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ARTICLE INFO ABSTRACT

Keywords: Background: Tetramethylpyrazine (TMP) has been reported to play a significant role in the cardiovascular and
Osteoarthritis neuronal diseases. But, the functions of TMP in osteoarthritis (OA) remain unclear. In this investigation, we
Tetramethylpyrazine intended to probe the protective effectiveness of TMP in lipopolysaccharide (LPS)-caused damage in ATDC5
Lipopolysaccharide cells.

I]:g_i;ld differentiation factor 88 Methods: ATDCS cells were managed with LPS (5 ug/mL) for 12h, and then the effects of TMP on these cells
P38MAPK were evaluated. Cell viability and apoptosis of these treated cells were detected by CCK-8 and flow cytometry

methods. The secretions of IL-1f3, IL-6 and TNF-a were examined via applying ELISA kits. qRT-PCR was utilized
to measure cell inflammatory factors and MyD88 expression. After transfection with pc-MyD88, the above-
involved cell processes were reassessed, and NF-kB and p38MAPK pathways were examined by western blot
assay.

Results: LPS treatment induced a series of inflammatory destructions, which reduced viability, accelerated
apoptosis and cell inflammatory factors release in ATDCS cells. However, TMP precondition clearly mitigated
LPS-triggered ATDCS5 cell injury. Additionally, TMP down-regulated MyD88 expression in LPS-treated ATDC5
cells, as well as overexpression of MyD88 overturned the impacts of TMP on LPS-induced cell injury in ATDC5
cells. Beyond that, TMP restrained LPS-triggered the activations of NF-xB and p38MAPK via repression of
MyD88.

Conclusion: The above consequences exhibited that TMP exhibited a protective effect to lighten LPS-caused cell
damage via mediating MyD88/NF-kB/p38MAPK pathways. These findings suggested that TMP perhaps an ef-
fective agent for the clinical treatment of OA.

1. Introduction can improve joint function and reduce painful during OA process

(Lohmander and Roos, 2007; Zhang et al., 2010). However, these

Osteoarthritis (OA) is a bone and synovial joint disease, which
usually arises in elderly people (Losina et al., 2013). The main patho-
logical features of OA contain articular cartilage degenerative and de-
struction, synovial membrane inflammation and osteophyte formation
(Mobasheri et al., 2017). Chondrocytes are the only cells in joint ar-
ticular cartilage, which play a significant role in the cartilage forma-
tion. In the process of OA, the apoptotic rate of articular chondrocytes
and the expression of inflammatory factors are observably increased,
which is one of the key causes of OA cartilage degeneration (Antonelli
and Starz, 2012). Recently, various strategies such as surgical, phar-
macologic treatment and NSAIDs have been applied to treat OA, which

strategies present a few of drawbacks in cartilage destruction and can
cause considerable cardiovascular and gastrointestinal side effects.
Therefore, searching novel drugs for the treatment of cartilage in-
flammatory injury are great significance for remedying OA clinically.
Tetramethylpyrazine (TMP) is one of the effective ingredients de-
rived from Ligusticum chuanxiong hort (Cao et al., 2015). TMP has a
favorable clinical potency in cerebrovascular and cardiovascular dis-
eases, alcoholic liver injury and angina pectoris (Cao et al., 2016; Gao
et al., 2015; Shao et al., 2015). Moreover, recent study also disclosed
that TMP emerged an important role in the mediation of apoptosis and
inflammation (Koushki et al., 2015). In an animal research, TMP has
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been testified to prohibit the articular cartilage explants and chon-
drocytes apoptosis through suppressing reactive oxygen species (ROS)
production and down-regulating caspase-3 activity (Ju et al., 2010).
Simultaneously, other study reported that intraarticular injection of
TMP could relieve inflammatory bruise and improve joint abrasion in
the treatment of OA (Zhang et al., 2018). Therefore, an in-depth study
for exploring the role and mechanism of TMP is important for the
treatment of OA.

The differentiation ability of ATDCS cell is highly consistent with
chondrocyte. Under in vitro culture conditions, ATDC5 cells maintain
an undifferentiated state and has strong proliferative capacity, so it is
regarded as a reliable cell model to simulate cartilage formation (Yao
and Wang, 2013). In this research, we explored the protective functions
of TMP in LPS-injured ATDC5 cells in vitro. In addition, we also de-
tected myeloid differentiation factor 88 (MyD88), nuclear factor kappa
B (NF-«B), and p38 mitogen activated protein kinase (p38MAPK)
pathways to further disclose the possible regulatory mechanisms of
TMP protecting ATDCS5 cells against LPS-triggered injury. This study
might provide a potential strategy for OA clinical treatment.

2. Materials and methods
2.1. Cell culture and operation

ATDCS cells were acquired from RIKEN (Tsukuba, Japan). The re-
suscitative ATDC5 cells were cultured in Dulbecco's modified Eagle's
medium/nutrient mixture F12 (DMEM/F12) (1:1) (Life Technologies,
California, USA) medium including 10% fetal bovine serum (FBS,
Thermo Fisher Scientific, Massachusetts, USA). Then cells were culti-
vated in a constant temperature (37 °C) incubator (Thermo Fisher
Scientific) within 70%-80% saturated humidity and 5% CO,. ATDC5
cells were managed with LPS (5 pg/mL or 2.5 ug/mL) (Sigma-Aldrich,
Missouri, USA) for 12h. TMP (Sigma-Aldrich) was formulated for six
concentration gradients (0, 10, 50, 100, 150 and 200 uM) with DMSO
(Sigma-Aldrich). The control group (no TMP) was utilized the same
amount of DMSO to treat ATDC5 cells. ATDC5 cells were pretreated
with TMP at different concentrations for 24 h before LPS management.

2.2. Cell viability

After TMP and/or LPS treatment, Cell Counting Kit-8 (CCK-8) ac-
quired from Beyotime Biotechnology (Shanghai, China) was exploited
for the detection of cells viability. ATDCS5 cells were inoculated in a 96-
well plate with 200 pL. medium, and then 10 uL. CCK-8 solution was
mixed into the culture medium cultivating for 3h at 37 °C. The ab-
sorbing was measured via using a Microplate Reader (Thermo Fisher
Scientific) at 450 nm and the experiment was repeated for three times.

2.3. Cell apoptosis

Flow cytometry was executed to evaluate the apoptotic cells via
adopting Annexin V-EGFP/PI kit (Invitrogen, California, USA). After
TMP and/or LPS stimulation, ATDC5 cells were digested by trypsin
containing 0.25% EDTA. Then, cells were re-suspended in binding
buffer, and then stained with Annexin V-EGFP (5uL) and PI (10 pL).
The strained cells were cultured at room temperature for 15 min in the
dark. Finally, flow cytometry (Guava Technologies, California, USA)
was utilized to detect the number of apoptotic cells.

2.4. Enzyme-linked immunosorbent assay (ELISA)

Cells suspension was collected from different treatment group, and
was sowned in a 24-well plate. After 24 h cultivation, the concentra-
tions of interleukin-1 beta (IL-1f3), interleukin-6 (IL-6), and tumor ne-
crosis factor alpha (TNF-a) were respectively evaluated by utilizing
mouse IL-1f3, IL-6 and TNF-a ELISA kits (R&D Company, Abingdon,
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2.5. Transfection

The pcDNA3.1 and pc-MyD88 plasmids were achieved from
Genechem Corporation (Shanghai, China). ATDCS5 cells in good growth
state were digested by 2.5 g/L trypsin and diluted 1 x 10°mL™", and
then cultivated in an incubator at 37 °C with 5% CO,. Cell transfection
was then conducted via applying Lipofectamine 2000 reagent pur-
chased from Invitrogen.

2.6. ROS assay

The ROS level was determined by staining with 2,7-dichloro-
fluorescein diacetate (DCFH-DA; Nanjing Jiancheng, Nanjing, China).
After treatment with TMP and/or LPS, ATDC5 cells were washed twice
with PBS, and then cultivated in DMEM comprising 10 uM DCFH-DA for
20 min at 37 °C in the dark. Subsequently, the above-treated cells were
washed with PBS again, and the samples were collected by exploiting
0.25% trypsin-EDTA. After centrifugation, these cells were re-sus-
pended in 500 pL PBS, and then were subjected into a flow cytometer
(488 nm excitation, 521 nm emission) for the determination of fluor-
escent intensity.

2.7. Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA was derived from above treated cells via adopting
TRIzont (Invitrogen). Reversed transcription synthesis cDNA was exe-
cuted via applying PrimeScript™ RT reagent Kit (Invitrogen). The qRT-
PCR reaction was operated by utilizing the Fast SYBR™ Green Master
(ROX) Kit (Applied Biosystems, California, USA) and ABI 7500
Fluorescence PCR System Operating Guide (Thermo Fisher Scientific).
The housekeeping gene of B-actin was exploited for standardization of
IL-1P, IL-6, TNF-a and MyD88 expression. The 224t method was ap-
plied for measuring the relative mRNA expression levels of genes (Ish-
Shalom and Lichter, 2010).

2.8. Western blot

RIPA lysis buffer purchased from Beyotime Biotechnology
(Shanghai, China) was employed for extracting total protein from
ATDCS cells after management with TMP and/or LPS. The BCA Protein
Assay Kit (Beyotime Biotechnology) was used to quantify proteins
content. The proteins were then loaded into SDS-PAGE, and were
transferred into nitrocellulose (NC) membranes (Merck Millipore,
Darmstadt, Germany). The NC membrane was blocked for 1 h by uti-
lizing 50 g/L bovine serum albumin (BSA) (Beyotime Biotechnology) at
room temperature, and then was incubated with the primary antibodies
at 4 °C overnight. The above primary antibodies contained Pro-Caspase-
3 (ab32499), Cleaved Caspase-3 (ab214430), IL-13 (ab9722), IL-6
(ab208113), TNF-a (ab6671), p-IkBa (ab133462), t-IkBa (ab32518), p-
p65 (ab86299), t-p65 (ab32536), p-p38MAPK (ab47363), t-p38MAPK
(ab27986), B-actin (ab16039, Abcam, Cambridge, UK) and Caspase-9
(C9) Mouse mAb (#9508)(Cell Signaling Technology, Boston, USA).
The NC membranes were rinsed three times by Tris-Buffered Saline and
Tween (TBST) (Beyotime Biotechnology) and then co-cultivated with
secondary antibody (ab97051, Abcam) for 1h at room temperature.
The ChemiDocTM XRS system was utilized to capture proteins signals
(Bio-Rad, Hercules, CA, USA). The Image Lab™ software (Bio-Rad) was
exploited to analyze the gray value of the exposed protein bands.

2.9. Statistical analysis
All tests were replicated at least three times. The experiments results

were disclosed as the mean * standard deviation (SD). A one-way
analysis of variance (ANOVA) and Student t-test were utilized to
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calculate P-values via GraphPad Prism 6.0 software (Graphpad,
California, USA). P < .05 was considered to be a significant difference
result.

3. Results
3.1. TMP attenuated LPS-stimulated apoptosis in ATDC5 cells

TMP molecular structure was shown in Fig. 1A. At first, we dis-
covered that TMP administration did not influence ATDC5 cells viabi-
lity at different concentrations (0, 10, 50, 100, 150, 200 uM, Fig. 1B),
indicating that TMP had no toxicity effect on ATDC5 cells. Under the
treatment of LPS (5 pg/mL), cell viability was obviously decreased as
comparison to control group (P < .001, Fig. 1C). However, pretreat-
ment with TMP (100, 150 and 200 uM) obviously accelerated cell via-
bility as relative to LPS treatment group, especially in 150 yM TMP
treatment (P < .001, Fig. 1C). Simultaneously, flow cytometry results
showed that LPS-induced cell apoptosis was obviously prohibited by
TMP pretreatment (P < .01) in ATDC5 cells (Fig. 1D). Additionally, we
used 2.5 pg/mL LPS to stimulate ATDCS5 cells, and then the influence of
TMP in cell apoptosis was determined again. The results showed that
TMP completely reversed the effect of low dose LPS on cell apoptosis
(P < .001, Supplementary Fig. 1). Outside of this, Fig. 1E and F re-
vealed that LPS treatment significantly enhanced the Cleaved-Caspase-3
and Cleaved-Caspase-9 expression as compared to control group
(P < .001). Compared to LPS alone treated cells, we observed that
TMP pretreatment clearly decreased Cleaved-Caspase-3 and Cleaved-
Caspase-9 expression (P < .001). This data disclosed that TMP atte-
nuated LPS-induced cell apoptosis in ATDC5 cells.
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3.2. TMP attenuated LPS-induced cellular inflammatory factor productions
and ROS level

To explore whether TMP could reduce LPS-induced accumulation of
cellular inflammatory factors, ATDC5 cells received LPS and TMP sti-
mulation. As shown in Fig. 2A-C, the results revealed that the mRNA,
secretions and protein expression of IL-1f3, IL-6 and TNF-a were sig-
nificantly elevated under LPS treatment group compared to under
control group (P < .001). However, this consequence was markedly
suppressed under TMP intervention compared with LPS alone treatment
group (P < .01 or P < .001, Fig. 2A-C). Likewise, we observed that
LPS significantly elevated ROS generation in ATDCS5 cells (P < .001).
But, TMP significantly prohibited the level of ROS in LPS-treated
ATDCS cells (P < .01, Fig. 2D). These consequences proposed that
TMP reduced LPS-stimulated accumulation of cellular inflammatory
factors and elevation of ROS level in ATDCS cells.

3.3. TMP hindered LPS-stimulated NF-«kB and p38MAPK signaling
activations

Inflammation factors are triggered by multiple intracellular sig-
naling pathways, such as NF-xB and p38MAPK signaling pathways.
Fig. 3A-D conferred that LPS treatment obviously increased the protein
expression of p-lkBa, p-p65 and p-p38MAPK (P < .001). However,
TMP pretreatment clearly prohibited LPS-triggered the enhancements
of the protein expression of p-lkBa, p-p65 (P < .001) and p-p38MAPK
(P < .01) as compared with LPS treatment group in ATDCS cells
(Fig. 3A-D). These outcomes indicated that NF-kB and p38MAPK sig-
naling pathways were effectively blocked by TMP in LPS-stimulated
ATDCS5 cells.
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Fig. 1. Effects of TMP on cell apoptosis.
(A) The molecular structure of TMP.

(B) ATDCS cells were treated with the different concentrations (0, 10, 50, 100, 150, 200 uM) of TMP for 24 h, the viability of ATDC5 cells was detected by CCK-8.
(C) ATDCS cells were pre-treated with the different concentrations (0, 10, 50, 100, 150, 200 uM) of TMP for 24 h, and then were managed with LPS (5 ug/mL) for

12 h, cell viability was reassessed by CCK-8.

(D) The percentage of ATDC5 apoptotic cells under TMP pretreatment (24 h) and LPS treatment (12 h) was measured by flow cytometry assay.
(E and F) The protein levels of Pro/Cleaved-Caspase-3 and Pro/Cleaved-Caspase-9 under TMP pretreatment (24 h) and LPS treatment (12 h) was measured by western

blot.
* P < .05 %, P < .01; *** P < .001.
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Fig. 2. Effects of TMP on cellular inflammatory factors and ROS generation.

(A) The mRNA expression of cellular inflammatory factors under TMP (24 h) and LPS (12 h) treatment was measured by qRT-PCR.
(B) The secretions of cellular inflammatory factors under TMP (24 h) and LPS (12h) treatment were revealed by ELISA.

(C) The protein levels of cellular inflammatory factors under TMP (24 h) and LPS (12 h) treatment were measured by western blot.
(D) The ROS level under TMP (24 h) and LPS (12 h) treatment was measured by DCFH-DA staining.

® P < 01; *** P < .001.
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Fig. 3. Effects of TMP on NF-xB and p38MAPK pathways.

(A and B) The expression levels of p/t-lkBa and p/t-p65 under TMP (24 h) and LPS (12h) treatment was detected by western blot.
(C and D) The expression level of p/t-p38MAPK under TMP (24 h) and LPS (12 h) treatment was detected by western blot.

** P < .01; *** P < .001.
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3.4. TMP down-regulated MyD88 expression in LPS-stimulated ATDC5
cells

MyD88 is an important inflammatory system adaptor protein in the
TLR/MyD88/NF-kB signaling pathway and is an important node for
transducing downstream signals (Qiao et al., 2019). We firstly dis-
covered that TMP alone treatment clearly prohibited MyD88 expression
in ATDCS5 cells (P < .05, Fig. 4A and B). Additionally, we further in-
vestigated whether TMP modulated LPS-induced ATDC5 cells in-
flammatory injury via mediating MyD88 signaling pathway. Fig. 4C and
D results disclosed that the protein level of MyD88 was distinctly in-
creased under LPS treatment as relative to control group (P < .01).
Under TMP pretreatment, MyD88 protein expression was down-regu-
lated as compared to LPS treatment in ATDC5 cells (P < .01). Subse-
quently, we discovered that MyD88 was successfully overexpressed
(P < .001) by transfection with pc-MyD88 in ATDC5 cells (Fig. 4E).
Moreover, MyD88 protein expression was obviously increased by
overexpression of MyD88 in ATDC5 cells (Fig. 4F). The outcomes de-
clared that TMP cut down MyD88 protein level in LPS-stimulated
ATDC5 cells, hinting that MyD88 might participate in mediating the
functions of TMP in LPS-induced cell injury.

3.5. TMP attenuated LPS-induced apoptosis and cellular inflammatory
factor expression and secretions by down-regulating MyD88

The above results had showed that TMP reduced LPS-induced cell
apoptosis and relative mRNA expression and secretions of cellular in-
flammatory factors. In the following experiments, we further explored
whether MyD88 took part in mediating LPS-stimulated cell apoptosis
and cellular inflammatory factor expression. As shown in Fig. 5A-C,
TMP-inhibited cell apoptosis and Cleaved-Caspase-3/—9 expression in

LPS-treated ATDC5 cells were both overturned by overexpressed
MyD88 (P < .01 or P < .001). In Fig. 6A and B, LPS enhanced mRNA
expression and secretions of IL-13, IL-6 and TNF-a were distinctly
further up-regulated by overexpression of MyD88 (P < .001). After
pretreatment with TMP, we discovered that LPS-triggered the elevation
of mRNA expression and secretions of IL-1f, IL-6 and TNF-a were ob-
viously prohibited by TMP (P < .05 or P < .001, Fig. 6C and D).
Nonetheless, overexpressed MyD88 inverted the inhibitory impacts of
TMP on IL-1f3, IL-6 and TNF-a expression and production in LPS-treated
ATDCS5 cells (P < .05 or P < .001, Fig. 6C and D). The above data
approved that TMP attenuated LPS-induced cell apoptosis and LPS-
elevated cellular inflammatory factor expression and secretions by
down-regulating MyD88 in ATDC5 cells.

3.6. TMP restrained LPS-prompted NF-xB and p38MAPK signaling
activations through down-regulating MyD88

Above results had showed that TMP suppressed NF-kB and
P38MAPK activations in LPS-stimulated ADTC5 cells. Next, we aimed to
further explore whether MyD88 was involved in regulating the above
phenomenon. Western blot results showed that MyD88 overexpression
in LPS and TMP co-treated ATDCS5 cells obviously enhanced p-lkBa, p-
p65 and p-p38MAPK protein expression as compared with that in the
correlative control group (P < .001, Fig. 7A-D). Altogether, these re-
sults indicated that TMP inhibited LPS-prompted the activations of NF-
kB and p38MAPK via down-regulating MyD88.

4. Discussion

OA is a frequent disease in the elderly people, and the prevalence in
China is quite high in 2010 (Tang et al., 2016). At present, the
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Fig. 5. Effects of MyD88 overexpression on cell apoptosis under TMP and LPS treatment.
After transfection with pcDNA3.1 and pc-MyD88 for 48 h, (A) the percentage of ATDC5 apoptotic cells under TMP (24 h) and LPS (12 h) treatment was determined by

flow cytometry.

(B and C) The protein levels of Pro/Cleaved-Caspase-3 and Pro/Cleaved-Caspase-9 under TMP (24 h) and LPS (12h) treatment was measured by western blot.
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After transfection with pcDNA3.1 and pc-MyD88 for 48 h and stimulation with LPS for 12h, (A) The mRNA expression and (B) the concentrations of inflammatory

factors (IL-1p, IL-6 and TNF-a) were evaluated by qRT-PCR and ELISA.

After transfection with pcDNA3.1 and pc-MyD88 for 48 h and co-stimulation with TMP (24 h) and LPS (12 h), (C) the mRNA expression and (D) the concentrations of
inflammatory factors (IL-1p, IL-6 and TNF-a) were reassessed by qRT-PCR and ELISA.

* P < .05; ***, P < .001.

treatment strategies for OA are still restrictive (Lohmander and Roos,
2007; Zhang et al., 2010). LPS is one of the major pathogen-associated
molecules in the gram-negative bacteria, which has been proven to
induce a series of inflammatory response via stimulating pro-in-
flammatory cytokines expression (Kim et al., 2012; Ronco, 2014). In
cell and animal studies, LPS was utilized to establish OA model for
analyzing the pathogenesis of OA and testing the new therapeutic target
for the treatment of OA (Balaganur et al., 2014; Zhao et al., 2017). In
our research, we exploited LPS to induce ATDC5 cell injury, and then
the functions of TMP in LPS-injured cells were investigated. We dis-
covered that TMP significantly alleviated LPS-triggered cell injury in
ATDCS cells. Moreover, the protective impacts were clearly overturned
by MyD88 overexpression in LPS-stimulated cells. Besides, TMP hin-
dered LPS-activated NF-kB and p38MAPK pathways via repression of
MyD88.

TMP as a purified chemical component of Chinese herbal has been

proven to have a wide range of pathological activities, comprising anti-
apoptosis and anti-inflammation. For example, a research found that
TMP could restrain LPS-induced rat peritoneal mesothelial cells apop-
tosis and hypoxia-induced cardiomyocyte apoptosis (Zhang et al.,
2016). Additionally, TMP has been verified to extenuate cerebral is-
chemic damage via restraining inflammatory cell activities, in-
tracellular inflammatory factors production, and neuronal apoptosis
(Chang et al., 2007; Xiao et al., 2010). An interesting research has been
reported that TMP could attenuate LPS-induced cardiomyocyte injury
via improving mitochondrial function mediated by 14-3-3y (Huang
et al., 2018). Moreover, TMP could relieve LPS-induced pancreatic [3-
cell Min6 injury via regulation of miR-101/MKP-1 (Chen et al., 2019).
Further, the protective effect of TMP on human type II alveolar epi-
thelial cells injury triggered by LPS was also testified (Xiao-Yong and
Zhou, 2017). In consistent with the predecessor's research, we also
discovered that TMP prohibited LPS-induced cell apoptosis. At the same
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Fig. 7. Effects of MyD88 overexpression on NF-kB and p38MAPK pathways.
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(A and B) The expression levels of p/t-lkBa and p/t-p65 after pc-MyD88 transfection (48 h) and LPS (12 h) + TMP (24 h) treatment were investigated by western blot.
(C and D) The expression level of p/t-p38MAPK after pc-MyD88 transfection (48 h) and LPS (12h) + TMP (24 h) treatment was estimated by western blot.

* P < .05; **, P < .01; ***, P < .001.

time, we found that LPS treatment promoted a series high expression of
cellular inflammatory factors. More importantly, TMP pretreatment
remarkably reduced the expression and secretion of these inflammatory
factors under LPS treatment in ATDC5 cells. The data indicated that
TMP as a protective molecule attenuated LPS-motivated apoptosis and
inflammatory damage.

MyD88 is one of the general adaptor proteins in toll-like receptor 4
(TLR4) pathway, which plays a vital role in promoting the signal
transduction of downstream inflammatory cytokine (Qiao et al., 2019).
More and more evidences showed that various tissue damage could
activate TLR4 by inducing an innate immune response, and mediating
the intracellular signal transduction of downstream signaling molecule
MyD88 (Kim et al., 2016; Prakash et al., 2015). In systemic in-
flammatory response syndrome (SIRS) research found that dioscin as a
steroidal saponin from medicinal plant exerted the anti-inflammatory
effects on SIRS via adjusting MyD88 signaling pathway (Zhao et al.,
2018). The related research from Liu et al. disclosed that IL-1( triggered
a significant up-regulation of TLR4 and MyD88 in osteoarthritic chon-
drocytes in vitro (Liu et al., 2014). Our result was partly similar with
this research that LPS evoked an obvious elevation of MyD88 in ATDC5
cells. But, up-regulation of MyD88 triggered by LPS was clearly de-
clined by TMP. According to this finding, we speculated that MyD88
might participate in regulating the anti-inflammatory function of TMP
in LPS-injured ATDCS cells. In our research, we discovered that MyD88
overexpression significantly induced cell apoptosis as well as increased
secretions of inflammatory factors in LPS and TMP co-processed ATDC5
cells. The results showed that MyD88 might join in TMP attenuated
LPS-induced ATDCS5 cells injury.

NF-kB and p38MAPK pathways have been certified to participate in
the regulation of inflammatory response and apoptosis in various dis-
eases (Kim et al., 2018; Kim et al., 2017). Previous research showed
that CXC195 as a TMP analog regulated the anti-inflammatory function
by inhibiting the TLR4/MyD88 through activations of NF-kB and
p38MAPK pathways in LPS-stimulated human hepatocellular

carcinoma (HCC) cells (Wang et al., 2015b). Additionally, previous
study reported that NF-xB and p38MAPK signaling pathways were both
activated and participated in the pathogenesis of OA (Wang et al.,
2015a). Therefore, in our experimentation, we made a thorough inquiry
the influence of TMP in p38MAPK and NF-kB pathways in LPS-managed
ATDCS cells. The results manifested that TMP pretreatment reduced the
activations of NF-kB and p38MAPK in LPS-treated ATDC5 cells. More
interestingly, we observed that overexpressed MyD88 inverted the
functions of TMP in NF-xB and p38MAPK pathways in LPS-stimulated
ATDCS cells. These findings indicated that NF-xB and p38MAPK path-
ways might join in mediating the protective functions of TMP in LPS-
injured ATDCS5 cells.

Taken together, our research firstly demonstrated that TMP atte-
nuated LPS-induced inflammatory damage in ATDCS5 cells by blocking
NF-kB and p38MAPK pathways via down-regulation of MyD88. This
article lays the foundation for in-depth research the function of TMP,
and also provides a new target for the clinical treatment of OA.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.yexmp.2019.104317.
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