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Endocrine tumours

Steroid metabolome analysis reveals that prostate cancer has potent 5α-reductase, 3α- and 
17β-hydroxysteroid dehydrogenase activities, but lacks 17-hydroxylase/17,20-lyase

J. (Hans) Hofland, A.E. Taylor, O. Turgeman, D.M. O’Neil, P.A. Foster, W. Arlt

Introduction

Methods

Prostate cancer (PC) is dependent on androgen receptor (AR) activation by its canonical ligands testosterone
and 5α-dihydrotestosterone (DHT). Intratumoural androgens persisting after castration give rise to castration-
resistant PC (CRPC). These intraprostatic androgen levels are hypothesized to result from either adrenal
androgen conversion or intratumoural de novo DHT synthesis through the classic or alternative pathways.
Quantifying the steroid fluxes responsible for CRPC development can help optimize current endocrine
treatment strategies.

pregnenolone

17-OH-pregnenolone

progesterone

17-OH-progesterone

androstenedioneDHEA

testosterone

CYP17A1

HSD3B

HSD3B

HSD3B

SRD5A1

CYP17A1 CYP17A1

AKR1C3
HSD17B3

SRD5A2

CYP17A1

androstanedione androsterone

androstanediol

5α-pregnan-17-
ol-3,20-dione 

17-OH-allopregnanolone 

SRD5A1

CYP17A1

AKR1C3

androstenediol

HSD3B

AKR1C3 HSD17B2HSD17B2HSD17B2

5α-pregnan-3,20-dione allopregnanolone

CYP17A1 CYP17A1

SRD5A1

CYP17A1

Th
e 

al
te

rn
at

iv
e 

pa
th

w
ay

Th
e 

cla
ss

ic 
pa

th
w

ay

DHT

AKR1C3

HSD17B6

RDH16
HSD17B10

AKR1C3

HSD17B6

RDH16
HSD17B10

AKR1C3

HSD17B6

RDH16
HSD17B10

AKR1C3

HSD17B6

RDH16
HSD17B10

Five common PC cell lines were incubated with 1 µM of 16 steroid intermediates of the classic and alternative
androgen synthesis pathways. A PC steroid metabolome was constructed through measurement of steroid
metabolite concentrations with liquid chromatography/tandem mass spectrometry (LC-MS/MS). Expression of
steroidogenic enzymes and AR-responsive genes was estimated by quantitative PCR.
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LNCaP C4-2B

- First quantitative steroid metabolome of PC cells.
- No evidence supporting intratumoural de novo steroid synthesis or CYP17 activity.
- Precursor C21 steroids divert towards the alternative pathway. The presence of these

hormones might suggest a role for activity or further metabolism of alternative pathway
steroids in PC evolution.

- Adrenal androgens can effectively be converted into DHT in PC.
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Results

Conclusions

Centre for Endocrinology, Diabetes and Metabolism, School of Clinical and Experimental Medicine
University of Birmingham, Birmingham

TMPRSS2 FBKP5

HSD17B2AKR1C3
HSD17B1

GP-30-07

H S D 3 B 1 C YP 1 7 A 1 S R D 5 A 1 S R D 5 A 2 A K R 1 C 3 H S D 1 7 B 6 R D H 1 6 H S D 1 7 B 1 0
0 .0 0 1

0 .0 1

0 .1

1

1 0

1 0 0

R
e

la
ti

v
e

to
G

A
P

D
H

V C a P

P C 3 4 6 c

L N C a P

C 4 -2 B

P C -3

Fig. 3: Basal levels of steroidogenic enzymes

mRNA expression in prostate cancer cell lines, measured by QPCR.
Enzymes for de novo steroidogenesis were expressed at low to absent levels, whereas SRD5As and HSD17Bs 
were differentially expressed at higher levels. This reflects the steroidogenic activities observed in the 
metabolome analysis (Fig. 2).Fig. 1: Steroidogenic pathways

Common steroid precursor cholesterol is converted into pregnenolone by side-chain cleavage. Multiple
steroidogenic enzymes convert pregnenolone into the active androgen dihydrotestosterone (DHT) through
either the classic pathway (white) or the alternative pathway (light blue).

Four prostate cancer cell lines were incubated with 1 µM of steroid hormones. Supernatant levels of incubated
steroids (red) and their metabolites (blue) were measured through LC-MS/MS.
No endogenous pregnenolone production or CYP17 activity was detected.
Flux into the alternative pathway occurred from both progesterone as well as 17OH—progesterone.
Downstream of CYP17 there was potent conversion of androgen (metabolites) in all cell lines tested.
C4-2B, a bone-metastasizing/castration-resistant clone of LNCaP, showed the highest steroidogenic potential.

Fig. 2: Steroid metabolome analysis in prostate cancer cells

Fig. 4: AR activation by steroid hormones

mRNA expression of AR-responsive genes TMPRSS2 and FKBP5 in prostate cancer cell lines after 24H 
incubation with 16 steroid hormones (Fig. 1). Values are measured by QPCR and calculated relative to vehicle.
Steroids upstream of CYP17A1 only influenced expression in LNCaP and C4-2B cells, that harbour the AR T877A 
mutation. Steroids downstream of CYP17A1 trigger AR transactivation in all AR-positive cell lines. 
This reflects the steroidogenic activities observed in the metabolome analysis (Fig. 2).
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