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mRNA # ik i35 g 3 8 X BRAL AT AN A AL (P<0.05) o 8518 « R FURE AZ AN L &0 2 44 7T 2 7R 415 3 BMSCs [
T AZ AR AN 53, SRR U8 5 06 4% A0 14 3F 122 fih 2 3L 55 3% AT A M ) 45 20 20 TR 4R I — b oA A B A
AN R IR

[SCSBR ] APUAAR ;B B ) 50 0T T 20 i B % 40 i 5 201k

doi; 10.3969/j.issn.1004-406X.2019.01.12

HhESEEQ813.1 XEARIRAE A X EHS:1004-406X(2019)-01-0074-08

The inducing effect of rat nucleus pulposus cells derived exosomes on the differentiation of mesenchy-
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[Abstract] Objectives: To investigate the roles of exosomes derived from rat nucleus pulposus cells(NPCs) in
the differentiation of rat bone marrow mesenchymal stem cells (BMSCs) into nucleus pulposus-like cells.
Methods: SD rats were sacrificed to obtain NPCs and BMSCs. BMSCs were identified by flow cytometry, and
its multipotent differentiation ability was proved by the induction of osteogenic, adipogenic and chondrogenic
differentiation. NPC exosomes were extracted by differential centrifugation and identified by transmission elec-
tron microscope, and western blot analyses of exosomes surface makers, such as CD81, TsglOl. NPC exo-
somes and MSCs were labeled by fluorescent dye CM-Dil and CM-Dio respectively and incubated for 24h.
Fluorescence microscopy was used to detect the uptake of NPC exosomes by MSCs. The third generation
BMSCs were divided into three groups: exosomes group(treated with NPCs exosomes, 50wg/ml), coculture group
(indirect cocultured with NPCs) and control group(no treatment). Quantitative RT-PCR(qRT-PCR) was per-

formed to detect the expressions of Collagen II, Aggrecan and SOX9 in exosomes group and control group in
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7, 14, 21 days. QRT-PCR was performed to detect the expressions of Collagen I, Aggrecan and SOX9 in
three groups at 14d. Results: The third generation NPCs were polygonal. The third generation BMSCs were
spindle and regular. BMSCs were positive for CD29(99.77%), CD44(93.97%), CD90(99.67%) and negative for
CD34(0.82%), CD45(0.68%). BMSCs showed the ability to differentiate into osteoblasts, adipocytes and chon-

drocytes. The NPCs exosomes were revealed as round—shaped vesicles with double—layer membrane structure

and <100nm in diameter under the transmission electron microscope. It was positive for CD81, TsglO1 and
negative for calnexin. CM-DIL labeled NPCs exosomes could be internalized by CM-DIO labeled BMSCs un-

der fluorescence microscopy. The mRNA expressions of Collagen I, Aggrecan and SOX9 in exosomes group

were higher than those in control group in 7, 14, 21 days(P<0.05). The mRNA expressions of Collagen I,

Aggrecan and SOX9 in coculture group were higher than those in control group,

lower than those in exo-

somes group (P<0.05). Conclusions: Rat NPC exosomes can induce MSCs differentiate into NP-like cells in

vitro, and its effects are better than indirect coculture system. It can provide an effective source of seed cells

for intervertebral disc tissue engineering.

[Key words] Exosomes; Bone marrow mesenchymal stem cell; Nucleus pulposus cell; Differentiation

[Author’s address]
Chongging, 400037, China

) R A7 R 2 T R ) A A I ik B (1]
Z—, BHttSMF 2Rk T UIHE N AT T
. LG ST ARIGYT 45 Jr AL RE BGE I R AE
AR o T 20 MRS AT 1 PR B A 00 2 e ] 2R 7 1Y)
AR A B 5E B AR 2 — o 7 R IR Z
— R R G 2 R TR R, R A A A
A2 T AR RS AT Y G B . Richardson 544 A
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1 S0 A] B BMSCs 55, LA, fF583IE 52 BMSCs
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SMEME , FR R AR 7 R K AR I Bl ) S O
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YT ™ A G S 55 B W AR DGl T E . i
4 1ML 7 (Biological industries) . DMEM/F12 £ 7% 3
(Biological industries) . A F&l /B # 8] 78 )57 1 4 i A%
B IR R A R FR 3E (Cyagen) . il (Hy-
clone) . 5 % K - 55 % £ (Beyotime ) ,CM-DIO/CM—
DIL 7 6 # 4T (Beyotime) . 7% i J5Ufiff (Sigma)
Tsgl01/ Calnexin/ CD81 /CD34/ CD45 i {&
(Santa Cruz) .CD29/ 44/ 90 #T {& (Biolegend) .
GAPDH #T & (Beyotime) . St bt K B — 4t (h 2 H7
Ir ). Wi SR £ /SYBR Premix Ex Taq 1T
(Takara) \Transwell /N% (8um, Millipore ) , ##H % 25
LML (Hitachicp80wx ) . #5 ST HL F i % (JEM-
1400PLUS, Japan) . %% Jt . f# % PCR 1 (ABI
7500)
1.2 SRk
1.2 KEUBER 40 F1 BMSCs #2500 Bi 5 #EM%
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20 2 7 35 A SR T IR 1, B L 200 SD K
W4 2 (310 R), MRS 2.5%% & T Z 8
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AL 7 JE S5 SR A 2 5 R A ) 8% J0) 2 4 37 i LA
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B0 Smin 53 LW, MABEZ AL 3 f5RBUY
0.5mg/ml — i J5L i ,37°C I 4k 5h, 1500r/min
L Smin JG 3 B, A Sml &4 10% i 4 1L 75
100U/ml 7 %5 R 8% % 1) DMEM/F12 K7 37 3 i B
UL U I 42 Fh A2 25em? i R B R P ,37°C,5%
CO, Fi o f P R 3% 3d il — Ik, A MLl & 90%
J& 1:3 1518,

BMSCs # By 2% 4n Sk fir ik 4, 45 Yk B 80g
SD R 2 H (35 W), MEPE I8 8 T 4 2.5% 8% 2
280 (1ml/kg ) JOR 5 J JBE 20AL B8, £, 15392 00 7 5
Je 1 W L R 7 TG B A i A R R AR
B W7 5 i 5 6 S A 10% 16 4 13 100U/ml
T 75 ZBEH Z 0 DMEM/F12 15 3% JE W 4T 1 B b
ZJE R W T B BE B A 20 R R A
PRV 5 B A B R VR A B 25em? i R SR
t37°C,5% CO, Hi g7 fi th i 5% ,48h G 4l , 2
J& 3d il — K ARGk 90% )5 1:3 1248,
1.2.2 KU BMSCs %5E Al 8 (i U5 e L B
55 =1t BMSCs, BEEEHA LSS 1500r/min &5.0> Smin
Fv B3, A PBS HE A0 H B 1x10° A4~ /ml ¥ B
(AN B, B EP 45 b 40 2% 100w] BA40 i
B, i 1x108 AN 1g PO A L2 B0 A
CD29 .CD34 .CD44 .CD45 .CD90 HiAk , k4 4l
T B B X IR 4°CRE L B 30min, PBS 5 Uk
W UL BBR AL AP, Z )5 EAUR NI4T,

=Rk B = A BMSCs, [ i 1 1k )5 2
T 28] 7 FLAR b 22 156 B 5 O B R | UK B
Gy AR EE IR 3L Al L A ik 90% 5, LE i T AL A
FLIA 2ml SD K BB 48 ) 78 0 T 20 it 1 B i
AR SE AR IR I 3d B — IR ,21d J5 4% 2 B H
e P R ALY n , RS S ALE A SD KR
B B 0] 75 5 T 40 M B IR E T arb sE R IR A
W, 3d JE R B, 240 S5 R IR A R, AN s
3G 4%Z TP E MLl O Yot AR B 175
T 4x10° S 4, AE 15ml B o0 E h

1500r/min 50> Smin J5 5% B3, BEMA 0.5ml
SD K Bl BMSCs 3K 175 3 04k 58 & B 77 4L, 3d
Bl —k ,21d J5 4% 2 R WEE G, AW aEE
VIR, Bl ) 3 s e o
1.2.3 K RUBERZ 40 B AN I PR A 4R EL K IR SRk ie
SIS A A R 4R B 3 IR . 100000g 4°C 4
B GRS 12h, JCTEE G S /NG WU TE
75 90% 1) Jif £ it v B AR A5 T Ah BA 4% 1L 38 5
I TG Ah WA AR Il 3 RC R S A 10% 16 A i i
100U/ml 75 % R 55 % 2 ) DMEM/F12 T4 s A 5%
IR, KEUBEZ A 3R 258 =5, %
T5em? ERIG MR EESR, ARG 5 80%)5
A bR e AN AR B 373 3d 5 W AN b
YA 1 3 WAE 4°CHRIR 300g 50> 10min ,2000g 5
> 10min . 10000g & L> 30min , & K &5 0 )5 gk
THAULTE L B0 e A e ;. 25 0.22um
JE L € 3, 100000g 4°CES L 70min, L PBS
FHEPUHE, FFR 100000g 4°CE L 70min, JGH#
PBS H & UUIE /G BCA 00 % HP WA R e &, -80°C
TRAF
1.2.4  KEBEZAMAMNB RS e A SCERIE
SR, AN UAMA M A F S SR F B UL R bR A AR A
T, 325 559 HL e L% W R SOl &0 -4 % Y 1% 7 4]
WL, 2 Tmin, FF 98 46 MO0 17 W T A
FH 2% W B R v WA E I T e Tmin, JE4EW T
Yoyt , 2R, B ST B T AR BEAH

PR s R . A 1% PMSF () 41
ATy N R R O NI S o
10min,4°C  14000g &> 5min, H L3, BCA ¥l
SEE W I 5xSDS EAEZE i, 2 3B Smin,
25 B 30wg L 1 HEFT SDS— 2R 7Y M I e 56 i H
VK (SDS-PAGE) , LUk 73 & J5 L5 B R 4T i R
B b RN & 5% AT 8 1 E AR S 1,
TBST &V 3 K, 4 Smin; fill A CD81.TsglO1 .
Calnexin UK (1:200)4°CH3 7 i % , TBST ¥ 4
W, 4 15min; B 4046 9 6 A% id — 9t (1:4000)
A 2h, TBST EEUE 4 ¥k, 4% 15min; A 52
FIIF R
1.2.5 W% BMSCs Hik HUBEAZ 240 ML AP Wb ik AL 4
AHE SCHRIE 5%, 200 B A% 20 M AR A A 5 10puM
%Ot Y W CM -DIL 37°C i ¢ #% & 30min,
100000g 4°C & .t> 70min J& 7 L34 ,PBS & Ui
Ji 100000g \4°CFH K B 0> T0min DL 25 B AR 45 & Y
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W, #cJa S0l PBS HEEAMLA ; 1x10° 4~ BMSCs
5 10pM 2% )t 4L 3 CM -DIO  37°C i ¢ % &
30min, PBS i PE Uk LA LB A LS G Uil KU
J& A b4 5 BMSCs 565 & 24h, PBS #h 3k
WAL BR AR SMBR . 56 B U ML 40
i
1.2.6 ARl LB IR R & HL 2%10°
A5 =A% BMSCs K BRURE A% 40 B, B 4% 48 M m A
F| transwell (0.4um) [~ J2 ,BMSCs il A #|
transwell (0.4pm) {4 I 2 5 50k K% 372 B9 BMSCs 1E
XA, A A 10%4 7 100U/ml H %
Z 4% W DMEM/F12 15 5% 3k 37°CH; 3% ,3d #
W— K, 14d J5 AR AN A — 25 R
1.2.7 qRT-PCR fill  BMSCs 28 K B A% 48 i
SRR S 714 21d L)L T 5 6 A% A i St B 5
14d J& , N A Trizol 24 i 40 I8 2 HUE. RNA , 44 BR300
S & LT 45 B 14 41 cDNA; L GAPDH 2
W2, A Ak B BMSCs SR X 8 RS 4% A~ 52 56
41 COL2A1 . ACAN SOX9 i) mRNAB # ik ; X
N AR 2 R 20l 4K % :SYBR Premix Ex Taq
10pl, IE51#14 0.8l [ROX 0.4l ,cDNA 2pul,
J& RNA 7K 6pl; K 454 :95°C 30s(1x) .95°C
5s/60°C 34s(40x ) ; B HE S & = A RHL, R A
2Ly A X SRk, FIWT AR 1,
1.3 Seil2orir

A S5 fdFH SPSS 13.0 B4 R AT G2 bt
R SCI R K, i ORI Y Bl br o 22
LR ERR . e BN 3R T 22 40 B A DB AR 2 45
225, )5 Bonferroni 32 347 41 8] 5 74 L

#1 ¢RT-PCR3I#F73!
Table 1 The Primer Sequences of qRT-PCR
SN EIE/ 2]

Gene Primer Sequences
COL2al

T J#) (F) 5'—ACCAGTTCTTCCGAGGCACAGT-3’

T (R) 5'-TGGCCTGCCTGACTTTAGTG-3/
Aggrecan

T Ji (F) 5'-CGCTCAAGTCGCTGAACAACCA-3’

JZ 1 (R) 5'~ CCTGAACCACTGACGCTGAT-3'
SOX9

i1 (F) 5'~ACCATCACGCGCTCGCAGT-3'

JZ 1 (R) 5'-TGCGCTGGGTTCATGTAGGT-3’
GAPDH

TE 1k (F) 5'-AGTGCCAGCCTCGTCTCATAGA-3’

S (R) 5'-GCCTTGACTGTGCCGTTGAACT-3'

B,P<0.05 BnERHASGII2 2R XL,

2 &R
2.1 K RUBEAZ 40 M8 AY K5 77 FI BMSCs B K 7 %
E

JRARK RUBEAZ 40 M s IR B 2 e, R4
oA JE R AV 22 28 RE R A0 () 1a)
1 2 5 = AXUG B SR A M 2% B A 240 PR B 7 K
B4 (B 1), JRAL BMSCs S kAR, 4
oA, RS2 e (B 1e), 5 =AR
BMSCs A KMIE g i RHES (B 1d), % e
g5 4L i 78 BMSCs =5 %18 CD29 (99.77% ) .CD44
(93.97% ).CD90 (99.67% ), 1k #* & CD34
(0.82%) .CD45(0.68% ), BMSCs il Hi% S 21d J5
PER LG O AT WLAGZE T (K] 2a) . BUIRA S 14d J5
ML O Yo mT DL ST N B (1 2b) o AR B i =
21d J BT Y o m D e SRR 3R (18] 2¢)
2.2 R B A% 40 M 0 s 44 S5 7 LA ) Bk BMSCs 4%
U L

25 Gt EL A K RUBE A A0 g A I A R 28 TR T
HAETE 30~100nm Z 8] (F 3), Western blot il
S5 R K BRBE A 40 i AP MR R 3K CD81 \Tsgl01
HH, AL Calnexin A ([ 4) , L0050 6hRIC
1) A0 Wb IR 5 2 .75 S AR C 1 BMSCs % & 24h J&
P AR SR R < 4k A5 6 AR e () BMSCs
WL T ATt (ES5),

2.3 K RUBEAZ 40 M Ah s 1A 5 AR 42 fih =X 3 8% % X
BMSCs 55 850 SRR X L

K UBE AZ 40 Ah 6 R 5 S BMSCs 7d ., 14d |
21d J& COL2A1 ,ACAN .SOX9 fy mRNA % ik &
FbF 0 B4 B T, 22 S A G b L (P<
0.05)(F 2),IFRI M B W T & EH, 14d B,
B F 41 COL2A1 , ACAN .SOX9 ) mRNA % ik
HE T A EARTAMBMALA (R 3), ZRAS
T2 L (P<0.05)

3 ity
IR AT M A S A i ) 45 P A% 40 5 D
A TR g J5 R, 1 SR G B A AR 3| A A )
TEA T RE L RS, DTS 25006 R SE R 1 &
Az 38 A I A A R S R A A L L, A
R 0] 3508 A5 RN BE 3 6 A [R] IR AT MR AR | T
J W5 2 — , BMSCs R H A £ 1431k fg

2

=



78 P E A A R 2 2019 4E5E 29 B5E 1L Chinese Journal of Spine and Spinal Cord ,2019,V0l.29,No.1

MR HER ST REF A2 — ARBFSEHE ) BMSCs HA s is s as ik agtr (=
BT KB BMSCs, it 204 2 IE B HE U BMSCs /5 BMSCs [11) B 42 1 40 it 20 A 1k 5 1 1 35 35 1 A 4%
FIk T4 ML FHPEAR Y CD29 .CD44 .CDY0, k3% &Ik 5 R Fe e 4 I IR, T 1635 S 2D R |
BT A PERR S CD34 .CD45, JFIEM] THEEL  H25 15 S RCR 2 M o [m] A S Ak

15 BT (x50) a K BURAY
T A 2 PN |
9 =AU, 2 T, 49504
¢ JRUI K BR8] 72 G 400, 0
AR SIS A 45 =K R BMSCs,
KB, 45 E2 a BMSCs
B IR 7 R L0 T AL B 4
(x50) b BMSCs i JIfi% 5 /5 M4l O 3¢
0 i 5T 9 T UL IR 3 (x50) ¢ BMSCs it
o — © PV 3 T e 5 00 S0
B (x10) B3 %505 T KR

B4 Mo 1A g 2, AR AR 30~100nm 2 [A]

Figure 1 under the inverted microscope(x50) a Rat primary NPCs, showed as polygonal, distributed as colony b The
third generation NPCs, showed as polygonal and homogenous distribution ¢ Primary BMSCs, showed as short rod-liked,
distributed as colony d The third generation BMSCs showed as spindle and homogenous distribution Figure 2 a
Stained with arizarin red, mineralization was detected in BMSCs after osteogenic induction(x50) b Stained with oil red O,
lipid droplet was seen in BMSCs after adipogenic induction(x50) ¢ Stained with alcian blue, formation of glucosminogly-

cans was detected after chondrogenic induciton(x10) Figure 3 Rat NPCs derived exosomes were round, diameter dis-

tributed in 30-100nm
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ME R INBIR RS KT IMNB A BT
BRSSO A7 RIS S B IR 20
O JULER R | Q5 R 40 it 55 22 7ol 40 D 2 E ik Ak

WA F AR AT 30 5 455 e S U5 0 T ) o e
A= W5 SO R AR A R B ) S o 2

Xﬁ%m%ﬂ#%mmwpm 00450 5 A2 440 i

T2 AR A AT ST S BN B A 4 i R U A
LMAT%%BM%Lm il Y s A (BN S G B
VAT 5 TR FRUBEAZ 4N i AN I A i SCRRRTE . b T
HE— RV AMB AR 19155 T o A HL T B R —25

CcL EXO
- =23 kDa

Ts.gm‘ll . (=45 B3

E‘.amamn| — — 0 kD&

GAPDH E-ﬂﬁ kDa

COAT |

2

Bl 4 Western blot Kl #h WA 14 2 11 b5 &5 4 - Tsg101 .CD81 Kk B, A £k

NPCs exosomes)

(59

Fx2 SMBFAEIEA COL2A1.ACAN.SOX9

mRNA X RIEE (n=3, x+s)
Table 2 Relative mRNA expressions of COL2A1,
ACAN, SOX9 in exosomes group and control group

Calnexin & 1 (CL: K BRUBE 42 40 10 24 % 9 ; EXO ;K BUBE A 411 )i A0 14 )
L0755t CM-DIO F5i /) BMSCs b
FEIEHRIC Y BMSCs i BL T 210,59 £

Figure 4 Western blot detect the exosomal makers:
positive for Tsgl01, CD81 and negative for Calnexin (CL: NPCs lysate EXO:
Figure 5 a Green fluorochrome CM-DIO labeled BMSCs b

Red fluorochrome CM-DIL labeled exosomes ¢ Red fluorochrome spots were

A A P S 0 B BRI At AT R LB A% AN
MLEAT I T S . AU 22 0 s AR B
TR A 3% 55 1 v b BRI T A A S
WMELIR B, SMBARBIESCERIE, HARTE
30~100nm Z [{] , JE 45 5 BEAE ofF gt rp 1 4 ik —
B, IF HARHBU SRR 25K 1AM AR & 8
CD81 ,Tsgl01, A KB HFREY Calnexin, HIEH]
K VB A% 4 AT DL 53 M6 A WA A | [R] B, 76 SD A £
WL %% S 6 vh FoAT] 2 B BMSCs mI LA B IBCK il 3
AR L AN A , 454 Strassburg ZF85 ) ) BMSCs

D

B5 a
055t CM=DIL Fric MBI ¢ st

NPCs exosomes were

observed in green fluorochrome labeled BMSCs

*®3 1t 14d B &4 COL2A1,ACAN,SOX9 i
mRNA X RiEE (n=3,x+s)
Table 3 Relative mRNA expression of COL2AI1,
ACAN, SOX9 in BMSCs in 14d

X g2 HH IR A

Control group  Coculture group

S e 4

Exosomes group

X B 4 VANV ENE
CO?][rol Exosomes group
group 7d 14d 21d
1 764 52 )i : N R
COL2A1 0.91+£0.04 3.10+0.32% 5.69+0.22 6.46+0.02
F i s
ﬁ/\léf\f” 1.03£0.13  4.34+0.55V 4.84+0.237V  7.40+0.36"
SOX9 0.99+0.03 3.11x0.10Y 2.15+0.127  4.46+0.26%

I 29 e Jit

7 D5 3 R4 H 8 P<0.05
Note: QL()mparc(] with control group, P<0.05

CoLou 1.02:0.03 2.7020.1572 4.27+0.197
HH R ® ©
YN 1.02+0.04 3.14£0.25° 5.18+0.46"
SOX9 1.01+0.01 2.29+0.06%% 3.27+0.11%
(D45 % R4 L 4% P<0.05 ;)5 S 41 Tk ¢ P<0.05

Note: (D Compared with control group, P<0.05; 2 Compared
with exosomes group, P<0.05
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B A% 200 00 308 3o 6 8 460 17 K A O 00, FR
A7 4 I 3 K5 3% b S A AN i S Ah W R S
BMSCs 44k,

Sk T UE SR BV A% 4 M AR W8 R X BMSCs 1)
Vo AUVE R, FRATDRE B A2 20 i A1 A4 B 2
F BMSCs, Jf 5 e 4 fil XL 15 %0 e o A6 K BB
¥ A i R S 7,14 21d J5 ,BMSCs Y
COL2A1 ACAN .SOX9 /) mRNA 3k & 25 F %
HRZH O L5 200 T e 1 A 3 3R I K BB A 40 i
SN T LSS BMSCs [0 B % FE A1 431k, R Ik
AN A L85 35 b B A% 40 RS A s A R
BMSCs s b ML 22— BLAk, 5 K B 2% 40 it
Ak 2 il X 3k 55 9% 14d J5 ,BMSCs (%) COL2A1 .
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