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Abstract

Background: The regulation of p27 in the pyroptosis of cartilage cells still needs to be further clarified. We
aimed to explore the regulation of p27 on the pyroptosis of cartilage cells and to reveal the improvement of
osteoarthritis.

Methods: Chondrocytes were collected and isolated from patients with osteoarthritis (average age 58.64 *
4.32) in Xuzhou Third People's Hospital, China in 2019, and healthy volunteers (average age 58.23 + 3.91) were
enrolled as the control group. mRNA expression levels of p27 and pyroptosis-related proteins (NLRP3, ASC,
total caspasel and cleaved-Caspasel) were detected by Western blot and real-time PCR. Cell activity, total num-
ber of cells and number of dead cells were calculated with CCK-8, MTT. And the regulation of p27 on the
pyroptosis of cartilage cells was verified with overexpression and knockdown of p27 in cartilage cells.

Results: In cartilage cells of patients with osteoarthritis, the transcription and translation levels of pyrolysis-
related genes (NLRP3, cleaved-caspase 1, and ASC) significantly increased (P<0.01). p27 expression was up-
regulated and positively correlated with the changing trend of pyrolysis-related proteins (P<0.01). Overexpress-
ing p21 genes in normal cartilage cells significantly increased the expression of pyrolysis-telated proteins
(P<0.01).

Conclusion: The pyroptosis of cartilage cells is causally related to the process of osteoarthritis, and can be
regulated by transcription factor p27, which is a potential therapeutic target for osteoarthritis.
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Introduction

As a chronic degenerative joint disease, osteoar-
thritis can affect almost all large and small joints
in the body, with multiple complex pathogenic
factors, which further leads to joint damage. The
symptoms of osteoarthritis include pain, short
morning stiffness, and a feeling of stumbling
while walking, The characteristics of end-stage

osteoarthritis are physical instability and disability,
which have a significant negative impact on quali-
ty of life (1). However, there is currently a lack of
effective and curable treatment options for oste-
oarthritis. It poses significant challenges to the
clinical treatment of osteoarthritis due to the
constantly changing pathophysiological processes
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and various pathogenic factors.

Inflammatory factors are upregulated during os-
teoarthritis mainly through signal transduction,
including nuclear factor »B (NF-»B), mitogen-
activated protein kinase, and other inflammations
and stress-induced pathways (2). Osteoarthritis is
still considered to be a kind of all-articular dis-
eases associated with pathological changes in all
involved tissues. The pathology changes of oste-
oarthritis include progressive loss and destruction
of cartilage, subchondral sclerosis, osteophyte
formation, varying degrees of synovial inflamma-
tion, degeneration of ligaments and meniscus,
and hypertrophy of the entire articular capsule,
which may be closely related to pain in osteoar-
thritis. Articular cartilage is a highly specialized
tissue, the survival of cartilage cells playing an
important role in the maintenance of cartilage
matrix and the integrity of joints. In patients with
osteoarthritis, the decrease in the number of car-
tilage cells is a key evidence of cartilage cell death
as an important factor in the progression of os-
teoarthritis (3).

Pyroptosis is a proinflammatory cell death trig-
gered by inflammatory corpuscles, which will in-
duce cell rupture and release cell contents, similar
to necrosis, associated with development, home-
ostasis, and senescence of cells (4,5). Therefore,
it is of great significance to determine the role of
pyroptosis of cartilage cells in osteoarthritis and
to explore its regulatory mechanism for the
treatment of osteoarthritis. Transcription factor
p21 is an important regulator involved in a variety
of physiological and pathological processes.
There has no clear study on the pyroptosis of
cells, especially cartilage cells.

We aimed to explore the pyroptosis levels of car-
tilage cells in patients with osteoarthritis, and to
verify the regulation of transcription factor p27
on the pyroptosis of cartilage cells.

Methods

Primary culture of human cartilage cells
Chondrocytes in tissue specimens were collected
from 28 patients who underwent the surgery of
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joint replacement for osteoarthritis and 10 pa-
tients with traumatic amputation. Their average
age was 58.04 * 4.32 yr, with 26 males and 12
females. A control group consisting of 10 age-
matched healthy volunteers (average age 58.23 £
3.91, 7 males and 3 females) were also enrolled.
All the participants were admitted to Xuzhou
Third People's Hospital (Xuzhou, China) from
January 2019 to January 2020, with signed in-
formed consent.

This study has been approved by the Ethics
Committee of Xuzhou Third People's Hospital
(Approval No. 2019-03-005-K01).

Human normal cartilage cells and osteoarthritis
cartilage cells were isolated and cultured accord-
ing to the methods of primary culture in previous
studies. Specific methods are outlined below:
Cartilage tissues were immediately put into asep-
tic PBS solution after collecting on ice-bath, and
quickly transferred to a super clean table. Then,
the processed cartilage tissues were added into a
new petri dish, and PBS containing double anti-
penic streptomycin was added to remove the
synovium, fat and ligaments on cartilage tissues,
followed by three times of washing. The above
cartilage tissues were cut into fragments about 1
mm3 with an ophthalmic scissors, with 2 mL
trypsin added, and digested at 37 °C for 30min.
The digestion suspension was centrifuged in the
centrifugal machine at 1000 rpm for 5 min, then
the supernatant was discarded, and 2 mL colla-
genase was added after washing with PBS. After
digestion overnight, the suspension was filtered
in a 70-pm cell filter, and then centrifuged again
at 1000 rpm for 5 min. After repeating the cen-
trifugation once, the precipitate was resuspended
by adding DMEM-F12 medium containing 10%
FBS and 1% double resistance to penicillin strep-
tomycin, and inoculated in petri dishes after be-
ing beaten and mixed, and put into constant-
temperature incubator for incubation. The solu-
tion was changed every 2 days, and the cells were
digested and passed with trypsin when 80% ~
90% of the cells were covered with the plate bot-
tom. The cells of the 3rd ~ 5th generation were
collected for subsequent experiments.
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RNA extraction and gPCR amplification

Total RNA was extracted from cells with TRIzol
reagent (Invitrogen, USA). Total RNA was ex-
tracted from cartilage cells with TRIzol reagent.
P21 and the levels of pyroptosis-related factors
(ASC and NLRP3) were detected by SYBR
Green method and ABI 7500fast real-time PCR

system (Applied Biosystems, USA) with high-
volume cDNA reverse transcription kit (Applied
Biosystems, Cargo No.: 4368814) according to
the instructions. As internal control, the primer
sequences of GAPDH are shown in Table 1. All
experiments  were repeated three  times.

Table 1: Primer sequences of GAPDH

Gene Primer Sequence
p21 F: 5- GAGGGCAAGTACGAGTGGCAA3Z'
R: 5'- CTGCGCATTGCTCCGCTAACC3
NIRP3 F: 5'- CAACCTCACGTCACACTGCT3'
R: 5- TTTCAGACAACCCCAGGTTC-3'
ASC F: 5'- CTGACGGATAGAGCAGTACCA3'
R: 5'- CAGGATGATTTGGTGGGATT3'
GAPDH F: 5'- CCACCCATGGCAAATTCCATGGCA3'

R: 5'- TCTAGACGGCAGGTCAGGTCC3'

Western blot analysis

The steps of protein extraction and western blot
analysis were performed with reference to litera-
ture. Antibody: p27 (1:1000 diluted, ab109520,
abcam, USA), NLRP3 (1:1000 diluted, ab263899,
abcam, USA), total caspase 1 (1:1000 diluted,
ab179515, abcam, USA), cleaved-caspase 1
(1:1000 diluted, Asp297, CST, USA), ASC
(1:1000  diluted, ab151700, abcam, USA),
GAPDH (1:1000 diluted, ab8245, abcam, USA).
The related detection was performed with poly-
clonal goat anti-rabbit antibody (Cell Signaling
Technology) and Western blotting detection sys-
tem (Odyssey).

Cellular transfection

Cartilage cells were inoculated into 6-well plates
with a density of 2x10°cells/holes. Before trans-
fection, the serum-free medium was cultured for
24 h. According to the instructions, 100 nM
pcDNA3.1p27 plasmids were transfected with
Lipofect 2000 transfection reagent, with the
pcDNA3.1 vectors, which were taken as the con-
trol group. p27 knockdown siRNA and its nega-
tive control (Negative control, NC) were pur-
chased from Santa cruz biotechnology (Cargo
No.: sc-29428, USA), with NC sequences
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CUACAACAGCCACAACGUCATAT. The
transfection operation was conducted according
to the product specification. After transfection
for Oh, the transfected medium was replaced with
the conventional medium. After transfection for
48h, the cells were harvested and used in vitro
experiments.

Cell proliferation and cell count

Cartilage cells were inoculated at 96-well plates
after transfection for 48h, CCK-8 reagent or try-
pan blue reagent (10pL/ holes) was added to
each hole, and then incubated continuously for 4
h. After that, the optical density values (OD 450
nm) and the number of cells were measured by
ELIASA or cell counter. All experiments were
repeated three times.

Statistical analysis

All the results were expressed as mean * stand-
ard errors (S.E.M). The statistical comparison
was carried out by one-way ANOVA between
the two groups, and P <0.05 means that the dif-
ference was statistically significant. Data analysis
was performed with GraphPad Prism 7.0 soft-
ware. Correlation analysis was conducted with
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regression analysis, correlation coefficient was
expressed with £°.

Results

Pyroptoses levels of cartilage cells in patients
with osteoarthritis increased significantly

A

Relative mRNA level of NLRP3

Ctrl OA

The differences in the expression of Nlrp3 and
Asc in cartilage cells between the two groups are
shown in Fig. 1. The pyrolysis levels of cartilage
cells in patients with osteoarthritis significantly
increased, suggesting that cartilage damage during
osteoarthritis was significantly associated with the
pyrolysis upregulation of cartilage cells (P<0.01).
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Fig. 1: Changing expression of pyroptosis-related proteins of cartilage cells in patients with osteoarthritis
Note: A-B: mRNA levels of pyroptosis-related genes, Nlrp3 and Asc, of cartilage cells in each group was detected by
real-time method, n=5, **P<(.01

p21 expression of cartilage cells in patients
with osteoarthritis was positively correlated
with the pyroptosis levels of cartilage cells
P21 expression levels in normal cartilage cells and
osteoarthritis cartilage cells were shown in Fig.
2A. mRNA expression of cartilage cells in pa-
tients with osteoarthritis was significantly up-
regulated (P<0.01). A correlation analysis of p27
expression with the levels of pyroptosis-related
factors was performed, with the results shown in
Fig. 2B-E. p21 was positively correlated with the
mRNA and protein levels of NLRP3, c-caspase
1, and ASC, namely, p27 was positively correlated
with the pyroptosis of cartilage cells, suggesting
that p27 can be an important regulatory factor to
mediate the pyroptosis of cartilage cells.
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Overexpression of transcription factor p21 pro-
moted the pyroptosis of cartilage cells

As shown in Fig. 3 A-C, after transfection, p27
overexpression vectors significantly increased the
mRNA and protein levels of p27 in cartilage cells,
and the feasibility of transfection efficiency was
verified. p27 overexpression significantly in-
creased the mRNA and protein levels of NLRP3,
c-caspase 1, and ASC in cartilage cells. Cell activi-
ty and number of cartilage cells significantly de-
creased (Fig. 3D,E), while cell death was signifi-
cantly upregulated in the overexpression group

(Fig. 3F).
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Fig. 2: Trends in exptession of transctiption factor p21 positively correlated with the pyroptosis of cartilage cells
Note: A: Expression levels of p27 in normal cartilage cells and osteoarticular cartilage cells were detected with real-time PCR
method, n=5, ** P<0.01; B-E: Correlation between p27 and the pyroptosis-related factors of cartilage cells was analyzed by re-
gression curve, with the correlation degree presented by r2, n=10
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Fig. 3: p21 overexpression significantly increased pyroptosis levels of cartilage cells
Note: A, B: Transfection efficiency of p27 overexpression vectors were verified with Western blot, real-time PCR method, n=>5,
*#%P<0.001; C-E: Levels of NLRP3, caspase 1, and ASC in cartilage cells of each group were detected by Western blot method,
n=>5, **P<0.001; G, H: Levels of Nlrp3 and Asc in cartilage cells of each group were detected by Nlrp3, of the pyroptosis of
cartilage cellsrelated genes in cartilage cells of each group were detected with real-time method, n=5, ***P<0.001; I-K: Cell activ-
ity, cell number and number of dead cells were detected with CCK-8 and trypan blue staining, n=5, ***P<(.001
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Knockdown of transcription factor p21 inhibited
the pyroptosts levels of cartilage cells in patients
with osteoarthritis

As shown in Fig. 4A-C, the transfection of si p27
significantly decreased p27 expression level, sig-
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nificantly inhibited the pyroptosis-related factors
of cartilage cells, enhanced cell activity and quan-
tity (Fig. 4D,E), and reduced the number of dead

cells (Fig. 4F).
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Fig. 4: Knockdown of transcription factor p21 inhibited the pyroptosis levels of osteoarthritis cartilage cells
Note: A,B: The transfection efficiency of p27 knockdown was checked with Western blot, namely, real-time PCR
method, n=5, ***P<0.001; C-E: Levels of NLRP3, caspase 1, and ASC in cartilage cells of each group were detected
by Western blot method, n=5, ***P<0.001; G,H: mRNA levels of the pyroptosis of Nlrp3 and Asc in cartilage cells
of each group were detected with real-time PCR method, n=>5, ***P<0.001; I-K: Cell activity, cell number and num-
ber of dead cells were detected with CCK-8 and trypan blue staining, n=5, ***P<0.001

Discussion

Metabolic disorders, aging, infectious joint dis-
eases and damages are major risk factors for os-
teoarthritis, which can induce cartilage tissues to
generate various types of DAMPs or PAMPs,
including adipokines, microcrystals, and uric acid,
exacerbating the incidence of osteoarthritis (6,7).
Transcription factor Cbfal can promote osteo-
blast differentiation and chondrocyte maturation,
while Cbf B in cartilage cells can mediate carti-
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lage cell differentiation by regulating downstream
Runx3 (8,9). Articular cartilage cells are used as
therapeutic targets for repairing joint degenera-
tion (10-14). Cartilage degeneration may be
caused by the decrease of cartilage cells in articu-
lar cartilage tissues of the elderly, and cannot
propetly regenerate and remodel the cartilage
(15). However, the apoptosis of cartilage cells is
contradictory in the pathogenesis of osteoarthri-
tis, with the apoptosis level varying from less
than 1% to about 20% (16,17). It suggested that
in addition to the apoptosis of cartilage cells,
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there may be other procedural death processes.
Inflammatory corpuscles consist of NLRP3,
ASC, and caspase 1 (18), suggesting that the py-
roptosis of cartilage cells may be closely related
to the pathological changes associated with oste-
oarthritis. In addition, pain in osteoarthritis is
associated with the severity of inflammation, es-
pecially in cartilage tissues, indicating that the oc-
currence of the pyroptosis of cartilage cells fur-
ther promotes inflammatory factors, mediating
pain in osteoarthritis. So far, a small number of
studies have focused on the role of inflammatory
corpuscle NLRP3 in the pathogenesis of osteo-
arthritis. A lot of evidence suggested that
NLRP3 is a potential marker for other diseases,
such as atherosclerosis, gout, and colorectal can-
cer. Therefore, the study on the relationship be-
tween NLRP3 and osteoarthritis has important
significance.

Cartilage degeneration is the most common
pathological change in osteoarthritis. Patients
have metabolic disorders, aging, infectious joint
diseases and damages, and so on in cartilage tis-
sues. The joint tissues of them can generate poly-
type DAMPs or PAMPs, including adipokines,
microcrystals, and uric acid. Metabolic disorders
are associated with the pathogenesis of osteoar-
thritis. Obesity is an important risk factor for the
occurrence and progression of osteoarthritis. Ad-
ipokines is a kind of metabolic factors associated
with obesity, which has been shown to induce
cartilage degeneration. Leptin, a adipokine, ad-
versely affects the proliferation of cartilage cells
by increasing IL-1f and MMPs. In addition,
obese people have lower circulating 25-
hydroxyvitamin D, which is positively related to
the development and deterioration of knee oste-
oarthritis, including cartilage cell death and in-
creased pain. Adipose tissue macrophages (ATMs)
exhibit proinflammatory M1 phenotypes in obese
conditions, and showed M2 dominance under
normal conditions. Proinflammatory ATMs pro-
duce tumor-promoting cell factors, inlcuding
TNF-o, IL-18, IL-6, IL-8, 1L-18 and IL-32,
which can be a source of local and systemic pro-
inflammatory mediators.

Factors such as oxidized low density lipoprotein
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and cholesterol can activate inflammatory cot-
puscle NLRP3. Obesity promotes the pyroptosis
of cartilage cells by promoting the release of in-
flammatory corpuscle NLRP3, which may be as-
sociated with osteoarthritis progression. Besides,
obese people also have elevated levels of lipopol-
ysaccharide in their blood, which activates caspa-
se-4/5/11. Caspase causes inflaimmatory chon-
drocyte death at systemic and tissue levels
through atypical inflammatory corpuscles, result-
ing in the increase of inflammatory cartilage cell
death and cartilage loss. Microcrystals, including
basic calcium phosphate, calcium pyrophosphate
and uric acid, are considered as a "danger signal".
BCP crystals have been found in knee and hip
joints of patients with osteoarthritis, which can
drive osteoarthritic cartilage lesions associated
with pyrotosis by activating NLRP3 and releasing
IL-1B from macrophages.

Past reports indicate that IL-36, a member of the
IL-1 cell factor subfamily, plays a key role in in-
flammatory disease by stimulating the expression
of inflammatory mediators in synovial fibroblasts
and articular chondrocytes. Aging is also an im-
portant risk factor for many chronic diseases, as
older people are more vulnerable due to reduced
immune and metabolic activity. There is a highly
critical event during aging, the first is the accumu-
lation of moisture and activation of inflammato-
ry corpuscle NLRP3, which are stimulated by
endogenous by-products and then the by-
products were recognized by PRRs in macro-
phages, triggering chronic inflammation. In turn,
chronic inflammation plays an important role in
the progression of metabolic disorders, such as
obesity, gouty osteoarthritis, and atherosclerosis.
Under the stimulus of DAMPS, macrophages
around cartilage undergo necrosis after DAMPs
or PAMPs activate caspase-1 and release inflam-
matory corpuscles, which increases the release of
cartilage surface IL-13 and IL-18, leading to in-
creased concentration of proinflammatory cell
factors in cartilage cells, further promoting py-
roptosis. These cell factors stimulate cartilage
cells to secrete enzymes that cause cartilage deg-
radation, such as MMP13 and ADAMTS5, result-
ing in cartilage destruction (19).
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Studies on the role of the pyroptosis of cartilage
cells in the pathogenesis of osteoarthritis are in-
complete, lack of strong evidence. p27 is consid-
ered as a cell cycle inhibitor, which can block the
cell cycle by inhibiting cyclin D. Meanwhile, tran-
scription factor p27 have many physiological
functions that involved in many transcriptional,
post-transcriptional and post-translational path-
way regulatory (20), suggesting that p27 can be a
potential target for the treatment of multiple dis-
eases. Previous studies have shown that, both
BRAC1a and BRAC1b activate p27 transcription-
ally in both p53-dependent and non-dependent
ways, and can also regulate p27 expression
through phosphorylation of SMADs. Moreover,
the activation of mitogen-activated protein kinase
(MAPK) kinase pathway contributes to the regu-
lation of TGF-8 by p27. Furthermore, in cancer
cells, High levels of c-myc protein inhibit the
binding of TGF- to SMAD, replacing the acti-
vator from the p27 promoter and thus activated
on p21. Ligase ubiquitination and proteasomal
degradation are two mechanisms that negatively
regulate p53 and p27. MKRNT1 is an E3 ubiquitin
ligase, which increases the degradation of p53
through ubiquitination and reduces the transcrip-
tion of p53 on p21. In addition, MKRNT1 can di-
rectly bind to p27 and degrade p27 in a p53-
independent manner.

A study has reported p27 regulation on pro-
grammed cell death, namely, apoptosis. p27 can
regulate apoptosis in many types of cells. For ex-
ample, it has been reported that p27 overexpres-
sion in breast cancer cell lines reduces cell sensi-
tivity to infrared (IR)-induced apoptosis. Further
experimental studies show that p27 can protect
cells from IR-induced apoptosis by inhibiting
CDKSs. Additionally, p27 plays an important role
in cell cycle progression, expression of DNA re-
pair and apoptosis-regulated genes, including
E2F families, NF-xB, c-myc, STAT, and
p300/CPB. A number of studies have shown that,
P21 plays a key role in tumorigenesis and promo-
tion. The inhibition of apoptosis is the most fa-
mous oncogenic function of p27. The radiation
inhibits p27 expression, reducing tumorigenesis.
C-myc is an important factor involved in apopto-
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sis, cell cycle regulation and differentiation. Stud-
ies have reported that c-myc can inhibit p27.
There are many mechanisms for c-myc inhibiting
p21 functions, such as the interaction of c-myc
with transcription factors such as MIS-1 inhibits
p21 transcription, which blocks p27 functions,
leading to c-myc induction of apoptosis. In addi-
tion, the interaction of p27 with tumor necrosis
factor can inhibit anti-apoptotic proteins, such as
Bcl-2, C-FLIP, Bcl-XL and XIAP, and promote
the induction of apoptosis. p27 can enhance the
anti-apoptotic effect of these transcription fac-
tors by inducing P300/CPB and other transcrip-
tional coactivators. In some recent studies, it has
been observed that p27 is cut by caspase 3, which
can lead to cancer cell apoptosis (21,22). Despite,
the regulation of p27 on the pyroptosis process,
especially in the pyrolysis of cartilage cells during
osteoarticular process is not clear currently.

Conclusion

We focused on the pyroptosis level of cartilage
cells in patients with osteoarthritis. We observed
and found that the pyroptosis levels of cartilage
cells was significantly upregulated in osteoarthritis.
Meanwhile, transcription factor p27 was signifi-
cantly upregulated in osteoarthritis cartilage cells
and regulated the pyroptosis of cartilage cells. In
this study, the role and regulatory factors of the
pyroptosis of cartilage cells in the process of os-
teoarthritis were identified, which provided a new
research basis and potential target for clinical
treatment and pain relief of osteoarthritis.
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