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Abstract

Acne is a common chronic skin condition characterized by inflammation of the hair follicles and sebaceous glands, severely 
affecting patients‘ appearance and psychological well-being. Suitable animal models are fundamental for investigating the 
pathogenesis of acne and developing therapeutic strategies. This paper summarizes recent advancements in acne animal model 
research, exploring the construction methods of commonly used models, their advantages and limitations, and their applications 
in studying the pathogenesis of acne, screening drugs, and evaluating therapeutic efficacy. Additionally, recommendations for 
improving the design of animal models are provided to advance the field of acne research further. This review aims to offer 
guidance for acne vaccine research and the development of anti-inflammatory and antimicrobial drugs.
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Introduction

Acne is a prevalent chronic skin condition that primarily affects 
patients‘ appearance and psychological well-being, accompanied 
by inflammation of the hair follicles and sebaceous glands. In 
recent years, the number of acne patients worldwide has surpassed 
640 million, with an overall prevalence rate of 20.5%. However, 
studies have shown that over 95% of individuals experience 
acne to varying degrees; among them, adolescents and young 
adults (ages 16-24) have the highest prevalence, reaching 28.3% 
[1]. Acne primarily occurs on the face and manifests as non-
inflammatory lesions such as papules, pustules, nodules, and 
cysts. Its aetiology includes excessive sebum secretion, abnormal 
keratinization of the hair follicle and sebaceous duct, proliferation 
of Propionibacterium acnes (P. acnes), and inflammatory responses 
[2,3]. Despite the availability of various treatment options, 
the complex pathophysiological mechanisms of acne remain 
incompletely understood, and treatment outcomes vary between 
individuals, requiring further investigation. Animal models play a 
crucial role in studying skin diseases as they can simulate human 
physiological and pathological characteristics. Animal models not 
only facilitate in-depth exploration of the pathogenesis of acne but 
also enable the evaluation of therapeutic and preventive strategies, 
providing strong support for clinical applications.

This review summarizes recent advancements in acne animal 
models, discussing the application of different animal models in 
the study of acne pathophysiology, drug screening, and efficacy 
evaluation. By analyzing the construction methods and advantages 
and limitations of commonly used animal models, this review 
aims to provide a theoretical basis for acne re-search and clinical 
treatment and to offer suggestions for improving animal model 
design, thereby advancing the field of acne research.

The Mechanism of Acne Development

The pathogenesis of acne involves the interplay of various host 
factors, including dysbiosis of the follicular sebaceous microbiome, 
androgen stimulation of sebaceous glands, and cellular immune 
responses. The process begins with the formation of hyperkeratotic 
plugs, composed of keratinocytes, located in the lower part of 
the follicular infundibulum. With the accumulation of keratin 
and sebum, microcomedones gradually transform into closed 
comedones. As the follicular opening expands, open comedones 
are formed, appearing dark due to the presence of melanin and 
oxidized lipids. The proliferation of Propionibacterium acnes and 
its suppression of the cellular immune response further promote 
the development of inflammatory papules and pustules. Eventually, 
the rupture of the hair follicle releases bacteria, keratin, and pro-
inflammatory lipids into the dermis, triggering inflammation and 
the formation of nodules [4,5].
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Androgens (such as dihydrotestosterone) regulate sebaceous gland 
activity and promote sebum secretion by binding to androgen 
receptors in sebocytes, affecting multiple pathophysiological 
factors and thereby contributing to the formation of both non-
inflammatory and inflammatory acne lesions [6]. Excess 
sebum provides a favourable environment for bacterial growth 
and facilitates the colonization of Propionibacterium acnes. 
Additionally, fatty acids in sebum accelerate the differentiation of 
keratinocytes and induce epidermal barrier dysfunction associated 
with acne formation. The proliferation of Propionibacterium acnes 
and other inflammatory mediators within the follicular sebaceous 
unit (such as defensins and cytokines) trigger inflammatory 
mechanisms, further promoting the development of acne lesions.

Unhealthy dietary habits have been identified as potential 
contributors to the development and severity of acne. Research 
suggests that whey protein in milk is associated with an increased 
risk of acne [7,8]. Additionally, alcohol exacerbates acne by 
elevating testosterone levels, promoting inflammatory responses, 
and facilitating the growth of Propionibacterium acnes, a key 
bacterium involved in acne pathogenesis [9]. Furthermore, there 
may be a significant association between obesity and acne vulgaris. 
Obesity has been linked to the development of acne, and adopting 
a low Glycaemic Index (GI) diet may help reduce acne severity. 
However, the impact of weight loss on acne improvement requires 
further investigation [10].

Types of Animal Models for Acne Research and Their 
Evaluation Criteria

Due to the differences in sebaceous glands, hair follicles, skin 
microbiota, and immune-inflammatory responses among various 
animal species, using different animals for ac-ne research can lead 
to diverse modelling results. Commonly used animal species for 
acne models include rabbits, rats, mice, guinea pigs, hairless mice, 
golden hamsters, Mexican hair-less dogs, miniature pigs, and 
rhesus monkeys. For instance, rhesus monkeys are primates with 
skin structures, physiological conditions, and immune responses 
similar to humans. However, their use in acne modelling is more 
expensive [11]. Miniature pigs share similar skin structures with 
humans, and their skin metabolism of 5-aminolevulinic acid mirrors 
that of humans [12]. Acne formation in Mexican hairless dogs 
resembles that of humans, but their acne develops spontaneously 
without the need for external stimulation [13]. Golden hamsters are 
sensitive to androgens, which can effectively influence sebaceous 
glands and hair follicles, making them a suitable acne model; 
however, they are not ideal for studying infection, inflammatory 
responses, or immune responses [14]. Hairless mice can develop 
acne lesions similar to human blackheads and have comparable 
physiological and histological features, but they do not exhibit 
secondary inflammation [15-17]. Guinea pig skin can develop 
inflammatory papules, and by intradermally injecting a suspension 
of human keratinocytes, an effective guinea pig acne model can be 
established [18]. Rat models are characterized by indicators such 
as ear redness, epidermal thickening, inflammation, excessive 
keratin secretion, and the accumulation of subcutaneous sebum 

and triglycerides (TG). Viaminate drug ameliorates rat acne model 
induced by Propionibacterium acnes by inhibiting keratinocyte 
proliferation and inflammatory response [19]. The most frequently 
used animal models for acne are mice and rabbits (Figure 1).

Figure 1: Acne animal models and pathogenesis.

Commonly used: Mice, guinea pigs, hamsters, rabbits (for 
studying P. acnes-induced inflammatory mechanisms); Less 
utilized: Rhesus monkeys, Mexican hairless dogs, hairless mice, 
miniature pigs. Key pathogenesis: Follicular hyperkeratosis → P. 
acnes proliferation → Immune cell recruitment → Inflammatory 
cascade. Figure created with Biorender (Biorender.com).

The skin structure of mice closely resembles that of humans, 
featuring a high density of hair follicles and widespread sebaceous 
gland distribution, which makes it an ideal model for investigating 
the pathogenesis and inflammatory processes of acne. Moreover, 
the skin‘s thin nature facilitates minimally invasive procedures. 
Two primary methods are commonly employed for establishing 
acne models in mice. The first involves the application of 
chemical substances to induce acne-like lesions, such as croton 
oil (a potent irritant) [20], carrageenan (a polysaccharide) [21], 
2,4-dinitrochlorobenzene (a chemical irritant) [22], and oestrogen 
(a hormonal agent) [23]. These chemicals are typically applied 
daily to the ear pinna of the mice, provoking an inflammatory and 
immune response, thus establishing an acne model. The second 
method uses Propionibacterium acnes bacterial suspension, which 
is administered via intradermal injection into the dorsal skin of 
male mice at a concentration of 106-108 CFU/mL, followed by a 
14-day observation period. During this time, clinical, pathological, 
and immunological assessments are conducted to evaluate the 
acne-like responses [24-27].

Rabbit skin is thicker, with larger and moderately dense hair 
follicles, making it an ideal model for studying complex skin 
pathophysiological processes, particularly in the fields of 
immunology and sebaceous gland function. Three primary methods 
are used to establish an acne model in rabbits. The first method 
involves the application of chemical agents alone. Chemicals, such 
as oleic acid [18,28], coal tar [29,30], tetradecane [31], squalene 
peroxide [32], and isopropyl myristate [31], are applied to the ear 
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of the rabbit daily for 14 days to induce an inflammatory response, 
thereby creating a rabbit ear acne model. The second method 
utilizes bacterial suspension alone, in which Propionibacterium 
acnes or Staphylococcus epidermidis suspension is injected 
into the inner ear of the rabbit, and lipid substances are applied 
to simulate the pore blockage seen in human acne. This model 
is induced by daily or alternate-day intradermal injections of 
Propionibacterium acnes suspension (1×108 CFU/mL, 30-100 μL) 
into the right ear [33]. The third method combines both chemical 
agents and Propionibacterium acnes for induction. Chemical 
agents simulate the surface sebum found in humans, and 0.5 mL 
of coal tar is applied daily for 14 consecutive days to the area near 
the ear canal opening on the inner side of the rabbit‘s right ear, 
while alternate-day injections of Propionibacterium acnes sus-
pension are administered. This approach establishes a rabbit ear 
acne model [34].

In the establishment of the acne model, evaluation parameters 
typically include clinical assessment, pathological features, 
and immune response markers. Clinical assessment mainly 
focuses on the clinical presentation of acne, such as the type, 
number, distribution, severity of lesions, and the extent of 
skin inflammation. Pathological features generally involve the 
observation of skin tissue sections, evaluating follicular occlusion, 
sebaceous gland hypertrophy, local inflammatory responses, 
alterations in keratinocyte differentiation, bacterial burden, and 
Propionibacterium acnes colonization, among other pathological 
characteristics. Immune response markers include the assessment 
of inflammatory factors (e.g., proinflammatory cytokines 
TNF-α, IL-1β, IL-6, IL-8), immune cell infiltration (such as 
T cells and macrophages), and molecules related to immune 
tolerance or activation. These parameters collectively assist in the 
comprehensive evaluation of the acne model establishment and its 
simulation of acne‘s pathological mechanisms.

Current methods for constructing acne animal models face several 
challenges, particularly with chemical induction, which can 
adversely affect the stability and reproducibility of the models. 
For instance, the use of specific chemical agents, such as aldehyde 
compounds, may impact model reproducibility due to individual 
variations or changes in experimental conditions. As a result, 
improving the induction protocol to enhance model quality has be-
come a primary focus of research. Possible optimization strategies 
include the combined use of multiple induction factors, such as 
hormonal treatments and bacterial infections, or employing gene 
editing technologies to develop specific models for studying the 
pathogenesis of acne. Furthermore, researchers are exploring more 
physiologically relevant induction methods, such as modulating 
the skin‘s microbiome or immune response, to more accurately 
reflect the underlying pathological processes of acne, thereby 
improving both the model‘s stability and its clinical applicability.

Application of Animal Models in Research

Application of Animal Models to Evaluate Potential 
Therapeutic Strategies

Animal models play a crucial role in evaluating potential 
therapeutic methods. They allow the simulation of human diseases, 
the validation of treatment effects, and the assessment of safety, 
efficacy, and side effects, providing critical preclinical data for 
drug development and clinical trials. These models help optimize 
treatment strategies, reduce clinical risks, and accelerate the 
research and development process. Various therapeutic agents have 
been studied using animal models for acne treatment, including 
plant extracts (e.g., thymol, rosmarinic acid, and other terpenoids 
and phenolic compounds), antimicrobial peptides (e.g., CEN1HC-
Br, BLP-7), medium-chain fatty acids (e.g., decanoic acid, lauric 
acid), alkaloids (e.g., tetrahydroindolizidine alkaloids), synthetic 
drugs (e.g., adapalene), surfactants and lipids (e.g., surfactant oil 
gel), and other aromatic and phenolic compounds (e.g., quercetin, 
glycyrrhizin flavonoids). These agents are primarily utilized for 
antioxidant, antibacterial, and anti-inflammatory treatments and 
have also been explored in the context of monoclonal antibody 
and bacteriophage therapies.

Anti-inflammatory Drugs

The surfactant-oil gel significantly alleviates inflammatory acne 
vulgaris induced by Cutibacterium acnes in mice, improving 
symptoms such as epidermal swelling, erythema, and thickening 
while also reducing bacterial colony counts. Its mechanisms 
include reducing inflammation and oxidative stress and inhibiting 
the TLR-mediated activation of the NF-κB pathway, thus 
suppressing the inflammatory response [35].

The study employed a Cutibacterium acnes mouse model to 
evaluate the anti-inflammatory effects of D. crepidatum (DCE) and 
tetrahydroindoline alkaloid (HCA). The results demonstrated that 
HCA significantly reduced erythema and swelling in the mouse 
ear, decreased the expression of pro-inflammatory cytokines IL-1β 
and IL-8, and that D. crepidatum and its active ingredient HCA 
exert a protective effect against acne-related inflammation [36].

The Kyoto rhino Krh/krh rat is a well-established acne model 
induced by ethylnitrosourea and carrying the hairless gene. The 
study assessed the therapeutic effects of adapalene in this model. 
Twelve-week-old rats were treated with either adapalene or vehicle, 
six times a week for 12 weeks. The results showed that adapalene 
significantly reduced the open comedo area, lipid production, and 
increased epidermal thickness while promoting the production of 
IL-10 and IL-12a cytokines. The study suggests that adapalene 
effectively alleviates acne by regulating lipid metabolism and 
cytokine production [37].
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Ethanol oregano extract (EOE) significantly inhibited 
Propionibacterium acnes-induced skin inflammation, with efficacy 
evaluated by assessing ear thickness and biopsy weight in mice 
[38]. Intradermal injection of ethanol rosemary extract (ERE) 
notably alleviated ear swelling and granulomatous inflammation 
induced by Propionibacterium acnes [39]. The total phenolic 
compound extract from bitter melon leaves (TPE) effectively 
reduced Propionibacterium acnes-induced ear inflammation 
in mice. In an 8-week-old male ICR mouse model, TPE was 
injected into the left ear (treated with Propionibacterium acnes) 
and the right ear (PBS control) for comparison. The results 
demonstrated that TPE significantly alleviated ear swelling and 
micro abscess formation [35]. Additionally, Banana Peel Extract 
(MBPE) exhibited strong anti-inflammatory effects by inhibiting 
nodule formation, bacterial growth, and the production of pro-
inflammatory cytokines, including IL-1α, IFN-γ, TNF-α, and IL-8 
in rats [40]. Quercetin, a polyphenolic antioxidant, significantly 
reduced ear erythema, swelling, granulomatous reactions, and 
inflammatory cell accumulation in Propionibacterium acnes-
induced mice. This suggests that quercetin could serve as a 
potential treatment for Propionibacterium acnes-induced skin 
inflammation, with potential applications in both pharmaceuticals 
and cosmetics [41]. In another study, the anti-acne effects of 
all-trans retinoic acid and Nobiletin ex-tract were compared in 
hamsters. After 15 days of topical treatment, both 2% Nobiletin 
extract and 0.2% all-trans retinoic acid significantly reduced the 
size of sebaceous glands and decreased triglyceride (TG) levels 
on the skin surface, suggesting that Nobiletin extract could be 
an effective anti-acne agent [42]. In a separate experiment, acne 
was induced in rats. Topical application of liquorice flavonoid gel 
for 14 days reduced hyperkeratosis, inhibited the inflammatory 
response, and decreased the expression of IL-8 and TNF-α in both 
serum and skin, suggesting that liquorice flavonoids exert anti-
acne effects by modulating the skin microbiome and metabolic 
balance [43]. Finally, liquorice chalcone A was shown to inhibit 
ASC speck formation and mitochondrial Reactive Oxygen Species 
(ROS) production induced by Propionibacterium acnes. Topical 
application of liquorice chalcone A reduced ear skin inflammation 
in mice and lowered caspase-1 activity and IL-1β production in 
the ear. As an NLRP3 inflammasome inhibitor, liquorice chalcone 
A effectively modulated Propionibacterium acnes-induced skin 
inflammation [44].

Anti-inflammatory and antimicrobial agents

Lauric acid, a medium-chain fatty acid, demonstrates notable 
bactericidal properties. Studies have indicated that both intradermal 
injection and topical application of lauric acid effectively reduce 
the colonization of Propionibacterium acnes in mouse ears and 
alleviate ear swelling and granulomatous inflammation induced by 
the bacterium. Compared to capric acid, lauric acid exhibits more 
potent antimicrobial activity against Propionibacterium acnes, and 
both compounds reduce ear swelling and the formation of micro 
abscesses in mice [45,46].

The antimicrobial peptide CEN1HC-Br exhibits bactericidal effects 
against Propionibacterium acnes. It exerts anti-inflammatory 
actions by downregulating TLR2 and inhibiting the expression of 
pro-inflammatory cytokines, including IL-8, TNF-α, and MMP-2, 
thereby reducing ear oedema in rats [47]. In a rat model of ear 
oedema, the antimicrobial peptide BLP-7 significantly inhibited 
Propionibacterium acnes-induced skin inflammation, reducing 
ear thickness by 54.21% compared to the negative control group, 
highlighting its anti-acne and anti-inflammatory properties [48]. 
In a rat model of ear oedema, the antimicrobial peptide BLP-7 
significantly inhibited Propionibacterium acnes-induced skin 
inflammation, reducing ear thickness by 54.21% compared to 
the negative control group, highlighting its anti-acne and anti-
inflammatory properties [49].

A heat-inactivated Propionibacterium acnes vaccine administered 
intranasally to mice successfully induced specific antibodies, 
providing protective immunity against Propionibacterium acnes 
and promoting the resolution of ear inflammation. The generated 
antibodies effectively neutralized cytotoxicity and reduced the 
production of the pro-inflammatory cytokine IL-8 in sebocytes 
[50]. Currently, two monoclonal antibody therapies targeting 
IL-1α and IL-17A are undergoing clinical trials to evaluate their 
effectiveness in treating moderate to severe acne vulgaris [51,52].

Phage therapy is an emerging treatment for acne that targets 
explicitly pathogenic bacteria, avoiding damage to beneficial 
bacteria. This specificity helps mitigate the side effects associated 
with traditional acne therapies [53]. In a study, 38 female ICR 
mice, aged 8 weeks, were subcutaneously injected with one of 
eight newly isolated phage strains or physiological saline (control 
group) on their backs, followed by the application of artificial 
sebum to the injection sites for two consecutive days. On day 3, the 
phage-treated group developed inflammatory acne lesions, while 
the control group exhibited only mild skin elevation. Researchers 
photo-graphed the lesions and assessed their diameter, height, and 
scabbing daily. On day 10, the mice were euthanized for tissue 
biopsy and histopathological examination. Bacterial and phage 
counts in the lesion sites were determined using colony-forming 
units (CFU) and Plaque-Forming Units (PFU), respectively. 
Results demonstrated that phage treatment significantly reduced 
bacterial load and inflammation at the lesion sites [54].

Potential preventive strategies for the application of animal 
models in research

Acne vaccines induce the immune system to generate 
specific antibodies [50], neutralize the cytotoxic effects of 
Propionibacterium acnes, and reduce the release of pro-
inflammatory factors, thus preventing the onset and progression 
of acne. Compared to traditional drug therapies, acne vaccines 
offer more durable and specific therapeutic effects. Acne animal 
models play a crucial role in vaccine development and testing, as 
they can replicate the inflammatory response seen in human acne, 
assess immune activation, antibody production, and the ability 



Citation: Lu T, Guo J, Wang Z (2025) Advanced Studies and Applications on Animal Models of Acne. J Family Med Prim Care Open Acc 9: 281. DOI: 
10.29011/2688-7460.100281

5 Volume 9; Issue 01

to neutralize bacterial toxicity, providing scientific evidence for 
the safety and efficacy of the vaccine. For instance, candidate 
vaccines include those targeting toxin factors such as CAMP 
factor immunotherapy antibodies, sialidase, hyaluronidase, and 
antimicrobial peptides.

Toxin factors

The currently available Cutibacterium acnes vaccine can prevent 
acne but does not offer therapeutic effects nor neutralize its 
virulence factors. To address this limitation, researchers have 
developed an immunotherapeutic antibody targeting the CAMP 
factor of Cutibacterium acnes. The CAMP factor was encapsulated 
in radish leaves using agrobacterium-mediated infiltration 
technology, followed by nasal immunization in mice, successfully 
inducing neutralizing antibodies, which significantly alleviated 
the inflammatory response caused by Cutibacterium acnes. The 
neutralization of the CAMP factor effectively suppressed bacterial 
growth at the infection site without disrupting bacteria in other 
areas. The study suggests that the CAMP factor is a promising new 
target for the treatment of Cutibacterium acnes-related diseases 
[55].

Bacterial sialidase

A vaccine designed to target inflammatory acne caused by 
Propionibacterium acnes consists of sialidase anchored to the cell 
wall of Propionibacterium acnes or inactivated Propionibacterium 
acnes. Studies indicate that this vaccine induces protective 
immunity in ICR mice and reduces the elevation of specific 
cytokines induced by Propionibacterium acnes. Mice immunized 
with sialidase produce detectable antibodies that can effectively 
neutralize the cytotoxic effects associated with Propionibacterium 
acnes-induced interleukin-8 (IL-8) in sebocytes. Furthermore, 
these mice show evidence of protective immunity, as demonstrated 
by reduced ear swelling and a decrease in the release of the pro-
inflammatory macrophage inflammatory protein-2 (MIP-2) [56].

Hyaluronidase

The hyaluronidase variants HylA and HylB of Propionibacterium 
acnes are closely associated with acne and health conditions. In 
the mouse acne model, after anaesthesia with isoflurane vapor, 
Propionibacterium acnes bacterial suspension was intradermally 
injected into 8-week-old female mice, and a synthetic sebum 
analog was applied daily. After 24 or 48 hours of infection, 
disease severity was assessed, and the mice were sacrificed. Skin 
lesions were harvested and homogenized, and Colony-Forming 
Units (CFU) were quantified on Brain Heart Infusion (BHI) 
agar plates. HylA exerts a potent pro-inflammatory effect, while 
HylB demonstrates anti-inflammatory properties. HylB is linked 
to health by mitigating inflammation through the degradation 
of Hyaluronic Acid (HA) into HA disaccharides, whereas HylA 
generates large HA fragments that activate the TLR2-dependent 
inflammatory response. Substituting the serine near the catalytic 
site of HylA with glycine enhances its enzymatic activity, resulting 
in an HA degradation pattern intermediate between that of HylA 

and HylB. Selective targeting of HylA with peptide vaccines or 
inhibitors can alleviate pathological changes associated with acne 
[57].

Antimicrobial Peptides

Cathelicidins are a class of multifunctional antimicrobial peptides 
involved in innate immune responses. Cathelicidin-BF exhibits 
potent antimicrobial activity against Cutibacterium acnes and 
also demonstrates significant bactericidal effects against other 
microorganisms such as Staphylococcus epidermidis. In the murine 
skin colonization model, Cutibacterium acnes was cultured to the 
exponential phase in BHI broth. The bacterial cells were then 
washed and resuspended in a sodium chloride solution. Following 
this, 1×107 CFU/20 ml of the bacterial suspension was intradermally 
injected into the left ear of Kunming mice. In contrast, the same 
volume of sodium chloride solution was injected into the right ear 
as a control. A placebo gel, antimicrobial peptide-BF gel, or 0.2% 
clindamycin gel was applied to the ear, and the area was sealed 
with dressings and tape. After 24 hours, ear thickness changes were 
measured. The left ear was excised, the gel was removed, and the 
ear was homogenized. Following homogenization, the bacterial 
count was determined by CFU enumeration. The homogenate was 
incubated anaerobically at 37°C for 72 hours, and bacterial counts 
were recorded. The Cathelicidin-BF gel was shown to alleviate 
swelling and granulomatous inflammation in the ear induced by 
Cutibacterium acnes, confirming its anti-inflammatory properties 
[58].

Recent Advances in Animal Models for Acne Research

Zebrafish Model in Acne Research

Zebrafish, with its simple skin structure and ease of observation 
and manipulation, has emerged as an ideal model for studying skin 
development and dermatological diseases. The well-established 
gene editing techniques in zebrafish make it a valuable tool for 
investigating the functional roles of genes associated with acne. 
UP256 is a widely used drug for acne treatment and may also 
offer therapeutic potential for conditions related to excessive skin 
pigmentation. Using the zebrafish model, researchers can quantify 
melanin levels to assess the efficacy of UP256 in such conditions 
[59].

SKH-hr1 Hairless Mouse Model

Hairless mice, caused by a mutation in the Hr gene on 
chromosome 14, exhibit a lack of significant hair growth while 
retaining sebaceous glands and hair follicles, making them ideal 
for long-term monitoring of skin changes. A comparative analysis 
was performed using clinical evaluations, histopathological 
examinations, photographic documentation, biophysical 
measurements, and blood analyses. The results show that SKH-hr1 
mice are particularly suit-able for acne treatment and prevention 
research [60]. This study evaluated the effectiveness of anti-
acne drugs by comparing untreated mice with those treated with 
established effective therapies, with a specific focus on their impact 
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on the early stages of acne lesions and the recurrence of acne after 
treatment. Despite the advantages of the mouse model, limitations 
exist, including the potential for improper injection techniques and 
variations in skin thickness, which may affect the comparability of 
results. Future studies should extend the experimental duration and 
provide a comprehensive assessment of the spontaneous healing 
process in these models.

Novel Techniques for Acne Assessment

The novel acne evaluation techniques include the following 
categories: 3D image analysis, which effectively assesses lesion 
parameters and serves as a key tool for evaluating acne severity 
and guiding the selection of treatment methods; the VISIA-CR 
skin analysis system (a skin UV spectral imaging device), which 
rapidly captures high-definition images and evaluates changes 
in acne through multi-angle polarized light; and the RBX-red 
technology, which uses orthogonal polarized imaging to detect 
haemoglobin levels, reflecting vascular alterations and the degree 
of inflammation [61].

Conclusions and Future Directions

Acne animal models are pivotal in understanding the underlying 
pathological mechanisms, evaluating treatment strategies, and 
advancing new drug development. Although existing models, such 
as those involving mice, rats, rabbits, and pigs, each have their 
distinct advantages and limitations, they vary in their ability to 
replicate the complex pathological processes observed in human 
acne. Despite these differences, animal models continue to be 
indispensable tools for screening potential therapies and assessing 
their efficacy, particularly in studies involving the microbiome, 
immune response, and skin barrier function. Such models are 
expected to be central to future research in these fields. These 
studies not only enhance our understanding of acne pathogenesis 
but also offer critical insights for developing novel therapeutic 
strategies.

For the successful translation of findings from acne animal models 
to clinical applications, the transition from animal studies to clinical 
trials must be expedited while addressing technical, ethical, and 
regulatory challenges. From a technical standpoint, it is essential 
that animal models accurately reflect the diverse pathological 
features of human acne, supported by the development of efficient, 
reproducible experimental protocols. Ethically, the principle of 
the 3Rs (Replacement, Reduction, and Refinement) should guide 
the use of animals in research, emphasizing alternatives to animal 
testing, minimizing animal usage, and reducing suffering. On the 
regulatory front, there is a need to standardize animal research data 
and streamline clinical trial design. Additionally, fostering a robust 
connection between animal models and clinical research, through a 
feedback loop, allows researchers to refine model design based on 
clinical observations, ensuring that animal study results translate 
into actionable insights for clinical treatment. These strategies will 
accelerate the clinical implementation of novel acne therapies, 
contribute to the advancement of precision medicine, and enhance 
the real-world impact of animal model research in acne prevention 

and treatment.

Future research should prioritize the development of more 
comprehensive and accurate animal models that closely mimic 
the pathophysiology of human acne. This endeavour requires a 
multifaceted approach, considering factors such as the structure and 
function of the hair follicle-sebaceous gland unit, the colonization 
of Propionibacterium acnes, immune responses, and androgen 
regulation. Combining various modelling techniques may offer a 
more representative simulation of human acne. With advancements 
in gene editing, tissue engineering, and stem cell technologies, the 
creation of more humanized animal models is now feasible. For 
instance, gene editing can be used to develop models with hair 
follicle-sebaceous gland units that closely resemble those found in 
humans. At the same time, tissue engineering allows the generation 
of three-dimensional skin models to simulate human skin‘s 
physiological conditions. Additionally, stem cell technologies 
can be employed to generate hair follicle-sebaceous gland cells, 
repair skin tissue, and optimize the pathological characteristics of 
these models. Moreover, integrating multi-omics approaches (such 
as genomics, transcriptomics, proteomics, and metabolomics) 
provides powerful tools to deepen our understanding of 
acne‘s pathogenesis. By analyzing the genetic, transcriptomic, 
proteomic, and metabolic changes in animal models, researchers 
can identify potential biomarkers and therapeutic targets, laying 
the groundwork for personalized acne treatments. Given the 
genetic and clinical variability in acne patients, the establishment 
of individualized animal models based on specific patient data 
will provide valuable insights for tailored drug development and 
therapeutic interventions, ultimately enhancing the precision and 
efficacy of acne treatment.

Conclusion

In conclusion, while significant progress has been made in the 
development of acne animal models, numerous challenges remain. 
Through ongoing innovation and refinement, the creation of more 
ideal models will lay the foundation for a deeper understanding 
of acne pathogenesis and the development of effective prevention 
and treatment strategies.

Author Contributions

Conception, Z.W. and J.G.; Methodology, Z.W. and J.G.; Software 
(searching for sources), T.L.; Verification (source), Z.W. and J.G.; 
Formal analysis, Z.W. and J.G.; Writing-original draft preparation, 
T.L.; Writing-review and editing, T.L., Z.W., and J.G.; Supervision, 
Z.W. and J.G. All authors have read and agreed to the published 
version of the manuscript.

Funding

This research received no external funding. The APC was funded 
by Riga Stradins University, Riga, Latvia. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 



Citation: Lu T, Guo J, Wang Z (2025) Advanced Studies and Applications on Animal Models of Acne. J Family Med Prim Care Open Acc 9: 281. DOI: 
10.29011/2688-7460.100281

7 Volume 9; Issue 01

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflict of interest.

References
1.	 Saurat JH, Halioua B, Baissac C, Cullell NP, Hayoun YB, et al. (2024) 

Epidemiology of acne and rosacea: A worldwide global study. J Am 
Acade Dermatol 90: 1016-1018.

2.	 Tuchayi SM, Makrantonaki E, Ganceviciene R, Dessinioti C, Feldman 
SR, et al. (2015) Acne vulgaris. Nat Rev Dis Primers 1: 15029.

3.	 Scholz CFP, Kilian M (2016) The natural history of cutaneous 
propionibacteria, and reclassification of selected species within 
the genus Propionibacterium to the proposed novel genera 
Acidipropionibacterium gen. nov., Cutibacterium gen. nov. and 
Pseudopropionibacterium gen. nov. Int J Syst Evol Microbiol 66: 4422-
4432.

4.	 O‘Neill AM, Gallo RL (2018) Host-microbiome interactions and recent 
progress into understanding the biology of acne vulgaris. Microbiome 
6: 177.

5.	 Sutaria AH, Masood S, Saleh HM, Schlessinger J (2024) Acne 
vulgaris. StatPearls Publishing LLC.

6.	 Del Rosso JQ, Kircik L (2024) The cutaneous effects of androgens 
and androgen-mediated sebum production and their pathophysiologic 
and therapeutic importance in acne vulgaris. J Dermatolog Test 35: 
2298878.

7.	 Maarouf M, Platto JF, Shi VY (2019) The role of nutrition in inflammatory 
pilosebaceous disorders: Implication of the skin-gut axis. Australas J 
Dermatol 60: e90-e98.

8.	 Claudel JP, Auffret N, Leccia MT, Poli F, Dréno B (2018) Acne and 
nutrition: hypotheses, myths and facts. J Eur Acad Dermatol Venereol 
32: 1631-1637.

9.	 Dreno B, Shourick J, Kerob D, Bouloc A, Taïeb C (2020) The role of 
exposome in acne: results from an international patient survey. J Eur 
Acad Dermatol Venereol 34: 1057-1064.

10.	 Liou TH, Yang JH, Hsieh CH, Lee CY, Hsu CS, et al. (2009) Clinical 
and biochemical presentations of polycystic ovary syndrome among 
obese and nonobese women. Fertil Steril 92: 1960-1965.

11.	 Wester RC, Noonan PK (1978) Topical bioavailability of a potential 
anti-acne agent (SC-23110) as determined by cumulative excretion 
and areas under plasma concentration time curves. J Invest Dermatol 
70: 92-94.

12.	 Sakamoto FH, Tannous Z, Doukas AG, Farinelli WA, Smith NA, et al. 
(2009) Porphyrin distribution after topical aminolevulinic acid in a novel 
porcine model of sebaceous skin. Lasers Surg Med 41: 154-160.

13.	 Schwartzman RM, Kligman AM, Duclos DD (1996) The Mexican 
hairless dog as a model for assessing the comedolytic and 
morphogenic activity of retinoids. Br J Dermatol 134: 64-70. 

14.	 Vega-Naredo I, Tomas-Zapico C, Coto-Montes A (2009) Potential role 
of autophagy in behavioral changes of the flank organ. Autophagy 5: 
265-267.

15.	 Ramezanli T, Michniak-Kohn BB (2018) Development and 
Characterization of a Topical Gel Formulation of Adapalene-
TyroSpheres and Assessment of Its Clinical Efficacy. Mol Pharm 15: 
3813-3822.

16.	 Odorisio T, De Luca N, Vesci L, Luisi PL, Stano P, et al. (2012) The 
atypical retinoid E-3-(3‘-Adamantan-1-yl-4‘-methoxybiphenyl-4-yl)-
2-propenoic acid (ST1898) displays comedolytic activity in the rhino 
mouse model. Eur J Dermatol 22: 505-511.

17.	 Veit JGS, De Glas V, Balau B, Liu H, Bourlond F, et al. (2021) 
Characterization of CYP26B1-Selective Inhibitor, DX314, as a 
Potential Therapeutic for Keratinization Disorders. J Invest Dermatol 
141: 72-83.e6.

18.	 Mingsan M, Zhenna F, Shuo T (2018) Standard for the preparation of 
acne animal models (draft). Chinese Journal of Traditional Chinese 
Medicine 33: 197-200. 

19.	 Cao J, Xu M, Zhu L, Xiao S (2023) Viaminate ameliorates 
Propionibacterium acnes-induced acne via inhibition of the TLR2/
NF- κB and MAPK pathways in rats. Naunyn Schmiedebergs Arch 
Pharmacol 396: 1487-1500.

20.	 Oliveira-Tintino CDM, Pessoa RT, Fernandes MNM, Alcântara 
IS, Fernandes da Silva BA, et al. (2018) Anti-inflammatory and 
anti-edematogenic action of the Croton campestris A. St.-Hil 
(Euphorbiaceae) essential oil and the compound β-caryophyllene in in 
vivo models. Phytomedicine 41: 82-95.

21.	 Zhang D, Li J, Sun S, Huang C (2018) The inhibitory effect of saPLIγ, 
a snake sourced PLA2 inhibitor on carrageenan-induced inflammation 
in mice. Toxicon 151: 89-95.

22.	 Peng G, Mu Z, Cui L, Liu P, Wang Y, et al. (2018) Anti-IL-33 Antibody 
Has a Therapeutic Effect in an Atopic Dermatitis Murine Model Induced 
by 2, 4-Dinitrochlorobenzene. Inflammation 41: 154-163.

23.	 Petersen MJ, Zone JJ, Krueger GG (1984) Development of a nude 
mouse model to study human sebaceous gland physiology and 
pathophysiology. J Clin Invest 74: 1358-1365.

24.	 Jeong S, Lee J, Im BN, Park H, Na K (2017) Combined photodynamic 
and antibiotic therapy for skin disorder via lipase-sensitive liposomes 
with enhanced antimicrobial performance. Biomaterials 141: 243-250.

25.	 Jeon YM, Lee HS, Jeong D, Oh HK, Ra KH, et al. (2015) Antimicrobial 
photodynamic therapy using chlorin e6 with halogen light for acne 
bacteria-induced inflammation. Life Sci 124: 56-63.

26.	 An HJ, Lee WR, Kim KH, Kim JY, Lee SJ et al. (2014) Inhibitory effects 
of bee venom on Propionibacterium acnes-induced inflammatory skin 
disease in an animal model. Int J Mol Med 34: 1341-1348.

27.	 Tsai T-H, Huang W-C, Lien T-J, Huang Y-H, Chang H, et al. (2017) 
Clove extract and eugenol suppress inflammatory responses elicited 
by Propionibacterium acnes in vitro and in vivo. Food and Agricultural 
Immunology 28: 916-931.

28.	 Choi EH, Ahn SK, Lee SH (1997) The changes of stratum corneum 
interstices and calcium distribution of follicular epithelium of 
Experimentally Induced Comedones (EIC) by oleic acid. Exp Dermatol 
6: 29-35.

29.	 (1989) American Academy of Dermatology invitational symposium on 
comedogenicity. J Am Acad Dermatol 20: 272-277.

30.	 Fulton JE, Jr., Pay SR, Fulton JE, 3rd (1984) Comedogenicity of current 
therapeutic products, cosmetics, and ingredients in the rabbit ear. J 
Am Acad Dermatol 10: 96-105.

31.	 Ito M, Motoyoshi K, Suzuki M, Sato Y (1985) Sebaceous gland 
hyperplasia on rabbit pinna induced by tetradecane. J Invest Dermatol 
85: 249-254.

32.	 Kamboj P, Bishnoi A, Handa S, Dutta P, Saikia UN, et al. (2021) 
Effects of metformin on experimentally induced acne on rabbit ear. 
Exp Dermatol 30: 966-972.

33.	 Dréno B, Pécastaings S, Corvec S, Veraldi S, Khammari A, et al. (2018) 
Cutibacterium acnes (Propionibacterium acnes) and acne vulgaris: a 
brief look at the latest updates. J Eur Acad Dermatol Venereol 32: 
5-14.

https://pubmed.ncbi.nlm.nih.gov/38184278/
https://pubmed.ncbi.nlm.nih.gov/38184278/
https://pubmed.ncbi.nlm.nih.gov/38184278/
https://pubmed.ncbi.nlm.nih.gov/27189872/
https://pubmed.ncbi.nlm.nih.gov/27189872/
https://pubmed.ncbi.nlm.nih.gov/27488827/
https://pubmed.ncbi.nlm.nih.gov/27488827/
https://pubmed.ncbi.nlm.nih.gov/27488827/
https://pubmed.ncbi.nlm.nih.gov/27488827/
https://pubmed.ncbi.nlm.nih.gov/27488827/
https://pubmed.ncbi.nlm.nih.gov/27488827/
https://pubmed.ncbi.nlm.nih.gov/30285861/
https://pubmed.ncbi.nlm.nih.gov/30285861/
https://pubmed.ncbi.nlm.nih.gov/30285861/
https://www.ncbi.nlm.nih.gov/books/NBK459173/
https://www.ncbi.nlm.nih.gov/books/NBK459173/
https://pubmed.ncbi.nlm.nih.gov/38192024/
https://pubmed.ncbi.nlm.nih.gov/38192024/
https://pubmed.ncbi.nlm.nih.gov/38192024/
https://pubmed.ncbi.nlm.nih.gov/38192024/
https://pubmed.ncbi.nlm.nih.gov/30175843/
https://pubmed.ncbi.nlm.nih.gov/30175843/
https://pubmed.ncbi.nlm.nih.gov/30175843/
https://pubmed.ncbi.nlm.nih.gov/29633388/
https://pubmed.ncbi.nlm.nih.gov/29633388/
https://pubmed.ncbi.nlm.nih.gov/29633388/
https://pubmed.ncbi.nlm.nih.gov/31785166/
https://pubmed.ncbi.nlm.nih.gov/31785166/
https://pubmed.ncbi.nlm.nih.gov/31785166/
https://pubmed.ncbi.nlm.nih.gov/18980763/
https://pubmed.ncbi.nlm.nih.gov/18980763/
https://pubmed.ncbi.nlm.nih.gov/18980763/
https://pubmed.ncbi.nlm.nih.gov/146056/
https://pubmed.ncbi.nlm.nih.gov/146056/
https://pubmed.ncbi.nlm.nih.gov/146056/
https://pubmed.ncbi.nlm.nih.gov/146056/
https://pubmed.ncbi.nlm.nih.gov/19226576/
https://pubmed.ncbi.nlm.nih.gov/19226576/
https://pubmed.ncbi.nlm.nih.gov/19226576/
https://pubmed.ncbi.nlm.nih.gov/8745888/
https://pubmed.ncbi.nlm.nih.gov/8745888/
https://pubmed.ncbi.nlm.nih.gov/8745888/
https://pubmed.ncbi.nlm.nih.gov/19106600/
https://pubmed.ncbi.nlm.nih.gov/19106600/
https://pubmed.ncbi.nlm.nih.gov/19106600/
https://pubmed.ncbi.nlm.nih.gov/29996653/
https://pubmed.ncbi.nlm.nih.gov/29996653/
https://pubmed.ncbi.nlm.nih.gov/29996653/
https://pubmed.ncbi.nlm.nih.gov/29996653/
https://pubmed.ncbi.nlm.nih.gov/22728381/
https://pubmed.ncbi.nlm.nih.gov/22728381/
https://pubmed.ncbi.nlm.nih.gov/22728381/
https://pubmed.ncbi.nlm.nih.gov/22728381/
https://www.sciencedirect.com/science/article/pii/S0022202X2031650X
https://www.sciencedirect.com/science/article/pii/S0022202X2031650X
https://www.sciencedirect.com/science/article/pii/S0022202X2031650X
https://www.sciencedirect.com/science/article/pii/S0022202X2031650X
https://pubmed.ncbi.nlm.nih.gov/36757484/
https://pubmed.ncbi.nlm.nih.gov/36757484/
https://pubmed.ncbi.nlm.nih.gov/36757484/
https://pubmed.ncbi.nlm.nih.gov/36757484/
https://pubmed.ncbi.nlm.nih.gov/29519324/
https://pubmed.ncbi.nlm.nih.gov/29519324/
https://pubmed.ncbi.nlm.nih.gov/29519324/
https://pubmed.ncbi.nlm.nih.gov/29519324/
https://pubmed.ncbi.nlm.nih.gov/29519324/
https://pubmed.ncbi.nlm.nih.gov/30003915/
https://pubmed.ncbi.nlm.nih.gov/30003915/
https://pubmed.ncbi.nlm.nih.gov/30003915/
https://pubmed.ncbi.nlm.nih.gov/28952069/
https://pubmed.ncbi.nlm.nih.gov/28952069/
https://pubmed.ncbi.nlm.nih.gov/28952069/
https://pubmed.ncbi.nlm.nih.gov/6237122/
https://pubmed.ncbi.nlm.nih.gov/6237122/
https://pubmed.ncbi.nlm.nih.gov/6237122/
https://pubmed.ncbi.nlm.nih.gov/28697465/
https://pubmed.ncbi.nlm.nih.gov/28697465/
https://pubmed.ncbi.nlm.nih.gov/28697465/
https://pubmed.ncbi.nlm.nih.gov/25623849/
https://pubmed.ncbi.nlm.nih.gov/25623849/
https://pubmed.ncbi.nlm.nih.gov/25623849/
https://pubmed.ncbi.nlm.nih.gov/25215662/
https://pubmed.ncbi.nlm.nih.gov/25215662/
https://pubmed.ncbi.nlm.nih.gov/25215662/
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1320357
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1320357
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1320357
https://www.tandfonline.com/doi/full/10.1080/09540105.2017.1320357
https://pubmed.ncbi.nlm.nih.gov/9067704/
https://pubmed.ncbi.nlm.nih.gov/9067704/
https://pubmed.ncbi.nlm.nih.gov/9067704/
https://pubmed.ncbi.nlm.nih.gov/9067704/
https://pubmed.ncbi.nlm.nih.gov/2521642/
https://pubmed.ncbi.nlm.nih.gov/2521642/
https://pubmed.ncbi.nlm.nih.gov/6229554/
https://pubmed.ncbi.nlm.nih.gov/6229554/
https://pubmed.ncbi.nlm.nih.gov/6229554/
https://pubmed.ncbi.nlm.nih.gov/2411823/
https://pubmed.ncbi.nlm.nih.gov/2411823/
https://pubmed.ncbi.nlm.nih.gov/2411823/
https://pubmed.ncbi.nlm.nih.gov/33847400/
https://pubmed.ncbi.nlm.nih.gov/33847400/
https://pubmed.ncbi.nlm.nih.gov/33847400/
https://pubmed.ncbi.nlm.nih.gov/29894579/
https://pubmed.ncbi.nlm.nih.gov/29894579/
https://pubmed.ncbi.nlm.nih.gov/29894579/
https://pubmed.ncbi.nlm.nih.gov/29894579/


Citation: Lu T, Guo J, Wang Z (2025) Advanced Studies and Applications on Animal Models of Acne. J Family Med Prim Care Open Acc 9: 281. DOI: 
10.29011/2688-7460.100281

8 Volume 9; Issue 01

34.	 Ou-Yang XL, Zhang D, Wang XP, Yu SM, Xiao Z, et al. (2022) 
Nontargeted metabolomics to characterize the effects of isotretinoin 
on skin metabolism in rabbit with acne. Front Pharmacol 13: 963472.

35.	 Shan M, Meng F, Tang C, Zhou L, Lu Z, et al. (2022) Surfactin-oleogel 
with therapeutic potential for inflammatory acne vulgaris induced by 
Propionibacterium acnes. Appl Microbiol Biotechnol 106:549-562.

36.	 Gong L, Xu J, Guo M, Zhao J, Xin X, et al. (2024) Octahydroindolizine 
alkaloid Homocrepidine A from Dendrobium crepidatum attenuate P. 
acnes-induced inflammatory in vitro and in vivo. J Ethnopharmacol 
333: 118455.

37.	 Yoshimasu T, Kuramoto T, Kaminaka C, Kanazawa N, Yamamoto Y, 
et al. (2014) Efficacy of 0.1% adapalene in a non-inflammatory Kyoto 
Rhino Rat acne model. J Dermatol Sci 76: 143-148.

38.	 Chuang LT, Tsai TH, Lien TJ, Huang WC, Liu JJ, et al. (2018) Ethanolic 
Extract of Origanum vulgare Suppresses Propionibacterium acnes-
Induced Inflammatory Responses in Human Monocyte and Mouse Ear 
Edema Models. Molecules 23: 1987.

39.	 Tsai TH, Chuang LT, Lien TJ, Liing YR, Chen WY, et al. (2013) 
Rosmarinus officinalis extract suppresses Propionibacterium acnes-
induced inflammatory responses. J Med Food 16: 324-333.

40.	 Savitri D, Wahyuni S, Bukhari A, Djawad K, Hatta M, et al. (2023) Anti-
inflammatory effects of banana (Musa balbisiana) peel extract on acne 
vulgaris: In vivo and in silico study. J Taibah Univ Med Sci 18: 1586-
1598.

41.	 Lim HJ, Kang SH, Song YJ, Jeon YD, Jin JS (2021) Inhibitory Effect of 
Quercetin on Propionibacterium acnes-induced Skin Inflammation. Int 
Immunopharmacol 96: 107557.

42.	 Sato T, Takahashi A, Kojima M, Akimoto N, Yano M, et al. (2007) A 
citrus polymethoxy flavonoid, nobiletin inhibits sebum production and 
sebocyte proliferation, and augments sebum excretion in hamsters. J 
Invest Dermatol 127: 2740-2748.

43.	 Ruan SF, Hu Y, Wu WF, Du QQ, Wang ZX, et al. (2022) Explore the 
Anti-Acne Mechanism of Licorice Flavonoids Based on Metabonomics 
and Microbiome. Front Pharmacol 13: 832088.

44.	 Yang G, Lee HE, Yeon SH, Kang HC, Cho YY, et al. (2018) 
Licochalcone A attenuates acne symptoms mediated by suppression 
of NLRP3 inflammasome. Phytother Res 32: 2551-2559.

45.	 Huang WC, Tsai TH, Chuang LT, Li YY, Zouboulis CC, et al. (2014) 
Anti-bacterial and anti-inflammatory properties of capric acid against 
Propionibacterium acnes: a comparative study with lauric acid. J 
Dermatol Sci 73: 232-240.

46.	 Nakatsuji T, Kao MC, Fang JY, Zouboulis CC, Zhang L, et al. (2009) 
Antimicrobial property of lauric acid against Propionibacterium acnes: 
its therapeutic potential for inflammatory acne vulgaris. J Invest 
Dermatol 129: 2480-2488.

47.	 Han R, Blencke HM, Cheng H, Li C (2018) The antimicrobial effect of 
CEN1HC-Br against Propionibacterium acnes and its therapeutic and 
anti-inflammatory effects on acne vulgaris. Peptides 99: 36-43.

48.	 Wu Y, Qiang Y, Cao K, Zhang W, Zhang G (2020) Inhibitory effect of 
the antimicrobial peptide BLP-7 against Propionibacterium acnes and 
its anti-inflammatory effect on acne vulgaris. Toxicon 184: 109-115.

49.	 Wu Y, Zhang G, Zhou M (2020) Inhibitory and anti-inflammatory effects 
of two antimicrobial peptides moronecidin and temporin-1Dra against 
Propionibacterium acnes in vitro and in vivo. J Pept Sci 26: e3255.

50.	 Nakatsuji T, Liu YT, Huang CP, Zoubouis CC, Gallo RL, et al. (2008) 
Antibodies elicited by inactivated propionibacterium acnes-based 
vaccines exert protective immunity and attenuate the IL-8 production 
in human sebocytes: relevance to therapy for acne vulgaris. J Invest 
Dermatol 128: 2451-2457.

51.	 Niedzwiedzka A, Micallef MP, Biazzo M, Podrini C (2024) The Role 
of the Skin Microbiome in Acne: Challenges and Future Therapeutic 
Opportunities. Int J Mol Sci 25: 11422.

52.	 Menten MJ, Wetscherek A, Fast MF (2017) MRI-guided lung SBRT: 
Present and future developments. Phys Med 44: 139-149.

53.	 Farfán J, Gonzalez JM, Vives M (2022) The immunomodulatory 
potential of phage therapy to treat acne: a review on bacterial lysis 
and immunomodulation. PeerJ 10: e13553.

54.	 Rimon A, Rakov C, Lerer V, Sheffer-Levi S, Oren SA, et al. (2023) 
Topical phage therapy in a mouse model of Cutibacterium acnes-
induced acne-like lesions. Nat Commun 14: 1005.

55.	 Liu PF, Nakatsuji T, Zhu W, Gallo RL, Huang CM (2011) 
Passive immunoprotection targeting a secreted CAMP factor of 
Propionibacterium acnes as a novel immunotherapeutic for acne 
vulgaris. Vaccine 29: 3230-3238.

56.	 Nakatsuji T, Liu YT, Huang CP, Zouboulis CC, Gallo RL, et al. (2008) 
Vaccination targeting a surface sialidase of P. acnes: implication for 
new treatment of acne vulgaris. PLoS One 3: e1551.

57.	 Hajam IA, Katiki M, McNally R, Lázaro-Díez M, Kolar S, et al. (2023) 
Functional divergence of a bacterial enzyme promotes healthy or 
acneic skin. Nat Commun 14: 8061.

58.	 Wang Y, Zhang Z, Chen L, Guang H, Li Z, et al. (2011) Cathelicidin-
BF, a snake cathelicidin-derived antimicrobial peptide, could be an 
excellent therapeutic agent for acne vulgaris. PLoS One 6: e22120.

59.	 Kang MC, Lee JW, Lee TH, Subedi L, Wahnedi HM, et al. (2020) 
UP256 Inhibits Hyperpigmentation by Tyrosinase Expression/Dendrite 
Formation via Rho-Dependent Signaling and by Primary Cilium 
Formation in Melanocytes. Int J Mol Sci 21: 5341.

60.	 Ladopoulos G, Barda C, Tsami K, Vitsos A, Didaras NA, et al. (2024) 
Cutibacterium acnes induces acne-like lesions in hairless mice models 
- A comparative study. Journal of pharmacological and toxicological 
methods. J Pharmacol Toxicol Methods 128: 107539.

61.	 Zhou N, Sun Y, Ren X, Wang Y, Gao X, et al. (2024) Intradermal 
injection of Cutibacterium acnes and Staphylococcus: A pustular acne-
like murine model. J Cosmet Dermatol 23: 2478-2489.

https://pubmed.ncbi.nlm.nih.gov/36120319/
https://pubmed.ncbi.nlm.nih.gov/36120319/
https://pubmed.ncbi.nlm.nih.gov/36120319/
https://pubmed.ncbi.nlm.nih.gov/34939137/
https://pubmed.ncbi.nlm.nih.gov/34939137/
https://pubmed.ncbi.nlm.nih.gov/34939137/
https://pubmed.ncbi.nlm.nih.gov/38871011/
https://pubmed.ncbi.nlm.nih.gov/38871011/
https://pubmed.ncbi.nlm.nih.gov/38871011/
https://pubmed.ncbi.nlm.nih.gov/38871011/
https://pubmed.ncbi.nlm.nih.gov/25217865/
https://pubmed.ncbi.nlm.nih.gov/25217865/
https://pubmed.ncbi.nlm.nih.gov/25217865/
https://pubmed.ncbi.nlm.nih.gov/30096960/
https://pubmed.ncbi.nlm.nih.gov/30096960/
https://pubmed.ncbi.nlm.nih.gov/30096960/
https://pubmed.ncbi.nlm.nih.gov/30096960/
https://pubmed.ncbi.nlm.nih.gov/23514231/
https://pubmed.ncbi.nlm.nih.gov/23514231/
https://pubmed.ncbi.nlm.nih.gov/23514231/
https://pubmed.ncbi.nlm.nih.gov/37693819/
https://pubmed.ncbi.nlm.nih.gov/37693819/
https://pubmed.ncbi.nlm.nih.gov/37693819/
https://pubmed.ncbi.nlm.nih.gov/37693819/
https://pubmed.ncbi.nlm.nih.gov/33812252/
https://pubmed.ncbi.nlm.nih.gov/33812252/
https://pubmed.ncbi.nlm.nih.gov/33812252/
https://pubmed.ncbi.nlm.nih.gov/17597820/
https://pubmed.ncbi.nlm.nih.gov/17597820/
https://pubmed.ncbi.nlm.nih.gov/17597820/
https://pubmed.ncbi.nlm.nih.gov/17597820/
https://pubmed.ncbi.nlm.nih.gov/35211023/
https://pubmed.ncbi.nlm.nih.gov/35211023/
https://pubmed.ncbi.nlm.nih.gov/35211023/
https://pubmed.ncbi.nlm.nih.gov/30281174/
https://pubmed.ncbi.nlm.nih.gov/30281174/
https://pubmed.ncbi.nlm.nih.gov/30281174/
https://pubmed.ncbi.nlm.nih.gov/24284257/
https://pubmed.ncbi.nlm.nih.gov/24284257/
https://pubmed.ncbi.nlm.nih.gov/24284257/
https://pubmed.ncbi.nlm.nih.gov/24284257/
https://pubmed.ncbi.nlm.nih.gov/19387482/
https://pubmed.ncbi.nlm.nih.gov/19387482/
https://pubmed.ncbi.nlm.nih.gov/19387482/
https://pubmed.ncbi.nlm.nih.gov/19387482/
https://pubmed.ncbi.nlm.nih.gov/29108811/
https://pubmed.ncbi.nlm.nih.gov/29108811/
https://pubmed.ncbi.nlm.nih.gov/29108811/
https://pubmed.ncbi.nlm.nih.gov/32540219
https://pubmed.ncbi.nlm.nih.gov/32540219
https://pubmed.ncbi.nlm.nih.gov/32540219
https://pubmed.ncbi.nlm.nih.gov/32567152/
https://pubmed.ncbi.nlm.nih.gov/32567152/
https://pubmed.ncbi.nlm.nih.gov/32567152/
https://pubmed.ncbi.nlm.nih.gov/18463682/
https://pubmed.ncbi.nlm.nih.gov/18463682/
https://pubmed.ncbi.nlm.nih.gov/18463682/
https://pubmed.ncbi.nlm.nih.gov/18463682/
https://pubmed.ncbi.nlm.nih.gov/18463682/
https://pubmed.ncbi.nlm.nih.gov/39518974/
https://pubmed.ncbi.nlm.nih.gov/39518974/
https://pubmed.ncbi.nlm.nih.gov/39518974/
https://pubmed.ncbi.nlm.nih.gov/28242140/
https://pubmed.ncbi.nlm.nih.gov/28242140/
https://pubmed.ncbi.nlm.nih.gov/35910763/
https://pubmed.ncbi.nlm.nih.gov/35910763/
https://pubmed.ncbi.nlm.nih.gov/35910763/
https://pubmed.ncbi.nlm.nih.gov/36813793/
https://pubmed.ncbi.nlm.nih.gov/36813793/
https://pubmed.ncbi.nlm.nih.gov/36813793/
https://pubmed.ncbi.nlm.nih.gov/21354482/
https://pubmed.ncbi.nlm.nih.gov/21354482/
https://pubmed.ncbi.nlm.nih.gov/21354482/
https://pubmed.ncbi.nlm.nih.gov/21354482/
https://pubmed.ncbi.nlm.nih.gov/18253498/
https://pubmed.ncbi.nlm.nih.gov/18253498/
https://pubmed.ncbi.nlm.nih.gov/18253498/
https://pubmed.ncbi.nlm.nih.gov/38052825/
https://pubmed.ncbi.nlm.nih.gov/38052825/
https://pubmed.ncbi.nlm.nih.gov/38052825/
https://pubmed.ncbi.nlm.nih.gov/21789223/
https://pubmed.ncbi.nlm.nih.gov/21789223/
https://pubmed.ncbi.nlm.nih.gov/21789223/
https://pubmed.ncbi.nlm.nih.gov/32731326/
https://pubmed.ncbi.nlm.nih.gov/32731326/
https://pubmed.ncbi.nlm.nih.gov/32731326/
https://pubmed.ncbi.nlm.nih.gov/32731326/
https://pubmed.ncbi.nlm.nih.gov/38969309/
https://pubmed.ncbi.nlm.nih.gov/38969309/
https://pubmed.ncbi.nlm.nih.gov/38969309/
https://pubmed.ncbi.nlm.nih.gov/38969309/
https://pubmed.ncbi.nlm.nih.gov/38581133/
https://pubmed.ncbi.nlm.nih.gov/38581133/
https://pubmed.ncbi.nlm.nih.gov/38581133/

	_Hlk195881940

