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Abstract

Acne vulgaris frequently co-occurs with compromised epidermal barrier integrity and micro-
bial dysbiosis, posing therapeutic challenges, particularly in individuals with sensitive skin. 
In an 8-week, two-center, open-label, randomized, parallel-group study, 131 adults with 
mild-to-moderate acne were evaluated across four arms: negative control (NC), matrinium 
salicylate ([Mat][Sal])-containing sheet mask (G1), essence (G2), and their combination 
(G3). Longitudinal clinical lesions and standardized physiological barrier parameters were 
recorded. Cutaneous bacterial community dynamics and genus-level co-occurrence net-
works were profiled via 16S rRNA gene sequencing at the baseline, week 4, and week 8. 
All [Mat][Sal] regimens induced sustained reductions in inflammatory and noninflam-
matory lesions. Compared with single-product regimens, the combination regimen (G3) 
produced greater improvements in stratum corneum hydration, transepidermal water loss, 
and the erythema index. Alpha diversity remained stable across visits, indicating pre-
served ecological richness. Community shifts were modest but significant (PERMANOVA 
R2  = 0.013–0.042). Crucially, G3 showed key taxonomic shifts, manifesting as a significant 
reduction in the relative abundance of the dominant Cutibacterium, accompanied by an in-
crease in the relative abundance of Staphylococcus. Overall, [Mat][Sal]-containing regimens 
provide simultaneous reductions in acne lesions and improvements in epidermal barrier 
function, with no significant changes in microbial alpha diversity, offering a well-tolerated, 
barrier-protective skincare approach.

Keywords: acne vulgaris; facial microbiome; microbial community; skin barrier; co-
occurrence network; matrinium salicylate

1. Introduction
Acne vulgaris is a chronic inflammatory dermatosis of the pilosebaceous unit, charac-

terized by comedones, papules, and pustules, frequently culminating in postinflammatory 
erythema, hyperpigmentation, or scarring [1]. Global epidemiological data indicate a 
continuous increase in age-standardized acne incidence over recent decades [2]. Although 
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classically associated with adolescence, acne exhibits substantial persistence into adulthood, 
affecting nearly 20% of adults aged 25–39 years [3,4].

The pathogenesis of acne involves interconnected perturbations, including follicular 
hyperkeratinization, excess sebum production, Cutibacterium acnes colonization, localized 
inflammation, and epidermal barrier impairment [5,6]. Barrier disruption increases transepi-
dermal water loss (TEWL) and alters cutaneous lipid and protein expression [7,8], whereas 
barrier integrity has been associated with both microbiome diversity and community com-
position in acne-affected skin [6]. These findings indicate that barrier dysfunction and 
microbial-community alterations are related components of the cutaneous microenviron-
ment rather than isolated disease features. Changes in sebum production, hydration, and 
barrier integrity can modify microbial niches, whereas the microbial-community composi-
tion is closely linked to local inflammatory activity [5,6]. Clinical lesion counts alone there-
fore do not capture the full spectrum of treatment-related changes. An integrated assessment 
of lesion outcomes, physiological barrier parameters, and microbial-community characteris-
tics can more fully describe changes in acne-prone skin during dermocosmetic intervention.

Dermocosmetics are increasingly integrated into acne management as monotherapy for 
mild cases or as adjunctive maintenance to prescription therapies. They aim to reduce lesion 
counts while mitigating barrier impairment and treatment-induced irritation [9]. Salicylic 
acid remains a standard keratolytic agent in such formulations [10,11]; nevertheless, its 
clinical application is occasionally limited by limited aqueous solubility and cutaneous 
irritation potential [12]. Matrinium salicylate ([Mat][Sal]), a supramolecular ionic salt 
synthesized from matrine and salicylic acid, exhibits improved water solubility, transdermal 
delivery, and bioactivity compared with salicylic acid [12].

Despite promising in vitro and mechanistic data, robust clinical validation of [Mat][Sal]-
based dermocosmetics in human subjects remains limited. Consequently, it remains unclear 
whether visible clinical improvement during the use of [Mat][Sal]-containing products 
occurs alongside changes in barrier function and facial bacterial communities. Furthermore, 
whether combining different topical delivery formats, such as sheet masks and topical 
essences, offers broader physiological and microbiological benefits than monotherapy has 
not been systematically investigated. Given the involvement of microbial-community compo-
sition and interspecies relationships in acne-associated inflammation [13,14], characterizing 
taxonomic shifts and network co-occurrence dynamics alongside clinical and physiological 
outcomes provides a broader framework for interpreting treatment responses.

This study aimed to assess clinical, skin physiological and facial bacterial community 
changes during eight weeks of [Mat][Sal]-containing mask, essence and combined skincare 
regimens, with a negative control for comparison. Co-occurrence networks were examined 
as an exploratory description of bacterial association patterns.

2. Materials and Methods
2.1. Subjects

Healthy Chinese adults (aged 18–35 years) with mild-to-moderate facial acne were 
recruited. The inclusion criteria required a Huaxi sensitive skin questionnaire (SS-14) 
score ≥ 18 to identify participants with self-reported sensitive skin at screening [15] and 
≥10 combined facial comedones and papules at the baseline. The sensitivity criterion was 
included to assess local tolerability alongside efficacy in participants with both acne and self-
reported skin sensitivity. The exclusion criteria were: (i) pregnancy or lactation; (ii) recent 
use (within 4 weeks) of topical/systemic anti-acne therapeutics (including corticosteroids, 
antibiotics, anti-inflammatory agents and retinoids) or cosmetic procedures; (iii) known 
hypersensitivity to study ingredients; (iv) confounding facial dermatoses; and (v) active 
participation in concurrent clinical trials (Supplementary Table S1).
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The study was conducted in accordance with the Declaration of Helsinki and approved 
by the Shanghai Ethics Committee for Clinical Research (approval No. SECCR2025-202-
01; approval date: 30 September 2025). Written informed consent was obtained from all 
participants before enrollment.

2.2. Study Design
This 8-week, two-center, open-label, randomized, parallel-group trial was conducted 

across two certified testing facilities (Beijing and Hangzhou EWISH Testing Technology 
Co., Ltd., Beijing and Hangzhou, China). Participants were randomly assigned (1:1:1:1) 
to receive either the negative control (NC), the facial mask alone (G1), the essence alone 
(G2), or the combined regimen (G3; application protocols in Supplementary Table S2). 
The sample size was guided by relevant Chinese standards, including the Safety and Tech-
nical Standards for Cosmetics (2015 Edition) and Test methods for anti-acne efficacy of 
cosmetic products (T/CAFFCI 67-2023), with a target of at least 30 evaluable participants 
per group [16,17]. Additional participants were recruited to account for potential with-
drawals. Participants were asked to maintain their usual diet and mild cleansing routine; 
they could continue using their usual non-efficacy moisturizers, sunscreens, and makeup. 
Other efficacy-targeted facial skincare products, including exfoliants, and cosmetic or aes-
thetic procedures, including light-based treatments and chemical peeling, were prohibited 
throughout the study.

The primary efficacy assessment focused on changes in acne volume, affected area and 
lesion counts from BL to W8. Efficacy, skin physiological parameters, facial imaging, and 
safety endpoints were evaluated at the baseline (BL), week 1 (W1), week 2 (W2), week 4 
(W4), and week 8 (W8). Swab sampling for 16S rRNA sequencing was performed at BL, 
W4, and W8. Prior to all noninvasive evaluations, the subjects underwent facial cleansing 
and acclimatized for 30 min in a climate-controlled room (21 ± 1 °C; 50 ± 10% relative 
humidity). The overall study flow is depicted in Figure 1.

2.3. Test Products
The investigational formulations were the FUERJIA ACNE CLEANSING REPAIR 

MASK 2.0 (Harbin Fuerjia Technology Co., Ltd., Harbin, China) and FUERJIA ACNE 
CLEANSING REPAIR ESSENCE 2.0 (Guangdong Luowei Cosmetics Co., Ltd., Guangzhou, 
China). Both formulations contained [Mat][Sal], Punica granatum peel extract, Leptosper-
mum scoparium extract, and asiaticoside II as core functional agents. The mask additionally 
contained citrus fruit extract, panthenol, and sodium hyaluronate, whereas the essence ad-
ditionally contained Saccharomyces/Laminaria saccharide ferment and niacinamide. The NC 
vehicle essence was supplied by Harbin Fuerjia Technology Co., Ltd. (Harbin, China) and 
contained water, butylene glycol, 1,2-pentanediol and glycereth-26, without the functional 
agents included in the test products. Further product details are provided in Supplementary 
Table S2.

2.4. Clinical Assessments and Skin Physiological Measurements
At each visit, trained dermatological assessors quantified facial comedones, papules, 

and pustules to calculate total lesion counts. Acne severity was graded according to the 
Chinese Guidelines for the Management of Acne Vulgaris (2019 revision) [18]. Lesion 
volume and affected surface area were determined using an AEVA-HE 3D imaging system 
(AEVA-V4 software, version 20.03.01.05; EO-TECH, Marcoussis, France).
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Figure 1. Study design and assessment schedule. [Mat][Sal], matrinium salicylate; BL, baseline; W, 
week; SCH, stratum corneum hydration; TEWL, transepidermal water loss; a*, red–green coordinate 
in the CIELAB color space; EI, erythema index; SEr, skin roughness; SEsm, skin smoothness.

The following noninvasive skin physiological parameters were measured under climate-
controlled conditions: stratum corneum hydration (SCH), TEWL, sebum surface output, 
skin-surface pH, CIELAB a* value, erythema index (EI), skin roughness (SEr), and skin 
smoothness (SEsm). The detailed instruments and measurement procedures are provided 
in Supplementary Table S3. Participant-reported tolerability symptoms (itching, stinging, 
and burning) and assessor-evaluated signs (redness, dryness, and flushing) were recorded 
under standardized lighting. Adverse reactions were graded according to T/CNMIA 0015-
2020 (Clinical Test Assessment of Cosmetics for Sensitive Skin) [19], and objective skin 
reactions were additionally scored on a 0–4 scale according to GB 17149.2-1997 [20].

2.5. Facial Microbiome Sampling and Sequencing
Facial microbial sampling was performed after a 24-h washout of facial cleansers and 

topical products on the sampling day. Four sterile swabs moistened with 0.9% sodium 
chloride containing 0.1% Tween-20 were rubbed firmly over the lesioned cheek areas for 
1 min in a spiral motion. The swabs were snap-frozen in liquid nitrogen and stored at 
−80 °C. All samples were collected by trained personnel wearing sterile gloves, which were 
changed between participants to minimize cross-contamination.

The hypervariable V4 region of the bacterial 16S rRNA gene was amplified using 
515F/806R primers and sequenced on an Illumina NovaSeq 6000 platform (Novogene 
Co., Ltd., Beijing, China). Paired-end reads were merged using FLASH v1.2.11, quality-
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filtered using fastp v0.23.1, and screened for chimeric sequences using UCHIME [21,22]. 
Amplicon sequence variants (ASVs) were delineated using DADA2 in QIIME 2 (v2022.2) 
and annotated against the SILVA 138.1 database [23,24]. Sequencing depth was normalized 
by rarefaction prior to downstream ecological analyses.

2.6. Bioinformatic and Network Analyses
Alpha diversity was estimated using the Shannon and Chao1 indices. Beta diversity 

was visualized via principal coordinates analysis (PCoA) based on Bray–Curtis distances. 
Community dissimilarity across time points was tested using PERMANOVA (999 per-
mutations restricted within participants to account for repeated measurements). The 
homogeneity of multivariate dispersion was assessed using PERMDISP. Pairwise p val-
ues were adjusted using the Holm method. Longitudinal shifts in alpha diversity and 
the relative abundance of key genera were tested using Wilcoxon signed-rank tests with 
Benjamini–Hochberg correction.

For each group, networks at BL, W4 and W8 were constructed from the same partici-
pants with sequencing samples available at all three visits. Strictly assigned bacterial genera 
were filtered independently within each group and visit using identical criteria: a mean 
relative abundance ≥ 0.1% and a prevalence ≥ 30%. All retained genera were included as 
nodes, including those without inferred edges, allowing the node set to vary across visits. 
Edges were defined by Spearman correlations (|r| ≥ 0.60, Benjamini–Hochberg-adjusted 
p < 0.05). Edge count, mean degree and density were calculated. Sensitivity analyses 
varied the mean-abundance and correlation thresholds and compared the Spearman with 
CLR–Pearson correlations.

2.7. Statistical Analysis
Efficacy analyses were based on the 131 participants who completed the study; the 

nine participants withdrew and were excluded. Data analysis was conducted using Python 
(v3.12) and R (v4.6.0). Continuous variables are expressed as the mean ± standard devi-
ation (SD) or median with interquartile range (IQR). Normality was assessed using the 
Shapiro–Wilk test. Group comparisons at the baseline were performed utilizing one-way 
ANOVA. Repeated measures were analyzed using participant-clustered Gaussian GEE 
with group × time interactions. Acne outcomes were analyzed using Gaussian GEE on 
the log(1 + raw value) scale; physiological outcomes were analyzed on their original or 
standardized scales, as appropriate (Supplementary Table S4). Longitudinal within-group 
changes were assessed using paired t tests or Wilcoxon signed-rank tests. Between-group dif-
ferences in changes from BL, including G3 versus each single-product group, were estimated 
from the GEE models and reported with 95% confidence intervals (CIs). Percentage change 
was calculated as (follow-up − BL)/BL × 100%; observations with a baseline value of zero 
were excluded from the corresponding percentage-change analysis. Multiple comparisons 
for clinical and physiological outcomes were adjusted using Holm’s method. All tests were 
two-sided, and adjusted p values < 0.05 were considered to indicate statistical significance.

3. Results
3.1. Subject Baseline Characteristics

Of the 140 randomized subjects, 131 completed the 8-week protocol (NC: 32; G1–G3: 
33 each; 9 withdrew because of nonstudy-related personal reasons). Withdrawal details are 
provided in Supplementary Table S5. Baseline lesion counts, sebum excretion, and SS-14 
scores were well-balanced across the four groups (all p > 0.05). Although age differed 
statistically among the groups (p = 0.004), the group means ranged narrowly between 
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24.6 and 28.8 years (Table 1). This difference was deemed clinically inconsequential, as all 
participants were young adults within a homogeneous postadolescent age band.

Table 1. Baseline characteristics of the final analysis population.

Characteristic NC (n = 32) G1 (n = 33) G2 (n = 33) G3 (n = 33) Total (n = 131) p Value

Age (years) 28.8 ± 5.0 26.4 ± 4.7 24.8 ± 5.8 24.6 ± 4.7 26.1 ± 5.3 0.004
Forehead sebum (μg/cm2 ) 148.8 ± 25.9 165.6 ± 30.5 161.7 ± 30.0 157.5 ± 33.0 158.5 ± 30.3 0.140

Facial comedone and papule count 26.7 ± 17.9 37.1 ± 32.9 36.8 ± 28.6 37.1 ± 22.3 34.5 ± 26.2 0.291
SS-14 score 25.2 ± 5.5 25.4 ± 3.1 26.0 ± 3.6 25.3 ± 4.2 25.5 ± 4.2 0.870

The data are presented as the mean ± SD. p values were calculated using one-way ANOVA.

3.2. Clinical Lesion Efficacy
All three regimens resulted in reductions in acne volume, affected area, and total lesion 

count, with significant differences versus NC at selected time points (Figure 2a–c). Specific 
subgroup counts of noninflammatory (comedones) and inflammatory lesions (papules and 
pustules) similarly decreased progressively through W8 (Figure 2d–f). Compared with G1 
and G2, G3 showed greater reductions in acne area at W4 and W8 and in total lesion count 
than G1 at W4 (Supplementary Table S6, Panel B).

Figure 2. Changes in acne-related clinical parameters during the 8-week intervention. (a–c) Percentage 
changes in acne volume, acne area and total lesion count from BL at W1, W2, W4, and W8 in NC, 
G1, G2 and G3. (d–f) Absolute changes from BL in comedone, papule and pustule counts. The 
data are presented as the mean ± SEM. Asterisks indicate differences in changes from BL between 
each intervention group and the NC (GEE, Holm-adjusted p values): * p < 0.05, ** p < 0.01, and 
*** p < 0.001.

3.3. Skin Physiological and Barrier Responses
Standardized physiological scores revealed improvements in several skin parameters 

in the intervention groups by W4 and W8 (Figure 3a). Compared with the NC, all three 
regimens showed significantly greater improvements in SCH, TEWL and a* at W4 and W8 
(Figure 3b). Notably, compared with NC, G3 showed significant improvements in SCH and 
reductions in TEWL, a* and EI at all follow-up visits. Greater improvements in SEr were 
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also observed in G3 at W2, W4 and W8, and in SEsm at W2 and W8. Absolute SCH and 
TEWL values and W8 GEE estimates are provided in Supplementary Table S6, Panel A.

Figure 3. Integrated changes in skin physiological indicators during the 8-week intervention. 
(a) Group-mean standardized efficacy scores for SCH, TEWL, sebum, pH, a*, EI, SEr and SEsm 
in NC, G1, G2 and G3 at W4 and W8. (b) GEE-estimated differences in standardized efficacy scores 
for G1, G2 and G3 versus NC at W1, W2, W4 and W8. Holm-adjusted GEE p values versus NC: 
* p < 0.05, ** p < 0.01, and *** p < 0.001.

3.4. Facial Microbiome Alterations
3.4.1. Diversity Metrics

Alpha diversity (Shannon index and log10-transformed Chao1 richness) exhibited no 
significant temporal fluctuations within G1, G2 or G3 over 8 weeks, indicating that overall 
microbial richness and evenness were preserved in these groups (Figure 4a). PCoA ordina-
tion based on Bray–Curtis dissimilarities revealed overlapping clusters across visits within 
each group (Figure 4b). Nevertheless, PERMANOVA identified statistically significant but 
modest longitudinal changes in all four groups (NC: p = 0.014; G1: p = 0.039; G2: p = 0.004; 
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G3: p = 0.004), with small explained variances (R2  = 0.013–0.042). PERMDISP detected no 
significant differences in multivariate dispersion across visits in any group (all p > 0.05).

Figure 4. Changes in facial bacterial community diversity and composition during the 8-week inter-
vention. (a) Shannon diversity and Chao1 richness. (b) Bray-Curtis PCoA ordination across time 
points. The gray, teal, and pink dashed ellipses show the spread of samples at baseline (BL), week 4 
(W4), and week 8 (W8), respectively.

3.4.2. Taxonomic Composition and Predominant Genera
Cutibacterium and Staphylococcus dominated the cutaneous bacterial profiles across 

all four groups (Figure 5a). Over time, the relative abundance of Cutibacterium generally 
decreased, whereas that of Staphylococcus increased. The decline in Cutibacterium was most 
noticeable in G3 (from 50.39% at BL to 42.85% at W8; FDR-adjusted p = 0.043; Figure 5b). 
Conversely, the relative abundance of Staphylococcus significantly increased from the baseline 
to W8 in all four groups (Figure 5c), with G3 showing a greater increase in BL–W8 than 
NC (Holm-adjusted p = 0.040).

3.5. Ecological Network Topology
Exploratory genus-level networks showed different temporal patterns across the NC, 

G1, G2 and G3 groups (Figure 6a,b). From BL to W8, edge counts increased in all four 
groups, whereas density increased in NC and G3 but decreased in G1 and G2. The G2 edge 
counts decreased at W4 before increasing at W8 (Supplementary Table S7). Node degree 
did not directly mirror taxonomic abundance: despite its substantial increase in abundance, 
Staphylococcus maintained a low node degree across all groups, while Cutibacterium remained 
weakly connected in G3 (Figure 6b). The increases in edge count and average degree in 
G3 were consistent across the tested settings, but the changes in density were less robust 
(Supplementary Table S8).
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Figure 5. Genus-level composition of the facial bacterial community and changes in predominant 
genera during the 8-week intervention. (a) Relative abundances at BL, W4 and W8. (b,c) Relative 
abundances at BL, W4 and W8 (left) and BL-to-W8 changes (right) for Cutibacterium and Staphylococcus. 
Paired Wilcoxon tests (BL–W8, BH-FDR): * p < 0.05 and *** p < 0.001; Mann–Whitney U tests (BL-to-
W8 changes vs. NC, Holm): # p < 0.05.

3.6. Safety and Local Tolerability
All formulations were well-tolerated over the 8-week period. Objective irritation 

scores (erythema, dryness, and flushing) and subjective symptoms (stinging, burning, and 
itching) decreased or remained low from BL to W8 across the four groups (Supplementary 
Table S9). In G3, the burning and stinging scores remained at zero throughout follow-up, 
whereas the itching, redness, dryness and flushing scores were lower at W8 than at BL. No 
discontinuations occurred because of safety concerns.
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Figure 6. Exploratory genus-level co-occurrence networks in NC, G1, G2 and G3. (a) Co-occurrence 
networks constructed from genus-level relative abundance data at BL, W4 and W8. Nodes represent 
genera, with Cutibacterium and Staphylococcus highlighted; blue and orange edges indicate positive 
and negative Spearman correlations, respectively. (b) Degree distributions of selected genera at 
BL and W8 across the four groups. In panel (b), larger, darker circles indicate higher node degree 
(the number of edges connected to each genus). (c) Network topology characteristics at BL and W8, 
including the number of edges, average degree and network density. Hatched and solid bars indicate 
BL and W8, respectively.

4. Discussion
This eight-week study evaluated the effects of three [Mat][Sal]-containing skincare 

regimens in adults with mild-to-moderate facial acne. All three regimens were associated 
with sustained reductions in acne lesions. Compared with the use of either product alone, 
the combined use of the mask and essence was associated with greater reductions in acne 
area at W4 and W8, as well as greater improvements in selected skin physiological parame-
ters. The clinical, physiological and microbial outcomes also followed different temporal 
patterns: improvements in acne lesions appeared early, whereas some physiological and 
microbiological changes were observed mainly later in the intervention.
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Acne volume, affected area and lesion counts decreased continuously from W1 to 
W8, with improvements observed in both noninflammatory and inflammatory lesions 
(Figure 2). A recent prospective study similarly reported reductions in acne severity and 
sebum production following 21 days of treatment with a salicylic acid-containing gel [25]. 
The present study further revealed that clinical improvement was sustained through W8. 
Between-group comparisons showed greater reductions in affected area with G3 than 
with G1 or G2 at W4 and W8 (Supplementary Table S6, Panel B). The additional benefits 
of combined use were therefore reflected in both a greater reduction in acne area and 
improvements in selected skin physiological parameters. These findings may inform the 
selection of skincare formats for acne-prone skin, particularly when impaired hydration, 
barrier dysfunction, facial redness or rough skin texture accompany acne lesions.

The additional effects of combined use were particularly evident in the skin phys-
iological measurements. The increase in SCH was greater in G3 than in G1 at W1, W2 
and W4, whereas the reduction in TEWL was greater in G3 than in G1 at W8 (Figure 3, 
Supplementary Table S6, Panel C), indicating additional benefits in selected hydration 
and barrier outcomes. The reduction in a* was also greater in G3 than in both single-
product groups at W4 and W8, whereas decreases in EI and the later improvements in 
SEr reflected reduced facial redness and improved surface texture. Acne-prone skin is fre-
quently characterized by impaired barrier function and altered inflammatory status [6–8]; 
these physiological changes therefore broaden the assessment of improvement beyond 
lesion-related outcomes. Previous studies of ceramide-containing skincare products and 
moisturizers used as adjuncts to acne treatment have likewise included skin barrier restora-
tion as an important component of acne management [26,27]. Cosmetic moisturization has 
also been associated with concurrent changes in skin barrier properties and microbial com-
position [28]. Local tolerability scores remained low or decreased across the four groups, 
and no participants discontinued because of safety concerns (Supplementary Table S9), 
indicating that all three regimens were well-tolerated throughout the eight-week study.

Microbiome changes were more apparent in community composition than in alpha 
diversity. Neither the Shannon diversity nor the Chao1 richness changed significantly during 
follow-up, whereas the Bray–Curtis PERMANOVA revealed modest temporal differences 
in composition across all four groups (R2  = 0.013–0.042; Figure 4). In G3, the community 
composition at W8 differed from that at both BL and W4. Longitudinal observations 
have also revealed seasonal variation in facial microbial composition and skin biophysical 
parameters [29]. As reductions in acne lesions were evident earlier, the bacterial community 
continued to change during sustained clinical improvement. Previous skincare research 
has also linked selected bacterial taxa with skin characteristics [30].

The most apparent taxonomic change was a shift in the relative balance between Cutibac-
terium and Staphylococcus (Figure 5). The abundance of Cutibacterium generally decreased, 
whereas that of Staphylococcus increased from BL to W8 in all four groups. Previous studies 
of topical retinoic acid and benzoyl peroxide have similarly reported reductions in Cutibac-
terium relative abundance and increases or upward trends in the abundance of Staphylococ-
cus [31,32]. In G3, most of the increase in Staphylococcus occurred between W4 and W8, and 
its BL–W8 increase was greater than that in NC. This later divergence gives the community-
level change a specific taxonomic context and shows that the microbial profile continued 
to evolve after lesion improvement began. Previous studies have demonstrated strain-
dependent differences in the inflammatory properties of C. acnes and S. epidermidis [33–38], 
highlighting the importance of species- and strain-level characterization.

Exploratory co-occurrence networks revealed changes in genus-level association pat-
terns across all four groups (Figure 6), an analytical perspective also adopted in recent 
acne skincare research [39]. From BL to W8, edge counts increased in every group, with 
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increases in network density in NC and G3 (Supplementary Table S7). Changes in the NC 
may reflect temporal variation or influences of the vehicle formulation and permitted routine 
skincare [28,29]. In G3, the increases in edge count and mean degree persisted across the 
tested analysis settings, whereas the density results were less consistent (Supplementary 
Table S8). The increase in the relative abundance of Staphylococcus was not matched by a 
comparable increase in node degree, indicating that abundance and association patterns 
captured different features of the changing community.

Several limitations of this study warrant consideration. The findings relate to adults 
with mild-to-moderate acne who met the questionnaire-based skin sensitivity criterion. 
Efficacy analyses included only study completers, and no sensitivity analysis was performed 
to assess the impact of withdrawals; potential attrition bias therefore cannot be excluded. 
Although the tested formulations showed clinical benefits, the specific contribution of 
[Mat][Sal] warrants further evaluation because both products contained multiple func-
tional ingredients. The eight-week follow-up does not establish whether the clinical and 
physiological improvements persist after discontinuation. Permitted home skincare prod-
ucts and concomitant medication and supplement use were not fully standardized during 
follow-up, potentially contributing to variability in the observed outcomes. Microbiome 
analysis was based on 16S V4 sequencing and relative-abundance data; absolute bacterial 
abundance was not quantified, and functional differences at the species or strain level 
could not be resolved. Co-occurrence networks represent statistical associations, and some 
topology measures varied across analytical settings.

5. Conclusions
After 8 weeks, all three [Mat][Sal]-containing regimens showed sustained reductions 

in acne lesions and good local tolerability. Compared with single-product use, combined 
use of the mask and essence showed greater reductions in affected acne area and greater 
improvements in selected skin physiological parameters. These clinical improvements 
occurred without significant changes in cutaneous microbial alpha diversity. Changes in 
genus-level relative abundance included a significant decrease in Cutibacterium and an 
increase in Staphylococcus in G3, alongside changes in genus-level co-occurrence networks. 
Collectively, these findings support the tested [Mat][Sal]-containing formulations as a 
well-tolerated, barrier-protective skincare approach for acne-prone skin.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cosmetics13060306/s1, Table S1: Complete inclusion and exclusion 
criteria; Table S2: Study products and application regimens; Table S3: Skin physiological and imaging 
assessment parameters; Table S4: Definitions and calculation of standardised improvement scores 
for skin physiological parameters; Table S5: Participant withdrawals by group and follow-up visit; 
Table S6: Clinical and skin physiological outcomes with comparisons versus NC and between skincare 
regimens; Table S7: Sample inclusion and main-analysis network parameters at each timepoint; 
Table S8: Sensitivity of BL-to-W8 network changes to mean-abundance threshold and correlation 
method; Table S9: Local tolerability scores in NC, G1, G2 and G3 during the 8-week intervention.

Author Contributions: Conceptualization, P.A., Y.Z. and Y.P.; methodology, Y.Z., Q.F. and Y.P.; 
validation, Y.P.; formal analysis, P.A.; investigation, Q.F.; resources, Y.Z., L.W. and T.L.; data curation, 
Q.F., S.C. and J.W.; visualization, P.A.; writing—original draft preparation, P.A.; writing—review and 
editing, P.A., Y.Z., Q.F., L.W., T.L. and Y.P.; supervision, Y.P.; project administration, L.W., T.L., S.C. 
and J.W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

https://doi.org/10.3390/cosmetics13060306

https://www.mdpi.com/article/10.3390/cosmetics13060306/s1
https://www.mdpi.com/article/10.3390/cosmetics13060306/s1
https://doi.org/10.3390/cosmetics13060306


Cosmetics 2026, 13, 306 13 of 15

Institutional Review Board Statement: The study was conducted in accordance with the Declaration 
of Helsinki and approved by the Shanghai Ethics Committee for Clinical Research (approval code 
SECCR2025-202-01; approval date: 30 September 2025).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw 16S rRNA gene sequencing data generated and analysed during 
the current study have been deposited in the NCBI Sequence Read Archive (SRA) under BioProject 
accession PRJNA1514939. Additional data supporting the findings of this study are available from the 
corresponding author upon reasonable request, subject to applicable ethical and privacy restrictions.

Conflicts of Interest: Y.Z., L.W. and T.L. are employees of Harbin Fuerjia Technology Co., Ltd., which 
developed the investigational facial mask and essence evaluated in this study and manufactured the 
facial mask. S.C. and J.W. are employees of Beijing EWISH Testing Technology Co., Ltd. The company 
had no role in the design of the study; in the collection, analyses or interpretation of data; in the 
writing of the manuscript; or in the decision to publish the results. The remaining authors declare no 
conflicts of interest.

References
1. Shucheng, H.; Zhou, X.; Du, D.; Li, J.; Yu, C.; Jiang, X. Effects of 15% azelaic acid gel in the management of post-inflammatory 

erythema and post-inflammatory hyperpigmentation in acne vulgaris. Dermatol. Ther. 2024, 14, 1293–1314. [CrossRef] [PubMed]
2. Shi, H.; Song, L.; Liu, M.; Geng, X.; Ding, Y.; Zhang, Y. Analysis and comparison of the trends in burden of acne vulgaris in China 

and worldwide from 1990 to 2021. Clin. Cosmet. Investig. Dermatol. 2026, 19, 578990. [CrossRef] [PubMed]
3. Saurat, J.-H.; Halioua, B.; Baissac, C.; Perez Cullell, N.; Ben Hayoun, Y.; Saint Aroman, M.; Taieb, C.; Skayem, C. Epidemiology of 

acne and rosacea: A worldwide global study. J. Am. Acad. Dermatol. 2024, 90, 1016–1018. [CrossRef] [PubMed]
4. Collier, C.N.; Harper, J.C.; Cafardi, J.A.; Cantrell, W.C.; Wang, W.; Foster, K.W.; Elewski, B.E. The prevalence of acne in adults 

20 years and older. J. Am. Acad. Dermatol. 2008, 58, 56–59. [CrossRef] [PubMed]
5. Podwojniak, A.; Tan, I.J.; Sauer, J.; Neubauer, Z.; Rothenberg, H.; Ghani, H.; Parikh, A.K.; Cohen, B. Acne and the cutaneous 

microbiome: A systematic review of mechanisms and implications for treatments. J. Eur. Acad. Dermatol. Venereol. 2025, 39, 
793–805. [CrossRef] [PubMed]

6. Zhou, L.; Liu, X.; Li, X.; He, X.; Xiong, X.; Lai, J. Epidermal barrier integrity is associated with both skin microbiome diversity and 
composition in patients with acne vulgaris. Clin. Cosmet. Investig. Dermatol. 2022, 15, 2065–2075. [CrossRef] [PubMed]

7. Dull, K.; Lénárt, K.; Dajnoki, Z.; Póliska, S.; Uchiyama, E.; Hendrik, Z.; Szegedi, A.; Törőcsik, D. Barrier function-related genes 
and proteins have an altered expression in acne-involved skin. J. Eur. Acad. Dermatol. Venereol. 2023, 37, 1415–1425. [CrossRef] 
[PubMed]

8. Sukanjanapong, S.; Ploydaeng, M.; Wattanakrai, P. Skin barrier parameters in acne vulgaris versus normal controls: A cross-
sectional analytic study. Clin. Cosmet. Investig. Dermatol. 2024, 17, 2427–2436. [CrossRef] [PubMed]

9. Thiboutot, D.; Layton, A.M.; Traore, I.; Gontijo, G.; Troielli, P.; Ju, Q.; Kurokawa, I.; Dreno, B. International expert consensus 
recommendations for the use of dermocosmetics in acne. J. Eur. Acad. Dermatol. Venereol. 2025, 39, 952–966. [CrossRef] [PubMed]

10. Dal Belo, S.E.; Kanoun-Copy, L.; Lambert, C.; Cornillon, C.; Muller, B.; Jouni, H.; Moreau, M.; Palamarchuk, I.; Kerob, D.; Aguilar, 
L. Efficacy of a multitargeted, salicylic acid-based dermocosmetic cream compared with benzoyl peroxide 5% in acne vulgaris: 
Results from a randomised study. J. Cosmet. Dermatol. 2024, 23, 891–897. [CrossRef] [PubMed]

11. Shao, X.; Chen, Y.; Zhang, L.; Zhang, Y.; Ariyawati, A.; Chen, T.; Chen, J.; Liu, L.; Pu, Y.; Li, Y.; et al. Effect of 30% supramolecular 
salicylic acid peel on skin microbiota and inflammation in patients with moderate-to-severe acne vulgaris. Dermatol. Ther. 2023, 
13, 155–168. [CrossRef] [PubMed]

12. Wang, M.; Wang, Z.; Zhang, J.; Zhang, L.; Wang, W.; Zhan, J.; Liao, Y.; Wu, C.; Yu, W.; Zhang, J. A matrine-based supramolecular 
ionic salt that enhances the water solubility, transdermal delivery, and bioactivity of salicylic acid. Chem. Eng. J. 2023, 468, 143480. 
[CrossRef]

13. Dreno, B.; Dekio, I.; Baldwin, H.; Demessant, A.L.; Dagnelie, M.A.; Khammari, A.; Corvec, S. Acne microbiome: From phyla to 
phylotypes. J. Eur. Acad. Dermatol. Venereol. 2024, 38, 657–664. [CrossRef] [PubMed]

14. Dagnelie, M.A.; Corvec, S.; Timon-David, E.; Khammari, A.; Dreno, B. Cutibacterium acnes and Staphylococcus epidermidis: The 
unmissable modulators of skin inflammatory response. Exp. Dermatol. 2022, 31, 406–412. [CrossRef] [PubMed]

15. He, L. The Photomedicine and Skin Barrier Studies Group of Combination of Traditional and Western Medicine Dermatology; 
Dermatology Professional Committee of China Association for Promotion of Health Science and Technology. Guidelines for 
the diagnosis and treatment of sensitive skin in China (2024 edition). Chin. J. Dermatovenereol. 2024, 38, 473–481. (In Chinese) 
[CrossRef]

https://doi.org/10.3390/cosmetics13060306

https://doi.org/10.1007/s13555-024-01176-2
https://www.ncbi.nlm.nih.gov/pubmed/38734843
https://doi.org/10.2147/CCID.S578990
https://www.ncbi.nlm.nih.gov/pubmed/41909539
https://doi.org/10.1016/j.jaad.2023.12.038
https://www.ncbi.nlm.nih.gov/pubmed/38184278
https://doi.org/10.1016/j.jaad.2007.06.045
https://www.ncbi.nlm.nih.gov/pubmed/17945383
https://doi.org/10.1111/jdv.20332
https://www.ncbi.nlm.nih.gov/pubmed/39269130
https://doi.org/10.2147/CCID.S377759
https://www.ncbi.nlm.nih.gov/pubmed/36196252
https://doi.org/10.1111/jdv.19062
https://www.ncbi.nlm.nih.gov/pubmed/36971768
https://doi.org/10.2147/CCID.S476004
https://www.ncbi.nlm.nih.gov/pubmed/39502708
https://doi.org/10.1111/jdv.20145
https://www.ncbi.nlm.nih.gov/pubmed/38877766
https://doi.org/10.1111/jocd.16052
https://www.ncbi.nlm.nih.gov/pubmed/37941097
https://doi.org/10.1007/s13555-022-00844-5
https://www.ncbi.nlm.nih.gov/pubmed/36350527
https://doi.org/10.1016/j.cej.2023.143480
https://doi.org/10.1111/jdv.19540
https://www.ncbi.nlm.nih.gov/pubmed/37777343
https://doi.org/10.1111/exd.14467
https://www.ncbi.nlm.nih.gov/pubmed/34674324
https://doi.org/10.13735/j.cjdv.1001-7089.202401044
https://doi.org/10.3390/cosmetics13060306


Cosmetics 2026, 13, 306 14 of 15

16. China Food and Drug Administration. Safety and Technical Standards for Cosmetics (2015 Edition); China Food and Drug Adminis-
tration: Beijing, China, 2015. (In Chinese)

17. T/CAFFCI 67-2023; Test Methods for Anti-Acne Efficacy of Cosmetic Products. China Association of Fragrance Flavor and 
Cosmetic Industries: Beijing, China, 2023. (In Chinese)

18. Expert Group for Chinese Acne Treatment Guidelines. Guideline for diagnosis and treatment of acne (the 2019 revised edition). 
J. Clin. Dermatol. 2019, 48, 583–588.

19. T/CNMIA 0015-2020; Clinical Evaluation Standard for Soothing Functional Skincare Products. Chinese Non-Government Medical 
Institutions Association: Beijing, China, 2020. (In Chinese)

20. GB/T 17149.2-1997; Diagnostic Criteria and Principles of Management of Contact Dermatitis Induced by Cosmetics. Standards 
Press of China: Beijing, China, 1997. (In Chinese)

21. Magoč, T.; Salzberg, S.L. FLASH: Fast length adjustment of short reads to improve genome assemblies. Bioinformatics 2011, 27, 
2957–2963. [CrossRef] [PubMed]

22. Edgar, R.C.; Haas, B.J.; Clemente, J.C.; Quince, C.; Knight, R. UCHIME improves sensitivity and speed of chimera detection. 
Bioinformatics 2011, 27, 2194–2200. [CrossRef] [PubMed]

23. Callahan, B.J.; McMurdie, P.J.; Rosen, M.J.; Han, A.W.; Johnson, A.J.A.; Holmes, S.P. DADA2: High-resolution sample inference 
from Illumina amplicon data. Nat. Methods 2016, 13, 581–583. [CrossRef] [PubMed]

24. Quast, C.; Pruesse, E.; Yilmaz, P.; Gerken, J.; Schweer, T.; Yarza, P.; Peplies, J.; Glöckner, F.O. The SILVA ribosomal RNA gene 
database project: Improved data processing and web-based tools. Nucleic Acids Res. 2013, 41, D590–D596. [CrossRef] [PubMed]

25. Liu, Y.; Dan, Y.; Yang, J.; He, X.; Liu, J.; Yi, Y.; Chen, X.; Yin, X.; Song, W.; Niu, Y.; et al. Clinical efficacy of a salicylic acid-containing 
gel on acne management and skin barrier function: A 21-day prospective study. J. Cosmet. Dermatol. 2025, 24, e70353. [CrossRef] 
[PubMed]

26. Draelos, Z.D.; Baalbaki, N.; Colon, G.; Dreno, B. Ceramide-containing adjunctive skin care for skin barrier restoration during acne 
vulgaris treatment. J. Drugs Dermatol. 2023, 22, 554–558. [CrossRef] [PubMed]

27. Tempark, T.; Shem, A.; Lueangarun, S. Efficacy of ceramides and niacinamide-containing moisturizer versus hydrophilic cream 
in combination with topical anti-acne treatment in mild to moderate acne vulgaris: A split-face, double-blinded, randomised 
controlled trial. J. Cosmet. Dermatol. 2024, 23, 1758–1765. [CrossRef] [PubMed]

28. Murphy, B.; Grimshaw, S.; Hoptroff, M.; Paterson, S.; Arnold, D.; Cawley, A.; Adams, S.E.; Falciani, F.; Dadd, T.; Eccles, R.; et al. 
Alteration of barrier properties, stratum corneum ceramides and microbiome composition in response to lotion application on 
cosmetic dry skin. Sci. Rep. 2022, 12, 5223. [CrossRef] [PubMed]

29. Seo, J.Y.; You, S.W.; Gu, K.-N.; Kim, H.; Shin, J.-G.; Leem, S.; Hwang, B.K.; Kim, Y.; Kang, N.G. Longitudinal study of the interplay 
between the skin barrier and facial microbiome over 1 year. Front. Microbiol. 2023, 14, 1298632. [CrossRef] [PubMed]

30. Wagner, N.; Valeriano, V.D.; Diou-Hirtz, S.; Björninen, E.; Åkerström, U.; Engstrand, L.; Schuppe-Koistinen, I.; Gillbro, J.M. Micro-
bial dynamics: Assessing skincare regimens’ impact on the facial skin microbiome and skin health parameters. Microorganisms 
2024, 12, 2655. [CrossRef] [PubMed]

31. Wongtada, C.; Prombutara, P.; Asawanonda, P.; Noppakun, N.; Kumtornrut, C.; Chatsuwan, T. Distinct skin microbiome 
modulation following different topical acne treatments in mild acne vulgaris patients: A randomised, investigator-blinded 
exploratory study. Exp. Dermatol. 2023, 32, 906–914. [CrossRef] [PubMed]

32. Zhou, L.; Chen, L.; Liu, X.; Huang, Y.; Xu, Y.; Xiong, X.; Deng, Y. The influence of benzoyl peroxide on skin microbiota and the 
epidermal barrier for acne vulgaris. Dermatol. Ther. 2022, 35, e15288. [CrossRef] [PubMed]

33. Feidenhansl, C.; Lund, M.; Poehlein, A.; Lood, R.; Lomholt, H.B.; Brüggemann, H. Cutibacterium and Staphylococcus dysbiosis of 
the skin microbiome in acne and its decline after isotretinoin treatment. JEADV Clin. Pract. 2024, 3, 1454–1466. [CrossRef]

34. Yu, T.; Xu, X.; Liu, Y.; Wang, X.; Wu, S.; Qiu, Z.; Liu, X.; Pan, X.; Gu, C.; Wang, S.; et al. Multi-omics signatures reveal genomic and 
functional heterogeneity of Cutibacterium acnes in normal and diseased skin. Cell Host Microbe 2024, 32, 1129–1146.e8. [CrossRef] 
[PubMed]

35. Cheung, C.T.; Lancien, U.; Corvec, S.; Mengeaud, V.; Mias, C.; Véziers, J.; Khammari, A.; Dréno, B. Pro-inflammatory activity 
of Cutibacterium acnes phylotype IA1 and extracellular vesicles: An in vitro study. Exp. Dermatol. 2024, 33, e15150. [CrossRef] 
[PubMed]

36. Cros, M.P.; Mir-Pedrol, J.; Toloza, L.; Knödlseder, N.; Maruotti, J.; Zouboulis, C.C.; Güell, M.; Fábrega, M.-J. New insights into the 
role of Cutibacterium acnes-derived extracellular vesicles in inflammatory skin disorders. Sci. Rep. 2023, 13, 16058. [CrossRef] 
[PubMed]

37. Hamann, T.; Brüggemann, H.; Feidenhansl, C.; Rruci, E.; Gallinger, J.; Gallinat, S.; Hüpeden, J. Distinct intraspecies variation of 
Cutibacterium acnes and Staphylococcus epidermidis in acne vulgaris and healthy skin. Microorganisms 2025, 13, 299. [CrossRef] 
[PubMed]

https://doi.org/10.3390/cosmetics13060306

https://doi.org/10.1093/bioinformatics/btr507
https://www.ncbi.nlm.nih.gov/pubmed/21903629
https://doi.org/10.1093/bioinformatics/btr381
https://www.ncbi.nlm.nih.gov/pubmed/21700674
https://doi.org/10.1038/nmeth.3869
https://www.ncbi.nlm.nih.gov/pubmed/27214047
https://doi.org/10.1093/nar/gks1219
https://www.ncbi.nlm.nih.gov/pubmed/23193283
https://doi.org/10.1111/jocd.70353
https://www.ncbi.nlm.nih.gov/pubmed/40682377
https://doi.org/10.36849/JDD.7142
https://www.ncbi.nlm.nih.gov/pubmed/37276158
https://doi.org/10.1111/jocd.16212
https://www.ncbi.nlm.nih.gov/pubmed/38299457
https://doi.org/10.1038/s41598-022-09231-8
https://www.ncbi.nlm.nih.gov/pubmed/35340018
https://doi.org/10.3389/fmicb.2023.1298632
https://www.ncbi.nlm.nih.gov/pubmed/38033568
https://doi.org/10.3390/microorganisms12122655
https://www.ncbi.nlm.nih.gov/pubmed/39770857
https://doi.org/10.1111/exd.14779
https://www.ncbi.nlm.nih.gov/pubmed/36841971
https://doi.org/10.1111/dth.15288
https://www.ncbi.nlm.nih.gov/pubmed/34962033
https://doi.org/10.1002/jvc2.487
https://doi.org/10.1016/j.chom.2024.06.002
https://www.ncbi.nlm.nih.gov/pubmed/38936370
https://doi.org/10.1111/exd.15150
https://www.ncbi.nlm.nih.gov/pubmed/39113601
https://doi.org/10.1038/s41598-023-43354-w
https://www.ncbi.nlm.nih.gov/pubmed/37749255
https://doi.org/10.3390/microorganisms13020299
https://www.ncbi.nlm.nih.gov/pubmed/40005665
https://doi.org/10.3390/cosmetics13060306


Cosmetics 2026, 13, 306 15 of 15

38. Marito, S.; Keshari, S.; Traisaeng, S.; My, D.T.T.; Balasubramaniam, A.; Adi, P.; Hsieh, M.-F.; Herr, D.R.; Huang, C.-M. Electricity-
producing Staphylococcus epidermidis counteracts Cutibacterium acnes. Sci. Rep. 2021, 11, 12001. [CrossRef] [PubMed]

39. Xu, Y.-N.; Salgaonkar, N.; Pu, M.; Hawkins, S.; Hermanson, K.; Du, Y.; Doraiswamy, C.; Tan, Y.; Yuan, C.; Dasgupta, A.; et al. 
Unveiling acne microbiome signatures: The role of the microbiome and the impact of a facewash formula containing plant-derived 
monoterpenes. Br. J. Dermatol. 2025, 193, ii15–ii23. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 
to people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/cosmetics13060306

https://doi.org/10.1038/s41598-021-91398-7
https://www.ncbi.nlm.nih.gov/pubmed/34099817
https://doi.org/10.1093/bjd/ljaf287
https://www.ncbi.nlm.nih.gov/pubmed/41118315
https://doi.org/10.3390/cosmetics13060306

	Introduction 
	Materials and Methods 
	Subjects 
	Study Design 
	Test Products 
	Clinical Assessments and Skin Physiological Measurements 
	Facial Microbiome Sampling and Sequencing 
	Bioinformatic and Network Analyses 
	Statistical Analysis 

	Results 
	Subject Baseline Characteristics 
	Clinical Lesion Efficacy 
	Skin Physiological and Barrier Responses 
	Facial Microbiome Alterations 
	Diversity Metrics 
	Taxonomic Composition and Predominant Genera 

	Ecological Network Topology 
	Safety and Local Tolerability 

	Discussion 
	Conclusions 
	References



