The

University
o Of
»  Sheffield.

This is a repository copy of Androgen stimulates growth of mouse preantral follicles in
vitro: Interaction with follicle-stimulating hormone and with growth factors of the TGF[3
super family.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/115520/

Version: Accepted Version

Article:

Laird, M., Thomson, K., Fenwick, M. et al. (3 more authors) (2017) Androgen stimulates
growth of mouse preantral follicles in vitro: Interaction with follicle-stimulating hormone and
with growth factors of the TGF[3 super family. Endocrinology, 158 (4). pp. 920-935. ISSN
0013-7227

https://doi.org/10.1210/en.2016-1538

Reuse

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

\ White Rose o
university consortium eprints@whiterose.ac.uk
/,:-‘ Uriversities of Leecs: Shetfiekd & York https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

>
o
L/
o
c
-
Y
o
v
c
wi

ADVANCE ARTICLE:

ENDOCRINE
SOCIETY

ENDOCRINE g
SOCIETY

Androgen stimulates growth of mouse preantral folliclesin vitro:
interaction with follicle stimulating hor mone and with growth factors of
the TGFB superfamily

Mhairi Laird, Kacie Thomson, Mark Fenwick, JocelMora, Stephen Franks and Kate
Hardy

Endocrinology
Endocrine Society

Submitted: August 02, 2016
Accepted: January 13, 2017
First Online: January 24, 2017

Advance Articles are PDF versions of manuscripts that have been peer reviewed and accepted but
not yet copyedited. The manuscripts are published online as soon as possible after acceptance and
before the copyedited, typeset articles are published. They are posted "as is" (i.e., as submitted by
the authors at the modification stage), and do not reflect editorial changes. No
corrections/changes to the PDF manuscripts are accepted. Accordingly, there likely will be
differences between the Advance Article manuscripts and the final, typeset articles. The
manuscripts remain listed on the Advance Article page until the final, typeset articles are posted.
At that point, the manuscripts are removed from the Advance Article page.

DISCLAIMER: These manuscripts are provided "as is" without warranty of any kind, either express
or particular purpose, or non-infringement. Changes will be made to these manuscripts before
publication. Review and/or use or reliance on these materials is at the discretion and risk of the
reader/user. In no event shall the Endocrine Society be liable for damages of any kind arising
references to, products or publications do not imply endorsement of that product or publication.



>
o
9
°
=
b=
Y
o
=
c
L
L]
—
S
I_
o
<
L
O
Z
<
>
@
<

=NDO@IN=
SOCIETY

Endocrinology; Copyright 2017 DOI: 10.1210/en.2016-1538

Androgen stimulates growth of mouse preantral folliclesin vitro:
interaction with follicle stimulating hormone and with growth factors
of the TGFp superfamily

Mhairi Laird!, Kacie Thomson, Mark FenwitkJocelyn Mora, Stephen Fraflksd
Kate Hardy

Institute of Reproductive & Developmental Biology, Imperial College London, Hammersmith Hospital,
London W12 ONN, UK

Received 02 August 2016. Accepted 13 January 2017.
! Current address: Biomedical Sciences, Univerdifgeading, Reading, United Kingdom

Z Current address: Academic Unit of Reproductive Badelopmental Medicine, University of
Sheffield, Sheffield, United Kingdom

3 These authors contributed equally to the supervisidhe project and the writing of
the paper.

Androgens are essential for the normal functiomature antral follicles but also
have a role in the early stages of follicle develept. Polycystic ovary syndrome
(PCOS), the commonest cause of anovulatory infgrtis characterized by androgen
excess and aberrant follicle development that detuaccelerated early follicle
growth. We have examined the effects of testosteaodedihydrotestosterone (DHT)
on development of isolated mouse preantral folicheculture with the specific aims
of investigating interaction with FSH, the steraiéaic pathway and with growth
factors of the TGP superfamily that are known to have a role in etollcle
development.

Both testosterone and DHT stimulated follicle griowhd augmented FSH-induced
growth and increased the incidence of antrum faonamong the granulosa cell
layers of these preantral follicles after 72h iftune. Effects of both androgens were
reversed by the androgen receptor antagonist fid&arkSH receptorHshr)
expression was increased in response to both tesios and DHT, as was that of
Sar, whereaypllal was downregulated. The key androgen-induced clsangée
TGRB signaling pathway were downregulationfshh, Bmpl5 and their receptors.
Inhibition of Alk6 (Bmpr1b), a putative partner fokmhr2 andBmpr2, by
dorsomorphin, resulted in augmentation of andragfenulated growth and
modification of androgen-induced gene expression.

Our findings point to varied effects of androgenpoeantral follicle growth and
function, including interaction with FSH-activatgtbwth and steroidogenesis and,
importantly, implicate the intra-follicular T@Fsystem as a key mediator of androgen
action. These findings provide insight into abnadresaly follicle development in
PCOS.

Introduction

It has long been recognized that androgens havgsgbogical role in normal
ovarian function. Androgens provide an obligatanpstrate for estradiol production
by maturing antral follicles (and may enhance eitiesal or FSH-induce
steroidogenesis by isolated granulosa c&j$ut there is also evidence that
androgens may be necessary for the earliest sthgesrian follicle development.
Mice lacking a functional androgen receptor havpaired fertility (reduced litter
size and/or reduced reproductive lifespan) but sitsxw impaired growth and



Endocrinology; Copyright 2017 DOI: 10.1210/en.2016-1538

enhanced atresia of preantral follictds Both aromatizable and non-aromatizable
androgens have been shown to stimulate growthotdted mouse preantral folliclés
and effect activation of follicle development im@ments of bovine ovarian cort&%

Exposure to excess androgen, however, is assoeidtedvarian dysfunction. In
experimental animals, androgens inhibit prolifemati’ and increase apoptogtsin
granulosa cells from mature rat follicles. Impottgnovarian dysfunction is a major
feature of women with polycystic ovary syndrome (0%}, a very common endocrine
disorder in which ovarian hyperandrogenism is thetkechemical featur&*3
Infrequent or absent ovulation is characteristic #ulis associated with arrest of
antral follicles during the final stages of matisat*. However, anovulation in PCOS
is also associated with aberrant development afrpral follicles, the key features of
which are increased activation of follicle growtbrf the primordial stage,
enhanced granulosa cell proliferation in small ptes follicles*® coupled with
apparent “stockpiling” of follicles at the primasjage'’. Thus, ovarian dysfunction
in PCOS would seem to have its origins at the estrBtages of follicle development
at a point when, under physiological conditionsyapbotropin action is not obligatory
and local growth factors are likely to play an intpat role. Furthermore, the
abnormalities observed in preantral follicle devebent are characterized by
enhanced rather than impaired activation and grewththere is evidence that
androgens may play a part.

The prenatally androgenized sheep is a well-estadui large animal model of
PCOS. Lambs born to ewes that have been exposeuguwegnancy to large doses
of exogenous testosterone or dihydrotestosteror J[bave both reproductive and
metabolic abnormalities that are reminiscent of BEA® Critically, ovarian
dysfunction includes not only evidence of disruptedroendocrine control of the
ovulation cycle but also abnormal preantral follidevelopment. In particular, the
pattern of early follicle development in the ovara the PA sheep mirrors that
observed in ovarian tissue from women with PCO8&pitoportion of growing
follicles is increased and the primordial folligdepulation reciprocally diminished in
ovary cortex from PA compared with control aninfil$:

We have previously used isolated mouse preantiadléd in culture to examine
the direct effects, on early developing follicleégrowth factors on follicle growth,
granulosa cell proliferation and gene expreséfén Here we have applied this
methodology to the investigation of the effectanfirogens with the specific aims of
investigating the interaction of androgens with F8td with growth factors of the
TGHB superfamily. These growth factors have a key iroevarian follicular function
and our previous studies of isolated mouse prelaothales have provided evidence
for the involvement of both inhibitory and stimwag TGH molecules (and their
endogenous inhibitors and binding proteins) in dhoand function of small preantral
follicles

Material and Methods

Tissue collection, follicle isolation and culture

Whole ovaries were collected from C57BL/6 femaleemged 15-16 and 28 days
post partum (dpp, Harlan). Mice were housed in ataroce with the Animals
(Scientific Procedures) Act of 1986 and associ@edes of Practice. Ovaries were
removed, and those from 28 day-old mice were firet0% neutral buffered
formalin (Sigma). Preantral follicles were meclwatly isolated from day 15-16 mice
using acupuncture needles, as previously descfiifédnd placed in Liebovitz L15
medium (Life Technologies Ltd, Paisley, UK) suppéted with 1% (wt/vol) bovine
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serum albumin (BSA; Sigma Aldrich Company Ltd, Def§K ). Individual follicles
were then transferred into a single well (one étdliper well) in a 96 well plate
containing 100l Minimal Essential Medium alpha (M, Life Technologies)
supplemented with 0.1%BSA, 75pg/ml penicillin (Seyml00ug/ml streptomycin
sulphate (Sigma) and a cocktail of 5pg/ml Insubipg/ml transferrin and 5ng/ml
sodium selenite (Sigma). Isolated follicles froncleavary were distributed randomly
(by picking up from a slightly out-of-focus drop @ilture medium) and evenly
between treatments in a single 96 well plate. Up twvaries (plates) were cultured
per experiment. Follicles were incubated in a hufeid incubator in 5% C@at 37°C
for up to 72 hours.

Analysis of follicle development

Follicles were photographed daily and follicle aoealiameter was measured using
ImageJ 1.45s (https://imagej.nih.goV/ij/) at edofetpoint. At the end of culture
period, follicles were either snap frozen for exgsien studies or fixed in formalin for
immunofluorescence studies.

During the course of this study images and growth da 1307 follicles were
acquired. These images, taken at 24h intervalsglisas measurements, were
imported into a custom-made database (FileMakedlPne?;
http://www.filemaker.coh This allowed automatic calculation of cumulatfe#icle
growth in terms of relative size compared to tletsif culture (time 0) for each
follicle, as well as follicle diameter. The databadso facilitated easy inspection of
follicles during development, annotation of morpigtal features and the
implementation of strict inclusion and exclusioriasa. Follicle images were scored
by one observer (KH), in a database layout thatedénformation about treatment.
Follicles with a central spherical oocyte and intager of GCs were included in the
analysis (Figure 1A). Follicles were excluded franalysis if, at the start of culture,
their oocyte was misshapen (Figure 1B, G) or extiddam the follicle, if the follicle
was atretic (darkened GCs; Figure 1E, F), or ifdasal lamina was damaged with the
oocyte being subsequently extruded from the felaliring culture (Figure 1C).
Follicles were also excluded from analysis if tligsd during culture, with oocyte
extrusion or the onset of atresia (Figure 1D).

The database also expedited search and exportafatdollicles cultured under
the same conditions for several further investaratj providing an extended dataset
for analysis of developmental and morphologicatifess such as antrum formation,
or for comparing development of follicles of difieg sizes in various treatments

Effect of androgens on preantral follicle development

Isolated follicles were cultured in either contneédium, or with androgen (either
10nM DHT or 10nM testosterone; Sigma) in the preseara absence of 20uM
flutamide (a competitive AR inhibitor; Sigma). DHiEstosterone and flutamide were
dissolved in ethanol and the final concentratioetbfinol in each treatment and in
control wells was 0.1%.

Effect of initial follicle size on responsivenessto DHT

Upon completion of all the culture experiments, diatgabase was mined for follicles
cultured under control conditions and in the presesf DHT alone. Follicles were
grouped in 5 size ‘bins’ according to initial diateeat Oh; <100um, 100-109.99 pm,
110-119.99 pum, 120-129.99 ur1,30 um in diameter. The overall growth of follicles
in the presence and absence of DHT was compared lisear regression (Prism 6
for Mac OS X, version 6.0a (www.graphpad.gom
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Effect of DHT on AR expression

Mechanically isolated follicles cultured for 24 @2h in the presence or absence of 10
nM DHT were formalin-fixed, set in 2% (w/v) low ntielg point agarose (Sigma),
before being dehydrated through an alcohol sesimbedded in wax and serially
sectioned (5um) onto Superfrost charged slides (YINRerworth, UK).
Immunofluoresence detection of AR was carried sulescribed below, and one
central section of each follicle selected for asmyConfocal images of individual
follicles were imported into ImageJ, and split iRGB channels. Blue DAPI labeled
nuclei were thresholded (same threshold valuelfdoléicles) to produce a binary
image (white DAPI positive, black DAPI negativedastefine the nuclei. Nuclei were
outlined using the ‘Analyze Particles’ commandtHa green channel, AR labeling
was thresholded (with the same threshold maintaimedll follicles), the nuclear
outlines were overlaid, and the area of labelingeexing the threshold measured
within the nuclear outlines, and for the GC laygmavhole. The proportion of
nuclear area or GC area that exceeded the threg@adlee proportion of the nuclei, or
GC layer, that was AR positive) was compared forticd and DHT-treated follicles
at 24 and 72h.

Antrum formation

The database was further used for investigatingianformation in the presence and
absence of DHT, and under other treatment condit@nsantrum was clearly visible
as a translucent area with a clear margin in taauyosa cells. Images were inspected
and annotated for appearance of an early antru#2byof culture.

Effect of androgen and FSH on preantral follicle growth

Follicles were treated with control medium (inclugli0.1% ethanol vehicle), or with
10nm DHT and/or 10ng/ml FSH (recombinant humandiallstimulating hormone
(rhFSH) (National Hormone and Peptide Program,dwaii Institute of Diabetes and
Digestive and Kidney Diseases (NIDDK), Dr A.F. Par| Torrance, CA, USA).
Follicles were maintained in culture for 24, 487/@rhours before being frozen for
gene expression studies as previously describeahdmof each individually cultured
follicle were taken at O, 24, 48 and 72 h, as appate.

Effect of inhibiting Alk6 on DHT action

Dorsomorphin (DSM, Sigma) was used as an inhilatdhe type | TGB receptors
ALK2, ALK3 and ALK6 #*. Follicles were cultured with vehicle alone, 108MT
alone, DHT and 1uM DSNP, and DSM alone for 72 h. Follicle growth was asees
as described above. At the end of culture, fokicleere snap frozen in liquid nitrogen
for gene expression studies, as described below.

Expression studies

At the end of each appropriate culture period, exipnately 5 follicles per treatment
group were pooled into one tube and snap frozdiquid nitrogen. Samples were
then processed for RNA extraction using RNeasyoomumns as per
manufacturer’s instructions (Qiagen, Manchester).UlKe resulting RNA was
concentrated using vacuum centrifugation to proadi®al volume of approximately
5ul and converted to cDNA using SuperScript Il rseetranscriptase and random
hexamers, according to manufacturer’s instruct{ife Technologies). cDNA
products were used for quantitative PCR as preljalescribed”. Briefly, primers
were designed using Primer3 plus v2.3.6 softwaabl@1). cDNA or water (control)
was added to a reaction mix that included 500nipgfropriate primers, ROX,
KAPA SYBR FAST (KAPA Biosystems Limited, London, Jland nuclease free
water. Each sample or control mix was plated inlidage and amplification was
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carried out using an Applied Biosystems 7900HT kesttument. A melt curve
analysis was carried out on each sampiipsb (Primer Design, Southampton UK)
was determined to be an appropriate internal reéergene and therefore used in this
series of studies. Expression levels were normaliaghe internal reference gene and
calculated as fold changes relative to the untdeedatrol group, using th2-delta-

delta-cycle threshold (2-AAct method)>.

Immunofluorescence studies
Whole formalin-fixed, paraffin embedded ovaries evserially sectioned (5um) to
examine AR protein expression. For examinatiorhefdffect of treatment on AR
protein expression, cell proliferation and apoo&rmalin-fixed cultured follicles
were set in 2% (w/v) low melting point agarose (&g, before being dehydrated
through an alcohol series, embedded in wax andlgesiectioned (5um) onto
Superfrost charged slides (VWR, Lutterworth, UKya®y and follicle sections were
dewaxed and rehydrated prior to boiling in citratéfer (LOmM citric acid, pH6.0),
and blocking of nonspecific binding with in 20% @l goat serum (NGS, Sigma).
After this, with no washing step, sections werailvated in rabbit anti-mouse
androgen receptor antibody NR-20 (sc-816, 1:2Q@idih, Santa Cruz, Dallas,
Texas), rabbit anti-mouse D3B5 Ki67 (1:200; New l&nd Biolabs, Hitchin, UK) or
rabbit anti-mouse cleaved caspase-3 (1:200; 96éH Signaling) diluted in 2% NGS.
The latter were subsequently exposed a 1:9 raficJMEL enzyme:label (Roche) for
60 min at 37°C after PBS washes. The negative abiutr AR immunofluorescence
was rabbit IgG (Sigma i8140) at the same conceatrats that used for the primary
antibody (0.5 pg/ml). The primary antibodies wereubated overnight at 4°C and
then detected using an appropriate goat anti-ratdbxafluor secondary antibody
(1:500; Life Technologies). All unstained nucleire/¢hen visualized by incubation
with DAPI (1:1000; Life Technologies) before sec8amere mounted under
coverslips using Prolong Gold mounting medium cioitg DAPI (Life
Technologies). Sections were visualized (x63 objertand capturedsing a Leica
inverted SP5 confocal laser-scanning microscope (Leica Microsystems).
Ki67-positive, caspase-positive, TUNEL positive amiabeled DAPI stained
cells or nuclei, were counted using the ImageJipllagll counter.jar’
(https://imagej.nih.gov/ij/plugins/cell-counter.Mymwvithin ImageJ (1.45s). DAPI-
labelled (blue), Ki67-positive (green), TUNEL-pogé (green) nuclei, or caspase-
positive (red) cells were counted in a single nmedt®n of the follicle, and the
proportion of Ki67-positive, caspase-positive orNEL-positive nuclei/cells
calculated.
Statistics
The relative area of follicles in different treatme (area at timgarea at timg where
tx = 24, 48 or 72) was compared at each timepoimgusne-way ANOVA with the
appropriate post-hoc test for multiple comparis@ssm 6). Gene expression values
were log transformed and difference between treatmentys@dlusing t-test. In all
cases, a probability valu@)less than 0.05 was considered statistically Sigamt.
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Results

Follicle Culture

In this study, a total of 1307 follicles from 45amies were cultured in various
conditions. On average, 29 + 0.68 (mean and SEMja22-40) follicles per ovary
were cultured, and evenly distributed between ineats. Overall, less than 15% of
follicles placed in culture were found, upon clok&gh power inspection, to be either
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atretic or damaged at the outset (Figure 1), ané weerefore excluded from further
analysis. A very small number of follicles (12) dii@uring culture; 4 controls, 3 in
cultured in DHT alone and 5 in DHT+FSH.

Effect of androgenson preantral follicle growth

Dihydrotestosterone at doses of between 1 and 10€esMted in an increase in
follicle growth compared with vehicle alone at 28,and 72h in culture (Figure 2A).
Although the largest response was achieved withsa d0100 nM, there was little
difference between the effects of the differentedo#\ similar dose-response range
was found for the effects of testosterone on fi@lgrowth (data not shown). In all
subsequent studies a dose of 10 nM DHT or testostgapproximating to
physiological serum concentrations of testosteraras) therefore used.

Flutamide inhibited DHT-induced follicle growth eandose-dependent manner
(Figure 2B) but as the effect was significant aalya flutamide concentration of
20uM, this dose was used in further studies

The effects of DHT (a non-aromatisable androged)tastosterone (an
aromatisable androgen) were compared. Both andraggméicantly increased
follicle growth over 72 hours in culture (Figure 2@t all time points DHT and
testosterone did not significantly differ in thetrmulatory effect on follicle growth.
The addition of flutamide to androgen treated &dis inhibited the effect of both
androgens and brought follicle growth back in kvigh controls.

We were interested in whether the responsivenegseahtral follicles to DHT
changed with follicle size. Taking an overview dfthe data that we collated in the
database during these studies, we explored how &ff¢€ted the growth of follicles
of different sizes. Isolated follicles placed iritate ranged in size from 75 pm to 150
pm in diameter. Intriguingly, while smaller folled grew significantly more in the
presence of DHT, there was no significant increaske growth of larger follicles
(>130um) with DHT. This suggests that these fatschave become less androgen
responsive (Figure 2D).

Expression of AR in whole mouse ovary and in cultured follicles
Immunofluorescence for AR showed expression indiels from the primordial stage
onwards in day 17 ovary (Figure 3A). In primordaald transitional follicles AR
appeared to be expressed in the ooplasm more Btribvagn at later stages, and even
in very early follicles, AR was clearly presentG€s (Figure 3C).
Immunofluorescence labeling of AR in follicles aukd in the presence and
absence of DHT for 24 and 72h was quantified inGlaelayer, as well as specifically
in the nuclei (Figure 3 D-M). DHT treatment resdlia significantly increased
expression of AR in the GCs following 24h (Figure);3ahd 72h (Figure 3P) of
culture. Furthermore, translocation of AR to thelaus was minimal in control
follicles (Figure 3H), but was significantly incie=d in follicles exposed to DHT at
both time points (Figure 3M, O, Q). Strong labelofgheca cell nuclei for AR was
also observed following DHT treatment (Figure 3L, White arrows).

DHT and antrum formation

Examination of 219 follicles cultured under contrtohditions and 216 follicles
cultured with DHT alone that were identified frohetdatabase showed that
significantly (P<0.0001) more follicles culturedHT developed an antrum during
72h of culture (Figure 4A-G). We expected that thaild be due to the increased
follicle growth observed in the presence of DHT, #mat antra would be seen in the
largest follicles. Surprisingly, we found that thavas no significant difference in
diameter between follicles with and without an antrin the presence of DHT
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(Figure 4H), suggesting that this developmentahgeas not due to accelerated
growth but to another, as yet unknown, mechanism.

The stimulatory action of DHT on follicle growth waccompanied by increased
protein expression of the proliferation marker KiG'granulosa cells of preantral
follicles following both 24 and 72h of culture (kg 5 A-D). Follicles were assessed
after 24 and 72h of culture for evidence of apaptasing dual labelling for TUNEL
(Figure 5 E, F) and active caspase -3 (Figure GTH@re was no significant
difference between control and DHT-treated folkcie the incidence of these
apoptotic markers. Generally, apoptosis was obddrnva small proportion of
granulosa cells at 24h (Figure 5 1, J) and 72huieid M, N), with the exception of a
few follicles showing more widespread TUNEL labglifirigure 5 K, L).

Interaction of DHT with FSH

FSH (10 ng/mL) significantly increased the propmrtite growth of cultured preantral
follicles compared to control. When DHT was addsthe cultures, the combination
of DHT and FSH increased follicle growth in comgarni to either individual
treatment alone after 24 and, particularly, af@add 72 hours in culture (Figure
6A). Interestingly, we observed that, after 72 Isaarculture with the combined
treatment of DHT and FSH (but not with the indi\aditreatments alone), the basal
lamina surrounding the granulosa cell layers inesdoflicles was disrupted, allowing
extrusion some granulosa cells vertically as wehlharizontally, and thereby possibly
decreasing the precision of follicle measurement.

Overall, the rate of growth of follicles in the pesce of both DHT and FSH was
significantly greater than that in either treatmaloine. Furthermore, follicles in
treatments alone or in combination grew at a sicgmitly faster rate than control
follicles (Figure 6B). The dose of FSH used hees the lowest dose that elicited a
maximal response in a previous stdtiyWe were interested to explore whether the
presence of DHT would allow a lower dose of FSHtitmslate the same maximal
response. This was not the case; lower doses ofrfESHted in decreased growth
(Fig 6C).

Effects of androgens and FSH on gene expression

FSH receptor, steroid synthesis and action

FSH receptorKshr) expression was significantly increased in fodgkultured in

DHT compared to vehicle-treated controls after BAtulture whereas FSH treatment
reduced expression &thr. This effect was partially reversed during co-tneent

with DHT (Figure 6D) DHT alone had a small and insignificant effectexpression

of Star but further enhanced FSH-stimula@&dr expression.

We examined the time course of gene expressiondrbgen recepto’f), Fshr,
Sar, Cypllal, Cypl7 andCypl9 during 72h of culture in presence of DHT (Figure
7). Androgen receptor expression was consistenppressed by DHT whereas that
of Fshr was increased at each time point. Expressid@anfwas significantly
upregulated after 72h in culture whereas thatygfl1al was significantly reduced
after 48h in culture and further reduced at 72gFe 7).Cypl9 expression was
undetectable, as was that@fpl7.

Effect of DHT and testosterone on TGFSligands and receptors

In this series of studies we examined the effectstbeér DHT or testosterone on gene
expression after 24h in culture (Figure 8). Expassf Ar was reduced and that of
Fshr increased by DHT, as shown previously; similamges were seen in response
to testosterone.
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We observed a significant interaction of androgeitis ligands and receptors of
the TG superfamily in these studies (Figure 8). Exposor@drogens during
culture resulted in reduction of expressioraih andBmpl5 by both DHT and
testosterone. A similar trend was observed3ddi9 but the change was not significant
in response to DHT. Testosterone, but not DHT, cedwexpression dimhr2 and
both androgens reduc@&inpr2 expression. Expression of the type 1 recepii3,
Alk4 and AIk5 were similarly reduced by both androgens but,ragaily the actions
of testosterone were significant. However both Dd#hdl testosterone stimulated
expression oAlk6. All androgen-induced changes in gene expresseare negated
by co-incubation with flutamide (data not shown).

To explore the functional significance of androgeadced changes in gene
expression of TGE ligands and their receptors, we examined the &fiaficthe
Alk2/3/6 inhibitor dorsomorphin (DSMJ* (Fig 9A) on follicle growth and gene
expression in the presence and absence of DHTh@wsrsin our previous study,
DSM alone stimulated follicle growth at 24h (P<0.05b} here we show that the
response to DHT was significantly enhanced by tdbtn of DSM (Figure 9B).
DSM did not, however, influence DHT-dependent amtformation.

DSM alone resulted in reduction in expressio®wh after 72h in culture but
with no significant effect o®df9 (Figure 9C). However, DSM further enhanced the
inhibitory effect of DHT onAmh without influencing DHT-inducedf9 expression.
Neither DSM alone nor DSM with DHT had an effectexpression oBmpl5. DSM
alone had no effect oinhr2 but led to increased expressionA¥5 and, as
anticipated, reduction iAlk6 (Fig 9E). The addition of DHT resulted in greater
production ofAmhr2 than either DSM or DHT alone and reversed thecedfef DSM
on Alk5 andAlk6 (Figure 9E).

There was no significant effect of DSM aloneAmor Fshr and neither did DSM
affect the response to DHT (Figure 9D). HoweverM>@one enhanced expression
of Star and further increased DHT stimulated expressiogufe 9F). Interestingly
DSM alone led to an increase@ypllal and reversed the inhibitory response to
DHT (Figure 9F).

Discussion

The purpose of these studies was to examine theof@ndrogens in preantral follicle
development to provide insight into the mechanisrabarrant early follicle
development in human polycystic ovary syndrome (BE@&xposure to excess
androgen has been postulated to underpin the pmbaliklopmental origin of PCOS
and its adult manifestations of reproductive andaalic dysfunctiort**"% Using a
mouse model of preantral follicle development tieg been well validated in our
laboratory, we have shown that exposure to both &R testosterone have a
plethora of effects on both follicle growth and gexpression of key molecules
implicated in follicle function. As shown in previsstudies of cultured isolated
follicles from mouse ovary®, androgens stimulate follicle growth. This effict
mirrored in studies of prentral follicle developménthe primate ovary following in
vivo androgen treatmeft>° In addition to the increase of follicle diameiter
response to androgens, our results show a significerease in expression of the
proliferation marker Ki67 whereas the expressioprotapoptotic markers, TUNEL
and caspase, was no different between treatedrarehted follicles. Furthermore,
there was a 10-fold increase of antrum formationndex of accelerated growth, in
the presence of DHT. Thus, although androgens bega shown to have pro-

apoptotic effects in granulosa cells of large drificles *>** the predominant
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action of testosterone and DHT in preantral fofichppears to be stimulation of
granulosa cell proliferation and net follicle grdwt

In sections of juvenile mouse ovary, we found thRtwas expressed in the
cytoplasm of oocytes, GCs and theca at all prelstiages, including primordial
follicles. DHT treatment increased the overall egsion of AR in cultured follicles,
and, importantly, increased nuclear localizatio®Bf, as would be expected in
relation to androgen induced growth and differeitdra Increased expression of AR
protein was interesting and paradoxical, as we kse@demonstrated here that
MRNA is decreased by DHT treatment during culture.

With the exception of the specific experiment exiplgthe effect of DHT in the
presence of FSH, all the follicles in this studyreveultured without FSH. Use of the
database allowed examination of the response lidléd of increasing size to DHT
alone. Small follicles less than 130pum in diamgtexw more in the presence of DHT.
This is in contrast to our observations of the @fef FSH on preantral follicle
growth in culture, in that responsiveness to adefed was greatest in follicles larger
than 130um in diametéf leading us to conclude that follicles larger tA80pm in
diameter had a greater requirement for FSH. It beathat the lack of response to
DHT in larger follicles in the current study is digethe need for FSH to grow in
vitro.

An important observation is the positive interactwith FSH in terms of both
follicle growth and gene expression. Both FSH (@&viously showrf®) and DHT,
independently, stimulated growth of preantral &ds in culture but FSH increased
the responsiveness to DHT in a dose-dependent makiter 72 hours in culture, the
optimum dose of FSH induced a 30% increase inctelljrowth above that of DHT
alone. The amplifying effect of androgens on FSHwslated steroidogenesis was
described more than 20 years ago by Wang and Gedéfand recently Sen and
colleagues have shown that DHT has both anti-apio@od pro-proliferative effects,
the latter being mediated, at least in part, bydased FSH receptor expressian
Here we confirm the effects of DHT on FSH recepf@ne expression and, in
addition, show that testosterone has a similaceffeis not clear whether the
increase in the expressionkeshr is due to increased expression per cell or to the
increased number of cells in follicles culturedhe presence of androgens (or indeed
both). The action of both androgens was reversdtidogpndrogen receptor antagonist
flutamide, indicating that the effect of testostexavas not likely to be attributable to
its possible conversion to estradiol. The most §icamt effect of androgens on the
steroidogenic pathway was an increase in expres$isiAR, which, of course, has a
key role in making cholesterol available for stdrsynthesis. Both DHT and FSH
independently and interactively increased StAR esgion. Conversely, expression of
Cypllal was suppressed by exposure to androgens butfthéses are in accord
with observations in studies of the ovaries of 8@yetal sheep whose mothers were
treated with testosteror&

Very little has been reported to date on the irttéwa of androgens and the TGBF
family of growth factors. There are isolated repdhiat TGB1 inhibits androgen
production by theca celfé*but, as far as we are aware, there have been no
systematic studies of the effects of androgens@HR3Tsignaling. Our group has
previously reported on expression and action of F @fewth factors in isolated
mouse preantral follicles"“*and in the current study we examined the intesaai
androgen with TGE ligands and their receptors. The most signifi¢enatings were
inhibition by androgens gfmh andBmp15 expression. AMH has a well-described
inhibitory action of preantral follicle growt!f and BMP15 has a biphasic effect,
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initially stimulating growth but then leading todueced growth rate and apoptosis in
mouse preantral follicles after 48h in cult@fe In our studies, AMH expression was
progressively reduced with time of exposure to agens. Studies in sheep support
this observation, AMH protein expression is lowetdrge preantral follicles in 10
and 21 month month old prenatally testosterongdde@wes, compared to untreated
controls®. AMH and BMP15 activate receptor heterodimers tomprise the type 2
receptors AMHR2 and BMPR2 respectively and the Iygeeptor Alk6 that is
utilized by both ligands. Androgen-stimulated fdii growth is accompanied by
reduced expression not onlyAfnh andBmpl15 but also ofAmhr2 andBmpr2. In
addition, DSM, an inhibitor of Alk2/3/6 amplifiedHDI-stimulated follicle growth
and further reduced expressionfmih. Taken together, these findings support the
view that attenuation of the inhibitory effectsAi¥iH and BMP15 play a role in the
mechanism of androgen stimulation of preantraldigldevelopment. There were
also significant effects of DSM on the steroidoggmathway in that, along with
enhanced follicle growth, DSM amplified expressadrkey molecules involved early
in the ovarian steroidogenic pathw&ar andCyplla (and modified the effects of
DHT). This suggests a functional cross-talk betwibenT G /system and the
classic steroidogenic pathways. DSM has previobsgn described as an inhibitor of
AMP kinase but although we cannot rule out the ibdgy that this mechanism may
play a part in the observed effects on folliclevgitg its high selectivity for the BMP
signaling pathwag* makes the latter a more plausible target.

In addressing the issue of cross-talk between thadevays, one of the key
findings in the current study was that, at 24hutiure, DHT treatment resulted in
decreased expression of the oocyte specific Bemgl5 (as well as leading to
decreased expressionArhh andAmhr2). These changes were accompanied by
increased expression 8far and downregulation d@yplla. In this context, it is
striking that direct treatment of human granulagaih cells and ovine GCs with
rhBMP15 results in opposite effects; increaddtH, AMHR2 andCYP11A, and
decrease®TAR **°"1 Thjs strongly suggests that BMP15 is a major rgulof
both the rate limiting steps of steroidogenesis@MH and its receptor, and
furthermore that DHT is having indirect actionstbase genes via the consequent
decreased levels of this oocyte derived growthofad¢hdeed, the important role of the
oocyte in stimulating AMH expression was first prepd in 2004 in elegant studies
using co-cultures of isolated oocytes and preafs from mic€®. The presence of
one or more oocytes in the immediate vicinity of<d@creased AMH expression
more than 2-fold. Furthermore, studies in our labay comparing AMH expression
in intact preantral follicles and follicles lackimg oocyte have shown that the
absence of an oocyte results in almost completedb&MH expression after 24
hours of culture (Mora and Fenwick, unpublishedaflathus, the effect of DHT (or
testosterone) on follicle growth appears to invawamplex interaction with both
FSH and the intra-ovarian T@Kystem (Fig 10). These androgens have a direct
stimulatory effect on growth and also increase F&ponsiveness by up-regulation
of FSH receptor expression. In addition, DHT arsidsterone reduce expression of
AMH both directly and by inhibition of the oocyte+fdeed TGH3 growth factor,
BMP15. BMP15 has been shown to stimulate AMH préidadoy granulosa cells
(and reduce expression of the growth-promoting GB¥$he oocyte), hence
reduction of BMP15 levels will contribute to reddc&MH levels. The net effect of
androgens is therefore to contribute to granuledigpeoliferation by reversing the
action of inhibitory TGP growth factors that are produced by the oocyte and
surrounding granulosa cells. The current studygxasnined gene expression of these

10



Endocrinology; Copyright 2017 DOI: 10.1210/en.2016-1538

key ovarian factors and it should, of course, benawledged that the changes
observed do not necessarily imply similar effectgpootein expression (as illustrated
in this study with regard to AR gene and proteipression). Nevertheless, where we
see evidence of functional changes (eg androgemdepeamplification of both

Fshr gene expression in parallel with increased faligtowth rate) the association
between gene and protein expression can easityléeed.

An intriguing effect of DHT on preantral follicleestelopment was the precocious
formation of an antrum, a feature that has alsm beported in studies of prenatally
androgenized sheép Initially it was thought to be due to the stimoly effects of
DHT on follicle growth, with the expectation thattea would be present in the largest
follicles. However we found that there was no défece in the diameter of follicles
with and without antra, suggesting that their appeee was due to effects of
androgen on the expression of key genes, ratherattaievement of a threshold
diameter. Aquaporins facilitate water transport arelexpressed in granulosa célls
and testosterone stimulated the swelling of por@@s in hypotonic culture medium,
an effect that was reversed by flutamide, suggestiagaquaporins are sensitive to
androgert. A recent study by the same group confirmed tbiéditfes from pigs that
were exposed to flutamide in utero expressedAgps mMRNA and protein,
demonstrating that androgen could potentially skateuaquaporin expression leading
to antrum formatiott?.

Aberrant ovarian function associated with PCOS faygkerandrogenism has been
well documented and it has been suggested thatrgmaging” of ovarian function
by androgens plays a key p&ftThis notion is supported by the results of stsidie
both rodent and large animal (sheep and monkeygetaad PCOS that involve in
vivo exposure to excess androden?®* Here, in an ex vivo model, we have
examined the direct effects of androgens on falgrowth and gene expression and
have uncovered pathways that are relevant to theratadities of follicle
development that are characteristic of PCOShe enhancement of FSH activated
follicle growth may well have a bearing not onlyttwe accelerated growth of
preantral follicles but also on the precocious oesjiveness to LH that has been
observed in small antral follicles in ovaries ofmen with PCOS**. Intriguingly,
androgen action also implicates the participatibkey members of the
TGH3[Isuperfamily and its receptors and there is litalat that these growth factors
have a fundamental role in activation and mainteaafi@arly follicle development.
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Figure 1 Morphology of manually isolated follicl#sat were included in the
analysis (84%; A), or excluded from analysis beeaafsdamage or atresia at the start
of culture (<15%; B, C, E, F, G), or onset of ameturing culture (<1%; D). (A)
Healthy follicle cultured under control conditioi&h) with a central oocyte (O) and
even layer of granulosa cells (GCs). Follicle ditenghown in each image. The
white dotted line (A’”) indicates the basal lamisarrounding the GCs and shows the
area that is measured. A nucleolus is arrowed éndnitow head). Note the lack of
theca cells on the basal lamina. (B) Follicle vittlistinct oocyte (white arrow) that
becomes increasingly misshapen and shrunken wii {C) Follicle with damaged
basal lamina (black arrow), resulting in extrusadrGCs (white arrow). With time in
culture the oocyte is extruded through the breatdck arrow). (D) Follicle that
appears healthy at Oh but becomes atretic from\&ith,rounding up and progressive
darkening of the GCs and loss of the basal lanfiaaF) Atretic follicles at the start

of culture (Oh) with a detached basal lamina (blackws) and darkened GCs. (G)
Follicle with collapsing, indistinct oocyte (whiggrow, Oh). (H) Sparse theca cells
(black arrows) on basal lamina. Scale bars arer8@AtG) and 25 pum (H).

Figure 2 Follicle growth in vitro in response to Didnd testosterone. (A)
Response of individual follicles to increasing cemitations of DHT. The relative
area of follicles in different treatments (aredimt/area at timg where § = 24, 48
or 72) was compared at each time point using oneANOVA with a Tukey’s
multiple comparisons test. *P<0.05, ***P<0.001, *<0.0001. Values are mean
and 95%CI. Numbers in parentheses are numberdliofds. (B) Response of
follicles to DHT (10nM) in the presence of incregsdoses of the AR inhibitor,
flutamide. Values are mean and 95%CI. Statistinalysis as in (A). *P<0.05,
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**P<0.01, ***P<00001. (C) Response of follicles @HT (10nM) or testosterone
(10nM) in the absence and presence of the flutaf@dev). DHT- and T-stimulated
follicle growth was reversed by flutamide. Values mean and 95%CI. Statistical
analysis as in (A). *P<0.05, **P<0.01, **P<0.007***P<00001. (D) Effect of

DHT on in vitro growth of follicles of different itial sizes. Values are means and
SD, lines are regression slopes. Slopes were caupesting linear regression.
Follicles larger than 130um in diameter at thetsibculture did not grow more in the
presence of DHT.

Figure 3 Androgen receptor (AR) is present in oesyGCs and theca cells of
preantral follicles, and overall expression andearclocalization of AR increases in
the presence of DHT. (A) AR expression (green) ause prepubertal mouse ovary
on day 17 postpartum. DAPI-labelled nuclei are b&male bar = 50um. White dotted
lines indicate basal lamina surrounding folliclé€ = granulosa cell; T = theca; ose
= ovarian surface epithelium; p = primordial; trartsitional; e1°= early primary; 1°+
= primary stage with second layer of GCs appeafifig; secondary stage. (B) Rabbit
IgG control. Scale bar = 25 um. (C) Strong labebhgoplasm (white arrow) and GC
cytoplasm (white arrowhead) in primordial (p) arehsitional (t) follicles. Scale bar
is 25um. (D-M) Quantification of AR in formalin-fed, paraffin-embedded sections
of follicles cultured in the absence (D-H) and pre=e (I-M) of DHT. (D, I) Confocal
image of follicle showing expression of AR (greangd DAPI labeled nuclei (blue).
Scale bars are 25um, white dotted box defines gedaimages (E-H, J-M). Images
were imported into ImageJ, and split into RGB clesinBlue DAPI labeled nuclei
(E, J) were thresholded (F, K; where white is DpB$itive and black DAPI
negative), and nuclei were outlined using the ‘AmalParticles’ command (F, K). In
the green channel, AR labeling (G, L) was threstblgath the same threshold
maintained for all follicles), the nuclear outlinesre overlaid, and the area of
labeling exceeding the threshold measured withimtietear outlines (H, M), and for
the GC layer as a whole. Yellow arrows (H) indicabelei with little nuclear AR,

and yellow arrow heads (M) indicate nuclei withosty nuclear AR. White
arrowheads (L, M) show strong AR expression indéheall nuclei. Values were
plotted and compared between treatments using a - Méntney test. Overall AR
protein expression in the GC layer was significaimttreased after 24h (N) and 72h
(P) culture in the presence of DHT. Nuclear loaian of AR was also significantly
increased in the presence of DHT at 24h (O) and@2h

Figure 4 Follicles cultured in the presence of Diréid a 10-fold increased
incidence of early antrum formation. (A) The numbgfollicles in the absence and
presence of DHT that formed an antrum by 72h ducel Numbers above the bars
are the % of follicles that formed an antrum. P<0XQAwo-sided Fisher’'s Exact test.
(B - F) Examples of preantral follicles with anmh (arrowed, translucent area
within the GCs), cultured in DHT. (G) Confocal ineagf DHT treated follicle
exposed to DHT in vitro with oocyte (ooc) and antramowed (H) Diameter of
follicles at 48h (ie at the onset of possible amtformation) that did, or did not, have
an antrum at 72h. Four statistical comparisons wexde (to compare diameter of
follicles with and without antra within a treatmgand of follicles with, or without,
antra between treatments), using one-way ANOVA wiidak’s multiple
comparison test. ***P<0.001, ns = not significant.
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Figure 5 Follicles cultured in the presence of Ditéil a greater proportion of
Ki67-positive (green) nuclei than in control comatits after 24h (A), and 72h (B)
hours of culture. Bars are means and 95% ClI; tresatsnwere compared using an
unpaired t-test, **P<0.01. (C, D) Confocal image&ob7-positive nuclei (green);
scale bars are 50um. (E — H) There was no signifiefiect of treatment on TUNEL
(green E,F) and caspase (red G,H) expression inat@mtd DHT-treated follicles at
24 and 72h. Bars are medians; treatments were gechpaing a Mann-Whitney test.
(I - G) Confocal images of TUNEL labeled (greenjl active caspase-positive GCs
(red) in follicles at 24h (1, J) and 72h (K-N) auled in the absence (I,K,M) and
presence (J,L,N) of DHT. Nuclei were counterstaiwdti DAPI (blue). Scale bars
are 25um (I-N).

Figure 6 FSH further stimulates DHT-stimulateditd growth after 48h of
culture (A). Relative area of follicles in differetneatments was compared at each
time point using one-way ANOVA with a Tukey’s mpliie comparisons test.
*P<0.05, *P<0.01, **P<0.001, ***P<00001. Valueare mean and 95%ClI.
Numbers in parentheses are numbers of follicles®wth trajectory over time of
follicles cultured in the absence and presencetdt Bnd/or FSH. A combination of
DHT and FSH stimulates a greater rate of growth AT alone (P<0.0001), FSH
alone (P<0.0001) or control (P<0.0001). FSH or Ddidne stimulates a greater rate
of growth than control (FSH, P<0.0001; DHT, P<0.002e rate of growth in FSH
alone is significantly greater than that in DHTre#dP<0.0004). Values are means
and SEM, lines are regression slopes. Slopes veen@ared using linear regression.
Numbers in parentheses are numbers of folliclesF@licles cultured in the
presence of DHT and increasing doses of FSH shoigadisant growth
enhancement in the presence of 1ng/ml and 10 il but not in the lowest dose
of FSH (0.1ng/ml). Statistical comparisons as i) () Change in expression of
Fshr andStar in 4 samples of 5 follicles each cultured for 24fhe presence of DHT
alone, FSH alone, or DHT and FSH in combinationaDeave been logransformed
and treatments were compared to control (0), ahald®sn treatments using an
unpaired t-test. Fold change indicated in rightehgrmaxis. Asterisks by error bars
indicate significant difference in expression froontrol, differences between
treatments indicated by asterisks on horizontaklif® values as in (A). Values are
mean and SEM.

Figure 7 Time-course of hormone receptor and steg@nic enzyme gene
expression in isolated follicles during 72h of audt in the presence of DHT. Change
in expression ofvr, Fshrl, Sar andCypllal in 4 - 6 samples of 5 follicles each
cultured for 24, 48 and 72h in the presence of 100HW. Data have been lgg
transformed and DHT treatment was compared to timtemed control samples (0),
and between time points using an unpaired t-tedtl €hange is indicated in right-
hand y axis. Asterisks by error bars indicate $igamt difference in expression from
control, differences between time points are ingiddy asterisks on horizontal lines,
*P<0.05, **P<0.01, **P<0.001, ***P<00001. Valueare mean and SEM.
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Figure 8 Effect of DHT (A) and Testosterone (B)gane expression of
hormone receptors, and members of the f Gliperfamily (ligands and receptors).
Isolated follicles were cultured in the presence absence of DHT or Testosterone
for 24h. Data have been lpgansformed and DHT or testosterone treatment was
compared to control samples (0) using an unpaitestt Fold change is indicated on
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right-hand y axis. Asterisks by error bars indicgigmificant difference in expression
from control, *P<0.05, **P<0.01, **P<0.001. Valuese mean and SEM.

Figure 9 Effect of Dorsomorphin (DSM, an inhibitafrAlk 2, 3 and 6) on
DHT-stimulated follicle growth in vitro, for 72hAj TGFB receptor inhibition by
DSM. (B) Isolated follicle growth in the presenaelaabsence of DHT and/or DSM.
Relative area of follicles in different treatmemntas compared at each time point
using one-way ANOVA with a Tukey’s multiple compsons test; *P<0.05,
**P<0.01, **P<0.001, ***P<00001. Values are meand95%CI|. Numbers in
parentheses are numbers of follicles. (C-F) Effé&HT alone, DSM alone and
DHT in combination with DSM on gene expressionduling 72h of culture. Data
have been logtransformed and DHT, DSM or DHT+DSM treatment wampared
to control samples (0) using an unpaired t-testd Ebhnge is indicated in right-hand
y axis. Asterisks by error bars indicate significdifference in expression from
control, differences between treatments indicateddberisks on horizontal lines;
*P<0.05, *P<0.01, ***P<0.001, ***P<00001. Valueare mean and SEM. (C)

> TGH3 ligands. (D) Hormone receptors. (E) Tgfeceptors. (F) Steroidogenic
o)) enzymes.
— Figure 10 Putative pathways of androgen action eargral follicle growth.

(o) Testosterone or DHT act via the androgen recepamsing a measurable increase in
.E granulosa cell proliferation. This may be mediadedctly, or indirectly by increased
. FSHR (stimulating GC proliferation) or decreased AN teducing AMH inhibition).

g AMH can be further reduced by androgen-induced realuof oocyte-specific BMP,
o] which normally stimulates AMH levels. Inset box suarizes androgen-induced
- inhibition of TGH3 ligands, and type | and Il T@8Feceptors, with the exception of
L Alk6.
.. Table 1: Primers used for quantitative PCR assays.
LIJ Gene Symbol Primer sequence (5'-3) GenBank Acoessi | Product Size (bp)
| Arh Fwd: ggggcacacagaacctct NM 007445.2 124
O Rev: gcaccttctctgettggttg - )
— Bmp15 Pwd: gefieRacaciqiboag NM_009757.4 134
I_ Rev: agttcgtatgctacctggtttg - )
G Fwd: tcacctctacaataccgtccgg NM 008110.2 139
m Rev: gagcaagtgttccatggcagtc - )
< Eshr Fwd: acaactgtgcattcaacggaac NM_013523.3 187
Rev: gacctggccctcaacttctt
LLI Ar Fwd: attcctggatgggactgatg NM 013476.4 246
Rev: gcccatccactggaataatg - )
( ’ Sar Fwd: aagaacaacccttgagcacct NM 011485.4 267
Z Rev: ctccectgetggatgtaggac - )
Cyplial Fwd: ctgggcactttggagtcagt NM 019779.3 185
< Rev: aggacgattcggtctttcttc - )
> Amhr2 Fwd: acagcatgaccatatcgttcg NM 144547.2 122
Rev: gagtcaagtagtggcataaggag - )
D Bmpr2 Fwd: actgggaggtgtttatgaggtg NM 007561.4 150
< Rev: ggaacttgggtctctgcttct - )
Alk3 (Bmpr1a) Fwd: tgactttagcaccagaggatacc NM_009758.4 177
Rev: cagagccttcatacttcatacacc
pas Alké (Acvrib) Fwd: caacatgaagcactttgactcc NM_007395.3 177
‘il Rev: tcacatacaacctttcgcatct
Ll AlK5 (Tgfbr1) Fwd: attgctccaaaccacagagtag NM 009370.3 157
%E Rev: caccaatagaacagcgtcgag - )
o9 Alk6 (Bmprib)  |-FWd: aggaggatggagagagtacage NM_007560.4 166
88 Rev: ccagaggtgacaacaggcatt - )
Z
L
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Peptide/Protei|l Antigen Sequence |Name of Antibody | Manufacturer, | SpeciesRaised in | Dilution Used [RRID
n Target Catalog No., Monoclonal or
RRID No. Polyclonal
Androgen | Epitope mapping at N- AR (N-20) Santa Cruz |Rabbit, polyclona) 11in200 | AB_1563391
receptor terminus Biotechnology,
sc-816
Ki67 Recombinant proteinl  Ki-67 (D3B5) Cell Signaling Rabbit, 1in 200 AB_2620143
specific to the amino| (Mouse Preferred] Technology, monoclonal
terminus of Ki-67 IHC Formulated) 12202
protein.
Cleaved | Large fragment (17/19 Cleaved caspase{3 Cell Signaling Rabbit, 1in 200 AB_2070041
caspase-3 | kDa) resulting from | (Asp175) (5A1E)|Technology, 9664 monoclonal

cleavage adjacent tg
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Figure 2
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Figure 4
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Figure 5
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Figure 6
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Figure 9
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Figure 10
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