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Abstract

Psoriasis is a common chronic, inflammatory skin disease possessing properties of inflammatory cell infiltration 
and excessive proliferation of keratinocytes, the occurrence and development of which remain fully elucidated. 
Therefore, the study was designed to determine the effects of kirenol (50, 100 and 200 μg/mL) on Cultured Human 
Keratinocytes (cells) (HaCaT) in vitro and reveal its molecular mechanism. The in vitro psoriasis model was estab-
lished utilizing tumor necrosis factor-α (TNF-α)-stimulated HaCaT cells. Kirenol, a diterpenoid compound, was 
applied at different concentrations (50, 100 and 200 μg/mL) to HaCaT cells for 24 h. The Cell Counting Kit-8 
(CCK-8) and thymidine monobromodeoxyuridine (BrdU) assays were used to assess cell viability and prolifer-
ation, followed by assessment of cell migration by Transwell assay. Subsequently, inflammatory cytokines were 
measured by enzyme-linked immunosorbent assay (ELISA), and Western blot assay was used to evaluate expres-
sions of p65, p-p65, IκBα and p-IκBα. Activities of superoxide dismutase (SOD), catalase (CAT), glutathione 
(GSH) and malondialdehyde (MDA) contents were measured spectrophotometrically. The results demonstrated 
that TNF-α induced a significant increase in cell viability and inflammatory cytokines, including expressions 
of Interleukin (IL)-6, IL-8, IL-22 and IL-1β in HaCaT cells, which was dose-dependently inhibited by kirenol. 
Similarly, TNF-α-induced cell migration was also suppressed by kirenol treatment. Furthermore, TNF-α stim-
uli induced the upregulation of phosphorylation levels of p65 and IκBα as well as p-p65–p65 and p-IκBα–IκBα 
ratios, whereas kirenol significantly suppressed the activation of cellular nuclear factor-kappa B (NF-κB) signaling 
pathway. In addition, kirenol significantly decreased the level of MDA but increased the levels of SOD, CAT and 
GSH in a dose-dependent manner. These results proposed that kirenol could inhibit the proliferation, migration, 
expression of inflammatory factors, and oxidative stress in HaCaT cells via suppressing NF-κB signaling pathway. 
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Introduction

Psoriasis is a recurrent, noninfectious erythema scaly 
skin disease characterized by epidermal proliferation and 
inflammation. Its etiology is related to heredity, infec-
tion, allergy, metabolic disorders, and autoimmunity 
(Allergologia et immunopathologia, 2020; Aquino et al., 
2021; Evans et al., 2020; Srivastava et al., 2021; Zhou 

et al, 2020). It is a typical chronic inflammatory disease 
with an increasing incidence ranging from 1 % to 3 % 
worldwide (Griffiths & Barker, 2007; Hoegler et al., 2018; 
Langley et al. 2005). At present, psoriasis is an extremely 
complicated pathophysiologic process, the occurrence 
and development of which remain unclear (Boehncke 
& Schön, 2015). Currently, psoriasis is believed to 
mainly involve genetic, psychological, immunologic, and 
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the effects of kirenol on psoriasis development and its 
mechanism of function. The results revealed that kire-
nol significantly inhibited the proliferation capacity 
and migration ability of Cultured Human Keratinocytes 
(cells) (HaCaT) through regulating the NF-κB pathway. 

Materials and Methods

Cell culture

Cultured human immortalized keratinocytes (HaCaT; 
Procell, Wuhan, China) were cultured in Dulbecco’s 
Modified Eagle medium (DMEM), supplemented with 
10% fetal bovine serum and 1% penicillin–streptomycin 
in a humidified incubator at 37°C and 5% CO2. HaCaT 
cells in a logarithmic growth phase were induced with 10 
ng/mL TNF-α for 48 h to establish an in vitro cell model 
for psoriasis at 37°C and 5% CO2. The kirenol (Yuan-ye 
Bio-Technology Co. Ltd, Shanghai, China) concentra-
tion was increased to 50, 100 and 200 μg/mL for 24 h at 
37°C and 5% CO2. Furthermore, the cells were separately 
divided in the following five groups: the control group; 
the TNF-α group; the TNF-α + kirenol (50 μg/mL) group, 
the TNF-α + kirenol (100 μg/mL) group and the TNF-α + 
kirenol (200 μg/mL) group. Dimethyl sulfoxide (DMSO; 
Merck, Germany) was used in equal concentrations as a 
negative control to dilute kirenol.

Cell viability assay

The antiproliferative impact of kirenol concerning HaCaT 
was determined utilizing Cell Counting Kit-8 reagent 
(CCK-8; Bestbio, Shanghai, China). For a short period of 
time, HaCaT cells were inoculated in 96-well plates at a 
density of 5 × 103 cells/well overnight, treated with dif-
ferent concentrations of kirenol (50, 100, 200 and 400 μg/
mL) for 24 h, and incubated with CCK-8 reagent in dark 
for 1 h at 37°C. After TNF-α treatment for 48 h at 37°C 
and 5% CO2, kirenol at concentrations of 50, 100, 200 μg/
mL was applied to HaCaT cells. The absorbance of the 
tests was recorded at a wavelength of 450 nm utilizing a 
Microplate Reader (Infinite M200, Tecan, Austria). 

Measurement of proliferation by incorporation of 
thymidine monobromodeoxyuridine (BrdU)

Cell proliferation was investigated by thymidine mono-
bromodeoxyuridine (BrdU) under de novo-synthesized 
DNA conditions utilizing the BrdU Cell Proliferation 
assay kit (Santa Cruz Biotechnology, Santa Cruz, CA). 
Briefly, HaCaT cells were seeded into 96-well plates 
at 2 × 103 cells/well, and incubated at 37°C for 48 h. 
Subsequently, 20-mL BrdU was added, and incubated 

environmental factors (Yang & Zheng, 2020). Moreover, 
the principle obsessive progressions from psoriasis hold 
numerous different features in keratinocyte dysplasia, 
keratosis, neovascularization as well as inflammatory 
cell infiltration (Kim et al., 2014a). At the same time, 
excessive proliferation and abnormal migration of kera-
tinocytes leading to the microenvironment of psoriasis 
lesions are vital features of psoriasis (Winchell & Watts, 
1988). As psoriasis is prone to relapse and challenging to 
cure, it is conducive to exploring new therapeutic targets 
related to keratinocyte proliferation as well as migration 
for the treatment of psoriasis. 

As the primary pathogenic cells in psoriasis, keratino-
cytes is considered as a promoter for amplification of 
inflammatory response with the additional production 
of tumor necrosis factor-α (TNF-α) in the initiation of 
disease (Nickoloff, 2006). Following stimulation with 
TNF-α, keratinocytes may provoke the abbrent expres-
sion of pro-inflammatory cytokines and chemokines 
such as IL-6, IL-8, IL-22 and IL-1β, which contribute to 
the subsequent recruitment of immune cells into inflam-
matory lesions in the skin (Cho, Lee, & Kim, 2007; Lee, 
Chung, Kang, Park, & Hyun, 2019; Wolk et al., 2009). 
It is believed that there are multiple signaling pathways 
involved in the inflammatory response, among which the 
nuclear factor-kappa B (NF-κB) pathway plays a deci-
sive role (Nair et al., 2009; A. Wang et al., 2019; Xu, Xu, 
Xiong, & Deng, 2019). During the signaling pathway, 
inflammatory stimuli activate IKK, promoting phosphor-
ylation and degradation of IκB and subsequent activation 
of NF-κB signaling pathway, which results in a series 
of inflammatory responses (Lawrence, 2009; Zhang, 
Lenardo, & Baltimore, 2017). Recognizing the certainty 
that NF-κB signaling pathway is involved in the progres-
sion of psoriasis, inhibition of the pathway is beneficial 
to reduce hyperproliferation and hyper inflammation in 
keratinocytes. Therefore, inflammatory factor (IL-6/IL-8/
IL-22/IL-1β) and NF-κB were chosen to investigate the 
effect of kirenol on psoriasis in this study.

Kirenol is a diterpenoid characteristic product compound 
extracted from herba siegesbeckiae (Ibrahim et al., 2021; 
Wang et al., 2021a). In addition, kirenol attenuates the 
inflammatory response to collagen-induced arthritis by 
inhibiting the activation of signaling pathways and reduc-
ing the expression of pro-inflammatory cytokines such 
as IL-1β (Wang et al., 2011). Moreover, kirenol inhib-
its inflammatory factors and improves ulcerative colitis 
in mice (Xiuhong et al., 2019). Besides, kirenol inhibits 
rheumatoid arthritis (RA)-associated synovial fibroblasts 
proliferation, migration, invasion, and inflammation (Wu 
et al., 2019). Although kirenol has also been reported to 
have immunomodulatory and anti-inflammatory prop-
erties, the efficacy of kirenol on psoriasis has not been 
further investigated. In the present study, we investigated 
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Biotechnology Institute, Haimen, China), and MDA level 
was normalized.

Enzyme-linked immunosorbent assay (ELISA)

The TNF-α-induced HaCaT cells were treated with kire-
nol (50, 100, 200 μg/mL) for 24 h. Then, inflammatory 
factors (IL-6, IL-8, IL-22 and IL-1β) in the supernatant 
were detected by ELISA kit (eBioscience, CA, USA) fol-
lowing the manufacturer’s instructions. Briefly, 50 mL 
of standard, samples, and blank control were added to 
a 96-well plate coated with primary antibodies against 
cytokines, including IL-6 (Cat No. ab178013; Abcam, 
Cambridge, MA, USA), IL-8 (Cat No. ab214030; Abcam, 
Cambridge, MA, USA), IL-22 (Cat No. ab216170; Abcam, 
Cambridge, MA, USA) and IL-1β (Cat No. ab214025; 
Abcam, Cambridge, MA, USA), followed by incubation 
with HRP-conjugated detection antibodies (100 mL) for 
1 h at 37°C. After washing for five times, substrates A 
and B were added for further 15-min incubation. Finally, 
the absorbance was measured at 450 nm in a microplate 
reader. A standard curve was produced to quantify the 
concentration of cytokines from different samples.

Transwell assay

To induced cell migration, CoStar Transwell chambers 
(8-μm pore size; Corning, Costar, NY, USA) were used. 
TNF-α-induced HaCaT cells (1 × 105/well) were inocu-
lated in the wells of upper chambers filled with 200-μL 
serum-free DMEM medium, and lower chambers were 
filled with 500-μL medium, which contained 20% fetal 
bovine serum. After incubation at 37°C in 5% CO2 incu-
bator for 24 h, cells on the upper surface of polycarbonate 
membrane were gently removed with a wet cotton swab. 
Cells that migrated to the lower surface of the membrane 
were fixed with 4% paraformaldehyde and stained with 
1% crystal violet. The number of cells was counted with 
a microscope (CKX53, Olympus, Japan), and the images 
were captured. 

Western blotting assay

For Western blot analysis, the TNF-α-stimulated HaCaT 
cells were treated with kirenol (50, 100, 200 μg/mL) for 
24 h. Proteins were extracted from the cells grown on 
35-mm culture dishes using the Trizol protein isolation 
method. Bradford’s assay quantified the isolated pro-
teins. The membrane was blocked at room temperature 
for 2 h and incubated overnight at 4°C with the following 
primary antibodies: anti-p65 (ab19870, 1:500; Abcam, 
Cambridge, MA, USA), anti-p-p65 (ab194726, 1:500; 
Abcam, Cambridge, MA, USA), anti-IκBα (ab247825, 

at 37°C for 4 h. After incubation with anti-BrdU anti-
body and peroxidase-conjugated goat anti-mouse 
immunoglobulin G (IgG), successively, 100-mL 3,3′,5,5′- 
Tetramethylbenzidine (TMB) peroxidase substrate was 
added and the mixture was kept in dark at room tem-
perature for 30 min. The absorbance at 450/550 nm was 
obtained using a microplate reader.

Measurement of superoxide dismutase (SOD) activity 

The mixture containing 0.033-mM etheylenedi-
aminetetraacetic acid (EDTA), 3.3-mM methionine, 
0.33-µg/mL riboflavin and 0.01-mM KCN (Sigma, St. 
Louis, MO, USA) was applied to supernatant. Cuvette 
containing the reaction mixture was placed in a box illu-
minated with 20-W neon lamp for 10 min. One unit of 
SOD enzyme activity is defined as the amount of enzyme 
required for inhibiting the chromogen production (opti-
cal density at 560 nm) by 50% in 1 min under assay con-
ditions and expressed as specific activity in units/min/mg 
protein. 

Measurement of glutathione (GSH) activity

The GSH level was measured by reacting with 5,5’-dith-
iobis(2-nitrobenzoic) acid (DTNB; Sigma, St. Louis, 
MO, USA), producing a yellow-colored compound, 
5’-thio-(2-nitrobenzoic) acid (TNBA). Concentration 
of TNBA was measured at 412-nm wavelength, and the 
amount of GSH was expressed in terms of nmol GSH/
mg protein.

Measurement of catalase (CAT) activity

The CAT activity was determined by splitting H2O2 for 
1  min. The reaction was stopped by dichromate/ace-
tic acid reagent, and the remaining H2O2 was measured 
at 570 nm for chromic acetate. The CAT activity was 
expressed as μmol/L H2O2 decomposed/min/mg protein.

Measurement of malondialdehyde (MDA) activity

The MDA activity was determined by a Lipid 
Peroxidation MDA assay kit (Beyotime Institute of 
Biotechnology, Haimen, China) as recommended by the 
manufacturer. After treatment with kirenol (50, 100, 200 
μg/mL) for 24 h, HaCaT cells were harvested, lysed by 
cell lysis buffer and centrifuged at 12,000 g for 15 min at 
4°C. The obtained supernatant was reacted with thiobar-
bituric acid, and the reaction products were measured 
with a microplate reader at 532 nm. Total protein level 
was determined by BCA protein detection kit (Beyotime 
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Results

Kirenol restrained TNF-α-induced proliferation of HaCaT 
cells in a dose-dependent manner 

Cultured human keratinocytes were first treated with 
10-ng/mL TNF-α for 48 h to simulate the epithelial 
state of psoriasis. The proliferation of HaCaT cells 
was detected by CCK-8 and BrdU assays to verify the 
effects of kirenol on TNF-α-induced proliferation of 
HaCaT cells. Then HaCaT were incubated with the fol-
lowing gradient concentrations of kirenol: 50, 100 and 
200 μg/mL for 24 h. The following five groups were 
used in the experiment, including the control group: 
TNF-α group, TNF-α + kirenol (50 μg/mL) group, 
TNF-α + kirenol (100 μg/mL) group and TNF-α + kire-
nol (200 μg/mL) group. Figure 1A shows that kirenol 
concentrations of 50, 100 and 200 μg/mL were non-
toxic to HaCaT cells. The CCK-8 assay results indicated 

1:1000; Abcam, Cambridge, MA, USA), anti-p-IκBα 
(9246, 1:500; Cell Signaling, Boston, Massachusetts, USA) 
and anti-GAPDH (ab8245, 1:1000; Abcam, Cambridge, 
MA, USA), following brooding for IgG horseradish per-
oxidase (HRP)-conjugated secondary antibody at room 
temperature for 1 h. At this point, the particular proteins 
were distinguished by improved chemiluminescence 
(Invitrogen, Carlsbad, CA, USA) according to manufac-
turer’s instructions. 

Statistical analysis

The mean ± standard deviation (SD) was calculated for 
each experimental group. Statistical comparisons of the 
data were analyzed using the SPSS software (SPSS 26, 
Chicago, IL, USA). Student’s t-test was used to compare 
the two groups. Differences between the groups were sta-
tistically significant (P < 0.05). 
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Figure 1. Kirenol inhibited TNF-α-induced proliferation of HaCaT cells in a dose-dependent manner. (A) Kirenol at concen-
trations of 50, 100 and 200 µg/mL was nontoxic to HaCaT cells. (B) Kirenol reduced cell viability in a dose-dependent manner. 
(C) Kirenol increased BrdU positive cells in a dose-dependent manner. (D) The percentage of cells with BrdU-positive (BrdU+) 
staining was determined. **P < 0.01 vs. control; ***P < 0.001 vs. control; #P < 0.05, ##P < 0.01 vs. TNF-α alone. TNF-α: tumor necro-
sis factor-α. 
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Kirenol inhibited oxidative stress in TNF-α-stimulated 
HaCaT cells 

Oxidative stress is the main factor for psoriasis. Therefore, 
oxidative stress assay was performed and the results dis-
played that TNF-α increased MDA but decreased SOD, 
CAT and GSH, indicating that TNF-α stimuli promoted 
oxidative stress. However, application of kirenol signifi-
cantly decreased the level of MDA but increased the lev-
els of SOD, CAT and GSH in a dose-dependent manner 
(Figure 3). Collectively, kirenol inhibited oxidative stress 
of HaCaT cells.

Kirenol suppressed TNF-α-induced migration  
of HaCaT cells 

In order to investigate the role of kirenol (50, 100, and 
200 μg/mL) in the process of TNF-α-induced migration 
of HaCaT cells, we further assessed its migration capacity 
utilizing Transwell assay. Correspondingly, the Transwell 
migration assay demonstrated that TNF-α enhanced the 
migratory ability of HaCaT cells compared to the control 
group. However, it was markedly suppressed by kirenol 
in a dose-dependent manner. The results established 

that kirenol markedly inhibited the viability of HaCaT 
cells in a dose-dependent manner in comparison to 
the control group (Figure 1B). In addition, the BrdU 
assay illustrated that TNF-α-induced proliferation of 
HaCaT cells was significantly suppressed by kirenol 
in a dose-dependent manner compared to the control 
group (Figure 1C). 

Kirenol improved TNF-α-induced inflammation  
of HaCaT cells 

In order to determine the impact of kirenol (50, 100, 
and 200 μg/mL) on TNF-α-induced inflammation of 
HaCaT cells, ELISA was performed to measure inflam-
matory cytokines associated with the development of 
inflammation, such as IL-6, IL-8, IL-22 and IL-1β. The 
ELISA data revealed that compared with the control 
group, the expressions of inflammation factors were 
significantly increasing in the TNF-α alone group. In 
contrast, they were reduced considerably by kirenol 
in a concentration-dependent manner. The results 
revealed that kirenol improved TNF-α-induced inflam-
mation of HaCaT cells in a dose-dependent manner 
(Figure 2). 
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Figure 2. Kirenol alleviated TNF-α-induced inflammation of HaCaT cells. Kirenol decreased the levels of Interleukin-8 (IL-8), 
IL-1β, IL-6, and IL-22. ***P < 0.001 vs. control; #P < 0.05 vs. TNF-α alone, ##P < 0.01 vs. TNF-α alone, and ###P < 0.001 vs. TNF-α 
alone. 
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its effects of both inhibiting cell activity and migratory 
capacity by decreasing the activation of NF-κB pathway. 

Discussion

Psoriasis is an extremely complicated pathophysiologi-
cal process, and the primary pathological characteristics 
incorporate the inordinate proliferation of keratino-
cytes and local inflammatory response (Callis Duffin et 
al., 2017; Cooper, 1990). Currently, the mechanism of 
etiology and pathogenesis of psoriasis remain unclear. 
As reported, kirenol has various medicinal properties, 
including antibacterial, antiviral, anti-inflammatory, anti-
arthritic as well as anti-adipogenesis effects ( Kim et al., 
2014b; Lu et al., 2012; Ren et al., 2020; Wang et al., 2012). 
Accumulating evidence has proved the biological effects 
of kirenol on a wide range of cells. For instance, its abil-
ity to inhibit cell proliferation and differentiation induces 
cell apoptosis and alleviates inflammatory response 
(Wang et al., 2021b; Wu et al., 2019). However, whether 
kirenol affects psoriasis remains fully understood. The 
present study found that kirenol inhibited TNF-α-
induced phenotypes of HaCaT cells by modulating the 
NF-κB pathway. 

TNF-α-induced inflammation had been previously 
proved (Choi & Hwang, 2019). It has been reported by 

that kirenol suppressed the TNF-α-induced migration of 
HaCaT cells in a dose-dependent manner (Figure 4). 

Kirenol decreased the activation of NF-κB pathway in 
TNF-α-stimulated HaCaT cells 

NF-κB pathway was related to various pathological and 
physiological changes such as cell proliferation, immu-
nity as well as inflammation. For one thing, accumulating 
evidence has been reported that NF-κB pathway exhibits 
a vital role in TNF-α-induced proliferation and migration 
of HaCaT cells. For another, the inflammatory factors 
such as IL-1β and IL-6 critically rely on the activation 
and nuclear translocation of NF-κB. Therefore, we specu-
lated that kirenol performs its function by regulating the 
NF-κB pathway. To further validate the molecular mech-
anism by which kirenol (50, 100, and 200 μg/mL) projects 
in the cell, we measure the levels of NF-κB pathway-re-
lated proteins such as p65, p-p65, IκBα and p-IκBα. The 
TNF-α-induced HaCaT cells were lysed in RIPA buffer, 
which contained phosphatase inhibitors as well as pro-
tease, and then analyzed by Western blotting assay. The 
Western blotting assay established that the phosphoryla-
tion levels of p65 and IκBα, and p-p65–p65 and p-IκBα–
IκBα ratios increased markedly, and kirenol reduced 
their phosphorylation levels in a dose-dependent manner 
(Figure 5). This finding demonstrated that kirenol exerted 
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Figure 3. Kirenol inhibited the oxidative stress in TNF-α-stimulated HaCaT cells. Kirenol decreased the level of MDA but 
increased the levels of SOD, CAT, and GSH in a dose-dependent manner. ***P < 0.001 vs. control; #P < 0.05 vs. TNF-α alone, ##P < 
0.01 vs. TNF-α alone, and ###P < 0.001 vs. TNF-α alone. TNF-α: tumor necrosis factor-α; MDA: malondialdehyde; SOD: superox-
ide dismutase; CAT: catalase; GSH: glutathione.
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and representative images of the HaCaT cell migration assay. ***P < 0.001 vs. control; ###P < 0.001 vs. TNF-α alone. TNF-α: tumor 
necrosis factor-α. 
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Figure 5. Kirenol inhibited the activation of NF-κB pathway in TNF-α-induced HaCaT cells. Kirenol prevented TNF-α-induced 
activation of HaCaT cell in NF-κB signaling pathway. Western blotting assay was performed to detect the expression of p-p65, 
p65, p-IκBα, and IκBα in HACaT cells. Expression of p-p-65 relative to p65, p-p-IκBα relative to IκBα, and p65 or IκBα relative 
to GAPDH. ***P < 0.001 vs. control; #P < 0.05 vs. TNF-α alone, ##P < 0.01 vs. TNF-α alone, and ###P < 0.001 vs. TNF-α alone. TNF-α: 
tumor necrosis factor-α; I-κBα: inhibitor of NF-κB; p-IκBα: phosphorylated (p)-inhibitor of NF-κBα. 

a previous study that TNF-α stimulation considerably 
improved the viability of HaCaT cells and upregulated 
inflammatory factors such as IL-8, IL-1β, IL-6 and IL-22 
(Na Takuathung et al., 2017). A recent study has found 
that the levels of cytokines, including IL-1α/β, IL-6 and 
IL-8, were remarkably upregulated after TNF-α stimuli, 

indicating that TNF-α induced significant inflammatory 
response in HaCaT cells. Mevastatin was also demon-
strated to alleviate inflammation ( Kim et al., 2021). 
Meanwhile, the expression of inflammatory factors in the 
supernatant of TNF-α-stimulated cells was significantly 
down-regulated by kirenol. The results of ELISA assay 
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Generally speaking, the present study discovered that 
kirenol activity for human keratinocytes played a protec-
tive role by inhibiting cell viability and migration as well 
as inflammatory response through NF-κB signaling path-
way in vitro. However, some limitations associated with 
the study must be mentioned. For one thing, the main 
limitation is that the study focused more on the results of 
in vitro examination without in vivo and clinical analysis, 
which must be attained in the future investigation. For 
other thing, whether the effects of kirenol on NF-κB sig-
naling pathway were direct or indirect must be identified. 

Conclusion

To sum up, the study revealed for the first time the effects 
of specific concentrations of kirenol on the prolifera-
tion, migration and inflammation of TNF-α-stimulated 
HaCaT cells. Even more profound is the revelation of 
possible mechanisms of signaling pathways in the effi-
cacy of kirenol. The findings of the study suggest that 
kirenol is conducive to improving the clinical symptoms 
of psoriasis, and could be a new therapeutic strategy to 
treat the scaly skin disease. 
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