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Topical estradiol does not interfere with the expression of
the metalloproteinase-1 enzyme in photo exposed skin cells

Estradiol tópico não interfere na expressão da enzima  metaloproteinase-1 
em células da pele fotoexposta

Luciana Neder1 Sebastião Freitas de Medeiros2

Abstract: BACKGROUND: In postmenopausal women there is a rapid destruction of dermal collagen, resulting in acce-
lerated skin ageing, which is manifested by cutaneous atrophy, increased number and depth of wrinkles and sagging.
This accelerated catabolism of the collagen is due to estrogen deficiency and increased synthesis of the metalloprotei-
nase-1 enzyme, which degrades the dermal collagen. 
OBJECTIVES: To assess whether the use of topical estradiol 0.05% cream on photo exposed skin can inhibit the expres-
sion of the metalloproteinase-1 enzyme on the dermis and subsequently the rapid loss of collagen in women after
menopause. 
METHODS: We included 40 postmenopausal women without hormone replacement therapy. Information about lifesty-
le, lipid profile, blood glucose level, thyroid hormones, mammography, Pap smear and transvaginal ultrasound were
obtained to rule out associated diseases. Skin biopsy of the right preauricular region was performed before and after
treatment with topical estradiol 0.05% for 30 days. The biopsy specimens were subjected to immunohistochemistry to
identify the expression of the metalloproteinase-1 enzyme. 
RESULTS: There was no statistically significant difference on the expression of the metalloproteinase-1 enzyme in kera-
tinocytes, fibroblasts and endothelial cells before and after treatment with topical estradiol for 30 days. 
CONCLUSION: Treatment with estradiol 0.05% cream, in photo exposed skin for 30 days, does not inhibit the produc-
tion of metalloproteinase-1.
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Resumo: FUNDAMENTOS: Na pós-menopausa, ocorre rápida destruição do colágeno dérmico, com consequente enve-
lhecimento acelerado da pele, que se expressa com atrofia cutânea, aumento do número e da profundidade das
rugas e flacidez. Esse catabolismo acelerado do colágeno ocorre por deficiência estrogênica e aumento na síntese
da enzima metaloproteinase-1, que degrada o colágeno dérmico. 
OBJETIVOS: Avaliar se o uso de estradiol tópico a 0,05% em creme na pele fotoexposta pode inibir a expressão da
enzima metaloproteinase-1 na derme e, consequentemente, a perda acelerada do colágeno em mulheres na pós-
menopausa. 
MÉTODOS: Foram incluídas 40 mulheres na pós-menopausa sem terapia de reposição hormonal. Informações sobre
hábitos de vida, perfil lipídico, níveis glicêmicos, hormônios tireoidianos, mamografia, colpocitologia oncótica e
ultrassom transvaginal foram obtidas para excluir doenças associadas. Biópsia de pele da região pré-auricular direi-
ta foi realizada antes e após tratamento com estradiol tópico a 0,05% por 30 dias. Os espécimes de biópsia foram
submetidos à reação imunoistoquímica para identificar a expressão da enzima metaloproteinase-1. 
RESULTADOS: Não foi observada diferença estatisticamente significativa na expressão da enzima metaloproteinase-1
em queratinócitos, células endoteliais e fibroblastos da pele antes e após tratamento com estradiol tópico por 30
dias. 
CONCLUSÃO: O tratamento com creme contendo estradiol a 0,05% em pele fotoexposta por 30 dias não inibe a pro-
dução da enzima metaloproteinase-1.
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INTRODUCTION
The life expectancy of the Brazilian woman,

which five decades ago was approximately 50 years, is
currently over 70 years, and women are now living
many years on the postmenopausal period. 1, 2 With
the increasing number of this population, many
researches are being developed with the aim of stu-
dying the risks and benefits of oestrogen replacement
therapy in various systems in postmenopausal
women. 3, 4 The hormonal replacement therapy (HT)
with oestrogens (OT), or oestrogens with progestero-
ne (OPT) on the menopause improves hot flashes,
mood swings, genital epithelium atrophy, loss of libi-
do, and sleep disturbances 5. Equally important is its
beneficial effect in decreasing the risk of osteoporosis,
fractures and skin ageing. 5

Skin ageing is caused by a combination of
facts, including genetic predisposition, hormonal cau-
ses, exposure to ultraviolet light and lifestyle (nutri-
tion, nicotine, alcohol, drugs) and catabolic factors
like infections and tumors. 6 While the effects of oes-
trogens in various organs are well established, the
influence of these hormones on the skin is still scarce-
ly known. It is known the on the postmenopausal cli-
macteric there is an acceleration of cutaneous ageing.
During this period the women report decrease of skin
hydration, loss of firmness, decrease of elasticity and
increase of sagging. 7-10 There is a correlation between
these clinical signs and symptoms and histological
phenomenon on the skin, highlighting the epidermic
atrophy, decrease of collagen and elastin, alteration of
the proportion between collagen types I and II and
changes on the vasculature.  11-12

The decrease of skin collagen in adults is
around 1% each year, becoming more evident in
women than in men. In women around 30% of the
total collagen of the skin is lost during the first five
years of post menopause. 6, 13 After this accelerated
loss there is an average annual decline of 2,1%, for a
period of 20 years14. This way, the ageing skin is thin-
ner due to the decrease of epidermal keratinocytes
and the loss of connective tissue and the fundamental
substance of the dermis, rich in glucosaminoglicans.
These degenerative changes that go along with the
ageing process result in atrophy, sagginess and skin
wrinkling. 8 

The oestrogens, via receptors, regulate
various cell functions, including proliferation, morp-
hogenesis, differentiation and apoptosis. 14 The oes-
trogenic receptors are present in all the cells of our
body, including the epidermal keratinocytes, dermal
fibroblasts, sebaceous glands, hair follicles, and skin
glands and vessels. 14 The strong expression of these
receptors on the dermal fibroblasts suggests the direct
participation of the oestrogens in stimulating the col-

lagen synthesis via the transforming growth factor
(TGFβ) 15. Estradiol stimulates the proliferation and
the synthesis of keratinocytes DNA, resulting in thicke-
ning of the epidermis and higher skin hydration by
decreasing the trans-epidermic water loss. This ste-
roid still increases both the epidermic lipids layer and
the content of glucosaminoglicans, especially of hya-
luronic acid. 6, 13, 16 The oestrogen deprivation is also
associated with degenerative abnormalities of the der-
mal elastic fibers, and there are reports of increased
synthesis of theses fibers after use of a cream contai-
ning estriol. 11, 17-18 Most studies already done with oes-
trogens replacement, both oral and topical, show
increment of cutaneous thickness and dermic colla-
gen.  19

The collagen is degraded by the matricial
metalloproteinase enzymes (MMP) on the most diver-
se organs, including skin fibroblasts.  The various
types of metalloproteinase cleave the dermal collagen
as well as the glucosaminoglicans, elastin and other
constituents of the dermal matrix. The mechanism
that regulates the increment of the collagen synthesis
on the skin by the estradiol includes, besides the TGF
β, the multifunctional cytokines, with important role
on the growth regulation, cell differentiation and bio-
synthesis of extracellular connective tissue. 14, 20 This
cytokine stimulates the fibroblast proliferation on the
dermis and induces the synthesis and secretion of
most proteins of the extracellular matrix (collagens I,
III, VII, elastine and hyaluronic acid). In addition, TGF
β inhibits the expression of the metalloproteinase
enzymes, including the MMP-1, responsible for the
degradation of the dermal matrix proteins, like the
collagen. 2, 3, 7

The use of topical 17β estradiol applied to the
body skin of elderly people enhances the expression
of type I pro-collagen, mostly in women. 20 It was also
confirmed that the use of topical 17β estradiol can sti-
mulate the collagen synthesis and decrease the in vivo
synthesis of MMP-1, preserving the skin structure.
However, the use of oestrogens on the post menopau-
se is still a controversial issue because, despite con-
trolling the menopause symptoms, decreasing the risk
of vertebral fractures, decreasing the risk of colorectal
cancer, improving the cognitive functions, decreasing
the risk of dementia and improving the quality of life,
it can have well defined risks like the increase of
breast cancer and thromboembolism 14, 21. It is still not
known whether the use of topical oestrogens on the
face would have the same beneficial effects of attenua-
ting cutaneous ageing, without causing any harm to
the patient. Besides this, more studies are still neces-
sary to establish the minimal dose necessary to obtain
the best results without systemic adverse effects. 22 The
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present study has the objective of assessing if topical
estradiol, on the concentration of 0, 05%, applied to
the skin, can inhibit the synthesis of the MMP-1 enzy-
me in skin cells.  

METHOD
This prospective, interventional study was

approved by the Research Ethics Committee of the
Hospital Universitário Julio Muller da Universidade
Federal de Mato Grosso. Considering an alpha error
of 5%, power of 80%,  average of increment on pro-
collagen type I expression  of 3,5% and standard
deviation of 2,3%, loss of 40%, the minimum sample
size, estimated by the formula  n=2 + c (s/d)2, [where
p= standard deviation, d=estimated difference bet-
ween the averages and c= constant dependent on the
level of significance (α), the study power (1-β)] was 13
patients. In total, 40 volunteers seen at the
Climacteric outpatients’ clinic of the Hospital
Universitário Julio Muller of the Universidade Federal
de Mato Grosso were assessed. 2,23,24 Eligibility criteria
considered women with postmenopausal hypooestro-
genism, aged between 40 and 65 years and with
moderate/severe signs of cutaneous ageing, as long as
they were able to read, accept and sign the Free and
Explained Consent Form. Women with history of
breast cancer, endometrial cancer, cutaneous allergies
or skin diseases which contraindicated the use of topi-
cal oestrogen were excluded. The research would be
suspended if there was intolerance to the use of topi-
cal estradiol.

During the initial interview the finality of the
study and the methods used were explained to the
patients. After their consent a complete medical histo-
ry was obtained and routine laboratory tests were per-
formed at the Climacteric outpatients clinic: hemo-
gram, fasting glucose level, lipidic profile, FSH, LH,
estradiol, TSH, free T4, faecal occult blood test, Pap
smear, mammography, transvaginal ultrasound and
bone densitometry. At the end of the interview the
patient went through a detailed physical examination.
After confirmation of the eligibility, the first skin bio-
psy was done. The biopsy was done in the morning on
the right preauricular area and the patient was advised
to take the dressing early in the evening. After the bio-
psy the patient received the medication and was advi-
sed to apply daily, all over the face, for 30 days, the
estradiol gel in a sachet containing 0,5mg of estradiol
in 0,5g gel (Sandrena gel®, 0,5mg/0,5g, Organon®,
Brasil). After this advice a return visit was scheduled
for 30 days for another biopsy and finalizing of the
study. The control biopsy was done 1 cm below the
first one. After collection, the material was processed
on the Pathology Laboratory of the Hospital
Universitário Julio Muller of the Universidade Federal

de Mato Grosso and dyed for the immunohistoche-
mistry for MMP-1. In this process the primary antibo-
dy anti MMP-1 (Polyclonal antibody to MMP-1, DBS
Diagnostic Biosystems®, Advanced Medical Science
Co. Ltd, Chatujak Bangkok, Tailand), diluted at 1:50
and the detection antibody (Mach 4 Mouse) provided
by ProbeBiocare Medical®, Biocare Material Médico

FIGURE 1: Microphotography of skin specimens showing expres-
sion of the metalloproteinase-1 enzyme on the epidermis, endot-
helial cells and fibroblasts: a,e,i = absence of expression (0+);

b,f,j =weak expression (1+); c,g,k =moderate expression (2+);
d,h,l = strong expression (3+)

A B

C D

E F

G H

I J

K L



Topical estradiol does not interfere with the expression of the metalloproteinase-1 enzyme in photo exposed skin cells 73

An Bras Dermatol. 2012;87(1):70-5.

Hospitalar Ltda, Rio de Janeiro, RJ were used. Using
the semi-quantitative method the expression of MMP-
1 in increasing order of intensity was quantified, as
follows:  0 = absence of expression; 1+ = weak
expression; 2+ = moderate expression; and 3+ =
strong expression (Figure 1)25. In case of different
levels of expression on the same slide the area with
the strongest expression was considered. The MMP-1
expression was analysed separately by two indepen-
dent observers on both the pre- oestrogenic therapy
sample and on the sample obtained after the treat-
ment. In case of discordance between the examiners
the slides were simultaneously re-examined in a mee-
ting with both of them, and consensus was reached. 

The distribution of the variables was verified by
the Lilliefors test and the results shown according to
its distribution. Variables with normal distribution are
presented as average and standard deviation. The

variables with non-parametric distribution are descri-
bed and median and amplitude. The results are
shown in charts. The immunohistochemical scores of
the different cell types were analysed using the non-
parametric Wilcoxon signed rank test, for paired sam-
ples. The results were considered statistically signifi-
cant when p<0, 05. The data was analysed using the
STATA 10 program.

RESULTS
In terms of age, the patients were between 43

and 65 years, average of 53,3 ± 5,3 years. They had
been on menopause from between 1 and 22 years,
median of 7 years. Only two patients (5%) had occu-
pations that required higher sun exposure. Thirteen
(32,5%) were smokers or ex-smokers and eight were
white (20%), 10 were black (25%) and twenty-two
from other races (55%).

When considering the expression of metallopro-
teinase-1 on the different subtypes of the cutaneous
cells studied (keratinocytes, fibroblasts and endothe-
lial cells), it was observed that in none of them there
was a significative expression of this enzyme after the
treatment with topical estradiol for 30 days. In a joint
analysis, it was demonstrated that the use of a cream
containing estradiol 0,05%, for 30 days, did not inhibit
the expression of the MMP-1 enzyme on the skin kera-
tinocytes (p=0,067), fibroblasts (p=0,15), or endothe-
lial cells (p=0,83) (Figure 2).

DISCUSSION
In women, the decline of the oestrogenic levels

is associated with a variety of cutaneous alterations,
many of them reversible or improved by oestrogen
replacement therapy. Amongst the most common alte-
rations the thinning of the skin, decrease of the con-
tent of collagen and elastin, increase of wrinkles, dry-
ness and difficulty in healing are seen. 7-9 Previous stu-
dies about the effects of oestrogen replacement on the
skin used different diagnostic methods and measures
of the response and different doses, types and admi-
nistration vias of oestrogen. Previous clinical studies
showed that the thickness of the skin is increased in
women that receive hormonal replacement therapy.
Some of these studies also used progestogens or
androgens in combination with oestrogens, coming to
different results. 

With the utilization of various analysis met-
hods (ultrasound with photos analysed by computer
programs and computerized profilometry) and diffe-
rent study designs (clinical double blind, placebo con-
trolled), an improvement of the wrinkles and skin
hydration has been observed. There are also studies
assessing the dosage of cutaneous lipids before and
after replacement therapy.   Studies using ultrasound

FIGURE 2: Distribution of the patients by intensity of the expres-
sion of the  metalloproteinase-1  enzyme in keratinocytes (A),

endothelial cells (B) and fibroblasts (C), before and after the use
of topical estradiol 0,05%
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showed increment of the epidermal and dermal thick-
ness, the results concordant with biopsy analysis that
also showed increased epidermal and dermal thick-
ness. 9, 26 The skin thickness has a close relationship
with the collagen content and many studies have
shown the increase of this substance through biopsy
with optic and electronic microscopy analysis and
immunohistochemistry. It has also been observed,
through immunohistochemical analysis, an increased
concentration and size of elastic fibers. Many studies
did not take into consideration confounding factors
like solar exposure and smoking, known important
facts in influencing the cutaneous ageing process,
resulting in conflicting findings and conclusions on
the literature. 

On the present study the expression of the
MMP-1 enzyme on skin keratinocytes, endothelial
cells and fibroblasts after 30 days of topical oestrogen
therapy was analysed. These results differ from pre-
vious observation. 14 However, the study against
which the present studies were compared used 17βes-
tradiol in a photo protected area and Western blot to
ascertain the activity of this enzyme. 14 In fact, some
studies have demonstrated beneficial effects of syste-
mic and topical treatment with oestrogens in photo
protected areas. The fact that the present study was
done on the face, subjected to chronic sun exposure,
might have contributed to the absence of response
after oestrogenic therapy. This observation is suppor-

ted by other studies that, when comparing collagen
synthesis in photo exposed and photo protected
areas, showed lower collagen synthesis in photo expo-
sed areas, despite the similar expression of the oestro-
genic receptors in both areas. 27

The time spent under hypooestrogenic envi-
ronment might also have contributed to the lower
expression of MMP-1 after treatment. On the present
study, the time of post menopause varied from 1 to 22
years, with a median of 7 years.  It is known that
women with less than 2 years of oestrogen depriva-
tion have higher gain in skin thickness with oestroge-
nic therapy when compared to women in more advan-
ced periods of menopause. 27 It is possible that a lon-
ger treatment, with higher doses of oestrogen, a hig-
her number of participants and use in photo protec-
ted areas might bring more benefits. Future investiga-
tions should also systematically stratify the partici-
pants by time of oestrogenic deprivation, lifetime sun
exposure, smoking and basal level of estradiol at the
beginning of the treatment. 

CONCLUSION
The immunohistochemical expression of the

MMP-1 enzyme was not modified after treatment of the
photo exposed skin with topical estradiol 0, 05% for 30
days. In this sense, additional studies are necessary to
better understand the role of MMP-1 on the cutaneous
ageing process in postmenopausal women. ❑
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