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    ABSTRACT

    Acne vulgaris is a chronic inflammatory disease of the pilosebaceous unit commonly affecting adolescents and young adults. Recent studies suggested that acne is associated not only with the abundance of C. acnes but also with dysbiosis of the skin microbiome and the predominance of more proinflammatory bacterial strains. The study aimed to discuss both the role of the skin microbiome and C. acnes in the pathogenesis of acne vulgaris. A literature review using the PubMed database using keywords such as “skin microbiome”, “inflammation”, and “Cutibacterium acnes”. Studies published within the last five years were included. Studies were reviewed based on titles, abstracts, and full text. Data from four studies were analyzed, obtained, and categorized based on the normal microbiome composition, dysbiosis, strain differences, inflammatory mechanism, and therapeutic implications. The findings indicated that acne vulgaris is associated with skin microbiome dysbiosis due to reduced microbial diversity and the predominance of specific C. acnes strains, including RT4, RT5, RT8, and RT10. These strains demonstrated the ability to form biofilms, produce virulence factors, and activate inflammatory pathways by increasing proinflammatory cytokines. Conventional therapies have not fully targeted microbiome balance, leading to the emergence of new approaches. In conclusion, the pathogenesis of acne vulgaris is influenced by the presence of C. acnes, imbalance of the skin microbiome, and the predominance of more virulent strains. 
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INTRODUCTION 


Acne vulgaris is one of the most common
chronic inflammatory skin diseases that occurs in adolescents and young adults.
The disease is characterized by the formation of comedones, papules, pustules,
and nodules, and may result in permanent scarring that would affect patients’
quality of life in severe cases (Niedźwiedzka
et al., 2024).



The pathogenesis of acne vulgaris is
a multifactorial process involving increased sebum production, follicular
hyperkeratinization, colonization by Cutibacterium acnes, and inflammatory
responses within the pilosebaceous unit. For many years, Cutibacterium
acnes has been regarded as the primary bacterium involved in the
pathogenesis of acne vulgaris because it is found in high numbers within acne
lesions and can induce local inflammatory responses (Niedźwiedzka
et al., 2024).
However,
recent studies demonstrated that Cutibacterium acnes is also normally
present on healthy skin, particularly in areas with high sebaceous gland
density such as the face and back (Brüggemann,
Salar-vidal, et al., 2021). These findings suggested that the presence
of C. acnes alone appears insufficient to explain the occurrence of acne
vulgaris
(Podwojniak et al.,
2025).


Research attention has subsequently shifted
from the presence of a single microorganism to the concept of the skin
microbiome, defined as the entire community of microorganisms that inhabit the
skin surface and interact with the local environment and the host immune system
(Niedźwiedzka
et al., 2024).
In
healthy skin, the microbiome appears to be in a balanced state, dominated by
commensal microorganisms such as Cutibacterium acnes and Staphylococcus
epidermidis.
This condition appears to play a role in maintaining skin barrier integrity,
preserving skin pH, and inhibiting colonization by potentially pathogenic
microorganisms (Brüggemann,
Salar-vidal, et al., 2021). In acne vulgaris, alterations in microbiome composition
and diversity have been increasingly recognized, suggesting that an imbalance
of the skin microbiome may contribute to disease development and progression (Niedźwiedzka
et al., 2024).
The
study aimed to discuss the role of the skin microbiome and Cutibacterium
acnes in the pathogenesis of acne vulgaris, including alterations in
microbiome composition, differences among C. acnes strains, the
inflammatory mechanisms involved, and their implications for the development of
future therapies.



 


LITERATURE REVIEW


Definition, Epidemiology, and Risk Factors


Acne vulgaris is a chronic
inflammatory disease of the pilosebaceous unit characterized by complex
interactions among increased sebum production, follicular hyperkeratinization,
colonization by Cutibacterium acnes, and local inflammatory responses (Dessinioti &
Katsambas, 2024; Dréno et al., 2020a; Mias et al., 2023). Clinically, the
disease presents with non-inflammatory lesions, including open and closed
comedones, as well as inflammatory lesions, including papules, pustules,
nodules, and cysts, which predominantly occur in sebum-rich areas such as the
face, chest, and back (Del Rosso &
Kircik, 2024; Podwojniak et al., 2025). Recent evidence also suggests that
alterations in the skin microbiome may contribute to acne development and
disease progression (Dréno et al.,
2020a; Niedźwiedzka et al., 2024; Rozas, Hart de Ruijter, et al., 2021).


Acne vulgaris is one of the most common dermatologic
disorders worldwide and predominantly observed in adolescents and young adults,
although it may persist or newly develop in adulthood (Cavallo et al.,
2022; Del Rosso & Kircik, 2024; Niedźwiedzka et al., 2024). Its prevalence
increases during puberty in association with rising androgen activity and
increased sebum production (Cavallo et al.,
2022; Podwojniak et al., 2025). Elevated androgen levels, including
testosterone and dihydrotestosterone, have been associated with hyperactivity
of the sebaceous glands and the creation of a lipid-rich environment that
supports colonization by Cutibacterium acnes within the pilosebaceous
unit
(Cavallo et al.,
2022; Del Rosso & Kircik, 2024). Other factors associated with acne
vulgaris include disturbances in follicular keratinization, alterations in the
skin microbiome, and activation of local immune responses (Jin et al., 2023).


Dietary patterns characterized by a
high glycemic load and dairy product consumption have also been reported to be
associated with increased levels of insulin-like growth factor-1 and androgens,
thereby contributing to increased sebum production and the predominance of more
proinflammatory Cutibacterium acnes strains (Khormi et al.,
2024; J. Lee et al., 2026). Chronic psychological stress has been associated with
alterations in cortisol levels and changes in the skin microbiome that support
biofilm formation and increased inflammatory responses (Niedźwiedzka
et al., 2024).
In
addition, environmental exposures such as pollution, humidity, excessive
cleansing practices, and certain cosmetic products may alter skin conditions
and increase the risk of acne development (Khormi et al.,
2024; X. Li & Jin, 2025; Park et al., 2020). Long-term
antibiotic use has also been associated with reduced diversity of the skin
microbiome and the selection of Cutibacterium acnes strains that are
more resistant and potentially more virulent (Niedźwiedzka
et al., 2024; Park et al., 2020; Zhu et al., 2025).


Normal
Skin Microbiome and the Role of Cutibacterium Acnes


The skin microbiome is a complex community
of microorganisms that inhabit the skin surface and pilosebaceous unit,
including bacteria, fungi, viruses, and a small number of archaea (J. Li et al.,
2025; Niedźwiedzka et al., 2024; Rozas, de Ruijter, et al., 2021; Schommer
N. N. & Gallo R. L.:, 2013). The composition of the skin microbiome varies
considerably among individuals and according to anatomical site, reflecting
differences in moisture, sebum production, pH, and environmental exposure with
differences among sebaceous, moist, and dry skin areas (Rozas, de Ruijter,
et al., 2021; Schommer N. N. & Gallo R. L.:, 2013; Sfriso et al., 2020). 


In healthy skin, the bacterial is primarily
composed of four major phyla: Actinobacteria, Firmicutes, Proteobacteria, and
Bacteroidetes (Dréno et al.,
2020b; J. Li et al., 2025; Rozas, de Ruijter, et al., 2021). Sebaceous
regions, such as the face, chest, and back, are primarily colonized by
Cutibacterium species, particularly Cutibacterium acnes, whereas moist and dry
areas are more frequently inhabited by Staphylococcus and Corynebacterium
species (Di Francesco et
al., 2025; Rozas, de Ruijter, et al., 2021; Schommer N. N. & Gallo R. L.:,
2013).
The
fungal component of the normal skin microbiome primarily consists of the genus Malassezia,
especially in seborrheic areas, whereas the viral component includes
bacteriophages and other viral elements that may modulate the composition of
bacterial communities (J. Li et al.,
2025; X. Li & Jin, 2025; Schommer N. N. & Gallo R. L.:, 2013).


The normal skin microbiome plays a role in
maintaining skin homeostasis and barrier function. Commensal microorganisms
help preserve the integrity of the epidermal barrier, maintain the acidic skin
surface pH, and provide protection against colonization by pathogenic
microorganisms through competition for nutrients and adhesion sites. Microbial
metabolism also plays an important role in maintaining the skin acid mantle. Cutibacterium
acnes metabolizes sebum triglycerides into free fatty acids and propionic
acid, which contribute to maintaining the skin surface pH at approximately
4.5–5.5. This acidic environment helps inhibit the growth of potential
pathogens and supports microbial balance within the pilosebaceous unit (Mayslich et al.,
2021; Rozas, de Ruijter, et al., 2021; Sfriso et al., 2020). 


The presence of C. acnes on
normal skin is not always associated with acne, as this bacterium also helps
maintain skin pH, prevent colonization by pathogenic microorganisms, and
preserve epidermal barrier integrity (Brüggemann,
Salar-vidal, et al., 2021). In addition to Cutibacterium acnes,
the normal skin microbiome includes Staphylococcus epidermidis, Corynebacterium
spp., and other Staphylococcus species that coexist in a balanced
ecological system
(Dréno et al.,
2020b; Z. Li et al., 2025; Rozas, de Ruijter, et al., 2021). Staphylococcus
epidermidis
appears to have a symbiotic relationship with C. acnes and is associated
with healthy skin conditions.(Podwojniak et al.,
2025).
On
healthy skin, Cutibacterium acnes metabolizes sebum triglycerides into
free fatty acids and propionic acid, which help maintain the skin surface pH at
approximately 4.5–5.5 and limit colonization by potential pathogens (Mayslich et al.,
2021; Rozas, de Ruijter, et al., 2021; Sfriso et al., 2020). Certain Cutibacterium
acnes strains also produce antimicrobial molecules such as cutimycin, which
can inhibit the growth of Staphylococcus species within the hair
follicle and maintain a stable follicular microbiota composition (Claesen et al.,
2020; Mayslich et al., 2021; Rozas, de Ruijter, et al., 2021). 


Microbiome
Dysbiosis in Acne Vulgaris


Acne vulgaris is associated with
alterations in the composition and structure of the skin microbiome compared
with normal skin (Dessinioti &
Katsambas, 2024; Dréno et al., 2020b; Podwojniak et al., 2025).  These
alterations are not primarily characterized by an increase in the total number
of Cutibacterium acnes, but rather by qualitative changes in the
microbial community and reduced microbial diversity (Dréno et al.,
2020b; Niedźwiedzka et al., 2024; Podwojniak et al., 2025).


Under normal conditions, healthy
skin demonstrates greater microbial diversity and a balanced distribution of C.
acnes phylotypes Certain C. acnes strains also produce antimicrobial
molecules such as cutimycin, which inhibit the growth of competing Staphylococcus
species and help maintain follicular microbial stability (Claesen et al.,
2020; Mayslich et al., 2021; Rozas, de Ruijter, et al., 2021). In healthy skin,
noninflammatory phylotypes such as type II, type IB, and ribotype RT6 are more
frequently identified than in acne-affected skin (Dréno et al.,
2020b; Hamann et al., 2025; Podwojniak et al., 2025; Rozas, de Ruijter, et al.,
2021).
In contrast, acne vulgaris is associated with reductions in alpha diversity and
the Shannon diversity index, reflecting decreased complexity of the microbial
community (Dessinioti &
Katsambas, 2024; Dréno et al., 2020b; Sitohang et al., 2026). This reduction in
diversity appears to be more pronounced in inflammatory lesions and in acne
with greater inflammatory severity (Podwojniak et al.,
2025).



In addition to alterations in C.
acnes populations, acne vulgaris is also associated with changes in other
microbial communities. Studies have reported shifts in the relative abundance
of Staphylococcus epidermidis and occasional increases in Staphylococcus aureus,
accompanied by reductions in commensal microorganisms commonly associated with
healthy skin. These findings indicate that acne involves disruption of the
overall microbial ecosystem rather than colonization by a single microorganism
alone (Dréno et al.,
2020b; Niedźwiedzka et al., 2024; Podwojniak et al., 2025; Sitohang et
al., 2026).


Dysbiosis in acne vulgaris refers to the
disruption of the normal balance of the skin's microbial communities,
manifested as alterations in composition, reduced diversity, or the
predominance of specific microorganisms  (Niedźwiedzka
et al., 2024).
Under
dysbiotic conditions, the normal balance, consisting of diverse Cutibacterium
acnes strains and other commensal bacteria, shifts toward the predominance
of more virulent and proinflammatory strains (Dessinioti &
Katsambas, 2024; X. Li & Jin, 2025; Niedźwiedzka et al., 2024).


Phylotype IA1 and other strains associated
with acne lesions become more dominant, whereas protective phylotypes such as
type II, type IB, and RT6 decrease in abundance (Dessinioti &
Katsambas, 2024; Hamann et al., 2025; Podwojniak et al., 2025; Rozas, de
Ruijter, et al., 2021).



Strains that predominate under dysbiotic
conditions exhibit increased lipase activity, enhanced biofilm formation, and
the production of virulence factors, such as CAMP proteins and extracellular
vesicles, which have been associated with increased inflammation within the
pilosebaceous unit (Cavallo et al.,
2022; Chen et al., 2025; Cros et al., 2023). Dysbiosis also involves alterations
in the relationships between Cutibacterium acnes and other bacteria,
including shifts in the ratio of Cutibacterium acnes to Staphylococcus
epidermidis, which have been reported to be associated with increased
inflammation
(Dessinioti &
Katsambas, 2024; Niedźwiedzka et al., 2024; Podwojniak et al., 2025).


Dysbiosis in acne has also been associated
with impaired skin barrier integrity, increased sebum production, elevated
transepidermal water loss, and more persistent inflammation. Several studies
have shown that higher microbiome diversity is associated with improvement in
acne lesions, whereas reduced diversity is more frequently observed in more
severe acne (Podwojniak et al.,
2025).


The reduction in microbial diversity
is accompanied by the predominance of specific Cutibacterium acnes
phylotypes, particularly IA1, along with a decrease in phylotypes more commonly
found in healthy skin, such as types II and IB (Dréno et al.,
2020b; Hamann et al., 2025; Rozas, de Ruijter, et al., 2021). Ribotypes
associated with acne lesions, such as RT4, RT5, RT8, and RT10, appear to be
more dominant in skin affected by acne vulgaris, whereas RT6 is more frequently
identified in normal skin (Dessinioti &
Katsambas, 2024; Dréno et al., 2020b; Niedźwiedzka et al., 2024;
Podwojniak et al., 2025).


Healthy skin demonstrates a more
diverse Cutibacterium acnes population, with predominance of phylotypes
II and IB. In contrast, skin affected by acne vulgaris shows predominance of
phylotype IA1, which exhibits higher proinflammatory activity (Cavallo et al.,
2022; Hamann et al., 2025; Rozas, de Ruijter, et al., 2021). Predominance of
specific strains in acne vulgaris has also been associated with increased
biofilm formation, enhanced lipase activity, increased porphyrin production,
and expression of additional virulence factors that may further amplify
follicular inflammation (Cavallo et al.,
2022; Cros et al., 2023; Mayslich et al., 2021).


Although Cutibacterium acnes
is found on both healthy skin and skin affected by acne vulgaris, the
distribution of bacterial phylotypes and ribotypes appears to differ between
these two conditions (Dessinioti &
Katsambas, 2024; Dréno et al., 2020b; Niedźwiedzka et al., 2024). These
differences suggested that the pathogenesis of acne is more closely associated
with the predominance of specific strains than with the mere presence of Cutibacterium
acnes
(Podwojniak et al.,
2025). Certain
strains, particularly RT4, RT5, RT8, RT10, and phylotype IA1, are more
frequently identified in acne lesions, whereas RT6, type II, and type IB are
more commonly detected in healthy skin (Cavallo et al.,
2022; Podwojniak et al., 2025; Rozas, de Ruijter, et al., 2021). These phylotypes
demonstrated higher lipase activity, enhanced biofilm formation, and increased
production of virulence factors compared with strains more frequently found in
healthy skin.(Cavallo et al.,
2022; Cros et al., 2023; Rozas, de Ruijter, et al., 2021) 


 


METHODOLOGY


A literature search was conducted using the
PubMed database to identify articles discussing the relationship between the
skin microbiome, Cutibacterium acnes, inflammation, and acne vulgaris. The
keywords used were “acne microbiome inflammation review” and “Cutibacterium
acnes.” Articles were limited to review articles, free full-text publications,
and studies published within the last five years. Primary research articles,
case reports, editorials, commentaries, and articles unrelated to acne
vulgaris, the skin microbiome, or C. acnes were excluded. The identified
articles were screened based on the relevance of their titles and abstracts.
Studies focusing on microbiome dysbiosis, C. acnes strain differences,
inflammatory mechanisms, and microbiome-based therapies in acne vulgaris were
included. Four relevant review articles were selected and analyzed in full text
(Brüggemann, Salar-Vidal, et al., 2021; Jin et al., 2023; Niedźwiedzka et
al., 2024; Podwojniak et al., 2025). Data were categorized into several themes,
including the normal skin microbiome, microbiome dysbiosis in acne vulgaris,
differences among C. acnes strains, inflammatory pathways, and therapeutic
implications. The findings were then synthesized narratively according to the
objective of this literature review.


 


RESULTS
AND DISCUSSION


Table 1. Differences in Cutibacterium
acnes Strains in Healthy Skin and Acne





 
  	
  Strain

  
  	
  Predominantly Found 

  
  	
  Characteristics

  
 

 
  	
  RT4

  
  	
  Acne
  vulgaris

  
  	
  More
  proinflammatory; frequently identified in acne lesions

  
 

 
  	
  RT5

  
  	
  Acne
  vulgaris

  
  	
  Associated
  with inflammatory acne and biofilm formation

  
 

 
  	
  RT8

  
  	
  Acne
  vulgaris

  
  	
  More
  frequently identified in acne-affected skin

  
 

 
  	
  RT10

  
  	
  Acne
  vulgaris

  
  	
  Associated
  with pathogenic strains linked to acne lesions

  
 

 
  	
  RT6

  
  	
  Healthy
  skin

  
  	
  More
  commensal and noninflammatory in nature

  
 







 


RT4 and RT5 represent the strains most
commonly reported to be associated with acne vulgaris lesions and are primarily
classified within phylotype IA1 (Dessinioti &
Katsambas, 2024; Dréno et al., 2020b; Niedźwiedzka et al., 2024).  These strains
demonstrated greater capacity for biofilm formation, increased lipase
production, and enhanced induction of inflammatory responses compared with
strains more frequently identified in healthy skin (Brüggemann,
Salar-vidal, et al., 2021; Cavallo et al., 2022; Coenye et al., 2022; Cros et
al., 2023).
RT4 and RT5 have also been associated with increased expression of genes
related to Christie–Atkins–Munch-Petersen (CAMP) factors, porphyrins, and
proinflammatory extracellular vesicles (Chen et al., 2025;
Cros et al., 2023; Mayslich et al., 2021). RT4 and RT5 have been specifically
associated with inflammatory acne and with a predominance in lesions of greater
severity (Niedźwiedzka
et al., 2024).
RT8 and RT10 are also among the strains most frequently identified in skin
affected by acne vulgaris and appear to be associated with greater acne
severity and the predominance of phylotype IA1 in inflammatory lesions (Podwojniak et al.,
2025; Zhang et al., 2019).



Ribotype RT6 is more frequently identified
in healthy skin than in skin affected by acne vulgaris.(Dessinioti &
Katsambas, 2024; Dréno et al., 2020b; Niedźwiedzka et al., 2024;
Podwojniak et al., 2025)
RT6 is generally classified within phylotype II and appears to be associated
with a more diverse and stable skin microbiome (Dessinioti &
Katsambas, 2024; Hamann et al., 2025; Rozas, de Ruijter, et al., 2021). The presence of
RT6 is associated with a more stable microbiome state and greater strain
diversity in healthy skin (Brüggemann,
Salar-vidal, et al., 2021). This strain does not exhibit the same proinflammatory
activity observed in strains associated with acne, is less frequently
associated with biofilm formation, and is more commonly detected in skin
without inflammatory lesions (Dréno et al.,
2020b; Hamann et al., 2025; Niedźwiedzka et al., 2024; Rozas, de Ruijter,
et al., 2021).


The virulence of Cutibacterium
acnes in acne vulgaris is primarily associated with the bacterium’s ability
to form biofilms, produce enzymes, and secrete virulence factors that can
modulate host inflammatory responses (Brüggemann,
Salar-vidal, et al., 2021; Cavallo et al., 2022; Cros et al., 2023; Mayslich et
al., 2021).
These mechanisms appear to be more pronounced in phylotype IA1 and in strains
associated with acne lesions compared with strains more frequently identified
in healthy skin (Cavallo et al.,
2022; Cros et al., 2023; Hamann et al., 2025).


Pathogenic
Mechanisms of Acne-Associated Cutibacterium Acnes


Acne vulgaris is multifactorial and
involves four principal mechanisms, namely increased sebum production,
follicular hyperkeratinization, colonization by Cutibacterium acnes, and
inflammatory responses within the pilosebaceous unit (Del Rosso &
Kircik, 2024; Dréno et al., 2020b; Mias et al., 2023; Niedźwiedzka et al.,
2024).
These
four processes occur in an interconnected manner: increased sebum production
and follicular obstruction create an environment that supports bacterial
colonization, whereas dysbiosis of the skin microbiome and the predominance of
specific Cutibacterium acnes strains further enhance local inflammation (Mias et al., 2023;
Niedźwiedzka et al., 2024; Rozas, de Ruijter, et al., 2021).


Increased sebum production is one of the
earliest changes in acne vulgaris and is primarily influenced by androgens,
which stimulate sebaceous gland activity (Cavallo et al.,
2022; Del Rosso & Kircik, 2024). Androgens increase sebocyte activity
through the insulin-like growth factor-1 receptor and corticotropin-releasing
hormone pathways, thereby increasing lipid synthesis and sebum production
within the pilosebaceous unit (Del Rosso &
Kircik, 2024; Mias et al., 2023). A lipid-rich follicular environment
provides a nutrient source for Cutibacterium acnes and supports
bacterial proliferation as well as biofilm formation (Brüggemann,
Salar-vidal, et al., 2021; Cavallo et al., 2022; Coenye et al., 2022; Cros et
al., 2023).
Increased
sebum production has also been associated with alterations in the skin
microbiome and an increased predominance of acne-associated C. acnes
strains
(Podwojniak et al.,
2025).
Sebum
influences the biological behavior of Cutibacterium acnes, as bacterial
lipases hydrolyze triglycerides in sebum into free fatty acids that exhibit
comedogenic and proinflammatory properties (Coenye et al., 2022;
Josse et al., 2020; Nakase et al., 2022).


Follicular hyperkeratinization is
characterized by increased proliferation and impaired desquamation of
keratinocytes within the follicular infundibulum, leading to obstruction of the
follicular lumen and the formation of microcomedones (Mias et al., 2023;
Niedźwiedzka et al., 2024; Spittaels et al., 2020) This
obstruction creates anaerobic conditions that support colonization and
proliferation of Cutibacterium acnes within the follicle (Jin et al., 2023).


This process is further reinforced
by alterations in sebum composition and by inflammatory mediators produced
following colonization by Cutibacterium acnes, particularly
interleukin-1α and interleukin-1β.(Mias et al., 2023;
Nguyen & Kim, 2020).
Activation
of the NLRP3 inflammasome by Cutibacterium acnes has also been
associated with increased production of interleukin-1β, which is
associated with hyperkeratinization and comedone formation during the early
stages of acne vulgaris (X. Li & Jin,
2025; Mias et al., 2023).


Certain Cutibacterium acnes
strains possess the ability to form biofilms on the surface of pilosebaceous
follicles, particularly in follicles that are obstructed and rich in sebum (Brüggemann,
Salar-vidal, et al., 2021; Cavallo et al., 2022; Coenye et al., 2022; Ruchiatan
et al., 2023).
A biofilm is a protective layer composed of an extracellular matrix consisting
of exopolysaccharides, proteins, extracellular DNA, and lipids, which enables
bacteria to persist for prolonged periods within the follicle (Cavallo et al.,
2022; Coenye et al., 2022; Niedźwiedzka et al., 2024).


Biofilm formation enhances bacterial
adhesion to the follicular epithelium, traps sebum and keratin debris, and
further promotes follicular obstruction and comedone formation.(Coenye et al.,
2022; Josse et al., 2020; Ruchiatan et al., 2023) Strains associated with acne
vulgaris, particularly phylotype IA1, exhibit greater biofilm biomass than
those identified in healthy skin (Cavallo et al.,
2022; Coenye et al., 2022; Ruchiatan et al., 2023). Biofilms have
also been associated with persistence of acne lesions, increased antibiotic
tolerance, and reduced therapeutic response (Brüggemann,
Salar-vidal, et al., 2021; Cavallo et al., 2022; Coenye et al., 2022; Ruchiatan
et al., 2023).
Biofilms
formed by Cutibacterium acnes on the follicular wall may enhance
bacterial adhesion and trap sebum and keratin debris, thereby further promoting
follicular obstruction (Coenye et al.,
2022; Ruchiatan et al., 2023). Dominant colonization of the follicle by C. acnes has
also been associated with increased biofilm formation, greater antibiotic
tolerance, and higher levels of inflammation (Brüggemann,
Salar-vidal, et al., 2021). 


Cutibacterium acnes produces
various enzymes and virulence factors, including lipases, proteases,
hyaluronidase, neuraminidase, porphyrins, Christie–Atkins–Munch-Petersen (CAMP)
factors, and extracellular vesicles (Brüggemann,
Salar-vidal, et al., 2021; Chen et al., 2025; Cros et al., 2023; Mayslich et
al., 2021).
Lipases hydrolyze sebum triglycerides into free fatty acids and glycerol within
the follicular lumen (Coenye et al.,
2022; Josse et al., 2020; Nakase et al., 2022).


The free fatty acids produced have been
associated with hyperkeratinization, follicular obstruction, local irritation,
and increased inflammatory responses (Coenye et al.,
2022; Josse et al., 2020; Mias et al., 2023; Niedźwiedzka et al., 2024). In addition
to lipases, Christie–Atkins–Munch-Petersen factors, porphyrins, and
extracellular vesicles also appear to contribute to increased proinflammatory
activity of Cutibacterium acnes (Chen et al., 2025;
Cros et al., 2023; Mayslich et al., 2021).


The inflammatory response in acne
vulgaris begins when surface components of Cutibacterium acnes are recognized
by toll-like receptor 2 (TLR-2) and toll-like receptor 4 (TLR-4) on
keratinocytes, sebocytes, monocytes, dermal fibroblasts, and other immune cells
surrounding the follicle (Cheung et al.,
2024; Jin et al., 2023; Mias et al., 2023; Nguyen & Kim, 2020). Activation of
these receptors triggers the NF-κB and mitogen-activated protein kinase
(MAPK) pathways, which increase the production of proinflammatory cytokines,
including interleukin-1α, interleukin-1β, interleukin-6,
interleukin-8, and tumor necrosis factor-α (Cheung et al.,
2024; H. Lee et al., 2025; Nguyen & Kim, 2020).


Increased production of these cytokines
contributes to the recruitment of neutrophils and mononuclear cells around the
follicle, thereby promoting lesion progression from microcomedones to papules,
pustules, or nodules (Cheung et al.,
2024; Mias et al., 2023).
Activation of the NLRP3 inflammasome and polarization of immune responses
toward the Th17 pathway have also been associated with increased interleukin-17
and other inflammatory mediator production in acne vulgaris (Mias et al., 2023;
Niedźwiedzka et al., 2024).


Christie–Atkins–Munch-Petersen factors have
been associated with keratinocyte apoptosis and increased release of
proinflammatory cytokines, including interleukin-1β and interleukin-8 (Chen et al., 2025;
Mayslich et al., 2021).
Extracellular vesicles released by IA1 strains appear to increase expression of
interleukin-6, interleukin-8, tumor necrosis factor-α, and antimicrobial
peptides in keratinocytes and sebocytes compared with vesicles derived from
nonlesional strains (Cheung et al.,
2024; Cros et al., 2023).


The inflammatory response in acne is
influenced not only by the number of Cutibacterium acnes but also by
microbiome dysbiosis and the predominance of more virulent strains (Niedźwiedzka
et al., 2024).
Cutibacterium
acnes
phylotypes capable of forming biofilms and producing extracellular vesicles
appear to exhibit stronger proinflammatory activity and have been associated
with increased cytokine expression and persistence of inflammation in acne
vulgaris lesions
(Cheung et al.,
2024; Coenye et al., 2022; Cros et al., 2023).


Table 2. Summary of Cutibacterium acnes
Role in Pathogenesis Mechanisms in Acne Vulgaris



 
  	
  Factor

  
  	
  Role in Acne Vulgaris

  
 

 
  	
  Increased
  sebum production

  
  	
  Promotes the growth of Cutibacterium acnes by
  providing a lipid-rich environment that supports bacterial proliferation

  
 

 
  	
  Follicular
  hyperkeratinization

  
  	
  Obstructs follicles and leads to the formation of microcomedones

  
 

 
  	
  Cutibacterium
  acnes

  
  	
  Activates toll-like receptor 2 (TLR-2) and initiates
  inflammatory responses

  
 

 
  	
  Proinflammatory
  cytokines

  
  	
  Interleukin-1β, interleukin-6, interleukin-8,
  and tumor necrosis factor-α promote the development of inflammatory
  lesions

  
 




 


Implications
of the Microbiome for Acne Vulgaris Therapy


Conventional therapies for acne
vulgaris are generally aimed at reducing Cutibacterium acnes levels,
decreasing sebum production, and suppressing inflammation; however, these
approaches do not specifically preserve the skin microbiome balance.(Dréno et al.,
2020b; Niedźwiedzka et al., 2024; Zhu et al., 2025) These
approaches also appear not to fully account for the role of dysbiosis and
strain-level differences of Cutibacterium acnes in acne vulgaris.(Podwojniak et al.,
2025) 
Long-term
use of conventional therapies has been associated with reduced diversity of the
skin microbiome and with predominance of Cutibacterium acnes strains
that are more resistant and more proinflammatory (Niedźwiedzka
et al., 2024; Park et al., 2020; Zhu et al., 2025).


Table 3. Comparison between Conventional
Therapy and Microbiome-Based Therapy in Acne Vulgaris



 
  	
  Therapy

  
  	
  Mechanism of Action

  
  	
  Limitations

  
 

 
  	
  Antibiotics

  
  	
  Reduce
  Cutibacterium acnes levels and suppress inflammation

  
  	
  Antibiotic
  resistance and disruption of the normal skin microbiome

  
 

 
  	
  Benzoyl
  peroxide

  
  	
  Reduces
  bacterial load through broad antimicrobial activity

  
  	
  Not
  specific to acne-associated strains

  
 

 
  	
  Probiotics

  
  	
  Restore
  microbiome balance and reduce predominance of proinflammatory strains

  
  	
  Requires
  further research to confirm long-term effectiveness

  
 

 
  	
  Bacteriophages

  
  	
  Target
  pathogenic bacterial strains selectively

  
  	
  Limited
  clinical data currently available

  
 




 


Future directions in acne vulgaris
therapy development are shifting toward approaches that are more selective for
specific Cutibacterium acnes strains and more focused on restoration of
skin microbiome homeostasis (Mohammadi, 2024;
Niedźwiedzka et al., 2024; Searle et al., 2025). Future
therapies are unlikely to focus on the complete elimination of Cutibacterium
acnes, but rather on controlling strains associated with acne while
preserving strains more commonly found in healthy skin (Podwojniak et al.,
2025).


These approaches include
combinations of probiotics, bacteriophages, anti-biofilm agents, and modulation
of specific Cutibacterium acnes strains, to preserve commensal strains
while reducing proinflammatory strains (Coenye et al.,
2022; Mohammadi, 2024; Searle et al., 2025). Future therapeutic development also
appears to be directed toward identifying Cutibacterium acnes phylotypes
and ribotypes in individual patients, enabling therapies to be tailored to each
patient’s skin microbiome profile (Hamann et al.,
2025; Niedźwiedzka et al., 2024; Podwojniak et al., 2025). Research on
the skin microbiome in acne vulgaris continues to demonstrate substantial
methodological heterogeneity, including differences in sampling techniques,
sequencing methods, and classification of Cutibacterium acnes strains (Niedźwiedzka
et al., 2024).
These methodological differences appear to complicate direct comparisons across
studies and limit consistent interpretation of findings.(Podwojniak et al.,
2025) Most
available studies have also primarily focused on bacteria, particularly Cutibacterium
acnes, whereas other microbiome components remain infrequently evaluated. (Niedźwiedzka
et al., 2024)
Many studies have employed cross-sectional designs; therefore, temporal
relationships between microbiome changes and the development of acne vulgaris
have not been fully established (Podwojniak et al.,
2025).
Most available data on the skin microbiome in acne vulgaris are derived from
single-time-point observations, and therefore, changes in microbiome
composition throughout disease progression remain insufficiently characterized (Niedźwiedzka
et al., 2024).
Longitudinal
studies are necessary to evaluate changes in Cutibacterium acnes
strains, inflammatory dynamics, and therapeutic responses over time (Podwojniak et al.,
2025).
Long-term approaches may also help determine whether microbiome alterations
occur before lesion development or after inflammation has progressed.(Jin et al., 2023) Such studies also
appear necessary to evaluate the long-term safety and effectiveness of
microbiome-based therapies, including probiotics and bacteriophages (Niedźwiedzka
et al., 2024).


Most current studies focus primarily on
bacterial components, and only limited research has evaluated the roles of
fungi and viruses in the skin microbiome in acne vulgaris (Niedźwiedzka
et al., 2024).
Some
studies suggest that fungi, particularly the genus Malassezia, may be
associated with changes in sebum production and inflammation in acne-affected
skin
(Podwojniak et al.,
2025).
The
role of viruses in the skin microbiome remains incompletely understood,
although bacteriophages targeting Cutibacterium acnes are now being
investigated as a potential therapeutic approach (Niedźwiedzka
et al., 2024).
Studies that incorporate all components of the skin microbiome appear to be
necessary to obtain a more comprehensive understanding of the pathogenesis of
acne vulgaris (Podwojniak et al.,
2025).


 


CONCLUSIONS AND RECOMMENDATIONS


Acne vulgaris is associated not only with
the abundance of Cutibacterium acnes but also with skin microbiome dysbiosis
and the predominance of more virulent strains, such as RT4, RT5, RT8, and RT10.
These strains contribute to inflammation through biofilm formation, virulence
factor production, and activation of inflammatory pathways, including TLR-2 and
NF-κB. Understanding these mechanisms may support the development of microbiome-based
therapies, such as probiotics and bacteriophages, as potential future
treatments for acne vulgaris.
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