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Abstract

Objective: Hirsutism results from hyperandrogenemia and/or exaggerated androgen responsiveness. Among various
causes of hirsutism, some patients do not exhibit androgen excess which is called idiopathic hirsutism (IH). The pathogenesis
of IH could not so far be clearly established.

Design: To investigate the mRNA expression of aromatase enzyme and the other enzymes having functional roles in

the steroidogenic pathway, in freshly obtained skin tissue from subumbilical skin and the arm of the patients with IH and
healthy women.

Methods: Twenty-one women with IH and 15 healthy women were included in the study. We aimed to determine mRNA
expressions of genes associated with local androgen synthesis and metabolism (CYP11A1, STS, CYP19A1, SRD5A1, SRD5A2,
HSD3B1, AR, COMT, ESR1, ESR2, HSD3B2, CYP17A1, SULT2A1, SULT1E1, HSD17B2, IL6, TGFB1, TNFA) from skin biopsy and
blood samples of patients with IH and the data compared with healthy subjects.

Results: Patients with IH exhibit significantly lower interleukin 6 (/L6) mRNA expression and higher steroid sulphatase (STS)
and hydroxysteroid (77beta) dehydrogenase 2 (HSD17B2), gene mRNA expression, respectively, in the subumbilical region
skin biopsies. Similarly, patients with IH exhibit significantly lower /L6 mRNA expression and higher STS and HSD17B2 gene
mRNA expression, respectively, in the arm skin compared to healthy women’s subumbilical region.

Conclusions: In both arm and subumbilical skin biopsy of patients with IH, we observed an up-regulation of HSD17B2 and STS,
decreased /L6 mRNA expression, probably determining an increase in the local amount of active androgens, which could then
be used as substrate for other androgen metabolic routes.
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Introduction

Hirsutism, which is characterized by excessive growth of
terminal hair in a male pattern, is a common clinical
condition in women. Hirsutism may result from various
causes including polycystic ovary syndrome (PCOS),
nonclassical congenital adrenal hyperplasia, adrenal or
ovarian tumors or it may be idiopathic (1, 2). Idiopathic
hirsutism (IH) is currently defined as hirsutism associated
with normal ovulatory function and normal serum

androgen levels (3). The prevalence of IH varies in different
populations (4, 5, 6). The pathogenesis of IH is not clear;
increased peripheral 5-o reductase activity (7) and andro-
gen receptor (AR) gene polymorphisms (8, 9) have been
postulated to explain the pathogenesis of this disorder.
Previously we have shown that, although within
normal limits, patients with IH have relatively higher
serum androgen levels in comparison to healthy subjects.
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Accordingly, estradiol/testosterone ratio, which is a
function of aromatase activity, was also found to be
lower in patients with IH (10). On the other hand, human
skin possesses all the enzymes necessary for androgen
synthesis and catabolism indicating that it is an indepen-
dent peripheral endocrine organ. Thus, in the present
study we aimed to investigate the mRNA expression of
aromatase enzyme and the other enzymes having
functional roles in the steroidogenic pathway, in freshly
obtained skin tissue from subumbilical skin and the arm.

Subjects and methods

Twenty-one women with IH seen consecutively in the
Department of Endocrinology of Erciyes University and
15 control subjects were included in the study. The
diagnosis of IH was based on the presence of hirsutism
(modified Ferriman-Gallwey score >8) (11), regular
ovulatory menstrual cycles (luteal phase serum pro-
gesterone level higher than 4 ng/ml), and a normal serum
androgen profile including testosterone, androstenedione
and DHEAS. Hormonal evaluations were performed in the
follicular phase of menstrual cycles, and an additional
blood sample for serum progesterone level was obtained for
the confirmation of ovulation in luteal phase.

Normal androgen levels were defined according to the
reference values of the commercial assays. Thyroid
dysfunction, hyperprolactinemia, nonclassical congenital
adrenal hyperplasia, PCOS, adrenal/ovarian tumors were
excluded with appropriate tests and imaging techniques.
The purpose of the study was explained both to the
patients and the control subjects, and informed consent
was obtained before beginning the study. The study was
approved by the local Ethics Committee.

Skin biopsy samples using 4 mm punch biopsies were
taken under local anesthesia from the midline subumbi-
lical area of the patients. Intact anagen hair follicles were
isolated according to procedures previously described (12).
Additionally, the same amount of sample was also
obtained from the upper arm without hair.

Control subjects were recruited among patients
admitted to the Obstetrics and Gynecology Department
of Erciyes University for benign conditions such as tubal
ligation. None of the control subjects had ovarian
dysfunction, hirsutism or hyperandrogenemia. The same
amount of tissue from the subumbilical area was obtained
during the operation. For ethical reasons, only subumbi-
lical region skin tissue was obtained in the control
subjects. Skin biopsies were immediately taken into RNA
later solution.

Assay

Testosterone (DIAsource Immunoassays, Louvain-laNevue,
Belgium), DHEAS (Immunotech, Marseille, France), andros-
tenedione (DSL-3800, Diagnostic System Laboratories, Inc.,
Texas, U Costa Mesa, CA, USA) were measured by RIA
method. Serum SHBG (Immunotech IM3532, Prague, Czech
Republic) was measured by IRMA. Serum estradiol level
(ACS: 180, Bayer) was measured with a chemiluminescence
enzyme immunoassay system. The free androgen index
(FAI) was calculated using the following formula: testoster-
one (nmol/l)/SHBG (nmol/1) X 100.

Cytochrome P450, family 11, subfamily A, polypeptide
1 (CYP11A1), steroid sulphatase (microsomal), isozyme S
(STS), cytochrome P450, family 19, subfamily A, poly-
peptide 1, aromatase (CYP19A1), steroid Salpha-reductase
1 (SRD5A1I), steroid Salpha reductase 2 (SRD5A2), 3beta
hydroxysteroid dehydrogenase/delta(5) delta(4) isomerase
type 1 (HSD3B1I), 3beta-hydroxysteroid dehydrogenase/
delta(5) delta(4) isomerase type 2 (HSD3B2), AR, catechol-
O-methyltransferase (COMT), estrogen receptor 1 (ESR1),
estrogen receptor 2 (ESR2), cytochrome P450, family 17,
subfamily A, polypeptide 1 (CYP17A1I), sulfotransferase
family, cytosolic, 2A, DHEA preferring, member 1
(SULT2A1), sulfotransferase family 1E, estrogen-preferring,
member 1 (SULT1EI), hydroxysteroid (17beta) dehydro-
genase 2 (HSD17B2), interleukin 6 (IL6), transforming
growth factor beta 1 (IGFB1), tumor necrosis factor alpha
(TNFA) mRNA expressions from skin biopsy and blood
samples of patients and control subjects were determined.

RNA extraction, cDNA synthesis and quantitative PCR

Total RNA was isolated from skin biopsy and peripheral
blood mononuclear cells (PBMC) of patients and controls
using the TRIZOL (Roche). Concentration and purity of
RNA for each sample were confirmed using Nanodrop1000
(Thermo Scientific, San Jose, CA, USA). A total of 200 ng
RNA was used for cDNA synthesis in a 10 ml reaction
mixture with random hexamers using the SuperScript III
First-Strand Synthesis SuperMix (Catalog number: 11752-
250 ABI, Life Technologies). The following thermal
protocol was used: 10 min at 25°C, 120 min at 37 °C,
5 min at 85 °C; 4 °C hold. cDNA was preamplified using
TagMan Pre-Amp Master Mix (Applied Biosystems, PN
4361128) with all the 18 pairs of gene specific primers, and
1.25 ul of each cDNA sample was combined with 2.5 pl of
2X TagMan Pre-Amp Master Mix in wells of a 96-well PCR
plate. The PCR cycle conditions were 95 °C for 10 min,
followed by 14 cycles (15 s at 95 °C and 4 min at 60 °C).
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Samples were treated with Exonuclease I (Thermo
Scientific) to remove unconjugated primers by adding 2 ul
(4 U/ul). The PCR plate was moved to a thermal cycler
(SensoQuest GmbH, Gottingen, Germany). The PCR cycle
conditions were 30 min at 37 °C; 15 min at 80 °C; 4 °C hold.
All samples were diluted ten times in TE buffer (pH 8) (Life
Technologies). Working of instruments, handling and
processing of the IFC controller were performed using
standardized protocol for gene expression analysis provided
by Fluidigm. Samples were prepared for loading on a 96:96
Dynamic array IFC by combining 2.25 ul of each preampli-
fied cDNA sample with 2.5 pl 2X SsoFast EvaGreen Super-
mix with 0.25 ul 20X DNA binding dye loading reagent
(Fluidigm) and low ROX (Bio-Rad). A total of 5 ul of each pre-
amplified cDNA sample and 5 pl of each DeltaGene assay
were dispensed into their parallel inlets on the Dynamic
array and samples were subjected to RT-qPCR using the
following thermal cycling protocol: 40 min at 70 °C; 30 s at
60 °C; 1 min at 95 °C; 35 cycles (96 °C, 5's; 60 °C, 20 s) and
melting curve using a ramp from 60 °C to 95 °C at 1 °C/3 s.

Statistical analysis

Data was collected with Fluidigm Real-Time PCR analysis
software using linear baseline correction method and auto
global Cq threshold method. System given Cq values of
999, also Cq values larger than 23 were removed, since
these readings were unreliable. Missing values were
imputed using the median LOD Cq values calculated
across all arrays. GeNORM was used to evaluate the
expression stability of genes, and B-actin was used to
normalize the qPCR data as an internal control (13).
Normalizations of data were carried out using the
comparative Cq method (14).

For the comparison of demographic and hormonal
values of the patients and the control subjects, Mann-
Whitney U test was used. Histogram and q-q values were
examined and Shapiro-Wilk’s test was performed to assess
the data normality. Levene test was used to test variance
homogeneity. To compare the differences of demographic
and basal hormone values between patient and control
subjects, either an independent samples t-test or Mann-—
Whitney U tests were applied. Covariance analysis were
applied to compare the demographic and basal hormone
values adjusted to BMI. To compare the mRNA expressions
among groups, linear models for microarray and RNA-Seq
data (limma) method was applied. Pearson correlation
coefficients were calculated to identify the relationship
among mRNA expressions. All P values are adjusted using
the Benjamini-Hochberg false discovery rate correction to
account for multiple testing. Analyses were performed
using Remdr (15) and limma (16) packages of R 3.1.1
software (URL http://www.R-project.org/). P and adjusted
P values < 5% were considered as statistically significant.

Results

Patients and control subjects did not differ in mean age
while control subjects were slightly more obese than the
patient group. As expected, modified Ferriman-Gallwey
score was significantly (P<0.001) higher in the patient
group. By definiton, all the patients and control women
had normal serum androgen levels. However, patients
with IH had significantly higher serum testosterone and
DHEAS levels than the control subjects. The ratio of
estradiol to testosterone was found to be significantly
lower in the patient group as compared to healthy women
(P<0.05). The whole data is presented in Table 1.

Table 1 Demographic and basal hormone values of the patients and control subjects. Values are expressed as mean +s.p. or median

(1st to 3rd quartiles).

Variables Normal value Patient Control P value BMI adjusted P value?
Age (years) NA 26.55+7.67 30.47+7.59 0.143 0.369
BMI (kg/m?) 20-24.9 24.29+4.33 27.20+3.76 0.043 NA
Modified FGS <8 13.00 (10.00-14.00) 3.00 (2.00-4.00) <0.001 <0.001
DHEAS (ng/ml) 1330-4410 2219.05+757.54 1553.73+729.80 0.013 0.039
Testosterone (ng/dl) 6-82 53.00 (42.00-64.00) 32.00 (20.00-41.00) <0.001 0.007
Androstenedione (ng/ml) 0.3-3.1 1.45 (0.975-1.825) 1.75 (1.35-2.1) 0.192 0.470
Estradiol (pg/ml) 19-246 46.00 (38.00-64.00) 67.00 (32.00-94.00) 0.279 0.117
Estradiol/Testosterone NA 0.98 (0.70-1.14) 2.44 (1.55-3.35) 0.005 0.030
SHBG (nmol/l) 32-100 33.00 (23.50-62.00) 54.50 (43.00-71.00) 0.097 0.008
FAI NA 4.62 (3.44-7.70) 1.54 (1.21-2.27) <0.001 0.007

FGS, Ferriman-Gallwey score; FAI, free androgen index; NA, not applicable.

2Adjusted by BMI.
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In comparison to healthy subjects, patients with IH
exhibited 5.4-fold lower IL6 mRNA expression and 2.2-
and 2.3-fold higher STS and HSD17B2 gene mRNA
expression, respectively, in the subumbilical region skin
biopsies. Similarly, patients with IH exhibited 4.8-fold
lower IL6  mRNA expression and two- and 2.8-fold
higher STS and HSD17B2 gene mRNA expression,
respectively, in the arm skin compared to healthy
women'’s subumbilical region (P<0.001). There was no
significant difference in any gene expression between
the arm and subumbilical skin biopsies of the patient
group. In addition, there were no significant differences
in any gene expression in PBMC of patients and healthy
women. All studied genes represented in the androgen
biosynthesis pathway are shown in Fig. 1. The whole
statistical data is presented in Fig. 2 and Table 2. In
addition, Heat map graphics which shows the whole
data with different colors associated with the level of
the mRNA expression is presented Fig. 3.

450

Discussion

Hirsutism results from hyperandrogenemia and/or exag-
gerated androgen responsiveness. Among various causes
of hirsutism, some patients do not exhibit androgen
excess which is called IH. The pathogenesis of IH could
not be established clearly so far. Currently, the pathophy-
siology of IH is presumed to be a primary increase in skin
5o reductase activity and possibly an alteration in AR
function (3).

We have previously shown (10) that patients with IH
had significantly higher testosterone levels and lower
estradiol levels than healthy women which suggested a
possible role of increased local androgen synthesis in the
pathogenesis of IH. Although we did not use mass
spectrophotometry for the measurement of serum andro-
gens, which can be considered as a limitation of the study,
the present data confirmed our previous findings. An
association of a possible local overproduction of active
androgens and skin disorders such as acne and
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Figure 1

A schematic presentation of the steroid biosynthesis with altered mRNA expressions of the enzymes involved in the androgen

biosynthesis.
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Figure 2

Boxplots displaying the distribution of relative quantification of
gene expressions associated with androgen synthesis and
metabolism in logarithmic scale. STS, HSD17B2 gene expressions
were determined significantly up-regulated, /L6 gene
expression was determined significantly down-regulated in

androgenetic alopecia (AGA) in males has been suggested
by several studies (17). Thus, in this study, we aimed to
investigate the gene expression of various enzymes
responsible for the cutaneous androgen synthesis and
metabolism in patients with [H. At least to our knowledge,
there is no study investigating the mRNA expression of
enzymes having a role in locally produced androgens and
their precursors in freshly obtained hair follicles in
patients with IH.

The cutaneous expression of steroidogenic acute
regulatory protein, cytochrome P450 cholesterol side-
chain cleavage (P450scc) and cytochrome P450 17-alpha
hydroxylase (P450c17) have been demonstrated pre-
viously which suggest that the cutaneously derived
cholesterol could be further used as a substrate for de
novo steroid hormone synthesis in human epidermis and
the sebaceous gland (18). Moreover, in peripheral organs,
such as the skin, the potent tissue androgen testosterone

patients according to controls (P<0.001). P-USB, patient's
subumbilical region skin biopsy; C-USB, control’s subumbilical
region skin biopsy; P-PBMC, patient’s peripheral blood
mononuclear cells; C-PBMC, control’s peripheral blood
mononuclear cells; P-ASB, patient’s arm skin biopsy.

results from the conversion of circulating DHEAS, a weak
but most abundant androgen, through the serial action of
STS, 3B-hydroxysteroid dehydrogenase and 173-HSD (19).
The type 2 enzyme of 17B-HSD inactivates both estradiol
and testosterone to estrone and androstenedione, respect-
ively (20). In our study, we have shown that in comparison
to healthy subjects, women with IH demonstrated higher
expression of STS and HSDI17B2 mRNA both in the
subumbilical region and arm skin, suggesting they
contribute to local androgen metabolism.

As in AGA, abnormal serum concentrations of
testosterone or S« DHT are not a prerequisite for the
development of androgenic disorders (21). In such
diseases, including IH, locally produced androgens seem
to have an important role. DHEAS is an important
endocrine factor providing local androgen synthesis via
STS even in the presence of normal DHEAS levels. STS is
present in almost all mammalian tissues (22) and DHEAS
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Table 2 The distribution of gene expression levels between
median (1st/3rd quartiles).

idiopathic hirsutism and control groups. Values are expressed as

Gene P-PBMC C-PBMC P-ASB P-USB C-usB

AR 3.03 (2.46/4.04) 2.82 (1.35/4.27) 3.11 (2.56/3.36) 3.15(2.95/3.31) 3.18 (2.59/3.86)
HSD3B1 —0.57 (—2.61/2.79)  —2.58 (—4.29/0.49) 0.28 (—1.29/0.48) 0.05 (—0.65/0.98) 0.03 (—1.66/2.51)
TGFB1 1.68 (1.08/2.81) 2.16 (1.00/3.56) —7.29(-7.77/-7.15)  —7.70 (—8.07/—7.25) —7.26 (—8.23/—6.26)
comTt 1.98 (1.38/2.75) 1.61(0.63/3.11) —-1.32(—-1.55-1.10) —1.13(-1.32/-0.87) —1.24(—1.55/—0.91)
HSD3B2 1.07 (—2.36/2.82) 1.16 (—0.75/2.20) 2.70 (2.28/3.94) 2.92 (1.25/3.54) 1.44 (0.21/2.80)
TNF 2.52(1.93/3.13) 2.29 (1.01/4.10) —4.69(—4.78/—4.23) —4.29(—4.76/—4.02) —3.26 (—3.86/—2.44)
IL6 2.7 (2.01/3.17) 2.70 (1.07/3.88) —1.57(-2.12/—-1.13) —1.88(—2.92/—-1.12) 3.46 (—0.91/6.25)
CYPT1A1 3.41 (1.84/4.22) 3.03 (1.44/4.34) 0.51 (0.35/1.15) 0.28 (—0.63/0.85) 0.51 (—0.22/2.21)
CYP17A1 4.93 (4.31/5.58) 4.26 (3.00/5.59) 1.25 (0.96/1.74) —0.10 (—0.87/1.56) 0.87 (—0.01/2.31)
SRD5A1 2.37 (1.36/3.49) 1.77 (0.14/3.04) —0.22 (—0.56/0.27) —0.04 (—0.51/0.17) 0.01 (—0.50/2.26)
CYP19A1 2.42 (—0.01/4.05) 1.36 (0.48/3.46) 4.72 (4.42/5.05) 3.41 (2.53/4.72) 3.30 (2.57/4.35)
SRD5A2 2.84 (2.14/3.56) 2.96 (1.81/4.71) 1.88 (0.39/2.37) 0.92 (—0.69/2.62) 0.98 (—0.31/1.74)
ESR1 3.37 (2.41/4.46) 3.45 (1.62/5.01) 1.01 (0.67/1.20) 1.44 (1.14/1.88) 0.59 (0.11/1.79)
STS 2.95 (2.33/3.60) 2.44 (1.56/3.84) 0.11 (—0.08/0.46) 0.37 (0.09/0.87) —1.43 (—2.07/—-0.60)
ESR2 3.47 (2.74/3.99) 2.69 (1.50/4.84) —0.16 (—0.36/0.32) —0.01 (—0.57/0.71) —0.50 (—1.26/—0.01)
SULTITE1 3.07 (1.48/4.47) 2.87 (1.36/3.98) 8.65 (8.06/9.31) 8.80 (8.29/9.14) 9.16 (8.62/9.89)
HSD17B2 2.32 (0.62/3.89) 2.00 (0.96/4.22) 8.67 (7.98/9.81) 8.67 (7.42/9.29) 6.15 (5.68/7.68)
SULT2A1 —0.82(—1.79/0.00) —1.01(—1.91/0.03) —2.18(—3.17/—1.42) —2.28(—3.61/—1.51) —1.42(—2.44/-0.23)

P-USB, patient’s subumblical region skin biopsy; C-USB, control’s subumblical region skin biopsy; P-PBMC, patient’s peripheral blood mononuclear cells;
C-PBMC, control’s peripheral blood mononuclear cells; P-ASB, patient’s arm skin biopsy. Statistically significant genes are shown in bold.

is a substrate for this microsomal enzyme. Hoffmann et al.
(23) performed immunostaining for STS on human scalp
biopsies as well as analysis of STS enzyme activity in
occipital hair follicles. Using both methods, STS was
primarily detected in the dermal papilla and the dermal
papilla was able to utilize DHEAS to produce So DHT.

P-USB

Color key
and histogram

Count

Figure 3

Heatmap plot displaying the expression values of genes
associated with androgen synthesis and metabolism in each
group. Patterns of gene expression profiles for the 18
differentially expressed genes. STS, HSD17B2 gene expressions
were determined significantly up-regulated, IL6 gene
expression was determined significantly down-regulated in
patients according to controls (P<0.001). In the cluster figure,

Furthermore, a potent STS inhibitor efficiently blocked the
activity of enzyme even in very low concentrations (23).
mRNA expression level may reflect the response at the
protein level or at the level of active enzyme that there is
a static correlation between levels of mRNA, protein, and
active enzyme (24, 25). On the other hand, studies showed

P-ASB P-PBMC C-USB C-PBMC

ESR1
CYP11A1
SRD5A2
CYP17A1
ESR2
STS
COMT
SRDA1
IL6
CYP19A1
AR
HSD3B2
HSD3B1
SULT2A1
SULT1E1
HSD17B2
TNF
TGFB1

columns represent samples and rows represent genes (black, red
and green correspond to unchanged, down-regulated, and
up-regulated, respectively). P-USB, patient’s subumbilical
region skin biopsy; C-USB, control’s subumbilical region skin
biopsy; P-PBMC, patient’s peripheral blood mononuclear cells;
C-PBMC, control’s peripheral blood mononuclear cells; P-ASB,
patient’s arm skin biopsy.
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some evidence for the existence of a disparity between the
relative expression levels of mRNAs and their correspond-
ing proteins. The transcription level is not always
correlated with the enzyme activity as a result of post-
transciptional and post-translational regulatory events
(26, 27). Although we do not measure the STS enzyme
activity, increased mRNA expression may be a clue for the
tendency to local hyperandrogenemia in women with IH.
Additionally, increased mRNA expression of STS also in
the arm skin without hair suggests an overall increased
expression in idiopathic hirsute patients (Figs 1 and 2).
As in AGA, our study showed that in women with IH, STS
gene expression is significantly higher irrespective of the
body area than in healthy women.

We also found increased HSD17B2 gene expression
which is another steroidogenic enzyme present in the
pilosebaceous unit catalyzing both the formation of
testosterone and estradiol (via reduction) and back-
conversion of these hormones to less active precursors
(via oxidation). Oliveira et al. (28), found reduced gene
expression of HSD17B2 in the scalp of hirsute women with
PCOS or IH probably determining an increase in the local
amount of active androgens. In contrast, we have found
increased gene expression of the same enzyme which may
not be considered as conflicting results, since it is well
known that hair follicles from different body sites have
different responses to androgens and they have variations
in intracellular androgen metabolism. In addition,
Oliveira et al. (28) used reverse transcriptase PCR in their
study for describing mRNA expression levels. We used real
time PCR in our study for describing mRNA expression
levels. Real time PCR method is more sensitive than
reverse transcriptase PCR (29).

Increased HSD17B2 mRNA expression was associated
with decreased testosterone levels in SZ95 immortalized
sebocytes (30). While inactivation of testosterone via
increased HSD17B2 lead to hypoandrogenic milieu,
simultaneous effect of HSD17B2 on estradiol inactivation
may counteract this hypoandrogenic situation. Effect of
HSD17B2 on inactivation of both testosterone and
estradiol has been shown previously (31). Overall, our
data suggest that patients with IH have increased HSD17B2
expression irrespective of the body area in comparison to
healthy women and may have a regulatory role in the
androgen metabolism of patients with IH.

In our study, we have shown that mRNA expression of
IL6, which affects aromatase expression, is significantly
lower in patients with IH than in healthy subjects in the
skin biopsies (Figs 1 and 2). We can speculate that local
synthesis of estrogen may be negatively affected by
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(indirect) effect of aromatase activity. The regulation of
aromatase expression in human cells via alternatively used
promoters, which can be activated or inhibited by various
hormones, increases the complexity of estrogen biosyn-
thesis in the human body (32).

In conclusion, our results suggest that IH is charac-
terized by decreased estradiol/testosterone ratio. The
increased gene expression of HSD17B2 and STS, decreased
IL6 are not dependent on circulating levels of testosterone
since those patients are not hyperandrogenic. In both, arm
and umbilical skin biopsy of patients with IH, we observed
an up-regulation of HSD17B2 and STS, decreased IL6,
probably determining an increase in the local amount of
active androgens, which could then be used as a substrate
for other androgen metabolic routes.
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