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Abst rac t
Despite significant medical advances, cancer treatment is still associated with a high risk of side effects. The treatment 
is usually invasive and devastating and it affects the overall immunity of the whole organism, including the condition 
of the skin. In recent years there has been a growing interest in isoflavonoids, due to their wide range of biological 
and pharmacological activity, especially estrogen-like. It gives a broad perspective of their use as active ingredients of 
preparations, which eliminate skin lesions associated with oncological treatment. This article is an overview describing 
preclinical and clinical observations on the basis of available literature. It discusses the influence of genistein on skin 
health in women after breast cancer treatment. The overview focuses on studies conducted with genistein in vitro or 
in vivo to demonstrate its effect on skin, and anticancer properties. We selected articles from the last 20 years, avail-
able in the PubMed and Google Scholar databases.
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Introduction

In recent years, we have observed a dramatic in-
crease in the number of cancer cases. One of the biggest 
epidemiological problem is breast cancer, which is the 
second most common malignant cancer in the world. 
The number of new cases of breast cancer is constantly 
growing [1]. Thanks to better and better diagnostics and 
new methods of treatment, the number of deaths caused 
by this disease is decreasing every year. Nowadays more 
than 2/3 of patients are cured [2]. Unfortunately, for most 
women, returning to normal life after the treatment is 
more difficult than it might seem. The constant fear of 
remission of the disease is connected with a number 
of side effects related to the treatment. One of them is 
skin lesions. Cancers are usually treated with aggressive 
methods aimed at destroying pathological cells. Unfortu-
nately, normal cells are also destroyed [3, 4]. Various body 
functions are disturbed, including the protective function 
of the skin. Considering the presence and distribution 
of estrogen receptors in the skin and its appendages, it 
is not difficult to understand that many skin lesions as-
sociated with cancer treatment can be eliminated using 
isoflavonoids, which have also been tested for their anti-
cancer properties for many years. 

Methods

This article is an overview describing preclinical and 
clinical observations on the basis of available literature. 
It discusses the influence of genistein on skin health 
in women after breast cancer treatment. The overview 
focuses on studies conducted with genistein in vitro or 
in vivo to demonstrate its effect on skin and antican-
cer properties. As search terms on PubMed and Google 
Scholar we used: “genistein and skin”, “genistein and 
fibroblast”, “genistein and cancer” and “genistein and 
breast cancer”. We selected all articles with the full text 
available. Only articles from 1998–2020 were chosen.

Results

Estrogen receptors

Estrogens act through two different estrogen recep-
tors (ERs), which are also found in the skin. Both recep-
tors are separate proteins encoded by separate genes, 
located on different chromosomes. The gene coding for 
the protein that builds up the estrogen receptor β (ESR2) 
is located on human chromosome 14, while the gene 
coding for the protein that builds up the estrogen recep-
tor α (ESR1) is located on chromosome 6. These receptors 
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act as transcriptional factors activated by ligands, and as 
a result, their biological effects are revealed. The affinity 
of ERα and ERβ is different to different ligands. Estradiol 
has a higher affinity for ERα and a lower affinity for ERβ. 
Binding of estrogens to ER evokes specific responses i.e. 
activation of proliferation and apoptosis retention. How-
ever, some estrogen actions require the action of other 
hormones, such as progesterone and androgens [5].

Differences in the distribution of estrogen receptors 
in the skin suggest that each of them has a different, 
cell-specific role. ERβ is the dominant estrogen receptor 
in adult human skin. A large amount of b receptors is lo-
cated in the basal layer and spinosum layer of epidermis 
and on the surface of fibroblasts [6–8]. The ERα expression 
is limited to the cutaneous papilla cells of hair follicles [9].

Phytoestrogens and genistein

Phytoestrogens are compounds of plant origin with 
a non-steroidal structure, which show a number of es-
trogenic activities. Their chemical structure is similar to 
that of female estrogen secreted by ovaries [10]. There 
are three classes of phytoestrogens: lignans, strobens 
and flavonoids [11]. The best known and most studied 
are flavonoids (isoflavones) and lignans. Phytoestrogens 
usually occur in the form of inactive glycosides or as pre-
cursors [12]. The richest source of isoflavones is mainly 
legumes (soybean, its preparations, legumes, lentils, 
spinach and red clover) [13]. Chemical analyses of com-
pounds contained in soybean showed the presence of 
two basic isoflavones: genistein and daidzein [11].

Genistein attracted the attention of scientists mainly 
due to the results of cancer epidemiology research. They 
showed an inverse relationship between the consump-
tion of significant amounts of genistein-rich soya prod-
ucts and the incidence and mortality of breast and pros-
tate cancer [14, 15]. 

The genistein activity is weaker than that of endoge-
nous estrogens. It is not stored in tissues as estrogens are 
[15]. Many phytoestrogens have the properties of both ago-

nists and estrogen antagonists. Their estrogenic activity has 
been demonstrated by interaction with both ERα and ERβ 
[14]. Genistein acts as a selective estrogen receptor modula-
tor (SERM), mainly binding to ERβ [16]. This compound has 
about thirty times higher affinity to ERβ than to ERα [15].

Genistein also exhibits a strong antioxidant effect. 
It is also an inhibitor of tyrosine kinases, thus it affects 
a number of signal in pathways [17]. The compound may 
occur in two different forms: glycosylated (genistine) and 
aglycone (genistein). Genistein is characterized by higher 
bioavailability, whereas genistine (which has higher mo-
lecular weight and hydrophilicity) significantly reduces its 
absorption, both in the small intestine and through the 
skin barrier [18]. Therefore, pre-clinical and clinical stud-
ies more often use the form of aglycone [19]. 

The supplementation and topical use of genistein-
based preparations is very common among women with 
skin problems resulting from low estrogen concentra-
tions. The manufacturers offer consumers many prepara-
tions based on different doses of genistein, sometimes in 
combination with other active ingredients. The majority 
of studies indicate that genistein has positive effects on 
the skin only at the appropriately selected dose (usually 
about 54 mg/day) [20]. Unfortunately, only few products 
meet this criterion.

In vitro and in vivo studies

The effect of genistein on wound healing

Wound healing and scar formation are dynamic reac-
tions and involve numerous interactions between cells 
and matrices in a complex environment, affected by both 
local and systemic factors. In abnormal hyperproliferat-
ing fibroblasts from hypertrophic scars, the altered ex-
pression of growth factors, dysfunctional receptors and 
unregulated signalling of tyrosine kinase, plays an impor-
tant role [21]. Genistein has a high potential to support 
the wound healing and normal scarring process, which 
was confirmed by numerous studies [22–29]. Table 1  

Table 1. Effects of genistein on the wound healing

Paper Effects of genistein on the wound healing

Jurzak et al. [24] Concentration-dependent decrease of expression of CTGF mRNA and protein in keloid fibroblasts
Decrease in expression of genes encoding transforming growth factors β1, β2 and β3 in keloidal fibroblasts
Cytoprotective effects [23]
Dose-dependent modulation of C-JUN expression in cutaneous keratinocytes and fibroblasts [24]

Sienkiewicz et al.  
[25]

Lowest concentration – prevented inhibition of collagen biosynthesis induced by t-BHP in fibroblasts
Highest dose – intensified the inhibitory effect of t-BHP
The main mechanism based on prevention of ERK1/ERK2 signal pathway disturbances, mediated by the 
IGF-I receptor [25]

Park et al. [26] Accelerated wound healing process in ovariectomized (OVX) mice, which most likely resulted from its modulation 
of ROS production, followed by stabilization of the activity of NF-κB and TNF-α [26]

Marini, Polito  
et al. [28, 29]

Accelerated wound healing process by improving ECM remodelling in OVX rats [27, 28]
Skin ageing in OVX rats – decrease in TGF-β1, VEGF, MMP-2, MMP-9 and metalloproteinase tissue inhibitor (TIMP-1 
and TIMP-2) levels, increasing thickness of collagen fibres and skin resistance to tearing in OVX rats [27–29]
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presents the most important effects of genistein on 
wound healing.

�The effect of genistein on GAG synthesis in the skin

Genistein is also involved in modulating glycosami-
noglycans (GAG) synthesis in the skin, by inhibiting or 
blocking tyrosine kinases (Figure 1). In one study, genis-
tein limited EGFR activity in fibroblasts from patients 
with type II mucopolysaccharidosis (MPS), associated 
with deficiencies of enzymes degrading GAG [30]. Al-
though genistein significantly decreased the rate of GAG 
synthesis, it also ensured the maintenance of their ad-
equate amount, necessary for proper functioning of cells 
and tissues [30–32]. 

In another MPS – Sanfilippo disease, genistein was 
tested and compared with other flavonoids to reduce GAG 
synthesis and accumulation in patient fibroblasts. The in-
hibition of GAG synthesis was confirmed in the presence 
of all the compounds studied. However, the most marked 
decrease in their production was observed in the presence 
of kaempferol, daidzein and genistein [32].

�Protective effects of genistein against UV 
radiation

There are also studies that report the protective effect 
of genisteins against UV radiation [33–35]. The isoflavone 
prevented UV-dependent COX-2 expression in HaCaT cell 
cultures, which indicates the anti-inflammatory effects of 
genistein [33]. Additionally, the compound also increas-
es the expression of the GADD45A gene participating in 
DNA repair processes [34]. 

The photoprotective effects of genistein in photo-
aging processes were also analysed on fibroblasts after 
multiple exposure to sub cytotoxic UVB radiation used 
to induce ageing. Genistein reversed the ageing process 
in fibroblasts through antioxidant effects related to the 
reduction of p66Shc protein level [35]. These data con-
firmed that genistein can be a good candidate for a pro-
tective agent against UV radiation-induced damage.

Skin effects of genistein – clinical studies

In addition to preclinical evidence suggesting a ben-
eficial effect of genistein on the skin, a number of clinical 
studies have been performed. The results demonstrated 
that the isoflavone might increase epidermal prolifera-
tion and collagen content in the skin [36]. In one study, 
26 healthy women aged 30–40 years took 40 mg of soy 
isoflavone aglycons or placebo daily for 3 months. It was 
observed that genistein affected the shallowing of fine 
lines and significantly increased skin elasticity [37]. 

There were also studies, in which 30 women aged 
45–55 years (after menopause) were given oral genistein 
or estrogens for 24 weeks. After the treatment in both 
groups the level and structure of collagen was examined. 
In patients from both groups, an increase in the amount 
of type I and type III collagen and increased hyaluronic 
acid content in the tissue were noted. However, the re-
sults of the estrogen group were slightly better than in 
the genistein group [38, 39]. Other parameters were also 
analysed, such as epidermal thickness, number of papil-
lae, fibroblasts and blood vessels. The action of gel with 
genistein was limited to the increase in skin thickness 
and number of blood vessels. However, the increases 
were slightly lower than in the estradiol group. Moreover, 
no changes in hormonal vaginal cytology were observed 
after 3 and 6 months compared to the baseline value, 
which suggests no significant systemic effects [40].

The effect of genistein was also tested in a study in 
which a group of 19 children (10 males and 9 females, 
age range: 2.8–19 years) with different MPSIII subtypes, 
Sanfilippo syndrome and different degrees of disability 
received genistein supplementation at a dose of 5 mg/kg  
per day for a year. After the end of the treatment an 
improvement of skin texture and hair morphology was 
observed, but also a decrease in the level of coenzyme 
Q10 was observed, which did not affect the excretion of 
GAG in urine or intensify the symptoms of the underlying 
disease. Treatment was generally well tolerated and no 
secondary effects were observed. This study was of great 

Figure 1. Mechanism of modulating the expression of genes whose products are involved in GAG synthesis, through 
genistein (Wegrzyn et al., modified) [31]
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importance as it demonstrated that genistein can also be 
used in children [41]. 

Genistein was also tested in case of erythema caused 
by UVB (sunburns) on the back skin of 6 men with pho-
totype II to IV on the Fitzpatrick scale. Genistein (5 μmol/
cm2) was applied topically 60 min before and 5 min after 
exposure to UVB radiation. The skin was photographed 
and quantified for erythema. The compound was found to 
effectively block UVB-induced skin burns, which confirmed 
the potential of its use as a radioprotective agent [42].

Anticancer effects of genistein

Numerous laboratory tests showed that genistein, as 
a representative of isoflavonoids, inhibited the activity of 
DNA helicase and topoisomerase I and II, which inhibited 
DNA replication and consequently led to weakened cell 
division and growth [43]. Genistein strongly inhibited the 
process of angiogenesis in the tumour microenvironment 
by reducing the rate of vascular endothelial cell develop-
ment. The inhibition of angiogenesis was also associated 
with stimulation of extracellular matrix protein degrada-
tion around the newly formed vessel [44]. Many studies 
also suggest the inhibitory effect of isoflavonoids on the 
cell cycle and the induction of neoplastic cell apoptosis. 
Their action occurs at the transition points of G1 in S and 
G2 in M [45]. 

Genistein is also a selective inhibitor of tyrosine ki-
nases, which play an important role in cell proliferation 
and transformation. By inhibiting the activity of tyrosine 
kinases, it inhibits the growth of cancer cells. The anti-
inflammatory effect of genistein is also of main impor-
tance. By activating lymphocytes, it increases their im-
munostimulating effect, which can be used in cancer 

chemoprevention [46]. Genistein shows the ability to 
activate non-specific and humoral immunity processes 
and increases the immune capacity of cells. Additionally, 
it activates proliferation of spleen cells and secretion of 
interleukin-like cytokines such as IL-2 and IL-3 [43, 47].

It was also shown that genistein has the ability to 
inhibit the activity of cyclins (proteins regulating cell 
cycle activity) and cyclin-dependent kinases (CDKs). It 
can also inhibit CDKs by stimulating the transcription of 
p21 protein, which is an inhibitor of CDK-1 and CDK-4 
kinases. This is done with p53 protein, which activates 
the transcription of the gene responsible for p21 biosyn-
thesis [48, 49]. By increasing its concentration and pro-
longing its lifetime, genistein reduces the development 
of cancer cells. Additionally, the isoflavonoid, due to its 
antioxidant properties, protects protein kinase A (PKA), 
which is a catalyst of phosphorylation of the transcrip-
tion factor C/EBP β and has a stimulating effect on the 
transcription of p21, regardless of the contribution of p53 
protein (Figure 2) [43, 47, 49, 50].

Dark sides of genistein

Several studies have also shown the dark side of ge-
nistein use in breast cancer [51–53]. In one of them, an 
in vitro breast cancer model was developed with a posi-
tive feedback loop between primary breast adipose fi-
broblasts and estrogen-dependent MCF-7 tumour cells, 
thus representing more natural conditions. In this model, 
genistein could impair the growth inhibitory action of the 
aromatase inhibitor fadrozole at physiologically impor-
tant concentrations. These data suggest that soy-based 
supplements may influence the effectiveness of aroma-
tase inhibitor medication for breast cancer [51].

Figure 2. Effect of isoflavonoids on cyclin-dependent protein kinase activity (Czerpak et al., modified) [50]
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Another study created a preclinical mouse model 
simulating low 17b-estradiol blood levels similar to 
those in postmenopausal women. Using this model, it 
was observed that genistein ingested with the diet, in 
combination with low levels of 17b-estradiol circulating 
acts in an additive manner and stimulates estrogen-de-
pendent tumour growth in vivo [52]. Similar conclusions 
were reached by other authors who noticed that genis-
tein stimulates the proliferation of MCF-7 and T47D cells  
a estrogen receptor (ERα-positive), but does not stimu-
late the proliferation of ERα-negative cell lines. The ad-
ditional discovering that this isoflavone antagonizes the 
antiproliferative effect of tamoxifen prompts that genis-
tein can be detrimental in women with breast cancer 
who are treated with tamoxifen [53].

In another research, based on the association be-
tween bioactive sphingolipids and cancer, researchers 
determined the effect of genistein on ASAH1 transcrip-
tion in MCF-7 breast cancer cells. ASAH1 encodes the 
member of the acid ceramidase family of proteins, which 
is overexpressed in multiple human cancers and may 
play a role in cancer progression. Authors proved that 
nanomolar concentrations of genistein induce ASAH1 
transcription. Additionally, they demonstrated that this 
isoflavone stimulates cyclin B2 expression and cell pro-
liferation in an ASAH1 dependent manner. This research 
indicated the mechanism by which genistein promotes 
sphingolipid metabolism and confirms the role of ASAH1 
in breast cancer cell growth [54].

Conclusions

Skin diseases and defects resulting from the applied 
oncological treatment are not only an aesthetic problem. 
Their effects may adversely affect the quality of life of 
an ill person. Skin defects may cause various reactions, 
leading to emotional problems and even mental disor-
ders, which may significantly affect the effectiveness of 
treatment. Numerous studies conducted in vitro, in vivo 
and clinical trials indicate high potential of genistein to 
be used in the treatment of skin problems in women dur-
ing/after oncological treatment of breast cancer. Such 
treatment could potentially be applied both topically and 
orally. 

It is true that genistein appears to be a safe com-
pound for cancer patients, but undisputedly it is a biolog-
ically active substance. Therefore, its introduction to the 
treatment of oncological patients requires further studies 
on its mechanisms of action at the molecular level, tak-
ing into account genetic and immunological aspects. Also 
the drug–drug interactions of genistein with other agents 
need to be extensively studied on both experimental and 
clinical levels. This will allow to eliminate possible side 
effects caused by its systemic action.
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