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Abstract
The primary pathological features of psoriasis include excessive epidermal keratinocytes and 
infiltration of inflammatory cells, which are pivotal targets for psoriasis therapy. Astragaloside 
IV (AS-IV), the principal active compound of astragalus, exhibits anti-inflammatory, antioxi-
dant, and immune-modulatory properties. This study aims to investigate AS-IV’s anti-psoriatic 
effects and underlying mechanisms. Normal human epidermal keratinocytes (NHEKs) were 
stimulated with a combination of TNF-α, IL-17A, IL-1α, IL-22, and oncostatin M (M5) to replicate 
psoriatic keratinocyte pathology in vitro. Cell proliferation was assessed using CCK8 and EDU 
staining. Pro-inflammatory cytokine levels were measured via qRT-PCR. In addition, an imiqui-
mod (IMQ)-induced psoriasis mouse model was utilized. Skin histology changes were evaluated 
with HE staining, while IL-6 and TNF-α levels in mouse serum were quantified using ELISA. 
NF-κB pathway protein expression was analyzed by western blotting. The results demonstrated 
that AS-IV inhibited M5-induced proliferation of NHEKs. AS-IV reduced M5-stimulated IL-1β, 
IL-6, IL-8, TNF-α, IL-23, and MCP-1 expression in NHEKs. Moreover, M5-induced phosphorylation 
of IκBα and p65 was significantly attenuated by AS-IV. Furthermore, AS-IV application ame-
liorated erythema, scale formation, and epidermal thickening in IMQ-induced psoriasis-like 
mouse models. AS-IV also decreased IL-6 and TNF-α levels in mouse serum and inhibited IκBα 
and p65 phosphorylation in skin tissues. However, prostratin treatment reversed these effects. 
These findings underscore AS-IV’s capacity to mitigate M5-induced NHEK proliferation and 
inflammation. AS-IV shows promise in alleviating IMQ-induced psoriasis-like skin lesions and 
inflammation by suppressing the NF-κB pathway.
© 2024 Codon Publications. Published by Codon Publications.
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CCK8 assay

For cell viability assessment, NHEKs were seeded at 50–60% 
confluency in 96-well plates. Cells were treated with AS-IV 
(purity >98%, Pefeide Biotech Co., Ltd, Chengdu, China) 
and/or M5 (10 ng/mL) for 24 hours. Subsequently, CCK8 
solution (10 μL, Beyotime, Shanghai, China) was added, and 
cells were further incubated for 2 hours. Cell viability was 
determined by measuring absorbance at 450 nm.

EDU staining

An EDU detection kit (RiboBio, Guangzhou, China) was 
used to evaluate cell proliferation. Briefly, NHEKs were 
exposed to 50 μM EDU for 2 hours. After PBS washing, cells 
were fixed in 4% paraformaldehyde, permeabilized with 
0.5% Triton X-100, and stained with Apollo solution for 30 
minutes. DAPI staining followed, and cells were visual-
ized under an Eclipse 80i fluorescence microscope (Nikon, 
Japan).

Animal models of psoriasis and treatment

Female C57BL/6 mice (7–9 weeks old, GemPharmatech Co. 
Ltd, Nanjing, China) housed under specific pathogen-free 
conditions were used for this experiment. Psoriasis-like 
symptoms were induced by topical application of 62.5 mg 
(imiquimod (IMQ, Sigma, St. Louis, MO, USA) to the dorsal 
skin daily for 7 days. The AS-IV treatment involved topical 
administration of 50 mg/kg or 100 mg/kg twice daily during 
the 7-day IMQ induction period. In addition, 1 μM prostratin 
(an NF-κB activator) was applied for 48 hours. Each exper-
imental group comprised six mice. Daily changes in dorsal 
skin were monitored and photographed, and their blood 
serum and dorsal skin samples were collected on day 7.

All animal procedures were approved by the Ethics 
Committee of the Affiliated Hospital of North Sichuan 
Medical College and conducted in accordance with the 
National Institutes of Health Laboratory Animal Care and 
Use Guidelines.

Hematoxylin and Eosin (HE) staining

Skin tissue was fixed in 4% paraformaldehyde and embed-
ded in paraffin. The sections (5 μm) were then stained with 
hematoxylin (Sigma) for 5 minutes and eosin (Sigma) for 3 
minutes at 37°C.

Enzyme-linked immunosorbent assay (ELISA)

Serum levels of IL-6 and TNF-α were determined using 
ELISA kits (EK206/3-48 for mouse IL-6 and EK282/4-48 for 
mouse TNF-α; Multisciences, Zhejiang, China) following the 
manufacturer’s protocol.

Introduction

Psoriasis is a chronic, recurring, and inflammatory der-
matological condition,1 with its pathogenesis involving an 
abnormal acceleration in the proliferation of keratino-
cytes, leading to the thickening of the stratum corneum.2 
In addition, keratinocytes can release various cytokines, 
including interleukin 6 (IL-6), IL-8, and tumor necrosis fac-
tor α (TNF-α), which promote inflammatory reactions and 
attract immune cells to the lesion site, thereby initiating 
or exacerbating the inflammatory cascade associated with 
psoriasis.3,4 Thus, the search for a drug capable of attenu-
ating the abnormal proliferation and inflammation of kera-
tinocytes is critical for the therapeutic management of 
psoriasis.

Astragaloside IV (AS-IV), a saponin derived from the 
root of the traditional Chinese medicine astragalus, has 
demonstrated significant biological activity with protective 
effects on cardiovascular, brain, kidney, and lung tissues.5–7 
Studies have identified that it possesses anti-inflammatory, 
antioxidant, anti-apoptotic, and immune-enhancing prop-
erties in both cellular and animal models.8,9 Furthermore, 
its pharmacological effects have been shown to be medi-
ated through several signaling pathways, including the 
Raf-MEK-ERK pathway, Nrf2 pathway, and NF-kB pathway.8 
Xiao et al. showed that AS-IV attenuated cerebral ischemia-
reperfusion injury by activating Nrf2 to inhibit NLRP3 
inflammasome-mediated pyroptosis.10 Hu et al. found that 
AS-IV reversed epithelial-mesenchymal transition in renal 
tubules via the CX3CL1-Raf/MEK/ERK pathway.11 Wang et al. 
demonstrated that AS-IV regulated the TLR4/NF-kB path-
way to protect against UV-induced keratinocyte damage.12 
These findings highlight AS-IV’s potential therapeutic appli-
cations across various diseases.

A recent study has shown that AS-IV can suppress the 
proliferation and pro-inflammatory characteristics of pso-
riatic adipose-derived mesenchymal stem cells (AMSCs), 
indicating its potential immunomodulatory effects in pso-
riasis.13 However, the specific impact of AS-IV on kerat-
inocyte proliferation and skin inflammation in psoriasis 
remains unclear. Therefore, this study aims to establish 
both in vitro and in vivo models of psoriasis to investigate 
AS-IV’s role in combating psoriatic symptoms and elucidate 
the underlying mechanisms.

Materials and methods

Cell culture

Normal human epidermal keratinocytes (NHEKs; Promocell, 
Heidelberg, Germany) were cultured in keratinocyte 
growth medium 2 (Promocell) at 37°C with 5% CO2. To 
mimic psoriatic keratinocyte pathology in vitro, NHEKs 
were stimulated with M5 (10 ng/mL), a combination of TNF-
α, IL-17A, IL-1α, IL-22, and oncostatin M (PeproTech, Rocky 
Hill, USA), for 24 hours at 37°C.
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qRT-PCR

Total cellular RNA was extracted using the trizol reagent 
(Beyotime), followed by cDNA synthesis using a reverse 
transcription kit (Takara, Dalian, China). qRT-PCR was per-
formed using the SYBR Green method (Solarbio, Beijing, 
China) with β-actin as the internal control. Primers used 
are listed in Table 1. Data analysis was conducted using the 
2−ΔΔCt method.

Western blot

Cell or tissue samples were lysed using RIPA buffer 
(Beyotime) for protein extraction, separated by SDS-PAGE 
electrophoresis, and transferred to a PVDF membrane. 
Membranes were incubated with primary antibodies 
(Table 2), followed by secondary antibodies. Protein bands 
were visualized using an ECL luminescent solution (Vazyme, 
Nanjing, China) and quantified using Image J software.

Statistical analysis

Each experiment was conducted in triplicate. Data were 
analyzed using GraphPad Prism 8.0 software and presented 
as mean ± SD. Normality was assessed using the Shapiro–
Wilk test. One-way ANOVA with Tukey’s post hoc test was 
used for group comparisons, with statistical significance set 
at p<0.05.

Results

AS-IV inhibits M5-induced proliferation in NHEK 
keratinocytes

AS-IV was first evaluated for cytotoxic effects on NHEKs. 
The results showed that cell viability was significantly 

Table 1  Primer sequences for qRT-PCR.

Gene Forward (5’-3’) Reverse (5’-3’)

IL-1β TGCCACCTTTTGACAGTGATG TGATGTGCTGCTGCGAGATT

IL-6 GACAAAGCCAGAGTCCTTCAGA TGTGACTCCAGCTTATCTCTTGG

IL-8 TGTTCACAGGTGACTGCTCC AGCCCATAGTGGAGTGGGAT

TNF-α ATGGCCTCCCTCTCATCAGT TTTGCTACGACGTGGGCTAC

IL-23 AATGCTATGGCTGTTGCCCT CACTGGATACGGGGCACATT

MCP-1 TGCCCTAAGGTCTTCAGCAC AAGGCATCACAGTCCGAGTC

β-actin TGAGCTGCGTTTTACACCCT GCCTTCACCGTTCCAGTTTT

Table 2  Antibodies used for western blot.

Antigen Code Working dilution Supplier

p-p65 ab76302 1:1000 Abcam
p65 ab32536 1:1000 Abcam
p-IκBα ab133462 1:1000 Abcam
IκBα ab76429 1:1000 Abcam
β-actin ab124964 1:10000 Abcam

Figure 1.  AS-IV suppresses the proliferation of M5-induced 
NHEKs. (A) Cell viability of NHEKs treated with varying 
concentrations of AS-IV (0, 10, 20, 40, and 80 μM) was assessed 
using a CCK8 assay. (B) NHEKs were treated with AS-IV (10 or 
20 μM) for 24 h followed by stimulation with M5 (10 ng/mL) 
for an additional 24 h, and then cell viability was measured 
using the CCK8 assay. (C) NHEKs were treated with AS-IV (10 
or 20 μM) for 24 h followed by M5 (10 ng/mL) for an additional 
24 h, and cell proliferation was evaluated by EDU staining. 
***p<0.001, compared with the control group; ##p<0.01, 
###p<0.001, compared with the M5 group

reduced at AS-IV concentrations of 40 and 80 μM, whereas 
10 and 20 μM AS-IV treatments had negligible effects 
(Figure 1A). Therefore, subsequent experiments were con-
ducted using 10 and 20 μM doses of AS-IV. CCK8 and EDU 
assays were then performed to assess the impact of AS-IV 
on cell proliferation in M5-stimulated NHEKs. As shown in 
Figure 1B,C, M5 stimulation markedly increased cell via-
bility (p<0.001) and the proportion of EDU-positive NHEKs 
(p<0.001), effects that were effectively reversed by AS-IV 
treatment. These findings indicate that AS-IV inhibits the 
proliferation of M5-induced NHEKs.

AS-IV alleviates the inflammatory response in 
M5-induced NHEK keratinocytes

The levels of inflammatory cytokines (IL-1β, IL-6, IL-8, TNF-
α, IL-23, and MCP-1) in M5-stimulated NHEKs were evaluated 
using qRT-PCR (Figure 2), and the results revealed elevated 
levels of these cytokines in the M5 treatment-only group 
compared to the control group (p<0.001). Conversely, 
AS-IV treatment significantly reduced the expression of 
these cytokines compared to the M5 treatment-only group 
(p<0.05, p<0.01, and p<0.001). These results suggest that 
AS-IV suppresses M5-induced inflammation in NHEKs.

(A)

(C)

(B)
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Conversely, AS-IV treatment mitigated these symptoms. HE 
staining further demonstrated that the IMQ group exhibited 
thicker epidermal layers compared to the control mice, 
whereas the IMQ+AS-IV group showed thinner epidermal 
layers than the IMQ group (Figure 3B). In addition, serum 
analysis revealed significantly elevated levels of IL-6 and 

AS-IV ameliorates IMQ-induced psoriasis-like skin 
injury in mice by inhibiting the NF-κB pathway

In an IMQ-induced psoriasis-like dermatitis mouse model, 
daily photography revealed apparent erythema and scale 
symptoms after 7 days of IMQ exposure (Figure 3A). 

Figure 2.  AS-IV inhibits the expression of inflammatory cytokines in M5-induced NHEKs. The mRNA levels of inflammatory 
cytokines (IL-1β, IL-6, IL-8, TNF-α, IL-23, and MCP-1) in NHEKs from different treatment groups were quantified using qRT-PCR. 
***p<0.001, compared with the control group; nsp>0.05, #p<0.05, ##p<0.01, ###p<0.001, compared with the M5 group.

Figure 3  AS-IV alleviates IMQ-induced psoriasis-like skin lesions in mice by inhibiting the NF-κB pathway. (A) Macroscopic 
appearance of mice back skin on day 7. (B) Representative photomicrographs of HE staining of mice skin sections. (C) Levels of IL-6 
and TNF-α in mouse serum measured by ELISA. ***p<0.001, compared with the control group; ###p<0.001, compared with the IMQ 
group; $$$p<0.001, compared with the IMQ+AS-IV 100 mg/kg group.

(A)

(C)

(B)
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excessive proliferation, leading to accelerated cell divi-
sion and thickening of the epidermis, which manifests as 
characteristic psoriatic scales.16 Moreover, keratinocytes 
release inflammatory factors that exacerbate the inflam-
matory response in psoriasis.17,18 This abnormal prolifera-
tion directly contributes to clinical symptoms and is closely 
linked to inflammation.19 Our study presents novel findings 
indicating that AS-IV effectively suppresses the prolifera-
tion of psoriatic keratinocytes and reduces the release of 
inflammatory factors, thereby alleviating symptoms asso-
ciated with psoriasis. These results suggest that AS-IV may 
offer promise as a therapeutic option for individuals with 
psoriasis.

AS-IV, a tetracyclic triterpene saponin, has been found 
to be a promising monomeric drug with broad pharmaco-
logical effects.20 While research has demonstrated AS-IV’s 
ability to restore immunomodulatory function and immune 
homeostasis in AMSCs from psoriasis patients,13 its impact 
on keratinocyte proliferation and inflammatory responses 
remains largely unexplored. Studies have shown that M5 
cytokines can induce keratinocytes to exhibit character-
istics resembling those of psoriatic keratinocytes in vitro, 
including increased proliferation and inflammation.21,22 
In this study, we established an in vitro model of psori-
atic keratinocytes by stimulating NHEKs with a cocktail of 
M5 cytokines. As expected, M5 stimulation significantly 
increased proliferation and the secretion of inflammatory 
factors in NHEKs. Importantly, treatment with AS-IV effec-
tively mitigated M5-induced hyperproliferation and inflam-
matory responses in NHEKs. Furthermore, we evaluated the 
effects of AS-IV using an IMQ-induced psoriasis-like mouse 
model. IMQ acts as a toll-like receptor 7/8 agonist23 and 
induces clinical symptoms and pathological changes similar 
to human psoriasis, making it a suitable model for study-
ing the disease.24,25 Consistent with previous findings, mice 

TNF-α in the IMQ group compared to the control group 
(p<0.001), which were markedly reduced by AS-IV treat-
ment (p<0.001, Figure 3C). Interestingly, the administration 
of prostratin, an NF-κB activator, reversed the beneficial 
effects of AS-IV (100 mg/kg) on IMQ-treated mice (Figure 
3A–C). These data collectively suggest that AS-IV improves 
psoriasis-like symptoms in IMQ-treated mice by inhibiting 
the NF-κB pathway.

AS-IV inactivates the NF-κB pathway in vitro and 
in vivo

The expression levels of p-p65, p65, p-IκBα, and IκBα 
were assessed by western blot to validate the findings 
described above. As shown in Figure 4A, NHEKs treated 
with M5 exhibited significantly elevated levels of p-p65 
and p-IκBα proteins compared to control NHEKs, accompa-
nied by decreased IκBα expression (p<0.001). Importantly, 
treatment with AS-IV markedly reduced the expression 
of M5-induced p-p65 and p-IκBα proteins while increasing 
IκBα expression (p<0.05 and p<0.001, respectively). These 
effects were reversed upon administration of prostratin. 
Similar trends were observed in skin tissue samples from 
mice (Figure 4B). These data demonstrate that AS-IV effec-
tively inhibits the activation of the NF-κB pathway in pso-
riasis-like injury, whereas prostratin acts to reactivate this 
pathway.

Discussion

Keratinocytes are primary cells in the epidermis respon-
sible for producing keratin, which is essential for skin 
renewal and protection.14,15 In psoriasis, these cells undergo 

Figure 4.  AS-IV downregulates the NF-κB pathway in vitro and in vivo. (A) Western blot analysis of p-p65, p65, p-IκBα, and IκBα 
expression in NHEKs treated with different conditions. (B) Western blot analysis of p-p65, p65, p-IκBα, and IκBα expression in skin 
tissues of mice from various treatment groups. ***p<0.001, compared with the control group; #p<0.05, ###p<0.001, compared with 
the M5 group or IMQ group; $$$p<0.001, compared with the IMQ+AS-IV 100 mg/kg group.

(A)

(B)
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