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Abstract: The narrative for this overview focuses on updating the factors that influence skin aging and the important role estrogens
and selective estrogen receptor modulators (SERMSs) play in this process (mainly utilizing journal reports and reviews from the last
four years). Estrogens have been known and studied for over a century. For many years, it has been recognized that estrogens are
important in the maintenance of human skin. Women seek cosmetic and medical treatments to improve dermal health and physical
characteristics to enhance their self-perception and inhibit skin aging, particularly in highly visible body areas. The goal: to retain
estrogen’s positive benefits while aging and especially at/after menopause where estrogen-deficient skin contributes to the dramatic
decline in skin health. In this overview, both background information and recent novel findings are included that cover aging (general
mechanisms), skin aging, and factors that influence skin aging (intrinsic, extrinsic, skin microbiome and gut microbiome.) Plus,
estrogen’s general role in maintaining skin health is presented through the classical estrogen receptors alpha () and beta () and non-
classical (or non-genomic) estrogen receptor (G protein-coupled seven transmembrane receptor). More importantly, the various
benefits of 17B-estradiol in skin health are examined (ie, skin collagen and elastin profiles that follow 17-estradiol levels during
aging and at/after menopause). Finally, a revision of information for estrogenic skin topical applications involving isoflavonoid
compounds that act as SERMs, but are classified as endocrine disruptors, and a topical estrogen analog are explored to update the
known and unknown characteristics of these treatments. Further study is warranted to understand the biological and molecular
mechanisms by which estrogens support and enhance dermal health and wellbeing.
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Introduction
For many years, it has been recognized that estrogens are important in the maintenance of human skin. Women seek
cosmetic and medical treatments to improve dermal health and physical characteristics to enhance their self-perception
and inhibit skin aging, particularly in highly visible body areas. The goal: to retain estrogen’s positive benefits while
aging and especially at/after menopause where estrogen-deficient skin results in the dramatic decline in skin health. For
example, after menopause, there is a decrease in collagen content at a rate of 2% per postmenopausal year for up to 15
years in women not on hormone replacement therapy. Skin changes and the gut-skin axis associated with menopause
have been reported elsewhere.' ™

The purpose of this narrative overview is to provide an updated board perspective on the factors that influence skin aging
and the important role estrogens and selective estrogen receptor modulators (SERMSs) play in this process by using descriptive
text and elementary graphics to portray the literature results especially covering the last 4 years. Notably, sixty percent of the
citations are from the last 4 years, while forty percent represent earlier background or supporting references. While journal
reports/reviews have covered skin aging, estrogens, estrogen receptors along with 17beta-estradiol’s skin effects and the
hormonal changes with aging (menopause), this overview updates these topics (in brief) and revises misleading information
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about SERMs. For example, SERMS such as topical isoflavonoid compounds that are classified as endocrine disruptors and an
estrogen analog currently used in skin treatments. Principally, estrogen action and the gut microbiome in dermal health have
been covered in detail recently by Lephart and Naftolin, 2022 (Dermatology and Therapy online, hardcopy in press).*

This review identifies previous journal articles and reviews (with emphasis over the last four years) from
January 2018 through February 2022 using the keywords: estrogens, skin aging, SERMs, isoflavonoids; microbiome;
and/or using different keyword combination (retrieved from February 25th, 2021, to March 15th, 2002). The following
databases were utilized: PubMed maintained by the US National Library of Medicine at the National Institutes of Health
(USA); Science Direct and Scopus by Elsevier and from Google Scholar. Also, background references (where appro-
priate) include the keywords: estrogens, SERMs, skin aging, microbiome, isoflavonoids, phytoestrogens, phytochemicals,
polyphenols, and/or combinations (without a year-limit range for searching these topics).

Aging

Aging is accompanied by the progressive loss of anatomical structure and physiological function of the body (organs,
tissues, and cells) leading to age-related diseases such as cardiovascular (atherosclerosis, stroke, etc.), musculoskeletal
(sarcopenia and osteoporosis), neurodegenerative (dementia, etc.), immunological (arthritis, inflammaging and metain-
flammation), endocrine/metabolism diseases (diet, obesity and insulin resistance, etc.), gastrointestinal disorders (irritable
bowel, celiac disease, etc.), and various cancers.”® Franceschi et al in 2018 and Li et al in 2021 outlined the hallmarks of
aging, which include: 1) genomic instability, 2) reduced telomere length, 3) epigenetic influences, 4) loss of proteostasis
or macromolecular damage 5) deregulated nutrient sensing and metabolic signaling pathways, 6) cellular senescence, 7)
stem cell exhaustion, 8) stress and mitochondrial dysfunction and 9) altered intercellular communication.>® Other
investigators have proposed that the underpinnings of aging and age-related diseases are based upon low-grade,
unresolved, molecular inflammation or oxidative stress events.” Notably, the 2020 US census revealed an aging
population, where 28% of the US population is 55 years old or older and accounts for 57% of healthcare spending.’
All the age research viewpoints above provide insights into potential interventions that may affect the aging process and

reduce age-related disease that in turn promote health and longevity.”'?

Skin Aging

Of all the organs, the skin is the most conspicuous to display signs of aging or dermal changes, which are due to
chronological (intrinsic) and photoaging (extrinsic) mechanisms. However, it is important to emphasize the fact that the
skin is the only organ to be exposed to the external environment especially in areas like the face, neck, hands, and

arms.'01°

Extrinsic Skin Aging

While not systematically addressed in this review, extrinsic skin aging is an important collateral factor in cosmesis,
appearance, diagnosis, and management of the skin of aging individuals. Chronologically aged skin includes the non-
hormonal loss of skin homeostasis, and inflammatory/antioxidant actions.'®'? Whereas, photo-aging (exposure to ultra-
violet light) and chronologically aged skin are involved in a cascade of cellular and molecular signaling mechanisms
(mainly due to oxidative stress).'® > These extrinsic aging factors may be independent of hormonal status and should be

taken into account when considering the clinical management of the aging skin.'"!*!4"1°

Intrinsic Skin Aging

Up to 25 to 30 years of age the skin thickens in women, then all skin layers decrease progressively during aging.'®'*!°
Chronological or intrinsic aging due to degenerative changes in the synthesis, abundance, and maintenance of skin
components is an inevitable biological process.' "> During skin aging, alterations in the shape of keratinocytes occur,
and the epidermal-dermal junction (rete pegs) flattens, while the dermis decreases in thickness and declination of rebound
is observed due to the loss of collagen, elastin, and hyaluronic acid.'®'" This is easily shown by pulling up the skin and

seeing the time taken to return to its original shape (Skin Folding test).'® The loss of turgor is also seen as wrinkles,
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especially along natural lines of stress, gravity, and repeated mechanical muscle contraction (for example — smiling)
around the eyes and mouth.'%'""!3

Aging skin displays fragmentation of collagen and elastin fibers by the action of matrix metalloproteinase (MMPs),
and increased mitochondrial oxidative stress results in deletions of mitochondrial DNA via the c-Jun/AP-1 pathway in
dermal fibroblasts (Figure 1)."'"'* Skin blood flow and lipid deposition decrease with aging in the hypodermis.'"'*!> The
flowchart in Figure 1 displays the chronological and photoaging cascade pathways that include several hallmarks of skin
aging, 1712

Factors Influencing Skin Aging

Extrinsic — Photoaging Skin

Extrinsic or photoaging has many factors involved in the process of skin aging, which are displayed in Figure 2. They include
not only sunlight exposure, but also environmental, gravity, air/water pollution, diet, exercise, stress, and lifestyle parameters

that influence skin aging like tobacco use, sugar, and alcohol intake, and finally, drugs and medications,”-'!+1318-20-21

Intrinsic — Chronologically Aged Skin
Intrinsic or chronological factors influencing skin aging go beyond the passage of time, but also incorporate several
factors like: genetics, metabolic, hormonal, immunological, cardiovascular, gastrointestinal, degenerative, and neoplastic

diseases along with psychogenic (involving stress or affective disorders) (Figure 2).'"+!37182!

The Microbiota and Microbiome
Often the labels microbiota and microbiome are used interchangeably, but these two terms have subtle differences (see
recent review for updated microbiome definitions).**? In general, microbiota refers to the microorganisms [by type

Chronological Aging |

Photoaging-
Intrinsic Aging- Loss of EXposursstaltiy L ight
Skin Homeostasis, $ Damage to DNA &
Dermal Cell Renewal & Extrinsic Aging ] Mitochondrial Function
Repair, Keratinocyte & e 2
Fibroblast Dysfunction Damage to Proteins, Lipids,
¥ 1 Reactive Oxygen Release Soluble Cytokines,
Species (ROS) 1 Melanin & | Antioxidants
1 Inflammatory
Response lr !
4 1 Oxidative Stress & Fibroblasts 1 Elastase &
Activation of NFKB AP-1 with Suppression Pigment Discoloration from
t of TGFB & HA Levels Melanin cells
1 Matrix | Pro-collagen by M Degradation of Elastin via
Metalloproteinases Fibroblasts MMPs
(MMPs) ‘ ¥
; | Collagen Levels in Reduced Elastin & TIMP
| Degradation of Collagen Dermal Layer Levels in Dermal Layer
APPEARANCE OF DAMAGED SKIN: DRYNESS, LOSS
OF ELASTICITY/TURGOR/TONE/FIRMNESS/FULLNESS/
TEXTURE WITH APPEARANCE OF WRINKLES,
PIGMENT CHANGES & POSSIBLE SOLAR ELASTOSIS

Figure 1 Chronological aging via loss of skin homeostasis/oxidative metabolism and photo-aging by exposure to UV light (extrinsic aging) through cellular/molecular
signaling mechanisms are shown. The cascade events including the major impact of oxidative stress via the generation of reactive oxygen species (ROS) is displayed in
reference to the appearance of damaged skin and wrinkles due to changes in dermal structural proteins (collagen and elastin). Pro-inflammatory Transcription Factor
NFkB (NFkB), AP-1 is a nuclear transcription element, Activator Protein — | (AP-1), hyaluronic acid (HA), Tissue Inhibitor of Matrix Metalloproteinase (TIMP) and
Transforming Growth Factor beta (TGF). Estrogens ameliorate skin health by decreasing oxidative stress in chronological and photo-aging.
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Extrinsic — Photoaging Skin Intrinsic — Chronologically Aged Skin
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Figure 2 Factors that influence skin aging include- extrinsic-photoaging, intrinsic-chronological aging, and the skin and gut microbiomes. Extrinsic-photoaging: sunlight-
[ultra-violet radiation (UVR)] exposure; environment- temperature, humidity, pressure; stress- force, trauma; gravity; air/water pollution; diet-exercise-stress (physical);
lifestyle- contact/exposure with chemicals (tobacco, sugar, alcohol, drugs, medications); infections/pathogenic organisms. Intrinsic — chronologically aged skin: genetics;
metabolic- (disease diabetes, thyroid, endocrine disorders, etc.); hormonal- (estrogen, progesterone, androgens, etc.); immunological, cardiovascular, gastrointestinal;
psychogenic- (stress-mental/emotional); degenerative- (life stage- menopause, oxidative stress); neoplastic disease. Skin microbiome: intrinsic- age, genetics, gender,
immunity, hormones, sleep, stress, metabolism; extrinsic- sunlight [ultra-violet radiation (UVR)], climate, physical activity, air/water pollution, hygiene, beauty routine
(cosmetics, etc.), Exposure with chemicals, availability of nutrients for microorganisms. Gut microbiome: mode of birth- (vaginal vs C-section), diet- (transition to solid
foods/variety at 3 years of age; adult rapid transition with diet composition), geography (environment- urban/rural), water/air pollution, genetics- ethnicity, gender, age,
hormones, well-being and lifestyle- (stress, exercise, inactive, indoor/outdoor, sleep), hygiene, physical contact with others (pets/animals, single/multiple families, food
sharing, French kiss), medicinal drugs, antibiotics, pre- and probiotics.

belonging to different kingdoms (Prokaryotes: Bacteria, Archaea; Eukaryotes: Protozoa, Fungi, etc.)] found within
a specific environment.?> ¢ For example, microbiota bacteria, archaea, viruses, and fungi are found common to both
skin and gut.**?’

Conversely, the microbiome refers to the collection of genes (genomes) from all the microorganisms in a specific
environment.”?***® Finally, the human gut microbiome is not only involved in skin health, but it is a potential controller
of wellness and disease in many organs and tissue sites.”*>" It is beyond the scope of this overview to cover this topic in

detail herein, but coverage is provided in other reviews.***>?

Skin Microbiome
The skin microbiome is determined at birth.>*>°>? As early as 1965 Marples, later Kearney et al in 1984 and Grice et al
in 2008 reported that various skin structures comprise sub-habitats that may be associated with their own unique
microbiota.**>° Since that time and with the advancements of the Human Microbiome Project (HMP) using large-
scale high-throughput analysis, it has been demonstrated that the skin microbiome is different from the gut
microbiome.*?*-**27-3¢ Recent reports suggest the skin microbiome has both intrinsic and extrinsic factors that influence
skin aging (Figure 2).*27-2%3%333% The intrinsic parameters shaping the skin microbiome include age, genetics, gender,
immunity, hormones, sleep, stress, and metabolism.>*>° Whereas the extrinsic factors influencing the skin microbiome
cover many of the extrinsic — photoaging items, but also include hygiene, beauty routine (cosmetics, etc.) and availability
of nutrients for skin microorganisms.?*-**-¢

How the gut microbiome potentially influences skin aging has been recently reviewed using the estrobolome as one of
the mechanisms for estrogen metabolism and the interchange between the gut-skin axis.**’ For example, with aging,
especially with the associated changes after menopause there are age-related disorders like osteoporosis and osteopenia.”
Finally, the exchange via the gut-skin axis is known to occur via metabolites and communication through the immune
system. Also, ultraviolet B-light enhances vitamin D levels that increase the diversity of the gut microbiome that in turn
influences the skin microbiome to enhance skin immune function, increase wound healing and inhibit inflammation.*
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Gut Microbiome

Figure 2 displays the factors that influence skin aging via the gut microbiome. In general, most investigators view that
before birth a sterile environment exists and the initial gut bacteria (founder species) depends on the mode of
delivery.?®%31733 Other factors include early dietary intake such as breast vs bottle formula fed,?®>*'* and physical

contact,?>2%33

that builds up through 6 months of age. In infancy, new strains outcompete old ones, and there is a rapid
increase in diversity of the early microbiota that is somewhat unstable.?*** Thereafter, there are shifts in response to diet
with the introduction to solid foods (illness, antibiotics, etc.). By three years of age, the microbiome foundation is somewhat
established.?®*'? In adulthood, highly distinct microbiota are differentiated, and while the microbial community

3748

continues to change due to diet, hormones, environmental factors, etc., this change occurs at a slower rate compared

to childhood.?**%*° In the elderly, there is a substantially different gut microbial community with lower diversity compared

46-51 4,46-49,52

to younger adults, especially with the associated changes after menopause.

Estrogens

Estrogens Affect Health and Homeostasis

Estrogens have been known and studied for a century. When estrogens were first studied, it was observed they caused
maturation of the vaginal mucus membrane in a way analogous to estrogen’s action on the skin. For example,
a thickening and production of protective keratinized cells of the upper layers of the membrane and a broadening and
increased elasticity of the layer beneath are seen.'®>-** This furnished an opaque integument that can stretch without
tearing, rebounded after stretching and protected the tissues below it from outside influences such as bacterial infection.
These qualities were the basis of the first definitions of estrogens.’*>*

The identification and measurement of estrogens is no longer performed by traditional biological assays. The
purification of estrogen in the 1920s to the discovery of estrogen receptors defining estrogen’s affinity, binding, and
the molecular mechanisms of gene activation in cells/tissues has been reviewed.”>>* However, the qualities of estrogens
are still measured to determine the “estrogenicity” of compounds. Biological determinations (steroid structure, binding
affinity of estrogens to estrogen receptors alpha (ERa) and ER beta (B) for instance) have allowed the comparison of all
compounds that affect cellular growth and function.” Additionally, biological assays determine whether they are
agonistic or antagonistic compared to the most potent biologically active natural estrogen, 17p-estradiol.>®

There are four natural estrogens [estrone, estradiol, estriol (mainly present during pregnancy) and estetrol (only
produced during pregnancy, which was discovered in 1965)].'%°*3% These compounds are named according to the
number of hydroxyl side-groups in the molecule.>* All the natural estrogens arise by the enzymatic removal of a carbon
atom from androgen precursor molecules, a process termed aromatization.”® The enzyme is termed aromatase, a product
of the CYPI9AI gene.'®%-** Recall, 17p-estradiol is the most potent steroid hormone produced by the ovaries until
menopause (Figure 3).'%33* All estrogens and their estrogenic analogs, such as tamoxifen,*® phenytoin,”” DT56a>® and
even some androgens” act through binding to ERa and ERp.>® Since the majority of cells express ERs, estrogen actions
influence almost all tissues and are responsible for: a) homeostatic regulation, b) cell proliferation and apoptosis, c) liver
protein expression, d) lipid metabolism, e) energy balance, f) glucose metabolism, g) immune and cardiovascular
alterations, h) gonadotrophin feedback and gametogenesis, i) brain-neuronal development/memory processing and

7,15,53,60

repair/neurodegeneration, j) bone growth, etc., including estrogen’s positive (agonist) or negative (antagonist)

actions on skin, especially in women.'%'>¢!

Estrogen Receptors (Nuclear, Membrane-Bound, and Mitochondria) are
the Active Agents in Estrogen Action

The estrogen receptors are the primary effectors in estrogen action. When the nuclear estrogen receptors bind (ligand)
compounds such as the natural estrogens, the receptors are stereo-chemically rearranged, which allows them to pair as
receptor dimers.>® As the dimers enter the nucleus they are further regulated by tissue-specific co-trans-activation factors,
and then, next to estrogen response elements (ERE) to stimulate gene expression.”* Depending on the original ligand, the
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A G Protein-coupled Estrogen Receptor
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Estrogen Receptor Alpha Estrogen Receptor Beta

H

HO P>
17Beta-Estradiol: C,gH,,0, MW: 272.38 g/mol

B Benefits of 17B-Estradiol in Skin Health: (a) enhances skin quality, (b) 1 thickness, turgor,
firmness, tone, barrier function, (¢) 1 immune function, (d) 1 hydration, (e) enhances wound healing,

(f) 1 blood flow, (g) 1 elasticity, (h) protects against photo-aging, (i) 1 fibroblast function, (j) 1 collagen,
(k) 1 elastin, (I) 1 antioxidant production, (m) 1 vitamin D production, (n) enhances facial attractiveness
and perceived age, (0) | wrinkles, (p) | pore size, (q) | matrix metalloproteinases (MMPs), (r) | oxidative
stress, (s) | androgen hormone action, (t) enhances psychological health and self perception, (u)
maintains skin homeostasis (v) enhances sebaceous gland function, (x) modulates epidermal
keratinocyte proliferation, (y) + TGF-B and (z) t expression of estrogen receptor beta after menopause

Figure 3 (A) Upper Panel: |7p-Estradiol hormone action via the nuclear estrogen receptors ERa and ERP and membrane bound estrogen receptors (G protein-coupled
seven transmembrane receptor), see red rectangular box. While not yet identified in the mitochondria of skin cells, ERa and ERP are present in mitochondria in the
cardiovascular and nervous system and through ERB, |17f-estradiol activates antioxidant and anti-apoptotic actions through ERB."¢? (B) Lower Panel: the benefits of 17p-
estradiol in skin health (blue rectangular box, a through z).

outcomes of the binding to the ERE are agonistic (stimulatory) of or antagonistic (inhibitory) on gene action, compared
53,59-61

to that of estradiol binding.

The products of the genes affected by nuclear estrogen receptor dimers are proteins and peptides such as enzymes,
inflammatory peptides, and neurotransmitters.*’>* The presence (expression) of estrogen receptors in the majority of
tissues and the presence of EREs in the majority of genes make it possible for estrogen action to occur in almost all cells
in the body including the skin.**>'->7-8

The nuclear estrogen receptors (ER), ERa and ERp, are members of the superfamily of nuclear hormone receptors
(Figure 3A)."%'>33 For example, human ERp is homologous to ERa, particularly in the DNA-binding domain (97%
amino acid identity), but share little homology in the other domains (such as in the ligand-binding region), where one
would predict that 17B-estradiol would display different affinities for the ERs, but surprisingly, it has almost equal high
affinity for ERa and for ERp.>°

There are differences in the affinity and residence times of estrogens and the SERMs.*”°! For example, estrone has

1'53

less affinity for ERa and ERP and is more rapidly dissociated from the ERs than 17B-estradiol.”” The result is a seven-

fold greater effect of 17p-estradiol than estrone in estrogen agonist actions.'®'>>°
There is tissue-specific expression in humans of the ERs; ERP is more widely expressed in skin compared to ERa,

and this is especially the case in the human scalp (Figure 3A).'*'>! ERB activation has been shown to promote wound

1-3.1 1.62 - .. . . .. .
3106162 jndependent of estrogen’s anti-inflammatory properties®® and promote tissue repair in human skin

53,60-65

healing
tissues via dermal structural and biomechanical mechanisms.

Estrogen Receptor Ligands
Recall, certain compounds (estrogenic or otherwise) that bind to the ERs in a targeted and tissue-specific manner regarding
function (agonist or antagonist) are termed SERMs.>”®! The natural estrogens compete with SERM:s for receptor binding. >

The outcome is the overall estrogen agonist-antagonist balance. Because the expression of co-transactivating factors is tissue-

1700 "= Clinical, Cosmetic and Investigational Dermatology 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Lephart and Naftolin

specific, the biological outcomes differ in different tissues.’”®"**> For example, saturating the system with administered
tamoxifen results in a blockade of natural estrogen action on the regulation of gonadotropins by the pituitary-hypothalamic
axis and inhibition of breast cancer cell division, while inducing growth of the uterine endometrial cells.’®>” Because of the
plethora of cell types in the body and their different co-transactivating factors, it is necessary to test individual tissues for the
outcome of administration of each SERM.>61:¢6

Membrane-Bound Estrogen Receptors

A group of estrogen receptors, generally of the ERa family, are tethered to the outer surface of the cell membrane.®’
When they bind estradiol or another SERM, the result is the activation of intracellular metabolic pathways.®” Skin cells
express these G protein-coupled seven-transmembrane tethered ER, termed GPER and are also known as GPERI or
GPR30 (Figure 3A).'%!>%% While there is less known about the GPR30 in skin, a few reports have shown positive
influences on dermal health. For example, it has been shown to induce rapid cytoskeletal changes in human dermal
fibroblasts and protect against ultraviolet B-induced injury in epidermal stem cells.*®*%° Also, GPER activation shields
against epithelial barrier disruption by Staphylococcus aureus a-toxin.’® These actions are immediate and do not depend
on binding to the EREs.®

Mitochondrial Estrogen Receptors

Estrogens regulate mitochondrial dynamics,”' which has been reported in the cardiovascular and nervous system.”'
While not yet identified in the mitochondria of skin cells, ERa and ERf are present in mitochondria elsewhere and
through ER, estrogen stimulates manganese superoxide dismutase to reduce damage from reactive oxygen species that

inhibits apoptosis.”® Thus, 17p-estradiol activates antioxidant and anti-apoptotic actions through ERB.”""*

Summary of Estrogens and Their Mechanism of Action

The terms “estrogen or estrogenic” have broadened to include any natural or synthetic compound that binds to estrogen
receptors.'®'>*? The outcome of binding is to activate, block or inhibit the receptors that regulate the gene products or
protein synthesis.’>°*°1> However, compounds are classified as estrogenic even if binding to the ERs is 10- or more
than 100-times lower compared to 17p-estradiol.>> It is well established that in the absence of agonist action on the
ERs in skin there is atrophy due to lack of protein synthesis.'®®> Conversely, administration of agonistic SERMs, such as
the natural estrogens, DT56a (Femarelle) or isoflavonoids compounds like equol, has been shown to restore atrophic
skin.'%¢1:%%74 Eor example, while it is not known which ERs mediate the rescue of atrophic skin. However, it is known
that ERP predominates in dermal cells and the expression of ERP declines after menopause with the loss of collagen and
elastin.'®!1>°1%> To support this proposition, Ahn et al in 2020 showed that estrogenic actions promote tissue repair in
mice and human skin via ERB.**

Benefits of |1 7Beta-Estradiol in Skin Health

Normal estrogen levels before menopause have numerous cutaneous benefits that are displayed in Figure 3B. Estrogen is
known to stimulate collagen, elastin, and erzin.' *'® These dermal components provide the interlinking of skin cells for
cutaneous integrity, and elastic recoil properties associated with youthful skin.'®¢"%>758! Estrogens also enhance
moisture/hydration (via hyaluronic acid, mucopolysaccharides, and sebum production) where skin turgor, dermal
thickness, and keratinocyte and fibroblast proliferation are enhanced.' '%1:6375"7% Additional positive influences of
estrogen include increased cell viability and extracellular matrix components such as fibrillin and tissue inhibitor of
matrix metalloproteinases (MMPs) also known as TIMPs.'3'%61-7578 Egtrogens also act as antioxidants to counteract
reactive oxygen species (ROS) and oxidative stress (0S)."*!'%#8% This is accomplished by stimulating nuclear factor
erythroid 2-related factor (Nrf2), which performs as a master controlling-factor that increases the expression of other
antioxidants and detoxifying enzymes.'**'"®* Finally, estrogens: a) increase blood flow, b) enhance the expression of
ERp after menopause, c) stimulates transforming factor-beta (TGFf), d) counteracts androgen hormone actions and

photo-aging, and e) enhances facial attractiveness and perceived age in women,'%!61:63.75.78.85
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Skin Collagen and Elastin Profiles with Changes in 17Beta-Estradiol Levels
During Aging

During reproductive years, the major estrogen produced by the ovaries is 17B-estradiol, which peaks in the late 20s
(Figure 4A and B).'®'>* During a similar interval, expression of skin collagen and elastin also reach their maximum
levels.'%!5:%

As estrogen levels begin to decline, around 3035 years of age, the skin thins and folds or wrinkles appear due to the loss
of collagen and elastin fibers in the dermal layer (Figure 4A).” %% After 35 years of age, 17p-estradiol levels continue to
decline and by 45 years of age there are high and low erratic swings in ovarian estrogen production as the follicles respond to
gonadotrophins signals until they become exhausted with the onset of menopause (which the average in the USA is 51 years
of age + 4 years).'"®® Concurrent with the loss of 17p-estradiol production from the ovaries at menopause estrogen
production in the body occurs at peripheral adipose tissue sites.”'>%6%7282 While skin cells can produce estrogens locally,
the aromatase enzyme activity is 30-times lower compared to premenopausal ovarian tissue.'”>*¢ Moreover, the negative
androgenic impact on skin cells via the Sa-reductase type I enzyme can counteract the positive estrogenic influence,
especially after menopause.'®'**® The outcome is the lack of estradiol and/or agonist SERM actions, which account for
the dramatic loss in skin health parameters such as collagen and elastin causing atrophy, wrinkles, poor wound healing/barrier
function/hydration.-!0:65-7587

free radicals in the environment and cigarette smoking.'®'>*>"> There also are adverse effects on many physiological
1,2,17,61,65,75,88,89

(Figure 4A) The deterioration of the skin is accentuated by solar exposure, the presence of

functions (cardiovascular, bone, immune, brain health, etc.), which are reviewed elsewhere.

Update and Revision of Information on Estrogenic Skin Treatments
Selective Estrogen Receptor Modulators (SERM?’s)

The discovery and development of synthetic SERMs for clinical practice has been reviewed by Maximov et al in 2013.°
In the 1970s tamoxifen was one of the first compounds to be tested, but the first public description of the clinical concept
of SERM s as useful medicines for women’s health was at the First International Chemoprevention meeting in New York,
NY in 1987.°° Since that time, it is now clear that ERa activation is a major factor in maintenance of reproductive
cancers (for example, breast and prostate), whereas, ERP activation appears to be chemoprotective at these tissue
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SERM’s Use to Replace the Need for Progestins in Women Who Have a Uterus and

Wish to Avoid Endometrial Activation During Hormone Treatment
Menopausal estrogen treatment (ET) has been a mainstay for the post-menopausal women, including the maintenance of
skin health.'%*%> However, the possibility of endometrial activation, hyperplasia, bleeding, and cancer was a problem
until an estrogen-antagonist progestin compound was implemented to the regimen.® Progestins such as progesterone
block expression of estrogen receptors in the uterus, thereby avoiding endometrial activation during ET.'*'>%" The
combination of ET plus progestin is termed menopausal hormone treatment (MHT).'*-%-%2

Since oral formulations of progesterone were subject to inactivation by gut metabolism a synthetic progestin,
medroxyprogesterone acetate (MPA) was widely utilized.'”*>"® When micronized progesterone became available, it
was adopted, but because of side effects such as drowsiness and mood effects it did not attain great commercial
success.®®** During the period of the Women’s Health Initiative (WHI) it became clear that MPA is associated with

breast cancer, and it is no longer preferred for MHT.*-

SERM’s and Menopausal Hormone Treatment (MHT)
Two strategies have been developed to employ SERMs that furnish estrogen action, while avoiding endometrial
activation.

Stand-alone SERM treatment — Several SERMs furnish protection against the lack of estrogen in the post-menopause.
These act through tissue-specific receptor-mediated estrogen action without increasing estrogen receptor expression or
agonist actions at the endometrial level. These compounds may be synthesized or derived from plants.'®!'>*! Of current
interest is estetrol, which is a natural estrogen that spares the endometrium, while being an estrogen receptor agonist in
the tissues, including the skin, that deteriorate following the loss of estradiol in the post-menopausal period.”” Plant
SERMs, generally containing genistein and/or daidzein and its metabolite, equol, serve the same stand-alone SERM
treatment goal.'%?1-9493

Estradiol plus bazedoxifene — The antagonist SERM bazedoxifene has been successfully combined with micronized
estradiol to furnish estrogen agonist action on all target tissues with the exception of the endometrium.”*

Plant SERMs affecting skin health have been reviewed as potential estrogenic dermal treatments to selectively
harness the positive effects of estrogen stimulation, while avoiding negative effects such as endometrial activation and

blood clotting,’-10-13:63-81.91

Polyphenolic/lsoflavonoid Compounds as SERM’s
Plant estrogens have received a mixed reputation in Western medicine.'*?'*> However, many reports point out that plant
SERMs may have diverse and tissue-dependent estrogen agonistic and antagonistic effects.”

Plant-derived polyphenols and flavones bind preferentially, but not exclusively, to ERP.'%**! Their biological
actions throughout the body depend on ER and co-transactivation factor expression.> Although they have been classified
as endocrine disruptors (binding to ER at lower levels compared to 17B-estradiol), this is a very narrow view, and these
compounds are coming to the forefront as agonist-antagonist SERMs that are especially suited for MHT.”'**! ERp-
agonists such as DT56a,”* liquiritigenin,96 and equol'®'**! are especially promising. This is because they are agonistic in
the skin, but are not agonistic when bound to ERa, thereby avoiding hyperplasia of the breast and endometrium and
venous thromboembolism.*” In fact, like 17B-estradiol, phytoestrogens have been shown to decrease nonalcoholic fatty
liver disease,”” which was associated in one study with equol production status.”® From in vitro and clinical studies,
equol has similar actions to 17f-estradiol by stimulating collagen, elastin and TIMP expression, while inhibiting elastase
and MMPs,10:13:91.99

For example, in a randomized, single-center 12-week clinical study women that applied a topical equol treatment
twice per day displayed significant increases (across eight skin parameters) over baseline values (Figure 5).'° The
significant increases ranged from 52 to over 75% covering skin firmness to hydration (Figure 5). Remarkably, 76% of the
women in this study were 3 years post-menopausal, but still exhibited positive changes in dermal health. Therefore, the
results of this clinical study provide corroborating evidence to the in vitro reports of equol’s positive influence on skin

Clinical, Cosmetic and Investigational Dermatology 2022:15 https: 1703
Dove:


https://www.dovepress.com
https://www.dovepress.com

Lephart and Naftolin Dove

Efficacy: percent improvement over baseline
s 8 8 8 & & 8 3
I
.
I
I

73
& 9 £ 9 @ @ o S F'3
g 3 & g, ¢ 3 & 1 L
e S 9 e 3 9 S o [ '3 =
SR &S 58 NS T Rk G Z &
S S ¢ Q S 5§ 5 S 3
S & g S$ & & < F S8 &3
§ O % [y Q@ -9
N Q

Figure 5 Efficacy of a topical equol treatment in a randomized, single-center |2-week clinical study in women. Demographics: N = 59 (30 Caucasian, 29 Asian); Ages 40-70; Mean
age 56.1 7.8 (45 out of the 50 or 76% of the women were amenorrheic for at least 3 years); Glogua Aging Il and Ill (moderate to advanced wrinkling). The women applied 0.2%
equol twice per day.'® For each parameter there was a significant increase (percent improvement over baseline), *p < 0.05. Copyright © 202I. Springer Nature. Adapted from
Lephart E, Naftolin F. Menopause and the skin: old favorites and new innovation in cosmeceuticals for estrogen-deficient skin. Dermatol Ther. 2021;11(9):53-69.'°

components and biomarkers.'®!*°! Moreover, along this topic of SERMs like equol, similar compounds have been
reported to have anti-microbial actions that are just beginning to be explored.'®

Conversely, of all the phytoestrogens consumed by humans, the isoflavonoids have gone through the most critical
scrutiny regarding safety concerns.”’ Recent reviews that examined isoflavonoids and the health of postmenopausal
women concluded that a) adding soy foods or phytoestrogens to the diet can contribute to the health of postmenopausal
women,”"'%"1% 1) isoflavones or phytoestrogens do not increase the risk of breast, endometrial or colorectal
cancer,”""'%%1%% and c) the research evidence does not support classifying isoflavones as endocrine disruptors.'®*

There are many reasons for plant SERMs to be exploited as the skin alternatives to synthetic SERMs not only for

dermal applications, but in conditions as osteoporosis, menopausal symptoms, and prostate health,%-!:101-106

Topical Use of Estrogen and Estrogen Analogs

There are other indications for treatment of aging skin without the use of systemic estrogen or other SERMs. The most
common contraindication is the presence of estrogen-sensitive cancer.®’ In those cases, the goal beyond hormone
replacement therapy or the use of SERMs is to limit the extracutaneous effects.*>"'°” However, a novel strategy has
evolved in which the active agent delivers its positive effects in the dermal layers, but then is metabolized to an inactive
state once it reaches the blood circulation. One such preparation involves the topical administration of an estrogen
analog, methyl estradiol propanoate (MEP).'*® The proposed mechanism for its metabolism is the cleavage of the active
side chain of MEP by blood esterase(s). This produces an inactive residue that is proposed to be harmlessly cleared from
the blood.'*®'%’ Clinical studies on postmenopausal women with MEP have been promising.'%*'%

For example, in a single-site vehicle-controlled double-blinded study examining 79 female subjects aged 53—80 years
that applied the MEP treatment twice per day for 14 weeks displayed significant improvement in facial skin dryness,
laxity, and dullness (Figure 6).'°® Subjects also noted improvements in facial lines and atrophy after the 14-week MEP
treatment.'®

In a second clinical study that examined 14 female subjects aged 53—68 years who were amenorrheic for 1-10 years
(mean interval, 5 years) that applied a MEP night cream (at 2%) for a total of 20 weeks displayed improvements in: a)
skin texture (53%), b) keratoses (21%), and c¢) skin laxity (15%).'"’ Subjects also reported improvement in wrinkles,

texture, color and hydration.'® The investigators from both MEP studies suggested that the MEP treatment has the
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Figure 6 Efficacy of a topical methyl estradiol propanoate (MEP) treatment in a single-site vehicle-controlled double-blinded study in women. Demographics: N = 79 female
subjects aged 53-80 years; Glogua Aging II-IV (moderate to severe wrinkling). The women applied the MEP treatment twice per day for 14 weeks. The results displayed
significant improvement in facial skin dryness, laxity, and dullness over vehicle-control values, *p < 0.05. Data from Draelos.'*®

potential to reactive dormant estrogen receptors.' %%’ However, the authors of both studies did not state which ER was
implicated. This is an interesting proposition since a previous study demonstrated that skin ERo abundance is not altered
by menopause, while dermal ERp expression declined by 15% after menopause,''® suggesting a decline in estrogen
hormone action.

However, further studies are necessary to elucidate the mechanism by which MEP provides the presumed reactivation
of dormant estrogen receptors. Because cleavage of the MEP side-group may take place in the presence of the specific

111-113

esterase(s) in epidermal/dermal layers of the skin and not in the bloodstream that would alter the mechanism of

action, especially the estrogen binding characteristics.

Summary and Conclusion

Several factors influence skin aging and the homeostasis of dermal health such as intrinsic, extrinsic aging and the gut-
skin axis via the microbiome. Estrogens are paramount in maintaining dermal health and have many anti-aging
characteristics by binding to estrogen receptors in the skin. Especially where skin collagen and elastin profiles are
known to follow 17B-estradiol levels during aging and at/after menopause. Finally, the classification of isoflavonoid
compounds as endocrine disruptors is unwarranted. In fact, isoflavonoids act as SERMs that bind to ERf in the skin to
enhance dermal health. Whereas the topical estrogen analog (MEP) has presumed mechanisms of action as a skin

treatment.
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