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17B-estradiol inhibits interleukin-1f-induced rat nucleus pulposus cell apoptosis
through the PI3K/Akt/mTOR signal pathway
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Abstract: The apoptosis of nucleus pulposus cells (NPCs) is the main cellular process of intervertebral disc degeneration (IVDD).
Our previous studies showed that 173-estradiol (E,) protects rat NPCs from interleukin-1f (IL-1f)-induced apoptosis via the PI3K/Akt
signaling pathway. This study was aimed to investigate whether downstream proteins of PI3K/Akt pathway were involved in inhibi-
tion of E, on NPCs’ apoptosis. Primary culture of rat NPCs was isolated by trypsin digestion. Being pretreated with E, and different
inhibitors of downstream proteins of PI3K/Akt pathway, the NPCs were treated with IL-1p. Cellular apoptosis was detected by
Annexin V/PI staining. Cell viability was detected by CCK-8. Cell adhesion was evaluated by cell-collagen binding assay. Phosphory-
lation levels of mammalian target of Rapamycin (mTOR), glycogen synthase kinase-33 (GSK-3p) and nuclear factor kB (NF-xB)
were detected by Western blot. The results showed that E, significantly inhibited the IL-1B-induced apoptosis of NPCs, reversed
the decrease of cell viability and adhesion induced by IL-1, and inhibited the down-regulation of mTOR phosphorylation level
induced by IL-1p. Rapamycin could block these protective effects of E,. These results suggest that E, may inhibit IL-1B-induced
NPCs’ apoptosis through the PI3K/Akt/mTOR signaling pathway.
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Fig. 1. Apoptotic rates of nucleus pulposus cells (NPCs) in different groups detected by flow cytometry. Mean = SD, n = 6. "P < 0.05.
IL-1B, interleukin-18; E,, 17B-estradiol; ICI, ICI182780; RAPA, rapamycin; SB, SB216763; SC, SC75741; NS, no statistical significance.
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Fig. 2. Cell viability of nucleus pulposus cells (NPCs) in different groups detected by CCK-8 assays. Mean = SD, n=6. P < 0.001
vs control; “¥P < 0.001 vs IL-1f; "P < 0.01, °P < 0.001 vs IL-1p+E,. IL-1p, interleukin-1B; E,, 17B-estradiol; ICI, ICI182780; RAPA,

Rapamycin; SB, SB216763; SC, SC75741.
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Fig. 3. The collagen-binding activity of nucleus pulposus cells
(NPCs) in different groups. 24-well plates were coated with
collagen type II al (COL2al), and pre-treated NPCs were
placed and allowed to adhere at 37 °C for 60 min. Mean + SD,
n=6."P<0.05. IL-1B, interleukin-1p; E,, 17B-estradiol; ICI,
IC1182780; RAPA, Rapamycin.

SR TL-1B+E,+ B A5 2 3B 11 R R R RE ) 3%
T FE (P <0.05)( &l 3), #7705 2= A ICI182780
Refig | E, FAM R4 7R -
2.4 (ESERXREORERUKTE

Western blot 25 R 2o, H5XFHAAH L, TL-1B
% T il mTOR BRI KF (P < 0.05), E, i3
B 7 IL-1p X — N iAE M (P < 0.05). 7£ ICT182780
oY R I 25 & TAL H ) NPCs 1, p-mTOR B2 1k /K
SR EMCT IL-1p+E, 4 (P < 0.05)( & 44). tnE 4B
it 7, IL-1B+E, 20 GSK-3p M i2 1k 7K “F & E A% T
IL-1B 41 (P < 0.05), IL-1B+E,+ICI182780 41 GSK-
3B MR KT B K T IL-1B+E, 4H (P < 0.05) . #R 1M
IL-1p+E, 41 5 IL-1B+E,+SB216763 44 GSK-3p i i
K2 T B EZER (P> 0.05), KB IL-1p
H NF-kB P65 W 1b /K 2 [0 JC i 3 Z£ 5% (P> 0.05)
(E40). DL ESSIRFEE, SR8 2 A ICT182780
1 T E, 51#2 10 mTOR #fzfk, #2/5 mTOR f£ E,
0 NPCs 17 &% TAEH .

3 it

AWFFLLE R B, PI3K/AKt 15238 B 11 T I 5
H mTOR £ 5 T E, {H4% IL-1B i 5 i) K §UME [a) 4%
NPCs F T 2. HFRER, NPCs IR HE T 2T

LE PR Acta Physiologica Sinica, February 25, 2021, 73(1): 62-68

FIVDD f9 F ZF R " AT A1, PIBK/Akt {5
SIS SR R R EEEEN, JFH Akt
I NPCs (AR Ky A7 1% A4 L/ 1 5
(A o 2245 2)30E 52 P, mTOR 2 PI3K/Akt i@ #%
MTRFESED, S29EKRNEELARSE, 25
AR B WEAPTE TR B AR AR
27, mTOR 4 71 5 M0 55 2= g 2 3 ] E, Xt
NPCs [ iz JE 2 B F A mTOR W FR AL (1 475
33k 7 IL-1B 5 5: () NPCs Y812, #£/~ mTOR 7] ¢
YEN PBK/AKt (55 @ 1) MR H S5 T E, %
NPCs ] T-FNZH B 2

KB 7R 45 R Eo~, IL-1B 3% T i NPCs mTOR
WEEZ ALK, 1 B, AbBE AT LU 8 . E, 24K 5 DU
ICI182780 F1 mTOR )45 5 14 411 i 771) 75 A1 25 R 3 W
ZANH] T E, X mTOR BEFALIEH, #2758 E, 18
it 5 i H R TH 1) E, 2RSS A R AE DU TR A,
HLOE 1) PBK/AKt/mTOR {5 SR RES 5 T #it
K ERAMEE £ NPCs T2 il f2, X —Wt 45 RETE
oAt 41 i PRI gt SR — 5 P,

OV SCHRTRIE, mTOR {55 38 I 7E fi B 4 i A
/NS R AN AR T AR R AR A P SR,
KT mTOR 2525 [ HEEH NPCs [ T i o
FARiE . mTOR @i B B R B 45 K+ 4EBP1
A p70s6k 2 40U T-, #% mTOR L35 ) p70s6k
MBI T B A Bel-2/Bel-x1 (1) 2 328 I #0117 T
[ BAD K55 P, Bel-2 i 4 b 44 4 M I BE i 240
M2 C MR, Sl 4Lt C /31 Caspase
BOE P AR RER, FWERME T B4
IL-1P 5 S 4 M T 1 #2422 B mTOR v] g
%5 E, ] NPCs T2

GSK-3B 11 NF-«xB 3y PI3K/Akt {5 S &K T
R . ARG RER, IL-1B+E, AHMA
GSK-3B 1 NF-«B i #4171 i 71 6 48 i 9 1 2 06 . 3%
M, GSK-3pB 155 1@ BT Caspase-8 Fll Caspase-2,
73 Bid 240 RNt 3R C, AT 5 B0 fa
TR R T RE AT P AW 45 R EOR, IL-1B
Hrh GSK-3p R A /K F i 2 B, 4278 GSK-3B
{55 g v g5 IL-1B 5 5 1 K SUME (] % NPCs 7
T-H K, RO — @7 G TE.
2z Ak, IL-1B XF E, T4k 2 ) NPCs NF-kB P65 i
TR KR A HBAEH, $#27R NFxB I iE RS 5
IL-1B 4% ) NPCs T3 5 .

gk ERrik, AHETTAE RAEoR, PI3K/Akt/mTOR



FRULESE: 17B-ME B iH I PI3K/Akt/mTORGE B F 1] (A1 25 13175 3 1 K BRUME () 35 B AZ 4 M g ) T 67

0.6 - %
p-mTOR (289 kDa)_ e
mTOR (289 kDa) B % 05 | T =
p-GSK-3B (47 kDa) It—— — e 04
GSK-3B (47 kDa) [smmm— s— -: — 1
p-P65 (65 kDa)@ E 03]
PoS (65 kD) [T ——] T
Bactln(42kDa)|----= G 0.2 1
L
IL-1g - + N + + S 0.1
E, - £ + + +
icl - : : + : 0 4 5
RAPA - - - - + S R & v
s # 5 . I+ & 3 - A
o & T S
N
’ :\Q
N\
05 1.6
* NS —*
% # e | 1.4 . !
h'4 — *
@ o4 T NS 8121 [ *
= . o |
& 03 O 810 1
¥ 1 o
17} & 0.8
(!'DD_ 0.2 © 06 * |
L
S 0.1 & 04
5 0.2
0 ‘ w ‘ 0 ‘
N
O B0 SN
P A\ N v & P N N N2 L
N N NI
N2\ Q

4. BAmTOR. GSK-3BHINF-kB P65HER Y /KT

Fig. 4. Phosphorylation levels of mTOR, GSK-3p and NF-xB P65 in different groups detected by Western blot. Mean + SD, n =
6. 'P < 0.05. NS represents no statistical significance between two groups. IL-1p, interleukin-1B; E,, 17B-estradiol; ICI, ICI182780;
RAPA, Rapamycin; SB, SB216763; SC, SC75741; GSK-3, glycogen synthase kinase-3p.
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