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SIRT2 Alleviates Inflammatory Response, Apoptosis, and
ECM Degradation in Osteoarthritic Chondrocytes by
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Background: It has been reported that Sirtuin 2 (S/R72) prevents phosphoenolpyruvate carboxykinase 1 (PCKI) degradation,
which can be involved in aging-induced osteoarthritis (OA), but the molecular mechanism of SIRT2/PCK1 in chondrocytes has
not been clarified. Therefore, this study aims to explore the mechanism of SIRT2/PCK]1 in chondrocyte inflammation.

Method: To establish the OA model in vitro, chondrocytes cultured with interleukin-13 (IL-1/, 10 ng/mL) and manipulation of
SIRT2 and PCKI1 expression in the constructed cells to elucidate the interaction between the two genes. 1,9-Dimethyl-Methylene
Blue (DMMB) was used to detect cellular glycosaminoglycan (GAG) content. Inflammatory factor levels were assessed using
Enzyme-linked Immunosorbent Assay (ELISA). Apoptosis was detected by osmotic dye. The expression of B-cell lymphoma-
2 (Bcl-2), Bel-2 Associated X (Bax), Wnt Family Member 1 (Wntl), catenin Beta 1 (3-catenin), Aggrecan, Collagen II, matrix
metallopeptidase 13 (MMP-13) proteins in cells were analyzed using Western blot.

Results: PCK1 gained lower expressions in OA cell models. Overexpression of PCK1 or SIRT2 in the IL-15 chondrocyte model
of inflammation promoted GAG content, inhibited apoptosis and Wnt/S3-catenin protein expression, and lowered the levels of in-
flammatory factors. PCKI silencing was proved to have the opposite effect. SIRT2 overexpression rescued the increased inflam-
mation, MMP-13 expression, and apoptosis and the decreased Aggrecan and Collagen II expression caused by PCK] silencing.
PCKI1 silencing also reversed the positive effects of SIRT2 overexpression on chondrocytes.

Conclusion: SIRT?2 inhibits articular chondrocyte extracellular matrix (ECM) degradation, inflammatory factor expression, and

apoptosis via PCK1.
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Introduction

Osteoarthritis (OA) is a common chronic degenera-
tive disease [1]. Pathological findings show that cartilage
damage, inflammatory factors, mechanical injury, and ge-
netic factors are the main predisposing factors [2]. Ac-
cording to the statistics of OA patients in 195 countries
worldwide in 2017, more than half of the elderly popula-
tion suffers from various degrees of OA [3]. An impor-
tant pathogenic cause of OA is patient cartilage matrix and
structure changes [4]. The pathogenesis of OA results in the
degradation and metabolic inactivation in the extracellular
matrix (ECM) of chondrocytes and the subsequent trigger-
ing of cellular senescence and apoptosis [5]. The ECM is
mainly composed of Collagen and proteoglycan, and most
of its metabolic alterations are regulated by matrix metal-
loproteinases (MMPs) [6]. Therefore, ECM is also an ex-
tremely important consideration in OA prognostic studies.

Despite several iterations of current treatments for OA [7],
strategies that can target OA to date remain largely ineffec-
tive options.

Previous studies indicated that phosphoenolpyruvate
carboxykinase 1 (PCKI) is involved in important life ac-
tivities such as apoptosis, inflammatory response, tumor
proliferation and invasion, and cancer adipogenesis [8,9].
PCK1 mediates the onset of inflammatory responses [10,
11]. PCK1 expression was found to correlate with the de-
velopment of OA [12], and down-regulation of PCK1 ex-
pression was also demonstrated in a model of OA [13].
Based on these findings, our study focuses on the molec-
ular mechanisms of PCK/ in OA models and looks for its
possibility as a potential therapeutic target. Interestingly,
accumulating evidence suggests that Sirtuin 2 (S/R72) me-
diates the deacetylation of PCK/ and thus controls glucose
metabolism in vivo [14]. Also, Chhabra et al. [15] demon-
strated in obese mice that a reduction in SIRT2 also pro-

Copyright: © 2024 The Author(s). Published by Discovery Medicine. This is an open access article under the CC BY 4.0 license.
Note: Discovery Medicine stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.24976/Discov.Med.202436189.188
https://creativecommons.org/licenses/by/4.0/

moted PCK loss. SIRT2 regulates oxidative stress, lipid
metabolism, and mitochondrial function in disease [16,17].
It has been shown that SIRT2 overexpression will attenu-
ate the inflammatory response in patients with diabetic OA
[18].

Therefore, in this study, we sought to the evidence
that SIRT2/PCK]1 regulates the progression of OA inflam-
mation, which offers new insights and targets for treating
osteoarthritic diseases.

Materials and Methods

Cell Culture

The human chondrocyte cell line CHON-001 was pur-
chased from the American Type Culture Collection (CRL-
2846, ATCC, Rockville, MD, USA) using Dulbecco’s Mod-
ified Eagle Medium (DMEM, 11965092, Gibco, Waltham,
MA, USA) containing 10% fetal bovine serum (FBS,
26140079, Gibco, Waltham, MA, USA) and 1% peni-
cillin/streptomycin (P/S, 15070063, Gibco, Waltham, MA,
USA), and incubated at 37 °C and 5% CO5 for incuba-
tion. An in vitro cellular model of OA was induced us-
ing interleukin-18 (IL-15) to investigate the chondrocyte
inflammatory response further. CHON-001 cell culture
medium was replaced with DMEM containing 10 ng/mL
IL-13 [19] and incubated for 24 h at 37 °C with 5% CO,.
All cells in this study were confirmed negative for my-
coplasma and subjected to short tandem repeat (STR) pro-
file validation.

Plasmid Construction

The overexpression plasmid was created using
pcDNA3.1/Puro-CAG-VSFP-CR (40257, Addgene, Ted-
dington, UK) as the plasmid backbone and negative control
(NC), and the full-length sequences of PCK/ and SIRT2
(Supplementary File 1) were cloned into the plasmid
backbone. Small interfering RNA (siRNA) encoding
oligonucleotides against human PCKI (siPCKI) was
designed with the following targeting sequences:

Forward: 5'-GATCCTTGCCTTGAAGCAAAGAATA-

3/

Reverse: 5'-GATTTCGTCGTAACGAAGAACCATA-
3/

The scrambled target gene siRNA was used as a
negative control (siNC) (A06001, GenePharma, Shanghai,
China).

Cell Transfection

CHON-001 cells were transfected with overexpres-
sion plasmids using the lipofectamine 3000 transfection
kit (L3000150, Invitrogen, Waltham, MA, USA) when
CHON-001 cells were cultivated to 70% confluence. Plas-
mids, liposomes, and Opti-MEM reduced serum medium
(31985062, Gibco, Waltham, MA, USA) were mixed pro-
portionally to form DNA-lipid complexes according to
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manufacturer’s instructions. CHON-001 cells were incu-
bated using this complex at 37 °C in 5% CO2 for 6 h
before replacing it with a DMEM complete medium. 2
pg/mL puromycin (P8230, Solarbio, Beijing, China) was
screened to identify CHON-001 cells transfected with the
target genes, and the expression of the target genes in them
was verified using Quantitative Reverse Transcription-
polymerase Chain Reaction (RT-qPCR).

For transfection of small interfering RNA sequences,
for every 8.4 ng of siRNA, we will use 0.6 um Hieff-
Trans™ in vitro transient transfection reagent (40806ES03,
Yeasenbiotech, Shanghai, China) and 100 pL of serum-free
medium. These reagents will be quickly mixed and in-
cubated at room temperature for 10 min to form siRNA-
PEI cationic nucleic acid complexes. Transfection was per-
formed when CHON-001 cells reached 50% confluence.
Supplemented with a certain complete medium, the cells
were cultured at 37 °C in 5% COs, for 72 h, and target gene
expression was detected using RT-qPCR.

Grouping

Regarding the grouping of cells, cells cultured in the
same batch were randomly divided into 8 groups. Control
group: CHON-001 cells normally cultured with DMEM,;
IL-15 group: CHON-001 cells were cultured with DMEM
containing IL-18 (10 ng/mL); IL-15+NC group: after
transfection with the overexpression negative control plas-
mid, CHON-001 cells were cultured with DMEM contain-
ing IL-13 (10 ng/mL); IL-15+PCK1 group: after transfec-
tion with PCK/ overexpression plasmid, CHON-001 cells
were cultured with DMEM containing IL-15 (10 ng/mL);
IL-18+siINC+NC group: after simultaneous transfection
of siRNA and overexpression negative control plasmid,
CHON-001 cells were cultured with DMEM containing IL-
15 (10 ng/mL); IL-13+NC+siPCKI group: after simulta-
neous transfection of overexpression negative control and
the siPCK/ plasmid, CHON-001 cells were cultured with
DMEM containing IL-1/3 (10 ng/mL); IL-15+SIRT2+siNC
group: after simultaneous transfection of overexpressing
SIRT2? and siRNA negative control plasmid, CHON-001
cells were cultured with DMEM containing IL-13 (10
ng/mL); IL-18+SIRT2+siPCK1 group: after simultaneous
transfection of overexpressing SIRT2 and siPCK1 plasmid,
CHON-001 cells were cultured with DMEM containing IL-
15 (10 ng/mL).

RT-gPCR

The total RNA in the cell was extracted using an
RNA extraction kit (R1200, Solarbio, Beijing, China).
After removing the genomic DNA, reverse transcription
was performed using the cDNA Reverse Transcription Kit
(4368813, Thermo Scientific, Waltham, MA, USA). To
quantify the amplification products of the target genes in
the different tissues and cell lines, reaction systems contain-
ing the amplification primers (Table 1, Ref. [13,18]) and
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Table 1. Primers of RT-qPCR.

Gene Sequence (5' — 37)
PCKI [13] Forward AAAACGGCCTGAACCTCTCG
Reverse ACACAGCTCAGCGTTATTCTC
Forward GGTGAACCAGTTGTGTTGTC
SIRT2 [18]
Reverse CCGTCCTTTCCAGCAGTC
Forward ACAACTTTGGTATCGTGGAAGG
GAPDH [18]
Reverse GCCATCACGCCACAGTTTC

PCK1, phosphoenolpyruvate carboxykinase 1; SIRT2, Sirtuin
2; GAPDH, Glyceraldehyde-3-Phosphate Dehydrogenase; RT-
qPCR, Quantitative Reverse Transcription-polymerase Chain
Reaction.

a mixture of SYBRTM Green PCR Master Mix (4344463,
Thermo Scientific, Waltham, MA, USA) were assayed us-
ing Real-Time PCR Systems (CFX Connect, Bio-Rad, Her-
cules, CA, USA). Glyceraldehyde-3-Phosphate Dehydro-
genase (GAPDH) was also selected as an internal reference
gene, and the expression levels of all the target genes were
normalized and analyzed by 2 =24 relative quantification
[20].

Glycosaminoglycan (GAG) Assay

After lysing the cells using pre-configured lysate (50
mM Tris, pH = 7.9, 10 mM NaCl, 3 mM MgCls, and 1%
Triton X-100 (T8200, Solarbio, Beijing, China)) and pro-
teinase K (P9460, Solarbio, Beijing, China), we prepared
32 mg/L 1,9-Dimethyl-Methylene Blue (DMMB, 341088,
Sigma-Aldrich, St. Louis, MO, USA) solution at room tem-
perature, then diluted it two-fold to obtain the DMMB so-
lution using ethanol/GuHCI formate buffer, and stained the
samples for 30 min, shielding from light. After color devel-
opment, the absorbance at 525 nm was measured under a
microplate reader (E1x808, BioTek, Winooski, VT, USA).
Different dilutions of chondroitin sulfate A were also de-
tected as a standard curve for quantification of GAG in cell
lysates. All steps referred to the previous method [21,22].

Enzyme-Linked Immunosorbent Assay (ELISA)

Cell culture supernatants were collected, and cell de-
bris was centrifuged to quantify interleukin 6 (IL-6, 430507,
BioLegend, London, UK) and tumor necrosis factor-a
(TNF-«, 430207, BioLegend, London, UK) by ELISA kits
according to the manufacturer’s instructions. Briefly, sam-
ples and assay buffer were added proportionally to the
plates provided in the kit. The plates were sealed with a
plate sealer and incubated with shaking at room temperature
for 2 h. Detection antibodies were added and incubated with
shaking at room temperature for 1 h, and Avidin-HRP was
incubated with shaking at room temperature for 30 min. A
substrate solution was added, and the plates were blocked
in the dark for 15 min. Absorbance was measured at 450
nm using a microplate reader (EIx808, BioTek, Winooski,
VT, USA), and the levels were calculated using a standard
curve.

Apoptotic Assay

Cells were fixed using 4% paraformaldehyde (P1110,
Solarbio, Beijing, China) and then stained at room temper-
ature for 30 min with the permeability dye Hoechst 33258
(5 pg/mL, H1398, Invitrogen, Carlsbad, CA, USA). Apop-
totic cells showed a concentrated blue color in the nucleus
as detected by fluorescence microscopy (FSX100, Olym-
pus, Tokyo, Japan) at 100x. We calculated the percentage
of apoptotic cells in 10 photographic fields of view for ex-
perimental accuracy.

Western Blot

After lysis of cell samples using radioimmunoprecip-
itation (RIPA, R0010, Solarbio, Beijing, China) and 1%
phenylmethanesulfonyl fluoride (PMSF, P0100, Solarbio,
Beijing, China), the sample protein solutions were quanti-
fied using bicinchoninic acid protein assay (BSA, 23227,
Thermo Scientific, Waltham, MA, USA). High-molecular-
mass proteins (MW >100 kDa) were separated using 5%
Sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE, P0012A, Beyotime, Shanghai, China),
and smaller molecular proteins were separated using 15%
SDS-PAGE (P0012A, Beyotime, Shanghai, China). Pro-
teins were then transferred to a 0.45 pm nitrocellulose
filter membrane (HATF29325, Millipore, Billerica, MA,
USA). After blocking with 5% skim milk for 1 h at room
temperature, the primary antibodies (Aggrecan, Mouse, 1
pg/mL, ab3778, 250 kDa, Abcam, Cambridge, UK; Colla-
gen II, Rabbit, 1:1000, ab188570, 141 kDa, Abcam, Cam-
bridge, UK; matrix metallopeptidase 13 (MMP-13), Rab-
bit, 1:1000, ab51072, 54 kDa, Abcam, Cambridge, UK;
B-cell lymphoma-2 (Bcl-2), Rabbit, 1:2000, ab182858, 26
kDa, Abcam, Cambridge, UK; Bcl-2 Associated X (Bax),
Rabbit, 1:1000, ab32503, 21 kDa, Abcam, Cambridge,
UK; Wnt Family Member 1 (Wntl), Rabbit, 4 pg/mL,
ab63934, 41 kDa, Abcam, Cambridge, UK; 5-catenin, Rab-
bit, 1:10,000, ab32572, 92 kDa, Abcam, Cambridge, UK;
GAPDH, Mouse, 1:10,000, ab8245, 36 kDa, Abcam, Cam-
bridge, UK) were incubated for 3 h at room temperature
and the secondary antibodies (Goat Anti-Rabbit IgG H&L,
1:10,000, ab205718, Cambridge, UK; Goat Anti-Mouse
IgG H&L, 1:10,000, ab205719, abcam, Cambridge, UK)
were added to incubated for 1 h at room temperature. To
reduce the background noise, the membrane was washed
using Tris-Buffered Saline Tween-20 (TBST, T917680,
Macklin, Shanghai, China). Enhanced chemiluminescence
(ECL) chemiluminescence imager (ChemiDoc, Bio-Rad,
Hercules, CA, USA) was used for detection. After the im-
munoreactive protein bands were detected, the grey values
of all bands were analyzed using ImagelJ (ImageJ 1.8.0, Na-
tional Institutes of Health, Bethesda, MD, USA), and the
grey values of GAPDH were used as an internal reference
to normalize all protein bands.
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Statistical Analyses

Comparisons between multiple groups were made us-
ing One-way ANOVA, and post-hoc tests were performed
using Bonferroni. The Shapiro-Wilk test was used for nor-
mality, and the Levene test was used to test the homogene-
ity of variance. All statistical analyses were realized us-
ing GraphPad Prism (GraphPad Prism 8.4.2, La Jolla, CA,
USA) and considered statistically significant at p < 0.05.

Result

PCK1 Overexpression Inhibited Inflammation and
Apoptosis in Inflammatory Chondrocytes and
Improved ECM Degradation

We used IL-18 incubated with CHON-001 cells
to mimic the pathogenesis of human OA chondrocytes.
PCK1 expression was significantly reduced in IL-153-
treated CHON-001 cells (Fig. 1A, p < 0.001). Moreover,
we found that PCK ] expression was significantly increased
in the IL-18+PCK1 group, compared with the IL-15+NC
group, indicating the PCK/ overexpression plasmid was
successfully transfected (Fig. 1A, p < 0.001). GAG content
was significantly decreased after IL-17 treatment (Fig. 1B,
p < 0.01). PCKI overexpression in IL-1/3-induced cells
would inhibit GAG loss (Fig. 1B, p < 0.05). Consistent
with expectation, IL-6 and TNF-« inflammatory factor lev-
els significantly increased after IL-1 treatment (Fig. 1C,D,
p < 0.001). IL-6 and TNF-« levels were decreased in IL-
15+PCK1 group cells compared to IL-15+NC group cells
(Fig. IC,D, p < 0.001). The destruction of chondrocytes is
also one of the factors contributing to the formation of OA,
so we detected apoptosis by nuclear staining and found that
IL-103 exerted a significant pro-apoptotic effect on chon-
drocytes (Fig. 1E, p < 0.001). This apoptotic effect was
reversed by PCK/ overexpression in IL-1/3-treated chon-
drocytes (Fig. 1E, p < 0.001). These findings indicate that
IL-17 serves as an effective inducer of OA in vitro, and that
PCK1 overexpression can enhance GAG content in inflam-
matory cells, reduce levels of inflammatory factors, and
ameliorate chondrocyte apoptosis.

SIRT?2 Overexpression Inhibited Inflammation and
Rescued ECM Loss Caused by PCK1 Silencing in
Inflamed Chondrocytes

SIRT?2 expression was increased after transfected with
SIRT2 overexpression plasmid (Fig. 2A, p < 0.001), while
PCK]1 silencing had no significant effect on SIRT2 expres-
sion (Fig. 2A). Moreover, PCKI expression was signifi-
cantly down-regulated in IL-15+NC+siPCK/ group cells
compared to IL-15+siNC+NC cells (Fig. 2B, p < 0.01).
Interestingly, we found that PCKI expression was sig-
nificantly upregulated in IL-15+SIRT2+siNC group cells
compared to IL-18+siNC+NC cells (Fig. 2B, p < 0.001).
Further compared to the IL-15+SIRT2+siNC group cells,
PCK1 expression was significantly down-regulated in IL-
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18+SIRT2+siPCK1 group cells (Fig. 2B, p < 0.001). These
data suggest that STRT2 may be an upstream-regulated gene
of PCK 1. Furthermore, we assessed the role of SIRT?2 over-
expression with PCK/ silencing in chondrocytes. PCKI
silencing would decrease the level of GAG (Fig. 2C, p <
0.01); opposite results were shown in overexpressing SIRT2
(Fig. 2C, p < 0.05). PCK]I silencing led to the eleva-
tion of the inflammatory factors IL-6 and TNF-«, whereas
SIRT?2 overexpression would be the opposite (Fig. 2D,E, p
< 0.001). SIRT?2 overexpression would reduce the levels of
inflammatory factors in IL-15+SIRT2+siPCK1 group cells
compared to IL-18+NC+siPCK1 group cells (Fig. 2D,E, p
< 0.001).

To verify the loss of ECM by PCK 1 and SIRT?2, the ex-
periment revealed by Western blot, silencing PCK/ down-
regulated the level of Collagen II and Aggrecan proteins.
It up-regulated the level of MMP-13 protein (Fig. 3B-E,
p < 0.05). Opposite results were shown in overexpress-
ing SIRT? cells (Fig. 3B-E, p < 0.05). Overexpression of
SIRT?2 reversed ECM loss caused by PCK/ silencing in IL-
13-treated chondrocytes (Fig. 3B—E, p < 0.05). Similarly,
in IL-13-treated chondrocytes, PCK1 silencing also abro-
gated the effects of overexpression of SIR72 (Fig. 3B-E,
p < 0.01). These data suggest that PCK/ silencing pro-
motes inflammatory factor expression and ECM degrada-
tion, whereas overexpression of SIRT2 rescues the results
caused by PCK1 silencing.

SIRT2/PCK1 Regulated Inflammatory Chondrocyte
Apoptosis and Expression of the Wnt/[3-Catenin
Protein

To further explore the effects of SIRT2 and PCKI
on chondrocyte apoptosis in an OA cell model, Hoechst
33258 staining and Western blot revealed that by silenc-
ing PCK 1, the apoptosis of inflammatory chondrocytes was
significantly elevated (Fig. 3A, p < 0.001), levels of the
programmed cell death-associated protein Bax were up-
regulated, levels of the anti-apoptotic protein Bcl-2 were
downregulated, and Wntl and [-catenin proteins were sig-
nificantly upregulated (Fig. 3B,F-I, p < 0.01). In con-
trast, overexpression of SIRT?2 resulted in decreased apop-
tosis in inflammatory chondrocytes (Fig. 3A, p < 0.05),
upregulation of Bcl-2 protein, and downregulation of Bax,
Wntl, and S-catenin proteins (Fig. 3B,F-I, p < 0.01).
SIRT?2 overexpression reversed the effect of PCK1 silenc-
ing (Fig. 3A,B,F-1, p < 0.05). Therefore, SIRT2 overex-
pression mitigates the impact of PCK]/ silencing on both
Wnt/3-catenin protein expression and chondrocyte apopto-
sis.

Discussion

OA is a common form of arthritis in the population,
with more than 500 million people diagnosed with OA
throughout the year, according to the 2020 World Health
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Fig. 1. Effect of PCK1 overexpression on inflammatory factor levels and apoptosis rate in inflammatory chondrocytes. (A) RT-
qPCR detection of PCKI expression in a chondrocyte OA model. (B) The detection of GAG content in a chondrocyte OA model by
DMMB staining. (C,D) ELISA detection of pro-inflammatory cytokine IL-6 and TNF-« levels in a chondrocyte OA model. (E) The
detection of apoptosis in a chondrocyte OA model with Hoechst 33258 stained cell nuclei, arrows indicate an apoptotic cell. **p < 0.01,
#%p < 0.001, *p < 0.05; ¥ p < 0.001; * vs. Control, * vs. IL-15+NC, n=3. Abbreviations: OA, osteoarthritis; DMMB, 1,9-Dimethyl-
Methylene Blue; GAG, glycosaminoglycan; ELISA, Enzyme-linked Immunosorbent Assay; IL-6, interleukin 6; TNF-c, tumor necrosis

factor-a; IL-10, interleukin-153; NC, negative control.

Organization statistical analysis [23]. The current patholog-
ical diagnosis of OA is mainly based on the degree of car-
tilage degeneration [24]. Human cartilage contains a large
amount of ECM [25], whose main components are proteo-
glycan and Collagen [26]. In particular, aiming to enhance
the stretching and elasticity of articular cartilage, the Col-
lagen responsible for forming the fibrous network is pre-
dominantly type II Collagen [27]. Proteoglycan, an essen-
tial source of cartilage resistance, is predominantly Aggre-
can, and the basic glycan unit is composed of chondroitin
sulfate glycosaminoglycan (CS-GAG) and keratan sulfate
chains [28]. In addition, as the level of joint inflammatory
factors rises in OA, protease activity increases. The synthe-
sis of Collagen and GAG in the cartilage ECM is degraded
and inhibited by matrix metalloproteinases (e.g., MMP-13)
[29], which diminishes the function and properties of the
ECM [30] and promotes programmed cell death of artic-
ular chondrocytes [31]. The influence of these factors on
each other will create an unstoppable vicious circle, lead-
ing to the rapid deterioration of OA. Thus, early control of
OA is now crucial.

PCK1 is an enzyme that plays a key role in the regu-
lation of gluconeogenesis, and its expression supports dia-
betes, obesity [32], defective mitochondrial function [33],
and fatty liver formation [34]. PCKI with also has anti-
inflammatory activity. It has been shown in hepatitis [35]

that PCK! expression correlates with the induction of in-
flammation. There is also evidence that low expression of
PCK1 will also trigger OA by regulating ECM metabolism,
leading to cartilage matrix degradation [13]. We found at
the cellular level, the assay revealed that the overexpression
of PCK1 in the OA cell model would reverse the action of
IL-18, resulting in a significant increase in the GAG con-
tent and a decrease in the levels of the inflammatory factors
IL-6 and TNF-« and the rate of apoptosis of the inflamed
chondrocytes. The mechanism by which PCK/ undergoes
down-regulation in OA is unclear. Therefore, we explored
the upstream genes of PCK/ in OA action to provide a po-
tential strategy for further application of PCK/ targets in
OA therapy.

Interestingly, we found that overexpression of SIRT?2
increased the PCK1 expression, while PCK/ did not affect
SIRT?2 expression. Lin et al. [14] also indicated that SIRT?2
would target PCK to regulate glycolysis. Moreover, a pre-
vious study showed that PCK [ are substrates of SIRT2 [36].
Acetylation leads to the reduction of PCK1 protein stability,
protein level, and gluconeogenesis. SI/RT?2 is the primary
enzyme responsible for PCK 1 acetylation, and inhibition of
SIRT?2 activity destroys the stability of PCK1 [37]. Thus, it
was illustrated that SIRT?2 stabilizes PCK!. SIRT?2 deacety-
lates p65 and regulates the expression of specific nuclear
factor kappa-B (NF-«B)-dependent genes; silencing SIRT?2
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Fig. 2. SIRT2 overexpression rescued the effect of PCKI silencing on GAG and inflammatory factor levels in inflammatory
chondrocytes. (A,B) RT-qPCR detection of SIRT2 and PCK1 expression in various chondrocyte OA models. (C) The detection of GAG
content in each chondrocyte OA model by DMMB staining. (D,E) ELISA detection of pro-inflammatory cytokine IL-6 and TNF-« levels
in various chondrocyte OA models. *p < 0.05, #p < 0.01, #p < 0.001, ¥p < 0.01, ¥¥p < 0.001, “'p < 0.01, "p < 0.001; *vs.
IL-18+siNC+NC, ®vs. IL-138+SIRT2+siNC, "vs. IL-18+NC+siPCKI, n = 3.

reduces lipopolysaccharide-induced microglial activation
in BV2 cells and decreases NF-xB activation and nitric ox-
ide synthase levels in macrophages [38]. Silencing SIRT?2
promotes the accumulation of acetylated alpha-tubulin and
increases NOD-like receptor thermal protein domain asso-
ciated protein 3 (NLRP3) inflammasome and mature IL-
173 levels, thereby aggravating monosodium urate-induced
acute gout arthritis [39]. The presence of SIRT2 appears
to be essential for inflammation. Moreover, a previous
study showed that the up-regulation of SIRT! expression
increased the expression of Bcl-2 and decreased the ex-
pression of Bax, MMP-1, and MMP-13, which inhibited
the apoptosis and ECM degradation of OA chondrocytes
[40]. SIRT6 overexpression in chondrocytes can reduce
the level of MMP-13, and inhibiting MMP activity is ex-
pected to block OA progression [41]. Besides, SIRT2 has
also been found to be involved in diabetic OA [18]. Our
result showed that SIRT2 overexpression increased the ex-
pression of Bel-2 and inhibited the Bax and MMP-13 ex-

pression caused by IL-15. Furthermore, our experiments
revealed that silencing PCK1 acted contrary to SIRT2 over-
expression, and SIRT?2 overexpression reversed the effects
of PCK1 silencing on ECM homeostasis, inflammation lev-
els, and apoptosis. Collectively, we can infer that SIRT2
regulated OA apoptosis and ECM homeostasis by stabi-
lizing PCKI. Moreover, a previous study showed that
SIRT?2 can be involved in the epigenetic regulation of genes
through posttranslational modification of histones, thereby
indirectly regulating cell life activities [42]. Therefore, un-
derstanding the regulation of SIRT?2 is essential for develop-
ing effective OA treatment strategies. Future studies should
investigate SIRT2 expression patterns during OA progres-
sion, and identify upstream regulatory factors such as tran-
scription factors and epigenetic modifications.

Previous research has showed that by modulat-
ing adenosine 5'-monophosphate (AMP)-activated protein
kinase (AMPK)/SIRT 1/nuclear factor kappa-B (NF-xB)
pathway, cartilage ECM degradation is prevented and in-
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Fig. 3. SIRT2 overexpression rescued the effects of PCK1 silencing on apoptosis and ECM degradation in inflammatory chon-

drocytes. (A) The detection of apoptosis in each chondrocyte OA model with Hoechst 33258-stained cell nuclei; arrows indicate an

apoptotic cell. (B-I) Western blot detection of Aggrecan, Collagen II, MMP-13, Bcl-2, Bax, Wntl, and [-catenin protein in each chon-
drocyte OA model. *p < 0.05; #p < 0.01, #p < 0.001, p < 0.05, **p < 0.01, **4p < 0.001, "p < 0.05, "p < 0.01, "'p < 0.001;
#vs. IL-18+siNCHNC, *vs. IL-1B8+SIRT2+siNC, "vs. IL-13+NC+siPCKI, n = 3. Abbreviations: MMP-13, matrix metallopeptidase
13; Bcel-2, B-cell lymphoma-2; Bax, Bcl-2 Associated X; Wntl, Wnt Family Member 1; S-catenin, catenin Beta 1.

flammation is inhibited [43]. Therefore, the mechanisms
by which SIRT2/PCKI regulates need to be further ex-
plored. SIRT2 had been shown to function as a media-
tor of Wnt/(B-catenin pathway signaling [44], and overex-
pressed PCK1 could also inhibit tumor growth by reducing
Wnt/S-catenin signaling [45]. Besides, Wnt/3-catenin sig-
naling controls various molecular functions by regulating
the acetylation levels of target proteins [46]. SIRTI regu-
lated Wnt signaling by deacetylating histones and 3-catenin
[47,48]. We found that SIRT2 overexpression rescued the
up-regulation of Wnt//3-catenin protein expression caused
by PCK1 silencing. These results indicated that the Wnt//3-
catenin pathway might involved in SIRT2/PCK]1 action in
OA, which needs more experiments to be identified. How-
ever, the relevant molecular mechanisms were not thor-
oughly examined in this study. Future studies should elu-

cidate the deacetylation site of SIRT2-targeted PCKI, the
effect of this deacetylation on the function of PCK/, and
the precise mechanism by which SIRT2/PCK 1 regulates the
activity of the Wnt/3-catenin pathway.

Currently, SIRT? is mainly used to screen drugs as
therapeutic targets for diseases or as biomarkers to promote
diagnosis and prognosis assessment of diseases [42]. Al-
though the experiments have verified the relationship be-
tween the two genes in cells, we still need more in vivo stud-
ies to explore the specific regulatory strategies of SIRT2 and
PCK1 in the future to solve the related problems more ac-
curately and carefully and promote their clinical application
potential targets for disease treatment.
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Conclusion

In the present study, we gained insight into the mech-
anism of SIRT2/PCK1 action in OA. According to our re-
sults, PCK] may become a downstream-acting substrate
of SIRT2, which maintains chondrocyte ECM homeosta-
sis and inhibits the activation of inflammatory factors
and chondrocyte apoptosis. We therefore speculate that
SIRT2/PCKI may be a new molecular target for OA ther-

apy.
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