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ABSTRACT

Despite therapeutic advances, long-term psoriasis management remains challenged by cost, immunogenicity, and
administration barriers. Although the anti-inflammatory properties of avicularin (AL) are recognized, its direct
targeting of IL-17RA and its therapeutic efficacy in psoriasis remain unreported. Here, we established the efficacy
of Euphorbia humifusa Willd. (EH) in a psoriasis mouse model, then used an integrated strategy combining network
pharmacology, RNA-seq, and surface plasmon resonance-mass spectrometry (SPR-MS) to assess its pharmacodynamic
material basis. This systematic approach identified the IL-17 pathway as the primary mechanism, and IL-6, CXCL10,
and IL-17RA as key targets. On the basis of these key targets, SPR-MS screened seven candidate compounds from
EH, among which AL was confirmed as a key IL-17RA-targeting bioactive compound. Subsequent validation
demonstrated that AL dose-dependently ameliorated psoriatic lesions and downregulated key IL-17 pathway
effectors, including IL-17RA, IL-6, and CXCL10 (p < 0.05). Direct binding between AL and IL-17RA was subsequently
confirmed through bio-layer interferometry, SPR-MS re-screening, and molecular docking. Our findings not only
establish AL as a promising oral IL-17RA-targeted agent but also delineate a robust strategy that may aid in the
systematic discovery of active natural compounds.
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1. INTRODUCTION to manage moderate-to-severe psoriasis and have
demonstrated significant efficacy in clinical practice [6].
Secukinumab, a first-line biologic recommended by the
American Academy of Dermatology and the European
Academy of Dermatology and Venereology guidelines,
via intravenous or subcutaneous administration, effec-

tively treats moderate-to-severe psoriasis by inhibiting

Psoriasis is a chronic, immune-mediated, inflammatory
skin disease that affects 2-3% of the global population
[1]. This disease is associated with comorbidities such
as psoriatic arthritis and cardiovascular disease, which
decrease life expectancy by ~5 years [2]. The patho-

genesis of psoriasis involves communication among
various cytokines, chemokines, and other mediators of
dendritic cells, Th17 cells, and keratinocytes; this com-
munication induces skin immune cell infiltration and
hyperproliferation of keratinocytes; leads to the devel-
opment of typical skin lesion symptoms (e.g., interleukin
(IL)-17 and TNF-a); and drives keratinocyte hyperprolif-
eration [3-5]. Currently approved biologics targeting
IL-17A, IL-17RA, TNF-q, and IL-12/IL-23 are widely used

IL-17A production [7]. Given concerns regarding the
affordability, potential iatrogenic immunosuppression,
and inconvenient administration modes of biologics,
safe and effective alternative therapies for psoriasis are
urgently needed [8].

Euphorbia humifusa Willd. (EH), a traditional Chinese
medicine historically used for inflammatory skin disor-
ders, is the principal component of Baixuan Xiatare tab-
let (BXXTR), a prescription for the treatment of plaque
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psoriasis [9-11]. Additionally, the aqueous extract of
EH has been experimentally shown to ameliorate imi-
quimod (IMQ)-induced psoriasiform skin lesions [11].
Phytochemical investigations have identified multiple
classes of bioactive constituents in EH, including flavo-
noids, terpenoids, alkaloids, and polyphenols [12, 13],
thus underscoring its potential as a valuable source for
anti-psoriatic drug discovery. Among these, the flavo-
noid glycoside avicularin (AL) has demonstrated broad
anti-inflammatory activity in various disease models,
primarily through modulation of signaling pathways
including NF-xB [14], MAPK [15], and NLRP3 inflammas-
ome activation [16]. Nevertheless, its specific role in pso-
riasis pathogenesis, particularly its potential to directly
target IL-17RA, a key signaling node in psoriatic immu-
nity, has remained unclear. Given the chemical com-
plexity of EH, efficient identification of its anti-psoriatic
constituents is necessary to clarify its pharmacodynamic
material basis.

Network pharmacology is a powerful approach
for studying natural product-disease interactions yet
is limited by database inaccuracy and static pathway
representations [17-21]. RNA sequencing (RNA-seq)
can supplement network pharmacology by identify-
ing differentially expressed genes (DEGs) after treat-
ment, thus offering dynamic mechanistic insights. For
example, Li et al., by integrating RNA-seq with net-
work pharmacology, have identified key DEGs and
mechanisms through which acetylcorynoline alleviates
inflammatory lung damage [22]. Wang et al. have
identified the key targets and pathways underlying
the analgesic effects of Shentong Zhuyu decoction
through this combined approach [23]. Because RNA-
seq provides real-world gene regulation data, it can
validate and refine network pharmacology predic-
tions, and consequently increase the reliability of the
results [24]. Integrating these methods offers a robust
framework for elucidating natural product mecha-
nisms and addresses current limitations in target-path-
way analysis.

Surface plasmon resonance-mass spectrometry
(SPR-MS)-based ligand fishing enables direct, high-
throughput screening of active compounds from nat-
ural products [25, 26]. Current SPR-MS methods typi-
cally preselect known disease targets but potentially
overlook the multitarget nature of natural products
[27, 28]. Without considering the actual intervention
mechanisms of natural products, SPR-MS can introduce
bias and miss key therapeutic mechanisms. A promis-
ing solution combines network pharmacology with
RNA-seq to identify biologically relevant targets for
SPR-MS screening. For example, Zeng et al. have used
RNA-seq to identify TGF-B1 as an SPR bait and have suc-
cessfully screened przewalskin from Salvia miltiorrhiza
Bunge for pulmonary fibrosis alleviation [29]. These
findings demonstrate that the integration of network
pharmacology with RNA-seq can identify valuable
targets for ligand fishing technology by elucidating
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the mechanisms of natural products, thereby address-
ing the limitations of existing SPR-MS technologies in
target selection.

To systematically investigate the anti-psoriatic basis
of EH, we first used an approach integrating network
pharmacology and RNA-seq, which convergently iden-
tified the IL-17 signaling pathway as the core mecha-
nism. Subsequently, SPR-MS screening targeting IL-17RA
and other core targets identified AL as the key active
compound. Although ALs broad anti-inflammatory
role was documented, its specific function in psoriasis
was unclear. We validated that AL significantly alle-
viated psoriatic inflammation in a mouse model and
directly downregulated the IL-17RA pathway. Our find-
ings therefore redefine AL as a direct IL-17RA inhibitor,
and suggest that, beyond its role as a general anti-
inflammatory compound, it might serve as a candidate
for targeted psoriasis therapy.

2. METHODS

2.1 Reagents

The materials and reagents used for SPR assays, includ-
ing CM5 chips, N-hydroxysuccinimide, 1-(3-dimethyl-
aminopropyl)-3-ethylcarbodiimide hydrochloride (EDC),
phosphate-buffered solution (PBS), and ethanolamine,
were obtained from GE Healthcare (Shanghai, China).
Methanol and acetonitrile (optima grade) were pur-
chased from Fisher Chemicals (Hampton, NH, USA), and
5% IMQ cream (5% concentration) was obtained from
Sichuan Mingxin Pharmaceutical Co., Ltd. (Sichuan,
China). Methotrexate (MTX) tablets were supplied
by SPH Sine Pharmaceutical Laboratories Co., Ltd.
(Shanghai, China). BXXTR was supplied by Yinduolan
Pharmaceutical Industry Medicine Co., Ltd. (Urumqi,
China). AL, isoquercitrin, methyl gallate, astragalin,
gallic acid, catechin, myricetin, ellagic acid, rutin, api-
getrin, luteolin, quercetin, naringenin, kaempferol,
and isorhamnetin were obtained from Yuanye Bio-
Technology Co., Ltd. (Shanghai, China). IL-17RA, IL-6,
and CXCL10 were purchased from Novoprotein (Jiangsu,
China). Anti-IL-17RA (cat. No. ab318130) and anti-
GAPDH (cat. No. ab8245) were purchased from Abcam
(Cambridge, UK). Anti-IL-6 (cat. No. #12912) was pur-
chased from Cell Signaling Technology (Boston, USA).
Anti-CXCL10 (cat. No. DF6417) was purchased from
Affinity Biosciences (Jiangsu, China). Affinity-purified
goat anti-rabbit IgG (H + L) (cat. No. JAC-111-035-003)
and goat anti-mouse IgG (H + L) (cat. No. JAC-115-035-
003) were purchased from Jackson ImmunoResearch
Laboratories (West Grove, PA, USA).

2.2 Preparation of EH extract

EH was obtained from Kanghe Traditional Chinese
Medicine Technology Co., Ltd. (Anhui, China) and was
identified as Euphorbia humifusa Willd. by Professor Bo
Han. The voucher specimen (No. 20191220) was archived
in the Key Laboratory of Xinjiang Phytomedicine
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Resource and Utilization (School of Pharmacy, Shihezi
University). The EH was prepared according to the
preparation process for BXXTR. Briefly, with 70% etha-
nol (v/v) as the solvent, 54.00 g EH was precisely weighed
in a 1:4 (w/v) ratio for reflux extraction, which was con-
ducted three times for 1 h each. The residue was col-
lected for decoction with water for 1 h, and this process
was repeated three times. The filtrates were combined
and concentrated to a 300 mL stock solution.

2.3 IMQ-induced psoriasis-like mouse model and
intervention

Male BALB/c mice (6-8 weeks old, 18-22 g) were obtained
from the Animal Experimental Center of Xinjiang
Medical University (Urumgqi, China) (certificate number
SCXK (Xin) 2023-0002). The mice were routinely housed
for 1 week with free access to water and food, under
light and dark conditions alternating every 12 h. After
a 7-day acclimation period, the mice were randomly
assigned to eight groups (n = 6): control (normal saline),
model (IMQ), low-dose EH (IMQ + EH-L, 200 mg/kg/0.2
mL, i.g.), moderate-dose EH (IMQ + EH-M, 400 mg/kg/0.2
mL, i.g.), high-dose EH (IMQ + EH-H, 800 mg/kg/0.2 mL,
i.g.), BXXTR (IMQ + BXXTR/0.2 mL, 1 g/kg, i.g.), MTX (IMQ
+ MTX/0.2 mL, 1 mg/kg, i.g.), and EH (EH, 200 mg/kg/0.2
mL, i.g.). In line with most prior research investigating
natural products for psoriasis mitigation, we used MTX,
the primary oral systemic treatment for psoriasis, as a
positive control [30]. All mice except those in the control
and EH groups received daily topical application of 62.5
mg of 5% IMQ cream on their shaved backs and ears for
seven consecutive days, to establish a psoriasis-like mouse
model. In parallel, an equal amount of petrolatum was
applied to the control and EH groups. The treatments
for all groups were started 6 hours after model establish-
ment and continued for seven consecutive days. During
the intervention period, the Psoriasis Area and Severity
Index (PASI) scores and ear thickness were recorded daily.
On day 8 after the drug intervention in each group, all
mice were euthanized by isoflurane inhalation, and skin,
blood, ear, and spleen samples were promptly collected
for subsequent analysis.

2.4 RNA sequencing

Skin samples from IMQ-induced psoriasis model mice
with or without EH-H treatment (n =5) were collected on
day 8. RNA isolation, library construction, and RNA-seq
were performed by Shanghai Personal Biotechnology
Co., Ltd. DEGs were screened on the basis of a threshold
of |log, fold change| > 1 and p < 0.05. Because proteins
achieve their biological activity through protein-protein
interaction (PPI), we reasoned that the construction of
PPl networks would help elucidate the mechanisms of
EH. DEGs were uploaded into the STRING database (ver-
sion 12.0) to establish a PPI network for Homo sapiens.
Network visualization was performed with Cytoscape
(v3.9.1). The DAVID (version 2021) database was used

to conduct Gene Ontology (GO) analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
analysis of the DEGs, and the enrichment results were
visualized with the SRplot platform [31]. The Molecular
Complex Detection 2.0.2 (MCODE, version 2.0.2)
Cytoscape plug-in was used to extract core gene mod-
ules. Core genes were extracted from the core network
through topological analysis with CytoNCA (version
2.1.0), according to the selection criteria of betweenness
centrality (BC), closeness centrality (CC), and degree (De)
values all exceeding the mean.

2.5 UHPLC-Q Exactive Orbitrap analysis of EH
extract

Stock EH extract was diluted with 70% (v/v) aqueous
ethanol to achieve a concentration of 50 mg/mL. The
supernatant was separated by centrifugation at 6797xg
for 15 min. A Dionex UltiMate 3000 UHPLC system com-
bined with a Q-Exactive mass spectrometer (Thermo
Fisher Scientific, Carlsbad, CA, USA) was used to identify
the material basis of EH. Chromatographic separation
was performed with an Acquity UPLC BEH C18 column
(®2.1 mm x 100 mm, 1.7 pm) at 35°C. The mobile phase
consisted of water containing 0.1% formic acid (A) and
acetonitrile (B). The gradient elution program for chro-
matographic separation was as follows: 0 min, 5% B; 1
min, 5% B; 20 min, 98% B; 25 min, 98% B; 25.2 min,
10% B; and 28 min, 10% B. MS analysis was conducted
in positive and negative ionization modes, by using a
heated electrospray ionization source, within a scan
range of m/z 90-1300 at a resolution of 70,000. The
results were analyzed in Compound Discoverer software
version 3.3, and target compounds were identified with
the mzCloud secondary database.

2.6 Network pharmacology analysis

The Swiss Target Prediction database (version 2023.12,
probability >0) was used to predict targets of the
compounds identified by LC-MS. Potential psoriasis
therapeutic targets were obtained from various data-
bases, including DrugBank (version 5.1.12), GeneCards
(v4.13, relevance score greater than or equal to the
median), PharmGKB (2024.2), DisGeNET (v7.0, score
greater than or equal to the median), Online Mendelian
Inheritance in Man (OMIM 2024), and Therapeutic
Target Database (TTD, version 2023), with the keyword
“psoriasis.” The overlapping targets between the pso-
riasis-associated targets and EH components were con-
sidered potential candidates for EH intervention. The
STRING database was then used to conduct PPl analysis
of the overlapping targets (minimum interaction score
>0.4), and Cytoscape was used to visualize the PPI net-
work. According to the methods in Section 2.4, module
and centrality analyses of the PPl network and core tar-
get identification were performed via the MCODE and
CytoNCA plugins. The DAVID database was then used
to identify enriched pathways associated with the core

Acta Materia Medica 2026, Volume 5, Issue 1, p. 88-112 91

©2026 The Authors. Creative Commons Attribution 4.0 International License



Acta
Materia
Medica

network or genes. The enrichment results were visual-
ized with SRplot (version 2024), a data visualization and
graphing platform [31].

2.7 SPR-MS analysis based on key targets to
screen active compounds

All SPR analyses were conducted on a Biacore T200
system (GE Healthcare, Sweden). Human recombinant
proteins (IL-17RA, IL-6, and CXCL10) were dissolved in
deionized water to achieve a concentration of 1 mg/mL,
which was used for storage. To identify the optimal pH
for protein conjugation, we diluted protein stock solu-
tions to 50 pyg/mL with four buffers at pH values of 4,
4.5, 5, and 5.5. Flow cell 1 of the CM5 chips was used
as a blank, and the remaining three flow cells served
as detection flow cells. The protein stock solutions were
diluted to 50 pg/mL with the optimally conjugated pH
sodium acetate buffer. The proteins were immobilized
on CM5 chips via an amine coupling procedure after the
surface was activated with 200 pL N-hydroxysuccinimide/
EDC mixture. Unbound carboxyl groups on the CM5
chips were blocked with ethanolamine. The Biacore
T200 system was used to conduct the injection and
recovery procedure to screen for potential active com-
pounds in EH as follows: 100 pg/mL treated EH extract
was injected over the sensor surface, and compounds
that bound to the protein remained, whereas nonbind-
ing compounds were eluted with PBS. After 15 injection
and recovery cycles, the bound compounds were disso-
ciated with 0.5% formic acid, and 50 mM ammonium
bicarbonate was added to obtain recovery solutions.
The recovery solutions were concentrated under nitro-
gen, resuspended in 100 pL 80% methanol, and then
centrifuged at 6797xg for 15 min for LC-MS.

2.8 Pathological skin observation

Mouse skin lesion samples were fixed in 4% neutral par-
aformaldehyde for 24 h, then embedded in paraffin.
Paraffin-embedded skin lesion samples were sectioned
into 3-pm slices and mounted on slides. The sections
were subsequently stained with hematoxylin and eosin
(H&E). Image-Pro Plus 6.0 software (Media Cybernetics,
MD, United States) was used to quantify epidermal
hyperplasia to measure the pixel area of the epidermis.
Skin lesion sections were subjected to immunofluores-
cence (IF) staining by incubation with anti-Ki67 at 4°C
overnight. The skin lesion sections were then incubated
with goat anti-mouse IgG (SeraCare 5220-0341, 1:400)
for 50 min at room temperature. Subsequently, the skin
lesion sections were mounted with DAPI Fluoromount-G
for immunohistochemistry (IHC) analysis. The sections
were stained overnight at 4°C with anti-F4/80 (CST
70076, 1:300), then incubated with secondary antibod-
ies. The signal was visualized with DAB substrate.

2.9 Enzyme-linked immunosorbent assays
Serum was obtained from mouse blood by centrif-
ugation at 956xg for 10 min at 4°C. The serum levels
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of IL-6, CXCL10, IL-17A, IL-17B, IL-17F, TNF-a, IL-23, and
IFN-y, key inflammatory cytokines in the IL-17 signaling
pathway, were quantified with enzyme-linked immu-
nosorbent assay (ELISA) kits (Lunchangshuo Biotech,
Xiamen, China).

2.10 Molecular docking validation

Molecular docking of candidate active compounds with
key targets was performed. The 3D crystal structures of
key targets were retrieved from the Protein Data Bank.
Before docking, AutoDock Tools (version 1.5.6) was used
to prepare the receptor protein to remove water mole-
culesandsaltions, and add polar hydrogen atoms. The 3D
structures of the active compounds were retrieved from
the PubChem database, hydrogenated via AutoDock
Tools, selected as ligands, and exported as pdbqt files.
Molecular docking between the screened compounds
and targets was conducted with AutoDock Vina (version:
1.2.3). The affinity (kcal/mol) obtained was used to val-
idate the binding activity between the compounds and
proteins. LigPlot* v.2.2 was used to analyze intermolecu-
lar interactions and their strengths in the protein-ligand
complex, including 2D hydrogen bond interactions,
hydrophobic contacts, and atom accessibility.

2.11 In vivo experimental validation of the
activity of candidate compounds

An IMQ-induced psoriasis-like mouse model was estab-
lished according to a previously described method to
validate the activity of the screened compounds. Briefly,
after the 7-day acclimation period, the mice were ran-
domly divided into seven groups (n = 6): control, model
(IMQ), AL-H (IMQ + AL-H, 18 mg/kg, i.g.), AL-L (IMQ +
AL-L, 9 mg/kg, i.g.), MG (IMQ + MG, 70 mg/kg, i.g.), AS
(IMQ + AS, 16 mg/kg, i.g.), 1Q (IMQ + 1Q, 16 mg/kg, i.g.),
and MTX (IMQ + MTX, 1 mg/kg, i.g.). All compounds
were prepared with 10% PEG-400 as the solvent and
administered daily for 7 consecutive days. Ear thick-
ness and PASI scores were recorded daily. On day 8, all
mice were euthanized with inhaled isoflurane, and skin,
blood, ear, spleen, and other tissues were collected for
subsequent analysis.

2.12 Western blotting

Skin tissue samples from each mouse group were
weighed, homogenized, and lysed with RIPA lysis buffer
(Beyotime, China, P0013D). After 5 min centrifuga-
tion (12,000xg, 4°C), the supernatants were collected,
and the protein concentrations were quantified with a
bicinchoninic acid protein assay kit (Beyotime, China).
Protein samples were separated by electrophoresis and
subsequently transferred to polyvinylidene fluoride
membranes. The membranes were blocked with 5%
skim milk and incubated overnight at 4°C with primary
antibodies to IL-17RA, CXCL10, IL-6, and GAPDH. The
membranes were subsequently incubated with the cor-
responding secondary antibodies for 1 h at room tem-
perature. Blot images were captured with a QuickChemi
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5100 imaging system (Monad, China), and the densitom-
etry of the immunoblots was quantified in ImageJ soft-
ware (NIH, USA).

2.13 Bio-layer interferometry binding kinetics
assays

Bio-layer interferometry (BLI) assays were performed
with an Octet R8 (Sartorius, Germany) instrument.
The recombinant protein was prepared in PBS at a
concentration of 1 mg/mL. For establishment of the
baseline, the biosensor was prewetted with PBST (con-
taining 5% DMSO and 0.05% Tween 20), and the pro-
tein was directly immobilized on the biosensor surface
in 96-well black F-bottom plates. The active compound
was serially diluted to concentrations ranging from
1.95 to 62.50 uM in PBST, with a final volume of 200
pL per well. As a control, 200 pL PBST (containing 5%
DMSO and 0.02% Tween 20) was added to the wells.
Baseline, association, and dissociation steps were per-
formed, each lasting 60 seconds. The response (in nm)
indicated the optical thickness on the biosensor layer.
The equilibrium binding signal (Req) was revealed when
the curve flattened. K was calculated by fitting of the
maximum BLI response at different concentrations to a
sigmoidal curve. Brodalumab, an FDA-approved IL-17RA
monoclonal antibody with established efficacy in pso-
riasis treatment, was selected as the positive control
[32]. Rosiglitazone, a ligand of peroxisome proliferator-
activated receptor y (PPARy), was used as the negative
control drug [33].

2.14 Statistical analysis

The data were analyzed statistically in SPSS Version 26.0
(IBM Corp., Armonk, NY, USA). All data are expressed
as mean = standard deviation (SD). One-way analysis
of variance was used for comparisons among multiple
groups. The thresholds for statistical significance were
as follows: ""*p < 0.001, **p < 0.01, and “p < 0.05. Before
parametric tests, all experimental datasets were system-
atically assessed for normality with the Shapiro-Wilk
test. For datasets exhibiting a non-normal distribution
(p < 0.05), normality was re-evaluated after Johnson
transformation. Data that remained non-normally dis-
tributed after transformation were analyzed with non-
parametric alternatives (Kruskal-Wallis test followed by
Dunn’s post hoc analysis) rather than parametric analysis
of variance.

3. RESULTS

3.1 EH alleviates skin lesions in an IMQ-induced
psoriasis-like mouse model

To evaluate the efficacy of BXXTR and the princi-
pal herbal component (i.e., EH) for treating psoriasis,
we established an IMQ-induced psoriasis-like mouse
model. The mice were treated with EH, BXXTR, or MTX
(Figure 1A). IMQ-induced erythematous squamous

plaques were alleviated after treatment with vari-
ous concentrations of EH (Figure 1B). The PASI score,
which is frequently used to assess the severity of psori-
atic lesions, indicated significant alleviation of scaling
(Figure 1C) and erythema (Figure 1D) symptoms from
IMQ-induced psoriasis-like lesions after treatment with
various concentrations of EH. The total PASI score also
showed consistent results (Figure 1E). The ability of EH
to treat psoriasis was concentration-dependent. EH-H
performed similarly to MTX, the positive control, in
treating psoriasis. The EH-H intervention significantly
inhibited IMQ-induced ear swelling (54.39% =+ 8.39%)
(Figure 1F). After the EH-H intervention, the spleen
index (spleen/body weight ratio), which reflects inflam-
matory response severity, decreased by 49.07% + 8.01%
(Figure 1G). These findings indicated that EH might alle-
viate IMQ-induced immune responses in a concentra-
tion-dependent manner when the EH dose for BXXTR
is consistent.

To further assess the effect of EH on histological
changes in IMQ-induced psoriasis-like skin lesions, we
performed H&E staining on skin samples from mice
in each group. The skin of the IMQ groups presented
significant epidermal layer thickening and rete ridges
(Figure 1H). Statistical analyses further revealed that
IMQ-induced epidermal thickening was inhibited by
41.55% =+ 14.00% after EH-H intervention (Figure 1I).
In addition, compared with MTX treatment, EH treat-
ment significantly alleviated the symptoms of IMQ-
induced epidermal hyperplasia and parakeratosis of
the spinous layer in the dermis. IHC and IF staining
revealed fewer F4/80 macrophages and lower abun-
dance of the keratinocyte proliferation marker Ki67
in the EH-H treated and MTX groups than the IMQ
group (Figure 1J). ELISA revealed that, compared with
those in the IMQ group, the levels of IL-17A, IL-17B,
IL-17F, IFN-y, IL-23, and TNF-a in the EH-H group were
39.35% + 14.35%, 31.51% =+ 6.23%, 39.75% =+ 6.29%,
32.70% = 14.96%, 30.12% + 15.09%, and 46.74% =
9.98% lower, respectively (Supplementary Figure 1).
Overall, EH exerted a significant therapeutic effect in
an IMQ-induced psoriasis-like mouse model by allevi-
ating keratinocyte hyperproliferation and the inflam-
matory response.

3.2 Transcriptome sequencing analysis of the
therapeutic effect of EH on psoriasis

To validate and complement the predictive results of
network pharmacology, we conducted RNA-seq analysis
on skin lesions from the IMQ and EH-H groups (Figure
2A). A total of 773 DEGs were screened, including 348
upregulated and 425 downregulated mRNAs, all of
which were significant at p < 0.05 and |log, fold change|
> 1 (Figure 2B,C). The functional enrichment of DEGs was
evaluated through GO annotation and KEGG pathway
analyses. The top ten enriched GO terms were extracellu-
lar region, intermediate filament, intermediate filament
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Figure 1 | EH alleviates IMQ-induced psoriasis in vivo.
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(A) Schemes of the IMQ-induced psoriasis-like model. (B) Representative images of lesions on day 8. (C—F) Quantification of the scaling
score, erythema score, PASI score, and changes in ear thickness. n = 6 samples/group. Data are presented as mean = SD. (G) Spleen weight
index, calculated as the ratio of spleen weight to body weight. n = 4 samples/group. Data are presented as mean + SD. (H) H&E staining and
(1) corresponding quantification. Scale bar = 400 ym and 200 um. n = 4. Data are presented as mean = SD. (J) Imnmunohistochemistry and

immunofluorescence staining of F4/80 or Ki67 in skin lesions at day 8 (scale bar = 200 pm).
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Figure 2 | RNA-sequencing of skin lesions from the IMQ + EH-H (EH-H) group and IMQ group (n = 5).
(A) Schematic illustration of key target identification. (B, C) Volcano plots and heatmap of DEGs. (D) Representative entries for GO_BP, GO_MF,

and GO_CC. (E) KEGG secondary categorization of DEGs. (F) Representative KEGG signaling pathway entries. (G) PPl network of the DEGs.
(H) KEGG analysis of the key network module.
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cytoskeleton, keratinization, tissue development, epi-
dermis development, epithelium development, epider-
mal cell differentiation, extracellular space, and keratin
filament (Figure 2D). KEGG analysis revealed that path-
ways such as cytokine-cytokine receptor interaction,
basal cell carcinoma, Staphylococcus aureus infection,
inflammatory bowel disease, viral protein interaction
with cytokine and cytokine receptor, Hedgehog sign-
aling pathway, Wnt signaling pathway, IL-17 signaling
pathway, malaria, and neuroactive ligand-receptor
interactions showed significant differences between the
IMQ group and the EH-H group (Figure 2E). In mice with
EH-treated IMQ-induced psoriasis, Wnt signaling path-
way, IL-17 signaling pathway, and Hedgehog signaling
pathway expression in skin lesions was strongly affected
(Figure 2F). These findings indicated that EH might
potentially ameliorate psoriasis-like dermatitis by mod-
ulating skin development and inflammatory cascades.

To further identify the key genes involved in the ame-
lioration of psoriatic dermatitis by EH, we constructed a
PPI network containing 767 nodes and 2426 edges (Figure
2G). Three closely linked gene modules were extracted
via the MCODE plug-in of Cytoscape. Module 1 (score =
25.778) contained 28 targets and 696 interaction pairs;
module 2 (score = 19.053) contained 20 targets and 362
interaction pairs; and module 3 (score = 7.765) contained
18 targets and 132 interaction pairs (Supplementary
Figure S2A). Enrichment analysis revealed that module
2 was associated with cytokine-cytokine receptor inter-
action, the IL-17 signaling pathway, the chemokine sig-
naling pathway, Th17 cell differentiation, extracellular
regions, extracellular spaces, inflammatory responses,
and immune responses (Figure 2H, Supplementary
Figure S2B). The targets in modules 1 and 3 were asso-
ciated with skin development and melanin biosynthe-
sis, respectively (Supplementary Figure S2C-F). Because
of its close association with psoriasis pathogenesis, we
focused on module 2 for topological network analysis
to explore core genes. Using the CytoNCA plugin and
topology parameters of BC > average (BC = 0.90), CC
> average (CC = 0.96), and De > average (De = 36.20),
we evaluated the regulatory relationships between the
targets in module 2. A subnet consisting of 11 nodes
and 110 edges was extracted, which provided valuable
insights into the therapeutic mechanisms of EH. Notably,
important inflammatory cytokines, such as CXCL10 and
IL-6, in the IL-17 signaling pathway were included in this
network; therefore, EH might treat psoriasis by modulat-
ing the IL-17 signaling pathway.

3.3 Identification of EH compounds through
UHPLC-Q Exactive Orbitrap Analysis

To obtain an overview of the compounds contained in
EH, we sought to identify the material basis of EH. The
compounds in EH were analyzed with UHPLC-Q Exactive
Orbitrap analysis coupled with the mzCloud mass spec-
tral database. The chromatograms of EH in both nega-
tive and positive ion modes are shown in Supplementary
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Figure S3A,B. A total of 82 compounds in EH were iden-
tified (Table 1). The material basis of EH was confirmed
through a mixed standard solution containing 15 com-
pounds (Supplementary Figure S3C). Further analysis
revealed that flavonoids were the most abundant class
in EH (31 identified compounds). Additionally, the results
revealed 22 compounds classified as fatty acid deriva-
tives, eight compounds classified as phenolic acids, four
compounds classified as coumarins, three compounds
classified as lignans, three compounds classified as ster-
oids, and three compounds classified as sphingolipids
(Supplementary Figure S4). UHPLC-Q Exactive Orbitrap
analysis was used to identify the chemical composition
of EH in preparation for subsequent network pharma-
cology analysis.

3.4 Network pharmacology integrated with RNA-
seq analysis

A total of 828 psoriasis-associated targets were collected
from the OMIM, DrugBank, GeneCards, DisGeNET, and
PharmGKB databases after duplicate removal. A total
of 82 compounds in EH identified by LC-MS (Table 1)
were subjected to network pharmacology analysis,
which identified 635 putative targets. By intersecting
these targets with psoriasis-associated genes, we iden-
tified 110 overlapping drug-disease intersection targets
(Figure 3A). A PPl network (109 nodes, 2306 edges)
highlighted key targets with strong interactions, thus
suggesting their potential roles as critical regulators in
psoriasis pathophysiology (Figure 3B). Pathway enrich-
ment analysis indicated that EH might alleviate psori-
asis via the Toll-like receptor, TNF, IL-17, and JAK-STAT
pathways, which are intricately involved in the inflam-
matory and immune responses that underlie psoriasis
(Figure 3C). GO analysis further supported the role of EH
in regulating signal transduction, inflammation, apop-
tosis, immune responses, and cell differentiation (Figure
3D). Cytoscape MCODE analysis revealed one significant
functional module (33 targets and 906 interactions)
(Figure 3E). With the screening criteria of BC > average
(BC = 4.55), CC > average (CC = 0.89), and DE > average
(DE = 55.00), CytoNCA identified 17 key targets from the
module. These targets exhibited enrichment in IL-17 sig-
naling, TNF signaling, and Th17 cell differentiation path-
ways (Figure 3F). GO analysis indicated that these targets
are involved in negative regulation of gene expression,
miRNA transcription, xenobiotic response, and transcrip-
tion regulator complexes (Figure 3G). These findings
suggested that EH might alleviate psoriasis-like lesions
by influencing skin development and inflammatory
responses, in agreement with the RNA-seq findings.

To address the inherent uncertainty in network phar-
macology predictions due to database limitations, we
integrated RNA-seq data to elucidate EH’s mechanisms
in alleviating psoriasis. Comparative analysis of the tar-
gets identified by network pharmacology and RNA-seq
revealed five overlapping targets: G-protein coupled
receptor 35 (GPR35), C-X-C motif chemokine receptor 2
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Continued

Table 1 |

Classification

Error (ppm) Calculated Experimental MSMS data (+ or -) (m/z)

Formula

Monitoring
mode

No. t; (min) Name

mass (m/z)

MW

Fatty acid

337.3109, 338.3141

-1.58 338.3180 337.3107

C22H4ZOZ

[M—H]-

Erucic acid

78 23.41

derivatives

Triterpenoids

427.3969, 95.0867, 109.1023

427.3954

426.3881

4.49

C30HSOO

[M+H]*

Lupeol

79 24.55

Phospholipids

255.2325, 809.5182, 391.2245, 553.2767

809.5184

810.5257

CyHys0,5P 015

[M—H]-

Phosphatidylinositol-1,2-

dipalmitoyl

80 24.70

Fatty acid
derivatives

279.2326, 280.2363

-1.90 280.2397 279.2324

M-H]~ CigH3,0,

Linoleic acid

24.72

81

Steroids

385.3492, 109.0659, 97.0659

385.3484

4.93 384.3411

Cy;H,,0

[M+H]*

Cholest-4-en-3-one

82 25.81

*Compared with reference standards.

(CXCR2), transient receptor potential vanilloid 1 (TRPV1),
hypoxia-inducible factor-1-alpha (HIF1A), and IL-6 (Figure
3H). CXCR2, HIF1A, TRPV1, and IL-6 demonstrated strong
network interactions suggesting their central role in the
therapeutic mechanisms of EH (Figure 3I). Enrichment
analysis linked these targets to cellular responses to
cytokine stimuli, acute inflammatory responses, and
cytokine-mediated signaling pathways (Figure 3J). KEGG
enrichment revealed shared pathways, including the
IL-17, JAK-STAT, and estrogen signaling pathways, that
were interconnected and critical in psoriasis (Figure 3K).
IL-17 activates the JAK-STAT3 pathway and promotes
Th17 differentiation, whereas estrogen inhibits this pro-
cess, thereby balancing pro- and anti-inflammatory sign-
aling. Additionally, CXCR2, HIF1A, TRPV1, and IL-6 have
been implicated in psoriasis pathogenesis [34, 35]. CXCR2
promotes IL-17-induced neutrophil chemotaxis, HIF1A
regulates glycolysis downstream of IL-17, and IL-6 ampli-
fies IL-17 signaling, thereby driving chronic inflammation
[3, 36]. TRPV1 stimulates IL-23 production through CGRP,
and its inhibition decreases psoriatic lesions [37]. Given
their close association with the IL-17 signaling pathway,
further investigation of the active compounds of EH that
target this key pathway is warranted.

3.5 Screening for bioactive compounds from EH
with SPR-MS

The active compounds of EH were screened and iden-
tified with SPR-based ligand fishing followed by LC-MS
analysis (Figure 4A). Given the central role of the IL-17
signaling pathway in psoriasis, we selected IL-6 and
CXCL10, extracted by RNA-seq, as well as IL-17RA (a
key receptor in the IL-17 signaling pathway) as baits
for SPR-MS screening. Recombinant IL-17RA, IL-6, and
CXCL10 proteins were immobilized on CM5 chips under
optimal coupling pH conditions (Supplementary Figure
S5A-C). The EH extracts exhibited specific binding to
these proteins, whereas the negative control, rosiglita-
zone, showed no binding activity (Supplementary Figure
S5D-F). EH binding to IL-17RA (Figure 4B), IL-6 (Figure
4C), and CXCL10 (Figure 4D) was concentration depend-
ent, and 100 pg/mL was selected for SPR-MS analysis.
The mass spectrometry data of EH recovered samples
revealed that AL, methyl gallate (MG), and ellagic acid
specifically bound IL-17RA (Figure 4E). Astragalin (AS),
rutin, and ellagic acid specifically bound IL-6 (Figure 4F).
AL, ellagic acid, and apigenin specifically bound CXCL10
(Figure 4G). Isoquercitrin (IQ) exhibited broad binding
affinity toward IL-17RA, IL-6, and CXCL10. The fragmen-
tation patterns of the recovered samples aligned with
those of the mixed standard (Table 1). Ellagic acid [38],
rutin [39, 40], and apigenin [41, 42] (the aglycone form
of apiin) have been reported to alleviate IMQ-induced
psoriasis-like skin lesions. Therefore, our subsequent
experiments focused on verifying the ability of AL, MG,
AS, and IQ to alleviate psoriasis. The findings suggested
that our strategy integrating network pharmacology
and RNA-seq into SPR-MS is a promising approach for
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Figure 3 | Integration network pharmacology and RNA-seq reveals mechanisms of EH against psoriasis.
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(A) Venn diagram of EH targets and psoriasis targets. (B) PPl network of overlapping targets. (C, D) KEGG and GO enrichment of overlapping
targets. (E) PPl network of the key functional module. (F, G) KEGG and GO enrichment of the key module. (H) Venn diagram of network phar-
macology and RNA-seq targets. (I) PPl network of overlapping targets. (J) GO enrichment of overlapping targets. (K) Comparative analysis of

KEGG enrichment results from network pharmacology and RNA-seq.

accurately screening active compounds from natural
products.

3.6 Molecular docking analysis of active
compounds and target proteins

The seven compounds included five flavonoids,
which have similar structures, and two phenolic acids
(Supplementary Figure S6A). Indeed, the activity of fla-
vonoids, components known for their anti-inflammatory
activity, is attributable to various pathways, including
the modulation of proinflammatory cytokines, inactiva-
tion of transcription factors, and inhibition of regulatory
enzymes that contribute to inflammation [43]. The inter-
actions among the four candidate active compounds
(AL, MG, AS, and IQ) and the proteins were predicted
by molecular docking analysis. Protein-ligand interac-
tion diagrams were obtained with LigPlot+, thus high-
lighting the optimal conformational hydrophobic bonds,
hydrogen bonds, and bond lengths. Hydrogen bonds are
indicated by green dashed lines, and hydrophobic inter-
actions are depicted as red arcs (Supplementary Figure
S6B). Detailed information regarding the binding inter-
actions of the seven active compounds with the target
proteins is provided in Supplementary Figure S6C and
Supplementary Table 1. Notably, multiple hydrogen
bonding interactions were observed between the active
compounds and the surrounding amino acid residues of
IL-17RA, IL-6, and CXCL10, thus indicating strong bind-
ing between the molecules. Additionally, flavonoid
compounds had significantly higher binding energy
scores toward the corresponding proteins than the other
compounds, thus suggesting favorable potential for fla-
vonoids in EH to treat psoriasis. The molecular docking
results indicated that these compounds, particularly fla-
vonoids, showed strong binding to these target proteins,
thereby offering a promising foundation for further
experimental validation and therapeutic development.

3.7 Validation of the ability of candidate
compounds to alleviate skin lesions in mice

To further validate the accuracy of the SPR-MS strategy,
we verified the efficacy of the screened AL, MG, AS, and
IQ in treating psoriasis skin lesions in an IMQ-induced
psoriasis mouse model (Figure 5A). IMQ-treated mice
showed extensive erythema and scaling, which signif-
icantly decreased with AL, MG, AS, or 1Q treatment;
these compounds therefore mitigated psoriasis-like
lesions (Figure 5B). Given AL's superior therapeutic effi-
cacy to those of the other three components in treat-
ing psoriasis, we examined both high- and low-dose
AL groups to investigate its potential dose-dependent

therapeutic effects. The PASI score also suggested that
AL-H, AL-L, MG, AS, or IQ decreased the scaling score
(Figure 5C), erythema score (Figure 5D), and total PASI
score (Figure 5E). Compared with IMQ treatment, treat-
ment with these active compounds effectively inhibited
the IMQ-induced increase in ear thickness (Figure 5F).
Moreover, the decrease in spleen index, by 52.61% =+
11.33%, 45.70% + 16.97%, 47.36% =+ 14.29%, 41.39%
+ 16.16%, and 43.42% = 10.50% after AL-H, AL-L, MG,
AS, and IQ interventions, respectively, suggested that
the screened compounds attenuated the IMQ-induced
immune response (Figure 5G). H&E staining revealed
that AL-H, AL-L, MG, AS, and IQ ameliorated epidermal
hyperplasia and hyperkeratosis (Figure 5H). The epider-
mal layer was decreased by 62.72% =+ 5.21%, 56.18%
*+ 6.56%, 47.68% =+ 12.74%, 55.72% =+ 12.72%, and
50.96% =+ 3.82% after AL-H, AL-L, MG, AS, and IQ inter-
ventions, respectively (Figure 5I). These findings indi-
cated that these compounds ameliorated IMQ-induced
psoriasiform skin lesions. Among them, AL had the most
pronounced therapeutic efficacy against psoriasis, with
a distinct dose-dependent response.

Additionally, IF and IHC analyses revealed that the
IMQ-induced increase in Ki67- and F4/80-positive cells
significantly decreased after AL-H, MG, AS, and 1Q
intervention. The AL-H-treated mice exhibited the low-
est epidermal thickness, Ki67 abundance, and F4/80
macrophage counts (Figure 6A). Western blotting was
conducted to assess the effects of AL on the expression
levels of key target proteins. The IMQ-induced model
group had significantly upregulated protein expression
of IL-17RA, IL-6, and CXCL10 (Figure 6B). In contrast, the
AL-H-treated group exhibited marked downregulation
of IL-17RA (48.00% = 5.23%), IL-6 (41.40% + 7.13%), and
CXCL10 (57.23% = 7.80%) protein expression in mouse
skin tissue (p < 0.01, Figure 6C). The complete uncropped
western blot images are presented in Supplementary
Figure 7A-C. These findings suggested a strong correla-
tion between AL's bioactivity and its modulatory effects
on key targets, and further validated the rationale and
precision of target selection for SPR-MS analysis. ELISA
revealed elevated IL-6, CXCL10, IL-23, TNF-a, IL-17A, and
IL-17F levels in IMQ-treated mice, which were markedly
decreased by AL-H, AL-L, MG, AS, and IQ treatment
(Figure 6D-l). Because AL-H showed superior efficacy
to the other compounds in decreasing epidermal thick-
ness, Ki67 abundance, F4/80 macrophage numbers, and
inflammatory factor levels, we applied BLI analysis to
confirm the direct interaction between AL and IL-17RA.
The results revealed a direct and reversible interaction
between AL and IL-17RA, with a dissociation constant
(Ky) of 6.613 uM (Figure 6J). However, rosiglitazone,
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Figure 4 | Recovery of target-bound compounds from EH.
(A) Biacore fishing process. The prescreening response signals of EH extracts (0-100 pg/mL) on IL-17RA (B), IL-6 (C), and CXCL10 (D) are shown.
Mass spectrograms of EH recovered samples for IL-17RA (E), IL-6 (F), and CXCL10 (G) are shown.
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which was used as a negative control, did not bind
IL-17RA (Figure 6K). Compared with brodalumab (K
= 0.102 nM), a positive control drug for IL-17RA, the
affinity of AL for IL-17RA was high (Figure 6L). AL's slow
binding response aligned with in vivo observations and
suggested its potential as a lead compound for alleviat-
ing psoriasis. The SPR-MS strategy, combined with RNA-
seq and network pharmacology, successfully identified
AL, MG, AS, and IQ as psoriasis-alleviating compounds.
Notably, AL had the most significant psoriasis-alleviating
effect in vivo, in a dose-dependent manner.

3.8 Validation of the suitability and accuracy of
the integrated screening strategy

AL, which showed optimal efficacy in treating psori-
asis in vivo, was used to validate the accuracy of the
integrated strategy for screening active compounds
in complex natural products. IL-177RA was immobi-
lized on a CM5 sensor chip, and AL and rosiglitazone
(negative control) were injected into the SPR system
(Supplementary Figure S8A). AL exhibited binding activ-
ity with IL-17RA, whereas rosiglitazone showed no bind-
ing, thus confirming the binding specificity of IL-17RA
and AL (Supplementary Figure S8B). To further validate
this strategy, we recovered AL (30 pM) over 15 cycles on
the SPR-MS system. The extracted ion chromatograms
of the recovered AL sample and standard solution (10
mM) confirmed that AL was successfully screened and
identified by the SPR-MS system (Supplementary Figure
S8C,D). These findings validated the applicability and
accuracy of the strategy combining network pharma-
cology and RNA-seq with SPR-MS for screening active
compounds from EH, and highlighted its potential in
elucidating the pharmacodynamic material basis of
complex natural products.

Similarly to SPR biosensors, BLI is a powerful technique
for characterizing the binding specificity, affinity, and
kinetic dynamics of molecular interactions in real time
[44]. When combined with LC-MS, BLI can capture and
identify ligands bound to proteins immobilized on bio-
sensor surfaces [45]. This integration offers an efficient
high-throughput screening approach for studying active
compounds in natural products. To enhance the suita-
bility of our comprehensive strategy, we used SPR-MS
to screen and BLI-MS to identify ligands in EH that bind
IL-17RA (Supplementary Figure S9A). When BLI-MS was
used with a high concentration of EH solution (1 mg/
mL), this method identified three active compounds,
MG, ellagic acid, and 1Q, in agreement with the SPR-MS
findings (Supplementary Figure S9B-D). However, with
BLI-MS, in contrast to SPR-MS, the key active com-
pound AL, which exhibits optimal activity for psoriasis
treatment, was absent from the results. This discrep-
ancy might be attributable to differences in sensitivity
between the ligand fishing methods. Consequently,
to ensure the suitability and accuracy of the screening
strategy, we ultimately integrated the more sensitive

SPR-MS in the EH active compound screening with net-
work pharmacology and RNA-seq.

4, DISCUSSION

IL-17 signaling is a well-established therapeutic axis in
psoriasis, and the clinical success of IL-17RA antagonists
such as brodalumab has confirmed the high value of this
target [46]. Research on natural products for psoriasis
has largely focused on broad anti-inflammatory effects,
whereas studies precisely delineating their interaction
with specific, critical nodes within this pathway, such as
IL-17RA, have been lacking. This study addressed this
gap by identifying AL as a novel IL-17 pathway inhibitor
from the traditional Chinese medicine EH, through an
integrated strategy using network pharmacology and
RNA-seq (Figure 7). Although our results demonstrated
that AL significantly downregulated the expression
of IL-17RA and its key downstream effectors IL-6 and
CXCL10, its precise mechanism of action is compellingly
distinct from those of monoclonal antibodies. Whereas
biologics block receptor-ligand interactions extracel-
lularly, AL's intracellular multi-target suppression sug-
gests that it might act through a different biochemical
modality, potentially by modulating intracellular signal
transduction [47, 48]. The primary focus of our study
was to establish AL's efficacy and its central role in the
anti-psoriatic activity of EH. In future studies, we plan to
use techniques such as cellular thermal shift assays and
drug affinity responsive target stability to biochemically
validate whether AL directly engages IL-17RA or other
components of its signaling complex. This approach
will be critical to elucidating the exact protein target
of AL and clarifying whether its effects are mediated
through direct receptor antagonism or the regulation of
downstream signaling events, thereby providing deeper
mechanistic insights into its mode of action.

This study demonstrated that AL significantly sup-
presses the expression of IL-17RA, IL-6, and CXCL10.
However, the underlying mechanism (i.e., whether it
stems from specific inhibition of IL-17RA or results from
broader anti-inflammatory effects) remains unclear,
because of the lack of data on downstream signaling
events such as NF-kB and STAT3. Accumulating evidence
indicates that AL inhibits phosphorylation of IKBa. and
P65, thereby directly blocking NF-«xB pathway activa-
tion, suppressing macrophage M1 polarization, and
inhibiting NLRP3 inflammasome activation, which col-
lectively contribute to its anti-inflammatory effects [14,
16]. Notably, AL's ability to curb cell proliferation in
cutaneous squamous cell carcinoma suggests a potential
role in directly modulating keratinocyte hyperprolifera-
tion in psoriasis via suppression of the MEK/NF-«xB path-
way [49]. Moreover, the observed decrease in IL-6 levels
in this study suggested that AL might indirectly inter-
fere with the IL-6-MEK/ERK/NF-kB-LMO4 axis, thereby
ameliorating aberrant keratinocyte differentiation [50].
At a more upstream level, AL is likely to target TRAF6,
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(A) Schemes of the IMQ-induced psoriasis-like model and active compound interventions. (B) Representative dorsal skin and ear images on day
8. (C—F) Scores for scaling, erythema, total PASI, and ear thickness changes. n = 6. Data are presented as mean = SD. (G) Spleen weight index.

n = 4. Data are presented as mean + SD. (H, I) H&E staining and quantification of epidermal hyperplasia. Scale bar = 400 ym and 200 pm.
n = 4. Data are presented as mean = SD.
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Figure 6 | Candidate active compounds attenuate IMQ-induced epidermal hyperplasia and inflammation.

(A) Immunohistochemistry and immunofluorescence staining of F4/80 or Ki67 in skin lesions on day 8 (scale bar, 200 pm). (B, C) Western
blot analysis and quantification of key target proteins (IL-17RA, IL-6, and CXCL10) in skin tissue (n = 3). (D-I) Serum levels of cytokines (IL-6,
CXCL10, IL-23, IL-17A, IL-17F, and TNF-a), measured with ELISA (n = 4). (J-L) Binding affinity of AL (J), the negative control drug rosiglitazone
(K), and the positive control drug brodalumab (L) to IL-17RA, measured with BLI.

Acta Materia Medica 2026, Volume 5, Issue 1, p. 88-112

107

©2026 The Authors. Creative Commons Attribution 4.0 International License



Acta
Materia
Medica

Euphorbia humifusa Willd. (EH)

T

( w Ellagic acid ‘)\) \/k
ﬂc/\/L\q/\@/“ RNA-seq
Isoquercitrin S R
Analyte Protein
OH
) HO
! g Network pharmacology
Pnlsm i
I I
Incident light 1 Reflected light Me(hyl gallate Y SN
" Avicularin .
Light source Detector
SOF :
ey iT Astragalin
Apngetnn
Targets >
ILs
CXCL10
IL-17RA
T e s u
I 7 IL17A )
’
b ! p.® ‘
keratinocyte /' : |
activation L7 ! IL-17RC IL-17RA |
7 ! !
‘ |
1
oo ILi7L | J |
/_\. Ve " ! Actt Act! |
164 ) Ny | TRAFS  TRAF6 1
ﬂ'éié‘ e Th17 R CXCL10 2 i i :
N | ‘
% v |
A} !

Figure 7 | Schematic diagram showing the effects of EH and AL on psoriasis alleviation.

a key adaptor shared by the IL-17R and TLR4/MyD88
pathways, thereby enabling coordinated suppression
of MAPK/NF-«kB signaling, and subsequently influencing
IL-17 signaling, innate immunity, and inflammasome
activation [51, 52]. Therefore, the anti-psoriatic effect
of AL is likely to involve multi-level and multi-target net-
work regulation encompassing not only intervention in
IL-17RA but also direct suppression of the NF-kB pathway
and restoration of keratinocyte proliferation-differenti-
ation balance. Further studies using genetic knockout
models are warranted to clarify its primary targets and
temporal sequence of action.

AL, because of its distinct advantages over both con-
ventional small molecules and modern biologics, pro-
vides a compelling therapeutic candidate. Compared
with representative small molecules such as querce-
tin and glycyrrhetinic acid, AL offers superior drug-
like properties and a targeted mechanism. Unlike the

108 Acta Materia Medica 2026, Volume 5, Issue 1, p. 88-112

broad-spectrum quercetin, which has poor solubility,
Al's arabinose moiety enhances its aqueous solubil-
ity and facilitates specific hydrogen bonding interac-
tions with IL-17RA/CXCL10, thus enabling more pre-
cise intervention targeting the IL-17 pathway [53-58].
Furthermore, although glycyrrhetinic acid carries a risk
of glucocorticoid-like adverse effects, AL's dual target-
ing of IL-17RA and CXCL10 does not pose such endocrine
disruption concerns [59-61]. AL, compared with biologic
IL-17RA inhibitors, has a micromolar affinity that is
offset by its unique advantages as a small molecule: it
allows for intracellular target engagement, convenient
oral administration that enhances patient adherence,
and a potentially diminished risk of immunosuppression
through partial pathway modulation versus complete
blockade [62]. Finally, its scalable synthesis from citrus
byproducts presents a major economic advantage over
costly biologic manufacturing [63, 64]. Collectively, this
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unique combination of a targeted mechanism, favora-
ble safety profile, oral availability, and cost-effective-
ness establishes AL as a promising lead for next-genera-
tion psoriasis therapeutics.

Despite AL's therapeutic potential in alleviating pso-
riatic inflammation, as demonstrated by our mechanis-
tic findings, its translational prospects are limited by
considerable challenges. Like many flavonoids, AL is
constrained by poor aqueous solubility, inadequate gas-
trointestinal absorption, and rapid metabolism, which
collectively contribute to low oral bioavailability [65].
Although direct studies are lacking, structural analogy
suggests its susceptibility to chemical instability and gut
microbial modification, thus further compromising its
delivery to target sites [66]. Moreover, its low natural
abundance in sources such as EH and its complex puri-
fication requirements curtail final yield. Therefore, sys-
tematically evaluating its pharmacokinetics and toxicity,
and developing strategies to overcome these limitations,
will be critical next steps.

Integrated strategies involving structural modifica-
tion, advanced drug delivery systems, and synthetic
biology approaches may be systematically used to
address these limitations. (1) Specific structural opti-
mizations, such as incorporating substituted piper-
azine rings or developing pyrazole-flavone hybrids,
have potential to strengthen anti-inflammatory activ-
ity through inhibition of key cytokines including IL-6
and TNF-a, as well as COX-2 enzyme activity [67].
Additionally, methylation and glycosylation modifica-
tions might improve metabolic stability and aqueous
solubility, thereby optimizing its pharmacokinetic pro-
file [68]. (2) Nanoformulation strategies offer another
promising direction. Encapsulation of AL in functional-
ized nanocarriers has potential to significantly improve
its solubility, skin permeation, and targeted delivery
[62]. Such systems can enhance cutaneous retention
and bioavailability, and potentially improve treatment
outcomes and decrease systemic adverse effects [69].
(3) From a production perspective, synthetic biology
platforms with engineered microbial hosts or cell-free
systems enable high-yield production and precise enzy-
matic modification of flavonoid scaffolds [67, 70, 71].
(4) Innovative approaches such as proteolysis-targeting
chimeras could be explored to conjugate AL with an E3
ligase ligand, to potentially enhance its selectivity and
efficacy through targeted protein degradation [72].
Although these approaches provide a strong rationale
for optimization, further experimental validation will
be essential to confirm their feasibility for AL.

5. CONCLUSION

Herein, network pharmacology combined with RNA-seq
was integrated with SPR-MS to elucidate the pharmaco-
dynamic material basis and mechanisms of EH extracts
for psoriasis alleviation. Seven active compounds were

screened from the 82 compounds in EH with SPR-MS, and
four novel lead compounds, including AL, were found
to alleviate psoriatic symptoms. In vivo experiments fur-
ther confirmed that AL was the most effective compound
in treating erythema and scaling symptoms in mice
with IMQ-induced psoriasis. Although AL's broad anti-
inflammatory properties were previously recognized, our
work provides the first direct evidence, to our knowledge,
of its specific binding to IL-17RA and its potent efficacy in
alleviating psoriatic pathology in vivo. Mechanistic stud-
ies indicated that the significant inhibitory effects of EH
extract and AL on inflammation and abnormal prolifera-
tion of keratinocytes in psoriasis might be associated with
their modulatory effects on the IL-17 signaling pathway.
These findings reposition AL from a general flavonoid
to a targeted IL-17 pathway inhibitor, and offer a new
strategic candidate for psoriasis therapy and a robust
method for natural product research.
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