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Abstract

Overexpression of ETS genes is involved in prostate cancer (PrCa), but there is little information on the non-ERG components of
this family. We have investigated ETVI, ETV4, and ETV5 overexpression, with or without PTEN loss, and their association with
grade group (GG), pathological stage, focality, and PSA recurrence in PrCa. ETS gene expression was analyzed by qPCR in 104
cases. ETV1 and PTEN immunohistochemistry was assessed in TMA sections from 194 additional cases (PSMAR-Biobank,
Barcelona, Spain). E7S mRNA overexpression was found in 23.1%, being ETV! the most frequently overexpressed (18.3%).
ETV1 protein overexpression was detected in 30.4% cases (moderate in 19.6%, strong in 10.8%). PTEN protein expression loss
was detected in 36.1% cases and was not associated with ETV1. Strong-moderate ETV1 protein overexpression reaches its
highest values in GG3—4, whereas its negativity was significantly more common in GG1 tumors (p =0.034). ETV1-
overexpressing tumors were more often unifocal (p =0.0007) and high stage (p =0.032). PTEN loss was less common in
GGl1 (p=0.012) and showed a trend to be less frequent in pT2 (p =0.062) tumors. Strong ETV1 immunostaining (histoscore
> 177) was associated with shorter time to PSA recurrence in the univariate (p = 0.002) and in the multivariate analysis (p =
0.018). Moreover, when strong ETV1 overexpression was not combined with PTEN loss, its association with PSA recurrence
was even stronger (p =0.0004). In conclusion, non-ERG ETS overexpression, particularly ETV1 overexpression, has a non-
negligible role in PrCa. Strong ETV1 protein expression has a negative impact on prostate cancer outcome that seems to be
independent of PTEN status.
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Introduction

Josep Lloreta-Trull and Silvia Hernandez-Llodra contributed equally to
this work. Mutations in classic oncogenes and tumor suppressor genes
are relatively uncommon in prostate carcinoma (PrCa) [1],
while fusions of androgen-regulated promoters with members
of the ETS family of transcription factors are a specially com-

mon event [2]. Seven PrCa subtypes defined by ETS fusions
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or mutations in driver genes were established by The Cancer
Genome Atlas (TCGA) research network [3], and a remark-
able molecular diversity has been reported among the ETS-
fused prostate tumors.

TMPRSS2-ERG rearrangement has been extensively re-
ported in about 50% of prostate tumors [4] and is the main
cause of ERG overexpression [5, 6]. ERG has been shown to
have oncogenic capacity [7] and to promote prostatic dedif-
ferentiation [8], as well as tumor initiation and progression [9].
ERG has also SLC45A3 [10] and NDRG [11] as less frequent
5" partners. There is evidence that SLC45A3-ERG fusion is
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added to some TMPRSS2-ERG rearranged tumors, resulting
in higher ERG overexpression [12] and worse prognosis [13].
In addition, PTEN loss is considered a late event that cooper-
ates with ERG overexpression to promote tumor progression
[12, 14-16]. TMPRSS? is also fused, less frequently, with
other members of the ETS family, namely E7VI, ETV4, and
ETV5. Chromosomal translocations affecting E7V1 or ETV4
have been involved in prostate cancer [17].

ETV1 is overexpressed in 5—10% of PrCa [4, 18]. Only in
some of these cases overexpression is related to rearrange-
ments involving TMPRSS2 and ETVI [19]. The reported per-
centage of ETV4 overexpression ranges from 2% in an
American series to 30% in a Chinese cohort [20, 21]. ETVI
and ETV4 are supposed to have overlapping functions in late
prostatic carcinogenesis [22]. In this regard, they have been
related with dissemination and metastasis [19, 23]. Moreover,
ETV4 is needed for anchorage-independent growth, prolifera-
tion, and epithelial-mesenchymal transition [24]. Less infor-
mation is available about ETVS5 overexpression in PrCa, but a
frequency of 1.5% is documented. Fusions of ETV5 with
TMPRSS?2 or SLC45A3 have been reported as the main mech-
anism for ETV5 overexpression [25]. The effect of ETV5 over-
expression has been related to the invasive capacity of PrCa
cells, but not to proliferation.

In summary, there are limited data on the role of the non-ERG
ETS genes (ETVI, ETV4, and ETV5) in the pathogenesis of
PrCa. The aim of the present work has been to further under-
stand the role of ETVI, ETV4, and ETV5 in prostatic carcino-
genesis and their relationship with PTEN loss, as well as with the
clinical-pathological features of tumors and PSA recurrence.

Materials and methods

Patients and tumor samples

Two independent cohorts, including prostate tumors from lap-
aroscopic radical prostatectomy, were selected retrospectively

from the files of the Parc de Salut MAR Biobank
(MARBiobanc, Barcelona, Spain): (1) The first one consisted
of 104 frozen prostate tumors and 3 frozen non-tumor prostate
samples from cases with nodular hyperplasia. (2) The second
cohort that was used for the construction of the TMA blocks
consisted of 194 formalin fixed, paraffin embedded (FFPE)
prostate tumors. The distribution of the grade groups (GG),
tumor stage (pT), uni- or multifocality, and pre-operative PSA
are summarized in Table 1.

Total RNA extraction and retrotranscription

Representative tumor areas containing at least 50% and the
vast majority of cases with 70 to 90% of tumor cells were
selected and manually microdissected from frozen tissues.
Standard hematoxylin and eosin (H&E) slides served as tem-
plates. About 1015 sections of 10 um from the tumor area
were cryopreserved with Ultraspec (Biotecx Laboratories,
Houston, TX, USA) at — 80 °C. Total RNA was extracted in
tumor and non-tumor samples with the RNeasy Mini kit
(Qiagen, Cathsworth, CA, USA). RNA purity and quality
were assessed with the Nanodrop® ND-100 spectrophotome-
ter (Nanodrop Technologies, Wilmington, DE) and the
Agilent 2100 Bioanalyzer (Agilent, Santa Clara, CA, USA).

cDNA was synthesized using 1 ug of total RNA and
Superscript IV Kit (Invitrogen, Thermo Fisher Scientific,
Carlsbad, CA, USA) according to the manufacturer’s
instructions.

ETS genes mRNA expression analysis by qPCR

ETVI, ETV4, and ETV5 expression was analyzed from cDNA
in the 104 frozen prostate tumors and the 3 non-tumor sam-
ples. qPCR reactions were done with ABI PRISM 7500
Sequence Detection System and Tagman® Gene Expression
Assays (Applied Biosystems, Thermo Fisher Scientific,
Carlsbad, CA, USA): ETVI (Hs00951951 ml), ETV4

Table 1 Summary of clinical data. GG: grade group, pT: pathological tumor stage, FFPE: formalin-fixed paraffin-embedded
Frozen prostate tumors cohort GGl GQG2 GG3 GG4 GGS5
Age, median (range) 64.5 (53 to 72) 66 (45 to 77) 66 (47 to 75) 64 (56 to 78) 66 (60 to 70)
pT pT2 15 13 3 1 0
pT3 11 20 18 12 11
FFPE prostate tumors cohort GGl GG2 GG3 GG4 GG5
Age median, (range) 64 (52 t0 75) 66 (47 to 80) 66.5 (51 to 72) 63.5 (5210 72) 65.5 (56 to 75)
pT pT2 23 61 15 15 18
pT3 4 11 7 11 20
Tumoral focuses Multifocal 19 59 8 20 27
Unifocal 8 13 14 6 11

Pre-operative PSA (ng/ml), median (range)

7.53(0.43 to 51.04) 7 (0.25t0 16.79) 7 (3.77 to 16.08)

920 (3.62t0 24.18) 8.12 (2.76 t0 17.93)
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(Hs00383361 gl), ETVS5 (Hs00927557 ml), and GAPDH
(4310884E-NM_002046.3).

Samples were run in triplicate, and the mean value was
calculated for each case. GAPDH gene was used as internal
control to normalize levels of mRNA expression. The three
non-tumor prostate samples were used to determine normal
expression levels of the ETS genes, and overexpression was
considered for values of 2(— AACt) > 2.6. For the cutoff def-
inition, we tried to perform ROC curves, but clear cutoff
values for high and low levels were not found with this meth-
od. Thus, the median values were taken as reference points,
several cutoff values were tested, and the cutoff showing the
best discrimination power between the different clinical-
pathological groups was selected.

Immunohistochemistry of ETV1 and PTEN

Nine tissue microarrays (TMAs) were constructed as previ-
ously reported [16]. The dominant tumor was sampled in all
cases. Whenever possible, several cores were taken from dif-
ferent regions. In addition, when the size and thickness of the
focus allowed it, secondary foci where also sampled. Thus,
smaller foci (< 3 mm in diameter) were not included for tech-
nical reasons. For the present study, all the cores were ana-
lyzed, but only that with the highest grade was included in the
evaluation. Likewise, to analyze the relationship between ex-
pression of ETVI and PTEN and the clinical-pathological
parameters, the core with the highest grade and containing
the maximum number of altered proteins was selected. The
immunohistochemical expression of ETV1 and PTEN was
assessed in 469 cores from the 230 cases. Information on both
proteins was available in 194 cases. Results of PTEN have
been previously reported [16], and we have incorporated them
in the present study for comparison with ETV1.
Immunohistochemical staining of PTEN was carried out as
previously reported [16]. For ETV1 immunostaining, the pri-
mary rabbit anti-ETV1 polyclonal antibody (clone PA5-41484
Thermo Fisher Scientific, Life Technologies Corporation,
Carlsbad, CA, USA) and the Dako Envision+ System-HRP
(Dako, Glostrup, Denmark) were used. ETV1 expression was
cytoplasmic or nuclear. Both were assessed and quantified
with the histoscore system. ETV1 expression was graded as:
negative =0, weak = 1, moderate =2, and strong =3. The
histoscore was the sum of the product of the staining intensity
and the corresponding tumor percentage (histoscore =[1 x
(%1+ cells)] + [2 % (%2+ cells)] +[3 % (%3+ cells)]). A final
score of 0 was considered negative expression; there were no
cases with values between 1 and 4; 5-99 was considered weak
expression, 100—176 moderate overexpression, and > 177
strong overexpression. Endothelial cells were used as internal
positive control and stromal cells as internal negative control.
In addition, a TMA containing many different tissues was
used that included testes as a positive external control. In both

the problem TMA blocks and the control TMA block, addi-
tional sections were immunostained, replacing the primary
antibody with buffer solution as additional control for the
specificity of the immunostaining.

Statistical analysis

Categorical variables were presented as frequencies and per-
centages. The Fisher or chi-square tests were used to compare
these categorical variables between groups. For the statistical
analysis, SPSS version 15.0 statistical software (SPSS Inc.,
Chicago, IL, USA) was used. p values less than 0.05 were
considered statistically significant.

Survival analysis

Patients were followed clinically at regular intervals of
3 months for the first year and every 6 months the subsequent
years, with PSA values available for each follow-up visit.
Patients were censored at their last clinical follow-up or when
an increase in serum PSA > 0.2 ng/ml was detected (i.e., two
consecutive increases) [26].

PSA recurrence was analyzed using Kaplan-Meier (log
rank) in two independent cohorts of patients. The first
consisted of 94 cases (10 were lost for follow-up) with avail-
able ETVI, ETV4, and ETV5 quantitative mRNA expression
analysis. In this group, the median follow-up was 49 months
(1-130). The second cohort included 174 cases (20 were lost
for follow-up) with available ETV1 and PTEN immunostain-
ing analysis. In this group, the mean follow-up was
102.5 months (1-212). A multivariate Cox proportional haz-
ard regression analysis was used to assess the association be-
tween strong ETV1 cytoplasmic overexpression and PSA-
recurrence risk, with their corresponding hazard ratio (HR),
95% confidence intervals (CI), and p values, after adjusting
for other prognostic variables (grade group, tumor stage, tu-
mor focality, and pre-operative PSA). In this analysis, 37 pa-
tients were lost for follow-up.

Results

Analysis of ETS genes (ETV1, ETV4, and ETV5) mRNA
quantitative expression

ETVI, ETV4, and ETV5 mRNA expression was analyzed by
qPCR in all 104 frozen prostate tumor samples. In 24 tumors
(23.1%), we found overexpression of one or more ETS genes,
while the remaining 80 tumors had basal levels of all ETS
genes. ETV1 was the most frequently overexpressed of them
(19 of 104; 18.3%), followed by ETV4 (9 of 104; 8.6%), and
ETVS5 (3 of 104; 2.8%). Only one ETS gene was
overexpressed in 79.2% (19 of 24) cases, while 20.8% (5 of
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24) overexpressed more than one. Isolated ETVI overexpres-
sion was the most frequent event (14.4%; 15 of 104), followed
by isolated ETV4 (3.8%; 4 of 104), and ETVS5 was always
overexpressed in combination with other £7S genes.

Relationship of ETS mRNA overexpression with grade
group and tumor stage

Regarding the grade group tumor classification, ETVI over-
expression was seen in 19.2% (5 of26) GG1, 21.2% (7 of 33)
GG2, 14.3% (3 of 21) GG3, 23.1% (3 of 13) GG4, and 9.1%
(1 of 11) GG5 tumors (Pearson X2, p=0.902). ETV4 overex-
pression was not seen in GG5, while it was detected in 15.4%
(4 0f26) GGI, 3.1% (1 0f 33) GG2, 14.3% (3 of 21) GG3, and
in 7.7% (1 of 13) GG4 tumors (Pearson X?, p=0.331). ETVS
overexpression was only detected in 7.7 (2 of 26) GG1 and
7.7% (1 of 13) GG4 tumors (Pearson X%, p = 0.199).

Finally, lack of ETS gene (ETVI, ETV4, or ETVS) overex-
pression was detected in 76.9% (20 of 26) GG1, 78.8% (26 of
33) GG2, 71.4% (15 of 21) GG3, 69.2% (9 of 13) GG4, and
90.9% (10 of 11) GGS tumors (Fisher’s exact test, p =0.751).
Comparing the proportion of GG5 vs GG1-4 (70 of 93;
75.3%) cases lacking ETS gene overexpression, this was
higher in the former, but without statistical differences
(Fisher’s exact test, p = 0.450).

Regarding tumor stage classification, ETVI overexpression
was found in 18.7% (6 of 32) pT2 tumors and in 18.1% (13 of
72) pT3 tumors (Pearson X2, p=0.933). ETV4 overexpression
was found in 12.5% (4 of 32) pT2 tumors and in 6.9% (5 of
72) pT3 tumors (Fisher’s exact test, p = 0.452). ETVS5 overex-
pression was found in 6.2% (2 of 32) pT2 tumors and in 1.4%
(1 of 72) pT3 tumors (Fisher’s exact test, p = 0.223). Finally,
lack of ETS gene overexpression was detected in 78.1% (25 of
32) pT2 tumors and in 76.4% (55 of 72) pT3 tumors (Pearson
X2, p=0.845).

Analysis of ETV1 and PTEN immunostaining in TMA

For ETV1, we have found almost exclusively cytoplasmic
staining and only one case showing nuclear expression
(Fig. 1b, e). Thus, only the cytoplasmic expression pattern
of ETV1 was considered. The positive controls (endothelial
cells as internal control and testes in the control TMA) showed
nuclear and cytoplasmic staining. The fibroblast and muscle
cells in the cases were negative. The negative control without
ETV1 antibody was completely devoid of cytoplasmic or nu-
clear stain. Therefore, although it is not usually reported in the
literature, these controls support the real presence of ETV1 in
the cytoplasm of tumor cells and allow to exclude a non-
specific reaction. 27.5% (55 of 194) of tumors were totally
negative, and 41.2% (80 of 194) showed weak expression.
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Overexpression was classified as moderate or strong immu-
nostaining: 19.6% (38 of 194) of tumors presented moderate
overexpression and 10.8% (21 of 194) strong overexpression
(Figs. 1 and 2).

PTEN expression loss was detected in 70 cases (36.1%).
Eighteen of the 59 (30.5%) cases with moderate or strong
ETV1 overexpression, and 52 of the 135 (38.5%) with nega-
tive or weak ETV1 showed PTEN loss (Pearson X, p=
0.285). Thus, ETV1 overexpression was not associated with
PTEN loss.

Relationship of ETV1 and PTEN immunostaining
with grade group, tumor stage, and tumor focality

Regarding grade group tumor classification, ETV1 overex-
pression (moderate and strong) and weak or negative stain
are shown in Fig. 3a. ETV1 overexpression was found in
23.3% (7 of 30) GG1, 29.7% (22 of 74) GG2, 40.9% (9 of
22) GG3, 44.8% (13 of 29) GG4, and 20.5% (8 of 39) GGS
tumors, with highest values in GG3 and GG4. Weak ETV1
expression was seen in 33.3% (10 of 30) GG1, 36.5% (27 of
74) GG2, 31.8% (7 of 22) GG3, 48.3% (14 of 29) GG4, and
56.4% (22 of 39) GGS5 tumors. In contrast, lack of expression
was found in 43.3% (13 of 30) GG, 33.8% (25 of 74) GG2,
27.3% (6 of 22) GG3, 6.9% (2 of 29) GG4, and 23.1% (9 of
39) GGS tumors, being significantly higher in GG1 (Pearson
X2, p=0.034).

Regarding stage, ETV1 overexpression (moderate or
strong) was found in 26.5% (35 of 132) pT2 and in 39.6%
(21 of 53) pT3, weak expression in similar percentages in pT2
(53 of 132; 40.1%) and pT3 (24 of 53; 45.3%) tumors, and
lack of expression in 33.3% (44 of 132) pT2 and 15.1% (8 of
53) pT3 cases (Pearson X2, p=0.032). Thus, ETV1 overex-
pression seems to be associated with high stage and negative
expression with low stage (Fig. 3b).

Finally, regarding tumor focality, ETV1 overexpression
(moderate or strong) was found in 22.6% (30 of 133) of the
multifocal tumors and 50% (26 of 52) of cases with a single
tumor focus; weak ETV1 expression was higher in multifocal
(64 0of 133; 48.1%) than in unifocal (13 of 52; 25%) PrCa, and
lack of expression was present in similar proportion of multi-
focal (39 of 133; 29.3%) and unifocal tumors (13 of 52; 25%)
(Pearson Xz, p=0.0007). Thus, ETV1 overexpression seems
to be associated with cases with a single tumor focus and weak
expression with multifocal cancers (Fig. 3c).

PTEN protein loss was detected in 13.3% (4 of 30) GG,
39.2% (29 of 74) GG2, 40.9% (9 of 22) GG3, 34.5% (10 of
29) GG4, and 46.2% (18 of 39) GGS5 tumors, thus being sig-
nificantly lower in GG1 (Pearson X*, p =0.012). Regarding
stage, PTEN protein loss was detected in 32.6% (43 of 132)
pT2 and in 47.2% (25 of 53) pT3 tumors (Pearson X°, p=
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Fig. 1 ETVI immunostaining in
overexpressing PrCa. a and d
Case 1: prostate adenocarcinoma,
GG4, with nuclear histoscore =0
and cytoplasmic histoscore = 140
(moderate overexpression). b and
e Case 2: prostate
adenocarcinoma, GG1, with
nuclear histoscore = 105 and
cytoplasmic histoscore =215
(strong overexpression). ¢ and f
Case 3: prostate adenocarcinoma,
GG2, with nuclear histoscore =0
and cytoplasmic histoscore = 185
(strong overexpression). Original
magnification x50 (a, b, and ¢)
and %200 (d, e, and f)

0.0623). Thus, PTEN protein loss tends to associate with high
stage tumors. Finally, PTEN protein loss was similar in mul-
tifocal (50 of 133; 37.6%) and unifocal (19 of 52; 36.5%)
cases (Pearson X2, p=0.893).

ETS overexpression, PTEN loss, and PSA recurrence
analysis in PrCa

Kaplan-Meier analysis for PSA recurrence was performed in
the two independent cohorts of the study.

In the cohort with ETS quantitative mRNA data, PSA re-
currence was detected in 24/94 cases (25.5%): 4 GG1 (16%),
8 GG2 (25.8%), 4 GG3 (19.1%), 3 GG4 (37.5%), and 5 GG5
(55.6%) tumors. Kaplan-Meier analysis was performed for
ETVI overexpression vs basal ETVI levels (log rank test,
p= 0.733), ETV4 overexpression vs basal ETV4 levels (log

rank test, p= 0.905), ETV5 overexpression vs basal ETVS
levels (log rank test, p= 0.306), and overall ETS overexpres-
sion vs non-overexpression (log rank test, p =0.274).

In the TMA protein expression cohort, PSA recurrence was
detected in 37/174 cases (21.3%): 6 GG1 (23.1%), 13 GG2
(19.7%), 1 GG3 (4.8%), 7 GG4 (29.2%), and 10 GG5 (27%)
tumors. Kaplan-Meier analysis was performed for moderate
and strong ETV1 overexpression (> 100) vs negative or weak
expression (log rank test, p =0.460) and for strong ETV1
overexpression (>177) vs negative, weak, or moderate expres-
sion (log rank test, p = 0.002) (Fig. 4a). Strong ETV1 overex-
pression with wt PTEN was associated with the worst out-
come, followed by combined strong ETV1 overexpression
and PTEN loss. Negative, weak, or moderate ETV1 expres-
sion, regardless of PTEN status, had the best survival (log rank
test, p =0.0004) (Fig. 4b).
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Fig. 2 ETV1 immunostaining in
non-overexpressing PrCa. a and d U PR
Case 4: prostate adenocarcinoma, "
GGS5, with nuclear histoscore =0
and cytoplasmic histoscore = 80
(weak expression). b and e Case
5: prostate adenocarcinoma,
GG3, with nuclear and cytoplas-
mic histoscore = 0. ¢ and f Case 6:
prostate adenocarcinoma, GGS5,
with nuclear and cytoplasmic
histoscore = 0. Endothelial cells
were used as controls. Original
magnification x50 (a, b, and ¢)
%200 (d, e, and f) b

In addition, in the multivariate Cox proportional hazard
regression analysis (Table 2), strong ETV1 cytoplasmic over-
expression was significantly associated to a 2.714 times
higher risk of PSA recurrence (HR 2.714, p=0.018). None
of the remaining parameters (GG, tumor stage, tumor focality,
and pre-operative PSA values) were statistically associated
with a higher risk of PSA recurrence.

Discussion

Fusions involving androgen-regulated genes and members of
the ETS family are the most common molecular abnormality
[1, 2] and are considered to drive carcinogenesis in many pros-
tate tumors [7, 17]. Fusion-positive and fusion-negative PrCa
have been proposed as two main different subtypes of the
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disease [3]. Fusion transcripts involving TMPRSS2 and ETS
genes have been suggested to be good markers of PrCa aggres-
siveness, with variable results in different series [27-30].

Although the relevance of ERG rearrangements in PrCa is
well known, the role of other ETS genes, as ETVI, ETV4, and
ETV5 deserves further investigation. We designed this study
to gain further insight on the potential involvement of these
genes in prostate carcinogenesis.

In our series, ETS gene overexpression was a relatively
frequent event, involving 23.1% of clinically localized pros-
tate tumors. ETV/] was the most frequently overexpressed
gene, ETV4 was the second, and ETV5 was uncommon.
Several papers have proposed that rearrangements between
TMPRSS?2 and different ETS genes could be mutually exclu-
sive [22, 31]. In this regard, our results show that E7S genes
are overexpressed as an isolated event in most cases.
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Fig. 3 ETV1 protein expression a b c
in PrCa according to the grade P=0,034 P=0,032 P=0,0007
group (GG) tumor classification 100 ¢ 100 - 100 -
(p =0.034) (a), pathological tu- 90 | 90 |
mor stage (pT) (p =0.032) (b), 90
and tumor focality (p =0.0007) 30 - 30 - %0
(©)
g 70 - 70 - 70 -
§ 60 . 60
& * 60 -
IS
& 50 1 50 - 50 -
8
=
840 40 1 40 -
&
30 30 1% 30 -
20+ 20 20 -
10 -+ 10 - 10 -
0 0 0
GG1 GG2 GG3 GG4 GGS5 pT2 pT3 & &
& &
(b\@ q}@
] ETV1 negative expression (Histoscore = 0) & .\{@Q
@ ETVI1 weak expression (Histoscore 5-99) N @\*\

B ETV1 overexpression (moderate or strong) (Histoscore > 100)

In the TMA cohort, we have analyzed the protein expres-
sion of ETV1 and PTEN in an independent series of 194
prostate tumors. The almost exclusively cytoplasmic pattern
of ETV1 expression found in our cases needs a special com-
ment. The Human Protein Atlas (https://www.proteinatlas.
org) shows ETV1 nuclear sub-localization, but their data are
not related to normal or neoplastic prostate tissue, as they are
restricted to cell lines (PC-3 and RH-30). There are no
previous reports on immunohistochemical expression of
ETV1 in PrCa. RNA in situ hybridization has been used to
detect ETV1 fusions in clinical specimens [32], but this cannot
be equated to the protein expression pattern. In other tumor
types, both nuclear immunostaining and cytoplasmic
immunostaining have been reported [33]. In our series of
tumors, ETV1 cytoplasmic proteins were detected
moderately overexpressed in 19.6% of tumors and strongly
overexpressed in 10.8%. By contrast, the positive controls
showed consistent nuclear expression, occasional
cytoplasmic expression, and background staining in some
cases, while the negative controls with omission of the
primary antibody were completely negative. Loss of PTEN
expression has extensively been considered a crucial event
in PrCa [14, 15], and it was found in 36.1% of our tumors.
Many studies have reported it more often in cases with ERG
overexpression, and both genes cooperate in PrCa
progression. By contrast, our results seem to indicate that
PTEN expression loss is not associated with ETV1

overexpression, suggesting that the interaction between
PTEN and ETV1 would not be decisive for PrCa
progression in this pathway.

The TMA results in the present study indicate that PTEN
protein expression loss is rarely found in the lowest GG and in
pT2 stage tumors, in accordance with many previous reports
of a similar relationship between PTEN loss and advanced
prostate cancer [34]. Conversely, PTEN protein loss was sim-
ilarly found in both multifocal and unifocal prostate tumors.

To the best of our knowledge, our data show for the first
time that cytoplasmic ETV1 overexpression is significantly
more common in GG3—4, and interestingly, lack of expression
is significantly more common in GG1. Also, that ETV1 over-
expression seems to be associated with high stage, whereas
negative expression is more frequent in low stage tumors.
Finally, we also show that ETV1 overexpression seems to be
much more common in unifocal cases, whereas weak expres-
sion is more common in multifocal tumors. A possible expla-
nation for this difference could be that unifocal and multifocal
PrCa evolved through different carcinogenetic pathways, but
this conclusion cannot be taken from the results of the present
study alone.

It is noteworthy that strong ETV1 immunostaining was
associated with shorter time to PSA recurrence in the univar-
iate analysis. In addition, strong ETV1 overexpression was
also associated in the multivariate analysis with a higher risk
of PSA-recurrence with an overall 2.714-fold increase
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Fig. 4 PSA recurrence (Kaplan- a
Meier) plot for patients with
strong cytoplasmic ETV1 over-
expression vs patients with nega-
tive, weak, or moderate expres-
sion of ETV1 (log rank test, p =
0.002) (a) and for patients with
strong cytoplasmic ETV1 over-
expression/wt PTEN vs strong
ETV1 overexpression/PTEN loss
vs negative, weak, or moderate
ETV1 expression/PTEN loss vs
negative, weak, or moderate
ETV1 expression/wt PTEN (log
rank test, p =0.0004) (b)

P=0,002

1.00
1

Negative, weak or moderate ETV1

0.75
1

!. Strong ETV1

% of non relapsed cases
0.50
1

0.25
1

o
Q -
o T T T T T
0 50 100 150 200
Time to relapse (months)
b S . P=0,0004

Negative, weak or moderate

ETVI plus wt PTEN
"""""""""" Negative, weak or
moderate ETV1 plus
PTEN loss

| Strong ETV1 plus PTEN loss
___________ 1

% of non relapsed cases
0.50
1

8. Strong ETV1 plus wt PTEN
o

T T T
0 50 100 150 200
Time to relapse (months)

compared with tumors in which ETV1 expression was nega-  overexpression was even more strongly associated with this
tive, weak, or moderate. Moreover, strong ETV1 parameter in PTEN w¢ cases, compared with the combinations

Table 2 Multivariate Cox
proportional hazard analysis for PSA-recurrence
strong ETV1 cytoplasmic
overexpression and PSA- HR 95% CI p value
recurrence risk

Strong ETV1 cytoplasmic overexpression

Strong overexpression vs negative, weak, 2.714 (1.184-6.223) 0.018
or moderate expression
Grade group
1
2 0.839 (0.316-2.227) 0.725
3 0.168 (0.019-1.431) 0.103
4-5 1.167 (0.436-3.122) 0.759
Stage
pT2 vs pT3—+4 0.861 (0.389-1.905) 0.713
Tumor focality
Unifocal vs multifocal 0.679 (0.331-1.395) 0.293
Pre-operative PSA 1.023 (0.960-1.091) 0.473
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strong ETV1 overexpression/PTEN loss, negative, weak or
moderate ETV1 expression/PTEN loss, and negative, weak,
or moderate ETV1 expression/wt PTEN. In conclusion, strong
ETV1 protein expression has a negative impact on prostate
cancer outcome that seems to be independent of PTEN status.
All these conclusions stress the relevant role of ETVI in a
subset of aggressive prostate tumors. Thus, ETV1 deserves
further research, both to better understand its role in prostate
carcinogenesis and also as a clinically helpful marker for prog-
nostic and therapeutic stratification of prostate cancer patients.
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