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Universidade Católica Portuguesa, Portugal
Aaroh Anand Joshi,
Medical University of Graz, Austria

*CORRESPONDENCE

Bingfeng Leng
lengbingfeng@vip.sina.cn

Li Zhang
106786507@qq.com

Gang Hu
hugang_xa@hotmail.com

†These authors have contributed
equally to this work and share
�rst authorship

RECEIVED 28 July 2025
ACCEPTED 30 September 2025
PUBLISHED 22 October 2025

CITATION

Kui L, Huang J, Wang G, Zhao J, Wang S,
Qin X, Liu L, Hu J, Chen L, Wang X, Li Q,
Zhao Y, Tang Y, Xiong K, Zhan S, Ding H,
Wang J, Cai H, Zhang Q, Zi X, Deng Q, Gao L,
Wang X, Zou C, Yang H, Xiao Y, Yang B,
Leng B, Zhang L and Hu G (2025) Endolysin
signi�cantly improves symptoms with
atopic dermatitis: bridging the gap
from research to clinical practice.
Front. Immunol. 16:1667195.
doi: 10.3389/fimmu.2025.1667195

COPYRIGHT

© 2025 Kui, Huang, Wang, Zhao, Wang, Qin,
Liu, Hu, Chen, Wang, Li, Zhao, Tang, Xiong,
Zhan, Ding, Wang, Cai, Zhang, Zi, Deng, Gao,
Wang, Zou, Yang, Xiao, Yang, Leng, Zhang and
Hu. This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums
is permitted, provided the original author(s)
and the copyright owner(s) are credited and
that the original publication in this journal is
cited, in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

TYPE Original Research
PUBLISHED 22 October 2025
DOI 10.3389/fimmu.2025.1667195
Endolysin signi�cantly
improves symptoms with
atopic dermatitis: bridging
the gap from research
to clinical practice
Ling Kui1†, Jinqun Huang2,3†, Guoyun Wang1†, Jiamin Zhao2,3†,
Shuangshuang Wang1, Xiaoxing Qin2,3, Leifeng Liu4, Jianfei Hu4,
Lianjia Chen5, Xingchun Wang5, Qing Li6, Yuqian Zhao2,3,
Yuanyue Tang2,3, Kexu Xiong1, Shuxia Zhan1, Honghua Ding1,
JunLing Wang1, Hua Cai1, Qing Zhang1, Xiaoyan Zi1,
Qiong Deng7, Lian Gao7, Xuan Wang6, Chaowei Zou8,
Huilin Yang9, Yue Xiao10, Bin Yang6, Bingfeng Leng2,11*,
Li Zhang1* and Gang Hu1*

1Dermatology Department & Medical Cosmetology Department, Shenzhen Qianhai Shekou Free
Trade Zone Hospital, Shenzhen, Guangdong, China, 2Shenzhen Beichen Biotech Co., Ltd., Shenzhen,
Guangdong, China, 3Hong Kong Rising Biotechnology Co., Ltd., Hong, Kong, Hong Kong SAR,
China, 4Suzhou ReadCrystal Biotechnology Co., Ltd, Suzhou, Jiangsu, China, 501 Life Institute,
Shenzhen, Guangdong, China, 6Dermatology Hospital, Southern Medical University, Guangzhou,
Guangdong, China, 7The People’s Hospital of Longhua, Shenzhen, Guangdong, China, 8Zhongshan
School of Medicine, Sun Yat-Sen University, Guangzhou, Guangdong, China, 9Peking University
Shenzhen Hospital, Shenzhen, Guangdong, China, 10Department of Dermatology and Venereology,
West China Hospital, Sichuan University, Chengdu, Sichuan, China, 11Functional Microbiology R&D
Center, Research Institute of Tsinghua University in Shenzhen, Shenzhen, China
Background: Atopic Dermatitis (AD), a chronic in�ammatory skin disease
characterized by pruritus, dryness, redness, edema, scratching, and
licheni�cation, ranks as the leading cause of non-fatal skin disease burden
globally. Current therapeutic strategies for AD primarily act by inhibiting
in�ammatory pathways, yet largely fail to address Staphylococcus aureus (S.
aureus) control unless exudative lesions are present. However, concerns over
treatment-related adverse effects, long-term safety pro�les, and emerging drug
resistance underscore the remaining substantial unmet clinical needs in this �eld.
Objectives: To evaluate the safety and ef�cacy of endolysin gel in treating AD.
Methods: An infection-driven dermatitis model with AD-like features was
established. Following treatment with Staphyrase® or in other control groups,
skin disease severity scores, S. aureus CFU, and key in�ammatory cytokines were
assessed. An open-label, single-center, investigator-initiated clinical study
(ChiCTR25001192) was conducted in which participants, who received the
endolysin gel twice daily, underwent follow-up assessments at baseline,
treatment weeks 1 and 2, with an optional extension up to 3 months.
Results: Statistically signi�cant reductions in skin lesion scores, S. aureus load,
and AD-related immune mediators (i.e., IgE, TSLP, IL-33) were observed in the
Staphyrase® group relative to the model group. All 20 enrolled adult subjects
completed the clinical study, with no tolerability issues reported, indicating a
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fimmu.2025.1667195/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1667195/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1667195/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1667195/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1667195/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2025.1667195&domain=pdf&date_stamp=2025-10-22
mailto:lengbingfeng@vip.sina.cn
mailto:106786507@qq.com
mailto:hugang_xa@hotmail.com
https://doi.org/10.3389/fimmu.2025.1667195
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2025.1667195
https://www.frontiersin.org/journals/immunology


Abbreviations:AD, Atopic Dermatitis; EASI, Eczema A

SCORAD, Severity Scoring of AD; VAS, Visual Analogue

Global Assessment; DLQI, Dermatology Life Quality Inde

GCP, Good Clinical Practice; S. aureus, Staphylococcus

soluble modulin a; CBDs, Cell Wall-Binding Domain

resistant strains; QC, quality control; RCTs, random

GMP, good manufacturing practice; E. coli, Escherichia

nitrilotriacetic acid; LAL, limulus amebocyte lysate; TSB,

phosphate-buffered saline; TSA, Tryptic Soy Agar; cDNA

Kui et al. 10.3389/fimmu.2025.1667195

Frontiers in Immunology
favorable safety pro�le of the endolysin gel. Compared to baseline, EASI,
SCORAD, IGA, VAS, and DLQI scores demonstrated signi�cant decreases at
both Day 7 and Day 14 (all P < 0.05). Notably, Participant No. 11, who
underwent extended follow-up until Week 8, exhibited substantial
improvements in redness, licheni�cation, severe scratching, oozing, and
dryness. The Endolysin gel showed consistent safety and ef�cacy in improving
both acute and chronic AD lesions.
Conclusions: Topical endolysin gel is a well-tolerated, effective, and promising
agent for the treatment and proactive maintenance of mild-to-moderate AD
in adults.
KEYWORDS

atopic dermatitis, S. aureus, in� ammatory cytokines, endolysin, Staphyrase®, phage
1 Introduction

AD is a chronic in�ammatory skin disease characterized by
symptoms such as persistent pruritus, dryness, redness, swelling,
scratching, and papulation. It constitutes the leading cause of non-
fatal skin disease burden worldwide. Notably, epidemiological
studies have documented a steady increase in AD prevalence
across developed nations, with childhood rates reaching as high
as 10-20% in speci�c populations (1) AD imposes a heavy social and
psychological burden on patients due to its recurrent, intractable
pruritus, and lack of curative therapies. The chronic pruritus leads
to sleep disturbances, severely diminishing quality of life and
contributing to heightened risks of depression, anxiety, and even
suicidal ideation (2).

S. aureus is a prevalent colonizing bacterium in both AD lesions
and normal-looking skin. The toxins and enzymes released by S.
aureus can destroy the skin barrier. Enterotoxins act as
superantigens to directly activate lymphocytes, inducing or
exacerbating dermatitis while diminishing tissue responsiveness to
hormones, thereby compromising therapeutic ef�cacy (3). A meta-
analysis of 95 observational studies based on culture methods
revealed that S. aureus was present in 70% of patients with AD in
skin lesions, compared to 39% in non-lesional skin of patients or
healthy controls (4). In another cohort study, S. aureus was isolated
from 69.7% of eczematous lesions and 42.4% of non-lesional skin in
patients with atopic dermatitis. Furthermore, the colonization rate
rea and Severity Index;
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was 53% in mild cases but reached 100% in those with moderate
and severe AD patients (5). A further investigation involving 60
children with atopic dermatitis, a similar trend was observed, with
S. aureus colonization rates proportional to disease severity: 51.43%
in mild cases, 77.78% in moderate cases, and 100% in severe cases
(6). In a prospective observational study of culturable bacteria on
the skin of children from birth to 2 years observed S. aureus
colonization preceding clinical AD onset (7). Further research has
shown that multiple factors are involved in the colonization of S.
aureus on AD skin, including enhanced bacterial-keratinocyte
adhesion, antimicrobial peptide de�ciency, decreased levels of
�laggrin and �laggrin degradation products, Th2/Th17 cytokines
overexpression, microbiota dysbiosis, and altered lipid pro�les (8).
The V8 protease expressed by S. aureus can directly trigger sensory
neurons in the skin by activating protease-activated receptor 1,
which is also one of the important causes of skin itching (9). In
addition, bacterial virulence factors such as phenol-soluble modulin
a (PSMa) induce proin�ammatory cytokine expression in human
keratinocytes and tape-stripped mouse epidermal models (10).
Meanwhile, d toxins promote mast cell degranulation and IgE
elevation, amplifying cutaneous in�ammation (11). S. aureus also
expresses several other molecules that enhance symptom intensity,
including phenol-soluble modulins (stimulate keratinocytes to
release cytokines), protein A (triggers keratinocyte in�ammatory
responses), superantigens (induce B cell expansion and cytokine
release), and proin�ammatory lipoproteins (12). Collectively, these
�ndings underscore S. aureus as a key pathogen in AD
pathogenesis, driving disease progression through barrier
disruption, immune hyperactivation, and therapeutic resistance.

Endolysins, bacteriophage-encoded enzymes, exhibit potent
bacteriolytic activity against S. aureus (13). These enzymes
selectively hydrolyze peptidoglycan in bacterial cell walls via Cell
Wall-Binding Domains (CBDs), enabling species-speci�c targeting
without disrupting commensal microbiota-a critical advantage over
broad-spectrum antibiotics. For instance, recombinant endolysins
such as LysM9 demonstrate robust anti-SA activity, including
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methicillin-resistant strains (MRSA), even under in vitro skin-
mimetic conditions (14). In addition, endolysin acts on the cell
wall surface without penetrating bacterial cytoplasm, thereby
circumventing the activation of resistance-conferring genetic
pathways (15).

In conclusion, patients with AD are seeking medications that
are safe, non-irritating, long-lasting, cost-effective, and suitable for
long-term proactive maintenance therapy. Thus, the development
of endolysin-based interventions for AD represents a promising and
innovative strategy, addressing unmet needs through targeted
antimicrobial activity, minimal microbiota disruption, anti-
in�ammatory and favorable safety pro�les. Accordingly, this
study aimed to evaluate the safety and ef�cacy of a novel
endolysin-based topical gel in the treatment of S. aureus-
colonized AD through an integrated assessment of its in vitro
antibacterial activity, ef�cacy in murine models with AD-like
features, and an initial clinical investigation.
Frontiers in Immunology 03
2 Results

2.1 In vitro results

The results illustrate the characterization and antibacterial
activity of Staphyrase® against S. aureus USA300. SDS - PAGE
analysis of the quality control (QC) sample revealed a single band at
approximately 54.798 kDa, aligning with the expected molecular
weight of Staphyrase®. The A260/280 ratio of 0.785 and a measured
concentration of 6.14 mg/mL further con�rmed the purity and
concentration of the sample (Figure 1A). Figure 1B demonstrates
the antibacterial activity of Staphyrase® at various concentrations
(3.55 mg/mL concentrate, 64 mg/mL, 32 mg/mL, and 128 mg/mL).
The progressive increase in zones of inhibition around the protein
spots with rising concentrations clearly indicated that the
antibacterial effect of Staphyrase® is concentration - dependent.
Furthermore, Staphyrase® was applied to cultures of S. aureus,
FIGURE 1

Characterization and antibacterial activity of Staphyrase® against S. aureus USA300. (A) SDS-PAGE Analysis of Staphyrase® Purity. The quality control
(QC) sample shows a single band at approximately 54.798 kDa, corresponding to the expected molecular weight of Staphyrase®. The A260/280
ratio was 0.785, and the concentration was measured at 6.14 mg/mL. (B) Antibacterial Activity of Staphyrase®. The protein was applied at various
concentrations: 3.55 mg/mL (concentration), 64 mg/mL, 32 mg/mL, and 128 mg/mL. The increasing zones of inhibition around the protein spots with
increasing concentration indicate that the antibacterial effect of Staphyrase® is concentration dependent. (C) Ef�cacy of Staphyrase® Gel against S.
aureus USA300.
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Staphylococcus epidermidis (S. epidermidis), and Cutibacterium
acnes (C. acnes) isolated from the lesions and the perilesional skin
of patients with AD. Lytic activity was observed exclusively against
clinical AD-derived isolates of S. aureus, with no detectable activity
against commensal S. epidermidis or C. acnes (Supplementary
Figure S1). These results clearly demonstrate the speci�city and
safety pro�le of Staphyrase®. And Figure 1C evaluates the ef�cacy of
Staphyrase® Gel against S. aureus USA300. The negative control
maintained a high level of S. aureus (log CFU/mL), while the
Staphyrase® Gel showed a sharp decline in S. aureus
concentration at 2 hours of contact time, highlighting its potent
antibacterial activity over time.
2.2 In vivo ef�cacy of Staphyrase® Gel in a
murine AD model

The therapeutic effects of Staphyrase® endolysin on AD were
using a BALB/c mouse model of infection-driven dermatitis with
Frontiers in Immunology 04
AD-like features (Ethics Number: 01AP202407-02). As depicted in
Figure 2, representative images of the dorsal skin lesions alongside
quantitative analysis of in�ammatory markers are presented. For
the clinical improvement of skin lesions, at baseline (Day 0), both
the Model group (S. aureus-inoculated), Mupirocin group
(mupirocin-treated) and Treatment group (Staphyrase®-treated)
exhibited comparable skin injury phenotypes following tape-
stripping-induced barrier disruption and bacterial challenge. By
day 7, signi�cant conspicuous differences emerged. The Model
group (treated solely with S. aureus) developed severe redness,
scaling, and edema across the entire treated region. In contrast, the
Staphyrase® group demonstrated notable amelioration in skin
appearance, with diminished redness and scaling relative to the
Model group (Figure 2A). The Control group (saline-treated)
remained free of pathological changes throughout the study.
Regarding the disease severity score, quantitative assessment of
skin lesions disclosed a signi�cant diminution in disease severity
within the Staphyrase® group as opposed to the Model group (p <
0.01). The Model group displayed the highest score, signifying
FIGURE 2

Therapeutic effects of Staphyrase® endolysin BALB/c mice AD model. (A) Staphyrase® endolysin treatment demonstrates signi�cant lesion
improvement compared to the Model group. (B) Staphyrase® endolysin reduces in�ammatory factors in BALB/c mice AD model. (Statistical
signi�cance is noted with asterisks. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).
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