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Exosomes derived from nucleus pulposus cells induced bone marrow mesenchymal stem cells into nu-
cleus pulposus like cells/LU Kang, YANG Kuang, LI Haiyin, et al/Chinese Journal of Spine and
Spinal Cord, 2016, 26(10): 933-938

[Abstract] Objectives: To investicate the role of exosomes derived from nucleus pulposus cells(NPCs) in in-
ducing bone marrow mesenchymal stem cells(BMSCs) differentiation into NP-like cells. Methods: The nucleus
pulposus was obtained from the surgical specimen of the patient diagnosed as lumbar disc herniation. The
NPCs were separated and cultured in vitro, and then the NPC—exosomes were isolated and purified by differ-
ential centrifugation. NPC—exosomes were identified by transmission electron microscope(TEM) and immuneblot
analysis. To test the uptake of NPC-exosomes by BMSCs, PKH67 labeled NPC-exosomes were co—incubated
with BMSCs for 0.5, 2, 4 hours. Fluorescence confocal microscope(FCFM) was used to examine the uptake of
NPC—-exosomes. After 3, 7, 10, 14 days stimulated by NPC—exosomes, RT-PCR analysis was performed to de-
tect the mRNA expressions of ACAN, SOX9, COL2A1, KRT19 and HIF-la in BMSCs. Results: Exosomes
derived from NPCs were observed on TEM and the size of them was in the range of 30-100nm. Additionally,
NPC—exosomes expressed the exosomal markers CD63, TSG101 and no endoplasmic reticulum marker Calnex-
in. FCM confirmed that NPCs derived exosomes could be transferred into BMSCs. The RT-PCR results
showed that with the duration of interaction, ACAN, SOX-9, COL2A1, HIF-1 a and KRTI9 mRNA expres-
sions in BM-MSCs had significant increases compared with those of the control group(P<0.05). Conclusions:
NPCs can secrete exosomes and then interact with BMSCs to induce BMSCs differentiation into NP-like cells.

This study provides a more efficient and simple source of NPCs for tissue engineering repair of degenerative
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HEB) £ 1R 28 9% (degenerative disc dis-
ease, DDD)J& 5B M 1 & B R E 2 —0, A
X DDD (67 77 SO RSFIRYT | HER B DIBRAR |
HE I1] 5% 8 40 R DL R HE R 5 R, 31X RS A B —
S R IO 0 ) i DRIE R, S BE AR AR E i 2% |
2 1| 2 0 M R) R R Y R R AR OR AR Z
FHH B m f AR AT, A B A AP
T T A X AR A A ] A AT T IR B R
A7 PRI HER] 8 A= SR RE Y B A% 7EAE ) AR A28 v
PR AR BIF ST AR, T Al MRS A YR T R AR R
AR BIF T A, JHG v B A 5 R) SE T 4
M2 (mesenchymal stem cells, MSCs) [ %% 4% 2l ffd
(nucleus pulposus cells, NPCs) 75 [a] 53 £k M 1 Xf
P 1) 255 20 R A b 7 R B A A AR 4. H RTAR
ZWI kI, FIHI MSCs 5 NPCs #E47 B He 5 i |
[i] 4 42 ik ¢ ] 422 FF 422 fioh =X 2L 15 5% 5 MSCs AT %
BLih NPCs 1y £ A9 {H MSCs 5 NPCs [0 4 5 {F
P BARBLE H BT ATE R, A28 A =T b
ST AT 55 3 WA v AR BN I 1R] B e R Ay AT AN
L TA) A5 A2 U, AT 25 | TR e 48 ) 2 A 5200
AP I (exosomes ) VE Ay 210 Bl (0] 45 B 232 I A9 22 a4
BHEAZHFRENER VY, AR EERE
NPCs & 75 A LLr b A WA | 3 ELii ik S Wb A i 12
75 5B B8 W] 78 5T 40 2 (bone marrow mesenchy-
mal stem cells, BMSCs) M B&E&AEANIE (NP-like
cells) 51k .

1 #RF7EE
L1 R R AR

4 I W (Gibeo) DMEM/F —12 15 3% Jk
(Hyclone) . #-#%% & (Hycone) BMSCs 13573
(Cyagen) ,PKH67 %¢ ¢ 4t ®l  (Sigma —Aldrich) |
anti —CD63/Tsgl01/Calnexin  $tL & (Abcam) .
Transwell /NZ (8um, Millipore) , A BMSCs ( & it
FHEATR]D) . FEANAR A B E O L (Hitachi
cp80wx/H% + PT0A-980) . i% 5 FiL F & Sl B8 (JEM -
1400PLUS, Japan) , #0035 £ W il 58 . PCR X
(ABI 7500)% .

1.2 A NPCs fR4ME 35

BRUAE [ % 28 HHRE JR A TR DI BR A B 1 21
W T BRI LT 4E R T, PBS MR mh ik
T, H 0.5mg/ml ¥ 1 11 AL i Sl 37°CTHE 1k
12h J&, WCEETHALE M A0 B, I A SRR
10%J6 4 1ML 7% &2 100U/ml 75 - 5% %% % () DMEM/F-
12 578 %, 1200r/min &5 0> 6.5min,Sml 3% 7 H: &
BN R T 25em? AR R, T 37C.
5%CO, W74 T #EAT R 3%, 3d 4 — R G 57 3k 4
JHL %% B 35 80% AT 1:3 /44X, £ PO~P3 NPCs i
(eS8
1.3 A NPCsHM A () $2 B

i B0 (100000g . 4°C) Jifi 4 I 1 25 B 1L 75
SN, F 10% 64 1% . 100U/ml 75 -85 %5
% S DMEM/F-12 Bt il Jo #b s 7 55 55 3k . 6 3%
NPCs ¥ &4 2x10%ml, $% 5 2 25cm?® 4 il 15 72
rh 200 RN RE S R A T A A A B 35 3k 48h S5 4R
2 it 3% 72 W, 300g \4°CES 0> 10min 25 BR AR A 40 M,
T 253 2000g %5 0> 10min 25 BRAEANAE , 10000g 5
> 30min F=BRANMIAIE A, 0.22wm 32 38 75 1 58 5 H
138, 4 100000g #83#£ 2.0 70min, F PBS % 1
K, F5K 100000g 48 3 2.0 70min, £ 75 19 70 UE B
N PBS RS, BCA K6 A1 I R e i
80 CAR IR AR AE 75 H
1.4 SMNBRTE L

T 20l S WA A SV T 8RR A ) | 5 R R
Tmin, FH 118 40 DA T 08 1 98445, T8 I 29% 1 45 1%
W (pH 1H 6.8)30] T8 ™ I, I 4 4 Imin 5
DEARIL T YW, FUUT 4% 10min, 1 TAE AR
F 120kV, 5 ST LB T AT AT
1.5 AN R RS R

W 22 B0 A5 B 1Y SR AR TTTE T 80wl 4t i
SLHWE (F 1% PMSF)vK | %% 30min, BCA 741l
FEEWEG A 5xSDS _EREGR i 201, & b
Smin, MTABE RS FAEFL , 28 SDS—2E TN I Mok Jiie #5E fise
Rk B R EMRARER L, IR THS
5% M B 2 % ) = P e 5 AL AR PR 1Th, 28 IXTBST %
M PENL S, n A CD63 Tsgl01 ,Calnexin M B-
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actin ¥ 5 B PUIRTE 4°CTF i, R VEL S , A
PR i A AL P B (HRP) bR ic 19 —Hi 4k 2287 5 2h
LR B3
1.6 PKH67 % thric A NPCs #Mib A

it I PKH6O7 5% 't Y b ) & 45 4 Ui B A5 i
NPCs #h A . BARAL IRy w644 S 1ml C
WG & PR ) K 250 19 NPCs AN FE 4
B, MK 1x10°M % PKH6O7 JE A 1ml C M
B 2x10°M F9 TAEWR , B 4Pk 5 PKH67 TAE
WA RS G #E Smin, ] 2ml 5%BSA/PBS il
AFNLL FIRA W AT A Z 0 PKHOT YLkt &5
¥ PKHO7 #ric (5 A = i L)L 100000g \4°C 5 L
70min , 5 5 B UTTE LL 50l PBS &
1.7 BMSCs #:HU NPCs #1304 (i WL 5

¥ PKH67 bric i NPCs Zb b 7R i A 15 i
BMSCs 4 ML€ fr v, 43 53k G0 F 0.5h . 2h 4h,
X IR 25 11 BMSCs., $1135 22 B[R] Ji5 K 45 20 48
J€F B PBS ¥k 3 Wk, TR Y 4% 22 5 R [
€ 20min, DAPL %44% , Hilid B 5 oG R 4
B MEIF R ERG, K8 LAS AF Lite X
38t .
1.8  HEAX A0 MIAH G HE F B mRNA KIATE O

HU A\ BMSCs £ NPCs #b W 1K 1% S 3d.7d.
10d.14d J5 ,TRIZOL 3% $2& B 4% 20 BMSCs 19 &
RNA, S5 & (TaKaRa Prime Script
RT reagent Kit) ¥ 4547 cDNA &, | ABI
7500%! PCR {X#4T Real-time PCR [l , 2 f
FESCHR g7 s B K I 2R 3R B (ACAN) \SOX9
(SRY -related high mobility group-box gene 9) .
II BVt (COL2A1) S8 H1 19(KRT19) |k 8 5
S AT la(HIF-1a) ) mRNA F£ikE, IRZT
fr b B BMSCs 7E R 25 FIXTIE (A 41) , R 2 AFAn]
Ab ) NPCs 1E by B X BRAL (C 41) ., 5191)7 51
ULZ% 1, Lk B=actin HINZ: SR 2720 A5 5 4%
ZHHE ) mRNA AT &k it
1.9 Seilsrik

BT A B0 % SPSS 13.0 4t i 4k 14 2 17 4>
i A SRR R E R 3 TR R AR
HARE2E RN o Geit 2o 0ok B R 3 07 25 45
Xt A B.C 41 mRNA FH X 23k & (9 35 (H F 174
K 4%, I Bonferroni it 408 5 1 k47 4H 1)
ZH A, P<0.05 NAH S EESR

2 HBR
2.1 NPCs ZMb A Y 2% 5

2B O A B Y NPCs b AR 7 55 5 L
BTWER, A NFEIESEIE, HEAE 30~
100nm @ A, 5 SCHR 28 30 SR IR TE 28 KN
—3 (K 1), Western—blot K1l NPCs 7P WMAE R &
H 1 CD63 \Tsgl01 #4473k, 1 A A6l 21 B 14 2
H Calnexin 13235, N5 K B-actin(& 2),
2.2 NPCs ZM &g BMSCs FEHUE L

PKH67 Fric B NPCs #h il f& 5 BMSCs 4 5%
A 0.5h.2h 4h J5, BOGILRME B T WS, &
i [B] 257 BMSCs 2] UL $1) 48 € 550k 28
5 B 5 i [A) B IE AR OC (K 3)
2.3 NPCs ZMRAX} BMSCs 1915 3 /EH

2 NPCs Sh W44 3113 5 , ACAN .SOX9 \HIF -
la & KRT19 B mRNA A &E7E B 41 3d . 7d i 5
25 PN BRZH LU 35 2 2 v e e 3, 7d  10d , 14d B+
FIA M FEE ; COL2A1 AR k7 3d.7d . 10d
Bt BoF ] 326 3 s, P S IR BLAE 10d PLS . 14d
B, SRR R R R SS A4 LA ST # 225,
LM A R RS i 2 R (R 2),

3 itig

TEMER AR AR L B, BEE NPCs B 250 ik
A IS VEREAR f A BUE AN M AD B e D | i
WHERZ K . H AT ST R 5 IR AR HE (] 25 1) A
FEB TR BERZ R A Y F D Re, TE a5
T MSCs [n] NPCs 431k >k b 75 HE 1] 4% 48 i {1 H &
FEIE W IR R HE W N A Z — BT R I,
i# 1 NPCs 5 MSCs 4% 57 775, MSCs 1 DA [7] &
RRE A Ak A B A AL SIATI AN W5 28 A7 B

®1 ER3MFTIE

Table 1 The primer sequence of genes

HE K 24 B Primer Sequences(5'-3")
Gene SIF51(5'-3")

R 1E 1] (F) ACCAGACTGTCAGATACCCC
Aggrecan S R) CATAAAAGACCTCACCCTCC

SOX-9 1E ) (F) GCCTCTACTCCACCTTCACC

S (R) GTAGACGGGTTGTTCCCAGT

1178 Ji Jit IEm(F) ATTGCCTATCTGGACGAAGC
Collagen II ol I (R) GCAGTGTACGTGAACCTGCT
A 19 1E W (F) AAGACACACTGGCAGAAACG
Cytokeratin—19 Sz Jal (R) GATTCTGCCGCTCACTATCA

AT 1

Hvoomininducible 1E 1 (F) GCCAGACGATCATGCAGCTA
YP‘;"“ MCUCIDIE 5 i) (R) ATCCATTGATTGCCCCAGCA
actor—la
Bactin TE 1 (F) GTGGGGCGCCCCAGGCACCA
acht K I(R)  CTTCCTTAATGTCACGCACGATTTC
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YW 0 Y B RERE A2 NPCs 5 MSCs 8% 3% B 4 B ] il A OE N A A B R R
R AR B 6 B S5 A2 B Strassburg 4810 B S, 17 PR R g0 e A IR A ) R B A8 e
NPCs 5 MSCs 7& 3L 1% 57 B 41 g 0] ' %% 3% 3 /) TB EEEEN, WA, BH/ LW, B NPCs £

Ll B
il ENii

e | — F'_ | Wik

- C il i—.]....|||

e — e

1 %55 W %8 NPCs MR Sk [RTE s i B T2, H A2 30~100nm B 2 Western blot 91 NPCs #h A4 b5 25 45 11
CD63 . Tsgl01 Fik FHM: | 1fi Calnexin b B (CL . B 4% 20 i 24 fif 7= 9 ; Exo : NPCs S b4 )

Figure 1 Characterization of NPC—exosomes by transmission electron microscope. NPCs—exosomes are roughly identical,
ranging from 30-100nm Figure 2 Western blot to test the exosomal markers. NPCs—exosomes express CD63, Tsgl01

and no Calnexin(CL: NP cell lysate; Exo: NPCs—exosomes)

E .. . .
- . . . .
: .. . .

i B i1.5hE Thifl |

3 PKH67 #7iC B9 NPC—exosomes #% BMSCs ik i, 5%} HELIARLL , 4% 9256 20 BMSCs B G 3] R & (09800, H. 9Ok
548 B 55 I [ 52 TR R G
Figure 3 PKH67 labeled NPC—exosomes were absorbed by BMSCs. Compared with control group, a increased punctated

green fluorescence with time were observed in BMSCs of all experiment groups
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FEW R RE AT LU 5 MSCs R B NPCs fy A0,
A5 W R PR F 40 N £ 3 AR (multivesicular
bodies, MVBs) , /& EL 12 A 30~100nm (B4 218 N
40~120nm"™") {1 MV 20 Jf W02 4 10, 22 B0 oh A 4K
o A R B A AL S AR A SR
Fh 5 155 26 11 & % (CD63 .CD9 .CD81,CD82) | #4
KT8 3E 14 hsp70 A1 hsp90 TSG101 Alix %, [A]i},
A0 A A A 1 A S R 200 L ke 5L 1% 2 2/ 4 i 2K A AR
SMEA, IS, SR A & AR
RNA , 7 i 438 3 22 ¥ /& (multivesicular bodies,
MVBs ) 5 24 i J5% i 75 ¢ ik 30 240 g A0 35 St v, He—
P Ty i S 485 i A U 200 L ) R A 1 A A 55 40 WA B
i iz i Oy U SRR A0 M AT A AR, AT e
J5 # W AR AT L AR FRATT O T B AN A
X — 4 IR AE B ac i 2 =, HAMMARY )
fE 55 0 U5 4 M R A OGP LAFRATT R R R iR,
NPCs 7] L 43 W #5377 5 NPCs 17 B btk 5
BMSCs A BAE IR 19 5 # B A 1T

Y APV AE 30 AR R B B A B 4
RILILF- e A Tl 2L 30 ) %) 4 M 2 2 A B A
2 0 T LA G 3k 6 Y B 4 B A B BT, B Ak
P A B )T X5 2R 3 e, SR B0 (mi-
crovesiclesi¥ ectosomes ") F1# T-/IMA (apoptotic
bodies )", F I BF 5NN, IMIMA AT B H iz fi
TIIRE , 5 5 #0832 VR 4 A, 22 ¥ B 1 R R 2R k5 &
TUEE T HE, BB 2007 4 BFSE N R IS
izimizm, Z S5 aiEnbEim . Hajerse A,

SN AR PN A 5 0 R Y A O B 2 1S rRNA
microRNA , Jf H 4 A 4 BE % 38 528 25 W) 3¢ B, 76 4
FRLIRI AL 3B T BEMEAZ IR 431, DA 2 45 i 2B W) 2
e, ABFFREE R NPCs 1T L4310 20 o 41 42
W, XA S R R T 0 AN R TE
BRAN—2, I H R M AR 5 R 1 CD63
TsglO1, XUEbp&E 1 RLiE LT NETEE G
Y (ESCRT) WA R H , 25 1AM I & i &%
Bl 151 TR) ES R ATD AGE I 3 e 25 0 T 4 BRI
T A E GRS ERIE FHEMAY Calnexin &
F el iE B 2 A b

A A 55 8 4 B AH AR I O S = A
WA I 2 T 32 R S AR A0 R BT AN IR
A M RS AR A L A0 g P A R R A
PRI S T HE— 2R 5T NPCs ANk 5 BMSCs fE
752, FRATEE A W] LA AT bR i g o B HLAS 52 1)
21 Jifg 5 40 WA 5 P 9 PKH6T %% % Y2 B 4 NPCs
SRR IEATRR D, Jf WA NPCs AR 45 BMSCs
HHE AR, 458 878 NPCs #h b4 nT LAk
BMSCs ##HU, 7F BMSCs A i [ & UL NPCs 4l
s, B RLFRATTHE I NPCs A1 b4 5 BMSCs AH T A
7 X BB RNFE,

T B AR TR AT H A NPCs 1l LAIE i 1 8 A
75 X5 BMSCs 0k ik, FATH NPC 41
X BMSCs #F 47 95 5 JF 6 1] 2 ACAN SOX9,
COL2A1 HIF-1a KRT19 KN K AW, 450 B
N, 5 BRAT R X S S A B mRNA 23k 35 1

* 2 2 NPCs ik iEFS AR E A E & BMSC 1 ACAN.SOX9,COL2A1.KRT19 HIF-1a ¥ mRNA 3 Rix=E
Table 2 RT-PCR analysis of the mRNA expression of ACAN, SOX9, COL2A1, KRT19, HIF-1a in BMSCs

B4l

Azl Group B cH
Group A Group C
3 days 7 days 10 days 14 days
&R A 1.00£0.11 13040227 13.73+1.132 14312352 14.77£2.20% 17.04£0.732
Aggrecan

SOX-9 1.01£0.17 2.56+0.457 10.59+0.93% 12.45+1.63% 12.19+3.30% 12.94+1.15%

i . P .

11 ZUBJA 1.000.04 1740397 432+0.887 9.60+2.23% 9.84+2.78% 12.12+1.65%
Collagen I al

e ﬁr—l 1.01+0.20 1.45+0.307 10.170.4292 12.71+1.01% 14.73+2.86% 15.40+2.24%
19Cytokeratin—19

HEAHEZHF la ) N n :

Hypoxia—inducible 1.00+0.00 3.02£0.28"% 11.68+1.10% 12.32+1.35% 11.90£1.46% 11.67+1.67%

factor-1a

TE: A 410 BMSCs 25 4 %1 BRAL, B 412428 NPCs SN0 755 A [ ][] 5 19 BMSCs, C 4154 NPCs PR X R 4L; DY C 414 P<0.05;

@45 A 45 P<0.05

Note:  Group A is the control group that BMSCs without treatment;

Group C is NPCs without

Group B is treatment group:

treatment. (DCompared with group C, P<0.05; @Compared with group A, P<0.05
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W, FU NPC FRAR AT L% 5 BMSCs [1] 8
LA R 53 o 48 UL FRATTHE T, T8 2 B il
SRR IR 3R RGP NPC AN IBAER AT BE 2
5T NPCs % BMSCs 153k /EH . T4
B — a2 R A, Hoh Bk
FEAVE AW 5 023 0 microRNA JE R EEE A%
Bt — L AsT,

ARG T AN R RE R LB R R A& T
NPCs 55 BMSCs /b ML 2 —, ik, it
NPCs #Mis A% S BMSCs 7 20 e L85 35 7 XA o
iRTAOE7 e K B Bt e w3 A = U E i
(595 1 BMSCs) i FEHE S & 4 LR
AL 325 01U BMSCs 77 %8 284 41 g 43 3k 1 7
A BB 2 X A0 AR B 7= AR S 7 [ R 3L R R o 4
JHEL 10 A A P B 45K, B BMISCs 7 204k 46 3k
NPCs 1) % % 45 552 1717 38 5F $2 B NPCs 19 41 3 14
AL IR R GE, AR v B T LA IR
HEAT Y JF HAMBAR S T OR A7 K3 |, 3X R iR 41
R 5 5% AR A% 20 B 4 I T B SR R B T T
B £ SC Ak H2 38 3 2 — 2845 ) 7 TGF-B . BMP
FIEHE A FGFs B I A J 45 vl LA 5 8] 78 i+
2 43 A R A 2N D 2 R A At T Ak A
YEREFAEMRFHE G, BE R —HTFE
V3ot B B AR T Bl — 5
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