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[Abstract] Objectives: To investigate the biological effect of naringin on human degenerative nucleus pulpo-
sus—derived mesenchymal stem cellhNPMSC), and to explore the possible mechanism. Methods: The nucleus
pulposus tissue of patients with lumbar degenerated disc disease was collected, and hNPMSCs were isolated
and cultured in vitro. MSC identification was performed on the isolated cells by observing cell morphology,
flow cytometric immunophenotypic assay, and multilineage differentiation. The third generation hNPMSCs were
divided into different groups depending on culture medium: control group in normal medium, naringin group
in medium with certain concentration of naringin, LY294002 group in medium with certain concentration of
naringin and LY294002 (PI3K/Akt pathway inhibitor), and the hNPMSCs in each group were incubated for 6
days separately. The apoptosis was detected by flow cytometry and TUNEL staining. The protein expressions
of Caspase-3, Bcl-2, Bax and PI3K/Akt signaling pathway-related proteins p—Akt, Akt and p53 were detected
by Western Blot. The mRNA expressions of collagen type Il and aggrecan were detected by RT-PCR. Re-
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sults: The primary cells showed adherent growth in irregular polygons and transformed into fusiform after pas-
sage. The immune phenotype showed that the stem cell-associated positive surface antigen molecules CD73,
CD90 and CD105 were highly expressed, but CD45 and CD34 were low expressed. Cells showed osteogenic,
chondrogenic and adipogenic differentiation after induced by alizarin red stain, Oil red O stain and toluidine
blue stain respectively. Compared with the control group, the apoptosis rate, the rate of TUNEL positive cells,
protein expressions of Caspase—-3, Bax and p53 in the naringin group were significantly decreased, and the
protein expressions of p—Akt and Bcl-2 were significantly increased(P<0.05), but the effect could be reversed
by LY294002.

naringin group when compared with the control group,

The mRNA expressions of collagen type Il and aggrecan were significantly increased in the

but the effect could be weakened by LY294002 (P<
0.05). Conclusions: Naringin can inhibit apoptosis by activating PI3K/Akt signaling pathway in hNPMSCs and

promote differentiation into NP cells.
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R LSRN R
1.4 S5 ord Mt

I P3 8 hNPMSC 432 3 41, % R4 . E & 45
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Z, il SYBR Green i 55 & 5 VE Ul BH 2E 474 4%
il PCR 51 L3 1, S 4544 :95°C, 5min; 40
AEFR (95°C,10s;60°C,30s); &1k (95°C, 15s;
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Table 1 The primer sequence
E2 ¥ 51 (5'—3")
name Primer sequence(5'—3")
HHZHE F:TCCACAAGGGAGAGAGGGTA
Aggrecan R:GTAGGTGGTGGCTAGGACGA-3
1T 2258 Jit F:CATCCCACCCTCTCACAGTT

R:ACCAGTTAGTTTCCTGCCTCTG

F:GGACTTCGAGCAAGAGATGG
R:GATGGAGTTGAAGGTAGTTTCG

Collgen type Il

B-actin
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Figure 1 Primary cells showed irregular polygons(x100) Figure 2 Multilin-
eage differentiation of hNPMSC (x40) a After adipogenic induction, cells were
stained by oil red O, formatted spotty red lipid droplets b After osteogenic in-
duction, cells were stained by alizarin red to form red calcium deposits ¢ After

chondrogenic induction, cells were stained by toluidine blue seen as blue chon-

drocytes—like cells
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B3 AR TR a WAL b A AL, 4008 TR RO B R RE e LY294002 41, 40 M I T R ok 1 24 A
B4 TUNEL ZOER WA a XFAAL b i 41, TUNEL FHAE 2 G40 A S 800 BT R I ¢ 1.Y294002 41, TUNEL FHHE 5
0 2 i 2R A 2 T 5 HEAKMAERE a MTAHXEARBGEN ., MWATAR M T-HE A Caspase—3 M Bax 5% |
HFFE PR TR Bel=2 FRIAHN, T LY294002 A G X —FE B ] b PI3K/Akt {5 5 38 HH G 4R 1 AR GA T DL - A
4 p-Akt 8 1R IRET AL L FE 100 pS3 3k TR0 1LY294002 In A5 3% — 1 FH 4 711 il

Figure 3 Cell apoptosis rate in different groups a Control group b The cell apoptosis rate of the naringin group was
lower than that of the control group ¢ The cell apoptosis rate of LY294002 group was higher than that of the naringin
group Figure 4 TUNEL fluorescence a TUNEL fluorescence in control group b The rate of TUNEL positive staining
cells of the naringin group was lower than that of the control group ¢ The rate of TUNEL positive staining cells of
LY294002 group was higher than that of the naringin group Figure 5 Expressions of protein a The expression of
apoptosis related proteins: the pro—apoptotic protein of Caspase—3 and Bax decreased, and the proteins expressions of
anti—apoplosis proteins Bel-2 increased in the naringin group compared with those in the control group, but this effect
was inhibited when pretreated with LY294002 b The expression of PI3K/Akt signaling pathway related proteins: the
expressions of p—Akt increased, and the p53 decreased in the naringin group compared with those in the control group,
but this effect was inhibited when pretreated with LY294002
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i 358 5 A 20 A% 20 i A0 L B mRNA Kk, R

F2 ZHAMAMRMBT K PBK/AKt ESEREEXER
HIRIZE R (ws)
Table 2 The expression level of apoptosis and

PI3K/Akt signaling pathway related proteins

POPIEEi| RN 1.Y294002 2

Control group  Naringin group  LY294002 group
p-Akt 1.0020.01 1.7520.237 1.37£0.19?
p53 1.0020.02 0.64+0.227 0.86+0.062
Caspase—3 1.00£0.00 0.70£0.04 0.84£0.062
Bax 1.00=0.01 0.54£0.147 0.71£0.032
Bcl-2 1.00+0.02 1.7620.15Y 1.35£0.072

T D50 4 A P<0.05 ;@ 5l 1741 4% P<0.05
Note:  (DCompared with control group, P<0.05; (@ Compared
with naringin group, P<0.05

R3 ZHMAMEASEMTRKERN mRNA RiA

TE5 (x£s)

Table 3 The expressions of aggrecan and collgen type
Il of the three groups

EAEEZ I 789 fiz Ji
Aggrecan Collgen type I
omitdt
XA 1.00+0.01 1.00£0.08
Control group
4| ,»; N
N e 1.4320.09" 1.3420.057
aringin group
LY294002 £ 1.09+0.022 1.09+0.03%

LY294002 group

(D5 % HRAL 3R P<0.05; @ 54T 41 e 8 P<0.05
Note:  (DCompared with control group, P<0.05; (2 Compared
with naringin group, P<0.05

I T R A AT 2% 1/ P AR AR]85 0R AR b R
B RO SRR X NPMSC 52 0 (9 BIF 58 2045 41
SER N T ERETE TR NN =Ry TSR Y e e )
B 95 B A A MSC & SUhRifE il 2 758 56 vk
F£ 20pwg/ml AR, K B AT L B ARG AR A5 A ]
FBEROR R B hNPMSC 8 7% & TUNEL % {2 [
PEYN A, W2 8 T2 AH OC B 1 Caspase—3 \Bax
FIR MU T A Bel-2 Fik A E WK E
B Al AT AU 2> hNPMSC P8 T,
3.2 MhAFEE hNPMSC T AL

A BT R A ] A o AU A 7 3O A A
i it S MSC & B3 45717 T PI3K/Ake 38 #% 2
EEE 4N S MSC JT-AYJE %, JF H 7 IDD
RHEFAEAE 19, Bel-2 E A EEMPLHT-HE
M, Bax /E 402 08 T2 8 11, 224 4H ff 52 4 55034 4 D) e
Z AW Bel-2 KAl  Bax FRKIBHG N, Bel-2/
Bax L7 R A0 Caspase—3 Ab 4 Jifd I T- 9%k
KB R UiE , Bel-2/Bax T B#RT, Caspase—3 1E kI
T B AT 5 FLER AR 2 1 i A9 ke R
Pl FE AT LAY 2 PI3k/Akt 18 B%AH 56 B 1 pS3 M 42
JH T8 H Bax 1 Caspase-3 ik , [A] B 34 /il PI3k/
Akt i B A JC B Akt FIHTHE T8 1 Bel-2 #
ik, T PI3K/AKt 15 5 38 % 1) 4 S 1 0 ] 55
1.Y294002 I DA th 5 3 — 34, Ui W Al AT R 38 2k
WG PI3K/Akt 15 53 #% & 4541 hNPMSC T2 1F
Mo
3.3 X hNPMSC 7] 6 4% 41 B 531k 1) 5% 1

A W 5T & SRR AT LR T MSC 434k, fie it
T A A0 L e T e i R B 1 2 B ) 63519, Sheng
LB I 58 3E 52 30E PI3K/Akt {5 53 3% nl L i
R BE MSC [m) P B2 20 i Ak, IR E PN Bz 20 i 1Y
SO A TIRE . FRATT AU AR A0 M SE 55 K sh s LA
8 BIE SE3TE PIBK/AKt 15 53 4 1T LU F &6 A%
0 IR AN AP R BT AR SE K B 20g/ml 1Y
A AT AR 2E hNPMSC e T #89 f JR K 26 1 £ b
235, 1M PI3K/Akt 15 5 38 % 1 5 S5 14 41 11 551
L.Y294002 A LA R AR A 9 3 — 45 T . d B Al 1 )
fie AT LA G 3 1 PI3K/Akt 15 5 i B 4 dF
hNPMSC [1] £ #% 4 Al 731k

gE TR, A IE Wk EE A AT LLGE A O
PI3K/Akt 15 55 38 % o035 40 M 98 1, [R] B — s 2 3
A2 hNPMSC ) A% 41 i 53k . AH R T2 52 5
X Rl 1 FPLHI AU BB AE 20 K, BT —
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JaBRYE . A, ARHF5E hNPMSC & 76 % | &1 T
Ri 7%, X5 hNPMSC Jr b 4 A 10 £ 38 728 5 1 A%
AR B B I S BRI B AN A ELR RSN ST,
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