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ISSWSH is a multidisciplinary, academic, and scientific organization with
the following purposes:

* To provide opportunities for communication among scholars,
researchers, and practitioners about women's sexual function and
sexual experience,

* To support the highest standards of ethics and professionalism in
research, education, and clinical practice of women's sexuality, and

* To provide the public with accurate information about women's
sexuality and sexual health

WWW.ISSWSH.ORG
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Your trusted source for women's
sexual health information
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‘QPISSWSH Everyone Deserves Sexual Health

Learn about FSD
Practice what you learn...one disease state at a time

Help your patients...ethical thing to do...make a difference

* Be a lifelong learner...continue taking courses in women’s

sexual health....come back next year for more

WWW.ISSWSH.ORG
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https://www.isswsh.org

info@isswsh.org
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PHYSIOLOGY OF THE VAGINA AND VESTIBULE: ESTROGENS
AND ANDROGENS

Noel Kim, PhD, IF
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‘QPISSWSH Introduction

* GSM treatments have been around for last 75 years

* Nearly all treatments initially indicated for atrophy alone for
majority of time approved

* Improving sexual health wasn’t an indication until the 2010s!

* Progress in development of new delivery methods and gaining
indications has been slow

WWW.ISSWSH.ORG



‘Q ISSWSH Conjugated Equine Estrogen: the first
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* Name “Premarin” was coined from pregnant mare urine, from which
the estrogen complex was isolated

* Premarin is made of 10-50 different steroid hormones, mostly
estrogens.

* The two key estrogens in Premarin are estrone sulfate (50 to 60%)
and equilin sulfate (22.5 to 32.5%)

Na0;50 Na0,50
Sodium estrone sullate Sodium equilin sullate 17[-Estradiol

https://www.accessdata.fda.gov/drugsatfda docs/label/2017/020216s083Ibl.pdf
Vance DA Dph. Premarin: the intriguing history of a controverisal drug. Int J Pharm Compd. 2007 Jul-Aug;11(4):282-6. PMID: 23974785

WWW.ISSWSH.ORG
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‘Q ISSWSH Conjugated Equine Estrogen: cont...
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* Research started in the 1930s and ~ «ien ™™
oral Premarin was introduced in U

1941 R .

* Initial US approval of cream was 1946

* By 1992 Premarin was the #1 4
prescribed drug in the US e @;@

17]i-Estradiol

OH

* There is still no generic! sy @éib

17 -Estradiol

https://www.accessdata.fda.gov/drugsatfda docs/label/2017/020216s083Ibl.pdf
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‘QPISSWSH Estradiol Vaginal Cream

* Estradiol 0.01% vaginal cream naviiin v
* Approved in 2001!

* This uses 17B estradiol, which is identical to the estradiol produced in
the human ovary

* Indication again for GSM

WWW.ISSWSH.ORG
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* Estradiol vaginal tablets initially introduced in 1998
* 25 mcg

* |In effort to create lowest dose possible lead to
development of 10 mcg pill

* No statistical difference between 25 an 10, all better than
placebo

* Approved 2009

* Even lower dose tablets 4 mcg approved in 2018
* Actually gets an “dyspareunia” indication

Chollet JA. Efficacy and safety of ultra-low-dose Vagifem (10 mcg). Patient Prefer Adherence. ZMLWW-ISSWSH.ORG
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* |t was actually Ospemefine, a systemic medication ‘ JIJ— X C

that was the first drug to get approved for 10

“dyspareunia” (related to atrophy) \ ossniions 35
e 20 years of development, approval 2013 @ o O 7Y
* Not an estrogen, it’s a SERM OH b J— 1O

| &

¢ Unlike mOSt SERIVIS’ Strong affinity for Vaginal 4’—hydr0xyo(:pemifene (5%) Carboxylicjaid(‘l%—Z%) 4—Hl':dr0)(ycarb0>c<ylicacid(1%—2%)

epithelium

* 52 week safety data showed no stimulation of
endometrium

e Most common AE is hot flashes

WWW.ISSWSH.ORG



‘é The last of the bunch...
PlSSWSH prasterone

* Approved November 2016

* Indication: dyspareunia from atrophy

* “Non hormonal”
* Pro/Pre-hormone
* Metabolizes into testosterone and estradiol
* Postmenopausal levels maintained during use

* Daily insert, different than the others...

WWW.ISSWSH.ORG



ISSWSH Summary

International Society for the Study
of Warmen's Sexual Health ) . )
High-estrogen environment  Low-estrogen environment

(before menopause) (after menopause)

* We have come a long way! SRR ™

Superficial cells

* Currently several products

Intermediate cells
Parabasal cells -

o IVI O St t re a t m e nts Sti | | to p i Ca | Reiter, Suzanne. (2013). Barriers to effective treatment of vaginal atrophy with local

estrogen therapy. International journal of general medicine. 6. 153-8.
10.2147/1JGM.S43192.

* All treatments target the known steroid receptors that are
most beneficial to vulva and vaginal health

WWW.ISSWSH.ORG
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Physiology of the Vagina and
Vestibule: Estrogens & Androgens

Noel N. Kim, PhD
Senior Investigator
Institute for Sexual Medicine
San Diego, California, USA
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Disclosures

Consultant

* TriangleRX Consult

e Sprout Pharmaceuticals

Advisory Board

* Genus Therapeutics
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(QPISSWSH Development of Female Urogenital Tissues

* Mesoderm
vagina
uterus
smooth muscle of bladder

* Endoderm
vestibule & associated glands
urethra
urothelium

WWW.ISSWSH.ORG
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Female

Clitoris

Labia minora

Genital Labia majora
tubercle
Urogenital \ Labioscrotal
membrane breaks g .
down swelling
Urethral Male
fold Urethral
Fold
Scrotal
Swelling

B. Mitchell & R. Sharma.
Embryology — An lllustrated
Colour Text. Elsevier: 2009

Development of External Genitalia

Vestibule — transition to increased
AR expression in external genitalia
of adults [Hodgins 1998]

AR distribution is identical in
homologous tissues of both sexes in

developing external genitalia
[Kalloo 1993]

WWW.ISSWSH.ORG
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‘Q2|SSWSH Distribution of ER & AR in Urogenital Tissue

* ER in vagina, vestibule, urethra, bladder, autonomic & sensory neurons
* Higher levels of AR in labial skin compared to vaginal epithelium
* AR present in mucin-secreting vestibular (Bartholin) glands

* ERa predominant in subdermal fibromuscular layer while AR in
subdermal vascular layer

WWW.ISSWSH.ORG



ISSWSH Hormonal Changes = Tissue Changes
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Estradiol Testosterone
Early Childhood <13 pg/mL <20 ng/dL
Reproductive Years 40 - 350 pg/mL 20 - 70 ng/dL
Menopause 13 pg/mL 25 ng/dL

Early Reproductive
In utero I:{> Childhood I:{> I:{> Menopause

Years

WWW.ISSWSH.ORG
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(Q?BSWSH Trophic Effects of Androgens

* Positively correlated to urethrovaginal tissue volume in women
[Battaglia et al. J Sex Med 2010;7:1445-53]

* Improved clitoral blood flow in women with FSD
[Cipriani et al. J Endocrinol Invest 2021;44:2765-76]

» Wall thickness and growth factor expression in bladder (animal studies)
[Yu et al. Urology 2009;73:1210-7]

* Maintains pelvic floor mass (animal studies) — clinical trial in process
[Nnodim et al. 1999 & 2001 Anat Rec]

WWW.ISSWSH.ORG
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Cholesterol = = = = = = = = = §» DHEA )
CYPI1/CYPI7 OVARIES &
(Pregnenolone ADRENAL GLANDS
Intermediates)

: P Sulfotransferase 1 7B-HSD

DHEAS > DHEA | @ml- Androstenediol
Steroid sulfatase .
'--B-[;;{E-I:J-A-Lnucuuc;;{tljé;(--é: --------------------- :?-B_HSD 33_HSD

PERIPHERAL TISSUES

1 7B-HSD Sa-Reductase

Androstenedione () Testosterone =) 50-DHT
Aromatase Aromatase
(CYPI9) (CYP]9)
PERIPHERAL

\ Estrone W)y Estradiol TISSUES )

*
----------------------------------------------------------------

OVARIES & PERIPHERAL TISSUES )

\_
Parish et al. J Sex Med 2021;18;849-867 WWW.ISSWSH.ORG




‘Q ISSWSH Local Synthesis of Hormones in the Vagina
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* Intracrinology concept (Labrie) — mostly established with animal data
(rodents & non-human primates) - little evidence in human tissues

 Aromatase mRNA detected in human vaginal tissue [Berman et al. Fertil Steril
2003;79:925]

Cellai et al. Endocrinol 2021:162:bgaa219

 Human vaginal smooth muscle cells in culture express mRNA for
steroidogenic enzymes (isoforms of HSD, 5a-reductase, sulfotransferase)

* DHEA supplementation to cultured cells resulted in dose and time-dependent
increases in A4-androstenedione, testosterone & DHT.

* mRNA for AR was expressed at higher levels than ERa, ER3 & PR
WWW.ISSWSH.ORG



Vaginal Health Goes Beyond the Epithelium
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[estrngen]
(ER
nuclear
pathway
4 N
\estrogen |~
ER |

& ERE

X/ AN/ T T/ N/ N/

J

[estmgen]
lcaveole\

unews

signaling
complex

|

rapid effects —/

non-nuclear
pathway

Ueda et al. Front Endocrinol 2020;10:909
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ISSWSH Androgen Receptor Signaling
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Transcriptional
Complex

AR AR

AR Gene Transcription

Binding & mRNA
Conformational
Change l Trans/ation
Intracellular . .
e Receptor Androgen-Responsive Protein Products

Enzymes, Growth Factors, Structural Proteins, etc.

Non-genomic Signaling ‘
* o sssssssssssssssssssp TROPHIC AND FUNCTIONAL EFFECTS

T & 50¢-DHT Membrane

Receptor Urethra/Bladder Muscles/Ligaments

Brain Genital/Reproductive Heart

Tissues & Organs WWW.ISSWSH.ORG



VQ?ISSWSH AR Signaling: Alternative Pathways
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% ” :

Garza-Contreras et al. Eneuro 2017;4:e109-17.
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‘Q ISSWSH Crosstalk between Estrogen & Androgen Receptors
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Phosphorylation events
can activate steroid
receptors in absence of
hormone

Co-activators or
transcription factors can
interact with multiple
steroid receptors

Allosteric regulation of
steroid receptors

A

ER/AR Crosstalk {Antagnnisﬁc Effect)
@ = estrogen
(1) (2) O / AR _ (3) @ = DHT
. .
ER AR
“ERE | Proliferation TERET— ! > F'rnnm'atmn
ER/AR competition
—— I
ER/AR Crosstalk (Cooperative Effect)
(1) tﬁﬁJ\/ﬂﬁ (3)
ERE > —ERE | Proliferation
S I
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Regulation of ER & AR Expression in Women
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* ERaa mRNA increases in the vagina of
post-menopausal women & decreases
after systemic HRT, but not with

ERa mRNA (Rel Exp)
o 3

intravaginal E, (Skala CE et al. Eur J Obstet o
Gynecol Reprod Biol 2010;153:99-103). = PostMenopausal
AZ.U 7 *p<0,01 vs Al
* AR protein levels increased in vagina of - T
women treated with long-term, high dose 3
testosterone when compared to pre- or s I
post-menopausal women. (Baldasarre et al., E"-"’
Int J Impot Res 2013;25:7-11) 0.0 :
PrM FtM M
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* Testosterone may regulate serotonin transporter (SERT) in
nucleus raphe magnus — increased levels of SERT associated

with hyperalgesia of skeletal muscle
[Lesnak et al. Pain 2020;161:2898-2908]

» Testosterone may increase estradiol in the CNS to stimulate

endogenous opioid peptides (central desensitization)
[White et al. Int Immunopharmacol 2015;27:244-248]

WWW.ISSWSH.ORG



‘Q ISSWSH Anti-inflammatory Effects of Testosterone
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Maseroli et al. ] Mol Endocrinol 2020;65:109-124

e Chronic inflammation may be involved in the underlying
pathophysiology of GSM

* In cultures of human vaginal smooth muscle cells, DHT treatment
decreased secretion of cytokines and growth factors:

— basal secretion
— LPS-stimulated secretion
— I[FNy-stimulated secretion

 Effects of DHT were blocked by AR antagonist bicalutamide

WWW.ISSWSH.ORG
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ISSWSH Hormonal Changes = Tissue Changes
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Estradiol Testosterone
Early Childhood <13 pg/mL <20 ng/dL
Reproductive Years 40 - 350 pg/mL 20 - 70 ng/dL
Menopause 13 pg/mL 25 ng/dL

Early Reproductive
In utero I:{> Childhood I:{> I:{> Menopause

Years
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