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Abstract
Introduction: In recent years, the study of acne pathogenesis has continued, and genetic regulation, innate and adaptive 

immune responses, and the contribution of several endocrinologic mechanisms have been reported. A sebaceous-hair follicle 
(SHF) is known to be regulated by sex hormones, including androgens, estrogens, and progesterone. At present, there is evidence 
of the involvement of sex hormones in the pathogenesis of acne. Still, there is no data on immunohistochemical (IHC) analysis 
of sex hormone receptor expression in the skin of severe acne (SA) in the available literature. There is also no IHC analysis 
of predictors of acne development. The present study aimed to determine and analyze the immunohistochemical expression of 
androgen, estrogen, and progesterone receptors in the skin of SA patients and to evaluate their predictive potential using artificial 
intelligence methods.

Methods and Results: This prospective, open, non-randomized, single-center comparative study was conducted between 
2019 and 2023. The study included 53 patients (the main group [MG]) with SA and 21 apparently healthy individuals (the 
comparison group [CG]). Participants were between 15 and 46 years old (the median age was 22.0 years).  

An IHC study was performed in the Pathomorphological Department at the NMRC PHOI, named after Dmitry Rogachev 
(Moscow, Russia). Skin samples from patients were collected by punch biopsy. To perform the IHC study, we used the mouse 
monoclonal anti-androgen receptor (AR) antibody (Clone AR441, diluted 1:50; DAKO, Denmark), mouse monoclonal anti-
estrogen receptor (ER) antibody (Clone 1D5, RTU; DAKO, Denmark), and mouse monoclonal anti-progesterone receptor (PR) 
antibody (Clone PgR636, RTU; DAKO, Denmark). For each marker under study, positivity was determined in three compartments: 
epidermal keratinocytes, dermal fibroblasts, and sebocytes of sebaceous glands. 

Quantitative AR, ER, and PR expression assessment was performed using QuPath image analysis software according to the 
manufacturer’s protocol. Statistical analysis was performed using Python 3.11. The predictive potential of the studied IHC markers 
was assessed using mathematical modeling methods and artificial intelligence. 

Our study revealed for the first time a significant increase in the AR expression in epidermal keratinocytes and dermal 
fibroblasts in SA patients compared to healthy individuals, with no significant difference in the AR expression in sebocytes of 
sebaceous glands and overall positivity. A significant ER overexpression in dermal fibroblasts of SA patients with no significant 
differences for other studied compartments and overall positivity was also found. Moreover, the studied compartments had no 
statistically significant differences in progesterone receptor expression. 

Conclusion: Mathematical modeling methods using artificial intelligence have made it possible to establish for the first time 
that the AR expression in dermal fibroblasts is a significant predictor of severe acne.(International Journal of Biomedicine. 
2024;14(4):595-601.)
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Introduction
Acne is a widespread skin disease affecting the 

pilosebaceous unit. It is characterized by the formation of 
open and closed comedones, papules, pustules, and nodules. 
In the pathogenesis of acne, classical importance is attributed 
to the hyperproduction of sebum, abnormal keratinization of 
the sebaceous gland outlet duct, bacterial colonization by 
Cutibacterium acnes, and subsequent inflammation.1, 2 

In recent years, the study of acne pathogenesis 
has continued and reported genetic regulation,3-6 innate 
and adaptive immune responses, and the contribution of 
several endocrinologic mechanisms. The sebaceous-hair 
follicle is regulated by sex hormones, including androgens, 
estrogens, and progesterone. Androgens activate the sebocyte 
differentiation and block Wnt signaling. Androgen receptor 
(AR), a member of the nuclear receptor superfamily and a 
ligand-dependent nuclear transcription factor, is expressed 
in basal and early differentiating sebocytes of the sebaceous 
glands. Testosterone and dihydrotestosterone promote the 
proliferation of primary human facial sebocytes in vitro. 
Generally, androgens stimulate cell division and lipid synthesis 
by acting directly on sebocytes. Interestingly, sebocytes also 
express 5a-reductase, indicating an ability to metabolize 
testosterone to dihydrotestosterone. In vitro experiments 
have shown that the effects of testosterone and 5α-DHT are 
mediated by binding to the AR. Estrogens used in high doses 
significantly reduce sebum production through a mechanism 
mediated by a decrease in circulating androgens. However, 
the diagnosed immunoreactivity to the estrogen receptor in 
human sebum does not exclude direct regulation of sebum 
synthetic activity by estrogens. Sebum and progesterone 
production levels are at their highest during the luteal phase 
of the menstrual cycle, which explains the clinical symptoms 
of acne. After menopause, progesterone levels and sebum 
secretion decrease, but sebum production can be restored with 
progesterone-based hormone replacement therapy. In addition, 
progesterone can directly regulate the sebaceous glands, given 
the expression of the progesterone receptor (PR).7-14

It was shown that increased expression of keratins K6, 
K16, and K17 causing hyperproliferation, marked expression 
of filaggrin in the infundibulum, and hypersecretion of IL-
1α play a role in the development of abnormal keratinization 
of SVF. In the study of hair cycle homeostasis in acne, it 
was found that progenitor cells in the junction zone may 
differentiate not toward the outer root sheath of hair follicles 
below the sebaceous duct but toward the infundibulum and 
sebaceous duct cells in acne.8,11,15

Thus, at present, there is information about the 
participation of sex hormones in the pathogenesis of acne. 
However, the available literature does not provide data on the 
study of immunohistochemical expression of sex hormone 
receptors in the skin with severe acne (SA).

The present study aimed to determine and analyze the 
immunohistochemical expression of androgen, estrogen, and 
progesterone receptors in the skin of patients with severe 
acne and to evaluate their predictive potential using artificial 
intelligence methods.

Materials and Methods
This prospective, open, non-randomized, single-center 

comparative study was conducted between 2019 and 2023 in 
the Department of Skin Diseases and Cosmetology at Pirogov 
Russian National Research Medical University. The study 
included 53 patients (the main group [MG]) with SA and 21 
apparently healthy individuals (the comparison group [CG]). 
Participants (32 [43.0%] women and 42 [57.0%] men) were 
between 15 and 46 years old (the median age was 22.0 years). 
MG and CG were comparable in age and sex characteristics. 

An immunohistochemical study was performed in the 
Pathomorphological Department at the NMRC PHOI, named 
after Dmitry Rogachev (Moscow, Russia).

Skin samples from patients were collected by punch 
biopsy with a diameter of 6 mm in the suprascapular region on 
the right side and 3 cm above the upper corner of the scapula. 
Samples of unchanged skin of apparently healthy individuals 
were taken during scheduled plastic surgeries for figure 
correction (CJSC “Danischuk Clinic”). To perform the IHC 
study, we used the mouse monoclonal anti-AR antibody (Clone 
AR441, diluted 1:50; DAKO, Denmark), mouse monoclonal 
anti-ER antibody (Clone 1D5, RTU; DAKO, Denmark), and 
mouse monoclonal anti-PR antibody (Clone PgR636, RTU; 
DAKO, Denmark). 

Sections 1.5-2 μm thick were mounted on highly 
adhesive slides (Thermo Scientific Menzel-Gläser). 
Deparaffinization and ICH studies were performed according 
to standard protocol in automatic mode in the Ventana 
BenchMark ULTRA system. Quantitative AR, ER, and PR 
expression assessment was performed using QuPath image 
analysis software according to the manufacturer’s protocol.  
Positivity (the ratio of the total number of positive pixels to 
the total number of pixels) was automatically calculated. For 
each marker under study, positivity was determined in three 
compartments: epidermal keratinocytes, dermal fibroblasts, 
and sebocytes of sebaceous glands. 

Statistical analysis was performed using Python 3.11. The 
normality of the distribution of continuous variables was tested 
using the Shapiro-Wilk test. For descriptive analysis, results are 
presented as median (Me), first quartile (Q1), and third quartile 
(Q3). Differences in continuous variables were tested using 
the Mann-Whitney U-test. Group comparisons concerning 
categorical variables are performed using the chi-square test. 
Spearman’s rank correlation coefficient (Rs) measures the 
strength and direction of the relationship between two variables. 
A qualitative assessment of the closeness of the correlation 
was determined using the Chaddock scale: weak (0.1 – 0.30), 
moderate (0.3 – 0.50), noticeable (0.5 – 0.70), high (0.7 – 0.90), 
very high (0.9 – 0.99). A probability value of P<0.05 was 
considered statistically significant.

The predictive potential of the studied IHC markers was 
assessed using mathematical modeling methods and artificial 
intelligence. The following quality metrics were used to assess 
the quality of the constructed models: accuracy, sensitivity, 
specificity, and ROC-AUC. Metrics were calculated with 95% 
confidence intervals (CI), which were calculated using the 
Bootstrap method. 
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Results
All patients of the MG suffered from severe acne, which 

was clinically characterized by multiple open and closed 
comedones, inflammatory deep papules, pustules, nodules 
merging into conglomerates, atrophic scars, post-inflammatory 
stagnant blue spots with predominant localization on the skin 
of the face, back and chest. The skin in the lesions had a greasy 
appearance; subjective sensations were characterized by 
insignificant to moderate soreness, intensified by movement 
and palpation.

The IHC study found AR expression in all three studied 
compartments of the MG patients: epidermal keratinocytes 
(MG—53[100%] cases and CG—21[100%] cases), sebocytes 
of sebaceous glands (MG—39[73.6%] cases and CG—
20[95.2%] cases), and dermal fibroblasts (MG—39[73.6%] 
cases and CG—0[0%] cases) (Figure 1 ).

Significantly increased AR expression in epidermal 
keratinocytes and dermal fibroblasts was found in the MG 
compared to the CG (P<0.05), with no significant differences 
in the AR expression in the SG sebocytes and total positivity 
(P>0.05) (Figures 1 and 2 a-d).

 	
	

Analysis of gender characteristics of the AR expression 
showed significantly increased expression in epidermal 
keratinocytes of male patients compared to females 
(P<0.05). At the same time, no significant differences in the 
AR expression in other compartments were found between 
males and females (Table 1).

The IHC study found ER expression in all three studied 
compartments of the MG patients: epidermal keratinocytes 
(MG—53[100%] cases and CG—21[100%] cases), sebocytes 
of sebaceous glands (MG—39[73.6%] cases and CG—0[0%] 
cases), and dermal fibroblasts (MG—53[100.0%] cases and 
CG—0[0%] cases) (Figure 3 ).

Significantly increased ER expression in dermal 
fibroblasts was found in the MG compared to the CG (P<0.05), 
with no significant differences in the ER expression in other 
studied compartments (P>0.05) (Figures 3 and 4 a, b). 

The study of gender specificities of the ER expression 
in the three compartments studied showed no statistically 
significant differences (P>0.05) (Table 2). The obtained 
data indicate no statistically significant differences in the ER 
expression for the studied compartments in the MG patients. 
At the same time, healthy women had a significantly higher 
total positivity of the ER expression than healthy men 
(P=0.028).

Fig. 1. AR expression in the study groups.
AR E positivity (%) - AR expression in epidermal 
keratinocytes, AR S positivity (%) - AR expression 
in sebocytes of sebaceous glands, AR D positivity 
(%) - AR expression in dermal fibroblasts. 

Fig. 2. A 19-year-old man with SA.  
A. AR expression in epidermal keratinocytes, IHC 
(positive nuclear expression), ×100 magnification
B. AR expression in epidermal keratinocytes, IHC, 
quantification of expression using QuPath (blue 
color - cells with negatively stained nuclei, red color 
- cells with positively stained nuclei). Positivity = 
29.9569%, ×150 magnification
C. AR expression in sebaceous gland sebocytes, IHC 
(positive nuclear expression), ×150 magnification
D. IHC, quantification of expression using QuPath 
(blue color - cells with negatively stained nuclei, red 
color - cells with positively stained nuclei). Positivity 
= 50.11199%, ×350 magnification

Table 1.
AR expression depending on the gender in the MG.

Compartment Male SA patients
 (n=38)

Female SA patients 
(n=15)

AR n % AR n. %

AR Positivity E, %
0.4874

[0.0486;1.3185] 38 100 0.0322
[0.0;0.1431] 15 100

P=0.012

AR Positivity S, %
16.2791

[1.2015;21.6535] 25 65.8 13.0849
[4.2945;24.5599] 14 93.3

P=0.671

AR Positivity, D %
0.0 [0.0;0.1477] 38 100 0.0 [0.0;0.0931] 15 100

P=0.754

AR Total positivity, %
1.1082

[0.1054;5.1992] 38 100 3.5588
[0.6048;6.3065] 15 100

P=0.441

AR E positivity (%) - AR expression in epidermal keratinocytes, 
AR S positivity (%) - AR expression in sebocytes of sebaceous glands, 
AR D positivity (%) - AR expression in dermal fibroblasts. 
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The IHC study found PR expression in all three 
compartments: epidermal keratinocytes (MG—53[100%] 
cases and CG—21[100%] cases), sebocytes of sebaceous 
glands (MG—39[73.6%] cases and CG—21[100%] cases), 

and dermal fibroblasts (MG—53[100.0%] cases and CG—
21[100%] cases) (Figure 5).

Analysis of statistical differences in the PR expression 
in the studied compartments and overall positivity between 
the studied groups showed no significant difference (P>0.05) 
(Figures 5 and 6 a, b).

 The study of gender peculiarities of the PR expression in 
the studied compartments in male and female patients with SA 
and healthy individuals did not reveal statistically significant 
gender differences (P>0.05). (Table 3). 

Table 4 presents correlations between IHC data as 
possible predictors of SA development. 	           

The following variables have a high correlation (0.7 to 0.9): 
AR Positivity S (%) - AR Overall positivity (%): 

(R=0.82; P<0.001)
AR Positivity D (%) - PR Overall positivity (%): 

(R=0.79; P<0.001)
AR Positivity D (%) - ER Positivity S (%): (R=0.712; 

P<0.001)
AR Overall positivity (%) - ER Overall positivity (%): 

(R=0.729; P<0.001)
ER Positivity E (%) - ER Overall positivity (%): 

(R=0.722; P<0.001)

Fig. 4. A 19-year-old man with SA.  
А. ER expression in dermal fibroblasts, IHC (negative 
nuclear expression), ×250 magnification
B. ER expression in dermal fibroblasts, IHC, quantification 
of expression using QuPath (blue color - cells with negatively 
stained nuclei). Positivity = 0%, ×250 magnification.

Table 2.
ER expression depending on the gender in the MG.

Compartment
Male SA patients

(n=38)
Female SA patients 

(n=15)
ER n % ER n %

ER Positivity E, %
0.0 

[0.0; 0.0755] 38 100 0.0 
[0.0; 0.1646] 15 100

P=0.834

ER PC Positivity, %
0.0 

[0.0; 0.1233] 25 65.8 0.0 
[0.0; 0.7055] 14 93.3

P=0.579

ER Positivity D, %
0.0 

[0.0; 0.1174] 38 100 0.0 
[0.0; 0.1104] 15 100

P=0.827

ER Total positivity, %
0.0

[0.0; 0.277] 38 100 0.0203 
[0.0; 0.4051] 15 100

P=0.593

ER E positivity (%) - ER expression in epidermal keratinocytes, ER S 
positivity (%) - ER expression in sebocytes of sebaceous glands, ER 
D positivity (%) - ER expression in dermal fibroblasts. 

Fig. 5. PR expression in the study groups.
PR E positivity (%) - PR expression in epidermal 
keratinocytes, PR S positivity (%) - PR expression in 
sebocytes of sebaceous glands, PR D positivity (%) - 
PR expression in dermal fibroblasts. 

Fig. 6. A 19-year-old man with SA.  
А. PR expression, total positivity, IHC ((negative nuclear 
expression), ×100 magnification
B. PR expression, total positivity, IHC, quantification of 
expression using QuPath (blue color - cells with negatively 
stained nuclei, red color - cells with positively stained 
nuclei). Positivity = 0.1306%, ×100 magnification

Fig. 3. ER expression in the study groups.
ER E positivity (%) - ER expression in epidermal 
keratinocytes, ER S positivity (%) - ER expression in 
sebocytes of sebaceous glands, ER D positivity (%) - 
ER expression in dermal fibroblasts. 
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ER Positivity S (%) - PR Overall positivity (%): 
(R=0.705; P<0.001)

PR Positivity D (%) - PR Overall positivity (%): 
(R=0.736; P<0.001)

The predictor potential of the identified pathogenetically 
significant IHC markers was assessed using AI methods. 
The ROC curve analysis was used to evaluate variables as 
predictors of the development of severe acne.

AR Expression in Epidermal Keratinocytes (AR Positivity E, %)

The MG and CG differed statistically significantly in 
the AR expression in epidermal keratinocytes (P=0.015) 
(Figure 7). The quality assessment metrics for the AR 
expression in epidermal keratinocytes prognostic variable 
are summarized in Table 5. The AR expression in epidermal 
keratinocytes prognostic variable alone cannot serve as a 

predictor of SA because it defines SA with an accuracy of 
ROC-AUC = 0.581.

AR Expression in Dermal Fibroblasts (AR Positivity D, %)

The MG and CG differed statistically significantly in the 
AR expression in dermal fibroblasts (P<0.001) (Figure 8). The 
quality assessment metrics for the AR expression in dermal 
fibroblasts prognostic variable are summarized in Table 6. 
The AR expression in dermal fibroblasts prognostic variable 
can itself serve as a predictor of SA. It identifies SA with an 
accuracy of ROC-AUC = 0.925. The study determined the 
cut-off point value of SA to be 0.1.

Table 4.
Correlations between IHC data in the MG

Indicator 1 Indicator 2 Rs P-value

AR Positivity S (%) AR Total positivity (%) 0.82 <0.001

AR Positivity D (%) PR Total positivity (%) 0.79 <0.001

AR Positivity D (%) ER Positivity S (%) 0.712 <0.001

AR Total positivity (%) ER Total positivity (%) 0.729 <0.001

ER Positivity E (%) ER Total positivity (%) 0.722 <0.001

ER Positivity S (%) PR Total positivity (%) 0.705 <0.001

PR Positivity D (%) PR Total positivity (%) 0.736 <0.001

Fig. 7. Plots for the prognostic variable "AR expression in 
epidermal keratinocytes." 

Table 5.
Quality assessment metrics for the AR expression in epidermal 
keratinocytes prognostic variable.

Evaluation measure Cut-off > 0.1

ROC-AUC 0.581 [0.503; 0.654]

Accuracy 73.5% [69.8; 76.8]%

Sensitivity (1) 16.5% [9.9; 24.1]%

Specificity (0) 88.0% [84.9; 90.9]%

Table 3.
PR expression depending on the gender in the MG.

Compartment Male SA patients
 (n=38)

Female SA patients
(n=15)

PR n % PR n %

PR Positivity E, %
0.0483

[0.0; 0.2106] 38 100 0.0
[0.0; 0.4456] 15 100

P=0.729

PR Positivity S, %
0.0 

[0.0; 0.0] 25 65.8 0.0 
[0.0; 0.0] 14 93,3

P=0.874

PR Positivity D, %
0.0

[0.0; 0.0781] 38 100 0.0
[0.0; 0.2901] 15 100

P=0.342

PR Total positivity, %
0.0 

[0.0; 0.1158] 38 100 0.0
[0.0; 0.5554] 15 100

P=0.280

PR E positivity (%) - PR expression in epidermal keratinocytes, PR S 
positivity (%) - PR expression in sebocytes of sebaceous glands, PR 
D positivity (%) - PR expression in dermal fibroblasts. 

Table 6.
Quality assessment metrics for the AR expression in dermal 
fibroblasts prognostic variable.

Evaluation measure Cut-off > 0.1

ROC-AUC 0.925 [0.898; 0.948]

Accuracy 81.2% [77.8; 84.5]%

Sensitivity (1) 76.7% [72.7; 80.6]%

Specificity (0) 98.7% [96.3; 100.0]%
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Conclusion
The skin is an endocrine organ that expresses hormonal 

receptors for various hormones. The sebaceous gland is the 
main site of hormone biosynthesis, especially androgens, and 
acne is a classic androgen-mediated dermatosis. Our study 
revealed for the first time the increased AR expression in 
epidermal keratinocytes and dermal fibroblasts of SA patients 
and the AR overexpression in epidermal keratinocytes of 
male patients with severe acne. Our data, on the one hand, 
agree with the results of other authors about the presence of 
regulatory mechanisms in the pathogenesis of acne, which 
are mediated by androgen receptors. On the other hand, we 
have revealed the absence of the AR expression increase in 
sebocytes of sebaceous glands of female patients with severe 
acne. This indicates the mediated influence of circulating 
androgens on receptors in the skin of patients with severe 
acne. 

The obtained data on the ER expression only in dermal 
fibroblasts in patients with severe acne indicate a pathogenetic 
mechanism for reducing the proinflammatory effects of 
estrogens.

The absence of statistically significant differences 
in the expression of progesterone receptors in the studied 
compartments indicates that progesterone does not exert a 
pathogenetic influence on the mechanisms of the development 
of severe acne.

Mathematical modeling methods using artificial 
intelligence have made it possible to establish for the first time 
that the AR expression in dermal fibroblasts is a significant 
predictor of severe acne.

Ethical Considerations
This study was approved by the Ethics Committee of 

the Pirogov Russian National Research Medical University 
and complied with Ethical Principles for Medical Research 
Involving Human Subjects, adopted by the 18th WMA 

General Assembly, Helsinki, Finland, June 1964, and amended 
by the 59th WMA General Assembly, Seoul, Republic of 
Korea, October 2008, and following Articles 20, 22, and 23 
of the Federal Law "On the Fundamentals of Public Health 
Protection in the Russian Federation" dated November 21, 
2011, No. 323-FZ (p. 323-FZ). All patients gave their written 
informed consent.

Competing Interests
The author declares no competing interests. 

References
1.	 Greydanus DE, Azmeh R, Cabral MD, Dickson CA, 
Patel DR. Acne in the first three decades of life: An update 
of a disorder with profound implications for all decades 
of life. Dis Mon. 2021 Apr;67(4):101103. doi: 10.1016/j.
disamonth.2020.101103. Epub 2020 Oct 9. PMID: 
33041056.
2.	 Williams HC, Dellavalle RP, Garner S. Acne vulgaris. 
Lancet. 2012 Jan 28;379(9813):361-72. doi: 10.1016/S0140-
6736(11)60321-8. Epub 2011 Aug 29. Erratum in: Lancet. 
2012 Jan 28;379(9813):314. PMID: 21880356.
3.	 Navarini AA, Simpson MA, Weale M, Knight J, Carlavan 
I, Reiniche P, et al.; Acne Genetic Study Group; Willis C, 
Déret S, Voegel JJ, Spector T, Smith CH, Trembath RC, Barker 
JN. Genome-wide association study identifies three novel 
susceptibility loci for severe Acne vulgaris. Nat Commun. 
2014 Jun 13;5:4020. doi: 10.1038/ncomms5020.
4.	 He L, Wu WJ, Yang JK, Cheng H, Zuo XB, Lai W, et al. 
Two new susceptibility loci 1q24.2 and 11p11.2 confer risk 
to severe acne. Nat Commun. 2014;5:2870. doi: 10.1038/
ncomms3870. 
5.	 Zhang M, Qureshi AA, Hunter DJ, Han J. A genome-
wide association study of severe teenage acne in European 
Americans. Hum Genet. 2014 Mar;133(3):259-64. doi: 
10.1007/s00439-013-1374-4. 
6.	 Rumyantsev AG, Dеmina OM. The Impact of Single-
Nucleotide Polymorphisms in Regulatory Genes on 
the Development of Severe Acne. International Journal 
of Biomedicine. 2023;13(1):134-140. doi:10.21103/
Article13(1)_OA19
7.	 Azzi L, El-Alfy M, Labrie F. Gender differences and effects 
of sex steroids and dehydroepiandrosterone on androgen 
and oestrogen alpha receptors in mouse sebaceous glands. 
Br J Dermatol. 2006 Jan;154(1):21-7. doi: 10.1111/j.1365-
2133.2005.06847.x. PMID: 16403089.
8.	 Clayton RW, Göbel K, Niessen CM, Paus R, van Steensel 
MAM, Lim X. Homeostasis of the sebaceous gland and 
mechanisms of acne pathogenesis. Br J Dermatol. 2019 
Oct;181(4):677-690. doi: 10.1111/bjd.17981. Epub 2019 May 
6. PMID: 31056753.

*Corresponding author:  Olga M. Demina, PhD.  Pirogov 
Russian National Research Medical University. Moscow, Russia. 
E-mail: demina.75@mail.ru

 

Fig. 8. Plots for the prognostic variable "AR expression in 
dermal fibroblasts."

mailto:demina.75@mail.ru


601O. M. Demina / International Journal of Biomedicine 14(4) (2024) 595-601

9.	 Fritsch M, Orfanos CE, Zouboulis CC. Sebocytes are the 
key regulators of androgen homeostasis in human skin. J Invest 
Dermatol. 2001 May;116(5):793-800. doi: 10.1046/j.1523-
1747.2001.01312.x. PMID: 11348472.
10.	 Hazarika N. Acne vulgaris: new evidence in pathogenesis 
and future modalities of treatment. J Dermatolog Treat. 2021 
May;32(3):277-285. doi: 10.1080/09546634.2019.1654075. 
Epub 2019 Aug 29. PMID: 31393195.
11.	 Kurokawa I, Nakase K. Recent advances in understanding 
and managing acne. F1000Res. 2020 Jul 29;9:F1000 Faculty 
Rev-792. doi: 10.12688/f1000research.25588.1. PMID: 
32765835; PMCID: PMC7391011.
12.	 Miller WL, Auchus RJ. The molecular biology, 
biochemistry, and physiology of human steroidogenesis 
and its disorders. Endocr Rev. 2011 Feb;32(1):81-151. 
doi: 10.1210/er.2010-0013. Epub 2010 Nov 4. Erratum 

in: Endocr Rev. 2011 Aug;32(4):579. PMID: 21051590; 
PMCID: PMC3365799.
13.	 Schulster M, Bernie AM, Ramasamy R. The role of 
estradiol in male reproductive function. Asian J Androl. 2016 
May-Jun;18(3):435-40. doi: 10.4103/1008-682X.173932. 
PMID: 26908066; PMCID: PMC4854098.
14.	Tang HY, Xiao B, Liu X, Yang GL. [Signaling Pathways 
in the Pathogenesis of Acne Vulgaris]. Zhongguo Yi Xue 
Ke Xue Yuan Xue Bao. 2020 Aug 30;42(4):559-561. 
Chinese. doi: 10.3881/j.issn.1000-503X.11470. PMID: 
32895111.
15.	 Del Rosso JQ, Kircik LH, Stein Gold L, Thiboutot D. 
Androgens, Androgen Receptors, and the Skin: From the 
Laboratory to the Clinic With Emphasis on Clinical and 
Therapeutic Implications. J Drugs Dermatol. 2020 Mar 
1;19(3):30-35. PMID: 32550699.


