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1 Introduction 
Psoriasis is a common and recurring chronic inflammatory 

skin condition, and its prevalence among adults ranges from 
0.91 to 8.5% in different Please clarify, are you referring to different 
countries and ethnic (Griffiths et al. 2017). However, the exact 
pathogenesis of psoriasis remains unclear. At present, studies have 
confirmed that the onset of psoriasis is closely associated with 
autoimmunity and inflammation, and the excessive proliferation 
of keratinocytes and parakeratosis are key factors underlying 
its pathogenesis (Perera et al. 2012). Autophagy is a process of 
self-phagocytosis in cells that occurs when cells are under stress 
conditions, such as those of nutrient deprivation or infection 
(Jo, et al. 2012). It was previously reported that oleanolic acid 
(Ole), which is an extensively used plant-derived triterpenoid, 
exerted effective antioxidant effects in cell model (Guo et al. 
2020). In an in vitro antioxidant activity evaluation model, 
Ole was discovered to clear free radicals and inhibit reactive 
oxygen species (ROS) generation through chemical reactions, 
or by inhibiting lipid peroxidation or stimulating the cellular 
antioxidant defense mechanisms (Wang et al. 2020). In addition, 
Ole has been demonstrated to possess hepatoprotective, anti-
inflammatory, anticancer and other pharmacological properties 
(Zolnourian et al. 2019, Zhang et al. 2019a). Moreover, Ole was 
discovered to exert therapeutic benefits in liver cancer (Zhou et al. 
2020), diabetes-induced cell injury (Chen et al. 2019) and bladder 
cancer (Song et al. 2017) via regulation of autophagy. Kim et al.

(Varshney and Saini, 2018) found autophagy was correlation with 
psoriasis. However, to the best of our knowledge, the effects of 
Ole in psoriasis remain unknown.

Previous studies have reported that the levels of autophagy 
in psoriasis skin lesions were lower compared with those in the 
normal skin in vitro study (Haruna, et al. 2008); blocking autophagy 
could significantly increase the secretion of inflammatory factors 
in human epidermal cells (Lee et al. 2011); and increasing the 
levels of autophagy in psoriasis skin lesions, mainly via regulation 
of hes family bHLH transcription factor 1 (Hes1), beclin 1, LC3B 
and P62 protein expression (Zhang et al. 2019b), may represent a 
potential therapeutic strategy for psoriasis. However, the effects 
of Ole on the autophagy of human keratinocytes remain unclear. 
Therefore, the present study aimed to investigate the effect of Ole 
on the autophagy of HaCaT cells and to determine the related 
underlying mechanism of action.

2 Materials and methods
Reagents and antibodies. Ole (cat. no. O5504; mass fraction, ≥ 97%), 

DMSO (cat. no. V900090) and MTT reagent (cat. no. V900888) 
were purchased from Sigma-Aldrich (Merck KGaA); the HaCaT 
cell line was purchased from the American Type Culture Collection; 
EDTA-free pancreatin, DMEM and FBS were purchased from 
Gibco (Thermo Fisher Scientific, Inc.); the rabbit anti-LC3B 
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monoclonal antibody was obtained from Abcam, cat.ab239416, 
UK; the rabbit anti-P62 monoclonal antibody was purchased 
from Abcam, cat.ab91526, UK; the HRP-conjugated goat 
anti-rabbit secondary antibody was acquired from Santa Cruz 
Biotechnology, Inc.; the anti-Notch1 (cat. no. ab52301), anti-
beclin 1 (cat. no. ab217179), anti-Hes1 (cat. no. ab119776) and 
anti-GAPDH (cat. no. ab8245) antibodies were obtained from 
Abcam; and the TUNEL Apoptosis Staining kit was purchased 
from Beyotime Institute of Biotechnology (cat.no. C1090).

Cell culture. HaCaT cells (which were authenticated via STR 
profiling) were cultured in DMEM (Gibco, Grand Island, NY, 
USA) supplemented with 10% FBS (Thermo Fish, Waltham, MA, 
USA), and maintained in an incubator with 5% CO2 at 37 °C. 
Cells in the logarithmic growth phase were collected and used 
in subsequent experiments.

Establishment of the psoriasis cell model. A psoriasis cell 
model was established as previously described (Wu et al. 2020). 
Briefly, upon the confluence reaching 60-70%, HaCaT cells were 
cultured in serum-free DMEM for 12 h, then stimulated with 
100 ng/mL IL-22 for 12 h to simulate the proliferation of the cells.

Preparation of Ole. Ole was dissolved in DMSO and stored 
in the dark at a concentration of 10.0 mol/L at -20 °C; the final 
concentration of DMSO was ≤ 0.1%. Ole was diluted in DMEM 
to working concentrations of 25.0, 50.0, 100.0 or 200.0 μmol/L.

Group treatment. NC: the HaCaT cells were cultured by 
DMEM with 10% FBS; Model: the HaCaT cell were treated as 
psoriasis cell model; Ole-Low: HaCaT cell which were treated 
as psoriasis cell model were treated by 25.0 μmol/L Ole; Ole-
Middle: HaCaT cell which were treated as psoriasis cell model 
were treated by 50.0 μmol/L Ole; Ole-High: HaCaT cell which 
were treated as psoriasis cell model were treated by 100.0 μmol/L 
Ole; Model+si-NC: HaCaT cell which were treated as psoriasis 
cell model were transfected with si-NC (negative control); Ole: 
HaCaT cell which were treated as psoriasis cell model were treated 
by 100.0 μmol/L Ole; Ole+si-Notch1: HaCaT cell which were 
transfected with si-Notch1 and treated as psoriasis cell model 
were treated by 100.0 μmol/L Ole

Cell transfection. Cells in the logarithmic growth phase 
were seeded into a 6-well microplate at a density of 2x105 cells/
well. Upon reaching 60% confluence, cell transfection was 
performed in accordance with the manufacturer’s instructions. 
Small interfering RNA (si)-negative control (NC) (sense, 
5’-UUCUCCGAACGUGUCACGUTT-3’ and antisense, 
5’-ACGUGACACGUUCGGAGAATT-3’) and si-notch 1 receptor 
(Notch1; sense, 5’- UGGACAAGAUCGAUGGCUATT-3’ and 
antisense, 5’- UAGCCAUCGAUCUUGUCCATT-3’) were 
designed and synthesized by Nanjing KeyGen Biotech Co., Ltd 
(KG-D-19060715). Following transfection, the cells were further 
incubated in an incubator containing 5% CO2 at 37 ̊ C ready for 
use in subsequent experiments. The cell transfection efficiencies 
were shown in Supplementary Figure 1.

MTT assay. Cells in all groups were treated by difference 
methods for 48 then 20 μL MTT was added to each well for 
further incubation for 4 h. Following incubation, the medium 
was discarded and 100 μL DMSO was added to each well. After 
the mixture had been centrifuged as 8,000 x g at 4 °C for 10 min, 

the absorbance of each well was measured at a wavelength of 
570 nm using an ELISA microplate reader. The assay was repeated 
three times to calculate the proliferative rate of the cells.

Flow cytometric analysis of apoptosis. Cells in all groups 
were treated by difference methods for 48, then digested with 
EDTA-free pancreatin. The cells were washed with pre-cooled 
PBS buffer solution twice and centrifuged at 1,000 x g for 5 min 
to collect 1x105 cells. Subsequently, 5 μL Annexin V-FITC and 
PI were added to the cells and mixed, following which the cells 
were incubated in the dark at room temperature for 5-10 min. 
Apoptotic cells were analyzed within 1 h using a flow cytometer at 
an excitation wavelength of 488 nm and an emission wavelength 
of 530 nm. The early apoptotic cells in the lower right quadrant 
and the late apoptotic cells in the upper right quadrant were 
counted as apoptotic cells. The apoptotic rate was calculated as 
the number of apoptotic cells/total number of cells. The analysis 
was repeated three times.

TUNEL assay. Cells in all groups were treated accordingly for 
48 h, then washed with PBS three times. The TUNEL assay was 
performed using a TUNEL Apoptosis staining kit, according to 
the manufacturer’s protocol. After staining, the cells were sealed 
with anti-fluorescence quenching sealing solution containing 
DAPI and visualized using a fluorescence microscope in three 
highly magnified (x200) randomly selected fields of view, with 
each field containing ≤ 100 cells. The apoptotic rate of HaCaT 
cells was calculated using the following equation: Apoptotic rate 
(%) = FITC-positive cells/100 x100%. The average apoptotic rate 
was obtained from three fields. The assay was repeated in triplicate.

Transmission electron microscopy (TEM). Autophagosome 
detection was performed using TEM. Briefly, cells in each group 
were treated accordingly for 48 h and then washed with PBS 
thrice. Cells were subsequently collected and centrifuged at 
1,200 x g for 5 min. The supernatant was discarded and cells were 
fixed with 4% glutaraldehyde overnight. Following incubation, 
the cells were rinsed, dehydrated and embedded, then cut into 
ultra-thin slices, which were observed under a transmission 
electron microscope and photographed.

Western blotting. Cells in each group were treated accordingly 
for 48 h and then washed with PBS thrice. Total protein was 
extracted from the cells using RIPA lysis buffer supplemented 
with a protease inhibitor. The cells were centrifuged at high 
speed to extract the supernatant and total protein was quantified 
using a BCA protein assay kit (cat. no. ab102536; Abcam). 
Loading buffer was subsequently mixed with the protein, and 
boiled, following which 50 μg protein/lane was separated via 
SDS-PAGE. The separated proteins were transferred to PVDF 
membranes and blocked with 3% BSA at room temperature for 
2 h. The membranes were then incubated with the following 
primary antibodies overnight at 4 ˚C: Anti-Notch1 (1:500), 
anti-Hes1 (1:500), anti-beclin 1 (1:500), anti-P62 (1:500) and 
anti-GAPDH (1:500). Following the primary antibody incubation, 
the membranes were incubated with an HRP-conjugated anti-
rabbit secondary antibody (1:2,000; cat. no. ab6728, Abcam) for 
2 h. Protein bands were visualized using chemiluminescence. 
The experiment was repeated three times to obtain the average 
protein expression.
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Detection of the autophagy marker protein, LC3B, using 
immunofluorescence. Cells in each group were treated accordingly 
for 48 h, washed with PBS thrice, then fixed with 4% formaldehyde 
at room temperature for 10 min. Subsequently, the cells were 
washed with PBS twice and incubated with 0.5% Triton X⁃100 at 
room temperature for 5 min. The cells were subsequently washed 
with PBS twice and incubated with 5% BSA at room temperature 
for 1 h. Then, the cells were incubated with an anti-LC3B antibody 
(1:200) for 1 h at room temperature; the primary antibody was 
replaced with PBS for the control group. Following the primary 
antibody incubation, the cells were washed with PBS twice and 
incubated with the corresponding fluorescent-conjugated secondary 
antibody (1:2,000; cat. no. ab6728, Abcam). The cells were washed 
with PBS, counterstained with DAPI, and further washed with 
PBS before being sliced and sealed with glycerinum. Stained cells 
were observed using a fluorescence microscope in five randomly 
selected fields of view (magnification, x200) to count the number 
of autophagosome-positive cells and calculate the percentage 
of positive cells. Cells with more than three high-density green 
fluorescent spots in the perinuclear and extranuclear regions were 
regarded as autophagosome-positive cells. The experiment was 
repeated three times to calculate the average value.

Statistical analysis. Statistical analysis was performed using SPSS 
22.0 software (IBM Corp.) and data are presented as the mean ± SD. 
Statistical differences between groups were determined using 
one-way ANOVA followed by Tukey post hoc test. P < 0.05 was 
considered to indicate a statistically significant difference.

3 Results
Effects of different concentrations of Ole on the viability of 

the HaCaT cell psoriasis model. Compared with the 0 μmol/L 
group, the proliferative rate of HaCaT cells in the 200.0 μmol/L 
group was significantly inhibited with apoptosis rate significantly 
up-regulating (P < 0.001; Figure 1A, C), while no significant 
differences were observed among the 25.0, 50.0 and 100.0 μmol/L 
groups in cell viability and apoptosis rate (all P > 0.05; Figure 1A). 
Thus, it could be inferred that, in a normal environment, Ole 
at concentrations of 25.0, 50.0 and 100.0 μmol/L, was non-
toxic to HaCaT cells. A psoriasis cell model was subsequently 
established by stimulating HaCaT cells with 100 ng/mL IL-
22 for 12 h. Compared with the control group, the proliferative 
rate was significantly increased in the model group (P < 0.001; 
Figure 1B). After Ole intervention, compared with the model 
group, the proliferative rates in the Ole groups were significantly 
inhibited (all P < 0.05; Figure 1B), and significant differences 
were identified in the proliferative rates among the different Ole 
groups (all P < 0.05; Figure 1B). 25.0, 50.0 and 100.0 μmol/L 
Ole was safe to HaCaT cell in normal treatment; in HaCaT cell 
psoriasis model, 25.0, 50.0 and 100.0 μmol/L Ole had effects to 
depress HaCaT hyperproliferation.

Ole promoted cell apoptosis in HaCaT cell psoriasis model. 
The results from the flow cytometry and TUNEL staining assays 
revealed that, compared with the control group, the apoptotic 
rate was significantly decreased in the model group (all P < 0.001; 
Figure 2A and B). Following Ole intervention, compared with 
the model group, the apoptotic rate was significantly increased 
in all Ole groups (all P < 0.05; Figure 2A and B). Moreover, 

significant differences were observed in the apoptotic rates 
among the different Ole groups (all P < 0.05; Figure 2A and B). 
In HaCaT cell psoriasis model, 25.0, 50.0 and 100.0 μmol/L Ole 
had effects to promote HaCaT cell apoptosis; and 100.0 μmol/L 
Ole had best effects.

Ole promoted the autophagy of HaCaT cell psoriasis model 
. The formation of autophagosomes was visualized using TEM. 
Autophagosomes with a bilayer membrane and containing 
numerous organelles and folded proteins were observed in 
the control group, while no autophagosomes were observed 
in the model group. After Ole intervention, the number of 
autophagosomes in all the Ole groups was increased (Figure 3). 
In HaCaT cell psoriasis model, 25.0, 50.0 and 100.0 μmol/L Ole 
had effects to increase autophagosome number; and 100.0 μmol/L 
Ole had best effects.

Ole regulated the expression levels of Notch1, Hes1, Beclin1 and 
P62 proteins in HaCaT cell psoriasis model The results of the 
western blotting experiment revealed that, compared with the 
control group, the protein expression levels of Notch1, Hes1 and 
beclin 1 were significantly downregulated in the model group, 
while the protein expression levels of P62 were significantly 
upregulated (all P < 0.001; Figure 4). After Ole intervention, 
compared with the model group, the protein expression levels 
of Notch1, Hes1 and beclin 1 were significantly upregulated in 
all Ole groups, while the protein expression levels of P62 were 
significantly downregulated (all P < 0.001; Figure 4). Furthermore, 
there were significant differences observed in the expression 
levels of these proteins among the Ole groups (all P < 0.05; 
Figure 4). 25.0, 50.0 and 100.0 μmol/L Ole improved psoriasis 
cell model might be correlation with Notch1, Hes1, Beclin1 and 
P62 proteins changing; and 100.0 μmol/L Ole had best effects.

Ole increased the protein expression levels of LC3B in HaCaT 
cell psoriasis model. The results of the cell immunofluorescence 
analysis showed that, compared with the control group, the 
protein expression levels of LC3B were significantly decreased 
in the model group (P < 0.001; Figure  5). Compared with 
the model group, the protein expression levels of LC3B were 
significantly upregulated in all Ole groups (all P < 0.05; Figure 5). 
Furthermore, the differences in the expression levels of LC3B 
protein among the Ole groups were statistically significant (all 
P < 0.05; Figure 5). 25.0, 50.0 and 100.0 μmol/L Ole improved 
psoriasis cell model might be correlation with autophagy; and 
100.0 μmol/L Ole had best effects.

Notch1 knockdown improved the Ole-induced inhibition of 
HaCaT cell viability. No significant difference in the proliferative 
rate was identified between the model and model + si-NC 
groups (P > 0.05; Figure 6), while the proliferative rate in the 
Ole groups was significantly decreased (all P < 0.001; Figure 6). 
Following the transfection of si-Notch1 into cells, the proliferative 
rate in the Ole + si-Notch1 group was significantly increased 
compared with that in the Ole groups (all P < 0.001; Figure 6). 
With Notch1 knockdown, Ole’s treatment effects was disappear 
in HaCaT cell psoriasis model.

Notch1 knockdown depressed the Ole-induced increased in the 
apoptosis of HaCaT cell psoriasis model . The results of the flow 
cytometry and TUNEL staining assays revealed that, compared 
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with the model group, the apoptotic rate in the model + si-NC 
group was not significantly altered (P > 0.05; Figure 7A and B). 
Conversely, compared with Model group, the apoptotic rates 
in the Ole groups were significantly increased (all P < 0.001; 
Figure 7A and B). In addition, following si-Notch1 transfection 
into cells, the apoptotic rate in the Ole + si-Notch1 group was 
significantly decreased compared with that in the Ole groups 
(all P < 0.001; Figure  7A  and  B). With Notch1 knockdown, 
Ole’s increasing cell apoptosis effects was disappear in HaCaT 
cell psoriasis model.

Notch1 knockdown downregulated the formation of autophagosomes 
in HaCaT cell psoriasis model. Formation of autophagosomes 
was observed using TEM. The results demonstrated that the 
number of autophagosomes in the model and model + si-NC 
groups was decreased (Figure  8). Conversely, following Ole 
intervention, the number of autophagosomes was increased; 
however, after si-Notch1 was transfected into cells, the number 
of autophagosomes in the Ole + si-Notch1 group was decreased. 
With Notch1 knockdown, Ole induced autophagosome increasing 
was depressed in HaCaT cell psoriasis model.

Figure 1. Effects of different concentrations of Ole on the proliferative rate of a HaCaT cell psoriasis model. (A) Cell viability following treatment 
with difference concentrations of Ole was determined using an MTT assay. ***P < 0.001 vs. 0 μmol/L. (B)Cell viability in difference groups was 
determined using an MTT assay. Control, HaCaT cells were treated with normal medium; model, HaCaT cells were stimulated with IL-22; Ole-
low, model group cells were subsequently treated with low-dose (25.0 μmol/L) Ole; Ole-middle, model group cells were subsequently treated 
with middle-dose (50.0 μmol/L) Ole; Ole-high, model group cells were subsequently treated with high-dose (100.0 μmol/L) Ole. ***P < 0.001 
vs. control; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. model; $P < 0.05, $$P < 0.01 vs. Ole-low; &P < 0.05 vs. Ole-middle. Ole, oleanolic acid. (C) Cell 
apoptosis rate of difference groups was determined using flow cytometry. ***P < 0.001 vs. 0 μmol/L.
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Expression levels of Notch1, Hes1, Beclin1 and P62 proteins 
in HaCaT cell psoriasis model. Compared with the model 
group, the protein expression levels of Notch1, Hes1, beclin 
1 and P62 in the model + si-NC group were not significantly 
altered (all P > 0.05; Figure 9). Compared with Model group, 
the protein expression levels of Notch1, Hes1 and beclin 1 were 
significantly upregulated in the Ole groups, while the protein 
expression levels of P62 were significantly downregulated (all P 
< 0.001; Figure 9). Following the transfection of si-Notch1 into 
cells, compared with the Ole groups, the protein expression levels 
of Notch1, Hes1 and beclin 1 were significantly downregulated 
in the Ole + si-Notch1 group, while the protein expression 
levels of P62 were significantly upregulated (all P < 0.001; 
Figure  9). With Notch1 knockdown, Ole induced Notch1, 

Hes1, Beclin1 and P62 proteins changing was recovery in 
HaCaT cell psoriasis model.

Expression levels of LC3B protein in HaCaT cell psoriasis model 
The results of the immunofluorescence analysis revealed that, 
compared with the model group, the protein expression levels of 
LC3B in the model + si-NC group were not significantly altered 
(P > 0.05; Figure 10). Compared with Model group, the protein 
expression levels of LC3B were significantly upregulated in the Ole 
groups (all P < 0.001; Figure 10). Following si-Notch1 transfection 
into cells, compared with the Ole groups, the protein expression 
levels of LC3B were found to be significantly downregulated 
in the Ole + si-Notch1 group (P < 0.001; Figure  10). With 
Notch1 knockdown, Ole induced LC3B proteins changing was 
recovery in HaCaT cell psoriasis model.

Figure 2. Effects of Ole on HaCaT cell apoptosis. Cell apoptotic rate was determined using (A) flow cytometry and (B) TUNEL assay. Control, 
HaCaT cells were treated with normal medium; model, HaCaT cells were stimulated with IL-22; Ole-low, model group cells were subsequently 
treated with low-dose (25.0 μmol/L) Ole; Ole-middle, model group cells were subsequently treated with middle-dose (50.0 μmol/L) Ole; Ole-
high, model group cells were subsequently treated with high-dose (100.0 μmol/L) Ole. ***P < 0.001 vs. control; #P < 0.05, ##P < 0.01, ###P < 0.001 
vs. model; $P < 0.05, $$P < 0.01 vs. Ole-low; &P < 0.05 vs. Ole-middle. Ole, oleanolic acid.
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Figure 3. Effects of Ole on the autophagy of HaCaT cells. Control, HaCaT cells were treated with normal medium; model, HaCaT cells were stimulated 
with IL-22; Ole-low, model group cells were subsequently treated with low-dose (25.0 μmol/L) Ole; Ole-middle, model group cells were subsequently 
treated with middle-dose (50.0 μmol/L) Ole; Ole-high, model group cells were subsequently treated with high-dose (100.0 μmol/L) Ole.

Figure 4. Effects of Ole on the expression levels of relevant proteins. Control, HaCaT cells were treated with normal medium; model, HaCaT 
cells were stimulated with IL-22; Ole-low, model group cells were subsequently treated with low-dose (25.0 μmol/L) Ole; Ole-middle, model 
group cells were subsequently treated with middle-dose (50.0 μmol/L) Ole; Ole-high, model group cells were subsequently treated with high-dose 
(100.0 μmol/L) Ole. ***P < 0.001 vs. control; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. model; $P < 0.05, $$P < 0.01 vs. Ole-low; &P < 0.05 vs. Ole-middle. 
Ole, oleanolic acid.
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4 Discussion
As a natural pentacyclic triterpenoid, Ole has been reported to 

exert antitumor and anti-inflammatory effects (Wang et al. 2019; 
Abdelmageed et al. 2017), and has been shown to be effective in the 
treatment of multiple types of tumor (Chu et al. 2017; Dong et al. 
2020; Han et al. 2021). The results of the present study revealed that 
Ole intervention could effectively inhibit the abnormal proliferation 
of HaCaT cells induced by IL-22 stimulation and promote their 
apoptosis, which may subsequently inhibit the development of 
psoriasis. Autophagy is a protective mechanism that occurs in 
eukaryotic cells. It removes dysfunctional and denatured, damaged 
organelles, macromolecules and invading microorganisms by 
forming autophagic lysosomes, thereby maintaining cell homeostasis 
and renewal (White et al. 2010; Mizushima & Komatsu, 2011). 
LC3B is a characteristic marker of autophagy, and the expression 
levels of LC3B reflect the autophagy level (Satyavarapu et al. 2018). 
The findings of the current study demonstrated that, following 
Ole intervention, the number of autophagosomes was increased, 
the protein expression levels of autophagy marker proteins, 
Hes1 (Yao et al. 2015), beclin 1 (Maejima et al. 2016) and LC3B 
(Satyavarapu et al. 2018), were significantly upregulated, and 
the protein expression levels of P62 (Lamark et al. 2017) were 
significantly downregulated. The highly conserved Notch gene family 
was first discovered in Drosophila melanogaster by Morgan et al. 
in 1917, and comprises four transmembrane receptors, Notch1, 
Notch2, Notch3 and Notch4, which are involved in regulating 
the viability, proliferation and differentiation of cells and the 
development of organs (Nantie et al. 2014; Ebens & Maillard, 2013). 
Previous studies have reported that the upregulated expression of 
Notch1 promoted the autophagy of cells (Xu et al. 2019, Lee et al. 
2020). Similarly, the results of the present study also showed 
that the protein expression levels of Notch1 were significantly 
increased Ole treated groups. Therefore, it was hypothesized that 

Figure 5. Effects of Ole on the protein expression of LC3B. Control, HaCaT cells were treated with normal medium; model, HaCaT cells were 
stimulated with IL-22; Ole-low, model group cells were subsequently treated with low-dose (25.0 μmol/L) Ole; Ole-middle, model group cells 
were subsequently treated with middle-dose (50.0 μmol/L) Ole; Ole-high, model group cells were subsequently treated with high-dose (100.0 
μmol/L) Ole. ***P < 0.001 vs. control; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. model; $P < 0.05, $$P < 0.01 vs. Ole-low; &P < 0.05 vs. Ole-middle. Ole, 
oleanolic acid.

Ole may play an important role in reversing the IL-22-induced 
excessive proliferation of HaCaT cells by increasing autophagy 
via upregulation of Notch1. Furthermore, the therapeutic effect 
of Ole was reduced after the expression of Notch1 was knocked 
down by transfection with si-Notch1. These findings suggested 

Figure 6. Role of Notch1 in the Ole-induced inhibition of HaCaT 
proliferation. Model, HaCaT cells were stimulated with IL-22; model 
+ si-NC, model group cells were transfected with si-NC; Ole, HaCaT 
cells were stimulated with IL-22 and treated with 100.0 μmol/L Ole; Ole 
+ si-Notch1, HaCaT cells transfected with si-Notch1 were stimulated 
with IL-22 and treated with 100.0 μmol/L Ole. ###P < 0.001 vs. model; 
@@@P < 0.001 vs. Ole. Ole, oleanolic acid; si, small interfering RNA; NC, 
negative control; Notch1, notch 1 receptor.

Original Article



Food Sci. Technol, Campinas, v42, e90721, 20228

Oleanolic acid in psoriasis relief

that Notch1 may play a crucial role in the Ole-induced decrease 
in the IL-22-induced proliferation of HaCaT cells.

The findings of the current study also revealed that treatment 
with 25, 50 or 100 μmol/L Ole was non-toxic to HaCaT cells 
in a normal environment, but could inhibit the IL-22-induced 
proliferation of HaCaT cells. Moreover, the inhibition of proliferation 
occurred in both a time- and dose-dependent manner. Treatment 
with 25, 50 or 100 μmol/L Ole could also significantly increase 
the apoptotic rate of HaCaT cells in a dose-dependent manner. 
Similarly, 25, 50 or 100 μmol/L Ole was discovered to induce the 
autophagy of HaCaT cells. Ole treatment also upregulated the 
protein expression levels of Hes1 and beclin 1, and downregulated 
those of P62. Immunofluorescence analysis further revealed that 
the number of LC3B-fluorescing accumulation points was increased 
and TEM analysis observed the presence of autophagosomes 
with bilayer membranes, proving that the autophagy levels of 

cells were increased, while degradation of P62 was increased. 
However, following the transfection of si-Notch1 into cells, the 
effects of Ole on the cells disappeared.

There were certain limitations to the present study. First, a 
positive control drug group was not used. Second, only in vitro 
cellular studies were performed, and the effects of Ole on an 
imiquimod-induced psoriasis animal model were not investigated. 
Finally, considering that mTOR serves an important role in 
autophagy, the present study did not determine the association 
between mTOR and Notch1 during Ole treatment, in our study, 
we just discussed autophagy (autophagosome changing) in Ole’s 
affects to positively cell model, the lysosomes’ effects had been 
unclear; meanwhile, there were no Model+si-Notch1 and Ole+si-
NC groups in second part of our present research. Therefore, 
these points will be addressed in future studies, with the effects 
of Ole on animal models of psoriasis being prioritized.

Figure 7. Role of Notch1 in the Ole-induced stimulation of the apoptosis of HaCaT cells. Apoptotic rate of different groups was determined using 
(A) flow cytometry and (B) a TUNEL assay. Model, HaCaT cells were stimulated with IL-22; model + si-NC, model group cells were transfected 
with si-NC; Ole, HaCaT cells were stimulated with IL-22 and treated with 100.0 μmol/L Ole; Ole + si-Notch1, HaCaT cells transfected with si-
Notch1 were stimulated with IL-22 and treated with 100.0 μmol/L Ole. ###P < 0.001 vs. model; @@@P < 0.001 vs. Ole. Ole, oleanolic acid; si, small 
interfering RNA; NC, negative control; Notch1, notch 1 receptor.

Original Article



Liu et al.

Food Sci. Technol, Campinas, v42, e90721, 2022 9

Figure 8. Effects of Notch1 on autophagosome formation. Model, HaCaT cells were stimulated with IL-22; model + si-NC, model group cells 
were transfected with si-NC; Ole, HaCaT cells were stimulated with IL-22 and treated with 100.0 μmol/L Ole; Ole + si-Notch1, HaCaT cells 
transfected with si-Notch1 were stimulated with IL-22 and treated with 100.0 μmol/L Ole. Ole, oleanolic acid; si, small interfering RNA; NC, 
negative control; Notch1, notch 1 receptor.

Figure 9. Detection of the expression levels of relevant proteins using western blotting. Model, HaCaT cells were stimulated with IL-22; model 
+ si-NC, model group cells were transfected with si-NC; Ole, HaCaT cells were stimulated with IL-22 and treated with 100.0 μmol/L Ole; Ole 
+ si-Notch1, HaCaT cells transfected with si-Notch1 were stimulated with IL-22 and treated with 100.0 μmol/L Ole. ###P < 0.001 vs. model; 
@@@P < 0.001 vs. Ole. Ole, oleanolic acid; si, small interfering RNA; NC, negative control; Notch1, notch 1 receptor.
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In conclusion, the findings of the current study suggested that 
Ole may inhibit the excessive proliferation of the IL-22-induced 
HaCaT cell psoriasis model. The underlying mechanism of action 
of Ole was suggested to be associated with its ability to activate 
HaCaT cell autophagy by positively regulating Notch1 expression.
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Supplementary Material
Supplementary material accompanies this paper.

Supplementary Figure 1. Notch1 mRNA expression in difference groups NC: HaCaT cells were treated with normal medium; 
si-NC: HaCaT cells were transfected with si-NC; si-Notch1: HaCaT cells were transfected with si-Notch1. ***: P < 0.001, compared 
with NC group
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