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BE. (B HITKRRELR T (cartilage endplate stem cells, CESC) IR K ZMNBA R BEZ A0 (nucleus pulposus
cells, NPC) LA B[] #5145 (intervertebral disc degeneration, IVDD) (540 . [ 773% ] MK BUHER] £ sh 4R BUT 1% 9% CESC il
NPC. I8 3 B0 IR BOT 2l Ak 1E 5 CESC ZM i AMIMA  (Nor—Exos) FIEHA S 32 CESC 3 AN (Eld-Exos) ,
43315 NPC #8555 . Tunel Yo 0 AR AN AN =20 A0EIA T4, Western blot £l NPC 1 Bax, Bel-2, Cyclin D1 il Cyclin
D3 HHAFEIRKFE, 9 H SD KEBENL =41, A2 AXTHRZAL . Nor-Exos 201 Eld-Fxos 24, b1 filvAEE 7 IVDD BALR45
THIRIALFE, ARJ5 5 4T MRL A2, 4% Pfirrmann PPRARMEPESr . [5R] RSMEE, A0M00 T BAR 2 Sk o a8 FOV IR <
Nor-Exos £ < Eld-Exos 4, G 1] 22 5 AP LE A 22 A Geit2# 3 L (P<0.05) o Bax AR 33K AR 2 iR 25 6 R
4] < Nor-Exos < Eld-FExos 2, Tfi Bel-2, Cyclin D1 il Cyclin D3 2 FAMIZBAE E R MR Eld-Exos 41 < Nor-Exos 41 < 45 (1% 18
41, BRI 225 RPTH H2E S A SRR L (P<0.05) . RNSEES, Plirrmann SM40F R E SRR, 25 FAXTIRAL <
Nor-Exos 4 < Eld-Exos 41, G422 5 R LU 2 R A it L (P<0.05). [#518] Eld-Exos W {2if NPC (JH17,
BEMHERIS AL ZU PR T K, Itk IVDD i
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Effect of exosomes derived from cartilage endplate stem cells on intervertebral disc degeneration // ZHANG He- xing"’,
ZHANG Ming®, ZHANG Yi’. 1. Department of Orthopaedics, Wuhan Puren Hospital , Wuhan 430081, China; 2. Medical College, Wuhan Uni-
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Abstract: [Objective| To explore the effect of exosomes derived from rat cartilage endplate stem cells (CESC) on nucleus pulposus

cells (NPC) and intervertebral disc degeneration (IVDD) . [Methods] The CESC and NPC were isolated and cultured from rat intervertebral
disc. The Nor—Exos from normal CESC and Eld—Exos from high glucose induced aging CESC were extracted and purified by super centrifu-
gation, and co—cultured with NPC, respectively. The Tunel staining and flow cytometry were used to detect apoptotic cells, while western
blot was used to detect the protein expression levels of Bax, Bel-2, Cyclin D1 and Cyclin D3 in NPC. In addition, 9 SD rats were randomly
divided into three groups, namely blank control group, Nor—Exos group and Eld—Exos group. IVDD model was established by acupuncture
method and corresponding treatment was given. MRI scan was performed 5 weeks after operation, and scores were marked according to Pfir-
rmann criteria. [Results] In vitro, the cell apoptosis was ranked down—up in order of: blank control group < Nor—Exos group < Eld—Exos
group, with statistically significant differences in term of total groups and pairwise comparison (P<0.05) . The protein expression of Bax was
down—up of blank control group < Nor—Exos group < Eld-Exos group, whereas the expression levels of Bel-2, Cyclin D1 and Cyclin D3 in
ascending order were of Eld—Exos group < Nor—Exos group < blank control group, with statistically significant differences among total
groups and pairwise comparison (P<0.05) . In vivo, Pfirrmann score was marked from low to high as blank control group < Nor—Exos
group < Eld—Exos group, with statistically significant differences (P<0.05) . [Conclusion| The Eld-Exos does considerably promote apopto-
sis of NPC, increase the presentation of apoptotic protein in intervertebral disc tissue, and accelerate the progression of IVDD.
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ME T8] % iR A8 (intervertebral disc degeneration,
IVDD) JZ5IEMER B | MEA A S5 AH SCH N Y
g PR AT, W2 S EUE MR EE R Z —
IVDD & — R LY S AE SOy, HAIL il 45 7 ¢
W4l (cartilage endplate, CEP) | £F4EFRFIEERZ 40
Mg (nucleus pulposus cells, NPC) PN JZ B 5 FE L 45 I
B, DHCEP /S IVDD ASCA . AR
U, FECNPC ZEMPE T, WFSEUER] CEP 145
AT P ECRE LA VR B RE R, T3 RAFE ) £
TCEFATIE A g e, 530k [B) 25 N 2 e R
AJA, MG EEGINE VDD 2

HNIAMA 2R/ NIUZ BN, 2 AN 24830
A (multivesicular bodies, MVB) 43 ZH i 2h 23 [a] 49
/N2 — o AMIMATT L) 2% R R B 20 A=, OF:
Lz BT (IS AT AR ) a4
NIRRT R VEE B 2 o o N S R I ST ST i R 1
(mesenchymal stem cells, MSCs) 74 A FMIMATEH A
HEM) L5 7T LU ok Z2 AL el IVDD B, S AR
KIN CEP BB 2T 40 (cartilage endplate stem
cells, CESC) Ho/B BB MSCs ELA 5 /2 1 FRE T
R AN . R A AR S R R BE ST, R
CESC . [A] B H 4 5 MSC 43 Wb A WA IR (i i 7 o
CESC &3 1 H 73 il &b I 1 5% 73 Ak 6 2% 40 i
(NPCs), JfBEJ5 M| VDD A2 ' SR H i i A
7 CESC IYSMBIAXT TVDD B2 o

AHHFSE 38 2o B O 2646 S WAMA Nor—Exos Al Eld-
Exos, JFHF5E Nor—Exos 1 Eld-Exos Xt NPC DA K
IVDD AYE2I . TR —FhBT B AR T VDD 95
/38

I HEESR®

1.1 SR sh

SPF Mfett SD KEL 12 - (i DA A 1 AR PR
W] o ARSI S A BE S YIAE PR Dy o AL
HFEAF A 3R FRifE,
1.2 RIS
1.2.1 NPC 2B

H SD K BUETUME I I b AT, 4R R LY 58 2
HEo I 4 R T B AR BERZ H LY, JF
PBS gk 3 Ik, HIRBIBRISSEA A ZIE R 1 mm’ I
T 15 ml TCREELE . A 10 ml 0.25% JiREE 1K
W 37°CIHAL, 5 min #2355 1K, 20 min J5 1200 1/
mim Z5.0 10 min, FEBR LIEW. BEEIMA 0.2%11 7

J0Z S5 37°CIKIS AL 3~4 h, 5 5 min #5301 ¥k, B
JEHNA 3~4 ml &4 10%FBS 1Y) DMEM-F12 1535 4
1EWAE, FAESGAHL 1200 /mim 2.0 10 min J5 755
VW, IMAEA 10% FBS B DMEM-F12 5554 6
ml BT EVEAIM R TR SR ML KRR L E T
5%C0,. 3TCHAMEIEFAaS, B 2~3 d Tk 1 K
FRWL, B H SRR R oL, Al K =
80% ~90% il W AT AL A o ABARERSE 3 AR TAH
KL
1.2.2 CESC /rE 5853

] a5 PR CESC ™' (i HIZE 0.2 mol/ml =ik
WO E CESC 48 h, I3 CESC ™, 7 1, fiff
FH PBS #hk 2 ¥k, #% 15% FBS i DMEM-F12 537
WARSERE T
1.2.3  CESC AN SIS %5

A3 BAE Nor-Exos A1 Eld=Exos i, #F ik
WA RS IO B T R O AR B A
WA, HC10 Wl AMIMASTE INAERA M o 0E 1 min, S
A 10 pl BESIR . TIREUT8h, 80 kV i HL G IS
AMMARTE IR, SNMARIAR AR AT R —E
KRB PBS H A CESC, fifMiBEAEMWER, &
HURHI S NMASSURE R KA 5347 . Western blot #l . 4b
WMARRFR ARG CD9 1 TSG101,
1.2.4  ANRMAST NPC 4 PG

HWERE . 43 L E Nor—Exos A1 Eld-Exos )5,
FH PKH67 YL BHRICAMBAAR . Bbric i i F b A DL &
XFHE PBS LA NPC 1 _E3F W+, 37°C, 5%CO.; 1)
AR HEIEE 8 h; Hoechst Je4UMud% ; F—actin Y4
HUE s REGIRAT 24 h, oo (SR AR 0 s g2
NPC WS MIMADO ' i il

Tunel 2% {4, . ¥ Nor—Exos I Eld—Exos 43 %l 5
NPC IR: 5%, BT 5% CO, M T 37°CH 3% 12
ho FHANMEROE M =R R I, EEIRAR R 6 he
4%Z TP EEFE 30 min, AKHE IR Tunel Y7l
B AE, TEDOC B TSI,

TSRS TR . KF Nor—Exos 1 Eld—Exos
JrE NPC 2R %, BT 5% CO B34 b T 37°CH;
F% 12 ho FARARNG T G B B FR A 5. ™
g REPA TR U A . SR A Tt = S
%k

Western blot #: I AH G 1A« ¥ Nor—Exos Fl
Eld-Exos 437l 5 NPC L8555, $EHU4NE B A =,
fifi ] BCA ¥R 2 R BE . ™48+ B Western blot
PERARIAT , e AR AN ] (4 ik B AR O 25
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B .
1.3 (RN
1.3.1  IVDD BEAY gy K fh P

# 9 HSD KR, 7 CIEE X LHL T 2B
Cod-5, Co5-6 K& Co6-7 HERMIZLMATHRIC. H5 9 H SD
FKEBENL T R 3 H: a5AXTIEZ (n=3), Nor—Exos
4 (n=3), Eld-Exos 4l (n=3). WRifrdEs7 VDD
B 7 SR 109% 07K A G NE s R, 4 K BRURT
BMY 2, 0.5% MR 3 2 I F R X3 . G
16-G ZEREF S RIBRICHRAL, EAJRRAER B AL K
FEZh 5 mm. SR5, FRER SRR IER; 360°, JFRRE
SLARFFEMER] 8 h 60 s, K )5 4 91 5 Nor—Exos.
Eld-Exos, 7EARJGH 3 d Z W, i KERERIAE
9580 71 Ulkg HRiE, Bk RAEG:,
1.3.2  MRI UEHMEREL(E S

ARG 58, MERREE SD KRV, BCE 3.0T M5
Bt 3R& s 4e . [/ MRI SRA2 T2WI AH
HER] 5 S A RRAE , 54T Pfirrmann 43 2% . Pfir-
rmann 73 E X T Pearce 73R R . 1 ~ 11 9% M I1F

100

80-
3 60-
=]

[}

2 40-

201

uljhmu. bttt

Size (nm)

O i 0 | | i
3040 60 80 100 120 15ﬁb

FHERIE, I~ VAR AR HE a2
14 Gtk

K H Graphpad 9.0 B X s 4 T A0 B 347 . 52
BRI IE AR 255 R0, DA & 5 FOR. BE
BF A IES AR, 410 HECR F SR 2Er 2250#
PP LCECR ] LSD ¥ BERIARFF GRS A, SR H]
FRAIRSS . P<0.05 NERAGIFE L.

2.1  CESC ZMMA RS E

AR 7 55 R B BT WL LI 1a, 1e, AR R
TEBEAREERE . AOKKLF 7R ER S AT ULIE 1b, 1d. IR
OB HAR YL E 22 30~150 nm, Nor—Exos {7 BL£2
J (57.81£17.31) nm, KL & R 100.35%; Eld-
Exos SR B 42N (55.82+16.83) nm, ki 5 LA
99.89% . i ST FLBE AT L ULIE e, 1d. #2278 CESC 3%
R RO A AN A

(0 ™y 0 0 e sl el
S0L40. B6- 80 100 120 am
: 1d

Size (nm)

B 1 ANMAREI  La: Nor—Exos A4 B HL 6% 52 BIOA MG 2 ERE B0 1b: Nor—Exos SMBAGUKA FrREEDHT e
Eld—Exos #MNWA % 5 HL T BT UL S 800 TG 2 BRIE 2RV 1d: Eld—Exos /MBI KA F/R B30T

2.2 NPC X AMA I HIR

WO R AR TR T OUEE A WL IE 2, JFX)
B #EAT Rl A R o 0] UL 2T (8 /INORE 26 1 A1 i R
PEALIMIN, SEEAMME e, WELAE, B
VAN N VAS R RSN TTE A S LY [ S il
278 Nor—Exos fll Eld-Exos &} 1] LAk NPC 5% HL,

2.3 Tunel J¢0,

ZS XTI Nor—Exos M Eld—Exos 43915 NPC 3
FRH Tunel Z¢60 (&1 3), (i FHZOE W HEEWEEANHIE
. BERE R ANN, JeniEr R T4, A=
HE A5, Eld-Exos HANMIIH T3, BT 404y
SRR (42.67+2.52) %, W& T2 X IR
(12.67+0.58) %F1 Nor—Exos 2l (21.67+1.53) %[W4l
MIgT 5, ZRAGETHE L (P<0.05),

2.4 P A A T AR
1200

it A LA TR I WL 4, A X IR Nor-
Exos il Eld-Exos 43|55 NPC H: 32 & 81, Eld-Exos
AT B B AR e (30.44£0.94) %,
BEZ T2 AN R4 (4.3420.31) %F1 Nor-Exos 21
(13.53+2.13) %, ZRAGIEE X (P<0.05), #
71 Eld-Exos BEJNEL NPC ZHIJA T .
2.5 Western blot il

—2H Western blot F*) Bax A% &5 F A X I E 4G 0l
ZEAR VLR 1, Bax BYHE AR IR R I 2 AR
R ZEXTIB < Nor-Exos < Eld-Exos 20, B4
7] 22 S AT L850 22 S B0 AT G it 27 8 L (P<0.05) 5
MM Bel-2, Cyclin D1 F1 Cyclin D3 &5 FH AH X K B
RE MK A . Eld-Exos ZH < Nor—Exos ZH < %5 [ X}
WRAH, BRG] 22 52 AT L 22 R A i 2e
X (P<0.05) .
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&2 NPC X% %{Mﬁ S (BrR: 50 wm)

Ik F—actin YL SR 2c: NPC 6 [RITE 19 41 A% #% Hoechst 2

™
.\ .
/

2a: Nor—Exos #f PKH26 YL LT (L R4/ 2b: NPC 21 U4 I 48 156 1Y) i
YU E, 2d: Nor—Exos #% NPC {ZHi A K 2e: Eld—Exos #

PKH26 Y2l (o R 42/ Nk 2f: NPC T EIESC BRI H 428 F-actin Y2k 2g: NPC #i[EJE I AN AEAZ B Hoechst Y Bl

ff, 2h: Eld-Exos # NPC St & &

2.6 MRPASERHENR] S MR PFEA
SD K BRAE ] %R AR 5 73 A B 5 F S MRI &

IRAE T2WI F2 0L 5. #% Pfirrmann 43 AR 1S H

PR AR E R AR YO 2 EX AL (0.78+0.67) <

Nor- Exos 20 (3.11 +0.78) <Eld- Exos 21 (4.22 +

0.67), B[] 2= S AW P LB 2% I G i

3'e (P<0.05)o

3 i

IVDD #IA by T DR M EZE R, 2m TR
80% Kb TN R B Bt 1 0 AF N —2E, & Fhsgmm [N 2,
WIGEEE, PURE I MSEE, #55 IVDD kA kR
A, HAET, VDD iRYT BT, WAy T Az
TRIT YT DAGE i R 250 1VDD 523 10 F IR A e AR
{HRRE G VDD A& &, ERIEAE IVDD A DI 5
s AR BV AT A5 BIAR G ) B o Bt XA ) 28 2
— A, VDD iR AR AL 38 U] 75 B iF — 20153 2HE
52, WRRIMAEZ O W VDD gyt A B .

METE] 552 R BB . £F4E SRR CEP 41 i JE 1 38
YL, CEP JHE R 2 5 HE R B 2 [a] 88 Y 375 BH 1 42
ﬁ MUV E S B = P T M i gs i

b AT OHE ) £ 2 (A1 D SR b A= 1 ) 2 S . BRAE
ﬁn%% CEP A8 M ) 5 AL AT i i7F NPC g/ 7= AT
PLIVDD R

CESC J& CEP 1 E# i rZ—, CESC Ji/b S5
B8] 45 H NPC Y T-#F2 IVDD W EHEZER K., HHlE&EZ
[ ZIAILT M AT A . A ST 2N P B R AR U #h 7T
FAESE . WETUAR, KRR SN A5 i a4
M, EREfEUr it . BT B b LR
PR AR, H R AW RGE S H MSCs fiTA= i AN
K AE d A HE 8] 4% 5 v DLl ot &2 R OB o
IVDD " = AMIAA R A 25 FlOCHEA P 1 2 1Y
AAEsNREL, FTRLR A AL AN A0, IR A T
i AR rh, anam . MEW . K R R W
A sl RHFFE R CESC [RIBERE MMM ANIAA , b4
$ﬁﬁ@£ﬁ%,ﬂmymnwm@\mWﬁ%ﬁm
(HSP70). CD9. CDS1 Al & & 4 A4 8 A,
WHRERR D, VAR SN e AR ?ALJiM‘TlE
CD9 F1 TSG101 #E—HHf CESC BE/MIINBIA .
HMIBMATE VDD J5iH B gE /b, A58 KIRAE
CESC It/ st NCP L Kz IVDD Y S0 g4 7 i
5%, WP Zmd T, H—diZmm, fEdmditR
IS T R IAE & Nor—Exos, 42 Eld-Exos #if
REAR A g NCP BT, $RIUS X NPC 4 g iy eie 22
HEAFTRIN, 3E s TUNEL 38 DL it A0 {25 5 46
DT B VP22 NCP 8 T 40 i 5, 3 11 >k B 79 2 %of
NCP JAT-50, % ¥ Eld-Exos % NCP 1> BA ¥
BIEHEVE R, T fE 2 CESC rf 43 i A b A 5 S 1 4
NCP A= B PRI REJE 7 XHAER] 25 5200, Western blot
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6 $5 U Eld-Exos Ji5 B9 NPC WP i iR ST E H IVDD #8511 Nor—Exos I Eld—Exos ZM2HTT 4 SD
Bax fIZK-E I PL I T- 8 1 Bel-2, LIS FE ARG K Cod—5. Co5-6., Co6-7 ZZAFIMENRI#LT, Eld-
Cyclin D1 F1 Cyclin D3 (357K F- B 5 R R . 1 i B Exos [RIFENNER IVDD #EJ&, M —sh# )2 ik v,
1l Eld-Exos X} NPC J& ™ A= f [ 52 M 1) . 857 KR Eld-Exos X} SD KF IVDD # i # A 21 SCE A

K13 Tunel Je(a W% NPC JT: (x400)  3a: =5 I FRZAVE UM e i €0 3be 25 U0 BRZ T M B L SR8 Bex &5
FIG B A 1R SO TR, S 2 T-400  3d: Nor—Exos ZHIG 40 0B e il is (6 3e: Nor—Exos ZH 7 T 21 fifd 5 42 nl %
{6, 3f: Nor-Exos NG & WA, 62T 3g: Eld-Exos HIG AN e s @ 3h: Eld—Exos ZHIH T 40 )it
PRUL LR, 3i: Eld-Exos B W GJEIRAN, SEETHT- 401

LY a2 FCRLY o540 2
3019 048 029 013 135
10° <
< < = <
b g7 ¢
s s z
3
g £ 10”3 s
3 3 3 3
1 i
Q3 0 of Q4 - HACEGRRAIRIRDS Q3
421 3837 _ W 304
e L0, B R AR L, B gyl L L e e R e e UL e
3 4 5
0o 103 104 105 0 103 104 1(]5 ] 10 10 10
Comp-FITC-A ® Como-FITC-A ® Comp-FITC-A ®

&l 4 Annexin V-FITC/PI ¥ 4L 8, {5 7 gt =G Al M AAS DU A0 e 08 T AR MEBRE Bl 4a: 25 X IRBE AL Q1 ARRIET- 41
ML, ARSI AT 0.19%; Q2 R MR T-AuM, SRR AN 0.48%; Q3 AFRFIIAT- 400, (5K I4n
) 4.21%; Q4 ARFIEH LM, (5 ANHIE 95.1%  4b: Nor—Exos 5 NPC J5HLFR B S 8 K25 AT LA 4a 254
4c: Eld-Exos 5 NPC IR EHEME K25 RAHI LA 4a 254
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Fz 1 Z=£H Western blot iR (HHXMKREME, 7xs) SR
fibn 25 X HRAL (n=3) Nor-Exos 41 (n=3) Eld-Exos 41 (n=3) P1A
Bax 0.17+0.04 0.37+0.05 0.65+0.07 <0.001
Bel-2 0.22+0.02 0.12+0.02 0.06+0.01 <0.001
Cyclin D1 0.45+0.06 0.27+0.04 0.14+0.02 <0.001
Cyclin D3 0.57+0.04 0.33+0.01 0.20+0.01 <0.001
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T,

KEUBHE MRL Y T2WIME  Sa: JoykgT2s FXT R4
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