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a b s t r a c t

Steroid hormones and their metabolising enzymes have been studied extensively for their potential
role in prostate cancer, with more recent interest in the androgen/estrogen inactivating enzyme 17�-
hydroxysteroid dehydrogenase type 4 (HSD17B4). Gene expression profiling showed HSD17B4 to be
significantly overexpressed in prostate cancer compared to matched-benign epithelium. We therefore
hypothesized that altered HSD17B4 expression may contribute to prostate cancer progression via altered
hormone balance. In this study, HSD17B4 mRNA and protein expression were assessed by in situ hybridi-
sation (ISH) and immunohistochemistry (IHC), respectively, in tissue arrays of prostate tissue from 172
patients treated by radical prostatectomy. Overexpression of HSD17B4 mRNA and protein was associated
issue microarrays (TMAs)
n situ hybridisation (ISH)
mmunohistochemistry (IHC)
rognostic marker

with prostate cancer (P < 0.0001) and multivariate Cox proportional hazards analysis, adjusted for known
prognostic indicators, demonstrated HSD17B4 mRNA and high protein expression were significant inde-
pendent predictors of poor patient outcome as measured by time until PSA relapse (mRNA: hazards ratio
[HR] = 1.90, 95% confidence interval [CI] = 1.15–3.12; P < 0.0001; and protein: HR = 2.09, 95% CI = 1.31–3.33;
P = 0.0026). Here we provide strong evidence that both mRNA and protein overexpression of HSD17B4 is
not only associated with the presence of prostate cancer, but is also a significant independent predictor

of poor patient outcome.

. Introduction

Prostate cancer is the most common malignancy and second-
eading cause of cancer deaths among men in most developed
ountries, including the United States (Jemal et al., 2008)
nd Australia (The Prostate Cancer Foundation of Australia,

ww.prostate.org.au/disease.htm). As the average age of the world
opulation increases, so will the burden of prostate cancer on
ublic health systems. Although prostate-specific antigen (PSA)
epresents the most valuable biomarker for prostate cancer iden-
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tified to date, limitations include lack of tumour specificity (PSA is
organ-specific and not cancer-specific), lack of specificity for early
detection, as well as false negative or false positive diagnosis associ-
ated with commonly accepted clinical decision limits of PSA levels,
the latter resulting in over diagnosis and over treatment (Bunting,
2002; Thompson et al., 2004). Thus there is a clear need for novel
biomarkers of prostate cancer, not only for early detection, but also
distinguishing indolent from biologically aggressive disease, as well
as predicting recurrence after treatment.

It is well established that the sex steroid hormones, androgens
and estrogens, acting via steroid receptors and steroid metabolis-
ing enzymes, are involved in prostate cancer development and
progression (Henderson and Feigelson, 2000), however, the mech-

anisms underlying these processes are not fully understood. The
adrenals provide the prostate with precursor steroids, which
are in turn metabolised to active androgens and estrogens via
the steroid sulfatases, 3�-hydroxysteroid dehydrogenase (HSD3B),
17�-hydroxysteroid dehydrogenase (HSD17B), 3�-hydroxysteroid

http://www.sciencedirect.com/science/journal/03037207
http://www.elsevier.com/locate/mce
http://www.prostate.org.au/disease.htm
mailto:vhayes@ccia.unsw.edu.au
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ehydrogenase (HSD3A), 5�-reductase and aromatase (Soronen et
l., 2004). During malignant transformation, changes in expression
atterns of these enzymes may significantly change the intracellu-

ar steroid content and play a role in the development of prostate
ancer (Vihko et al., 2005).

The HSD17Bs are enzymes that regulate both androgen and
strogen action, via oxidation of the C17 alcohol to an inactive or
ess active ketone, or via reduction of the ketone to an active steroid
dihydrotestosterone, testosterone, or estradiol). Of the fourteen
SD17Bs presently identified, types 2, 4, 8, 10, 11 and 14 are oxida-

ive enzymes, types 1, 3, 5, and 7 and are reductive enzymes, types
2 and 13 have been poorly characterised with regards to steroid
etabolism, while types 6 and 9 are absent in humans (Mindnich

t al., 2004; Lukacik et al., 2006). The 736 amino acid HSD17B4
MIM# 601860) polypeptide, also known as D-3-Hydroxylacyl-CoA
ehydrogenase, D-specific Bifunctional Protein (DBP), Multifunc-

ional Protein 2 (MFP-2) or Peroxisomal Multifunctional Enzyme
ype 2 (MFE-2), is an ancient protein with 80% inter-species amino
cid identity and strong conservation of sequence and functionality
Möller and Adamski, 2006). It is the only HSD17B to be localised to
he peroxisomes and to display multifunctional properties, includ-
ng both fatty acid and estradiol oxidation (Leenders et al., 1996;
eltoketo et al., 1999; Baes et al., 2000; Breitling et al., 2001). Its
ole in steroid metabolism is depicted in Fig. 1. HSD17B4 promotes
strone production, which in turn is metabolised into either non-

arcinogenic/marginally carcinogenic 2-OH estrone or carcinogenic
-OH estrone (or to a lesser extent 16�-OH estrone) metabolites,
elieved to initiate cancer through the formation of depurinating
NA adducts (Cavalieri et al., 2000, 2006). Along with HSD17B2,
SD17B4 is capable of oxidizing �5-androstenediol (the precursor

ig. 1. Steroid metabolism in human prostate tissue. Active hormones (shaded) include D
ess active hormones (not shaded) include DHEA, dihydroepiandrosterone and E1, estrone
nactivation and in turn estrone metabolite production.
Endocrinology 301 (2009) 89–96

of testosterone) to dihydroepiandrosterone (DHEA) (Peltoketo et al.,
1999).

More recently, interest has developed with regards to the
expression of HSD17B4 in prostate cancer. One group reported
an increase in HSD17B4 mRNA and protein levels in 4 prostate
cancer tissues compared to matched-normal epithelium (Zha et
al., 2005), while a second group found HSD17B4 overexpression
to be associated with a higher Gleason grade in 23 prostate car-
cinomas (True et al., 2006). In our laboratory, gene expression
profiling confirmed significant HSD17B4 overexpressed in prostate
cancer compared to matched-benign epithelium in six patients
(supplementary Fig. 1A). Our subsequent mining of published
microarray data using the Oncomine 3.0 Cancer Profiling Database
(http://www.oncomine.org/main/index.jsp) showed significant (all
P < 0.02) overexpression of HSD17B4 in prostate cancer compared
to normal prostate in 8 out of 15 studies (supplementary Fig.
1B) (Welsh et al., 2001; Dhanasekaran et al., 2001; Luo et al.,
2001; LaTulippe et al., 2002; Luo et al., 2002a,b; Singh et al.,
2002; Lapointe et al., 2004; Tomlins et al., 2007). Although many
published studies have assessed the performance of candidate
biomarkers in predicting time to relapse of prostate cancer fol-
lowing radical prostatectomy (reviewed in Quinn et al., 2005), no
molecular markers suitable for routine clinical practice that can
identify those prostate cancer patients with a high risk of early
clinical progression or prostate cancer-specific mortality have been

found. Thus we assessed the potential of HSD17B4 as a prognostic
marker by determining the level of HSD17B4 transcript and pro-
tein expression in a series of 172 post-radical prostatectomy (RP),
prostate cancer tissue microarrays (TMAs) using in situ hybridisa-
tion (ISH) and immunohistochemistry (IHC).

HT, dihydrotestosterone, �5-diol, �5-androstenediol and E2, estradiol, while the
. HSD17B4 overexpression (shaded arrows) will drive the pathway toward hormone

http://www.oncomine.org/main/index.jsp
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. Materials and methods

.1. Patient samples

A group of 172 patients of European ancestry, treated with RP for clinically
ocalised prostate cancer at St. Vincent’s Hospital Sydney between 1989 and 1997,

ere consented and included in this study. Patients who received neoadjuvant ther-
py were excluded from the study. Patients are from a consecutive series and no other
xclusionary criteria were used. The median age at RP was 65 years (range: 51–76
ears). The demographic and clinical features, including pre-treatment prostate-
pecific antigen (PSA) levels, pathological stage, and Gleason score, are listed in
able 1. Gleason grading was performed in accordance with established guidelines
Amin et al., 2004; Epstein et al., 2005). The mean follow-up period post-RP was
05.9 months (range: 4.9–188.6 months). Relapse after RP was defined as a rise in
erum PSA concentration at or above 0.4 ng/ml rising over a 3-month period or local
ecurrence on digital rectal examination, confirmed by biopsy or subsequent rise in
SA. Death due to prostate cancer occurred in 1% (2/172) of the patients.

.2. Tissue microarrays

Archival paraffin-embedded specimens were obtained from the Department of
natomical Pathology at St. Vincent’s Hospital, Douglass Hanly Moir Pathology, or
ayne Pathology (Sydney, Australia). Tissue microarrays (TMAs), containing cores

t 1.0 mm in diameter, were prepared with 3–5 samples from each cancer including
he dominant and second most dominant Gleason grades, as well as cores from any
reas of tertiary grades, as previously described (Kononen et al., 1998; Henshall et
l., 2003). All arrays were histologically examined both pre- and post-hematoxylin
nd eosin staining, and each core verified by two independent pathologists with
ropathological expertise. A total of 662 and 632 cores in seven TMAs, representa-
ive of 172 patients, were assessed for HSD17B4 riboprobe and antibody staining,
espectively.

.3. Riboprobe

Total RNA was extracted from the PC-3 prostate cancer cell line and template
DNA was synthesised and amplified in a single step using the Titan-One-
tep PCR (Roche Diagnostics, Mannheim, Germany) from 100 ng of RNA and
he following primers; 3UTR-F: 5′-AGACTACGCCAAGCTCTGA-3′ and 3UTR-R: 5′-
CCTTTCAACTTATCAATGCT-3′ and covering a 324 bp fragment, including 305 bases

′
f the 3 UTR and the last 19 coding bases of the HSD17B4 gene. Post-purification,
he T7 RNA polymerase promoter was ligated to the product using the Lig’nScribe
it (Ambion, Austin, TX) and amplified using Expand Hi Fidelity (Roche Diagnos-

ics). The identities of the antisense and sense riboprobes were confirmed by direct
equencing. Both riboprobes were labelled with a digoxigenin (DIG) RNA label
Roche Diagnostics). The sense riboprobe was prepared for use as a negative control.

able 1
linicopathological variables in 172 radical prostatectomy patients.

haracteristics Patients (N)

ge (years)
≤65 89
>65 83

re-treatment PSA (ng/ml)
≤10 79
10.1–20 36
>20 36
ND 5

linical stage
T1A, T1B and T1C 58
T2A, T2B and T2C 107
T3A 7

athological stage
≤pT2C 86
>pT2C 86

leason grade
4–6 102
7 38
8 to 10 30

urgical margins
Positive 88
Negative 84

eminal vesicle involvement
Positive 29
Negative 143
Endocrinology 301 (2009) 89–96 91

2.4. In situ hybridisation

Prostate cancer TMAs were cut into 4 �m sections, deparaffinised, hydrated
and loaded onto the Ventana Discovery automated instrument (Ventana Medical
Systems, Tucson, AZ). Initial processing, formalin-based fixation (30 min at 37 ◦C)
and hydrochloric acid treatment (10 min at 37 ◦C) was performed using Ventana
kits (RiboMap Kit) and reagents (RiboPrep and RiboClear reagent). Following pro-
tease digestion (4 min at 37 ◦C) and denaturation (70 ◦C for 10 min), the slides
were incubated with the antisense or sense riboprobe (0.25 ng/�L) and Ventana
RiboHybe hybridisation buffer for 8 h at 65 ◦C. After a stringency wash (6 min at
60 ◦C), the second fixation was performed using Ventana RiboFix reagent for 6 min
at 37 ◦C, followed by incubation with anti-digoxin antibody (Sigma Clone D1-22,
1:500) for 30 min. The slides were further incubated with streptavidin-alkaline
phosphatase conjugate for 16 min at 37 ◦C and signal was detected automatically
using the Ventana BlueMap NBT/BCIP substrate kit for 6 h at 37 ◦C. The slides were
counterstained with Nuclear Fast Red (DAKO, Glostrup, Denmark) for 90 s prior to
mounting. Scoring was performed by a histopathologist (JGK) as “positive” staining
(unequivocal blue staining) or no “negative” staining (no blue staining, i.e. only pink
counterstaining).

2.5. Immunohistochemistry

Human recombinant GST-HSD17B4 fusion protein was expressed in E. coli and
affinity-purified on gutathion-sepharose column as previously described (Leenders
et al., 1996). The protein revealed in Commassie Blue staining a single band after
SDS-PAGE, with an estimated purity of 95%. Approximately 50 mg of GST-HSD17B4
dialysed in phosphate buffer solution was emulsified with Freund’s adjuvant and
injected both intraperitoneally and subcutaneously into Lou/C rats. After 4 weeks, a
final boost was given with 50 mg of protein without adjuvant. Fusion of the myeloma
cell line P3X63-Ag8.653 with rat immune spleen cells was performed as described
previously (Kremmer et al., 1995). Hybridoma supernatants were tested in a solid-
phase immunoassay using HSD17B4 protein absorbed to microtitre plates. The
monoclonal antibody used in this study recognizes the C-terminal SCP2-like domain
of the human HSD17B4. IHC optimisation was performed on whole prostate cancer
sections from RP archival paraffin-embedded specimens and on prostate cancer test
TMAs.

Prostate cancer TMAs were cut as 4 �m sections, deparaffinized, rehydrated in
graded alcohol (100%, 95% and 70% alcohol). Antigen retrieval was performed in
a pressure cooker for 30 s using pH 9.0 Target Retrieval Solution (DAKO, Glostrup,
Denmark). Endogenous peroxidases and biotin were blocked with DAKO 3% Hydro-
gen Peroxide and Biotin Blocking System, respectively. Non-specific binding sites
were blocked with DAKO Serum-Free Protein Block for 10 min. The sections, includ-
ing a positive kidney control section, were incubated with the HSD17B4 antibody
for 30 min at room temperature and rinsed with washing buffer. A negative control
slide was incubated with rat immunoglobulin G (IgG) at the same concentration
as the antibody. The slides were then incubated for 15 min each with biotinylated
rabbit anti-rat secondary antibody, followed by detection with Vector ABC Elite (Vec-
tor Laboratories, Burlingame, CA). Expression was visualised using DAKO DAB+ for
5 min. The sections were counterstained with Shandons Haematoxylin, dehydrated
and mounted for microscopic analysis. The intensity of staining was scored as an
ordered categorical variable (none, weak, moderate, or high) by a histopathologist
(JGK).

2.6. Statistical analysis

The difference in staining between cancer and benign epithelium was assessed
using a logistic mixed model (lmer function in the “Matrix” package in R, www.r-
project.org) as follows: logit P(yij = 1) = ˇ0 + Ui + ˇ1Patholij where Ui ∼ N(0,�u

2), i
indexes patient, j indexes measurement, Pathol is an indicator variable (0,1) for
benign epithelium versus cancer and yij is the staining indicator (0,1) for each core.
For ISH, yij equals 1 if the core stains positive and 0 otherwise. For IHC, yij equals 1
if the core shows high intensity staining and 0 otherwise.

For correlations between HSD17B4 expression and clinical variables, and for
survival analyses, dichotomous summary measurements of HSD17B4 staining were
derived for each patient. For ISH, a “positive” staining was regarded as staining
in one or more cores versus “negative” or no staining. For IHC, “high” staining
was determined as an intensity score of high in one or more cores versus “<high”
(that is moderate, weak or no staining) in all cores. Associations between HSD17B4
staining and clinicopathological or pathologic variables, were calculated for each
patient using the chi-square test for independence (Statview 4.5 Software, Abacus
Systems, Berkeley, CA). For survival analysis, disease-specific relapse is defined as
a serum PSA concentration of ≥0.2 ng/ml increasing over a 3-month period after
surgery.

The primary clinical outcome was defined as time until disease-specific relapse

measured from date of RP. Association between HSD17B4 expression and relapse was
examined using Kaplan–Meier survival analysis and log-rank test. Both univariate
and multivariate analyses were performed using a Cox proportional hazards model
for HSD17B4 mRNA and HSD17B4 protein expression status and other known clini-
cal and pathological predictors of outcome, including Gleason grade (4–6, 7, 8–10),
preoperative PSA (≤10, 10.1–20, >20 ng/ml), pathological stage (≤pT2C, >pT2C), sur-

http://www.r-project.org/
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ical margin status (positive, negative) and seminal vesicle involvement (positive,
egative) with P values derived from Likelihood ratio test. Survival analyses were
onducted using the “survival” package in R (www.r-project.org). Statistical analysis
as two-sided and statistical significance was regarded as P < 0.05.

. Results

.1. HSD17B4 mRNA and protein expression in prostate cancer
Positive riboprobe and antibody staining using ISH (Fig. 2) and
HC (Fig. 3), respectively, showed epithelial localisation of HSD17B4

RNA and protein in prostate cancer. For ISH, the sense riboprobe
as used as a negative control (Fig. 2D), while kidney tissue (Fig. 3A)

nd rat IgG (Fig. 3B) were used as IHC positive and negative controls,

ig. 2. HSD17B4 in situ hybridisation. HSD17B4 antisense riboprobe positive staining (blue
attern 4 prostate cancer (400×), while no staining (pink counterstain) is observed for the
pithelial localisation is evident. Kaplan–Meier analysis (E) of patients with “positive” ISH
emonstrates that HSD17B4 mRNA expression is associated with increased risk of relapse
Endocrinology 301 (2009) 89–96

respectively. The IHC was classified as no (Fig. 3C), weak (Fig. 3D),
moderate (Fig. 3E) and high (Fig. 3F) staining intensity. The num-
ber of patients with positive ISH staining in one or more cores was
43% (74/170) and for high IHC intensity staining in one or more
cores was 29% (50/171). The estimated probability of a prostate can-
cer core (ISH 0.23 ± 0.02, IHC 0.11 ± 0.02) expressing HSD17B4 was
greater than that for adjacent benign epithelium (ISH 0.03 ± 0.01,
IHC 0.02 ± 0.01, Fig. 3G). Both ISH and IHC staining confirmed that
HSD17B4 expression increased in cancer tissue compared to benign

epithelium, with an OR of 9.9 (95% CI 4.5–21.9; P < 0.0001) and 5.9
(95% CI 2.8–8.9; P < 0.0001), respectively. Gleason Grade was pos-
itively correlated with ISH staining but not IHC intensity staining.
No other clinicopathological variables were significantly associated
with HSD17B4 ISH and IHC staining (Table 2).

-purple) in (A) Gleason pattern 2 (20×), (B) Gleason pattern 3 (20×) and (C) Gleason
(D) sense riboprobe (negative control) in Gleason pattern 4 prostate cancer (400×).
staining in one or more tissue-array cores versus “negative” ISH staining in all cores
.

http://www.r-project.org/


K.K. Rasiah et al. / Molecular and Cellular Endocrinology 301 (2009) 89–96 93

Fig. 3. HSD17B4 immunohistochemistry. HSD17B4 antibody staining (brown) in (A) positive control kidney tissue and no staining (B) in a negative control rat IgG sample.
H son p
h g inte
p analys
v press

3
o

t
o

SD17B4 staining in prostate cancer was epithelial and was scored as (C) no (Glea
igh staining (Gleason pattern 3) on the basis of a qualitative assessment of stainin
ointer) compared with matched benign epithelium (black arrow). Kaplan–Meier
ersus “<high” intensity staining in all cores, demonstrates that HSD17B4 protein ex

.2. HSD17B4 mRNA and protein expression and prostate cancer

utcome

Kaplan–Meier survival analysis of patient outcome, defined as
ime from RP to PSA relapse, demonstrated that both expression
f the HSD17B4 mRNA (positive ISH staining in one or more cores)
attern 3), (D) weak (Gleason pattern 3), (E) moderate (Gleason pattern 2), and (F)
nsity. HSD17B4 was overexpressed in (G) prostate cancer Gleason pattern 3 (black
is (H) of patients with “high” intensity staining in one or more tissue-array cores
ion is associated with increased risk of relapse.

and protein (high IHC intensity in one or more cores) were associ-

ated with a significantly worse outcome, logrank P = 0.004 (Fig. 2E)
and logrank P = 0.002 (Fig. 3H), respectively. The IHC staining was
also significant when dichotomized for high intensity staining com-
pared with combined no and weak intensity staining (logrank
P = 0.04) and for high intensity versus moderate intensity staining
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Table 2
Correlation between clinicopathological variables and HSD17B4 intensity of staining
as measured by ISH or IHC.

Clinicopathological variable HSD17B4 ISH
(positive versus
negative) P-value*

HSD17B4 IHC
(high versus
<high) P-value*

Pre-treatment PSA (ng/ml) 0.39 0.28
≤10
10.1–20
>20

Pathological stage 0.12 0.77
≤pT2C
>pT2C

Gleason grade 0.0051 0.76
4–6
7
8–10

Surgical margins 0.89 0.60
Positive
Negative

Seminal vesicle involvement 0.80 0.83
Positive
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Negative

* Chi-square test for independence. P < 0.05 was required for statistical signifi-
ance and is presented in bold.

logrank P = 0.003). Moderate intensity staining was not a signifi-
ant predictor of outcome (data not shown). Patients lacking high
ntensity staining (121/172, 71%) showed a significantly better prog-
osis. Of the patients with positive ISH staining, 44% eluded relapse
fter 100 months and of the patients with high IHC staining, 37%
luded relapse after 100 months.

In univariate Cox proportional hazards analysis, both HSD17B4
RNA and protein staining were significant predictors of time to

SA relapse (ISH P = 0.0051; HR = 1.89, 95% CI 1.21–2.95 and IHC
= 0.0035; HR = 1.99, 95% CI 1.27–3.12). The clinical variables Glea-
on score (P < 0.0001), preoperative PSA (P < 0.0001), pathological
tage (P < 0.0001), surgical margins (P = 0.012) and seminal vesi-
le involvement (P < 0.0001), were also significant in univariate Cox
roportional hazards analysis.
In multivariable Cox proportional hazards analysis, Gleason
core (2–6 versus 7 or 8–10), preoperative PSA (≤10 versus 10.1–20
r >20 (all P < 0.0001)) and pathological stage greater than or equal
o pT3 versus pT2 (ISH P = 0.002; IHC P = 0.006), were all predictors
f time to relapse, while positive seminal vesicle involvement and

able 3
ultivariable Cox proportional hazards analysis for clinicopathological variables and ei

ersus < high intensity staining) expression in prostate cancer patients having undergone

ariable ISH (positive versus nega

Hazards ratio (95% CI)

SD17B4 expression 1.90 (1.15–3.12)

leason score
2–6 1.00 (Reference)
7 2.19 (1.21–3.96)
8–10 1.63 (0.81–3.28)

reoperative PSA (ng/ml)
≤10 1.00 (Reference)
10.1–20 1.28 (0.73–2.24)
>20 2.29 (1.28–4.10)

athological stage (pT3/4 versus pT2) 2.70 (1.46–5.01)

urgical margins (positive versus negative) 0.81 (0.46–1.42)

eminal vesicle involvement (positive versus negative) 1.24 (0.67–2.29)

† P < 0.05 was required for statistical significance and is presented in bold.
Endocrinology 301 (2009) 89–96

surgical margins were significant predictors of relapse in univariate
analysis alone. After adjusting for these known clinicopathologi-
cal prostate cancer prognostic indicators, both HSD17B4 mRNA and
protein staining were significant predictors of time to PSA relapse
in multivariate analysis (ISH P < 0.0001; HR = 1.8, 95% CI 1.1–2.9 and
IHC P = 0.003; HR = 2.1, 95% CI 1.3–3.3; Table 3). We also note that
when IHC intensity was modeled as a continuous variable (none = 0,
low = 1, medium = 2, high = 3), IHC intensity was still a significant
predictor of outcome in multivariate analysis (P = 0.03; HR = 1.4, 95%
CI 1.0–1.9).

4. Discussion

Our transcript-profiling data identified HSD17B4 to be 4.7-
fold up-regulated in prostate cancer tissue versus matched benign
epithelium (P = 0.002), while HSD17B types 1, 2, and 3 showed no
significant alterations in expression. Another study reported an
increase in HSD17B4 mRNA levels in four prostate cancer tissue
specimens when compared to matched normal epithelium, while
protein levels in these specimens showed a trend towards increased
expression in prostate cancer accompanied by an increase in enzy-
matic activity (Zha et al., 2005). We utilized ISH and IHC to
investigate HSD17B4 mRNA and protein expression in a series of
prostate cancer TMAs from 172 RP patients, and determined pos-
sible associations between levels of expression, clinicopathological
parameters and patient outcome.

In this first large-scale study of HSD17B4 expression in prostate
cancer, we found both HSD17B4 mRNA and protein to be over-
expressed in prostate cancer tissue compared to matched benign
epithelium in our TMAs, thus supporting a potential role for
HSD17B4 in the development and progression of prostate cancer. In
agreement with Takase et al. (2006), we found HSD17B4 expression
to be localised to epithelial cells. At the transcript level, HSD17B4
expression correlated with the Gleason Grade of the patient but
no such correlation was observed at the protein level. This obser-
vation is consistent with that of True et al. (2006), who found that
levels of HSD17B4 transcript in individual cores, as measured by RT-
PCR, correlated with the Gleason pattern of the cores. Using logistic
mixed model, with Gleason pattern as a continuous variable, we

also found that ISH of individual cores correlated with Gleason pat-
tern, but IHC intensity staining of individual cores did not correlate
with Gleason pattern in our cohort (data not shown).

HSD17B4 overexpression was significantly associated with
poor disease outcome, measured as time to PSA relapse. For a

ther HSD17B4 mRNA (ISH positive versus negative staining) or protein (IHC high
a radical prostatectomy (ISH n = 163, IHC n = 164).

tive staining) IHC (high versus <high intensity staining)

P-value† Hazards ratio (95% CI) P-value†

<0.0001 2.09 (1.31–3.33) 0.0026

<0.0001 <0.0000
1.00 (Reference)
2.25 (1.24–4.08)
2.16 (1.14–4.09)

<0.0001 1.00 (Reference) <0.0000
1.40 (0.80–2.43)
2.15 (1.20–3.85)

0.0014 2.28 (1.26–4.10) 0.0058

0.46 0.85 (0.49–1.46) 0.56

0.49 1.33 (0.72–2.45) 0.36
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rognostic marker to be of potential clinical utility it must be
easured in the context of known predictors of prostate cancer

ecurrence and death, including Gleason score, preoperative serum
SA concentration, pathological stage, seminal vesicle involvement
r surgical margin involvement (Quinn et al., 2005). In this study
ll variables were significant predictors of outcome in univariate
nalysis (data not shown). In multivariate analysis, all except
urgical margin and seminal vesicle involvement were significant
redictors. When adjusting for traditional prognostic indicators,
SD17B4 mRNA (P < 0.0001) and protein (P = 0.0026) overexpres-

ion remained strong independent predictors of outcome. We
ote that the vast majority of the Australian cohort is Caucasian
o the results may not be able to be generalised to other groups.
t is clear the HSD17B4 could not be used to completely replace
he current clinical markers, but we recommend independent
alidation utilizing contemporary prostate cancer series to further
nvestigate the potential role of HSD17B4 immunostaining as a

olecular marker of prostate cancer outcome.
The potential mechanism of involvement of HSD17B4 in the

iology of prostate cancer may be as a direct result of its role as
steroid-metabolizing enzyme and carcinogenic metabolite pro-

uction. Androgens in turn regulate a number of genes including
enes involved in lipid (fatty acid and cholesterol) metabolism
Swinnen et al., 1997a,b). HSD17B4 is also actively involved in the
-oxidation of branched chain fatty acids in the peroxisomes via the
on-inducible pathway (Adamski and Jakob, 2001), while upregula-
ion of fatty acid synthase, specifically �-methylacyl-CoA racemase
AMACR), has been observed in multiple cancers including prostate
ancer (Luo et al., 2002a,b). AMACR, required for the catalytic con-
ersion of R-�-methylacyl-CoA esters to their S-stereoisomers prior
o HSD17B4 oxidation, displays increased enzymatic activity in
rostate cancer (Zha et al., 2003). Branched chain fatty acids orig-

nate almost exclusively from the diet, particularly dairy products
nd red meat, both of which have been associated with increased
isk of prostate cancer (Chan et al., 2001). In addition, peroxisomal
-oxidation generates hydrogen peroxide a potential source of car-
inogenic oxidative damage (Tamatani et al., 1999). These studies
herefore implicate not only the steroid-metabolizing pathway, but
lso the fatty acid �-oxidation pathway in prostate cancer develop-
ent. In light of these and our findings, further studies are required

o elucidate the potential biological role of these pathways and
SD17B4 in prostate cancer.

This study further contributes to a potential role of the steroid
etabolising and fatty acid oxidation enzyme HSD17B4 in prostate

ancer and was the first study to investigate its involvement in dis-
ase prognosis. We demonstrate that HSD17B4 is overexpressed in
rostate cancer and that this overexpression is a predictor of poor
atient outcome. The implication of this finding will require further
ssessment of HSD17B4 as a prostate cancer prognostic marker and
s a candidate for therapeutics.
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