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Objective: To probe into the effect of azelaic acid on psoriasis based on the phosphatidylinositol 3-kinase (PI3K)/protein kinase 
B (AKT) signaling pathway.
Methods: Psoriasis gene expression data were downloaded from the GEO database for differential expression analysis to identify 
differentially expressed genes (DEGs). KEGG and GSEA analyses were performed to identify important signaling pathways that may be 
involved in psoriasis progression for subsequent validation. Thirty-six C57BL/6 mice aged 8 weeks old were randomly assigned into the 
blank control group (n = 9), negative control group (n = 9), psoriasis model group (n = 9), and azelaic acid treat group (n = 9). Mice models of 
psoriasis were prepared with imiquimod (IMQ) in the latter two groups, and azelaic acid ointment was applied in azelaic acid treat group. 
Then, hematoxylin-eosin (HE) staining was carried out to detect the effect of azelaic acid on the pathological damage of mice models of 
psoriasis in each group. HaCaT cells cultured in vitro were divided into blank control group, negative control group (addition of azelaic 
acid), IL-17 group (20 ng/mL) and IL-17+azelaic acid group, with 3 replicates for each group. Immunofluorescence assay and Western 
blotting were used to detect the protein expression of PI3K/AKT signaling pathway related molecules.
Results: KEGG analysis showed that DEGs were significantly enriched in PI3K-AKT signaling pathway. GSEA analysis showed that 
PI3K and MTOR signaling pathways were up-regulated in psoriasis, while AUTOPHAGY signaling pathway was down-regulated. HE 
staining showed that azelaic acid could significantly inhibit the local skin injury in mice caused by IMQ-induced psoriasis. Moreover, 
azelaic acid can inhibit the expression of PI3K/AKT signaling pathway related proteins phosphorylated (p)-PI3K, p-AKT, p-mamma
lian target of rapamycin (mTOR), vascular endothelial growth factor (VEGF), cyclooxygenase-2 (COX-2), angiogenin-1 and hypoxia- 
inducible factor-1α (HIF-1α). These results imply that azelaic acid may inhibit the activation of PI3K/AKT signaling pathway and 
angiogenesis, thereby improving the symptoms of psoriasis.
Conclusion: Azelaic acid may inhibit the activation of PI3K/AKT signaling pathway and angiogenesis, thereby improving the 
symptoms of psoriasis.
Keywords: psoriasis, azelaic acid, PI3K/AKT signaling pathway, angiogenesis

Introduction
Psoriasis is a chronic inflammatory dermatosis, which has strong genetic susceptibility and autoimmune pathogenic 
characteristics.1 Currently, it is believed that psoriasis has an association with genetic, environmental, immune and other 
factors. It is mediated by the innate and adaptive immune systems, involves multiple links and pathways, and notably 
affects the health and quality of life of patients.2,3

Phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K)/protein kinase B (AKT) signaling pathway is a key pathway 
for cell survival and a typical autophagy-dependent transduction pathway, which is involved in cell growth, proliferation, 
vascular proliferation and other processes.4 PI3K in cells can be activated by corresponding cytokines, further activating 
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downstream AKT and related proteins and triggering corresponding cellular effects. In psoriasis, this pathway can 
regulate the upstream and downstream related targets together to induce pathological proliferation of epidermal cells.5 In 
the upstream, tumor suppressor phosphatase and tensin homolog (PTEN) expression is down-regulated, and in the 
downstream, mammalian target of rapamycin (mTOR) is abnormally expressed. Inhibiting the PI3K/AKT signaling 
pathway can repress endothelial growth factors, thereby relieving the symptoms of psoriasis.6

Azelaic acid gel is a common anti-inflammatory drug. It is mostly used in the treatment of acne, chloasma and 
cutaneous lesions caused by ultraviolet rays in clinic.7–9 It can effectively improve the damaged skin barrier function 
of patients, and has good anti-inflammatory, anti-ultraviolet and anti-microbial damage effects. A previous study 
found that 15% azelaic acid gel is effective in reducing the purity, scaling and hyperkeratosis of psoriasis plaques. 
This treatment is also effective in reducing the percent of psoriatic skin involvement.10 However, the specific 
mechanism of azelaic acid in the treatment of psoriasis has not been reported. Exploring the potential mechanism 
of action of azelaic acid on psoriasis is beneficial to the treatment and management of patients. Therefore, in this 
study, the regulatory effects of azelaic acid on skin inflammation in mice with psoriasis through the PI3K/AKT 
signaling pathway were investigated by establishing mice models of psoriasis with imiquimod (IMQ), offering 
a theoretical basis for the treatment of psoriasis in clinical practice.

Materials and Methods
Identification of Differentially Expressed Genes in Psoriasis Public Datasets
From the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/gds/) search psoriasis-related 
datasets. Psoriasis-related gene expression datasets GSE141804, GSE160932 and GSE164400 were found and down
loaded. Differential gene expression analysis was performed after quantile normalization of RNA-seq data using the 
R language limma software package. P-value <0.05 and |log fold change| (|logFC|) >0.2 were the screening criteria for 
DEGs. The differentially expressed gene (DEG) volcano plots of the GSE141804, GSE160932 and GSE164400 datasets 
were constructed using the R language ggplot2 package. In addition, cluster analysis heatmaps of DEGs were constructed 
using the R language pheatmap package.

Functional Enrichment Analysis
The intersection of DEGs in GSE141804, GSE160932 and GSE164400 datasets were taken. In order to explore the 
biological functions of common DEGs, Kyoto Encyclopedia of Genes and Genomes (KEGG) functional enrichment 
analysis was performed for common DEGs. False discovery rate (FDR) <0.05 was considered statistically significant. 
The R language ggplot2 package was used to draw the KEGG pathway enrichment map. In addition, Gene Set 
Enrichment Analysis (GSEA) tool (http://www.gsea-msigdb.org/) was used for GSEA of all genes. P < 0.05 was 
considered statistically significant.

Experimental Animals and Cell
Thirty-six male 8-week-old C57BL/6 mice, specific pathogen free (SPF) grade, weight (25 ± 2) g, were purchased 
from Beijing Weitong Lihua Laboratory Animal Technology Co. LTD. The experiment was carried out in animal 
Experiment Center of Hebei Ex&Invivo Biotechnology Co., Ltd. This experiment was carried out in strict accordance 
with the “3R” principle of laboratory animal welfare, and was approved by the Committee for The Management and 
Use of Experimental Animals (SY2022-03) of Hebei Ex&Invivo Biotechnology Co., Ltd. Guidelines for the ethical 
review of laboratory animal welfare11 were followed for the welfare and treatment of the laboratory animals. HaCaT 
cell lines were purchased from the National Experimental Cell Remote Sharing Service Platform (Beijing 
Headquarters).

Main Reagents and Instruments
Azelaic acid ® (1 mL: 150 mg, Cosentyx, Novartis, Switzerland); Imiquimod (IMQ) cream (181201, Sichuan Mingxin 
Pharmaceutical Co., LTD.); Rabbit anti-p-AKT (AB38449), anti-p-mTOR (AB109268), anti-VEGF (AB184784), anti- 

https://doi.org/10.2147/CCID.S389760                                                                                                                                                                                                                                 

DovePress                                                                                                                    

Clinical, Cosmetic and Investigational Dermatology 2022:15 2524

Li et al                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.ncbi.nlm.nih.gov/gds/
http://www.gsea-msigdb.org/
https://www.dovepress.com
https://www.dovepress.com


COX-2 (AB179800), anti-angiogenin-1 (AB254222), anti-HIF-1α (AB179483) were purchased from Abcam Company, 
UK. Rabbit anti-p-PI3K (17366S) was purchased from Cell Signaling Technology inc., USA. Mouse anti-β-actin (66009- 
1-IG) was purchased from Proteintech Company, USA. Microplate reader (SYmefield, USA); ECL Gel Imaging System 
(Bio-RAD, USA), etc.

Experimental Group of Mice
After 1 week of adaptive feeding, the mice were randomly divided into 4 groups (blank control group, negative control group, 
psoriasis model group and azelaic acid treat group) with 9 mice in each group. The specific treatment for grouping is as follows:

Blank control group: only skin preparation was performed to expose a square hairless area of about 4 cm × 4 cm on 
the back of the mice.

Negative control group: The skin was prepared to expose a square hairless area of about 4 cm×4 cm on the back of 
the mice. Then, on the 1st, 6th and 13th day, azelaic acid® was applied to the square hairless area, twice a day.

Psoriasis model group: The skin was prepared to expose a square hairless area of about 4 cm×4 cm on the back of the 
mice. Then, 0.06~0.07 g imiquimod (IMQ) cream was evenly applied to the hairless area of the mice back to a thickness 
of about 1~2 mm. Twice a day for 7 days. After 7 days, scales, erythema and desquamation appeared in the area of skin 
modeling, indicating that the modeling was successful. At the same time, on the 1st, 6th, and 13th day of modeling, blank 
gel matrix (without azelaic acid) was applied to the psoriatic modeling site, twice a day to a thickness of about 1–2mm.

Azelaic acid treat group: The azelaic acid treat group was modeled in the same way as the psoriasis model group. 
Then, on the 1st, 6th and 13th day of modeling, azelaic acid® was applied to the psoriatic modeling site, twice a day to 
a thickness of about 1–2mm.

Immunofluorescence Detection
Mice skin tissue was fixed with 4% neutral formaldehyde solution, dehydrated with gradient ethanol, transparent with 
xylene, embedded in paraffin, sliced, and then routinely dewaxed to water. After high pressure repair with PH6.0 citric 
acid repair solution for 3 min, holding for 30 min, washed with tris buffered saline (TBS) for 3 times, incubated with 
H2O2 for 30 min to remove peroxidase in the tissue, washed with TBS for 3 times. The non-specific expression of 
antibody was blocked by 3%BSA for 30 min. Then, the primary antibody p-PI3K, p-mTOR (1:200) was dropped 
overnight at 4°C. The goat anti-rabbit secondary antibody was dropped after washing the next day, and incubated at room 
temperature without light for 1 h. Subsequently, 4’,6-diamidino2-phenylindole (DAPI) was stained for 3 min, and the 
tablets were sealed with anti-fluorescence quenching sealing tablets. The images were observed under fluorescence 
microscope. IPP6.0 software was used to analyze the fluorescence intensity.

Cell Culture and Grouping
Human Keratinocyte cell lines (HaCaT cell lines) were cultured in dulbecco’s modified eagle medium (DMEM) 
containing 10% fetal bovine serum at 5% CO2, 37°C, and saturated humidity. Then, the medium was changed every 2 
to 3 days. When the cell density was moderate, they were divided into 4 groups: blank control group, negative control 
group (adding azelaic acid), interleukin (IL)-17 group (20 ng/mL) and IL-17+azelaic acid group. Cells were harvested for 
Western blot detection 24 h after grouping treatment.

Western Blot Detection
Total protein of HaCaT cells was extracted and quantified by bicinchoninic acid (BCA) method. The samples were 
added according to the protein content of 20 μg per well. Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) was conducted at an initial voltage of 80V. After bromophenol blue reached the separation gel, the voltage 
was increased to 120V and electrophoresis was continued until bromophenol blue reached the bottom of the gel. The 
separated protein was transferred to polyvinylidene fluoride (PVDG) membrane and blocked with 50 g/L nonfat dry 
milk. Then, p-PI3K, p-AKT, p-MTOR, vascular endothelial growth factor (VEGF), cyclooxygenase-2 (COX-2), 
angiogenin-1 and hypoxia-inducible factor-1α (HIF-1α) (1:1000) antibodies were added, overnight at 4°C. After 
washing the membrane the next day, horseradish peroxidase labeled secondary antibody was added, and then the 
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membrane was washed after incubation at room temperature for 1 h. The enhanced chemiluminescence (ECL) 
developing system fixed and developed color. The gray value of the strip was scanned and analyzed, and the value 
was represented by the ratio of the gray value of the target strip to the gray value of the internal reference β-actin 
(1:5000).

Statistical Analysis
All data were statistically analyzed by SPSS 20.0 professional software. All values were expressed as mean ± standard 
deviation (X ± S). P < 0.05 was considered statistically significant.

Results
Identification of DEGs
Psoriasis-related datasets GSE141804, GSE160932 and GSE164400 were searched from GEO database. Differential gene 
expression analysis was performed using the R language limma software package. According to the screening criteria P-value 
<0.05 and |logFC| >0.2, DEGs in the GSE141804, GSE160932 and GSE164400 datasets were identified. In GSE141804 
dataset, 215 DEGs were identified, among which 122 were up-regulated and 93 were down-regulated. The volcano and 
heatmap are shown in Figure 1A and B. In GSE160932 dataset, 135 DEGs were identified, among which 36 were up-regulated 

Figure 1 Identification of DEG, and KEGG and GSEA analysis. (A) Volcano plot of DEG in the GSE141804 dataset; (B) heat map of DEG in the GSE141804 dataset; (C) 
volcano plot of DEG in the GSE160932 dataset; (D) heat map of DEG in the GSE160932 dataset; (E) volcano plot of DEG in the GSE164400 dataset; (F) heat map of DEG in 
the GSE164400 dataset; (G) KEGG functional enrichment analysis; (H–J) GSEA analysis. PI3K and MTOR signaling pathways were up-regulated in psoriasis, while 
AUTOPHAGY signaling pathway was down-regulated.
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and 99 were down-regulated. The volcano and heatmap are shown in Figure 1C and D. In GSE164400 dataset, 292 DEGs were 
identified, among which 195 were up-regulated and 97 were down-regulated. The volcano and heatmap are shown in 
Figure 1E and F.

Enrichment Analysis
KEGG enrichment analysis was performed for common DEGs in GSE141804, GSE160932 and GSE164400. FDR < 0.05 
was considered statistically significant. KEGG analysis revealed that PI3K-AKT signaling pathway was significantly 
enriched (Figure 1G). In addition, GSEA tool was used for GSEA of all genes. P < 0.05 was considered statistically 
significant. GSEA analysis showed that PI3K and MTOR signaling pathways were up-regulated in psoriasis, while 
AUTOPHAGY signaling pathway was down-regulated (Figure 1H–J). These results suggest that PI3K pathway plays an 
important role in the progression of psoriasis.

Azelaic Acid Alleviated the Degree of Skin Injury in Mice Models of Psoriasis
The structure of the skin tissue of the mice in each group was observed by hematoxylin-eosin (HE) staining. In blank control 
group, the epidermal structure of skin tissue was intact and clear, with obvious stratum corneum, thin stratified squamous 
epithelium, and relatively orderly and tightly arranged cells. The dermis exhibited staggered collagen fibers and red and 
uniform cytoplasm, and the connective tissues and fat layer displayed clearly visible structure. The subcutaneous muscularis 
had neatly arranged muscle fibers, with a uniform size, morphologically normal nuclei and nucleoli mostly distributed around. 
No obvious pathological changes were observed (Figure 2A). In negative control group, the skin tissue had an intact and clear 
structure, and cells were arranged orderly and tightly (Figure 2B). After modeling with IMQ, the stratified squamous 
epithelium was thickened, the cells were arranged disorderly, and the outer epidermis was covered with a layer of crust. 
Necrosis of collagen fibers was found in the superficial layer of the dermis. In the necrotic area, a small number of deeply 
stained single round lymphocytes infiltrated, and many oblong fibroblasts and long spindle fibroblasts proliferated. Bleeding 
was found in the dermis, with infiltration of many red blood cells between fibrous tissues (Figure 2C). Following treatment 
with azelaic acid, the thickening of the stratified squamous epithelium, disordered of cell arrangement, partial collagen fiber 
necrosis and lymphocyte infiltration in the superficial layer of the dermis, and bleeding in the dermis were all improved 
(Figure 2D). This suggests that azelaic acid significantly inhibits local skin injury in mice caused by IMQ-induced psoriasis.

Immunofluorescence Detection of p-PI3K and p-mTOR
As PI3K/AKT signaling pathway related proteins, p-PI3K and p-mTOR were analyzed by immunofluorescence staining. 
The results showed that compared with the blank control group, there was no significant change in the negative control 
group, while the fluorescence intensity of the psoriasis model group was significantly stronger. Moreover, compared with 
the psoriatic model group, the fluorescence intensity of azelaic acid treat group was significantly decreased (Figure 3). 
This result implies that azelaic acid may inhibit the activation of the PI3K/AKT signaling pathway and improve the 
symptoms of psoriasis.

Western Blot Detection of the Protein Expression Levels of p-PI3K, p-AKT, p-mTOR, 
VEGF, COX-2, angiogenin-1 and HIF-1α in Each Group
In order to further prove that azelaic acid may treat psoriasis by inhibiting the PI3K pathway, the expression of PI3K/ 
AKT signaling pathway related proteins was detected by Western blot. Compared with the blank control group, the 
relative protein expression of p-PI3K, p-AKT, p-mTOR, VEGF, COX-2, angiogenin-1 and HIF-1α in the negative 
control group was not significantly different. The relative protein expressions of p-PI3K, p-AKT, p-mTOR, VEGF, 
COX-2, angiogenin-1 and HIF-1α in the psoriasis model group were significantly higher than those in the blank 
control group (Figure 4). This suggests that the PI3K/AKT signaling pathway is activated in IMQ-induced psoriasis 
with concomitant proliferation of angiogenic factors. Notably, compared with the psoriasis model group, the relative 
protein expressions of p-PI3K, p-AKT, p-mTOR, VEGF, COX-2, angiogenin-1 and HIF-1α were significantly 
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decreased in the azelaic acid treat group (Figure 4). This suggests that azelaic acid can inhibit the activation of the 
PI3K/AKT signaling pathway and inhibit angiogenic factor proliferation.

We also validated the potential effects of azelaic acid at the cellular level (Figure 5). Compared with the blank control 
group, the relative protein expression of p-PI3K, p-AKT, p-mTOR, VEGF, COX-2, angiogenin-1 and HIF-1α in the 
negative control group (adding azelaic acid) was not significantly different. The relative protein expressions of p-PI3K, 
p-AKT, p-mTOR, VEGF, COX-2, angiogenin-1 and HIF-1α in the IL-17 group were significantly higher than those in 
the blank control group. Compared with the IL-17 group, the relative protein expressions of p-PI3K, p-AKT, p-mTOR, 
VEGF, COX-2, angiogenin-1 and HIF-1α were significantly decreased in the IL-17+ azelaic acid group. These results 
are consistent with those in the mice model and further suggest that azelaic acid can inhibit the activation of the PI3K/ 
AKT signaling pathway and inhibit the proliferation of angiogenic factors, thereby ameliorating the symptoms of 
psoriasis.

Discussion
As a chronic inflammatory disease mediated by immunity, psoriasis is caused by multiple factors affecting skin 
tissues and results in dryness and scaly lesions in any part of the body.12 At present, it is considered that the core of 
the pathogenesis of psoriasis is that cytokines such as tumor necrosis factor-alpha (TNF-α) and IL-12 produced by 
dendritic cells under stimulation, as well as IL-17 and IL-22 produced by Th17 cells stimulated by IL-23, act on 

Figure 2 Microscopic observation of target skin tissue of mice in blank control (A), negative control (B), psoriasis model (C) and azelaic acid treat groups (D). Observe 
under 100x microscope.
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epidermal keratinocytes together with TNF-α through the janus kinase (JAK)/signal transducer and activator of 
transcription (STAT) pathway, giving rise to various manifestations of psoriasis.13 The central mechanism of the 
disease is the IL-23/Th17 axis, whose executive cytokines IL-22 and IL-17A/F lead to keratinocyte proliferation and 
production of proinflammatory cytokines, chemokines, and antimicrobial peptides (AMPs), and the formation of 
a positive feedback loop, which maintains the inflammatory process.14 In recent years, studies have found that the 
PI3K/AKT signaling pathway plays an important mediating role in the progression of psoriasis.15–17 In this study, 
KEGG analysis revealed that PI3K-AKT signaling pathway was significantly enriched. GSEA analysis showed that 
PI3K and MTOR signaling pathways were up-regulated in psoriasis. Therefore, we explored the potential role of 
azelaic acid in psoriasis based on PI3K-AKT signaling pathway. The results showed that azelaic acid could 
significantly inhibit the local skin injury caused by IMQ in mice and inhibit the expression of PI3K/AKT signaling 
pathway related proteins p-PI3K, p-AKT, mTOR, VEGF, COX-2, angiopoietin-1 and HIF-1α. These results suggest 
that azelaic acid may play a role in psoriasis treatment by regulating PI3K/AKT signaling pathway.

Cell proliferation can be triggered by the PI3K/AKT signaling pathway through the regulation of upstream and 
downstream targets, and it can also be induced by highly expressed IL-22 and IL-17 in skin lesions through activation of 
mTOR.18 Furthermore, IL-17 is a key inflammatory cytokine in the pathogenesis of psoriasis.19 A study showed that the 
protein level of p-AKT and the activity of AKT in skin lesions of patients with psoriasis are significantly higher than 
those in normal skin. Increased AKT activity can result in excessive proliferation of keratinocytes and proliferation of 
papillary dermal blood vessels.20 In the mice model of IMQ-induced psoriasis, PI3K inhibition resulted in reduced 

Figure 3 Immunofluorescence detection of p-PI3K and p-mTOR in blank control, negative control, psoriasis model and azelaic acid treat groups. (A) Immunofluorescence 
of p-PI3K and p-mTOR in blank control, negative control, psoriasis model and azelaic acid treat groups; (B) relative fluorescence intensity of p-PI3K and p-mTOR in blank 
control, negative control, psoriasis model and azelaic acid treat groups. **P < 0.01; ns represents no statistical significance.
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epidermal thickness, number of infiltrating immune cells, and levels of psoriasis-related cytokines.21,22 In this study, 
immunohistochemistry and Western blot showed that azelelic acid could reduce the expression of p-PI3K, p-AKT, 
p-mTOR in psoriasis mice, suggesting that azelaic acid may play an important role in mediating the PI3K/AKT signaling 
pathway in the progression of psoriasis.

COX-2, a key enzyme in fatty acid metabolism, is released at the site of tissue injury and can stimulate pain and 
inflammation. The prostaglandin E2 (PGE2) derived from it can induce angiogenesis and cell proliferation.23 Furthermore, 
COX-2 is also closely related to the PI3K/AKT signaling pathway and is a downstream signaling effector of the PI3K/AKT 
signaling pathway.24–26 COX-2 activity is enhanced in psoriasis and psoriatic arthritis.27 HIF-1α, a downstream signaling 
protein of PI3K/AKT, has a close relation to VEGF activity and angiogenesis.28,29 In the case of hypoxia, HIF-1α transfers to 
the nucleus and participates in the modulation of transcription of VEGF.30 The expression of HIF-1α is increased in psoriatic 
lesions and serum, and may play a key role in the pathogenesis of psoriasis by promoting keratinocyte proliferation, inducing 
excessive angiogenesis and abnormal activation of the immune system.31 Angiogenesis is a complex regulatory process, 
which is affected by many factors, and VEGF and angiogenin-1 are important angiogenic factors involved in angiogenesis. 
Following binding of VEGF to vascular endothelial growth factor receptor 2 (VEGFR2), the autophosphorylation of VEGFR2 
is activated at the tyrosine site, thus mediating angiogenesis and other biological effects.32 Vascular hyperplasia is one of the 
characteristics of psoriasis. VEGF is a potent mediator of angiogenesis. VEGF-induced blood vessels often show increased 
permeability, resulting in hemorrhages and reduced vessel functionality. Previous studies have found that decreased VEGF 
secretion in HaCaT inhibits angiogenesis.33,34 Eunah Suhng et al found that LL-37 and IL-33 enhanced VEGF mRNA 

Figure 4 The protein expressions of p-PI3K, p-AKT, p-mTOR, VEGF, COX-2, angiogenin-1 and HIF-1α in the skin tissue of mice in each group were detected by Western 
blot. (A) The expression bands of p-PI3K, p-AKT, p-mTOR, VEGF, COX-2, angiogenin-1 and HIF-1α proteins in blank control, negative control, psoriasis model and azelaic 
acid treat groups were detected by Western blotting; (B) the relative expression levels of p-PI3K, p-AKT, p-mTOR, VEGF, COX-2, angiogenin-1 and HIF-1α proteins in blank 
control, negative control, psoriasis model and azelaic acid treat groups. **P < 0.01; ns represents no statistical significance.
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expression and VEGF release in HaCaT cells. Thus, IL-33 and LL-37 may mediate the angiogenesis of rosacea skin through 
VEGF.35 In many cases, VEGF induced by various factors has a potent angiogenic effect. Insulin-like growth factor II (IGF-II) 
is a potent inducer of VEGF synthesis by immortalized keratinocyte line HaCaT. VEGF induced by IGF-II may contribute to 
the angiogenesis of psoriasis.36 Through the activation of the PI3K/AKT, angiopoietin promotes the synthesis and release of 
nitric oxide, a vasodilator factor, involved in the vascular physiology.37 VEGF and angiogenin-1 are also important upstream 
molecules of PI3K/AKT signaling pathway.38,39 Moreover, activation of the PI3K/AKT signaling pathway can also regulate 
the expression of VEGF and angiopoietin.28 In this study, azelaic acid could not only regulate the expression of p-PI3K, 
p-AKT, p-mTOR, but also the expression of VEGF, COX-2, angiogenin-1 and HIF-1α. Therefore, we hypothesized that 
azelaic acid may regulate psoriasis angiogenesis through PI3K/AKT signaling pathway.

Azelaic acid, a compound molecule with multiple activities, is widely used in medicine. A growing body of 
research has shown that azelaic acid has anti-inflammatory, anti-infective and anti-bacterial effects.40–43 Azelaic acid 
can inhibit or kill anaerobes and aerobic bacteria in the skin and resist cell proliferation and cytotoxic effects mainly 
by destroying mitochondrial respiratory pathways and cellular DNA synthesis.7 Moreover, azelaic acid can also 
regulate the expression of AKT related to the PI3K/AKT signaling pathway in acute myeloid leukemia, thereby 
regulating the progression of the disease. In this study, we found that azelaic acid could azelaic acid significantly 
inhibits local skin injury in mice caused by IMQ-induced psoriasis. In addition, azelaic acid also inhibited the 
expression of p-PI3K, p-AKT, p-mTOR, VEGF, COX-2, angiogenin-1 and HIF-1α in cutaneous lesion tissues of 

Figure 5 The protein expressions of p-PI3K, p-AKT, p-mTOR, VEGF, COX-2, angiogenin-1 and HIF-1α in HaCaT cell of each group were detected by Western blot. (A) The 
expression bands of p-PI3K, p-AKT, p-mTOR, VEGF, COX-2, angiogenin-1 and HIF-1α proteins in blank control, negative control (adding azelaic acid), IL-17 and IL-17+ 
azelaic acid groups were detected by Western blotting; (B) the relative expression levels of p-PI3K, p-AKT, p-mTOR, VEGF, COX-2, angiogenin-1 and HIF-1α proteins in 
blank control, negative control (adding azelaic acid), IL-17 and IL-17+ azelaic acid groups. **P < 0.01; ns represents no statistical significance.
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psoriasis mice model and in HaCaT cell lines. To our knowledge, this study may be the first study to show that azelaic 
acid may play a role in psoriasis by regulating the PI3K/AKT signaling pathway, which lays a theoretical foundation 
for the treatment of psoriasis. In conclusion, azelaic acid also has anti-inflammatory, anti-infective, antibacterial 
effects and can prevent angiogenesis in psoriasis. The mechanism may be to play a regulatory role by inhibiting the 
PI3K/AKT signaling pathway, which provides theoretical support for the clinical application of azelaic acid in the 
treatment of psoriasis.

However, this study also has a certain degree of limitations. It is necessary to continue to conduct additional research 
to explore the specific mechanism of azelaic acid in the treatment of psoriasis. Firstly, the effect of azelaic acid on 
psoriasis angiogenesis should be further explored by cultured vascular endothelial cells. Secondly, it is necessary to 
detect the differences of protein and gene between psoriatic mice treated with azelaic acid and untreated mice. Thirdly, 
psoriasis area and severity index (PASI) should also be performed on psoriatic mice. In brief, further animal experiments 
and clinical trials are needed in future studies to improve the reliability of the conclusions.
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