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Abstract. Peptidyl‑prolyl cis/trans isomerase, NIMA‑
interacting 1 (PIN1) has been suggested to be a critical 
regulator in skin‑related diseases. However, the role and 
molecular mechanism of PIN1 in psoriasis remain unclear. 
HaCaT cells were stimulated with five cytokines (M5) to 
induce psoriatic inflammation‑like conditions. Reverse 
transcription‑quantitative PCR and western blotting were 
performed to examine PIN1 expression in M5‑induced HaCaT 
cells. A Cell Counting Kit‑8 assay and 5‑ethynyl‑2'‑deoxy‑
uridine staining were employed to examine cell proliferation. 
Inflammatory factors were evaluated using ELISA kits and 
western blot analysis. Mitochondrial autophagy was examined 
by immunofluorescence staining, western blotting and a JC‑1 
assay. Western blot analysis was adopted to assess the levels 
of psoriasis marker proteins. PIN1 expression was markedly 
elevated in M5‑induced HaCaT cells. Silencing of PIN1 
inhibited M5‑induced hyperproliferation and the inflamma‑
tory response, while it promoted mitochondrial autophagy in 
HaCaT cells. The addition of the mitochondrial autophagy 
inhibitor mitochondrial division inhibitor‑1 reversed the 
effects of PIN1 interference on proliferation, the inflamma‑
tory response and mitochondrial autophagy in M5‑induced 
HaCaT cells. The present study revealed that PIN1 inhibition 
protected HaCaT cells against M5‑induced hyperproliferation 
and inflammatory injury through the activation of mitochon‑
drial autophagy.

Introduction

Psoriasis is a chronic inflammatory skin disease with the 
characteristics of hyperkeratosis, thickening of the stratum 
spinosum and dermal inflammation (1). Psoriasis usually 
contributes to the chronic inflammatory response in the 
joints, nails and other organs (2). The inflammatory response 
increases the incidence of systemic inflammatory diseases and 
may lead to severe arthritic dysfunction (3). In addition, adhe‑
sive inflammation occurs in the collateral ligaments near the 
joints, resulting in frequent spread of the inflammation to the 
nail bed, leading to nail involvement (4). Long‑term chronic 
inflammation may increase the risk of depression of patients 
and is associated with numerous diseases, including hyperten‑
sion, diabetes and metabolic syndrome that pro‑inflammatory 
cytokines and adipocytokines from psoriasis contribute to, 
which markedly lowers the quality of life of most patients 
with psoriasis (3,5). Keratinocytes stimulated by initial trig‑
gers release their own nucleotides and antimicrobial peptides, 
participating in the initiation of psoriasis. After cytokine stim‑
ulation, activated keratinocytes influence the psoriasis process 
in terms of inflammatory infiltration, epidermal prolifera‑
tion, innate immunity and tissue reorganization. In addition, 
keratinocytes also act as amplifiers of psoriatic inflammation 
during the maintenance phase (6). Due to their high prolifera‑
tive capacity, once activated by pro‑inflammatory cytokines, 
keratinocytes can produce abundant chemokines and other 
inflammatory mediators, inducing innate immunity and ampli‑
fying inflammation. Moreover, keratinocytes, together with 
fibroblasts and endothelial cells, accelerate psoriasis plaque 
formation through the activation and proliferation of endo‑
thelial cells and the deposition of extracellular matrix (7,8). 
Thus, keratinocytes serve as the end‑target cells of the local 
immune response in psoriasis and the abnormal proliferation 
and differentiation of keratinocytes promote the psoriatic 
plaques (9).

Hyperproliferation and defective keratinocyte differen‑
tiation in psoriasis may impair epidermal barrier function, 
resulting in the destruction of the protective barrier of the 
skin (10). The main therapeutic drugs for psoriasis include 
biological agents, herbal agents and small molecule targeted 
drugs, which can also cause adverse reactions (11). Therefore, 
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identifying clinical therapeutic drugs with fewer adverse reac‑
tions for the treatment of psoriasis is of great significance.

Peptidyl‑prolyl cis/trans isomerase (PPIase), NIMA‑
interacting 1 (PIN1) belongs to the PPIase family (12). PIN1, 
which has wide existence in living organisms, specifically 
recognizes and binds to phosphorylated serine/threonine 
motifs in proteins, catalyzes cis‑trans isomerization of the 
amide bond therein, and subsequently regulates the bioactivity, 
stability, phosphorylation level and subcellular localization of 
the proteins (13,14). PIN1 activates a series of proteins that 
promote cell proliferation/oncogenesis and also inhibits a 
series of factors that block cell proliferation/oncogenesis (15). 
PIN1 has been suggested to be a critical regulator in the differ‑
entiation, maintenance and proliferation of numerous types of 
stem cells, including totipotent stem cells, neural stem cells, 
dental pulp stem cells and mammary stem cells (16‑18). Since 
the mammary gland also originates from a single epithelial 
layer of ectoderm during embryonic formation, it is similar 
to the skin in terms of the molecular mechanisms of advance‑
ment and pathogenesis (19). A previous study revealed that the 
number of CD24+CD29+ mammary stem cells was reduced, 
the non‑adherent mammospheres formed by cultured stem 
cells in vitro were smaller, and the ability to reconstruct the 
mammary gland was reduced in PIN1 knockout mice (20). In 
addition, the PIN1 protein is widely expressed in skin tissues 
of patients with atopic dermatitis, and PIN1 serves a key role 
in regulating IL‑33 expression in HaCaT cells (21). However, 
PIN1 expression in psoriasis and its role in the advancement 
of psoriasis remain unclear. Therefore, the present study 
was designed to verify the role of PIN1 in five cytokines 
(M5)‑induced HaCaT cells and to clarify the mechanism 
underlying its effects.

Materials and methods

Cell lines. The HaCaT human immortalized keratinocyte 
cell line (cat. no. iCell‑h066; with STR profiling) provided 
by Cellverse Bioscience Technology Co., Ltd. was cultured 
in Dulbecco's modified Eagle's medium (DMEM; Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum (FBS, Gibco; Thermo Fisher Scientific, Inc.) 
and 1% penicillin‑streptomycin at 37˚C with 5% CO2. To 
induce psoriatic inflammation‑like conditions, HaCaT cells 
were exposed to M5 (IL‑17A, TNF‑α, IL‑1α, IL‑22 and 
Oncostatin‑M; final concentration, 10 ng/ml; PeproTech, 
Inc.), followed by the addition of the mitochondrial autophagy 
inhibitor mitochondrial division inhibitor‑1 (Mdivi‑1; 10 µM; 
MedChemExpress) (22,23) for 1 h at 37˚C, while the control 
group received no treatment.

Cell transfection. The specific short hairpin RNA (shRNA/sh) 
targeting PIN1 and the corresponding negative control were 
constructed by Shanghai GenePharma Co., Ltd. HaCaT cells 
were transfected with shRNAs (100 nM) using Lipofectamine® 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) for 48 h 
at 37˚C according to the manufacturer's protocol. The 
sequences were as follows: sh‑NC forward, 5'‑AAC AAG ATG 
AAG AGC ACC AA‑3' and reverse, 5'‑TTG GTG CTC TTC ATC 
TTG TT‑3'; sh‑PIN1‑1 forward, 5'‑GCT ACA TCC AGA AGA 
TCAA‑3' and reverse, 5'‑TTG ATC TTC TGG ATG TAGC‑3'; 

and sh‑PIN1‑2 forward, 5'‑GCC GAA TTG TTT CTA GTTA‑3' 
and reverse, 5'‑TAA CTA GAA ACA ATT CGGC‑3'. After 48 h 
transfection, cells were collected for subsequent experiments.

Cell Counting Kit‑8 (CCK‑8) assay. HaCaT cells were seeded 
into a 96‑well plate at 1x103 cells per well with 100 µl complete 
medium (Gibco; Thermo Fisher Scientific, Inc.) and cultured 
at 37˚C, and 10 µl CCK‑8 solution (Beyotime Institute of 
Biotechnology) was added to each well, After 24 h, plates were 
incubated at 37˚C for 2 h, and then the absorbance at 450 nm 
was measured with Microplate Reader (Bio‑Rad Laboratories, 
Inc.). All experiments were performed in triplicate.

5‑ethynyl‑2'‑deoxyuridine (EdU) assay. Following inoculation 
into 6‑well plates (4x105 cells/well), HaCaT cells were cultured 
at 37˚C overnight. Subsequently, HaCaT cells underwent fixa‑
tion in 4% polyformaldehyde at room temperature for 1 h and 
exposure to 0.5% Triton X‑100 for 15 min at room temperature. 
Cells were stained by Cell‑Light™ EdU Apollo®488 in vitro 
imaging kit (Thermo Fisher Scientific, Inc.) for 20 min at room 
temperature, and subsequently counterstained with DAPI 
(5 µg/ml) for 10 min in darkness at room temperature. The 
positive cells were counted under a fluorescence microscope 
(Nikon Corporation).

ELISA. The levels of IL‑1β, IL‑6, IL‑8 and IL‑23A in super‑
natants from HaCaT cells were examined using ELISA kits 
(cat. no. H002‑1‑2, H007‑1‑1, H008‑1‑1 and H020, respec‑
tively; Nanjing Jiancheng Bioengineering Institute) according 
to the recommended protocols. The optical density value was 
determined using a BioTek microplate reader (BioTek; Agilent 
Technologies, Inc.) at 450 nm.

Immunofluorescence colocalization analysis. Cells that 
were cultured on slides in 6‑well plates (3x105 cells/ml) were 
cultured with MitoTracker Red (500 nM; Invitrogen; Thermo 
Fisher Scientific, Inc.) at 37˚C for 8 min, followed by fixation in 
4% paraformaldehyde for 1 h at room temperature and perme‑
ation with 0.1% Triton‑X‑100 for 15 min at room temperature. 
Subsequently, cells were successively exposed to LC3B anti‑
body (1:1,000; cat. no. ab232940; Abcam) for 1 h at room 
temperature and a fluorescent Alexa Fluor® 488‑conjugated 
goat anti‑rabbit secondary antibody (1:400; cat. no. ab150077; 
Abcam). A fluorescence microscope (Nikon Corporation) was 
used to capture images.

JC‑1 staining. For examination of the mitochondrial 
membrane potential (MMP), JC‑1 staining was implemented. 
Briefly, the collected HaCaT cells were cultured with JC‑1 
(cat. no. 420200‑5MG; MilliporeSigma) for 15 min at 37˚C, 
and then evaluated using a fluorescence microscope. Red fluo‑
rescence represented a potential‑dependent aggregation in the 
mitochondria, reflecting the mitochondrial membrane poten‑
tial. Green emission of the dye represented the monomeric 
form of JC‑1, appearing in the cytosol after mitochondrial 
membrane depolarization. Excitation and emission wave‑
lengths of 514 and 529 nm, respectively, were applied for the 
detection of the monomeric form of JC‑1, while excitation and 
emission wavelengths of 585 and 590 nm, respectively, were 
used to detect the aggregation of JC‑1.
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RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). Total RNA was isolated from sample HaCaT cells 
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). Reverse transcription of first‑strand cDNA was performed 
using PrimeScript RT Master Mix (Takara Bio, Inc.), followed 
by qPCR using the SYBR Premix Ex Taq™ II kit (Takara 
Bio, Inc.) according to the manufacturer's protocol. The PCR 
program was 95˚C for 3 min and 35 cycles of denaturation 
at 95˚C for 30 sec, annealing at 60˚C for 30 sec and extension 
at 72˚C for 1 min, with a final extension step at 72˚C for 7 min. 
The primer sequences used for qPCR were as follows: PIN1 
forward, 5'‑CCG CAG CTC AGG CCG‑3' and reverse, 5'‑GCA 
AAC GAG GCG TCT TCA AA‑3'; and GAPDH forward, 
5'‑GGG AAA CTG TGG CGT GAT‑3' and reverse, 5'‑GAG 
TGG GTG TCG CTG TTGA‑3'. The relative mRNA level was 
normalized to that of GAPDH using the 2‑ΔΔCq method (24).

Western blot analysis. Total protein was isolated from 
HaCaT cells using RIPA buffer (Auragene Bioscience Co. 
BCA Protein Assay kit (Beijing Dingguo Changsheng 
Biotechnology Co., Ltd.) was performed to detect the protein 
concentration according to the manufacturer's instructions. 
A total of 30 µg protein per well were resolved by 10% 
SDS‑PAGE (Bio‑Rad Laboratories, Inc.) and transferred 
to PVDF membranes (MilliporeSigma). Subsequently, 
the membranes were blocked with 5% skim milk for 1 h 
at 25˚C, and successively incubated with primary antibodies 
against PIN1 (1:1,000; cat. no. ab192036; Abcam), keratin 
(KRT)1 (1:1,000; cat. no. ab185628; Abcam), KRT6B 
(1:1,000; cat. no. ab154313; Abcam), cyclooxygenase‑2 
(Cox2; 1:1,000; cat. no. ab179800; Abcam), inducible nitric 
oxide synthase (iNOS; 1:1,000; cat. no. ab178945; Abcam), 
LC3B (1:1,000; cat. no. ab63817; Abcam), Beclin‑1 (1:1,000; 
cat. no. ab207612; Abcam), PTEN induced kinase 1 (PINK1; 
1:1,000; cat. no. ab216144; Abcam), Parkin (1:1,000; 
cat. no. ab77924; Abcam), p62 (1:1,000; cat. no. ab207305; 
Abcam), COX IV (1:1,000; cat. no. ab16056; Abcam) or 
GAPDH (1:1,000; cat. no. ab8245; Abcam) overnight at 4˚C. 
Then, the membranes were incubated with anti‑mouse 
or anti‑rabbit secondary antibodies (cat. nos. sc‑2004 or 
sc‑2005; 1:5,000; Santa Cruz Biotechnology, Inc.). An 
ECL detection system (Amersham; Cytiva) was adopted 
for the visualization of protein bands in accordance with 
the recommended specifications, while the band density 
was semi‑quantified using ImageJ software (version 1.49; 
National Institutes of Health).

Statistical analysis. All experimental data were analyzed 
using SPSS 23.0 software (IBM Corp.) and are presented as 
the mean ± SD from at least three independent experiments. 
For the analysis of differences between two groups, unpaired, 
two‑tailed Student's t‑test was employed, while one‑way 
ANOVA with the Bonferroni post hoc test was adopted for 
comparisons among multiple groups. P<0.05 was considered 
to indicate a statistically significant difference.

Results

PIN1 is highly expressed in M5‑induced HaCaT cells. To 
investigate the role of PIN1 in psoriasis, the expression levels of 

PIN1 in M5‑induced HaCaT cells were first detected. RT‑qPCR 
and western blotting showed that PIN1 expression was signifi‑
cantly upregulated in M5‑induced HaCaT cells compared 
with untreated HaCaT cells (Fig. 1A). Subsequently, PIN1 
was silenced and the transfection efficiency is demonstrated 
in Fig. 1B. Of note, sh‑PIN1‑1 had an improved knockdown 
effect, and thus, was selected for subsequent assays (referred 
to as sh‑PIN1). In addition, sh‑PIN1 also reduced PIN1 expres‑
sion in HaCaT cells treated with M5 (Fig. 1C).

PIN1 silencing inhibits M5‑induced hyperproliferation and 
inflammation in HaCaT cells. To investigate the biological 
roles of PIN1 in M5‑induced HaCaT cells, cell prolifera‑
tion was initially examined using a CCK‑8 assay. As shown 
in Fig. 2A, M5 increased the cell viability, while PIN1 
silencing repressed the proliferation of M5‑induced HaCaT 
cells. Furthermore, EdU staining revealed that M5 increased 
the number of positive‑green cells, which was then reduced 
following transfection with sh‑PIN1 (Fig. 2B). In addition, 
M5 reduced KRT1 levels and increased KRT6 levels, which 
was reversed after silencing of PIN1 (Fig. 2C). ELISA results 
illustrated that the increased levels of IL‑1β, IL‑6, IL‑8 and 
IL‑23A in HaCaT cells due to M5 stimulation were decreased 
by sh‑PIN1 (Fig. 3A). Western blotting indicated the increase 
in the levels of Cox2 and iNOS following M5 treatment, while 
PIN1 silencing had the opposite effect (Fig. 3B).

Knockdown of PIN1 activates M5‑induced mitochondrial 
autophagy in HaCaT cells. As revealed in Fig. 4A, LC3 and 
MitoTraker levels in double‑stained cells were examined 
using an immunofluorescence assay. The data indicated that 
M5 stimulation markedly reduced the levels of LC3 and 
MitoTraker, whereas knockdown of PIN1 reversed the effects 
of M5 on the suppressive levels of LC3 and MitoTraker in 
HaCaT cells. Additionally, M5 stimulation decreased the 
protein levels of LC3II/LC3I, Beclin‑1, PINK1 and Parkin 
(mitochondria), whereas it promoted the production of p62 
and Parkin (cytoplasm). However, the trend was reversed by 
PIN1 silencing (Fig. 4B). Furthermore, JC‑1 staining demon‑
strated that M5 induction increased JC‑1 aggregates, whereas 
it reduced JC‑1 monomers, while PIN1 silencing had the 
opposite effect (Fig. 4C).

PIN1 silencing ameliorates M5‑induced hyperproliferation 
and inflammation of HaCaT cells by activating mitochon‑
drial autophagy. To explore the role of mitochondrial 
autophagy in PIN1 silencing, the mitochondrial autophagy 
inhibitor Mdivi‑1 was used to treat cells. As illustrated 
in Fig. 5A, Mdivi‑1 significantly increased the reduced 
cell proliferation following PIN1 silencing. Consistently, 
EdU staining revealed that the number of positive cells 
was increased after Mdivi‑1 treatment (Fig. 5B). In addi‑
tion, western blotting indicated that the KRT1 levels were 
decreased, while the KRT6 levels were increased following 
treatment with Mdivi‑1 (Fig. 5C). Furthermore, Mdivi‑1 
treatment increased the levels of IL‑1β, IL‑6, IL‑8 and 
IL‑23A in PIN1‑silenced HaCaT cells (Fig. 6A), which was 
consistent with the results of western blotting, which indi‑
cated that the levels of Cox2 and iNOS were increased in 
M5‑induced HaCaT cells transfected with sh‑PIN1 (Fig. 6B).

https://www.spandidos-publications.com/10.3892/etm.2024.12691
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Discussion

Psoriasis results from a combination of genetic and envi‑
ronmental factors, with environmental triggers including 
stress, infections, alcohol, tobacco, drugs and obesity (25). 
Keratinocytes can function as innate immune cells, secreting 
inflammatory factors, especially chemokines, and also 
expressing various pattern recognition receptors, such as 
toll‑like receptors, which are capable of initiating an intrinsic 
immune response, presenting antigens to T cells, and further 
exacerbating inflammatory responses in the skin (26,27).

PIN1 is a unique enzyme that isomerizes the target protein 
proline residues (28). It has been reported that PIN1 down‑
regulated serine/threonine kinase 3 (STK3) by promoting 
its ubiquitination and leads to the dysregulation of Hippo 
signaling, thereby causing carcinogenic signaling and mela‑
noma. Hippo signaling pathway consists of a core kinase 
cascade of STK3, LATS1/2, YAP and TAZ. When STK3 
was downregulated, the Hippo signaling was repressed (29). 
Jeong et al (30) reported that PIN1 stimulation facilitated the 

expression of pro‑inflammatory proteins by triggering NF‑κB, 
cyclic AMP response element‑binding protein (CREB) and 
CCAAT/enhancer binding protein (C/EBP), suggesting that 
PIN1 is a prospective therapeutic target for the treatment 
of rheumatoid arthritis. It has also been reported that PIN1 
inhibitor could improve experimental autoimmune encepha‑
lomyelitis, and reduce inflammation and demyelination of the 
central nervous system, indicating the pivotal role of PIN1 in 
chronic inflammation (31). In the present study, PIN1 expres‑
sion was revealed to be increased in M5‑induced HaCaT 
cells. Silencing of PIN1 had inhibitory effects on HaCaT cell 
proliferation and the inflammatory response. A previous study 
revealed that the natural PIN1 inhibitor Juglone inhibited 
wound healing by promoting skin cell migration via the Rac1/
cell division cycle 42/PAK pathway, and it may be a potential 
candidate for wound healing and skin regeneration (32). In 
addition, the inhibition of PIN1 has been reported to suppress 
the activation of NF‑κB, CREB and C/EBP induced by UVA 
irradiation, which is associated with the malignant transfor‑
mation of epidermal cells (33).

Figure 1. PIN1 is highly expressed in M5‑induced HaCaT cells. (A) The mRNA expression and protein levels of PIN1 in M5‑induced or untreated HaCaT cells 
were detected by RT‑qPCR and western blot analysis. (B) The mRNA expression and protein levels of PIN1 in HaCaT cells transfected with sh‑PIN1 were 
detected by RT‑qPCR and western blot analysis. (C) The mRNA expression and protein levels of PIN1 in M5‑induced HaCaT cells after transfection with 
sh‑PIN1 were detected by RT‑qPCR and western blot analysis. Results are the mean ± SD. *P<0.05 and ***P<0.001. PIN1, peptidyl‑prolyl cis/trans isomerase, 
NIMA‑interacting 1; RT‑qPCR, reverse transcription‑quantitative PCR; SD, standard deviation; shRNA, short hairpin RNA; NC, negative control.
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Activation of vitamin D receptor has been described to 
attenuate venous endothelial cell dysfunction by decreasing 

PIN1‑mediated mitochondrial translocation of p66Shc, 
and thus, reducing mitochondrial reactive oxygen species 

Figure 2. PIN1 silencing inhibits M5‑induced hyperproliferation in HaCaT cells. (A) Cell Counting Kit‑8 assay was used to assess cell viability. (B) EdU 
staining was performed to assess cell proliferation (magnification, x200). (C) The protein levels of KRT1 and KRT6 in HaCaT cells transfected with sh‑PIN1 
were detected by western blot analysis. Results are the mean ± SD. **P<0.01 and ***P<0.001. PIN1, peptidyl‑prolyl cis/trans isomerase, NIMA‑interacting 1; 
KRT, keratin; SD, standard deviation; shRNA, short hairpin RNA; NC, negative control.

Figure 3. PIN1 silencing inhibits M5‑induced inflammation in HaCaT cells. (A) The levels of IL‑1β, IL‑6, IL‑8 and IL‑23A were measured by ELISA. (B) The 
protein levels of Cox2 and iNOS in M5‑induced HaCaT cells transfected with sh‑PIN1 were detected by western blot analysis. Results are the mean ± SD. 
**P<0.01 and ***P<0.001. PIN1, peptidyl‑prolyl cis/trans isomerase, NIMA‑interacting 1; Cox2, cyclooxygenase‑2; iNOS, inducible nitric oxide synthase; 
shRNA, short hairpin RNA; SD, standard deviation; NC, negative control.

https://www.spandidos-publications.com/10.3892/etm.2024.12691
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(ROS) (34). Feng et al (35) demonstrated that the inhibition of 
PIN1 expression markedly decreased mitochondrial transloca‑
tion of p66Shc and subsequent ROS generation and apoptosis, 
thus mitigating intestinal injury and secondary lung injury 
by using superior mesenteric artery occlusion‑induced rat 

I/R model and hypoxia/reoxygenation (H/R)‑induced Caco‑2 
cells. Stress factors such as ROS lead to a gradual accumula‑
tion of mitochondrial DNA mutations, as well as a reduction in 
intracellular MMP and depolarization damage, and ultimately 
lead to cell death (36). Inhibition of PIN1 increases the level 

Figure 4. Knockdown of PIN1 activates M5‑induced mitochondrial autophagy in HaCaT cells. (A) The levels of LC3 and MitoTraker in double‑stained cells 
were measured by immunofluorescence assay (magnification, x200). (B) The protein levels of LC3II/LC3I, Beclin‑1, PINK1, Parkin (mitochondrion), p62 
and Parkin (cytoplasm) in M5‑induced HaCaT cells transfected with sh‑PIN1 were detected by western blot analysis. (C) JC‑1 staining was used to assess 
the mitochondrial membrane potential (magnification, x200). Results are the mean ± SD. *P<0.05, **P<0.01 and ***P<0.001. PIN1, peptidyl‑prolyl cis/trans 
isomerase, NIMA‑interacting 1; Cox, cyclooxygenase; shRNA, short hairpin RNA; NC, negative control; SD, standard deviation.
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of autophagy in senescent cells and cochlear hair cells (37). 
A different study reported that the transfection of SW‑48 

cells with PIN1 small interfering RNA injured cancer cell 
proliferation and migration, while it facilitated apoptosis and 

Figure 6. PIN1 silencing ameliorates M5‑induced inflammation of HaCaT cells by activating mitochondrial autophagy. (A) The levels of IL‑1β, IL‑6, IL‑8 and 
IL‑23A were measured by ELISA. (B) The protein levels of Cox2 and iNOS in Mdivi‑1‑treated HaCaT cells transfected with sh‑PIN1 were detected by western 
blot analysis. Results are the mean ± SD. **P<0.01 and ***P<0.001. PIN1, peptidyl‑prolyl cis/trans isomerase, NIMA‑interacting 1; Cox2, cyclooxygenase‑2; 
iNOS, inducible nitric oxide synthase; Mdivi‑1, mitochondrial division inhibitor‑1; shRNA, short hairpin RNA; SD, standard deviation.

Figure 5. PIN1 silencing ameliorates M5‑induced hyperproliferation in HaCaT cells by activating mitochondrial autophagy. (A) Cell Counting Kit‑8 assay 
was used to assess cell viability. (B) EdU staining was performed to assess cell proliferation (magnification, x200). (C) The protein levels of KRT1 and 
KRT6 in Mdivi‑1‑treated HaCaT cells transfected with sh‑PIN1 were detected by western blotting. Results are the mean ± SD. **P<0.01 and ***P<0.001. PIN1, 
peptidyl‑prolyl cis/trans isomerase, NIMA‑interacting 1; KRT, keratin; Mdivi‑1, mitochondrial division inhibitor‑1; shRNA, short hairpin RNA; SD, standard 
deviation.
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autophagy (38). Taken together, the aforementioned studies 
suggested that PIN1 may regulate mitochondrial autophagy. 
Additionally, sirtuin 3 triggers mitochondrial autophagy in 
HaCaT cells by triggering the FOXO3a/Parkin pathway, thus 
ameliorating TNF‑α‑induced psoriasis (39). The present study 
revealed that PIN1 silencing activated M5‑induced mitochon‑
drial autophagy in HaCaT cells. To verify the function of 
mitochondrial autophagy in the regulation of PIN1 silencing 
in M5‑induced HaCaT cells, the mitochondrial autophagy 
inhibitor Mdivi‑1 was applied to treat cells. The data showed 
that Mdivi‑1 treatment reversed the effects of PIN1 silencing 
on M5‑induced hyperproliferation and inflammation, implying 
the regulatory role of mitochondrial autophagy in M5‑induced 
HaCaT cells. Moreover, the present study did not perform 
animal and clinical studies, which will be involved in future 
experiments to confirm the findings of the present study.

In conclusion, the data demonstrated that PIN1 silencing 
ameliorated the hyperproliferation and inflammation in 
M5‑induced HaCaT cells by triggering mitochondrial 
autophagy, which revealed the potential of PIN1 for the treat‑
ment of psoriasis.
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