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S1PR3 suppresses the inflammatory response and extracellular
matrix degradation in human nucleus pulposus cells
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Abstract. Sphingosine 1-phosphate receptor 3 (SIPR3)
participates in the inflammatory response in multiple types
of diseases. However, the biological role of SIPR3 in inter-
vertebral disc degeneration and the underlying mechanism
are unclear. The aim of the present study was to investigate
the functional role and the mechanism of SIPR3 in lipopoly-
saccharide (LPS)-induced human nucleus pulposus cells.
The expression of SIPR3 and Toll-like receptor (TLR) 2 in
LPS-induced nucleus pulposus (NP) cells was investigated
using western blotting. The Cell Counting Kit-8 assay was
used to detect cell proliferation, and the levels of inflamma-
tory factors were detected using ELISA. Flow cytometry and
western blotting were used for the assessment of apoptosis. The
deposition of extracellular matrix (ECM) proteins was investi-
gated using reverse transcription-quantitative PCR and western
blotting. In addition, western blotting was used to investigate
the protein expression levels of phosphorylated (p)-STAT3,
STAT3, p-JNK, JNK, p-ERK, ERK, p-p38 and p38associated
with STAT3 and MAPK signaling. SIPR3 expression was
reduced, while TLR2 expression was elevated in LPS-induced
human nucleus pulposus cells (HNPC). SIPR3 overexpres-
sion increased HNPC viability, inhibited the inflammatory
response and suppressed apoptosis. Meanwhile, SIPR3 over-
expression regulated the expression of ECM-related proteins.
Additionally, overexpression of SIPR3 inhibited the expres-
sion of the TLR2-regulated STAT3 and MAPK pathways in
LPS-induced HNPCs. Furthermore, TLR2 overexpression
partially offset the impacts of SIPR3 overexpression on HNPC
viability, apoptosis level, inflammation and as ECM degrada-
tion. In conclusion, STAT3 overexpression suppressed viability
injury, the inflammatory response and the level of apoptosis
and alleviated ECM protein deposition in HNPCs through the
TLR2/STAT3 and TLR2/MAPK pathways, which may offer a
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promising candidate for the amelioration of intervertebral disc
degeneration.

Introduction

Chronic low back pain (CLBP) is considered the leading
cause of disability and repeated visits for patients with lumbar
degenerative disease, contributing to the global socioeconomic
burden (1-3). Intervertebral disc tissue is composed of three
predominant structures: Nucleus pulposus (NP), annulus fibrosus
(AF) and cartilage endplate (EP) (4). NP is a flexible sphere
located in the center of the disc, surrounded by AF in the front,
back, left and right directions (5). EP is attached to the superior
and lower NP (6). Disc degeneration is an age-related biological
process characterized by decreased hydration and extracellular
matrix (ECM) deposition, increased inward growth of neurovas-
cular structures and release of inflammation-related cytokines
within NP tissues, which causes spinal instability along with
CLBP (4,7,8). Proinflammatory factors can inhibit ECM produc-
tion in human nucleus pulposus cells (HNPC) (9). On the other
hand, it can promote the production of degrading enzymes such
as matrix metalloproteinase (MMP) (10). Therefore, inhibiting
inflammation is an effective way to alleviate disc degeneration.

Sphingosine 1-phosphate (S1P) is a bioactive phospholipid
that regulates numerous cellular physiological processes such
as proliferation, survival and cytoskeletal rearrangement
by binding to a family of five G protein-coupled receptors
(GPCRs) (11). S1P receptor 3, (S1PR3) belonging to the GPCR
family, is necessary for the promotion of bone formation in
response to S1P (12). The SIP-S1PR3 axis has been reported
to have anti-inflammatory functions (13). SIP lyase inhibi-
tion improves sepsis by increasing the SIP-S1PR3 signaling
axis and reducing production of cytokines, including tumor
necrosis factor (TNF)-a and interleukin (IL)-6 (14). In addi-
tion, SIP3” mice showed the lower survival rate of and the
higher levels of TNF-a and IL-6 (15).

However, the biological roles of SIPR3 in intervertebral
disc degeneration and the underlying mechanism are not
well understood. The current study focused on the roles of
S1PR3 in disc degeneration and in vitro functional studies
were performed in LPS-induced HNPCs to further eluci-
date the mechanism underlying the regulation of SIPR3 in
inflammation-related disc degeneration. The current study
provided novel insights into the functional roles of SIPR3 in
the pathogenesis of disc degeneration.
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Materials and methods

Cell culture. Immortalized human NP cell line HNPC
(cat. no. iCell-0028a) provided by Cellverse Bioscience
Technology Co., Ltd. were cultured in DMEM (Gibco;
Thermo Fisher Scientific, Inc.) supplied with 10% FBS and
1% penicillin/streptomycin (both Gibco; Thermo Fisher
Scientific, Inc.) at 5% CO, and at 37°C. Lipopolysaccharide
(LPS; Sigma-Aldrich; Merck KGaA) with concentration range
of 0.01-100 pg/ml was used to treat HNPCs for 24-48 h at
37°C, aiming to trigger cell inflammation in vitro.

Cell transfection. To overexpress SIPR3 and Toll-like receptor
(TLR) 2, the pc-DNA3.1 vector containing the whole length
of SIPR3 (over-S1PR3) or TLR2 (over-TLR?2), and the empty
vector [over-negative control (NC)] were synthesized by
Genepharm, Inc. With the application of Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.), 100 nM recombi-
nants were introduced to HNPCs following the manufacturer's
instructions. After 48 h of transfection, cells were used for
follow-up experiments.

Cell counting kit-8 (CCK-8) assay. The CCK-8 assay was used
for the estimation of HNPC viability. Cells were cultured in
DMEM with 10% FBS for 24 h at 37°C, followed by incuba-
tion with 10 1 WST-8 (Beyotime Institute of Biotechnology)
for 2 h. A microplate reader (Bio-Rad Laboratories, Inc.) was
used, and optical density was determined at 450 nm.

ELISA. The levels of IL-1B, IL-6 and TNF-a in cell
culture supernatants were investigated using ELISA kits
(cat. nos. #DLB50, #D6050B, #DTAO00D, respectively; R&D
Systems, Inc.) following the manufacturer's instructions. A
microplate reader (Bio-Rad Laboratories, Inc.) was used, and
optical density was determined at 450 nm.

Apoptosis assay. Apoptosis was investigated using the FITC
Annexin V/PI Apoptosis Detection Kit I (cat. no. 556547,
BD Biosciences) following the manufacturer's instructions.
Briefly, the collection of cells was carried out following
the indicated treatment. Afterward, PBS-rinsed cells were
resuspended in binding buffer. Subsequently, cells were
incubated with Annexin V-FITC for 15 min and propidium
iodide (PI; 10 mg/ml) for 5 min away from the light using
BD FACSVerse™ System (BD Biosciences), all steps at room
temperature. FlowJo_V10 (FlowJo LLC ) was used for analysis.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNAs were extracted from HNPC using TRIzol (Invitrogen;
Thermo Fisher Scientific, Inc.) following the manufacturer's
protocol. Then the RNA was reverse transcribed into cDNA
using PrimeScript RT Master Mix (Perfect Real Time; Takara
Bio, Inc.) following the manufacturer's instructions. The
amplification of cDNA was carried out by qPCR using the
SYBR Premix Ex Taq™ II kit (Takara Bio, Inc.). The PCR
program was 95°C for 3 min, followed by 35 cycles of dena-
turation at 95°C for 30 sec, annealing at 60°C for 30 sec and
extension at 72°C for 1 min. A final extension step at 72°C
for 7 min was performed. The primer sequences for PCR
are presented as below: A disintegrin and metalloproteinase

with thrombospondin motifs 4 (Adamts-4) forward, 5'-GGA
AATTCAGATGTGGTACTGCC-3!, and reverse 5'-GCCACT
AGGACTTGCAGTGT-3"; Adamts-5 forward, 5'-CCATGG
CAACTGGGGATCTT-3', and reverse, 5“-TCTCCTCCACAT
ACTCCGCA-3'"; Aggrecan forward, 5'-~AGGGCGAGTGGA
ATGATGTT-3', and reverse, 5'-GCGTTTGTAGGTGGT
GGCTG-3'; Collagen II forward, 5'-CTTCCCCCTCCTGCT
CCAAG-3', and reverse, 5-TCTCCGAAGGGGATCTCA
GG-3'; MMP3 forward, 5-TGAGGACACCAGCATGAA
CC-3', and reverse, 5-ACTTCGGGATGCCAGGAAAG-3";
MMP13 forward, 5'-GCACTTCCCACAGTGCCTAT-3, and
reverse 5" AGTTCTTCCCTTGATGGCCG-3"; TLR2 forward,
5'-CCAAGTGAAGGCAGGAAGACA-3', and reverse 5'-GGA
AACTCGAGGCAGACCAA-3"; GAPDH forward, 5-GGG
AAACTGTGGCGTGAT-3, and reverse, 5-GAGTGGGTG
TCGCTGTTGA-3". The primer sequences were synthesized
from Sangon Biotech Co., Ltd., China. Relative gene expres-
sion was quantified using the 2-24%4 method normalized to
GAPDH (16,17).

Western blotting. Total protein from sample cells was isolated
using RIPA buffer (Beyotime Institute of Biotechnology) and
quantification was completed using the BCA Protein Assay
kit (Beijing Dingguo Changsheng Biotechnology Co., Ltd.)
following the manufacturer's instructions. A total of 30 ug
protein per well were separated by 10% SDS-polyacrylamide
gels and transferred to PVDF membranes. Subsequently,
membranes were blocked using 5% non-fat milk for 2 h at room
temperature and incubated with the following primary anti-
bodies: SIPR3 (cat. no. ab126622); Bcl-2 (cat. no. abl182858);
Bax (cat. no. ab32503); Adamts-5 (cat. no. ab41037); Adamts-4
(cat. no. ab314856); Aggrecan (cat. no. ab315486); Collagen
II (cat. no. ab307674); MMP3 (cat. no. ab52915); MMP13
(cat. no. ab39012); TLR2 (cat. no. ab68159); phosphorylated
(p)-STAT3 (cat. no. ab267373); STAT3 (cat. no. ab68153);
p-JNK (cat. no. ab124956); JNK (cat. no. ab179461);
p-ERK (cat. no. ab201015); ERK (cat. no. ab18469); p-p38
(cat. no. ab308038); p38 (cat. no. ab182453); and GAPDH
(cat. no. ab8245) (all dilutions 1:1,000; Abcam) overnight
at 4°C and the HRP-conjugated goat anti-rabbit or mouse
secondary antibodies (cat. nos. sc-2004 or sc-2005; 1:5,000;
Santa Cruz Biotechnology, Inc.) for 1 h at room temperature.
The visualization of protein bands was carried out using an
enhanced chemiluminescence (ECL) reagent kit (Amersham
Biosciences), while protein density was analyzed using ImageJ
(version 1.49; National Institutes of Health).

Statistical analysis. SPSS (version 22.0; IBM Corp.) and
GraphPad Prism (version 6; Dotmatics) were used for data
analysis. Data are shown as mean + SD of results derived
from three independent experiments performed in triplicate.
One-way ANOVA with Bonferroni post hoc test were used for
comparisons among multiple groups. P<0.05 was considered
to indicate a statistically significant difference.

Results
Expression of SIPR3 in LPS-induced HNPCs is decreased.

To investigate the biological roles of SIPR3 in LPS-induced
HNPCs, the effects of LPS on the viability of HNPCs were
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Figure 1. Expression of SIPR3 is decreased in HNPCs induced by LPS. Cell Counting Kit-8 assay was used to assess cell viability of HNPCs with LPS treat-
ment for (A) 24 h and (B) 48 h. (C) The protein level of SIPR3 in HNPCs treated with different doses of LPS was detected by western blot assay. The circles,
squares, triangles and inverted triangles represent each sample individually. ““P<0.001. SIPR3, sphingosine 1-phosphate receptor 3; HNPC, human neural

progenitor cells; LPS, lipopolysaccharide.

detected. Treatment with 10-100 pg/ml LPS reduced HNPC
viability compared with the control group (Fig. 1A and B). In
addition, the western blotting results demonstrated that LPS
concentration-dependently declined SIPR3 protein content in
HNPCs (Fig. 1C).

Overexpression of SIPR3 inhibits LPS-induced cell damage,
inflammatory release and apoptosis of HNPCs. With the aim
of investigating the role that SIPR3 plays in intervertebral
disc degeneration, SIPR3 was overexpressed in LPS-induced
HNPCs, and transfection efficiency is shown in Fig. 2A.
The production of TNFa, IL-1p and IL-6 were significantly
decreased after transfection with over-S1PR3 compared with
the LPS + over-NC group (Fig. 2B). The CCK-8 assay results
revealed that the viability in HNPCs with SIPR3 overexpres-
sion increased 30% compared with the LPS + over-NC group
(Fig. 2C). In addition, flow cytometry showed a significant
reduction of 21% in the rate of apoptosis after transfection
with over-SIPR3 compared with the LPS + over-NC group

(Fig. 2D). Moreover, SIPR3 overexpression increased the level
of Bcl-2, while it decreased the level of Bax in LPS-treated
cells (Fig. 2E).

Overexpression of SIPR3 promotes LPS-induced deposition
of ECM proteins in HNPCs. RT-qPCR and western blotting
results indicated that the levels of Adamts-5 and -4 were notably
decreased after transfection with over-SIPR3 compared with
those in the LPS + over-NC group (Fig. 3A and B). Moreover, the
contents of the polyproteoglycan aggrecan and collagen II were
found to be elevated after overexpressing SIPR3 in LPS-induced
HNPCs (Fig. 3C and D). Additionally, the levels of the matrix
degrading enzymes MMP3 and MMP13 were reduced in
LPS-induced HNPCs transfected with over-S1PR3 compared
with those in the LPS + over-NC group (Fig. 3E and F).

Upregulation of SIPR3 represses the expression of
TLR2-regulated STAT3 and MAPK signaling in LPS-induced
HNPCs. Next, the mechanism involved in the function of



4 TIAN et al: ROLE OF S1PR3 IN LPS-INDUCED NUCLEUS PULPOSUS CELLS
£
A 5 .
= eokok
3 o
0 a
Q3
Ty y & 5L2
stPRo [N - ©
[
GAPDH WD S Gaes o
Control Over-NC  Over- g =
1PR 5
S 3 g Control Over-NC  Over-
S1PR3
kokk
4000 . s g 2000 ok - 150
< 3000 g
5 >100
(=} =
< 2000 3
W S
Z 1000 - 50
(@]
0 0
k] (7] +O L ® [CR] = & 3 &
e a vz oC z or I e @ LZ) 5 & 2 2 & (Z) 5&
c — [+ N o o o c — a7 >0 r=4 i} oS >a
3 -2 35 ¢ 25 S -8 95 3 -8 85
3 9 S 9 © 5 % © 3 9
o o
o | P | 4 |
D Control LPS LPS+Over-NC LPS+Over-S1PR3
107 a1 Q2 10" Jaon Qa2 107 §a1 Q2 10”301 Q2
1061 0.45 1.78 106- 0.44 26.7 106— 0.84 247 106- 0.14 6.63
< 3 <3 < g S
w o
& 10%1 £10°7 1103 W 0%
< < < : <,
N 1043 N10%3 N10%3 N10%3
T & & &
Q. Q Q Q
£10%7 £10%3 £10°73 £10%3
o E| [*] E| [e] [*]
o O [¢] ¢}
102? Q4 a3 10%qas Q3 10%7 s Q3 10%3 a4 a3
Y 96.9 0.88 1 69.8 313 1 705 4.04 4 90.8 238
10 Ty Ty Ty L Ty Ty 10 Ty i Ty i ™Y Ty 10 Ty Ty ki § L Ty Ty 10 Ty Ty Rk § Ty ™y Ty
10" 102 10% 10* 10° 108 107 10" 102 10° 10* 10° 10° 107 10" 102 10% 10* 10° 10° 107 10" 102 10% 10* 10° 10® 107
Comp-FL6-A:: FITC-A Comp-FL6-A:: FITC-A Comp-FL6-A:: FITC-A Comp-FL6-A:: FITC-A
E £ c
40 5 15 c 4
;\3 sk etk g " Exk % ” sk «
~ O N Q 3
@30 BCL2 o « v v w310 3
S 35 stk g ,5’2
g 20 BaX e W W e T xE
S0 830 D9
3 GAPDH @D Gnes e ams ° 23
pocy s 0.0 S0
0—"% S 2 39 32 5 » +0 cto 2 5 ® 40 Lo
I FTEYT: £ 5 g2 3% ¢ T 2 39 88 & T & 49 5¢
] ] afT Za o} Jg O+« 5 L A% 5 L %
8 -2 25 € 3 a® 3 2 25 8 g 25
6 v Q c 2 °o 2
5 - -

Figure 2. Overexpression of SIPR3 inhibits LPS-induced cell damage, inflammatory release and apoptosis of HNPCs. (A) The protein levels of SIPR3 in
HNPCs transfected with Over-S1PR3 or Over-NC were detected using western blotting. (B) The levels of TNFa, IL-1p and IL-6 were measured by ELISA.
(C) Cell Counting Kit-8 assay was used to assess cell viability. (D) Flow cytometry was carried out to identify the apoptosis in LPS-induced HNPCs with

S1PR3 overexpression. (E) The levels of Bcl-2 and Bax were detected using western blotting. "P<0.05,

P<0.001.S1PR3, sphingosine 1-phosphate receptor 3;

HNPC, human neural progenitor cells; LPS, lipopolysaccharide; over, overexpression; NC, negative control.

S1PR3 in LPS-induced HNPCs was further explored. LPS
elevated the protein level of TLR2 by 5-fold compared with
the control, while SIPR3 overexpression reduced the produc-
tion of TLR2 by 1.8-fold compared with the LPS-over-NC
group in HNPCs (Fig. 4A). Upregulation of SIPR3 signifi-
cantly reduced the phosphorylation of STAT3 induced by LPS
in HNPCs (Fig. 4B). Additionally, the expression of p-JNK,
p-ERK and p-p38 were increased by 2.3-, 2.7- and 3.9-fold
in the LPS group, but SIPR3 overexpression reduced the
expression levels of p-JNK, p-ERK and p-p38 by 1.2-, 1.5- and
1.8-fold (Fig. 4C). With the aim of exploring the biological
role that TLR2 plays in HNPCs, TLR2 was overexpressed

and transfection efficiency is shown in Fig. 4D. The signifi-
cantly decreased p-STAT3 and p-JNK expression levels in
S1PR3-overexpressed HNPCs were found to be elevated after
overexpressing TLR2 (Fig. 4E).

SIPR3 alleviates LPS-induced inflammatory release,
apoptosis and ECM degradation of HNPCs through the
TLR2/STAT3 and TLR2/MAPK pathways. TLR2 overexpres-
sion elevated the production of TNFa, IL-1f and IL-6 in
S1PR3-overexpressed HNPCs (Fig. 5A). Moreover, the CCK-8
assay data showed that TLR2 overexpression decreased
the viability of SIPR3-overexpressed HNPCs (Fig. 5B).
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Figure 3. Upregulation of SIPR3 promotes LPS-induced deposition of extracellular matrix proteins in HNPCs. (A) The mRNA expression and (B) protein level
of Adamts-5 and Adamts-4 in LPS-induced HNPCs after SIPR3 overexpression were detected by RT-qPCR and western blotting. (C) The mRNA expression

and (D) protein level of Aggrecan and Collagen II in LPS-induced HNPCs after SIPR3 overexpression were detected by RT-qPCR and western blotting.

(E) The mRNA expression and (F) protein level of MMP3 and MMP13 in LPS-induced HNPCs after SIPR3 overexpression were detected by RT-qPCR

and western blotting. “P<0.01, “*P<0.001. SIPR3, sphingosine 1-phosphate receptor 3; HNPC, human neural progenitor cells; LPS, lipopolysaccharide; over,

overexpression; NC, negative control; RT-qPCR, reverse transcription-quantitative PCR.
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Figure 4. SIPR3 overexpression represses the expressions of TLR2-regulated STAT3 and MAPK signaling in LPS-induced HNPCs. (A) The protein level of
TLR2 in LPS-induced HNPCs transfected with Over-S1PR3 or Over-NC was detected by western blotting. (B) The protein levels of p-STAT3 and STAT3
HNPCs after TLR2 overexpression were detected by RT-qPCR and western blotting. (E) The protein levels of p-JNK, p-ERK, p-STAT3, JNK, ERK and

STAT3 in LPS-induced HNPCs transfected with Over-S1PR3 or Over-TLR2 were detected by western blotting. “P<0.05,"P<0.01, ““P<0.001. S1PR3, sphin-
gosine 1-phosphate receptor 3; HNPC, human neural progenitor cells; LPS, lipopolysaccharide; over, overexpression; NC, negative control; RT-qPCR, reverse

ERK and p38 in LPS-induced HNPCs transfected with Over-S1PR3 or Over-NC were detected by western blotting. (D) The levels of TLR2 in LPS-induced
transcription-quantitative PCR; p-, phosphorylated.

in LPS-induced HNPCs transfected with Over-S1IPR3 or Over-NC were detected by western blotting. (C) The protein levels of p-INK, p-ERK, p-p38, INK,
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Figure 5. SIPR3 alleviates LPS-induced inflammatory release, apoptosis of HNPCs through TLR2/STAT3 and the TLR2/MAPK pathways. (A) The levels of
TNFa,IL-1p and IL-6 were measured by ELISA. (B) Cell Counting Kit-8 assay was used to assess cell viability. (C) Flow cytometry was carried out to identify
the apoptosis in LPS-induced HNPCs transfected with Over-S1PR3 or Over-TLR2. (D) The levels of Bcl-2 and Bax were detected by western blotting. "P<0.05,
“P<0.01, “"P<0.001. S1PR3, sphingosine 1-phosphate receptor 3; HNPC, human neural progenitor cells; LPS, lipopolysaccharide; over, overexpression; NC,

negative control.

In addition, the apoptosis rate in cells co-transfected with
over-S1PR3 + over-TLR2 was increased by 26% compared
with that in cells transfected with over-S1PR3 alone (Fig. 5C),
which is in line with western blotting data, as evidenced
by the reduced Bcl-2 and elevated Bax contents (Fig. 5D).
Furthermore, RT-qPCR and western blotting revealed that
TLR2 overexpression significantly increased the levels of
Adamts-5, Adamts-4, MMP3 and MMP13, while it reduced

the levels of aggrecan and collagen II in LPS-induced HNPCs
transfected with over-S1PR3 (Fig. 6).

Discussion
Intervertebral disc degeneration, characterized by progres-

sive failure of structure and ageing of the intervertebral disc,
leads to pain in the lower back and even global disability (18).
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induced extracellular matrix degradation in HNPCs by TLR2/STAT3 and the TLR2/MAPK pathways. (A) The mRNA

Figure 6. SIPR3 suppresses LPS-

and Adamts-4 in LPS-induced HNPCs transfected with Over-S1PR3 or Over-TLR2 were detected by RT-qPCR

expression and (B) protein level of Adamts-5

and western blotting. (C) The mRNA expression and (D) protein level of Aggrecan and Collagen II in LPS-induced HNPCs transfected with Over-SIPR3 or

Over-TLR2 were detected by RT-qPCR and western blotting. (E) The mRNA expression and (F) protein level of MMP3 and MMP13 in LPS-induced HNPCs

transfected with Over-S1PR3 or Over-TLR2 were detected by RT-qPCR and western blotting. "P<0.05, “P<0.01, ““P<0.001. SIPR3, sphingosine 1-phosphate

receptor 3; HNPC, human neural progenitor cells; LPS, lipopolysaccharide; over, overexpression; NC, negative control; RT-qPCR, reverse transcription-

quantitative PCR; Adamts, A disintegrin and metalloproteinase with thrombospondin motifs.
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Existing studies have revealed that aberrant functions in
HNPCs, including senescence, cytokine secretion, apoptosis
and ECM degradation, are associated with IDD pathogen-
esis (19-21). HNPCs can generate ECM components, such
as aggrecan, type II and X collagen, playing a crucial func-
tion in maintaining the integrity of intervertebral discs (22).
Additional evidence indicates that the aberrant functions of
HNPCs may be the key to the degeneration pathogenesis of
intervertebral discs (23). In the current study, the aim was to
identify the potential role of SIPR3 in HNPC viability, inflam-
mation, apoptosis and ECM degradation, as well as disclose
the molecular mechanisms underlying its function.

S1P, a bioactive signaling agent, is derived from mamma-
lian membrane sphingolipids, and has roles in immune and
inflammatory responses and cardiovascular systems (24).
Most of the biological functions of S1P are regulated by
S1PR1-5. Among these receptors, SIPR3 mediates multiple
biological activities such as inflammation and vascular
barrier function (25-27). It has been reported that pFTY720
activates SIPR3 and inhibits the TLR2/4-PI3K-NF«B
signaling pathway to protect astrocytes from neuroinflam-
mation induced by oxygen-glucose deprivation (28). SIPR3
expression has also been shown to be reduced in tissue with
intervertebral disc degeneration (29). In the current study, it
was shown that SIPR3 expression was low in LPS-induced
HNPCs. S1PR3 overexpression restrained the cell inflamma-
tion response by reducing the levels of TNFa, IL-1f and IL-6,
and repressed the level of apoptosis in LPS-induced HNPCs.
It was also observed that SIPR3 overexpression repressed the
levels of Adamts-5, Adamts-4, MMP3 and MMP13, while it
increased the levels of aggrecan and collagen II, indicating
that SIPR3 overexpression suppressed ECM degradation of
LPS-stimulated HNPCs.

A previous study found that SIPR3 can inhibit the expres-
sion of the TLR family protein TLR2 (28). Activation of the
TLR2/JNK/mitochondrial-mediated pathway can promote
apoptosis of nucleus pulpocytes and induce intervertebral
disc degeneration (30). Nevertheless, Yang et al (31) reported
that TSG-6 from bone marrow mesenchymal stem cells
can protect against intervertebral disc degeneration via the
TLR2/NF-«kB signaling pathway. Moreover, TLR2 takes part
in the inflammation response by activating the STAT3 and
MAPK pathways (32,33). Additionally, Wu et al (34) showed
that resveratrol blocks the IL-6/JAK/STAT3 pathway to
protect HNPCs from degeneration. Another study has showed
that the MAPK signaling proteins JNK, ERK and p38 are
involved in the apoptosis and activation of HNPCs (35). In the
current study, SIPR3 overexpression led to decreased TLR2
level and reduced levels of STAT3 and MAPK pathways.
When TLR2 was overexpressed, it was shown that TLR2
overexpression reversed the effects of SIPR3 overexpression
on LPS-induced NP cell inflammation and apoptosis, along
with ECM degradation.

There are several limitations in the present study. Since the
environment for cellular experiments is different from that in
living organisms, thus the result of this study might not be
suitable for in vivo experiments and clinical trials. The animal
experiments and clinical trials will be performed in the further
study. In addition, the current experiments only demonstrated
that SIPR3 regulated TLR2, thus mediating TLR2/STAT?3

and TLR2/MAPK signaling, but the specific mechanism by
which S1PR3 regulates TLR2 remains to be explored.

To conclude, the results of the present study indicated that
S1PR3 overexpression alleviated the inflammatory response
and ECM degradation induced by LPS in HNPCs via suppres-
sion of the STAT3 and MAPK signaling pathways, which
might provide novel sights into the exploration of SIPR3 as a
promising candidate for intervertebral disc degeneration.
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