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Skin barrier and microbiome in acne
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Abstract

Acne is an immune-mediated chronic inflammatory disease. Although several factors are involved in its pathophysiology,
this process is not completely understood. Androgen hormone activity increases sebum production inside the pilosebaceous
follicle, adjusting the environment for the development of Propionibacterium acnes which triggers inflammation. Knowing
how others factors such as the skin barrier and microbiome are involved in acne, can help in understanding more about the

disease and may help to conduct a better treatment.
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Introduction

Acne is a chronic inflammatory disease of the piloseba-
ceous follicles that mainly affects adolescents [5]. In adults,
its prevalence and incidence has increased in recent years,
especially among women [8]. Many patients develop differ-
ent types of scars, in addition to presence of inflammatory
lesions of variable severity. As this disease mainly affects the
face, it is associated with psychological impact with symp-
toms of depression, anxiety, and anger [60]. Understanding
the etiopathogenic mechanisms involved in acne is funda-
mental to increase the possibilities of prevention, treatment,
and management of difficult cases.

In contrast to atopic dermatitis, changes in epidermal
barrier are not the first questions that come to mind for a
patient with acne. However, research on the contribution of
horny layer to skin homeostasis has helped to decipher how
the epidermal barrier can be intrinsically changed in acne
vulgaris [53]. It is also known that some acne treatments
compromise epidermal permeability, and change its physi-
ological activity. In addition, we must consider that the fol-
licular epithelial barrier, directly involved in inflammatory
process, may rupture with the evolution of acne vulgaris
[55]. Skin microbiota is another factor implicated in acne.
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It represents the group of microorganisms, which reside on
the skin. When in balance with the defense mechanisms,
they are essential to health skin activity as they inhibit bac-
terial hyperproliferation and pathogenic strains involved in
different skin diseases. Intrinsically, there is a relationship
between the integrity of the skin barrier, microbiota of the
epidermis, and sebaceous gland in the pathophysiology of
acne.

The cutaneous barrier in ache

The stratum corneum or horny layer in the epidermal bar-
rier acts in the homeostatic control of water, assists in the
recognition and neutralization of microorganisms, blocks
formation of reactive oxygen species, promotes protection
against ultraviolet radiation, and help in the response against
the external allergens [1]. When the horny layer is unable
to control transepidermal water loss (TEWL), its enzymatic
system becomes inefficient, leading to loss of control of per-
meability and appearance of xerosis, erythema, and desqua-
mation [11]. Although poorly researched, changes in skin
barrier have been described even in acne patients without
treatment [53].

Kurokawa et al. [33] showed increased expression of
fillagrin in follicular keratinocytes in patients with acne.
Fillagrin is a protein with key functions in epidermal dif-
ferentiation and contributes to the structural and functional
integrity of the horny layer [33]. During differentiation of
the granular layer, fillagrin undergoes a degradation process
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that giving rise to formation of natural moisturizing factor
(NMF) [25]. Jarrousse et al. [28] proved that the presence of
the Propionibacterium acnes (P. acnes) increases the expres-
sion of fillagrin in keratinocytes in cell culture medium. It
is unclear if this fillagrin increase is a primary or secondary
event in the development of follicular hyperkeratosis.

There is also an important change in sebum secretion,
which is regulated by different factors involved in cell pro-
liferation and differentiation, lipogenesis, hormone metabo-
lism, and cytokine release [63]. In most cases, increased
secretion is associated with sebaceous gland hypertrophy
[54]. However, not all patients with acne have seborrhea [6].

Studies have shown that patients with acne have qualita-
tive changes in sebum, with increased secretion of squalene
and free fatty acid reduction [41, 43]. The increased flow of
sebum dilutes the concentration of linoleic acid resulting in
relative deficiency which contributes to comedogenesis [15].
Pro-inflammatory sebum lipid fractions (monounsaturated
fatty acid-MUFA and lipo-peroxides) are additional factors
in the pathogenesis of acne [62]. These substances influence
proliferation and differentiation of keratinocytes contribut-
ing to infundibular hyperkeratinization [39, 47]. Ethnic dif-
ferences also influence the composition of sebum, as quan-
titative changes in specific fractions of ceramides have been
demonstrated between caucasian and black americans [40].

Yamamoto et al. [59] analyzed several parameters in
patients with and without acne, and observed an increased
TEWL and reduction in horny layer conductance in addition
to the increased sebum production, causing impairment to
with in hydration. They also found reduced levels of sphin-
golipids (ceramides and free sphingosine), indicating lipid
deficiency in the intercellular membrane. The increased
TEWL and reduced hydration of the horny layer correlates
directly with the disease severity. The authors concluded that
there are cutaneous barrier changes in acne even in patients
without treatment [59].

With the inflammatory process progression, there is an
increase in glandular structures and progressive activation
of enzymes like lipases, proteases, metalloproteinases, and
a greater participation of the immune system resulting in
thinning of the epidermal follicular wall. This results in
glandular rupture causing extravasation of keratin, sebum,
bacteria, and cellular debris to the dermis, which triggers
foreign body-type reactions along with the formation of nod-
ules and scarring [31, 57].

The skin microbiome and acne

The skin represents a barrier to the development of micro-
organisms by producing proteases, lisoenzymes, and anti-
microbial peptides (AMPs). pH, temperature, humidity, and
sebaceous secretions also comprise an intricate medium
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colonized by a variety of bacteria [32]. Phyla that dominate
the skin are: Actinobacteria, Proteobacteria, Bacteroidetes
and Firmicutes. Of these, more than 60% of the bacterial
species belong to three genera: Staphylococcus (Firmicutes);
Corynebacterium, and Propionibacterium (Actinobacteria)
[22, 23, 45]. Sites rich in sebaceous secretion are colonized
by lipophilic species of Propionibacterium and in wet loca-
tions such as folds, by Staphylococcus and Corynebacterium
[45]. The sebaceous gland produces and secretes a rich lipid
secretion, which forms a hydrophobic layer that protects and
lubricates hair and skin. Although the sebum has antibacte-
rial functions, P. acnes hydrolyzes triglycerides present in
secretions and releases free fatty acids that promote bacterial
adherence by facilitating the colonization of these glands
[34].

Microbial variations on the skin may contribute to modi-
fications and diseases in this ecosystem. They are implicated
in protection and pathogenesis of various diseases [7, 30].
Many bacterial genes are involved in coding the produc-
tion of toxins, invasins, adhesins, and thus, the virulence of
bacteria. In P. acnes, the detected virulence factors include
camp3, gehA, sialidases, neuraminidases, endoglicocer-
aminidases, lipases, and hemolysins [4]. The relationship
between P. acnes and others skin bacteria’s with their host
regulate many aspects of the loco-regional immune system
[2]. Staphylococcus epidermidis can induce increased skin
antimicrobial peptides (AMPs) and reduction in the chance
of skin infection by acting on the strains of S. aureus. This
occurs by connecting the Langerhans cells that activate the
immune system (innate and adaptive defense). Similarly, P.
acnes hydrolyzes lipids present in the skin barrier by the
action of enzymes, acidifying the environment and thus, pre-
venting the colonization of pathogenic bacteria.

The skin microbiota also controls the expression of inter-
leukin-1 (IL-1), a cytokine involved in initiation and ampli-
fication of the immune response. In fact, AMPs and IL-1
represent the oldest arms of innate immune system, sug-
gesting that they could have been initial mediators between
host and commensal bacteria [37]. Theories developed in the
early 1980s have proposed that the total number of bacteria
that inhabit the human body would be equivalent to 10x
the number of human cells. This theory lasted until a recent
publication, which stated that previous studies overestimated
the number of intestinal bacteria, so, the correct ratio of bac-
terial commensal microbiota and the number of human cells
would be 1:1 [46]. Scientific advances that have explained
the relationship between the presence of pathogenic and
commensal bacteria and their interaction with the immune
system have helped to better understand some diseases [32].
Also, new techniques of bacterial identification including
analysis with 16S RNA, is improving the understanding of
changes in microbiota during human life and its role in dif-
ferent diseases [38].
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The mode of childbirth and delivery also plays a key role.
Vaginal microbiota during natural childbirth and microbiota
from the maternal skin in cesarean section influences the
composition of cutaneous microbiome. Also, the neonate
contact with the mother’s skin during breastfeeding exerts a
role for colonization by bacteria [14, 35].

Several factors regulate microbiome during life, such as:
nutritional status and medications, antibiotics, and proton-
pump inhibitors. The last one leads to exaggerated bacterial
growth in the small intestine, an increase in the markers of
systemic inflammation and reduced absorption of important
nutrients [19].

During adolescence, androgen hormones [testosterone,
dehydroepiandrosterone sulfate, and insulin growth factor
type-1 (IGF-1)], lead to an increase production of sebum
and a high colonization of P. acnes inside the sebaceous
gland. The qualitative changes and the increased number
of P. acnes are important factors in the pathophysiology of
acne [19].

In addition to P. acnes, additional microbiota in acne
patients involved in its pathophysiology include: S. epider-
midis, S. aureus, Streptococcus pneumoniae, Enterobacter
and Klebsiella pneumoniae [20, 26, 44]. Although, P. acnes
is the main factor in acne development [3], other bacteria act
as indirect contributors to the inflammatory process. Staphy-
lococcus epidermidis increases the incidence of acne to 70%
compared with the control group [42]. Their virulence fac-
tors are lipases and delta-hemolysins [61].

Recently, different strains of P. acnes were identified,
allowing the speculation that apart from numerical increase,
its subtypes could also be important in disease development
and chronicity. Fitz-Gibbon et al. demonstrated that patients
with acne have a greater presence of ribotypes 4 and 5 (RT4
and RTS), while in the control group there is a predominance
of RT6 [20]. In another study with a different classification,
the P. acnes strain III showed greater ability to stimulate
inflammation, increasing the expression of proteinase-acti-
vated receptor 2, TNF, and matrix metalloproteinase 13; sug-
gesting greater virulence of this subtype [29].

The importance of the cutaneous barrier
and microbiome in the treatment of acne

Acne treatments affect skin barrier and microbiota, caus-
ing changes in the permeability and the skin functions of
defense. These treatments include topical medications, sys-
temic and physical treatments like peelings, and microder-
mabrasion. It may lead to increase in TEWL and in many
cases, xerosis and irritant contact dermatitis.

The topical retinoids exhibit great efficacy and safety
for the treatment of acne [21, 27]. They are the most com-
monly used drugs alone or in association, to treat all degrees

of acne [27]. They reduce the expression of TLR-2 recep-
tors (Toll-like receptor-2), have comedolytic and intrinsic
anti-inflammatory effects. These transmembrane receptors
release inflammatory cytokines when activated by P. acnes
[17, 58]. In the first days of use, many patients develop irri-
tant dermatitis which lasts about 2—4 weeks with subsequent
improvement. If the desquamation persists, with a reduc-
tion in the thickness of the stratum corneum, the epidermal
permeability barrier function is compromised [50]. Mois-
turizers associated with topical retinoids have shown reduc-
tion in dermatitis, without changing the effectiveness of the
treatment [52]. Another study that analyzed the efficacy of
retinoid-associated moisturizers before and during the treat-
ment of photoaging, concluded that there was less change in
TEWL with the association [16].

Systemic treatment with isotretinoin often causes xero-
sis and desquamation. Its action markedly reduces the pro-
duction of sebum and induces change in skin microflora,
with an increased tendency of staphylococcal colonization
[13]. Modifications in epidermal permeability induced by
topical and oral retinoids were not related to changes in the
intercellular lipids of the stratum corneum [17]. Topical
treatment with benzoyl peroxide is also widely indicated in
different degrees of acne. It has anti-inflammatory, antibac-
terial effects and is able to eliminate drug-resistant strains
of P. acnes [12, 21, 51]. The use of benzoyl peroxide (BP)
may cause skin irritation, although this effect appears to be
dependent on different factors including concentration of the
agent, vehicle, cutaneous adjuvant treatment, and concomi-
tant use of other anti-acne medications [45]. Weber et al.
[56] showed 1.8 times increase in TEWL using a formula-
tion with 10%. BP dermatitis induced by irritant contact is
more frequent than allergy with the use of this product [24].

The use of oral antibiotics for extended periods of time
has been associated with the development of resistance
strains of P. acnes, increased incidence of folliculitis by
gram-negative bacteria, and increase in bacterial pharyngi-
tis. These result from changes in the microbial environment
of the skin and airways [18].

While topical therapy remains a fundamental approach
in the management of acne, it is associated with side effects
that compromise the stratum corneum layer and its func-
tions, affecting patient compliance. The adjunctive use of
mild cleansers and non-comedogenic moisturizers reduces
the side effects of treatment, reducing the frequency of irri-
tant contact dermatitis and increases therapeutic efficacy
[10, 49]. Ideally, the cleansers and moisturizers should be
non-acnegenic, non-comedogenic, non- irritant and without
allergens [48]. Its chemical composition should comply with
the pH of the skin because high pH results in increase in
TEWL, causing xerosis. In addition, high pH can facilitate
microbial growth and exacerbate acne [9]. Excessive cleans-
ing can also change the skin’s natural defense system. The
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use of detergents that degrade the lipid barrier and induce
reduction of AMPs, allow the proliferation of S. epidermidis
[36]. Moisturizers must be effective in preventing and reduc-
ing water evaporation, relieving xerosis, and maintaining
integrity of the skin barrier without leaving the skin oily.

Conclusion

In conclusion, we know that acne is fundamentally an
inflammatory and immune-mediated disease, even if at sub-
clinical stages. Many factors already discovered and others
in research contribute to the activation and maintenance of
this process. According to the latest data, it is essential to
maintain the integrity of the epidermal barrier and balance
of the skin’s microbiota to control the release of some pro-
inflammatory cytokines. Care with cleaning, moisturizing,
and photoprotection must be integrated with any adopted
therapeutic approach.
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