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cer G-protein—coupled receptor 1,0GR1)FI F AR XA 1 LC3 1Y 38K AR DF 1 RS HLE , 90 28 704 Hou
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FIREAKCT, M 3 AL AR OGR T Y751, A6 I 5 & 3 ik i 4% 9 75 | Y dc 35 T 200 05 7 76 U NPCs, fiff
Hl Western blotting 1 Real—time PCR A [7] 148 /37 1) (1) DTSR R AE , 2l & T 48 R 51449 # OGR1-shRNA
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HAs AR (5 AR pH {H 6.4 K7 773 OGR1-shRNA 295 # 55 Y 4 (7 Y4 ) , 15 9% 24h 5 ] Western blot-
ting Kl LC3- 11 1 p62 & 133K 7KF; Alcian Y W58 NPCs TR (1 2 MM RBTEML ., R () BRI
AL s 2 ALK R, £56 NPCs A, (2)OGR1 & 1Rk K7 51373 pH (E A1, pH H<7.0
i, OGRI 1 LC3— I 4 11123k /K 7 3 M T (P<0.05) ,pH (B 6.4 IRk h . (3)7E pH {H 6.4 M3EFRIE D
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Acid environment effected on autophagy and function of nucleus pulposus cells in rat/JIANG Libo,
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[Abstract] Objectives: To explore the autophagy activation and cell function of nucleus pulposus cells(NPCs)
effected by acid environment, through observing the expression levels of ovarian cancer G-protein—coupled re-
ceptor 1(OGR1) and autophagy-related protein LC3 in rat. Methods: NPCs in normal nucleus pulposus tis-
sues of SD rats were isolated and cultured, which were then identified by toluidine blue, alixin staining and
Il collagen immunofluorescence. The cells were expanded, and the second generation NPCs were cultured in
medium with pH 6.2, 6.4, 6.8, 7.0, 7.2 and 7.4 for 24h. Immunofluorescence was used to observe the ex-
pression of OGR1 in NPCs. Western blotting was used to examine OGRI1. After incubation at pH 6.4 for Oh,
3h, 6h, 12h, 24h, 48h, the expression levels of LC3— 1 and LC3-1II in NPCs were detected by Western
blotting. The OGRI interference sequences of three different targets were constructed, and the most suitable
titer lentivirus was detected. NPCs cells were transfected with the optimal titer lentivirus, and the silencing

effects of different interference sequences were detected by Western blotting and Real-time PCR. The interfer-
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ence series were used to construct the OGR1-shRNA lentiviral vector. The second generation NPCs were di-
vided into 4 groups: normal group(DMEM medium), pH 6.4 medium group(blank group), pH 6.4 medium emp-
ty vector group (empty vector group), pH 6.4 medium OGR1 —-shRNA lentiviral transfection group(transfection
group), and the expressions of LC3-1l and p62 protein were detected by Western blotting after 24 hours of
culture. Alcian staining was used to observe the expression of proteoglycan in NPCs. Results: (1)The isolated
cultured cells highly expressed proteoglycan and type I collagen, which were consistent with the NPCs phe-
notype. (2)The expression level of OGR1 protein was correlated with the pH value of the medium. When the
pH value lower than 7.0, the expression levels of OGRI and LC3-1I protein significantly increased(P<0.05),
and the expression level was the highest at pH 6.4. (3)When cultured in a medium with a pH of 6.4, the ex-
which peaked at 24h
and remained high at 48h. (4)Three interfering sequences had silent effect on OGR1, which was significantly
different from the control group(P<0.05), and OGR1-shRNAI had the best silencing effect. (5)After the cells

were cultured for 24 hours in the medium with pH 6.4 in the transfection group,

pression levels of LC3—-1 and LC3-1I in the cells were related to the culture time,

the expression level of
LC3-1II was significantly lower than that in the empty group (P<0.05); the p62 expression in the transfection

group was significantly higher than that in the empty vector group(P<0.05). The expression of proteoglycan in
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the transfection group was lower than that in the empty group (P<0.05).

can promote OGRI1 protein expression and autophagy of NPCs in rats.

tophagy and affects the function of NP cells.
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o HEAT 28 AT
1.6 pH fH 6.4 FEE T A A B (] Zb 3 5 LC3 1%
ik

i pH {H 6.4 13557 FE A0 BRAN MY, WL E2 AN [H]
i [a]F NPCs ' LC3 B9RIE . BARTTAR 1.5,
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it GORHET P S (B AR 1 22 (s ) Rom , IZH DL |
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UL SR B 2 M E R 20 TR, 5 G
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2.2 ANJF pH {5 F NPCs H OGR1 [ #ik

AN T6) pH B B 95 & AR S 5 57 NPCs 191§
BLULIEL 2 RIS 2 7 4 A 5 R B JBE | 34 mT I
BN R IR O MM I 4R35 1 OGR1
W E SRR pH HAHE pH {4 6.8 .6.4.6.2
IR B G R IY NPCs ' OGR1 (3R 3k .3 P&

& 1 Real-time PCR 895|415 5!
Table 1 Primers for Real-time PCR

FE A 24 R 5197 51
Gene Sequences(5'-3")
OGR1-shRNA1 1E 7] Forward CCGGCTTTGGGTACTTGCAGATCAACTCGAGTTGATCTGCAAGTACCCAAAGTTTTTG
JZ 1] Reverse AATTCAAAAACTTTGGGTACTTGCAGATCAACTCGAGTTGATCTGCAAGTACCCAAAG
OGR1-shRNA?2 1E 11 Forward CCGGCCTCCTCTATGAGAACATTTACTCGAGTAAATGTTCTCATAGAGGAGGTTTTTG
s JZ 1] Reverse AATTCAAAAACCTCCTCTATGAGAACATTTACTCGAGTAAATGTTCTCATAGAGGAGG
OGRI1-shRNA3 1E 1] Forward CCGGGCGAGGAGCCTGAATTGTTAACTCGAGTTAACAATTCAGGCTCCTCGCTTTTTG
S JZ 7] Reverse AATTCAAAAAGCGAGGAGCCTGAATTGTTAACTCGAGTTAACAATTCAGGCTCCTCGC
GAPDH 1E 7] Forward TGATTCTACCCACGGCAAGT
JZ 7] Reverse AGCATCACCCCATTTGATGT

H T

o - ' i

Q

Bl 1 MEW BN SE a M2 BT RRAM b PoRRKRERG ¢ ARG d 1R e die
Figure 1

Identification of nucleus pulposus cells in intervertebral disc a Nucleus pulposus cells under phase contrast

microscope b Toluidine blue staining ¢ Alexin staining d Type I collagen immunohistochemistry
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2 A pH H4 M F NPCs H OGRI1 (51500 a pH { 7.4 41756 b pH {f 6.4 HHPEHE ¢ pH {H 6.2 4%
#£9¢36 d Western—blotting 73 BT AN 7] pH {45~ NPCs H* OGR1 31k

Figure 2 Expression of OGRI in nucleus pulposus tissue at different pH values a pH 7.4 group immunofluorescence b

pH 6.4 group immunofluorescence ¢ pH 6.2 group immunofluorescence d Western—blotting analysis of OGR1 expression

in NPCs under different pH conditions

F pH i 7.0.7.2 F1 7.4 K5 35 H R LK F7 1) NPCs
(P<0.05).,
2.3 KA pH {5 NPCs "' LC3 3k

ANTF) pH E 15 77 F Ak S 55 5% NPCs 1915 B L
22 FE 3, gk LC3- 11 85 (& S5 45 7R3t
(1 pH A1 6 ,pH {H 6.8.6.4 55 3% 3 v 15 3% (1
NPCs H' LC3- I 23k i M & T pH {H 7.0.7.2
F1 7.4 5555 FFRFLIG R NPCs (P<0.05) ,pH &
6.2 R AR, EARE T pHH 74 4H (P<
0.01), ¥+t pH {H 6.4 PEF7T )5 S22 5
24 FRIFHET NPCs H LC3 AR IA

£ pH {H 6.4 11 35 77 JE 1 1% 9% 3h,NPCs
LC3 BIFF s 350 , Bl % 15 5 BF 1) ZE AN W7 485 i, 6h
Bf i 2 M K T X R 40, 24h T 48h B i 2E KT
Oh 41 (# 3,P<0.05)
2.5 OGRI1-shRNA 18 3% 8 (155 e 5 R

OGR1-shRNA 185 7 ¥ 44 1 Ji J5 ,MOI 2
100, We4EH: 44 )5 ) NPCs 17 Western blotting i
M . OGR1-shRNA1 ,OGR1-shRNA2 #1 OGR1 -
shRNA3 UL %k OGR1 J& ,OGR1 & [ #Y 3% ik A Xt

*x2 A [E pH{ESHT NPCs f# OGR1 #1 LC3II &
BHHERIE
Table 2 Expression of OGR1 and LC3-1I protein

in NP cells under different pH conditions

[)l‘g)l_l\’f‘iuc OGR1/B-actin LC3- Il /B—actin
7.4 0.29:0.07 0.200.10
72 03512011 0.22+0.07
7.0 0.402+0.08 0.31£0.076
6.8 0.903+0.081 0.89+0.107
6.4 1.160.19° 0.99:0.11°
6.2 0.94+0.16" 0.46+0.117

(D45 pH 7.0 41 .7.2 41F0 7.4 41 4§ P<0.05
Note: (DCompared with pH 7.0, 7.2 and 7.4 group, P<0.05

NC-shRNA X} 8 20 0 W B Ik (3% 4. & 4,P<
0.01), Ju H & OGR1-shRNAT %4t J5 E 1 FK A T
Rk e D db | J 2 1Y SE 96 e 5 ] OGR1-shRNAL
2.6 OGRI1 UG BRFFEE T NPCs H LC3- 1T Al
p62 [ R IKIKF

pH A 6.4 5535 FEab #5040 L, A X F NC-
shRNA % YL i 40 il ,OGR1-shRNA1 %% 4L () 41 Jfg
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LC3- Il /B-actin [ &3k B 5 FRAIG ;177 p62 DU AH X H 2B 7K1 1Y 52 1k
BT, TE AN P g A BB (] 5 .38 5,P<0.01) NPCs ML ip T B EHZH, EH 28N
2.7 OGR1-shRNA1 [&AIK H W /K F J5 X NPCs # Kl F 2 Alcian Je @ AT , 76 1E & 55 97 5t

L | Bkl - ikl
kil
-1 Wil i 1|
i e e _ o
Brim i 1h L] Eh 2h 1Ml
A T T3 Tn (%] i L -] yin, i

B3 a AR pH (i1 FHi % NPCs 24h J5 , Westernblotting 421 1.C3 76 F1 250 b pH i 6.4 0 K 7 5 5 72
ANTFIEFRLS , Western—blotting 43 57 28 i 1 LC3 2 1 25K 18
Figure 3 a Expression of LC3 protein in NPCs under different pH values for 24 hours by Western —blotting b

Western—blotting analysis of LC3 protein in cells treated with pH 6.4 medium for different time

%3 pH & 6.4 B FFEEFF A E B iE NPCs 1 LC3- %4 7[E OGR1-shRNA # /5 NPCs #* OGR1 &
IZERMRE B mRNA #Rix
Table 3 Expression of LC3-1 protein in NP cells Table 4 Expression of OGR1 protein and mRNA
treated with pH 6.4 medium for different time after OGR1-shRNA silencing
e T R
0 0.24+0.08 X HEZH Control 0.85+0.10 1.00+0.11
3 0.31+0.06 NC-shRNA 0.89+0.11 0.94+0.17
6 0.49+0.21% OGR1-shRNA1 0.18+0.08% 0.17+0.06%
12 0.50+0.22% OGR1-shRNA2 0.22+0.09% 0.66+0.18%
24 0.99+0.1% OGR1-shRNA3 0.45+0.07% 0.42+0.10%
48 1.0220.17% (D45 % B4 He B P<0.05
745 0h 4 & P<0.05 Note: (DCompared with the control group, P<0.05

Note: DCompared with Oh group, P<0.05

U ——— L

L | 14kd

T - > N .
o 7 d:?f} 1.;5’:9’ .gib‘f' &‘::P ‘3?‘ f ﬁdp

&F & L K

LLH T

B4 °KR[A OGR1-shRNA ¥ %5 NPCs H' OGR1 8 F1W£iAKF B 5 OGR1-shRNA1 JLEKAT)S NPCs H LC3 Al P62

HIR KK
Figure 4 Expression levels of OGR1 protein after silencing of three OGR1-shRNAs Figure 5 Expression of LC3 and

P62 protein in nucleus pulposus cells after OGR1 silencing
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B IR 4T NPCs il WK BRI I B L 20,
pH {H 6.4 32 3L A0 BE 24h, W R H 2Rk
A (18] 6a.b), ‘54l pH6.4 41 H %5, i F NC-
shRNA JF RS 52 8 H 2 3Rk (H & OGR1-
shRNA1 #4415 NC—-shRNA 41 Ho#4m fifg b 2
Z W A W] AR (& 6c .d) .

& 5 OGRI1-shRNA i E BT/ LC3- 1 71 P62 EH
B R IX

Table 5 Expression of OGR1 and LC3-1I protein
in NP cells under different pH conditions

LC3-1/B-actin  P62/B-actin

Xof fR 2

Contoa 0.2320.07 0.99:0.18
o 64 "gﬁ‘up 0.7420.13 0.79:0.14
ﬁ%_iﬁﬁﬁfﬁﬁf*‘ﬁ . 0.74+0.13 0.78+0.14
pH 640CRI-ShRNAT AL (oio16®  Loasoll"

pH 6.4+OGR1-shRNA1 group

(D5 pH {8 6.4+NC-shRNA 41 H & P<0.05
Note: (DCompared with pH 6.4+NC-shRNA group, P<0.05

3 it

OGR1 J& OGR1 W % % (G2A \,TDAGS .GPR4
K OGR1) Wy—Fh, 1 OGR1 WKW EE G
BB 3Z & (G protein —coupled receptors,
GPCR) G —Fh . i FYEHZ KNS ,OGR1 Kk
DT AN N A T 5 S A8, HE MR N 298
PR SN, BB O JOT S R 2 A0 A A UL
WARS,0CR1 Bk M- FHL &Rk IS
W B A0 M I 20k AR AE RIS RE L K iR 40 M 1 43
R A S, FERRPEREE N ,OGR1 /v % T K
FUBE 40 A A7 15 ;. ) OGRI M e B v 45 it
Cu>4b H40 it , 5 FH siRNA 4] OGR1 1Y &Ik,
I B G2 ik 5121 AR IR A 98 R B OGR1
I R E Ca2 i B 5 R P PR 45 T 1 4 M ) oA
-0, AWRgE AL OGR1 7£ IE & 1 NPCs
HRIBKFIEA S, IR T ik & B B T
o X ATRESER N, BRIFBEEE T NPCs 5 19
OGR1 /K- M 3E OGR1 Iy %% sk Fn B %, L ift— 2
WE A HAE NPCs T84 B2 FR 58 Hh I AE T .

1% &= NPCs [ X ) =2 22 N i o1 B 2 —

6 OGRI1 ULERHTF NPCs HINE HZ MM FRiL a XTI b pH (4 6.4 A3 ¢ pH {H 6.4+NC-shRNA1 4 #1140 d pH

8 6.4+OGR1-shRNA1 423141

Figure 6 Proteoglycan expression in NP cells after OGR1 silencing a Control group b pH 6.4 treatment group ¢ pH
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