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Abstract: Objective To investigate the potential roles of G protein-coupled receptor 30 (GPR30) in
inhibiting apoptosis, oxidative stress response and inflammation in rat nucleus pulposus cells induced by interleukin-
1B (IL-1pB) via the nuclear factor erythroid 2-related factor 2 (Nrf2)/antioxidant response element (ARE) signaling
pathway. Methods Rat nucleus pulposus cells were treated with IL-18 to establish an in vitro model of
intervertebral disc degeneration. The nucleus pulposus cells were divided into blank control (control) group, IL-1p
group, IL-1$ + GPR30 overexpression negative control plasmid (oe-NC) group, IL-1f + GPR30 overexpression
plasmid (oe-GPR30) group, IL-1p + oe-GPR30 + Nrf2 interference negative control plasmid (si-NC) group and IL-
1B + 0e-GPR30 + Nrf2 interference plasmid (si-Nrf2) group, and the treatment concentration of IL-1p was 10 ng/ml.
Quantitative real-time polymerase chain reaction was used to detect the mRNA expression of GPR30, and Western
blotting was used to detect the protein expressions of GPR30, Nrf2, NAD(P)H dehydrogenase quinone 1 (NQO1)
and heme oxygenase 1 (HO-1). The flow cytometry was performed to detect cell apoptosis. The levels of tumor
necrosis factor-a (TNF-a) and interleukin-6 (IL-6) were measured via enzyme-linked immunosorbent assay, while
levels of reactive oxygen species (ROS), superoxide dismutase (SOD) and malondialdehyde (MDA) were measured
via corresponding commercial kits. Results Compared with the control group, the mRNA and protein expressions
of GRP30 in nucleus pulposus cells were lower in the IL-1f group (P < 0.05). The mRNA and protein expressions of
GRP30 in nucleus pulposus cells in the IL-1B + 0e-GPR30 group were higher than those in the IL-1f + 0oe-NC group
(P < 0.05). The relative protein expression of Nrf2 in the nucleus of nucleus pulposus cells in the IL-1p group was
higher than that in the control group (P < 0.05), while that in the IL-1 + oe-GPR30 group was higher than that in the
IL-1B + 0e-NC group (P < 0.05). The relative protein expressions of Nrf2, HO-1 and NQO1 in nucleus pulposus
cells in the IL-1f group were lower than those in the control group (P < 0.05), and those in the IL-1 + 0e-GPR30
group were higher than those in the IL-1p + oe-NC group (P < 0.05). The relative protein expression of Nrf2 in
nucleus pulposus cells in the IL-1 group was lower (P < 0.05), that in the IL-1 + oe-GPR30 group was higher than
that in the IL-1p + 0e-NC group (P < 0.05), and that in the IL-1f + 0e-GPR30 + si-Nrf2 group was lower than that in
the IL-1p + 0e-GPR30 + si-NC group (P < 0.05). The apoptosis rate of nucleus pulposus cells in the IL-1 group was
higher than that in the control group (P < 0.05), that in the IL-1B + 0oe-GPR30 group was lower than that in the IL-1
+ 0e-NC group (P < 0.05), and that in the IL-1p + 0e-GPR30 + si-Nrf2 group was higher than that in the IL-1f + oe-
GPR30 + si-NC group (P < 0.05). The levels of TNF-a and IL-6 in the IL-1p group were higher than those in the
control group (P < 0.05), those in the IL-1f + oe-GPR30 group were lower than those in the IL-1B+0e-NC group
(P < 0.05), and those in the IL-1f + 0e-GPR30 + si-Nrf2 group were higher than those in the IL-1 + oe-GPR30 + si-
NC group (P < 0.05). Compared with the control group, the levels of ROS and MDA were higher and the level of
SOD was lower in the IL-1B group (P < 0.05). Compared with the IL-1 + 0e-NC group, the levels of ROS and
MDA were lower and the level of SOD was higher in the IL-1f + 0oe-GPR30 group (P < 0.05). Compared with the
IL-1PB + 0e-GPR30+si-NC group, the levels of ROS and MDA were higher and the level of SOD was lower in the IL-
1B + 0e-GPR30 + si-Nrf2 group (P < 0.05). Conclusions Up-regulation of the expression of GPR30 activates the
Nrf2/ARE signaling pathway and inhibits IL-1 -induced apoptosis, inflammation and oxidative stress in nucleus
pulposus cells.

Keywords: oxidative stress injury; rat nucleus pulposus cells in the intervertebral disc; G protein-coupled

receptor; Nrf2/ARE signaling pathway; inflammatory response
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Y . 5-CGTGGAGCTGCTCACTCTCTG-3', 4 58 bp;
GAPDH 1E 7] 5] ¥ : 5'-AAAGGGTCATCATCTCTG-3',
JZ 11 514 : 5'-GCTGTTGTCATACTTCTC-3", 7 80 bp.
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1 2 3 4
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c-tubulin A A 55 i)
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Control 2 . IL-1B 41 .IL-1B + 0e-NC 4 . IL-1B +
0e—GPR30 2H i 1% 40 M 4% v 1) Nef2 25 1A X 36 ik &
43 5 R (0.18 £0.02) | (0.38+0.05) ., (0.32+0.09) .
(0.74+0.10) , & J5 2245781, ZRA Gt L (F =
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(P<0.05), WK 2,
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B2 FHEBZMAMZFANTREESTE

2.3 HAFEZMAI N2, HO-1 % NQO1 E H#x¢
TR

2 AL BE R 40 Nef2 . HO-1 K2 NQO1 25 [ M ) 3¢
NI, 2R A G R X (P<0.05);1L-18 41
£ Control ZHF#{I% (P <0.05) , TL~1B + 0oe—~GPR30 £ #
IL~1B + oe-NC 41 T+ (P <0.05) . W33 FIEl 3.

X3 BAREKMEANT.HO-1EZNQO1EH
HIRIEELEE (xxs)
215 N2 HO-1ZE[ NQO1Z&EH
Control 4 036+0.06 062008 0.52+0.06
IL-1841 0.06+0.07 023x0.09 0.23+0.08
IL-1B +oe-NC 1 0.07+0.06 027007 0.29+0.05
IL-1B +0e-GPR304]  025+0.05 054+0.12  0.48+0.07
FAE 17.456 13.362 13.849
PAE 0.000 0.002 0.002
1 2 3 4
N2 - - WS 100KD
HO—] " | — 334D
NQOI W s s s 31 kD
B-actin NS WD S A_— 3D
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GPR3041,
B3 HABZMENT HO-1ENQO1EBEHE

2.4 RMABEIZMAINM EAMBNRILZEILE
Control 2 \IL-1B 4 .IL-1B + oe-NC 4 . 1L-1P +
0e—GPR30 2 . IL-1B + 0e—GPR30 + si-NC 2H . IL-1B+
0e—GPR30 + si—Nrf2 2 8 #% 240 ffl Nef2 85 [ A X K 38
00 (040 £0.11) . (0.08 £0.06) . (0.10+0.04) .
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oe —GPR30 + si-Nrf2 0 % IL-1B + 0e—~GPR30 + si-NC
HFFME (P <0.05), WLE 4,
2.5 HABBIZMEEATREE
Control 2 . IL-1B8 4 \1L.-18 + 0e-NC 2 . IL-1B +
0e~GPR30 41 . IL-1B + 0e—GPR30 + si-NC 2 . IL-1PB +
0e~GPR30 + si-Nrf2 41 i % 41 B 98 7= K 43 5l K
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N2 SR e e -
B-actin "D GNP GNp S0 G @ i3 LD
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B4 HAFEZMAMNAREL&KHEE

6
100 kD

0.000) , IL-1 £H %% Control 41 T} & (P <0.05) , IL-1B +
0e—GPR30 ZH ¢ IL-1B + 0e—NC ZH P& A% (P <0.05) , IL-
1B + 0e~GPR30 + si-Nif2 £ # IL-1B + 0e—-GPR30 +
si-NC 4171755 (P <0.05) . WLIE S5,

Control 4 IL-1B 2 IL-1B + 0e-NC 2H
10° 10° 10°
0.13% 3.78% 0.09% 35.93% 0.11% 36.87%
10* 10* 10*
10° 10° w 10° %@
E R2 E R2 E R2
10? 10 102
101 R 10] s, 101 AP g
93.87% 2.220 62.28% 1.70% 61.17% 1.85%
10° . - - " ]OO 10° - - - -
10° 10' 10° 100 10* 10° 10° 10 10° 10° 10* 10° 10° 10' 10> 10° 10* 10°
V-FITC V-FITC V-FITC
IL-1B + 0e—GPR30 41 IL-1B + 0e~GPR30 + si-NC 4 IL-1B + 0e=GPR30 + si—Nrf2 £
5 5 .
10°% 0 079 22.74% 10 11 22.63% 1077 0 07% 31.93%
10* 10* 10*
10° = 10° o 10° =
E R2 E R2 E R2
10° 102 10
10'4 1 10' 10"
74.98% 2.22% o1 75.52% 1.74% 65.91% 2.09%
10° 10 ; : . : 10° . . . .
10° 10' 10° 10° 10" 10° 10° 10 10° 10 10* 10° 10° 10' 10° 10° 10* 10°
V-FITC V-FITC V-FITC

B 5 &EHEZMAETHEaE

2.6 BAEIZMI TNF-o.IL-6 7K FLLE

& 2H BE AL A0 TNF-o 116 /K A8, 22 5 3%
B Git227E L (P<0.05); IL-1B 4 % Control 2 FF 15
(P <0.05),IL-1B + 0e~GPR30 41 %% IL-1B + 0e-NC 4
&A% (P <0.05) , IL-1B + 0e—~GPR30 + si—Nrf2 2045 11—
18 + 0e-GPR30 + si-NC 41 F+# (P <0.05) . W% 6.

2.7 HABEIZMEROS., SODEMDA7}<3}ZI:I:$§
& 41 BE A% 40 i ROS . SOD & MDA /K - L %5, £

Tr 250, Z 5 WA G2 L (P<0.05) ;1118 éﬂ

ROS . MDA 7K -5 Control 41 7} 1 , SOD 7KF- 45 Control

2H [ I (P <0.05) , IL-1B + 0e~GPR30 41 ROS . MDA

KL IL-1B + 0e-NC 21 FEAK , SOD /K P43 IL-1B +
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R6 HBAFKAMETNF-oL-67KTFLLE (ng/mL, x+5)

215 TNF-a 1L-6

Control £ 28.82+893  102.68+17.84
IL-1B 41 13520 £24.58 281.72+51.84
IL-1B + 0e-NC £ 14132 £37.74 25749 +41.73
IL-1B + 0e—~GPR30 2 73.14 1037  133.73 £28.66
IL-1B + 0e~GPR30 + si—-NC 41 6471 £12.58  126.81 +35.18

IL~1B + 0e—GPR30 + si—-Nrf2 4 126.47 +20.42  240.55 £21.36
FAE 13.586 15.023
P 0.000 0.000

0e-NC 21 T+ (P <0.05) ,IL-1B + 0e—~GPR30 + si—Nrf2
20 ROS \MDA 7K ¥4 IL-1B + 0e—GPR30 + si-NC 21 Ft
&, SOD /K V-4 IL-1B + 0e—GPR30 + si-NC 2H [ fik
(P<0.05). WET,

R7 HBAFEZMEMROS.SOD K MDAKFELLE (x+s)
ROS/ SOD/ MDA/
4151
(nmol/L) (u/mL) (nmol/L)
Control 2 4328 +12.84  28.46 +£8.49 4.82+1.61
IL-1B 41 250.52 +58.19  9.41+348 15.15+2.84
IL-1B +0e-NCZH 264.87 +42.87 10.61 +3.05 16.41 £ 2.85
IL-1B + oe—
124.18 +26.58  25.17 +3.46 7.51£2.16
GPR3041
IL-1B + oe—
11541 +31.19 2537 +2.19 6.48 + 1.86
GPR30 + si—-NC 41
IL-1B + oe—
21728 +3248 12.54+1.26 13.18 £ 1.58
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