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Abstract
Background: Acne is a multifactorial disease, in the pathogenesis of which one of the leading factors is the excessive 

effect of androgens on the hair follicles and sebaceous glands, along with hypersecretion of sebum, pathological follicular 
hyperkeratosis and an inflammatory response. The search for genotypic markers in patients with varying severity of acne is a 
difficult task due to the multifactorial pathogenesis and the role of trigger factors in the formation of acne. The aim of this study 
was to determine SNPs within 3 genes involved in steroidogenesis (MVK, ARPC1B, and CA2) in patients with severe acne. 

Methods and Results: The study included 70 patients (42 men and 28 women) aged between 15 and 46 years (the median 
age - 22.1 years). The main group included 50 patients (29 men and 21 women) with severe acne. The control group consisted of 
20 apparently healthy individuals (13 men and 7 women). Molecular-genetic diagnostics was carried out by the method of high-
throughput DNA sequencing (next-generation sequencing). Our study showed that severe acne is associated with 12 polymorphic 
loci of the MVK gene (4 SNPs in exons and 8 SNPs in introns), 7 SNPs of the ARPC1B gene (2 SNPs in exons and 5 SNPs in 
introns), and 9 SNPs of the CA2 gene (3 SNPs in exons and 6 SNPs in introns).

Conclusion: The revealed features of the SNPs within the MVK, ARPC1B, and CA2 genes in patients with severe acne 
probably indicate a hereditary determination of steroidogenesis in acne. The imbalance in the work of the regulatory genes of 
androgens and estrogens apparently causes an imbalance in the androgen/estrogen ratio in the blood serum towards an increase 
in androgens against the background of a decrease in estrogens, while their values remain in the normal range. (International 
Journal of Biomedicine. 2021;11(3):275-280.)
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Introduction
Acne is a multifactorial disease, in the pathogenesis 

of which one of the leading factors is the excessive effect 
of androgens on the hair follicles and  sebaceous  glands, 
along with hypersecretion of sebum, pathological follicular 

hyperkeratosis and an inflammatory response. The role of 
androgens in the pathophysiology of acne has been confirmed 
by numerous experimental and clinical observations. It is 
known that the development of prepubertal acne is due to 
the influence of freely circulating dehydroepiandrosterone 
sulfate (DHEAS). A positive correlation has been noted for 
the formation of acne in children with congenital adrenal 
hyperplasia or virilizing tumors.(1,2)

There is evidence that hair follicles are influenced by 
both systemically synthesized androgens and locally secreted 
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androgen metabolites, such as testosterone and 5α-DHT. At 
the same time, in the vast majority of acne patients, serum 
androgen levels remain within normal values.(3) It has 
been shown that the absence or rarity of acne in men who 
underwent premature castration before puberty, or in people 
with androgen insensitivity syndrome, indicates the role of 
androgens in the etiology of acne.(4)

There is a positive correlation between systemic/local 
treatment with androgens or anabolic steroids, and serum 
androgen levels and acne in women. However, women 
without hyperandrogenism may develop cystic nodular acne 
and androgenic alopecia. This may be due to the presence of 
androgen receptors; testosterone and DHT act through a single 
nuclear receptor, the androgen receptor.(5,6)

The synthesis and composition of sebum is regulated by 
internal (e.g., PPAR, LXR, RAR, RXR, endocannabinoids) 
and external (e.g., androgens, Insulin-like growth factor 1, 
insulin, leptin) factors.(7)

As known, SF is not only a producer of sebum, but also 
plays a key role in the local immune system of the skin. Thus, 
sebocytes under the influence of bacterial flora, in particular 
Cutibacterium acne (C. acnes), and endogenous mediators, 
produce a wide range of pro-inflammatory cytokines and 
growth factors. C. acnes induces the secretion of TNFα and 
IL-8/CXCL-8, and bacterial LPS further increases the level 
of IL-1α.(8,9) There is evidence that arachidonic acid is an 
endogenous mediator of inflammation, which in synergy 
with elevated intracellular calcium levels induces excessive 
secretion of IL-6 and IL8.(10)

The regulating effect of androgens on sebaceous glands 
has been established. This effect is realized through androgen 
receptors expressed on the sebaceous  glands. Androgens 
stimulate the proliferation of the sebaceous  glands, and the 
activation of lipid synthesis in thesebaceous glands occurs in 
the presence of coactivators, for example, linoleic acid.(11)At 
the same time, it has been found that androgens have a more 
pronounced activating effect on the sebaceous gland sebocytes 
of the facial skin than those in other areas of the skin.(12)

Recent studies have shown that, in addition to 
interacting with androgens via receptors, sebaceous  glands 
have a number of other important functions. First, the P450 
side chain cleavage factors expressed by sebocytes convert 
cholesterol into pregnenolone. Second, sebaceous glands  are 
capable of secreting testosterone and converting it to 5α-DHT 
against the background of simultaneous PPAR stimulation.(13) 
Third, in differentiated sebocytes (in situ) there is an inverse 
correlation between the expression of 17β-HSD and PPARγ. 
And fourth, sebocytes have an inactivating function in relation 
to testosterone through its conversion to androstenedione, and 
then to 5α-androstenedione.(7)

In contrast to the prolipogenic effect of androgens, 
estrogens have the opposite effect, namely, they reduce 
the proliferation of sebocytes and inhibit the production 
of sebum.(14) Acne patients also have lower levels of 
serum estradiol and sex hormone binding globulin, and 
combined oral contraceptives have been effective in acne 
patients, supporting the idea that estrogens reduce the 
function of sebaceous  glands.(15,16) However, later studies 

provide conflicting data, in particular, despite the fact 
that the expression of α- and β-estrogen receptors in the 
sebaceous  glands has been described, 17β-estradiol and 
progesterone did not have a noticeable effect on either 
proliferation or lipid production by SZ95 sebocytes.(17)

The search for genotypic markers in patients with 
varying severity of acne is a difficult task due to the 
multifactorial pathogenesis and the role of trigger factors 
in the formation of acne.(18,19) In patients with severe acne, 2 
significant SNPs were identified at the 11p11.2 locus (DDB2, 
rs747650 and rs1060573) and one SNP at the 1q24.2 locus 
(SELL, rs7531806), which regulate androgen metabolism, 
inflammation and scar formation.(20) There is a hypothesis 
that nodular cystic acne in women without signs of hirsutism 
is associated with polymorphism of the CAG-repeats of the 
androgen receptor gene (ARG).(21)

The aim of this study was to determine SNPs within 3 
genes involved in steroidogenesis (MVK, ARPC1B, and CA2) 
in patients with severe acne. 

Materials and Methods
The study included 70 patients (42 men and 28 women) 

aged between 15 and 46 years (the median age - 22.1 years). 
The main group (MG) included 50 patients (29 men and 21 
women) aged between 15 and 46 years (the median age - 23.2 
years) with severe acne. The control group (CG) consisted of 
20 apparently healthy individuals (13 men and 7 women) aged 
between 16 and 40 years (the median age - 19.4 years). MG 
and CG were comparable in age and sex characteristics.

All patients of MG suffered from a severe form of 
acne, which was clinically characterized by multiple open 
and closed comedones, inflammatory deep papules, pustules, 
nodules merging into conglomerates, atrophic scars, post-
inflammatory congestive cyanotic 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 mild to moderate pain, aggravated by 
movement and palpation.

Molecular-genetic diagnostics was carried out by the 
method of high-throughput DNA sequencing (next-generation 
sequencing) in the Department of Molecular Genetics at 
the NMRC PHOI, named after Dmitry Rogachev (Moscow, 
Russia).  Genomic DNA was isolated from whole blood 
samples of examined patients using the CellSep Advanced 
Kit (DiaSorin Ireland Ltd., Ireland) according to the 
manufacturer’s instructions.

To assess the population frequencies of the identified 
variants, we used the data of the international project 
gnomAD Exomes (ExAC) for exon variants and the gnomAD 
Genomes database for intron variants. For computer 
assessment of the pathogenicity of the missense variants 
we found, the programs for predicting the pathogenicity of 
amino acid substitutions (SIFT, PolyPhen-2, PROVEAN, 
UMD Predictor) were used. The MutationTaster, Human 
Splicing Finder, and NNSplice programs were used for 
computer prediction of the effect of changes in the splicing 
sites or areas adjacent to the splicing site.
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This study was approved by the Ethics Committee of 
the PRNRMU of the Ministry of Healthcare of the Russian 
Federation and complies 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.  All patients gave their written informed consent.

Statistical analysis was performed using statistical 
software package XLSTAT 2019. Odds ratios (ORs) and their 
95% confidence intervals (CIs) were calculated to determine 
associations between the polymorphisms and essential 
hypertension. Two-tailed  P  values <0.05 were considered 
statistically significant.

Results 
In the main group, we identified 21 SNPs within the 

MVK gene (chromosome 12), 12 SNPs within the ARPC1B 
gene (chromosome 7), and 11 SNPs within the CA2 gene 
(chromosome 8).

The detailed analysis for the MVK gene showed 
that 5 SNPs were localized in exons (4 synonymous and 1 
nonsynonymous), 15 SNPs were localized in introns, and one 
SNP - in the 5’UTR zone. Analysis of the ARPC1B SNPs 
showed that 3 SNPs were localized in exons, 8 SNPs in 
introns, and one SNP in the 3’UTR zone. Analysis of the CA2 
SNPs showed that 3 SNPs were localized in exons and 8 SNPs 
in introns. Characteristics of SNPs of the study genes in exons 
and introns in acne patients are presented in Tables 1-6.

As shown in Table 1, the MVK rs7957619 SNP is 
localized in exon 3, 2 SNPs in exon 5 (rs34368092 and 
rs2287218), and 2 SNPs (rs72648042, rs748947620) in exon 
9. The OR results showed that 4 out of 5 polymorphic loci of 
the MVK gene in exons [rs7957619 (OR=1.33), rs34368092 
(OR=3.01), rs2287218 (OR=3.08), rs748947620 (OR=1.22)] 
are associated with the development of severe acne (P<0.05), 
and SNP rs72648042 appears to have a protective effect in the 
development of acne (OR=0.08).  

We identified one polymorphic locus the MVK gene for 
the first time, and it was not previously described in any disease 

(Table 2). The OR results showed that 8 SNPs of the MVK gene 
in introns [rs3759387 (OR=1.30), rs66616264 (OR=1.30), 
rs6606734 (OR=1.87), rs3752662 (OR=1.30), rs11615637 
(OR=3.08), rs2270375 (OR=1.89), rs35191208 (OR=3.08), 
rs2270374 (OR=3.08)] are associated with the development of 
severe acne (P<0.05), whereas 7 SNPs in introns [rs61940512 
(OR=0.89), rs104895343 (OR=0.40), rs67886029 (OR=0.62), 
rs7311653 (OR=0.89), -(.) (OR=0.94), rs72648031 (OR=0.62), 
rs72648041 (OR=0.08)] and SNP rs67606936 in 3’UTR 
[rs67606936 (OR=0.05)] are likely to have a protective effect 
(P<0.05) in the development of severe acne (Table 2).

Two SNPs of the ARPC1B gene in exons [rs4765 
(OR=1.81) and rs144187782 (OR=2.06)] are associated with 
severe acne (P<0.05), and the rs1045012 SNP (OR=0.62) 
probably has a protective effect (P<0.05) against the 
development of severe acne (Table 3). One of the 8 SNPs 
of the ARPC1B gene in introns was described by us for the 
first time and was not previously described in any disease 
(Table 4). 

Table 1.

Characteristics of SNPs within exons of the MVK gene in acne 
patients

SNPid Position
Chr (12) Substitution  Exone

number
Type and 

position of 
substitution

OR

rs7957619 110013879 nonsynonymous 3 c.G155A 1.33

rs34368092 110019233 synonymous 5 c.G405A 3.01

rs2287218 110019338 synonymous 5 c.C510T 3.08

rs72648042 110032871 synonymous 9 c.C768T 0.08

rs748947620 110032922 synonymous 9 c.C819T 1.22

Table 2.

Characteristics of SNPs within introns and 5’UTR of the MVK 
gene in acne patients

SNPid Position
Chr (12) 

Intron /
5’UTR Type of substitution OR

rs3759387 110012467 intron G>T 1.30

rs66616264 110012510 intron C>G 1.30

rs61940512 110012766 intron A>G 0.89

rs104895343 110012882 intron G >A 0.40

rs6606734 110013639 intron T<G 1.87

rs3752662 110014055 intron C>T 1.30

rs67886029 110017759 intron C>T 0.62

rs7311653 110023672 intron G >A 0.89

rs11615637 110023689 intron G >A 3.08

rs2270375 110024541 intron A>G 1.89

-(.) 110028767 intron TGGTGGGTGGT>
GGGGGGGGGGG 0.94

rs35191208 110029008 intron C>T 3.08

rs2270374 110029186 intron G >A 3.08

rs72648031 110029279 intron C>A 0.62

rs72648041 110032661 intron T>C 0.08

rs67606936 110011515 5’UTR A>G 0.05
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The OR results showed that 5 SNPs of the ARPC1B gene 
in introns [rs13236076 (OR=3.06), rs77167227 (OR=1.22), -(.) 
(OR=2.06), rs529758052 (OR=1.22), rs10243678 (OR=1.15)] 
and SNP rs704798 in the 3’UTR (OR=1.81) are associated 
with the development of severe acne (P<0.05), and 3 SNPs 

[rs28377312 (OR=0, 62), rs10251282 (OR=0.62), rs41279845 
(OR=0.40)] seem to have a protective effect in the development 
of severe acne.

We diagnosed one of the 3 SNPs of the CA2 gene in 
exons for the first time both in patients with severe acne and in 
general among all diseases (Table 5). All 3 SNPs of the CA2 
gene in exons [-(.) (OR=1.22), rs749549639 (OR=1.22), rs703 
(OR=1.68)] are associated with severe acne (P<0.05). 

Six SNPs of the CA2 gene in introns (Table 6) [rs190187220 
(OR=1.22), rs372186277 (OR=1.22), rs112597132 (OR=2.91), 
rs2307075 (OR=1.68), rs11780942 (OR=1.15), and rs6605618 
(OR=1.15)] are associated with severe acne. 

At the same time, 2 SNPs of the CA2 gene [rs117718682 
(OR=0.13), rs552852909 (OR=0.13)] are likely to have a 
protective value in the development of acne (P<0.05).

Discussion 
Our study showed for the first time that there are 

differences in the frequencies of SNPs within genes involved 
in steroidogenesis in patients with severe acne. All 21 SNPs of 
the MVK gene, 12 SNPs of the ARPC1B gene, and 11 SNPs 
of the CA2 gene were first identified by us in patients with 
severe acne.

The results obtained on the difference in the frequencies 
of SNPs of genes encoding steroidogenesis indicate the genetic 
regulation of both the synthesis of steroid hormones and the 
response of a complex of specific tissue receptors localized 
both in the affected skin itself and in steroid-sensitive tissues. 
This provides a synergistic local and systemic response to 
steroid hormones and their metabolites with the development 
of a pathological skin process in acne.

The MVK gene encodes the peroxisomal enzyme 
mevalonate kinase. Mevalonate is a key intermediate 

Table 4.

Characteristics of SNPs within introns and 5’UTR of the ARPC1B 
gene in acne patients

SNPid Position
Chr (7)

Intron/
3’UTR

Type  of 
substitution OR

rs28377312 98984213 intron G >A 0.62

rs13236076 98985506 intron G >C 3.06

rs77167227 98985636 intron C>T 1.22

-(.) 98988999 intron C>G 2.06

rs10251282 98990236 intron T>C 0.62

rs529758052 98991916 intron C>T 1.22

rs41279845 98991939 intron C>T 0.40

rs10243678 98991944 intron C>T 1.15

rs704798 98992253 3’UTR G>T 1.81

Table 5.

Characteristics of SNPs within exons of the CA2 gene in acne 
patients

SNPid Position
Chr (8) Substitution  Exone 

number
Type and 

position of
substitution

OR

-(.) 86377646 synonymous 2 c.C180G 1.22

rs749549639 86385936 nonsynonymous 3 c.C247T 1.22

rs703 86389403 synonymous 5 c.T259C 1.68

Table 6.

Characteristics of SNPs within introns of the CA2 gene in acne 
patients

SNPid Position
Chr (7)

Type of 
substitution OR

rs190187220 86377731 G>C 1.22

rs117718682 86377810 G>T 0.13

rs372186277 86385870 G >A 1.22

rs112597132 86386697 C>T 2.91

rs552852909 86386699 G>C 0.13

rs2307075 86388228 A>C 1.68

rs11780942 86389195 C>T 1.15

rs6605618 86389586 A>C 1.15

Table 3.

Characteristics of SNPs within exons of the ARPC1B gene in acne 
patients

SNPid Position
Chr (7) Substitution  Exone

number
Type and 

position of
substitution

OR

rs1045012 98984354 nonsynonymous 3 c.G111C 0.62

rs4765 98984399 synonymous 3 c.C156T 1.81

rs144187782 98992084 nonsynonymous 10 c.C1091T 2.06
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product, and mevalonate kinase is a key early enzyme in the 
synthesis of isoprenoids and sterols. In addition, expression 
of the MVK gene protects keratinocytes from UFO-induced 
apoptosis. Mutations of the  MVK  gene are probably 
responsible for the impaired synthesis of metabolites of 
steroid hormones, as well as an imbalance in the natural 
apoptosis of keratinocytes.

The ARPC1B gene encodes one of 7 subunits of the 
human Arp2/3 protein complex. It has been shown that the 
ARP2/3 complex is co-localized with actin at the immune 
synapse in CD8+ human cytotoxic T-lymphocytes. In 
addition to its role in the cytoplasmic cytoskeleton, the 
Arp2/3 complex also promotes actin polymerization in the 
nucleus, thereby regulating gene transcription and repair 
of damaged DNA. It has also been shown that this gene is 
responsible for the tissue response to estrogens and estradiol. 
It is likely that the ARPC1B SNPs result in an imbalance in 
the response of tissues, including skin, to estrogens, which 
contributes to the development of the pathological process 
in acne.

The CA2 gene encodes a protein that is one of several 
isoenzymes of carbonic anhydrase, which are in the family 
of zinc metalloenzymes. The CA2 SNPs additionally affect 
the imbalance in the response of tissue receptors to steroid 
hormones in acne.

Our study showed that severe acne is associated with 
12 polymorphic loci of the MVK gene (4 SNPs in exons and 
8 SNPs in introns), 7 SNPs of the ARPC1B gene (2 SNPs in 
exons and 5 SNPs in introns), and 9 SNPs of the CA2 gene (3 
SNPs in exons and 6 SNPs in introns).

Conclusion
The revealed features of the SNPs within the 

MVK, ARPC1B, and CA2 genes in patients with severe 
acne probably indicate a hereditary determination of 
steroidogenesis in acne. The imbalance in the work of the 
regulatory genes of androgens and estrogens apparently 
causes an imbalance in the androgen/estrogen ratio in the 
blood serum towards an increase in androgens against the 
background of a decrease in estrogens, while their values ​​
remain in the normal range.

Thus, our studies made it possible to identify and 
characterize the polymorphic loci of the MVK, ARPC1B, and 
CA2 genes involved in the pathophysiological mechanism of 
the genetic determination of steroidogenesis in acne.
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