT3b
12 3 � 3 pT2b
13 4 � 5 pT3b
14 3 � 4 pT3b
15 5 � 4 pT3b
16 3 � 4 pT2a
17 3 � 4 pT2a
18 3 � 4 pT2a
19 5 � 5 pT3a
20 4 � 4 pT3b
21 4 � 5 pT3b
22 4 � 4 pT3b
23 3 � 3 pT2a
24 3 � 3 pT2b
25 3 � 3 pT3a
26 3 � 3 pT2b
27 3 � 3 pT3a
28 4 � 3 pT3a
29 3 � 4 pT3a
30 3 � 4 pT3a
31 Normal tissue NA
32 Normal tissue NA
33 Normal tissue NA
34 Normal tissue NA
35 Normal tissue NA

NA, not applicable.
tumors were grouped according to Gleason score: 6 (n �
7), 7 (n � 8), and �8 (n � 3). Total RNA, 200 ng, from
each sample was processed and hybridized to Affymetrix
Human Array GeneChip Exon 1.0 ST (Affymetrix, Santa
Clara, CA), according to the Affymetrix GeneChip Whole
Transcript Sense Target Labeling Assay. After hybridiza-
tion, the array was washed and stained in the Affymetrix
GeneChip Fluidics Station 450. The stained array was
scanned using an Affymetrix GeneChip Scanner 3000
7G, generating .CEL files for each array.

Gene Expression Profile Analysis

After quality control of raw data, they were background
corrected, quantile normalized, and summarized to a log-
arithmic gene level by the robust multichip average,20

obtaining a total of 18,708 transcript clusters. Core an-
notations were used to summarize data into transcript
clusters. Normalized data were then filtered to avoid
noise generated by nonexpressed transcript clusters.
Only transcripts with a signal intensity higher than the
median values in any of the groups were considered for
further analysis, which led to 10,452 transcript clusters.
Linear Models for Microarray,21 a moderate t-statistics
model, was used for detecting differentially expressed
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genes among the conditions in the study. We have used
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the standard microarray analysis method, applying the
false-discovery rate to correct for multiple compari-
sons,22 and only genes with an adjusted P � 0.05 were
considered significant. We have also performed Volcano
plots for paired conditions (see Supplemental Figure S1
at http://ajp.amjpathol.org).

Hierarchical cluster analysis was also performed to
see how data aggregated and to generate heat maps.
All data analysis was performed in R version 2.11.1
(R-project Foundation, Auckland, New Zealand) with
packages aroma.affymetrix, Biobase, Affy, limma, and
genefilter. Functional analysis was performed with In-
genuity Pathway Analysis software version 9.0 (Inge-
nuity Systems, Inc, Redwood, CA) and GSEA software
(Gene Set Enrichment Analysis, Cambridge, MA).23

The data discussed herein have been deposited in the
National Center for Biotechnology Information’s Gene
Expression Omnibus24 and are accessible through
Gene Expression Omnibus Series accession number
GSE30521 (http://www.ncbi.nlm.nih.gov/geo).

To validate the concordance between our gene signa-
ture results and those of previous studies, we performed
a series of comparative tests. For each referred list from
previous articles, the total number of genes in the respec-
tive platform was considered. A sample of the published
genes was then randomly selected, and the number of
genes that were coincident with a similarly random se-
lection of 99 genes from our platform was assessed; this
procedure was repeated 1 million times (see Supplemen-
tal Table S1 at http://ajp.amjpathol.org). The resulting per-
centage indicates the effect of random concordance.

Real-Time RT-qPCR Analysis

Twenty-nine genes were selected for expression valida-
tion through RT-qPCR in the TLDA (Applied Biosystems,
Foster City, CA). In addition to the 18 tumor samples
previously analyzed in the Affymetrix Human Array Ge-
neChip Exon 1.0 ST, 12 new samples from additional
prostate tumors were included in this analysis. All these
cases (n � 30) were grouped according to their Gleason
score as follows: 6 (n � 12), 7 (n � 11), and �8 (n � 7).
Custom-designed TLDAs contained primers and probes
for 29 genes (see Supplemental Table S2 at http://
ajp.amjpathol.org). We selected 29 of the initial 99 genes
for the TLDA validation based on our previous reports on
PCa25,26 and by different functional criteria. Some be-
longed to the phosphatidylinositol 3-kinase–AKT signal-
ing pathway or to the Ras family, other genes were in-
volved in cell cycle control or DNA repair, another group of
genes was located at chromosome 8 in a region reported to
be amplified in 40% of high-grade prostate cancer tu-
mors,27 and, finally, other genes were reported in previous
gene expression analyses on prostate cancer.16–19 TLDA
was configured for the analysis of 32-gene sets in triplicate,
using an ABI PRISM 7900 HT instrument (Applied Biosys-
tems). A total of 100 �L of reaction mixture with 50 �L of
cDNA template (1000 ng) and an equal volume of TaqMan
universal master mix (Applied Biosystems) were added to
each loading port of TLDA. Thermal cycler conditions were

as follows: 2 minutes at 50°C, 10 minutes at 94.5°C, and
then 30 seconds at 97°C and 1 minute at 59.7°C for 40
cycles. The CT was automatically given by an SDS 2.1
software package (Applied Biosystems). Relative quantifi-
cation values were determined using the following equation:
Relative Quantification � 2-��C

T.
Average CT values were obtained using the SDS 2.1

software. The relative expression level of each target gene
was displayed as follows: �CT � CTref - CTtarget. GAPDH
and B2M were used as endogenous control genes; accord-
ing to a previous study, HPRT1 was also included.28 Nor-
malization was performed using the geometric mean of the
three housekeeping genes,29 and gene expression was
validated by an analysis of variance test.

IHC of SEC14L1 and TCEB1 in Prostate
Tumors

IHC staining for SEC14L1 and TCEB1 was performed
with SEC14L1 antibody (Sigma-Aldrich, St Louis, MO)
and TCEB1 antibody (ProteinTech Group, Inc., Chi-
cago, IL), respectively. SELC14L1 antibody was used
at 1:50 dilution, and TCEB1 antibody was used at 1:25
dilution, after antigen retrieval with citrate buffer (pH 9)
in autoclave.

Forty-three new independent samples not used in the
previous mRNA expression analysis were tested for
SEC14L1 and TCEB1 protein immunostaining (15 tumors
with a Gleason score of 6, 17 tumors with a Gleason
score of 7, and 11 tumors with a Gleason score of �8).
Each antibody was detected in both cytoplasm and nu-
cleus. The results were graded, considering separately
cytoplasm and nuclear immunostaining, as 0 (negative),
1 (weak), 2 (moderate), and 3 (strong). The score (histo-
score) for each of them was the sum of the product of the
staining intensity and the corresponding tumor percent-
age (Histoscore � [1 � (%1 � Cells)] � [2 � (%2 �
Cells)] � [3 � (%3 � Cells)]). For this study, the global
tumor histoscore was obtained from the addition of the
nuclear and cytoplasmic histoscores.

Statistical Analysis

Categorical variables are presented as frequencies and
percentages, and quantitative variables are presented as
median and range. The receiver operating characteristic
curve was obtained to quantify the discrimination power
and to determine the optimal cutoff points for SEC14L1
and TCEB1 histoscore values with respect to Gleason
score (�180 and �125), tumor stage (�180 and �215),
and progression (�210 and �125), respectively. The
Fisher’s exact test was used to assess the relationship
between two categorical variables. P � 0.05 was consid-
ered statistically significant. Statistical analysis was per-
formed using the SPSS statistical package, version 15.0
(SPSS Inc., Chicago, IL). The relationship with PSA pro-
gression-free survival was analyzed using the Kaplan-
Meier (log-rank) test in 42 patients (one patient was lost to
follow-up). For PSA progression-free survival analysis,

patients were censored at their last clinical follow-up ap-
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pointment or when an increase in serum PSA �0.4 ng/mL
was detected.

Results

Gene Expression Profile Associated with
Prostate Cancer

In the gene expression microarray experiments per-
formed on 18 prostate tumor samples and 5 normal pros-
tate samples, we identified an initial set of 3380 genes
differentially expressed between prostate cancer and
normal prostate tissue (see Supplemental Table S3 at
http://ajp.amjpathol.org).

Herein, we mainly concentrated on comparing tumor
samples, classified according to Gleason score. We

Figure 1. Heat map showing the 99 differentially expressed genes for the t
7, and �8).
identified a cohort of 99 differentially expressed genes
that could distinguish between tumors with a combined
Gleason score of 6 (3 � 3), tumors with a Gleason score
of 7 (3 � 4 or 4 � 3), and the more aggressive tumors
(those with a Gleason score of �8) (Figure 1; see also
Supplemental Table S4 at http://ajp.amjpathol.org). The
analysis of these genes, using Ingenuity Pathways An-
alysis software, showed six top canonical pathways:
i) phosphatidylinositol 3-kinase–AKT (CDKN1B and
YWHAZ), ii) estrogen receptor (PRKDC and NCOA3), iii)
glioma signaling (CAMK1D), iv) DNA double-stranded
break repair by nonhomologous end joining (PARP1 and
PRKDC), v) cell cycle [G1/S checkpoint regulation
(CDKN1B)], and vi) granzyme B signaling (PARP1 and
PRKDC). Calculation was performed according to either
ratio (number of genes from the data set mapping to a
given canonical pathway/total number of genes mapping
to the same canonical pathway) or significance. The
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probability of random concordance with signatures in
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previous studies is shown in Supplemental Table S1
(available at http://ajp.amjpathol.org).

Gene Validation by RT-qPCR Analysis and
Prostate Cancer Aggressive Histological
Signature

We selected 29 of the initial 99 genes for the TLDA
validation based on our previous reports on PCa25,26 and
by different functional criteria. Some genes belonged to
the phosphatidylinositol 3-kinase–AKT signaling pathway
or to the Ras family, others were involved in cell cycle
control or DNA repair, another group of genes was lo-
cated at chromosome 8 in a region reported to be am-
plified in 40% of high-grade prostate cancer tumors,27

and, finally, several genes were reported in previous
gene expression analyses on prostate cancer.16–19 In
this RT-qPCR validation analysis, we used a group of 30
cases composed of the 18 tumor samples previously
analyzed in the microarray study, plus a second set of 12
new prostate tumor samples that we had available. The
reason for including the initial cases in the validation set
was the relatively few new high-quality samples available
with adequate follow-up. Although it would have been
better to have a complete new validation set, it was also
true that including approximately 40% of new cases en-
sured that the mixture was different. On the other hand,
the mean 3-year follow-up was based on the fact that, for
practical purposes, we considered PSA progression-free
survival the most reliable end point. This parameter was
used in patient management, it was likely to detect earlier
progression of the disease, and it allowed including many

Figure 2. Box plot for the 12-gene signature, comparing the RT-qPCR gene
expression levels in prostate tumors with a combined Gleason score of �7
versus �8. The 12 genes are displayed on the x axis, and the respective

Table 2. t-Test and ANOVA of the 12-Gene Signature

Type of test AZPG1 DPP4 HGD MYBPC1 PARP1

t-Test
3 � 3 vs 4 � 5 0.02 0.01 0.00 0.00 0.00
3 � 3 vs 3 � 4 0.78 0.19 0.38 0.22 0.90
3 � 4 vs 4 � 5 0.02 0.04 0.04 0.02 0.01

ANOVA 0.01 0.00 0.00 0.00 0.01

ANOVA, analysis of variance.
expression levels are displayed on the y axis. Asterisk, extreme outlier
value; circle, outlier value.
samples. On the other hand, a 10-year overall survival
requirement would strongly limit the availability of cases.

Of the 29 genes, 18 (62%) were validated (see Sup-
plemental Table S2 at http://ajp.amjpathol.org). We per-
formed scatter plots with regression lines for each of the
29 genes validated by RT-qPCR and for the 18 samples
with both microarray and RT-qPCR data. Each plot con-
tained Spearman � and P values (see Supplemental Fig-
ure S2 at http://ajp.amjpathol.org).

These 18 validated genes were as follows: AZGP1,
CAMK1D, CDKN1B, DPP4, HGD, KCTD12, MYBPC1,
NCOA3, PARP1, PPM2C, PRKDC, RNF19A, SEC14L1,
SLPI, SUMO2, TCEB1, YWHAZ, and ZNF706. All of them
had significant P values by the analysis of variance test.
We performed a series of comparisons (Gleason score 6
versus �8, Gleason score 7 versus �8, and Gleason
score 6 versus 7), with the purpose of selecting those
genes that could distinguish cases with a Gleason score
of �8 from the rest (Table 2). By using this approach,
we narrowed the number of genes distinguishing low-
grade (�7) from high-grade (�8) tumors down to 12.
From this signature of 12 genes, 4 were down-regulated
(AZGP1, DPP4, HGD, and MYBPC1) and 8 were up-reg-
ulated (PARP1, PRKDC, RNF19A, SEC14L1, SLPI, TCEB1,
YWHAZ, and ZNF706) in tumors with a Gleason score of
�8 (Table 2 and Figure 2). Regarding the down-regu-
lated genes, the level of down-regulation ranged from

Figure 3. The IHC expression of SEC14L1 and TCEB1. Original magnifica-
tion, �200. A: Combined Gleason score of 3 � 4 (�5) PCa, showing
moderate to strong SEC14L1 expression (histoscore � 310). B: Combined
Gleason score of 3 � 3 tumor, showing weak SEC14L1 expression (histo-
score � 110). C: Combined Gleason score of 4 � 5 (�3) PCa, showing strong

DC RNF19A SEC14L1 SLP1 TCEB1 YWHAY ZNF706

2 0.01 0.04 0.00 0.04 0.02 0.014
6 0.06 0.13 0.06 0.08 0.32 0.072
2 0.00 0.00 0.00 0.00 0.05 0.00
3 0.000 0.00 0.00 0.00 0.03 0.00
PRK

0.0
0.5
0.0
0.0
TCEB1 expression (histoscore � 255). D: Gleason score of 3 � 3 tumor,
showing weak TCEB1 expression (histoscore � 120).
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0.14 for MYBPC1 to 0.416 for DPP4. Among the up-
regulated genes, the degree of up-regulation ranged
from 1.6 for PARP1 to 5.5 for SLPI (Figure 2).

IHC Validation of SECL14L1 and TCEB1

From the final 12-gene signature associated with high-
grade tumors, we selected two genes, SEC14L1 and
TCEB1, to investigate the relationship between their pro-
tein expression levels, assessed by IHC, and clinical-
pathological parameters (combined Gleason score,
pathological stage, and PSA progression-free survival).
For this purpose, we used an independent set of 43
primary prostate tumors. The two genes were selected
because they showed up-regulation in the RT-qPCR
study, clear separation between Gleason groups, and a
relatively narrow range of expression.

The evaluation of protein expression was based on the
histoscore calculation (nucleus � cytoplasm), which
ranged from 100 to 375 for SEC14L1 and from 5 to 280 for
TCEB1. Different cutoff levels were used for the correla-
tion with combined Gleason score, stage, and PSA pro-
gression-free survival (see Materials and Methods). An
SEC14L1 histoscore of �180 was statistically associated
with a Gleason score of �8 (P � 0.03, Fisher’s exact test)
(Figure 3); thus, 17 (53%) of 32 Gleason score �7 versus
10 (91%) of 11 Gleason score �8 tumors showed high
SEC14L1 protein levels (Figure 4). A TCEB1 histoscore of
�125 was also statistically associated with a high Glea-
son score (P � 0.003, Fisher’s exact test) (Figure 3); 7
(22%) of the 32 Gleason score �7 versus all of the 11
(100%) Gleason score �8 tumors showed high TCEB1

Figure 4. SEC14L1 and TCEB1 IHC expression according to combined
Gleason score (A and B) and pathological stage (C and D). A: A total of 53%
(17/32) of Gleason score �7 and 91% (10/11) of Gleason score �8 tumors
have strong SEC14L1 expression. B: A total of 22% (7/32) of Gleason score
�7 tumors and the 11 (100%) tumors with a Gleason score �8 have strong
TCEB1 expression. C: A total of 50% (13/26) of pT2 or less and 76.5% (13/17)
of pT3 or more tumors have strong SEC14L1 expression. D: A total of 11.5%
(3/26) of pT2 or less and 35% (6/17) of pT3 or more tumors have strong
TCEB1 expression.
protein levels. Furthermore, there were no statistical dif-
ferences between tumors with combined Gleason scores
6 and 7 in the histoscore levels of SEC14L1 (P � 0.076,
Fisher’s exact test) and TCEB1 (P � 0.941, Fisher’s exact
test). These results were in concordance with RT-qPCR
analysis results.

Regarding pathological tumor stage, an SEC14L1 his-
toscore of �180 was statistically associated with high
(�pT3) tumor stage (P � 0.03, Pearson’s �2 test). Also, a
TCEB1 histoscore of �215 was statistically associated
with a high tumor stage (P � 0.04, Fisher’s exact test).

Finally, a Kaplan-Meier analysis for PSA progression-
free survival, performed on 42 patients, showed that there
was a statistical association between PSA progression-
free survival and histoscore levels of SEC14L1 �210 (log-
rank test, P � 0.006) (Figure 5A) and of TCEB1 �125
(log-rank test, P � 0.001) (Figure 5B). We also analyzed
the relationship between the combination of the two an-
tibodies and PSA progression-free survival. The results
were statistically significant (log-rank test, P � 0.003),
with the best survival in patients with low histoscore val-
ues and the worst survival in those with high values for the
two antibodies. Patients with high TCEB1 and low
SEC14L1 levels had intermediate survival values (Figure
5C). We did not include the combination of low TCEB1
and high SEC14L1 levels because there was only one
case in this category.

Discussion

Gene expression profiling by microarray and RT-qPCR
techniques has been a useful tool to classify tumors at the
molecular level. Its application may be helpful in improv-
ing diagnosis, prognosis, and patient stratification.30 The
discovery of new therapeutic targets and new means for
customizing therapy, specific to patient profiles, is a key
objective in the management of PCa. Several previous

Figure 5. PSA progression-free survival (Kaplan-Meier) plots for SEC14L1
(A), TCEB1 (B), and the combination of SEC14L1 plus TCEB1 (C). Follow-up

(in months) is shown on the x axis, and cumulative PSA progression-free
survival is shown on the y axis.
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reports on gene expression microarrays in prostate tu-
mors have been published. Some articles have com-
pared normal prostate with prostate tumor tissues and
have found different gene signatures associated with
PCa.6–14 On the other hand, some studies have investi-
gated the gene expression profiles associated with the
different clinicopathological prostate tumor categories,
such as organ-confined versus metastatic tumors,15 or
different Gleason score groups.16–19

The main goal of our approach has been to identify
new molecular predictors of prostate tumor behavior and
progression. The present study, although based on a few
cases, identifies a new prostate cancer signature, with a
12-gene expression profile associated with aggressive
histological characteristics. Two genes, SEC14L1 and
TCEB1, validated by RT-qPCR and IHC, emerge as po-
tential molecular markers for prostate cancer progression
and prognosis.

As a secondary goal, we have compared tumor with
normal prostate samples, and we have reported 3380
differentially expressed genes. Our results show that
some of the top 100 differentially expressed genes have
been previously reported. For example, Bermudo et al13

reported 26 validated genes by RT-qPCR in tumor versus
normal samples. From these genes, we have four in com-
mon: ROR2, LAMB3, CX3CL1, and TACSTD1. The
TACDST1 gene was reported by Welsh et al7 and by Luo
et al,12 with whom we also share the KRT14 gene. Finally,
we also share the ZNF185, CSRP1, and TRIM29 genes
with Vanaja et al.14 Thus, the concordance with previous
expression-profiling studies shows that our method rep-
licates some of their results. Other genes among the first
400 have also been well documented in the literature,
such as AMACR7,12,13,31 and KRT15.12,13

We have mainly focused our study on the comparison
between the microarray profiles of the three different
Gleason score categories. We have initially detected 99
differentially expressed genes. From these genes, 29
were selected for assessment by RT-qPCR analysis and
62% of them were validated. The validation index in our
study is similar to those in other previous reports, and
illustrates the need for verifying the results of microarray
assays by complementary techniques, such as RT-qPCR
and IHC. The lack of validation of some of the genes, as
well as the relatively low concordance among the differ-
ent microarray studies, could be because of the hete-
rogeneity of the prostate samples. A major concern of
microarray studies on prostate cancer is sample
heterogeneity, particularly regarding the proportion of
tumor cells versus normal glands and stroma. Although
most of our samples had a proportion of tumor cells
�70%, we cannot exclude this factor as the reason for
the lack of validation in some genes. Another explana-
tion could be the presence of sequence differences
between the probes used for the RT-qPCR and mi-
croarray analyses.

Several reports have investigated the expression pro-
files associated with PCa. Different authors have identi-
fied expression signatures with 29, 52, 86, and 670
genes, respectively, that were statistically associated

with the Gleason score.16–19 When comparing our results
with previous literature, our study shares nine genes with
True et al18: KCTD12, YWHAZ, RAB2, SEC14L1, TCEB1,
MYBPC1, HGD, AZGP1, and DPP4. From these genes,
eight were validated in our RT-qPCR study and one was
not (RAB2). In addition, AZGP1 is the only gene that we
have in common with Lapointe et al.17 They validated this
gene by IHC, and they found that strong expression of
AZGP1 was associated with decreased risk of recurrence
(P � 0.0008), independent of tumor grade, stage, and
preoperative PSA levels. On the other hand, Ross et al19

reported three genes (TCEB1, KCTD12, and PPM2C) that
were also present in the signature of True et al18 and in
our own set of validated genes. Considering our global
list of 99 genes, we have two other genes in common with
Singh et al,16 CCND2 and RPL13. CCND2 was not vali-
dated in our RT-qPCR study, and RPL13 was not in-
cluded among the 29 genes selected for RT-qPCR vali-
dation. Finally, there are three genes in common between
Singh et al16 and Lapointe et al17: SPARC, BGN, and
COL1A2. However, subsequent studies,18,19 including
our own, have not found these genes in their signatures.

To validate the concordance between our results and
previous studies, it is advisable to exclude an effect of
random concordance. For this purpose, we have per-
formed a series of comparative tests. Thus, for each
referred list from previous articles, the total number of
genes in the respective platform was considered. A sam-
ple of the published genes was then randomly selected,
and the number of genes that were coincident with a
similarly random selection of 99 genes from our platform
was assessed (see Supplemental Table S1 at http://ajp.
amjpathol.org). The percentage indicates the concor-
dance obtained by performing this strategy of random
resampling up to 1,000,000 times. The probability of
sharing the same genes in the different signatures, as a
result of a random coincident event, is low compared with
most of the previous studies, with the exception of three
genes in common with the article by Ross et al,19 a fact
that could be explained by the many genes contained in
their signature.

By performing comparisons two by two (Gleason score
of 6 versus �8, Gleason score of 7 versus �8, and
Gleason score of 6 versus 7), we have selected those
genes that distinguished tumors with Gleason scores of
�7 and �8, thus refining a gene signature with 12 differ-
entially expressed genes. From these 12 genes, 4 were
down-regulated (AZGP1, DPP4, HGD, and MYBPC1)
and 8 were up-regulated (PARP1, PRKDC, RNF19A,
SEC14L1, SLPI, TCEB1, YWHAZ, and ZNF706). These
genes could be markers of an aggressive phenotype.
Several validated genes that we found associated with
Gleason score in our analysis have been previously
linked to different human neoplasms, including prostate
cancer. For example, PARP1 is involved in the regulation
of various important cellular processes, such as differen-
tiation, proliferation, and tumor transformation. The use of
inhibitors of PARP1 is a recent promising therapy in
breast and prostate cancers.32,33 The SLPI gene has
been involved in the secretory machinery of PSA in pros-
tate carcinoma cells.34 DPP4 is secreted by the normal

prostate and has inhibited the malignant phenotype of
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prostate cancer cells by blocking the basic fibroblast
growth factor signaling pathway.35 AZGP1 is associated
with a decreased risk of prostate cancer recurrence.18

Some authors have reported an association between the
loss of AZGP1 expression and recurrence of prostate
cancer.36,37 Our results are in keeping with these studies,
because we found AZGP1 to be down-regulated in high-
grade tumors. Finally, 3 of the 12 genes in our refined set
(RNF19A, TCEB1, and ZNF706) are located in 8q21-23, a
region amplified in �40% of primary prostate cancers
and associated with higher histological grades.27

For the present study, we selected two genes,
SEC14L1 and TCEB1, to be assessed by IHC because of
their up-regulation in the RT-qPCR study, clear-cut sep-
aration between Gleason groups, and a relatively narrow
range of expression. To our knowledge, there are no
previous IHC studies on clinical PCa samples for any of
these genes.

SEC14L1 has not been investigated in PCa. Its protein
belongs to the SEC14 cytosolic factor family, and its role
in intracellular transport has been previously analyzed.38

Our results indicate that strong immunostaining of
SEC14L1 (histoscore levels �180) is associated with a
Gleason score of �8 and advanced tumor stage. More-
over, histoscore levels of �210 are inversely associated
with PSA progression-free survival.

On the other hand, there are some studies on TCEB1 in
PCa. Interestingly, TCEB1 is located at chromosome re-
gion 8q21.11; the gain of the long arm of chromosome 8
(8q) is one of the most commonly recurrent findings in
advanced prostate tumors, and it is associated with poor
prognosis.39,40 Moreover, Porkka et al41 have shown by
fluorescence in situ hybridization analysis that 23% of
hormone-independent prostate tumors had TCEB1 am-
plification, whereas none of the hormone-dependent tu-
mors did, and that amplification of TCEB1 was associated
with advanced androgen-independent prostate can-
cer.41 Finally, Jalava et al42 have shown that TCEB1 pro-
motes invasion in prostate cancer cells. Our analysis has
revealed that the TCEB1 gene is also up-regulated in
tumors with a Gleason score of �8, advanced tumor
stage, and PSA progression-free survival.

Interestingly, the PSA progression-free survival analy-
sis, using a combination of both antibodies, is also sta-
tistically significant and has the added value of better
patient stratification.

In conclusion, the present study reveals global gene
expression differences that are sufficiently robust to dis-
tinguish tumors with Gleason scores of 6, 7, and �8. In
addition, these results show that there is a 12-gene sig-
nature associated with aggressive tumor histological
characteristics. Protein levels of two genes in this 12-
gene signature, SEC14L1 and TCEB1, have been identi-
fied as good candidate predictors of progression. The
role of the remaining genes in this signature in the patho-
genesis of prostate cancer remains to be elucidated. It
will be interesting to observe patients with a Gleason
score of �7 and high SEC14L1 and TCEB1 protein levels,
to assess if they could be at a higher risk of tumor pro-

gression.
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