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TGF-B/Smad/ADAMTS-7 Axis Regulates the Process of
Curcumin in Promoting the Cartilage Cells Proliferation
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Niu ef al.: Influence of Curcumin on TGF-$/Smad/ADAMTS-7 and Cartilage Cells Proliferation

To explore the function of curcumin on the cartilage cells, the cell proliferation and apoptosis by transforming
growth factor-beta/suppressor of mothers against decapentaplegic/a disintegrin and metalloproteinase with
thrombospondin motifs-7 axis was the objective of the study. The cell viability was detected by cell counting
kit-8. The expression of transforming growth factor-beta, suppressor of mothers against decapentaplegic
protein, a disintegrin and metalloproteinase with thrombospondin motifs-7, caspase-9, B-cell lymphoma 2,
Bcl-2-associated X protein was determined by Western blot. The cartilage cells were treated with 1 mmol/l
sodium nitroprusside for 24 h. Then, the cells were treated with different concentration of curcumin for 24
h. We found that 1 pmol/l curcumin could recover the cartilage cells proliferation. The transforming growth
factor-beta and suppressor of mothers against decapentaplegic protein show high expression and a disintegrin
and metalloproteinase with thrombospondin motifs-7 was low in the curcumin treatment group. Meanwhile,
the apoptosis pathway was also detected. The caspase-9 and B-cell lymphoma 2 was higher in the curcumin
treatment group than without curcumin group. However, the Bcl-2-associated X protein was lower. The cell
viability, a disintegrin and metalloproteinase with thrombospondin motifs-7, caspase-9, B-cell lymphoma
2 and Bcl-2-associated X proteins also show no changes with or without curcumin when the transforming
growth factor-beta was inhibited. We found that a disintegrin and metalloproteinase with thrombospondin
motifs-7 show over expression, the transforming growth factor-beta and suppressor of mothers against
decapentaplegic protein show high expression in the curcumin treatment group, the cell viability, caspase-9,
B-cell lymphoma 2 and Bcl-2-associated X proteins show no changes with or without curcumin. Curcumin
can promote the cartilage cells proliferation via transforming growth factor-beta/suppressor of mothers
against decapentaplegic/a disintegrin and metalloproteinase with thrombospondin motifs-7 axis and inhibit
the cell apoptosis.
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Osteoarthritis (OA) is a chronic pain disease with
whole arthropathies such as synovitis, osteophyte
formation etc!'*l, OA showed the articular cartilage
degeneration and persistent pain, causing disability,
loss of function, decreased quality of lifel>”). In
OA, the destruction of articular cartilage is the
most important change®?. OA is mainly caused
by the decomposition of extracellular matrix by
degradation enzymes and the death of chondrocytes
caused by apoptosis!'®"l. Curcumin (C, H, O,) is a
natural polyphenolic compound extracted from the
root of turmericl'>"*1, Tt has many pharmacological
activities such as anti-diabetes, anti-aging, promote
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cell proliferation etc.l'*'"). Curcumin can operate
in several different signalling pathways!!'>16],
Curcumin has also shown significant antibacterial
and antiviral effects!!”"". The Transforming Growth
Factor-beta (TGF-B) was involved in cell growth,
differentiation and apoptosis™®?!! and A Disintegrin
and Metalloproteinase ~ with  Thrombospondin
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Motifs-7 (ADAMTS-7) was expressed in bone
and cartilage?>?4. ADAMTS-7 negatively regulate
endplate cartilage differentiation!. In this study, to
explore the function of curcumin on the cartilage cells,
the cell proliferation and apoptosis were detected
and the role of the TGF-p and ADAMTS-7 was also
shown. Unless otherwise specified, all chemicals and
reagents in the study were purchased from the Sigma
Chemical Company (St. Louis, Missouri (MO),
United States of America (USA). Immunoglobulin
G (IgG) antibodies, Glyceraldehyde-3-Phosphate
Dehydrogenase (GAPDH), TGF-B, Suppressor of
mothers against decapentaplegic (Smad) protein,
ADAMTS-7, caspase-9, B-cell lymphoma 2 (Bcl-2),
Bcl-2-associated X (Bax) proteins were purchased
from the cell signal technology company, USA.
Cell cultures used in the study were as follow. The
cartilage cells (ScienCell, Carlsbad, California (CA),
USA) were cultured under the standard conditions
(37°, 5 % Carbon dioxide (CO,) and humidified air).
Cell viability and proliferation were evaluated using a
Cell Counting Kit-8 (CCK-8) (Dojindo Laboratories,
Kumamoto, Japan). The absorbance at 450 nm
was determined (Bio-Tek Instruments, Winooski,
Virginia Tech, USA). Cell growth rate was calculated
using the following equation: Percentage (%) growth
rate=(Mean experimental absorbance/mean control
absorbance)x 100, each test was repeated five times.
Radioimmunoprecipitation Assay (RIPA) lysis buffer
(Beyotime, China) was used to obtain the protein and
aBicinchoninic Acid (BCA) kit was used to determine
the protein content (Beyotime, Haimen, China).
Protein samples were isolated through 10 % Sodium
Dodecyl-Sulfate Polyacrylamide Gel Electrophoresis
(SDS-PAGE) and transferred to Polyvinylidene
Fluoride (PVDF) membrane, followed by blocking
with 5 % nonfat milk for 1 h at 37°. After blocking,
primary antibodies were added (overnight at 4°). The
membranes were washed and species-compatible
peroxidase-conjugated secondary antibodies were
added. Enhanced Chemiluminescence (ECL)
(Pierce, Rockford, Illinois (IL), USA) was used
to detect membrane-bound antibodies**. Protein
quantification was performed using Clinx Chemi
Analysis software (ChemiScope 6000, Shanghai,
China). Experiments were performed in triplicate.
Cell transfection was explained clearly in this study.
The small interfering Ribonucleic Acids (siRNAs) of
TGF-B and overexpression plasmid of ADAMTS-7
were obtained from GenePharma (Shanghai,
China). Lipofectamine™ 2000 was used to transfect
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plasmids or oligonucleotides into cells according to
the protocols. Comparisons between groups were
made using GraphPad Prism version 5 software
(GraphPad Software, La Jolla, CA, USA). One-way
Analysis of Variance (ANOVA) with Newman-Keuls
Post-hoc test was used to determine differences in
gene expression levels. Replicates were included
in the statistical model. A 95 % confidence level
(p<0.05) was deemed to be statistically significant.
Data are shown as meantStandard Deviation (SD).
The selection optimum concentration of curcumin
treatment on the cartilage cell viability was shown
here. To obtain the OA model on the cartilage cells
in vitro, the Sodium Nitroprusside (SNP) was used
and the 1 mmol/l SNP can inhibit the cartilage cell
proliferation at about 50 % after 24 h (fig. 1 A). Hence,
the 1 mmol/l SNP was used. The cartilage cells were
treated with 1 mmol/l SNP for 24 h. Then, the cells
were treated with different concentration of curcumin
for 24 h. We found that, 1 pmol/l curcumin could
recover the cartilage cells proliferation (fig. 1B).
Data are presented as mean+=SD. The independent
sample t test was employed in comparison between
groups. The experiments were repeated three times.
The influence of curcumin on the TGF-f/Smad,
ADAMTS-7 and apoptosis pathway in cartilage
cell was shown in fig. 2. To explore the influence
of curcumin on the TGF-B/Smad, ADAMTS-7 in
cartilage cell, these protein expressions were detected
by Western blot. The cartilage cells were treated
with 1 mmol/l SNP for 24 h. Then, the cells were
treated with 1 umol/l curcumin for 24 h. The TGF-f
and Smad show higher expression in the curcumin
treatment group (p<0.05) and the ADAMTS-7 has
lower expression in the curcumin treatment group
(fig. 2A and fig. 2B). Meanwhile, the apoptosis
pathway was also detected. The caspase-9 and Bcl-
2 was higher in the curcumin treatment group than
without curcumin group. However, the Bax was
lower (fig. 2C and fig. 2D). The measurement data are
represented as mean=SD. The independent sample t
test was used for comparisons between groups. The
experiments were repeated three times. The influence
of curcumin on the TGF-f/Smad, ADAMTS-7 and
apoptosis pathway in cartilage cells after the TGF-3
inhibition was shown in fig. 3. To certify the influence
of TGF-B on the cartilage cell when the curcumin was
added, the TGF-B was silenced. The cartilage cells
were treated with 1 mmol/l SNP for 24 h. Then, the
cells were treated with 1 pmol/l curcumin for 24 h
and the Smad expression in two groups was low with
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no difference. ADAMTS-7 in the two groups has no
difference (fig. 3A and fig. 3B). The caspase-9, Bcl-
2 and Bax also show no changes in two groups (fig.
3C and fig. 3D). The cell viability also shows no
changes in two groups (fig. 3E). The measurement
data are represented as mean+SD. The independent
sample t-test was used for comparisons between
groups. The experiments were repeated three times.
The influence of curcumin on the TGF-B/Smad,
ADAMTS-7 and apoptosis pathway in cartilage cell
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after the ADAMTS-7 overexpression was shown
in fig. 4. When the ADAMTS-7 is overexpressed,
the TGF-f and Smad has higher expression in the
curcumin treatment group (fig. 4A and fig. 4B).
However, the caspase-9, Bcl-2 and Bax also show
no changes in the two groups (fig. 4C and fig. 4D).
The cell viability also shows no changes in the two
groups (fig. 4E). The measurement data are presented
as mean+SD. The independent sample t test was used
for comparisons between groups. The experiments
were repeated three times.
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Fig. 1: The cell viability with different concentrations of SNP and curcumin
Note: (A) Cells were treated with different concentrations of SNP for 24 h and (B) Cells were added with 1.0 mmol/l of SNP for 24
h and then treated with different concentrations of curcumin for 24 h, *p<0.05 vs. blank; *p<0.05 vs. 0.5 mmol/l and p<0.05 vs. 1.0

mmol/l in both the groups
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Fig. 2: Effect of curcumin on the TGF-f/Smad, ADAMTS-7 and apoptosis pathway

Note: (A) Expression of TGF-p, Smad, ADAMTS-7; (B) Results from Western blots show the detection of the protein expression of
TGF-B, Smad, ADAMTS-7; (C) Expression of caspase-9, Bcl-2, Bax and (D) Results from Western blots show the detection of the
protein expression of caspase-9, Bcl-2 and Bax where *p<0.05, ( ™ ) Curcumin and ( =3 ) Curcumin®
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Fig. 3: The influence of curcumin on cartilage cells after the TGF-f inhibition

Note: (A) Expression of TGF-p, Smad and ADAMTS-7; (B) Results from Western blots show the detection of the protein expression
of TGF-$, Smad, ADAMTS-7; (C) Expression of caspase-9, Bcl-2 and Bax; (D) Results from Western blots show the detection of
the protein expression of caspase-9, Bcl-2 and Bax; (E) The cell viability after curcumin treatment for 24 h, ( ™8 ) Curcumin™ and
(=3 ) Curcumin*
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Fig. 4: The influence of curcumin on cartilage cells after the ADAMTS-7 overexpression

Note: (A) Expression of TGF-$, Smad, ADAMTS-7; (B) Results from Western blots show the detection of the protein expression
of TGF-p, Smad, ADAMTS-7; (C) Expression of caspase-9, Bcl-2, Bax; (D) Results from Western blots show the detection of the
protein expression of caspase-9, Bel-2, Bax; (E) The cell viability after curcumin treatment for 24 h, *p<0.05, (#® ) Curcumin- and
(822 ) Curcumin®
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OA is the most common chronic bone and joint
disease worldwide. OA give a big social burden on
public health®?”2! In worldwide, 303 million adults
were affected. OA has high prevalence; however there
is no drug to treat it. In the in vivo test, the SNP was
always used to make the OA model in the cartilage
cells!'®??1. Hence, we also used the SNP to affect the
cartilage cells. Meanwhile, we found that curcumin
can promote the cartilage cells proliferation.
Curcumin has important biological functions and
future application prospects!’3%,  TGF-B/Smad
pathway was involved in cell growth, differentiation,
migration and apoptosis?®*!l, In this study, TGF-$
played a key role in the curcumin promoting the
cartilage cells proliferation. TGF-f could promote
the cell proliferation. Smad3 is the primary molecule
involved in TGF-f signaling. ADAMTS-7 is
expressed in the bone, cartilage, synovium, tendon
and ligament!*). ADAMTS-7 was shown to facilitate
vascular smooth muscle cell migration, thereby
promoting neointima formation following vascular
injury!?#3233. We found that curcumin could promote
ADAMTS-7 expression and this may be useful to help
the cartilage cells proliferation and OA reduction. In
conclusion, curcumin can promote the cartilage cells
proliferation via TGF-B/Smad/ADAMTS-7 axis and
inhibit the cell apoptosis.
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