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A B S T R A C T

SIRT1 is a highly conserved type III acetyltransferase gene located on chromosome 10 in mammals that belong to
the Sirtuins family. In order to explore the effects of the SIRT1 gene in the ATDC5 cell line, an RNAi SIRT1 target
sequence was designed and synthesized, aimed to knockdown the expression of SIRT1 in ATDC5 by a lentivirus.
Gene chip, qrt-PCR, and WES analyses were used to detect the expression of SIRT1 and changes to the Wnt
signaling pathway, while detecting any changes in proliferation and differentiation factors. The results showed
that the expressions of the SIRT1 gene, mRNA, and protein were lower after transfection of the RNAi
SIRT1sequence into ATDC5 cells. The Wnt signaling pathway, especially the classical pathway, was inhibited by
the knockdown of SIRT1. The cartilaginous proliferation and differentiation of ATDC5 cells were simultaneously
inhibited, and apoptosis was accelerated. In summary, knocking down SIRT1 gene increased the degeneration of
ATDC5 cells via inhibiting the Wnt signaling pathway. We also found some novel factors related to the Wnt
signaling pathway after SIRT1 gene knockdown (BIRC3, IL1RAP, PPP3CA, PPP2R2A, PPP2R5E, GSN, PPP2R1B,
etc), which might provide new clues in disease research related to chondrocyte degeneration.

1. Introduction

Osteoarthritis (OA), also known as degenerative arthropathy, is a
common orthopedic disease. Epidemiological statistics show that its
incidence in people over 55 years old is 44%–70% [1] and it seriously
affects health and places a heavy burden on the families of patients and
society. OA is a chronic and irreversible degenerative disease based on
degeneration of articular cartilage resulting from the death of chon-
drocytes, degradation of cartilage matrix, and the destruction of joint
integrity. It is closely related to aging. Many researchers have con-
firmed that the expression of the Silent information regulator 1 (SIRT1)
gene is significantly reduced in the articular cartilage of OA patients
[2]. OA has also been shown to be closely related with the Wnt sig-
naling pathway [3]. Nevertheless, its pathogenesis has not been fully
elucidated and needs further study.
SIRT1 is a gene closely related to aging, a highly conserved type III

acetyltransferase gene on chromosome 10 in mammals, which is highly
expressed in the early embryo and in germ cells. SIRT1 is a key gene
regulating cell proliferation [4], differentiation [5], senescence [6], and
apoptosis [7] through many signaling pathways, such as the Wnt [8],

PI3K/AKT [9], and NF-κB [10] signaling pathways. It also plays an
important role in various diseases, including osteoarthritis [11], os-
teoporosis [12], and peripheral nerve repair [13].
The Wnt signaling pathway is very significant in organ develop-

ment, the maintenance of internal environment homeostasis, and
multisystem disease occurrence. It can regulate the process of OA [14]
by influencing joint development, the proliferation and differentiation
of chondrocytes, and biomechanic changes in cartilage and bone. Fur-
thermore, the Wnt signaling pathway can be influenced by the change
of TNF-α that results in changes in SIRT1 gene expression, thereby af-
fecting the process of differentiation [15]. Moreover, decreased ex-
pression of the SIRT1 gene can positively regulate the Wnt receptor
factor, FZD7 [16]. Therefore, the Wnt signaling pathway and SIRT1 are
closely related. Nevertheless, we still know little about how SIRT1 af-
fects OA through the Wnt signaling pathway.
In this study, RNAi was used to establish a ATDC5 cell model, in

which the SIRT1 gene was knocked down. We then investigated the
effect on the Wnt signaling pathway after SIRT1 gene knock down in
vitro and its possible mechanism related to OA at the cellular level.
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2. Materials and methods

2.1. The construction of a lentivirus containing the SIRT1 gene

2.1.1. The construction of the RNAi lentivirus vector
We designed the SIRT1 gene RNAi target sequence, 5 ‘- CCATTCT

TCAAGTTTGCAA -3’, based on the SIRT1 gene sequence. The GC con-
tent was 36.84%, and the starting site was 958. The vector was GV248
(Frame structure: hU6-MCS-Ubiquitin-EGFP-IRES-puromycin, Shanghai
Genechem Co., Ltd.). We constructed the lentiviral vector GV248- Sirt1-
RNAi-a and GV248- Sirt1-RNAi-b (Table 1). The single strand primers
were synthesized by introducing the enzyme tangent sites AgeI and
EcoRI. The double stranded DNA was formed by primer annealing. T4
DNA ligase was used to connect the double enzyme tangent vector and
the double stranded DNA was annealed. The competent cells were then
transformed and positive bacterial colonies were identified with PCR
(Table 2). Sequencing and plasmid extraction were carried out and the
qualified plasmids were used in the follow-up experiment.

2.1.2. The package of RNAi lentivirus
293 T cells were treated 24 h before transfection. The cell density

was adjusted to 5×106/15mL, whereupon the cells were cultured in a
10 cm cell culture dish and incubated at 37 °C and 5% CO2. The cells
were transfected when the density reached 70%–80%. Serum-free
medium was used 2 h before transfection. The prepared DNA solution
(GV vector plasmid 20 μg, pHelper1.0 vector plasmid 15 μg, pHelper2.0
vector plasmid 10 μg) and transfection reagent (Shanghai Genechem
Co., Ltd.) were added to the centrifuge tubes, and the total volume was
1mL. The centrifuge tubes were incubated at room temperature for
15min, then the transfection mixture was added to 293 T cells and
cultured for 6 h. The culture medium containing the transfection mix-
ture was abandoned. Next, cells were washed with 10mL PBS, and then
20mL serum (containing 10% FBS) was added to the cells, which were
then cultured for 48–72 h. The 293 T cell supernatant was collected and
centrifuged at 4 °C and 4000 g for 10min. The supernatant was filtrated
by a 0.45 μm filter and centrifuged at 4 °C and 25000 rpm for 2 h. The
supernatant was discarded. Virus preservation solution was added for
resuspension and the solution was centrifuged at 10000 rpm for 5min.
The supernatant was sub-packed, the 293 T cells were cultured in 96-
well plates (4×104 cell/hole, 100 μL), the gradient diluent lentivirus
particles were added and cultured for 24 h. Then complete medium
were added. The expression of fluorescent protein was observed after 4
d and the virus titer was calculated.

2.2. Infection of the ATDC5 cell line

The ATDC5 cells were resuscitated and cultured in a 6 cm cell cul-
ture dish. The cells were subcultured when the density reached 80% in
6-well plates (3–5×104 cell/mL, 2mL). The lentivirus was used to
infected the ATDC5 cells when the density reached 20%. The cells were

then divided into two groups: the negative control and the RNAi len-
tivirus infected group. The MOI value was 50. The infection condition
was Normal+polybrene. The culture medium was replaced after 16 h
and cells were photographed after 72 h.

2.3. The detection of gene chip

Nano Drop 2000 and Agilent 2100 testing were used to identify RNA
quality. The reaction of 3 ‘IVT was as follows: RNA amplification (First-
Strand cDNA Synthesis at 42 °C for 2 h and maintenance at 4 °C; Second-
Strand cDNA Synthesis at 16 °C for 1 h, at 65 °C for 10min, and main-
tenance at 4 °C; IVT at 40 °C for 16 h and maintenance at 4 °C; frag-
mentation at 94 °C for 35min and maintenance at 4 °C; hybridization at
98 °C for 10min, at 45 °C for 3min and maintenance at 45 °C), pre-
paration of the poly-A RNA control, synthesis of one chain cDNA,
synthesis of two chain cDNA, IVT reaction, purification of aRNA, and
fragmentation of aRNA. The preparation of the hybrid began with the
reaction fluid, which was heated. A total of 130 μL pre hybrid liquid
was injected into the chip, which was placed into the pre hybrid furnace
at 45 °C for 10min. The pre hybrid liquid was abandoned and 130 μL
hybrid liquid was injected into the chip, which was was placed into the
pre hybrid furnace at 45 °C and 60 rpm for 16 h, The chip was washed
and dyed by Gene Chip Fluidics Station 450 and the data was collected.

2.4. The detection of quantitative real-time PCR

Based on the known gene functions from previous studies of carti-
lage diseases associated with the Wnt signaling pathway and the results
from the gene chip, 21 related differentially expressed genes were se-
lected for RT-qPCR validation (Table 3). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an endogenous invariant control
for data normalization. The gene primers were designed and synthe-
sized by Shanghai Genechem Co., Ltd. A Trizol reagent kit (Shanghai Pu
Fei) was used to extract total RNA. An M-MLV kit (Promega) was used
to synthesize cDNA. According to the annealing temperature of each
target gene, a two-step method was used to complete the amplification.
The specificity of the amplified products was determined according to
the melting curve. The data were analyzed by 2-ΔΔCt.

2.5. Western blot analysis

In some cases, western blot was performed with an automated
system (http://www.proteinsimple.com.cn/wes.html) and total protein
was extracted. For sample collection, the cells were washed twice with
phosphate buffer saline (PBS), RIPA was added into the cells at 4 °C for
0.5-1 h, and the samples were transferred into EP tube and centrifuged
at 4 °C and 12000 g for 5min. The samples were submerged in boiling
water for 10min. The samples were centrifuged at 4 °C and 12000 g for
1min, and maintained at −80 °C. In order to detect WES, the antibody
was diluted and the reagent and diluted protein samples were added
into the machine according to the set program. Proteins were separated
at 375 V for 25min. The samples was blocked out for 15min, the first
antibody was incubated for 30min, and the second antibody was in-
cubated for 30min. The compass software for the WES automatic
protein blot analysis system was used to analyze the results.

Table 1
Frame structure of lentivirus RNAi.

Number 5′ STEM Loop STEM 3′

GV248- Sirt1-RNAi-a Ccgg gaCCATTCTTCAAGTTTGCAA CTCGAG TTGCAAACTTGAAGAATGGTC TTTTTg
GV248-Sirt1-RNAi-b aattcaaaaa gaCCATTCTTCAAGTTTGCAA CTCGAG TTGCAAACTTGAAGAATGGTC

Table 2
Primer of identification.

Primers Sequence (5′-3′)

Primer (+) CCATGATTCCTTCATATTTGC
Primer (—) ATGTCCTTCTGCTGATACTGGG
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2.6. Statistical analysis

All data are expressed as mean ± SD. SPSS 20.0 was used for sta-
tistical analysis. Comparison between two groups was made with in-
dependent-sample t-tests. Comparisons between two groups were made
with independent-sample t-tests and nonparametric tests. A P value<
0.05 was considered to be statistically significant.

3. Results

3.1. ATDC5 cell morphology

Seven days after adherence, cells were fusiform, triangular, or
polygonal. The nuclei were round or oval, large, and located in the
center of the cells. The cells were in good condition were used in the
follow-up experiments (Fig. 1).

3.2. Fluorescence of ATDC5 cells after lentivirus infection

We made a 3–5× 104/mL ATDC5 cell suspension, which was cul-
tured in 6-well plates. A total of 20.00 μL 5E+8TU/mL titer of the
SIRT1 gene lentivirus and 5.00 μL 2E+9TU/mL titer negative control

virus were used to infected the ATDC5 cells when the density reached
20% with Normal and Polybrene and a MOI of 50. The culture medium
was replaced after 16 h. Cells were photographed after 72 h. We found
that most of the ATDC5 cells expressed fluorescence with good mor-
phology. The cell infection rate was high, there was no bacteria or
fungal growth, the medium was clear and transparent (Fig. 2).

3.3. Knockdown efficiency of the SIRT1 gene

The expression of the SIRT1 gene in ATDC5 cells from the negative
control and RNAi lentivirus infected groups were detected by gene chip.
The expression of the SIRT1 gene in the negative control group was
326.8746 ± 8.7103, and 61.0112 ± 10.2349 in the RNAi lentivirus
infected group. SIRT1 gene expression was significantly different between
the two groups (P < 0.01). The fold change was −5.4046216 (Fig. 4).
The ATDC5 cells were collected and total RNA was extracted. The

expression of SIRT1 mRNA in ATDC5 cells from the negative control
and RNAi lentivirus infected groups was detected by RT-qPCR. The
expression of SIRT1 mRNA in the negative control group was
1.0143 ± 0.2092, and was 0.1353 ± 0.0196 in the RNAi lentivirus
infected group. Differential expression of SIRT1 mRNA was found be-
tween the two groups (P < 0.01, Fig. 4).

Table 3
Primer sequence.

Gene number Gene name Sequence (5′-3′) Fragment size

NM_019812 SIRT1 Upstream: AGCTGGATGATATGACGC 167
Downstream: CCCACAGGAGACAGAAAC

NM_009370 TGFBR1 Upstream: CAATGGGCTTAGTGTTCTGGG 289
Downstream: TCCTGTTGGCTGAGTTGTGAC

NM_028032 PPP2R2A Upstream: GAACAGGCCCGTGGAGACATA 261
Downstream: CGCTTGCCACTTGCACAGACT

NM_011599 TLE1 Upstream: GCTGCGTGCTGTCCCTAAAGT 230
Downstream: GCCGTGGTATTCTCAGTAGATG

NM_001079822 TCF7L1 Upstream: CCCGCTGACACCTCTCATC 143
Downstream: ACAGTGGGTAATACGGTGACAG

NM_021457 FZD1 upstream: GAGTTCTGGACCAGTAATCCGC 194
Downstream: ATGAGCCCGTAAACCTTGGTG

NM_007631 CCND1 Upstream: GCGTACCCTGACACCAATCTC 183
Downstream: CTCCTCTTCGCACTTCTGCTC

NM_010849 MYC Upstream: TTCATCTGCGATCCTGACGAC 237
Downstream: CACTGAGGGGTCAATGCACTC

NM_011915 WIF1 Upstream: GGCGAGAACTTCACAAGCAGC 149
Downstream: CAGCAGGAGCAGGCAAGGTAG

NM_010591 JUN Upstream: GGATCGCTCGGCTAGAGGAAA 154
Downstream: TGCTGCGTTAGCATGAGTTGG

NM_011577 TGFB1 Upstream: AGCCTGCCTCTTGAGTCCCT 247
Downstream: CTCCCAAGGAAAGGTAGGTGAT

NM_011448 SOX9 Upstream: TACAGCGAGCAGCAGCAG 235
Downstream: CGGAGGTGTCAGCGATGG

NM_009331 TCF7 Upstream: AGGTGGCATGCACTATCTCG 129
Downstream: CCGCCTCTTCTTCTTTCCGT

NM_009524 Wnt5A Upstream: ATGCAGTACATTGGAGAAGGTG 138
Downstream: CGTCTCTCGGCTGCCTATTT

NM_008607 MMP-13 Upstream: GAGGGAGAAAATTCTGGGCTCT 131
Downstream: CTTCCCCGTGTTCTCAAAGTGA

NM_008541 SMAD5 Upstream: AAGTAGATTCTGCCTGGGATT 151
Downstream: CTGAACAAAGATGCTGCTGTC

NM_011782 ADAMTS5 Upstream: CCAAAGGTTACGGATGGGACT 288
Downstream: CAGGGCTAAGTAGGCAGTGAAT

NM_001271627 RUNX2 Upstream: CCAAGTAGCCAGGTTCAACGA 230
Downstream: GAGGAATGCGCCCTAAATCAC

NM_031163 COL2A1 Upstream: CTCCCAGAACATCACCTACCA 194
Downstream: TGACGGTCTTGCCCCACTTAC

NM_021279 Wnt1 Upstream: CCTGATGTTTGCCCACCCTAC 107
Downstream: CGACTCAGGCAAGTGGTTTCA

NM_007614 CTNNB1 Upstream: TTAGCTTATGGCAATCAAGAG 144
Downstream: AGAGCAGACAGACAGCACCT

NM_001038663 MAPK1 Upstream: ACCTCCTGCTGAACACCACTT 235
Downstream: TGCTTTCCTGGGAAGATAGGC

NM_008084 GAPDH Upstream: TGGTGAAGGTCGGTGTGAAC 231
Downstream: GCTCCTGGAAGATGGTGATGG
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The ATDC5 cells were collected and total protein was extracted. The
expression of SIRT1 (1:20) and β-actin (1:50) proteins in the negative
control and RNAi lentivirus infected group cells was detected by WES.
The expressions of SIRT1 and β-actin proteins in the negative control
group were 103601.3333 ± 5702.8878 and 46868.0000 ± 1851.5907,
respectively. The expressions of SIRT1 and β-actin proteins in the RNAi
lentivirus infected group were 67.6667 ± 117.2021 and
46655.3333 ± 2269.4126, respectively (Figs. 3 & 4).
The gene chip, RT-qPCR, and WES analyses showed that the expres-

sion of the SIRT1 gene, mRNA, and protein were all decreased after
lentiviral infection, confirming the successful knockout of the SIRT1 gene.

3.4. Gene changes after SIRT1 knockdown

The ATDC5 cells from the negative control and RNAi lentivirus in-
fected groups were detected by gene chip. We detected all gene changes
in mice and found that 963 genes were up-regulated and 687 were
down-regulated in the RNAi lentivirus infected group compared with
the negative control group (Fig. 5).

Fig. 1. The morphology of ATDC5 cells under light light microscope. A was 100×, B was 200×.

Fig. 2. The observation of ATDC5 cells after infected by the lenticirus. A, a and a’ were negative control group. B, b and b’ were RNAi lentivirus infected group. A and
B were under bright field. a and b were fluorescence field. a’ and b’ were the merge of bright field and fluorescence field.

Fig. 3. Greyscale map of WES. 1 was negative control group. 2 was RNAi
lentivirus infected group.
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3.5. Detection of factors related to the Wnt signaling pathway by gene chip

The ATDC5 cells from the negative control and RNAi lentivirus in-
fected groups were detected by gene chip. We found that the expres-
sions of MAPK1, IL1RL1, MMP13, SMAD5, IL6, JUN, ADAMTS5, BIRC3,
IL1RAP, PPP3CA, TNFRSF11B, COL1A1, PPP2R2A, SOX12, TLE1, MYC,
NLK, TGFB3, TGFB2, and PPP2R5E genes were significantly increased
after SIRT1 gene knock down in ATDC5 cells, while the expression of
Calm1 (includes others), SP7, FZD1, ALPL, BMP1, Wnt9A, TCF7L1,
GSN, XIAP, TCF7, Wnt5A, TGFBR1, PPARD, CCND1, CD44, SOX9,
PPP2R1B, WIF1, RUNX2, TGFB1, and CTNNB1 were significantly de-
creased (Table 4). However, the expressions of the COL2A1 and Wnt1
genes were up-regulated and down-regulated, respectively, but the
differences were not significant.

3.6. Detection of factors related to the Wnt signaling pathway with RT-
qPCR

We chose 21 factors closely related to OA from the results of the
factors detected by gene chip that were also related to the Wnt signaling

pathway and detected the corresponding mRNA. ATDC5 cells were
collected and total RNA was extracted. The expressions of TGFBR1,
PPP2R2A, TLE1, TCFL71, FZD1, CCND1, MYC, WIF1, JUN, TGFB1,
SOX9, TCF7, Wnt5a, MMP13, SMAD5, ADAMTS5, RUNX2, COL2A1,
Wnt1, CTNNB1, and MAPK1 mRNAs in ATDC5 cells from the negative
control and RNAi lentivirus infected groups were detected with RT-
qPCR. The expressions of PPP2R2A, TLE1, MYC, JUN, MMP-13,
SMAD5, ADAMTS5, COL2A1, and MAPK1 mRNAs increased in the
RNAi lentivirus infected group compared with the negative control
group, while the expressions of TGFBR1, TCF7L1, FZD1, CCND1, WIF1,
TGFB1, SOX9, TCF7, Wnt5A, RUNX2, Wnt1, and CTNNB1 decreased
(Table 5, Fig. 6).

3.7. Detection of factors related to the Wnt signaling pathway by WES

We chose four factors closely related with OA from the results of the
factors detected by gene chip and RT-qPCR that were also related to the
Wnt signaling pathway and detected the corresponding proteins.
ATDC5 cells were collected and total protein was extracted. The ex-
pressions of CTNNB1 (1:20), MYC (1:20), JUN (1:20), Wnt5a (1:20),
and β-actin (1:50) proteins in ATDC5 cells from the negative control
and RNAi lentivirus infected groups were detected by WES. The ex-
pressions of the MYC and JUN proteins increased in the RNAi lentivirus
infected group compared with the negative control, while the expres-
sions of the CTNNB1 and Wnt5a proteins decreased (Table 6, Figs. 7 &
8).

4. Discussion

OA is caused by articular cartilage destruction, involving the sub-
chondral bone and synovial fluid, typically in the small joints of the
hands and weight-bearing joints. With increasing age, the incidence of
OA gradually increases, and it is a common chronic degenerative dis-
ease affecting human health with a high incidence on disability [17].
There are no distinct or racial differences in disease prevalence, but OA
has caused a great deal of medical and health expenditure and is a
heavy burden on patients and families. At present, the pathogenesis of
OA is still unclear. It can only be treated by delaying its course or im-
proving symptoms, in order to control the disease. Therefore, the study
of the pathogenesis of OA is necessitated.
The SIRT1 gene is a type III deacetylase gene, which has been in-

creasingly studied in recent years, and belongs to the mammalian
Sirtuins family. This gene is highly evolutionarily conserved and is
mainly located in the nucleus. SIRT1 plays an important role in cell
survival and metabolism, regulating the aging process of the organism.
Its target molecules are varied and include TGF-β [18], p53 [19], and
nitric oxide [20]. It has been shown to regulate signaling pathways like
Wnt [8], PI3K/AKT [9], and NF- kappa B [10]. SIRT1 affects organism
metabolism [21], DNA repair [22], and resistance to oxidative stress
[23], and participates in the development of OA by activing these

Fig. 4. The knockout of SIRT1 gene. A was the gene expression of SIRT1. B was the mRNA expression of SIRT1. C was the protein expression of SIRT1. D was the
protein expression of β-actin.* was P < 0.05, ** was P < 0.01. Group A was the negative control group. Group B was the RNAi lentivirus infected group.

Fig. 5. Volcano map of different genes. Red indicated all probes with a dif-
ference of> 1.5 and a significant level< 0.05. (For interpretation of the re-
ferences to colour in this figure legend, the reader is referred to the web version
of this article.)
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proteins [24]. It is closely related to OA. Therefore, we designed one
specific RNAi sequence aimed at the mouse SIRT1 gene and constructed
it into a shRNA lentivirus carrier with green fluorescent protein. After
transfecting ATDC5 cells with the lentivirus, the expression of the
SIRT1 gene in ATDC5 cells was detected by gene chip, RT-qPCR, and
WES. The expression of the SIRT1 gene in ATDC5 cells was found to be
obviously reduced at the gene, mRNA, and protein levels after trans-
fection. We successfully established a ATDC5 cell model, in which
SIRT1 gene was knocked down. We found that there were 963 genes
with increased expression and 687 genes with decreased expression. We
continued studying the relationship between SIRT1 gene and OA in this
cell model, in order to explain its possible mechanism.
The Wnt signaling pathway plays an important role in bone and

cartilage diseases. It not only regulates the formation of bone and
maintains bone mass [25], but also plays an important role in the pro-
liferation and differentiation of chondrocytes [26]. In recent years, re-
search has shown that the excessive activation or inhibition of the Wnt
signaling pathway might lead to the occurrence and development of OA
[27]. Many factors in the Wnt signal pathway can participate in the
course of OA under the regulation of the SIRT1 gene [28]. The Wnt signal
pathway can be divided into classical and non-classical pathways. The
former mainly regulates disease progress via β–catenin [29], also called
CTNNB1, while the latter plays a role mainly through signal molecules
such as Wnt5a [30] and Wnt10a [31]. Studies have confirmed that the
expression of the SIRT1 gene decreased significantly in osteoblasts of the

Table 4
The gene expression of factors related to Wnt signaling pathway.

Gene Location Corrected P value Change Fold change Type

MAPK1 Cytoplasm 0.000203844 Up 2.08269 Kinase
IL1RL1 Plasma membrane 0.000190004 Up 2.9607034 Transmembrane receptor
MMP13 Extracellular space 0.001819762 Up 1.9546458 Peptidase
SMAD5 Nucleus 0.00047754 Up 2.1726763 Transcription regulator
IL6 Extracellular space 5.58268E-05 Up 9.101095 Cytokine
JUN Nucleus 8.27255E-05 Up 1.9107622 Transcription regulator
ADAMTS5 Extracellular space 0.000876372 Up 2.2277825 Peptidase
BIRC3 Cytoplasm 0.002517801 Up 1.5459725 Enzyme
IL1RAP Plasma membrane 0.005012966 Up 1.5462564 Transmembrane receptor
PPP3CA Cytoplasm 0.001475141 Up 1.6548995 Phosphatase
TNFRSF11B Plasma membrane 0.000113462 Up 4.771306 Transmembrane receptor
COL1A1 Extracellular space 0.001438118 Up 1.7463279 Other
PPP2R2A Cytoplasm 0.000281662 Up 2.8978753 Phosphatase
SOX12 Nucleus 0.003195848 Up 1.6155546 Transcription regulator
TLE1 Nucleus 0.000703521 Up 1.7011591 Transcription regulator
MYC Nucleus 0.000233843 Up 1.74392 Transcription regulator
NLK Nucleus 0.000395423 Up 2.1421013 Kinase
TGFB3 Extracellular space 0.000615302 Up 1.5868026 Growth factor
TGFB2 Extracellular space 0.000447066 Up 1.8315444 Growth factor
PPP2R5E Cytoplasm 0.000186489 Up 1.7619604 Phosphatase
CALM1 (includes others) Nucleus 0.00245467 Down −1.776887 other
SP7 Nucleus 7.60161E-05 Down −2.2061052 Transcription regulator
FZD1 Plasma membrane 0.000265509 Down −2.0608654 G-protein coupled receptor
ALPL Plasma membrane 0.000421552 Down −1.9421521 Phosphatase
BMP1 Extracellular space 0.000200306 Down −1.9554698 Peptidase
Wnt9A Extracellular space 0.001820709 Down −1.5123625 Other
TCF7L1 Nucleus 0.00121226 Down −1.6666305 Transcription regulator
GSN Extracellular space 0.001532927 Down −1.7110924 Other
XIAP Cytoplasm 0.00041883 Down −1.518782 Enzyme
TCF7 Nucleus 0.000339957 Down −1.970835 Transcription regulator
Wnt5A Extracellular space 0.000733461 Down −1.5796477 Cytokine
TGFBR1 Plasma membrane 0.000209643 Down −2.0309813 Kinase
PPARD Nucleus 0.000874403 Down −1.6265376 ligand-dependent nuclear receptor.
CCND1 Nucleus 3.60505E-05 Down −6.258003 Transcription regulator
CD44 Plasma membrane 0.000395423 Down −1.7050471 Enzyme
SOX9 Nucleus 0.000957176 Down −1.6208072 Transcription regulator
PPP2R1B Plasma membrane 0.000406005 Down −1.5922691 Phosphatase
WIF1 Extracellular space 0.000139282 Down −6.174163 Other
RUNX2 Nucleus 0.000545435 Down −2.284212 Transcription regulator
TGFB1 Extracellular space 0.000349345 Down −1.746179 Growth factor
CTNNB1 Nucleus 0.000307204 Down −1.5334754 Transcription regulator

Table 5
The mRNA expression of factors related to Wnt signaling pathway.

Gene Expression 1 Expression 2 P value Change Fold
change

PPP2R2A 1.0253 ± 0.2894 4.7077 ± 0.8860 0.002 Up 4.7077
TLE1 1.0063 ± 0.1411 1.1223 ± 0.1325 0.358 Up 1.1223
MYC 1.0020 ± 0.0767 2.7580 ± 0.3890 0.002 Up 2.7580
JUN 1.0017 ± 0.0693 2.2577 ± 0.1185 0.000 Up 2.2577
MMP13 1.0077 ± 0.1576 1.6710 ± 0.0727 0.100 Up 1.6710
SMAD5 1.0007 ± 0.0520 3.1190 ± 0.3869 0.010 Up 3.1190
ADAMTS5 1.0080 ± 0.1552 2.2827 ± 0.0826 0.100 Up 2.2827
COL2A1 1.0053 ± 0.1313 2.0523 ± 0.0745 0.000 Up 2.0523
MAPK1 1.0077 ± 0.1530 2.5573 ± 0.4299 0.100 Up 2.5573
TGFBR1 1.0100 ± 0.1682 0.8850 ± 0.1254 0.360 Down 0.8850
TCF7L1 1.0047 ± 0.1163 0.8433 ± 0.0840 0.123 Down 0.8433
FZD1 1.0017 ± 0.0757 0.8240 ± 0.0982 0.068 Down 0.8240
CCND1 1.0040 ± 0.1081 0.1677 ± 0.0199 0.000 Down 0.1677
WIF1 1.0130 ± 0.2016 0.1900 ± 0.0036 0.019 Down 0.1900
TGFB1 1.0053 ± 0.1213 0.3973 ± 0.0171 0.001 Down 0.3973
SOX9 1.0000 ± 0.0354 0.8153 ± 0.0846 0.025 Down 0.8153
TCF7 1.0013 ± 0.0699 0.6197 ± 0.0434 0.100 Down 0.6197
Wnt5a 1.0037 ± 0.1046 0.8407 ± 0.1136 0.142 Down 0.8407
RUNX2 1.0073 ± 0.1495 0.5953 ± 0.0371 0.010 Down 0.5953
Wnt1 1.0127 ± 0.1896 0.7083 ± 0.0448 0.054 Down 0.7083
CTNNB1 1.0040 ± 0.1081 0.9093 ± 0.0680 0.269 Down 0.9093

Note: Expression 1 was the expression of mRNAs in negative control group.
Expression 2 was the expression of mRNAs in RNAi lentivirus infected group.

F. Yu et al. Cellular Signalling 53 (2019) 80–89

85



Fig. 6. The mRNA expression of factors. * was P < 0.05, ** was P < 0.01. Group A was the negative control group. Group B was the RNAi lentivirus infected group.
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subchondral bone in OA patients. The down-regulation of SIRT1 has been
shown to increase the expression of TGF-β 1 in osteoblasts of OA patients
[28]. SIRT1 also affects differentiation from MSCs to chondrocytes
through the deacetylation of β-catenin [32]. Silencing Wnt5a could also
reduce the degradation of chondrocytes induced by IL-1β [33]. SIRT1
can affect the process of OA through the classical or non-classical Wnt
signaling pathways. However, at present, there is little research focused
on changes of chondrocytes induced by the knock-down of the SIRT1
gene and its relationship with the Wnt signaling pathway. Therefore, we
focused on the influence of SIRT1 on Wnt signaling pathway after the
SIRT1 gene was knocked down in ATDC5 cells.
In our research, we detected many factors at the DNA, mRNA, and

protein levels, which were closely related with the Wnt signaling
pathway and OA. From the changes in CTNNB1 and Wnt5A, we
speculated that the decrease of SIRT1 gene expression might be mainly
mediated by the classical Wnt signaling pathway, not the non-classical.
In this process, down-regulation of SIRT1 inhibited the expression of
CTNNB1 and its down-stream factor TCF7, which induced a decrease of
the LEF/TCF complex. As a result, CCND1, the Wnt signaling target
factor, was inhibited [34], thereby inhibiting the cartilaginous pro-
liferation and promoting the apoptosis of ATDC5 cells. SOX9 and
RUNX2 play important roles in the process of cartilage development
[35]. The inhibition of Wnt signaling might induce the decrease of
SOX9 and RUNX2 [36,37], which reduced the ability of ATDC5 cells to
differentiate into chondrocytes and inhibited their proliferation. Al-
though in our study, the variation trend of SIRT1 and TGFB1 is different

from previous studies [28]. We think that this may be due to the use of
different cells or interference patterns, but this does not affect our re-
search purposes. Moreover, the decrease of TGFB1 and the increase of
SMAD5 indicated that the down-regulation of SIRT1 also affected the
activity of the TGF-β/Smad signaling pathway, which is an important
trigger for cartilage differentiation [38,39]. ATDC5 cells differentiated
into osteoblasts instead of chondrocytes [40,41]. The increase of JUN
also aggravated the trend of osteoblast proliferation [42] and ac-
celerated cell apoptosis [43]. Moreover, the increase of MAPK1 and
MYC further explained the aging [44] and apoptosis [45] of ATDC5
cells. In addition, when SIRT1was knocked down, the expression of
CTNNB1 was opposite that of PPP2R2A, which was similar to the re-
sults of Hein [46]. The down-regulation of PPP2R2A might promote the
proliferation of cancer cells [47]. In our study, the up-regulation of
PPP2R2A showed that the decrease of SIRT1 might act on PPP2R2A
through the Wnt signaling pathway and inhibit the cartilaginous pro-
liferation of ATDC5 cells. In this process, although COL2A1expression
was elevated, the function of MMP-13 and ADAMTS5 were enhanced,
which could destroy the chondrocyte matrix and type II collagen and
cause the degeneration of ATDC5 cells. We also found that WIF1 de-
creased after SIRT1 was knocked down. In this condition, the inhibition
of SIRT1 on the classical Wnt signaling pathway was stronger than the
activation of WIF1, so that CTNNB1 decreased. However, WIF1 [48]
also had an effect on ATDC5 cells, while FZD1, Wnt1, TCF7L1, TLE1,
and TGFBR1 produced an opposite effect, which were reduced or in-
creased but not significantly.

Fig. 6. (continued)

Table 6
The mRNA expression of factors related to Wnt signaling pathway.

Gene Expression 1 Expression 2 P value Change

MYC 66930.6667 ± 3662.3329 81155.6667 ± 8715.7700 0.060 Up
JUN 52138.0000 ± 5732.8120 78005.0000 ± 4797.8302 0.004 Up
CTNNB1 3713.0000 ± 97.7343 2190.3333 ± 593.9573 0.012 Down
Wnt5a 747.6667 ± 362.8778 514.6667 ± 36.5011 0.331 Down
β-actin 456668.0000 ± 8186.1903 454997.0000 ± 5277.3565 0.781 –

Note: Expression 1 was the expression of proteins in negative control group. Expression 2 was the expression of proteins in RNAi lentivirus infected group.
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5. Conclusions

We speculate that the decrease in SIRT1 expression might inhibit
the chondrogenic differentiation of ATDC5 cells via the classical Wnt
signaling pathway. The knockdown of SIRT1 inhibited cartilaginous
proliferation and accelerated apoptosis in ATDC5 cells, eventually in-
ducing their degeneration. Inhibition of the classic Wnt signaling
pathway might aggravate the occurrence of OA. In addition, we also
found changes in factors in the Wnt signaling pathway after SIRT1
knock-down, which laid the foundation for the clinical study of OA
pathogenesis and proposed new related targets.
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