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A B S T R A C T

Acne is one of themost commondermatologic diseases in the developed regions of theworld, affecting a large
percentage of the population. Despite the great improvement in the number and quality of studies of the
molecular etiology of this disease in the past 3 decades, the detailedmolecular pathogenesis and the cause of
the large individual variations in severity of skin symptoms remain unknown. The roles of genetic inheritance
and special genetic susceptibility and protective factors have been suggested for over 100 years, but their
identification and determination started only in the 1990s. To date, only a small number of genetic polymor-
phisms affecting the expression and/or function of a handful of genes have been investigated. This review
surveys themajor findings of the classic andmolecular genetic studies that have been conducted in this field,
draws conclusions, and indicates how the available data help our current understanding of the pathogenesis
of this common skin disease.

� 2011 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.
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1. Introduction

Acne is a common and clinically well-characterized skin disease
that affects a large percentage of the general population [1]. It is a
complex condition in which several factors have been implicated,
including hormonal effects, an abnormal keratinocyte function,
and microbial components, such as hypercolonization of the skin
follicles by the bacterium Propionibacterium acnes [2]. The individ-
ual genetic backgroundof those affectedhas long been suggested to
play an important role in the disease pathogenesis, but because of
the polygenic character little is known about the exact nature of
these factors. All these factors, however, still cannot thoroughly
explain the extremely high prevalence rate of this common skin
disease that can be observed inWesternized countries [1]; thus, the
role of environmental and individual lifestyle factors is becoming
more and more appreciated in the pathogenesis of acne.

2. The early years: twin, family, community-based, and
cross-sectional studies

The idea that hereditable factors play a role in the pathogenesis
of acnehas a longhistory. This ideawas put forwardby2prominent
dermatologists, Veiel and Wolff, in the second half of the 19th
century [3,4].

The first systematic investigations that demonstrated a link
between genetic inheritance and various skin diseases (including
acne) were performed by a German dermatologist, HermannWer-
ner Siemens, at the beginning of the 20th century. Siemenswas one
s
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f the first scientists to invent the basic rules of classical twin
tudies [4,5].
After World War II, as the era of modern biology emerged,

tudies addressing the inheritance and exact pathogenesis of vari-
us diseases became popular. An interesting article by Hecht [3]
escribed his findings on the hereditary trends of acne. He con-
ucted family studies by collecting patients’ records using self-
ade questionnaires. He established a database on his patients,

heir relatives, their acne status, and their physical resemblance to
ne another. His findings led him to conclude that itwas possible to
redict whether a young child would suffer from acne in adoles-
ence if it was known which relatives the child resembled and
hether these relatives were suffering from acne. To substantiate
is theses, he presented a detailed picture concerning the inheri-
ance of the physical features and the acne status among his own
elatives [3].

Systematic twin studies were also rediscovered and carried out
rom the end of the 1950s in different countries; they had already
roved useful for separation of the contributions of genetic and
nvironmental factors in the pathogenesis of various diseases. The
esults suggested a strong concordance in the occurrence and se-
erity of acne symptoms in identical twins [6–8] and the accumu-
ation of affected individuals in certain families [9] and they con-
rmed experimentally that genetic factors play a key role in the
athogenesis of acne vulgaris, the etiology of which was possibly
ultifactorial [8,10].
Following the discovery of themajor pathogenic factors of acne,

ormonal equilibrium imbalance and subsequent sebum secretion
ere suggested to be genetically determined. Comparison of the

ynthesis of sebum [10] and sebaceous wax esters [11] in identical

and Immunogenetics. Published by Elsevier Inc. All rights reserved.

mailto:szabok@mail.derma.szote.u-szeged.hu
http://www.sciencedirect.com/science/journal/01678809/


I

s
e
p
a
w
N
a
t
c
s
m

m
d
l
t
t
a
d

l
t
a
i
a
[
h
d
2
t
c

p
T

f
m

o
a

3

p
a
e
i
s
m
p

3

t
i
o

(
m
n
a
e
k
b

3

i
w
c
i
a
l

p
a
[
t
t
l
t
t
m
w
i
c
S
a
i
g
c
r
t
w

c
i
g
o
o

K. Szabò and L. Kemèny / Human Immunology xx (2011) xxx2
versus nonidentical twins demonstrated the existence of genetic
elements controlling sebum secretion.

Acne symptoms are also frequently present on the chest and the
back of patients. The twin studies by Evans et al. provided evidence
that, in all studied regions affected by acne symptoms and in all
studied age groups, the severity of the symptoms was uniformly
influenced by genetic factors [12].

Anothermeans of studying various aspects of this common skin
disease is to perform population-based and cross-sectional inves-
tigations.Manyhavebeen reported fromvarious countries, relating
to different ethnic groups, and their results are of great value with
regard to an understanding of the course of acne, its incidence in
certain populations, and other aspects of its inheritance.

Population-based investigations suggest the existence of marked
differences among populations with distinct origins. In the devel-
oped world, acne vulgaris affects 80 to 90% of the population [13],
whereas in less modernized civilizations, where the population
lives a more natural, less industrialized lifestyle, the proportion of
affected individuals tends to be much lower. There are even iso-
lated populations where acne is nonexistent, including the inhab-
itants of the island of Okinawa beforeWorldWar II [14], the Bantus
in South Africa [15,16], the Eskimos [17], isolated South American
ndians [18], and Pacific Islanders [19].

Genetic factors may play some role in the complete lack of acne
ymptoms in these populations, but the strong influence of specific
nvironmental factors cannot be ruled out [19]. These isolated
opulations tend to have a fairly uniform genetic constitution,
lthough it is quite impossible that they carry genetic factors that
ould protect them completely from development of the disease.
atural selection is still strong among them because of the lack of
ntibiotics and other medications, and their immune system is
herefore probably more trained to fight various infections. By
ontrast, the lifelong consumption of low-glycemic food, the re-
ulting enhanced insulin sensitivity, and the low-stress environ-
ent possibly lead to a stable homeostasis balance [20–22],

whereas a modern lifestyle may tend to push people out of their
natural balance to the border of a chronic metabolic disorder
[23,24]. Thus, the populations in developed countries tend to be
overweight, with an increased incidence of cardiac disease, type 2
diabetes, and rheumatoid arthritis [25–27]. Small changes caused
in the regulation and/or function of key immune-related genes by
genetic polymorphismsmight have a greater effect on the immune
system of these individuals, and the action of an otherwise com-
mensal bacterium such as P acnes on this off-balance state may be
ore pronounced. There is as yet no clear-cut experimental evi-
ence that would prove this hypothesis, but certain observations
end support to this idea. Members of these more natural popula-
ions are protected from the illnesses of civilization only as long as
hey live their native lifestyle. As soon as they move to cities and
ccommodate tomoremodern conditions, the incidence of chronic
iseases (among them acne) increases [19,21,28].
Cross-sectional studies in developed countries involving ado-

escent schoolchildren in many different locations have revealed
hat the prevalence of acneprogressively increases during the teen-
ge years [18]. The less severe comedonic forms aremore prevalent
n the general population. The symptoms usually start around the
ge of 10 to 12 and gradually increase until the age of 16 to 18
13,18,29,30]. At around age 12 the prevalence of the disease is
igher in females, but this trend later reverses. In many cases, the
isease is self-limited, and the symptoms disappear by the early
0s, except for a small percentage in whom acne persists even in
he adult years. In such individuals, a strong familial predisposition
an be detected [31].
The strong involvement of familial inheritance is also noted in

atients who display severe inflammatory symptoms [12,13,31,32].

his is especially true for families in which affected individuals are p
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ound on both the maternal and the paternal side, although the
aternal influence is more important [13].
Although the importance of genetic factors in the pathogenesis

f acne has been experimentally proven, there is still no definitive
nswer as to the exact nature and effects of these factors.

. Molecular genetic studies

The first systematic molecular genetic analyses of a genetic
redisposition to acne were performed only in the 1990s [33–35],
nd since that time only a small number of publications have
merged. Most of the genes studied so far are either key players of
nnate immune events during lesion formation or have a function in
teroid hormone metabolism (Table 1); recently additional poly-
orphisms and mutations that can be linked to cellular metabolic
rocesses have been published.

.1. Polymorphisms of innate immunity-related genes

Epidermal keratinocytes play an important part in the protec-
ion of the host from various external attacks and in preserving the
ntegrity of the organism. Theyplay an active role in the recognition
f pathogens and in defense against them [2,36,37].
Pathogen recognition receptors, among themToll-like receptors

TLRs), have an important function in the initiation of innate im-
une events in response to various microbes and in the discrimi-
ation of microbial ligands. As a result, signal transduction events
re initiated in the activated cells, which subsequently cause gene
xpression changes of many downstream targets, such as cyto-
ines, chemokines, and genes encoding proteinswith an antimicro-
ial function (Fig. 1) [38,39].

.1.1. Toll-like receptor gene polymorphisms and acne
Beginning around puberty, a hormonal imbalance often leads to

ncreased sebum secretion, especially in the facial skin areas [2,40],
hich initiates the extensive multiplication of P acnes in the folli-
les [41,42]. The pathogen recognition receptors TLR2 and TLR4 are
mportant in the recognition of P acnes in epidermal keratinocytes,
nd through the initiation of gene expression changes, they regu-
ate downstream innate immune events [43,44].

In the case of the TLR2 gene, an analysis of the Arg753Gln
olymorphism by direct sequencing has revealed that the rare A
llele is missing from a Central Eastern European study population
45]. The available literature data on the role of this single nucleo-
ide polymorphism (SNP) are controversial and similar investiga-
ions performed on other ethnic group by different investigators
ed to completely different conclusions. The possible explanation is
hat a highly homologous duplicated segment of exon 3 (harboring
he SNP) exists 23 kb upstream of the TLR2 locus [46]. Extreme care
ust therefore be taken in studies of the association of the SNP
ith various diseases, and it must be ensured that the study design

s capable of discriminating between the original SNP and its dupli-
ated counterpart. Nevertheless, the in vitro data suggest that if this
NP is truly present in a population, it may be a functional one. The
rginine to glycine amino acid change may impair TLR2-mediated
mmune signaling and the expression of various downstream tar-
et genes in response to microbial ligands [47,48]. In view of the
onfirmed functional effect of this SNP, the possibility cannot be
uled out that the Arg753Gln polymorphism may have a role in
he predisposition to various infectious diseases in populations
here it is truly present with reasonable frequency.
In the case of TLR4, the Asp299Gly and Thr399Ile changes lo-

ated in the ligand recognition part of the receptor have been
nvestigated with regard to the genetic predisposition to acne vul-
aris by direct sequencing [45]. The results suggested that the SNPs
ccur simultaneously with relatively low frequency in the previ-
usly mentioned Central Eastern European study population, com-

osing a haplotype, and no associationwas demonstrated between

tic predisposing factors in the pathogenesis of acne vulgaris, Hum
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the carriers of the polymorphisms and acne. The close linkage of
these 2 SNPs in other populations of Caucasian origin was likewise
reported by others [49].

Most in vitro functional studies suggest that the LPS-induced
ytokine response of the Asp299Gly/Thr399Ile haplotype does not
iffer from that of the wild-type cytokine response. There is 1
eport, however, of an increased tumor necrosis factor-� (TNF-�)
cytokine response of the Asp299Gly/wild-type haplotype, which is
reported almost exclusively in Africa [50].

3.1.2. Polymorphisms of genes with anti-inflammatory properties
Mucins are high-molecular-weight glycoproteins expressed by

different cell types of epithelial origin. They can be secreted or
membrane tethered [51]. MUC1 (also known as PEM), a cell surface
mucin, has been demonstrated to be involved in various processes
during pathogen infection, including the binding of the attacking
pathogens. The mucins initiate active protection via the regulation

Table 1
Genetic polymorphisms studied in the pathogenesis of acne vulgaris

Gene Polymorphism

nnate immunity genes TLR2 �2,258 (G�A)
(Arg753Gly)

TLR4 �896 (A�G)
(Asp299Gly)
�1,196 (C�T)
(Thr399Ile)

MUC1 20-aa long tandem repeat
TNFA �238 (G�A)

�308 (G�A)

�857 (C�T)
�863 (C�A)
�1031 (T�C)

IL-1A �4,845 (G�T)
IL1RN 86-bp-long tandem repeat

Genes affecting steroid hormone
metabolism

AR CAG and GGN repeat polymorphism

CYP1A1 �4,889 (A�G)
(Ile462Val)
�6,235 (T�C)

CYP17 �34 (T�C)

Gene Mutation

ther genes FGFR2 S252W, P253R

ompeting interests. The authors state no conflict of interest.

Fig. 1. Epidermal keratinocytes can recognize external danger signals via various
pathogen recognition receptors. Their activation initiates innate immune events,
orchestrated by early response cytokines, including TNF-� and IL-1�. As a result, the

xpression of various downstream target genes increases. Extensive activation of
hese signaling cascades can lead to uncontrolled inflammation.
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of cellular signaling and transcription, mainly by interfering with
the nuclear factor �B (NF-�B) signal transduction pathway, thereby
exhibiting potent anti-inflammatory properties during the patho-
gen challenge of epithelial cells [37].

Variable number of tandem repeat polymorphisms (VNTR) are
present in the heavily glycosylated extracellular domain of MUC1-
containing repeats of a 20-amino-acid sequence [52]. MUC1 alleles
are divided into 2 arbitrary size classes based on the number of
tandem repeats. So far, there has been only one study investigating
the effects of this VNTR polymorphism in acne vulgaris in a Japa-
nese population; it revealed a significant difference in the size
distribution between the controls and severe acne patients, with a
higher percentage of long alleles in the latter group. No difference
was detected between the controls and the patientswithmild acne
symptoms [53].

No in vitro data are available that describe the difference be-
tween the short and long alleles in the pathogenesis of acne. Long
alleles may be more efficient in pathogen binding, possibly result-
ing in enhanced bacterial colonization and susceptibility to various
infectious diseases in the carriers [54].

3.1.3. Polymorphisms of “early response” cytokines
Upon the activation of pattern recognition receptors, a rapid

signaling cascade is initiated in the cytoplasm of the keratino-
cytes, leading to the increased expression of downstream target
genes: these include genes encoding the cytokines TNF-� and
interleukin-1� (IL-1�) [55,56].

.1.3.1. The role of TNF-� in the predisposition to acne. The TNFA
gene encoding the TNF-� cytokine is located on the short arm of
chromosome 6 (6p21.3) in the major histocompatibility class III
region, where a high degree of genetic polymorphism is a charac-
teristic feature. Different types of polymorphisms exist in the TNFA
promoter, including SNPs and microsatellites, whereas the coding

s number Type of
polymorphism

Location References

s5743708 SNP Coding region Koreck et al. (2006) [45]

s4986790 SNP Coding region Koreck et al. (2006) [45]

s4986791 SNP Coding region Koreck et al. (2006) [45]

VNTR Coding region Ando et al. (1998) [2]
s361525 SNP Promoter Sobjanek et al. (2009) [62]

SzabÔ et al. (2010) [61]
s1800629 SNP Promoter Baz et al. (2008) [60]

Sobjanek et al. (2009) [62]
Szabo et al. (2010) [61]

s1799724 SNP Promoter SzabÔ et al. (2010) [61]
s1800630 SNP Promoter SzabÔ et al. (2010) [61]
s1799964 SNP Promoter SzabÔ et al. (2010) [61]
s17561 SNP Coding region SzabÔ et al. (2010) [70]

VNTR Intron SzabÔ et al. (2010) [61]
VNTR Promoter Sawaya and Shalita (1999) [35]

Yang et al. (2009) [81]
Pang et al. (2008) [82]

s1048943 SNP Coding region Paraskevaidis et al. (1998) [33]

s4646903 SNP 3= UTR Paraskevaidis et al. (1998) [33]
s743572 SNP Promoter He et al. (2006) [92]

Location References

Coding region Munro and Wilkie (1998) [95]
Melnik et al. (2008) [96]
r

r

r

r

r

r

r
r
r
r

r

r
r

region is highly conserved [57].
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The cytokine TNF-� is a key molecule in various biologic pro-
cesses, and its misregulation can have deleterious effects for the
host organism. The SNPs in the promoter region can play a role in
the allele-specific regulation of gene expression and are often re-
ported to act as protective or disease-predisposing factors in the
development of inflammatory and infectious diseases and certain
types of cancers [58,59].

To date, there have been 3 reports of the role of TNFA promoter
SNPs in the pathogenesis of acne vulgaris. The TNFA -308G�A
polymorphismwas common in all of them, but the conclusions are
different. The report by Baz et al. [60] demonstrates a strong asso-
ciation between the minor A allele of this SNP and acne vulgaris in
a Turkish population, but neither gender-specific differences nor
any association between the severity of acne and the various geno-
types were detected. In our studies on the Central European popu-
lation, no association was detected in the dataset overall, but a
significant association was discovered between the minor A allele
and acne in female patients. A positive correlation was also de-
tected between the severity of inflammatory symptoms and the
frequency of the A allele in the females of this population [61]. In
the third report, Sobjanek et al. reported similar results on a Polish
population, with no association between their dataset overall and
acne. They did not investigate gender-specific differences [62]. The
reason for these differences is currently not clear, but it is interest-
ing that the frequency of the A allele exhibits large geographic
difference fromeast towest [60,61]. The resultsmight be explained
by differences in the linkage groups associatedwith the TNF-� -308
SNP in the geographically distant populations studied.

The Polish and our own studies also investigated the role of the
TNFA -238G�ASNP and acne; no associationwas reported in either
population, suggesting that it might not play a role in the patho-
genesis of acne [61,62].

Three other TNFA polymorphisms have been studied in the
above-mentioned Central Eastern European population. No corre-
lation of the TNFA �1031X�Y and the �863X�Y SNP-s and acne
was detected. In the case of the �857C�T SNP, the frequent C allele
exhibited a positive association with acne, whereas the minor T
allele seemed to have a protective effect [61]. The current model
suggests that in the presence of the minor T allele, a novel tran-
scription factor binding site (OCT-1) is generated at the promoter
region of the TNFA gene, immediately next to a preexisting NF-�B
binding site. As a result, an altered regulation of the gene might be
generated in response to various stimuli, which involves the acti-
vation of NF-�B [63]. The protective nature of the -857T allele has
also been suggested by reports on thepathogenesis of other chronic
inflammatory diseases, suggesting the general importance of this
SNP in the regulation of TNFA gene expression [63,64].

3.1.3.2. The role of genetic polymorphisms of IL-1� family members in
the pathogenesis of acne. The role of IL-1� in the pathogenesis of
acne has been investigated for some time [65–67]. This multifunc-
tional pleiotropic cytokine affects different cell types and is impor-
tant in linking the innate and adaptive immune responses. It plays
a central part in cutaneous inflammatory reactions, is highly in-
flammatory, and exerts deleterious effects if its regulation, produc-
tion, or function is disturbed. In the pathogenesis of acne, elevated
IL-1 expression can be detected in every step of lesion formation,
and external treatment with IL-1� protein alone causes comedonal
features (e.g., hyperproliferation and abnormal differentiation in
isolated pilosebaceous units in vitro) [68,69].

A case–control study revealed a positive association between
the rare T allele of the �4,845(G�T) SNP and acne, as well as a
correlation between the severity of acne symptoms and the fre-
quency of the minor allele–containing genotypes [70].

IL-1� protein is synthesized as pre-IL-1� and processed into the

mature form by the enzymatic cut between amino acids 117 and m

Please cite this article in press as: SzabÔ K, KemÊny L, Studying the gene
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18 [71]. Both isoforms are biologically active, with different sub-
ellular localizations and hence biologic functions [72,73]. Pre-
L-1� has a predominantly nuclear localization, whereas the ma-
ture protein exhibits a cytoplasmic localization and can be secreted
in response to the appropriate signals [71].

The SNP at position �4,845 of the gene causes an alanine to
serine substitution close to the proteolytic cleavage site and might
result in enhanced cleavage when the rare T allele is present
[73,74]. This leads to different ratios of nuclear versus secreted
IL-1� isoforms, which can have a potent effect on the regulation of
epidermal homeostasis; carriers of the rare T allele may therefore
be at higher risk of more severe acne symptoms (Fig. 2) [70].

Wehave also investigated the role of theVNTRpolymorphismof
he IL1RN gene, a naturally existing IL-1 receptor antagonist. Al-
hough it has been demonstrated inmany cases that various alleles
f this polymorphismoften act as predisposing factors in the devel-
pment of chronic inflammatory diseases, no associationwith acne
as reported [70].

.2. Polymorphisms of genes playing a role in the steroid
ormone metabolism

The pilosebaceous unit, an endocrine organ, is an important
ource of localized hormone production, but also a target of various
ormones synthesized elsewhere in the human body [75].

.2.1. The role of androgen biosynthesis genes in the pathogenesis
f acne
Androgens have long been known to play a key role in the

evelopment of acne [76,77], seborrhoea [75], hirsutism, and an-
rogenic alopecia [78].

.2.1.1. Androgen receptor VNTR polymorphism and the predisposi-
ion to acne. Androgens bind to an intracellular receptor (andro-
en receptor [AR]). Upon binding, the activated AR receptor–ligand
omplex translocates to the nucleus andmoderate gene expression
hanges. The AR gene is located on the X chromosome (XQ11–12)
nd is highly polymorphic. The N-terminal domain of the AR recep-
or contains a polyglutamine stretch, encoded by polymorphic CAG
epeats of variable length, and also a polyglycine stretch encoded
y a GGN repeat. The variations in repeat lengths in case of both
ypes of repeats have been demonstrated to be associated with
ubtlemodulations of ARgene expression, resulting in themodified
ranscriptional activity of various downstream targets. An inverse
orrelation seems to exist between the CAG repeat length and
ndrogengene expressionover the rangeof normal alleles,with the
horter alleles exhibiting the greatest activity [79]. As a conse-
uence, carriers of shorter alleles are prone to develop various
ndrogen-dependent conditions, such as prostate cancer [80] and
enign prostate hyperplasia [51]. The effect of the GGN repeat is
ess clear, but there are also reports suggesting its effect in disease
athogenesis.
Considering all available data, it is tempting to speculate that

he CAG repeat polymorphism of the AR gene should play a role in
he predisposition to acne. However, the study by Sawaya and
halita did not indicate a statistically significant difference when
he average CAG repeat length was compared in male and female
ontrols and acne patients, although more male patients carried
lleles with shorter repeat length (�20) [35].
Yang et al. [81] reported a statistically significant difference

etween controls and male acne patients in a Chinese Han popula-
ion, but no such differencewas detected in females. In vitro results
uggest that acne patients carrying fewer CAG repeats may exhibit
higher ARmRNA and protein expression, leading to higher sensi-
ivity to androgens than in control individuals [79].

Similar results were published by Pang et al. [82] in a study of

ales from northeast China, who reported that patients carrying

tic predisposing factors in the pathogenesis of acne vulgaris, Hum
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fewer than 23 repeat have a higher chance to suffer from acne.
However, in contrast with the results of Yang et al. [81], they also
reported an association in the studied female population. Similar to
males, females carrying fewer than 24 repeats exhibited increased
acne risk [82]. The number of GNN repeats alonewas not associated
with acne, although a trend for shorter repeat numbers was noted
inmale patients. Combined analysis of both repeats suggested that
specific combinationswith fewer than 23 repeats in either position
occur more frequently among male acne patients.

The reason for the differences between the Chinese and the
American studies is not known. Yang et al. [82] argue that it might
reflect differences in the 2 ethnic groups. Alternatively, Sawaya and
Shalita [35] studied only a limited number of controls and patients,
and each group was a mixture of individuals with various ethnic
backgrounds (Hispanic, African, and Caucasian). As population-
related differences can be observed in the average CAG repeat
length of the AR gene, this tends to make interpretation of their
result difficult.

3.2.1.2. Genetic polymorphisms of cytochrome P450 family genes and
acne. The enzymes encoded by various genes of the cytochrome
P450 family are involved in the metabolism of various molecules
and chemicals, including lipids, steroid hormones, and external
drug molecules.

One of the first investigations of the association of various ge-
netic elements and acne vulgariswas published by Paraskevaidis et
al. [33], who studied a member of this family, CYP1A1. CYP1A1 is a
key enzyme involved in the metabolism of endogenous retinoids
and vitamin A [83], and its natural metabolites have been demon-
strated to be morphogenic for the sebaceous glands [84,85]. Two
polymorphisms were studied: 1 in the 7th exon (4889A�G), and
another in the 3= untranslated region [6235(T�C)]. Although the
SNP in the coding region seems to give rise to increased enzymatic
activity [86,87], no difference was detected in the distribution of
various genotypes and alleles in the controls and the acne patients,

Fig. 2. The IL-1A �4,845 (G�T) SNP causes an alanine to serine substitution close to
s present. This results in a shift in the ratio of nuclear versus secreted IL-1� isofo
urrounding cells in an autocrine and paracrine manner, leading to uncontrolled in
suggesting that it does not play a role in the predisposition to acne

Please cite this article in press as: SzabÔ K, KemÊny L, Studying the gene
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33]. Carriers of the rare C allele of the 6235(T�C) SNP were over-
epresented in the patient group, but the difference was not statis-
ically significant in this case either [33].

The CYP17 gene is one of the key enzymes involved in the
ndrogen biosynthesis mediating steroid 17�-hydroxilase and

17,20-lyase bioactivities [88]. The role of the �34T�C promoter
polymorphism has been investigated in various types of endocri-
nopathies and cancers too, and positive associations have been
reported between this SNP and premature baldness, polycystic
ovary syndrome [89], and breast cancer [90]. In prostate cancer
various findings have been reported [91], and the association with
this disease has therefore not been proven beyond doubt.

Currently, the only known study of the role of the CYP17�4T�C
polymorphism in acne vulgaris in a Chinese population reported an
association between the carriage of the rare C allele in a homozy-
gote form and severe cases of acne vulgaris in male patients [92]. It
is suggested that thepolymorphismmayaffect the regulationof the
CYP17 gene by creating a novel SP1 promoter-binding site [89],
although in vitro EMSA experiments have so far not furnished
physical evidence of the SP1 binding of this putative “novel” site
[93]. However, the fact that several studies have indicated an asso-
ciation between the SNP and different endocrinopathies suggests
that the role of this polymorphism is currently controversial, and
establishment of its exact molecular function requires further
investigations.

3.3. The role of FGFR2 mutations in the pathogenesis of acne

Fibroblast growth factor receptor 2 (FGFR2) and the signaling
events that are generated upon receptor activation play an impor-
tant role in the pathogenesis of acne. Naturally occurring gain-of-
function germline mutations of the FGFR2 gene (S252W, P253R)
have been demonstrated to cause Apert syndrome, an autosomal
dominant congenital disorder characterized by malformations of
the skull, face, hands, and feet, together with skin manifestations,

roteolytic cleavage site and might lead to enhanced cleavage when the rare T allele
Excess secretion of mature IL-1� can lead to an activation cycle of the same and
atory reactions.
the p
including oily skin, and an unusually distributed moderate to se-
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vere acne with the lesions extending to the forearms [94]. The skin
symptoms are the direct consequences of the above-describedmu-
tations [95,96]. Munroe and Wilkie [95] and later Melnik [96] de-
scribed 2 cases where the same rare somatic mutation was de-
tected as in many cases of Apert syndrome patients. Both reports
describe patients exhibiting unilateral, atypically distributed acne
that followed the Blaschko lines, but no other signs (e.g., cranial
malformations) characteristic of Apert syndrome were apparent.
They could demonstrate the presence of the somatic FGFR2 muta-
tion (S252W) in both cases only from the affected skin areas,
whereas other samples proved to be wild type.

The exact role of FGFR2 in the pathogenesis of acne is currently
not clear, but downstream activation of the MAPK and PI3K/Akt
pathways might have a role.

4. Discussion

Long-known classic pathogenic factors playing an important
role in acne pathogenesis include hormonal effects, the conse-
quence of abnormal keratinocyte function, hypercolonization by P
acnes bacterium, and genetics. Earlier sporadic reports also sug-
gested the effect of various environmental and lifestyle factors, but
their true importance was under scientific debate. In the past few
years, our viewof acne and its pathogenesis has changed. The effect
of hormones, the bacterium, and the abnormal keratinocyte func-
tion is still unquestionable [2], but new data strengthen the role of
the environmental effects, suggesting that the pathogenesis of this
common skin disease is even more complex than thought a couple
of years ago [23,24,97].

Genetic studies have over a 100-year history. Classic twin
[6–8,10,11] and population-based studies [13–19] provided un-
ambiguous evidence concerning the role of inherited factors in
the pathogenesis of acne. Cross-sectional and population-based
investigations have yielded clear evidence on the exact course of
the disease and the differences that can be observed in different
populations. They also suggest that acne may be linked to the
homeostasis imbalance caused by our modern lifestyle [19]. All
these effects can lead to an enhanced sensitivity to various external
stimuli, which enhances the proneness to the development of
chronic inflammatory diseases [24,25]. In this state, small changes
in the levels of various proinflammatory cytokines or in themetab-
olism of hormones and other bioactive small molecules will lead to
chronic inflammatory diseases. Such small changes can arise from
genetic polymorphisms that affect the expression and/or function
of key genes.

So far, the roles of only a handful of genes have been studied as
genetic predisposing or susceptibility factors in the pathogenesis of
acne. They affect 2 major cellular processes: regulation of the ste-
roid hormone metabolism or the innate immune function of epi-
dermal keratinocytes. The effects of the hormonal system on acne
were suggested long ago, but the contribution of an improper
function of innate immunity, and hence the exact part played by P
acnes in these events, is more controversial. We believe that the
currently available data clearly indicate that the colonization of P
acnes at around the age of puberty and the subsequently initiated
and somehow skewed innate immune events are important factors
in the development of acne.

More and more data describe the effect of a Westernized life-
style on health and disease state of the population of developed
countries. Studies comparing various populations living natural
versus industrialized lifestyles suggest that the impact of constant
stress, decreased physical activity, and imbalanced diet is enor-
mous in the latter types of populations. As a result, the incidence of
illnesses such as type 2 diabetes, rheumatoid arthritis, and heart
diseases is rapidly increasing [24,25,97]. The question is whether
there is also a correlation among these lifestyle factors and the high

prevalence of acne inWesternized countries. If a correlation exists,
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thenweneed to change howwe think about acne and examine new
ways to study this skin disease. Consumption of high-glycemic and
hyperinsulinemic food leads to increased insulin-like growth factor
1 (IGF-1) levels and subsequently initiates endocrine responses and
androgen synthesis [97]. As a consequence, genetic and molecular
studies investigating the role of the IGF-1, insulin-like growth fac-
tor receptor 1, insulin-like growth factor binding protein 3, and
other elements of this cascade, including the nuclear receptors
(LXR, RXR, RAR) and downstream targets (e.g., the FoxO1 transcrip-
tion factor), should be initiated [23,97,98].

Nutritional imbalance and metabolic disturbances early in life
may later have apersistent effect on an adult’s health thatmay even
be transmitted to subsequent generations by the induction of epi-
genetic changes, as demonstrated in the context of cardiovascular
diseases [99].

Taken together, the small number of molecular genetic studies
performed to date to discover the exact molecular pathogenesis of
this common skin disease is surprising. The studies only target a
handful of genes and only carefully selected genetic polymor-
phisms. High-throughput global genomic approaches could greatly
facilitate these types of investigations.

We believe that carefully planned molecular genetic studies
will not only continue to enhance our current understanding
of this very common skin disease, but also shed light on the
various physiologic and pathologic processes involving epider-
mal keratinocytes.
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