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W OE HAY: @i R BRI A (heterochronic parabiosis) 4 A 1 4d 4 2 /N B ML i 16 38 H & #4882 /8
REEREAERZRANDH, FiE: AFRELFARAELFRMFL/ R F B (isochronic parabiosis,
IP). FEBRARGEAMA, MASEEI MARGFRER 18 MNARFHIEME /N, IR 8 B J5 2k 7 Bt
B4 42 /N 4L (young isochronic, Y-Y), J¢ B EXfR4F 42 /N L4 (young heterochronic, Y-O), [ Ff B A 4F
# /N4 (old isochronic, 0-0). #ITH LY f H&E %6 WA M A & A A F %L, REE A 4 4 84T
Western blot 1 RT-qPCR 4 Ul % # # H] P16. P21 K4 &% & B MMP13. ADAMTS4 & & fn 3k &
K E R, BUEAEM A A A ST AR Rk KA aggrecan EF KA Z R, LR H&E 164
RETFY-Y AMEAHAERENTE, FERKMUALLHER, SERRMEE > FEE, B4
P REWMLARE, ERTE, WY-0ATNFEXREHHEBH L NI, FEIAKEL S RATE,
BEAZ AR AR L Y-Y I B O-0 ALk F N Z F M A AHAE. IF # il aggrecan 2 FH KK &
Y-Y AR EET Y-0 X 0-04, &4l KKLHEZRME (P<0.05. Western Blot # Il P16 & B &k i&
Y-O A th Y-Y A F & 77.1£20.5% (P < 0.05), RT-qPCR #:l P16 22 H Y-O HAFr &yt #, {8
418 & Gt F £ 57 (P> 0.05); Western Blot # 7l P21 & B Y-O 41 th Y-Y A A5, ELWHE R
H# 5% (P>0.05), 18 RT-qgPCR #&l P21 2 Y-O Z1th Y-Y 7+ & 40.5%+6.7%. O-O 4tk Y-Y A5
95.5%+24.2% (P < 0.05); 4 &% B MMP13 X ADAMTS4 & & 7 Y-Y 4% % ¥ 81K T Y-O % 0-O
41 (P <0.05), RT-qPCR #:ll MMP13 % ADAMTS4 2k £ 7MW 5E O R AMAEE. &b £4
AN Enﬂf&fﬁ%@%TU\ﬁﬂkﬁﬁJ RAE R A= HE .
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Abstract Objective: The purpose of this study was to investigate the effect of blood circulation factors in aged
mice parabiosis model on intervertebral disc aging. Methods: The Young (Y, age 3 month) and Old (O, age 18
month) wildtype C57B6 female mice were randomly selected to build Heterochronic Parabiosis and Isochronic
Prarbiosis model. Mice were separated into three groups, Young Isochronic (Y-Y), Young Heterochronic (Y-
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0), old Isochronic (O-0O). The H-E staining was used to observe changes in disc histology. The differences in
protein and gene expression of aging genes P16, P21 and metalloproteinase MMP13, ADAMTS4 were detected
by Western blot and RT-qPCR. Differences in aggrecan gene expression were detected by immunofluorescence.
Results: The results suggested decreased nucleus pulposus (NP) cells and increased clefts in annulus fibrosus
(AF) compartment, after exposing young disc to old blood circulation environment. The expression of aggrecan
gene decreased in (Y-O) and O-O groups compared to Y-Y group with significant statistical difference
among groups (P < 0.05). We found P16 protein increased in Y-O group by 77.1£20.5% than that in Y-Y group
(P < 0.05). The P16 gene also increased, but there was no statistical difference between them (P > 0.05). The
p21 gene increased 40.5% 1 6.7% in Y-O group and 95.5% +24.2% in O-O group compared to Y-Y group (P <
0.05). The P21 protein increased in Y-O group compared to Y-Y group without statistical difference (P > 0.05).
We also found the expression of MMP13, ADAMTS4 protein increased in Y-O and O-O group compared to
Y-Y group with significant statistical difference (P < 0.05). RT-qPCR detected differences in gene expression
between MMP13 and ADAMTS4 that are consistent with protein expression. Conclusion: The results of this

study suggest that the old global blood circulating factors may accelerate the disc aging process.

Key words Parabiosis model; Intervertebral disc degeneration; Blood circulation; Ageing

BEE N D ZR AL AR, AR AR P 5 38 A 5%
i N AT A B AN A 5 KT 32 s e R R 2
PSRN EE —OKH W e 22 . HR G R IE 80% Y
N—A e MBI, 25 A TFARIEE 5 KomH P,
M HENF] £ 1B 48 (intervertebral disc degeneration, IDD)
e 5 R IR  E BRI, G R ORI S A TR
BT AR Pl MR SR AR T R . AR, R
iE . DNA 450« £ 152 050 e P E S IO
RERESE DI D, JH A 3 32t 5| G M ) 28R AR ) e B 2
DR 2 %0, ) 4 BE DR ) SO A ek, BT bl
FESZ AP A o ME AL 2 A AR S R I A I
WAESI 3B, NS REAZ B TR o S AR Y, &
BB F N AR R A A 1/3 B IME 1B
TEF W, IR B ARERK. 4tk 240,
ME R 3 75 P2 PRAR S L, 5 5 G LA A R,
e s B R E T RRIE T HR A Hh 7 HE R 25 R
DRI 2R A AR (R 2 4 i 47 . 4B MR B2k, 3 S5UHE [)
BRARAET 8 V. A > S T S (R 44k
DR 2% G o A AR I R AE ) WUE 7R AN R P 2
CIRYVIBY A6k P (= P =il I R EZNES i
Vi) 25 R AR PR 5 M A 9

S BRAR L AE A5 (heterochronic parabiosis model)
T8 e A AN A S AR B R TR AR SRR, A
A ) S 4 0L A i 5 2k ) L ARG = A < 8 ) H 1,
FEA T 150 240552 U BRI AL B A 5 i
J . IR TN, HE R 20 gt
Je A FF UG 7R 2 2 7 S Loffredo 2 ' i
SRS AR BRI I s e, AN BRI A
K ALIE T 11 (growth differentiation factor 11, GDF11)

AT DL EZ /N RO Z IR . AR5
1 A FA) T 307 S 36 A SIS B B 4 H A 4B AR I v 1 24
DR 2% 1T AR R A 55 UL A L (1 3 2R AR U2
() 28 N e K ) AR B 28 B B TR AN
W N HERR S A A IS E R, BRI A A
AR 5 8 i MR A DR 2 5 i st D> i Ak S ) A )
BN 2R ? K, AR B Z F /N R
FEPAR DR 2R AT LIS AR 5 /)N BRUME [B] 3 32 2R A8 . ACHIE
FUAR L ST/ GRS I IR L AR AR, 0F U [ IR I A
(isochronic parabiosis) JEAEREAL, PRAN MLKIEH K 2=
XIS BRE A A (A BB AS 52 me, PRI FAE AL,
DT ME [R] £ 5 22 1) Ji DR IR 2R B R T R
B e T ST

I~

IIRECAIESE IS

B33 90% DMEM/F-12(1X) (Life Technolo-
gies AH], EKED ; 10% aF1E (Fetal Bovine Se-
rum, FBS) (ATLANTA 2 &), #[E) . Hifk: ple.
p21. ADAMTS4., MMPI13 (abcam 2w, EH) ,
LC3 (Thermo A, Z[E) . DAPI: (4, 6-diamid-
ino-2-phenylindole) Bl 4' 6- — Jpk 3 -2- L FE 15 W, £
¥: 2ml; 45 P36935 (Invitrogen AF], E[ED .
Quant-iT PicoGreen ds DNA i 7l & (Invitrogen 2
A, FEED ; R4l 1: 2030 Multilabel Reader
VicToR X3 (PerkinElmer A #], FEE) . Fh &
Z W M (poly vinyli-dene difluoride, PVDF, Bio-Rad
], FEED , Western Blot {X#%:  (Bio-RAD /A,
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EED o EEERESS WEY R LR B
(Nikon Eclipse Ts100; Nikon A #], FEE) .

2. SEERE)

SR IE L PG B o B A AN A, A
T8 5y [ 5% T AR RN R 22 9 25 01 2 % SEER Zh )4 B AN
AR ICHRRE . L CSTBL/6T BF A= BUMEPE/IN B
F R /N RIERE 3 A A, 2/ Rk 18 M H i,
XA BTG B S R o TRAAR T R S b v S A T X
B/ NP IEE TR, BT REMBWAK, HEE
TH AV FH B0 AR 2 P T TR A4

3. B (R ST Gy 21

4 B RN A 22 1 /N B ) R A (heterochronic
parabiosis, Y-0), 4F & F14F 2 /N &, [7) B BE A (iso-
chronic parabiosis, Y-Y), 43 [ F14E 2 1 /) B [F] )
A (isochronic parabiosis, O-O), 7 AR EL A 8 i o
ARECEAT 1A PBERIGTT, I B A BRI A
BEHETE, TR RN SR IE A 2
JBC R SGTTALVITE Kk, M 2 o0 B B 9, O T4
KM AE T E AR B TR S8 o B TR, e B
B S . RIS, I BUBCE 37°CllR
FAE BT /N RARRETRE . BT R aesE—
XA/, SRR R K B, KRG 24 h WE
0 ik 5 Evan blue ZY M I 64 /N B2 5 L=
MBEAERS . SCHRIRIE S B BcAE 2 B f5, N ASFEAS
A B MLV 20 P38 B B a7 . IR 8 J& J5 Ak gt/
B A/ R AR A [A) 25 4 2

4. HIVH&E Geth e vt et

IS LA AR IEME (Ls) ZHEEHAL (functional spine
unit, FSU), FSU — )< & 5 1T 2 A ik S i SRAE [ £
M, FH— MR 2 mm B HLVE T 5 AR
e FSU RIEAE 2% Z KB 24 h, JH 1%PBS i
B 2 38 J5 N 70% A 4k S22 24 h,  J5 A
A Y R, AT AR ME H&E G (o F0 20 21 4 92 et
(LC3).

5. A Z G ¢ (immunofluorescence, IF)

filE A AL A (Ly-L,) HEAADIRESAL, 4 FSU &
BT 2% M2 RRREHER, U EH 1%PBS ik
3 RS FSUIRILAE 30% FRERE I TRCE.
4°C et . B FSU AL (optimum cutting
temperature, OCT) L3 (72 ¥ (% B & 4 210 — Ui
b)), JE-80°CUKFE 1 RIGUKIEYIF, HAE
FEREN 7 um, Y v 75 B AL 4EI H L N
BEZ . W5 5 3 R N 1% PBS ¥ 5 min
e 3k, B 1 hJEMA 150 ul —$Hi (aggrecan 1:200
MikE) WG R 52 KA PBS WL 5 X, AN

——

e 257

AP0 150 pl (Pudkds 1:500 Fike) , FIXH 1%PBS
e 5 UGN DAPI Jeth i e pk i, R
WEH . FEARMEHJE RGBT, A F
T R HEE 6 B[] 30 HDOCAN (7] 2 531 1) A 9 3k A7 55 3%
SLELIN

6. & H EJR KL (Western blot analysis)

fife ) 12 EOCSTUAE AR ME ME [R) B 2H 2, BREE S 4%
1 g:10 ml JONEE AR, $RIMEFEAHLSED, F
e R T S LI 30 pg 2R &, 4 4%~20%
RNIEEL GBI MR, < 5 PVDF # . =i T
5% FI R 4= W3 P 1 he 4 BIIIN — T P16+ P21,
MMP13. ADAMTS4 (1:1000 FBt) £ 4°C #2421
& Fid . 55 2 K TBS-T 2205 U 3 i PVDF fii,
FFR 10 min, 2 JE7EZE MR FALA =31 (1:1 0000 #% )
FBECRE S 1 he Jo5FEH PBS-T ¥ 3k, A%
TEBE G LML 22 B B R A Ak, JF Ham i i A
A B B BRAT AT E B b

7. RT-qPCR #ailll RNA ik

fift ) 2 B ME L-Ly AR 2 41 215, H Trizol
LSRR 2108 RNA FEdHA7 100 3% 5. 4% R 1o e e
I#REERE: 95 CHIAEME 10 min, 95CAFE 15 s,
58°CiB-k 30s, 62°CIEfH 1 min, 50 MEH, RAF
wH. H GAPDH 1E AW S R KB FrHEAL
MEM 2 NE AL, RS Sha bl 1 ih R
Mgk, JFRECTE. 51975 (5-3): GAPDH I
W51, GGTTGTCTCCTGCGACTTCA; FE514,
TGGTCCAGGGTTTCTTACTCC. P16 I ¥ 51 ¥,
AATCTCCGCGAGGAAAGC: Fiii51 %, GTCTG-
CAGCGGACTCCAT. P21 L5514, GGAGACTC-
TCAGGGTCGAAA; T~ iif 51 %), GGATTAGGGCT-
TCCTCTTGG. MMP13 Lii#514), TCCCTGCCCC-
TTCCCTATGGT; 5%, CTCGGAGCCTGTC-
AACTGTGGA. ADAMTS4 L3514, ATGGCTAT-
GGGCACTGTCTC; Fi51#, GTGTTTGGTCTG-
GCACATGG.

8. GLil i

S ity 4 5K ] Shapiro-Wilk K 56 3% i3k 47 1E 2%
PR . LI RSk 4 A7 505
BHR-FAME, BAaTE R RS —RT s, K
F Graphpad Prism 7.03 4t v 8 f4F €0 % £ 98 347 48
THR G M. X TR RAESHEE, KA
Mann-Whitney #:5%, F Bonferroni £ 1E /7 22 75 # X
Z AN SIS I BUE 3T 2 B L. P ECUIME 2,
AT G RIR M GE TR, P <0.05 NZERE ST
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1. H&E Ju 8 J G AL YL 1

SEIGEE SRR N, MBIVEXS B Y-Y R %2 3
felt R A ME 1] 35 2 20 H&E G o i ml W A IA) 5 4F 4
WM ERE, YN R ALE RN, F4H%
KEEAZ Sy FUE R, BERASE KREREZAN, 2R
SERE; Y-O 2 H&E YLt m] Wl 2 4 30 35 7 45 A4 il
PR IR, F4E3F RBE I NG, BEZ AR
AL Y-Y 48] B3>, O-O 41 H&E Je i n] Uil
BERZ AN K T O, 4T 430 K BiA% 52 0 O K E Y
R OLE D

2. PGP 5 ) TF K aggrecan ik

IF A 3 Y-O 2H 4F 2 /)N i aggrecan & &3 Y-Y
HAER/NFIRD T 20.1%+3.2%, IF il O-O 4
(B 5 2H 2 aggrecan & &L Y-Y 41 N ¥ 23.9%+3.7%

(P<0.05, WK 2 .

3. WRHEFRIA N ZE T

A HIF TG W 4 S M SE IR P21 % P16 R AR IE
A RNA 57 5 . Western Blot Bl 27R~:  Y-O
“H P16 5 FIRIER Y-Y HFtE 77.1£20.5%, O-0 4
P16 £ (A FRIEH Y-Y 4151 206.7 £ 53.5% (P < 0.05).
Y-0O 41 P21 HARIEL Y-Y LA T, HEH
B4t % % 5. RT-qPCR &Il P16 % [K] 5 i Ik 44
G TR R AE AR LS i % 7. RT-qPCR ¥
W P21 B = B FRIE 258 Y-Y: 120, Y-O:

[

——
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1.405+0.067. 0-0: 1.955+0.242, #Ha] kb4 f 4t
TR (P<0.05, WE3) .

4. MERIBLA R & 8 B R A 72 R

SIS o, MMP13 2 %1k 2 mRNA 3
DRI 45 2 Y-O 455 Y=Y HTFE, MMPI3 HEH %
R 0-0 ABAER/NR Y-Y ATt 44 it
ZE5R (P < 0.05). Western Blot 6 7] 5% 35 5 A 1 7=
) ADAMTS4 & H £ IA 738 Y-Y: 1£0. Y-O:
1.33140.085. 0-O: 2.690+0.324, Y-O )% 0-O0 %
HEAS, 5Y-YAHIWBRAHESIIZEER @P<
0.05). RT-qPCR £ Jlll ADAMTS4 % [X] 3 15 Y-O 41
Eb Y-Y 417F 5 33.5£22.6%, HESG %8 (P>
0.05), 0-0#15 Y-Y AL ETm, dEtbis
GiitEER (P<0.05, WE4 .

Wi

eAR L AE AR Y (parabiosis model) F-7E 150 4= /1
VST, JE AR IR A AR R R X e
ot MR, EZSPATH I Y, S Bk 3
AR RS AR IR RN 2 MR MR A, ATRTIR B N
B IRV AU = YA e, oS A i Ak 1 AR ER
5 ", Sinha % U JE X/ BUBEAR L AR BRI 7R
4= & 7R 855 ) GDF 1L 7K P 59 388 T vl DL gk
LR 45 /) A T g, LA 3 . Yamasaki 25 17
A58 FH IR A I A B T 5 41 i Il 40 i (peripheral blood

WIS e B, A7

REMBEZANE; Y-O 7] WA SREZ AT AL 7> AN, BERZIE A 288 (LB A ERRERZ 4 L ]
WELY-Y i O-0 A A WAEZ A D (AL =mrs) , BB MR (LaFdk) R =200 pm

E1
/IS BRI AFE (B 3 L S M V) H&E Yt Y-Y LR YRR KRB S5 528, BN, r sk,
Fig. 1 Impact of circulatory factors from aged mice on gross disc morphology

W 202179 4100.indd 258

H&E staining of lumbar disc was performed to assess the gross morphological changes with aging. In Y-Y group, the
structure of AF and NP was intact, without cracks, and the boundary was clear. There were a lot of NP cells in the inner
NP matrix; In the Y-O group, the junction between the AF and NP was not clear, and part of the NP matrix was cracked (red
arrow), and the number of NP cells in the Y-O group was significantly less than that in the Y-Y group; In O-O group, the
number of NP cells decreased (red triangle symbol), and cracks around the matrix (red arrow). Scale bar =200 um
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E&(ﬁ?ﬁﬂ.%ﬁi%d‘ B HE 18] 4% aggrecan & Eli'%lil?’]?ﬁﬂﬁ (72=4)

2L aggrecan Y th, W AN DAPL Jeta, WU Y-Y A4 aggrecan B H Y-O X O-O %, EwmAHHT
RS AR RS, B AN SR (X £SD). *P<0.05

Effects of circulatory factors from aged mice on aggrecan protein expression in intervertebral discs in mouse heterochronic
parabionts (72 = 4)

Red is aggrecan staining, blue is DAPI staining. It can be seen that red aggrecan in Y-Y group is significantly more than
that in Y-O and O-O groups. Quantitative analysis shows that there are significant differences among the groups. Data
shown are X =S5D of 4 independent experiments, *P < 0.05.
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42 kD —-— -’B-actin 14
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3 skk 3 sk

P21 mRNA

P21 protein
(relative level)
(relative level)

M ®-Y ®-00-O ®-y ®-0 0-O ®»-Yy ®-0 0-0O

MR PR D] 350 /0 Bl 7 I TEC A A W] 4 8 22 35 LA o 1 RRE (R ST IR 2R (72 = 4)

(A) Western Blot A&l 25 B 1. 7R Y-O J O-O 4l 3EZ 3L K P16 RIE=H Y-Y 41 F+5; (B) P16 & [13K 15 & Western
Blot ;& & HT45H: (C) P16 JEA RT-qPCR & &AMl 455 (D) Western Blot il 45 5 /s O-0 H3 2 5L P21 £
REEY-Y PR T (B) P21 B A E A E Western Blot sE B 45 8, Y-0 448 Y-Y AT A8 &, (F) P21
K RT-qPCR E AR, Y-0 K& 0-0 HFRIAER Y-Y HH BT &. *P<0.05, **P<0.01, ***P<0.001
Effects of circulatory factors from aged mice on expression of cellular senescence markers in IVDs in mouse heterochronic
parabiotants (72 = 4)

(A) The expression of P16 was detected by Western blot; (B) P16 in Y-O and O-O groups was higher than that in Y-Y group; (C)
P16 gene was detected by RT-qPCR; (D) The expression of P21 was detected by Western blot; (E) Western blot analysis showed
that the expression of P21 protein in Y-O group was not significantly higher than that in Y-Y group; (F) The expression of P21
gene in Y-O and O-O groups was significantly higher than that in Y-Y group. *P <0.05, **P <0.01, ***P <0.001.

cells, PBCs) if [RIFF st/ I A3 N2 FD 5 45 B RS2 L. %E[ﬂlﬂ&?ﬁﬂl%ﬁ*ﬁlﬂﬁfﬂ//\ ZN Al
WEFt, KB PBCs ] LMERE RIS R B )i, 10 AT T A IR, A R AL A I D)
B RATHCE ABAR o A S8 I T 3 ST /) B[R] IR A 5 H&E 4401, L_Ji%id\mlﬂlﬂﬁﬂi“ﬁ%-/ﬂ@fﬁiéd\
SRARARIL,  AIE S A ] 25 14 368 22 AN 32 ME 1) £ J5 746 ] B IF) 5 41 2 r S f it A 200 D S8 kb, I L2 4
FIIRCI, LB A TR 3R AT A A ] 5 2 2R %fﬂéﬂtljfmﬁ”f“, LY B BEAL S AL 7y FANTE 2

HEZIR
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5 * 10 *
* %
55 kD [ 5§35 s 8 T
---MMP13 §§3 £% o
37 KD [ - 4 a2, te ,
— . o (oI
42kD | - W 5 ocin Se 5%
0 0
M@'Y®-00-© ®_Y ®_o O-@ ®-Y ®-O O-@
D E F
4 * 2.5 *
=3 —* %sz.o
5 _ s = -
o]~ R
oKe P2 5210
T §§1 EE
42 kD 2 S s | B-actin =2 <p05
< 0 < 0
M ®-YP-00-O ®-y ®-0 0-0 ®-Yy ®-0 0-O

4 IVRAEFRNS /IS B S A R A 1) 28 20 A A B A DRI R K RS (72 = 4)
(A) Western Blot £ il % 44 MMP13 2K [ Bl JE 45 ;. (B) MMPI13 & [ % i& & Western Blot & & 77 #F &5 5 (C)
MMP13 [ RT-qPCR & EAM S5 ; (D) Western Blot £l %20 ADAMTS4 £t I EVIR S5 (E) ADAMTS4 B[
Zi5 8 Western Blot ‘B0 455 (F) ADAMTS4 £ RT-gPCR E BRI B . *P<0.05

Fig. 4 Effects of circulatory factors from aged mice on catabolic gene expression in intervertebral discs obtained from mouse

heterochronic parabionts (72 = 4)

(A) MMP13 protein was detected by Western blot; (B) The expression of MMP13 protein was analyzed by Western blot;
(C) MMP13 gene was detected by RT-qPCR; (D) ADAMTS4 protein was detected by Western blot; (E) The expression of
ADAMTS4 protein was analyzed by Western blot; (F) ADAMTS4 gene was detected by RT-qPCR. *P < 0.05.

dystrophy, DMD) & R&f 58 b & 3, L2 24 )R
A AT DA A M B B2 SR AR . TX SR AT IE B ME
Vi) 253 &7 14 ] 2% AT LA s e () 25 2L 3R 400 i 17) 32 22 R
25, Smith 25 " ]38 TEE () R G B G M 55 0
T RN A A T LA A7 1 4 ) T RN Ak

2. S LR AE A DR 250 A TR) 5 400 P 5 o2 R DR 3
1A 15

SCHRARTE,  HE A B 52 22 41 (senescent cells,
SnCs) AJ DAL 5| E 40 il DNA #1455 R9E N &
I B 5 5 20 A AU N R A 2 1 187 56 i 4 i o
2384 19, Hrb P53-P21-Rb Al P16-Rb 15 5 3 5 4
Boh, RAEREZNESER P, 2N
P53-P21-Rb 1 P16-Rb 15 5l B P i, 3 E0 40 i
Sl 1E7E Gl WA 4] CDK4. CDK6 F£{ Rb Al
Hb MR RRAIR S SR E % . Lin 28 " West-
ern Blot £ I /N B 7 B B A S AR 4 42 15 4 22 /N LI
G B EH LT P16 B A RIE B ER SER /MR
A AR RS TR ASHF 78 RT-qPCR A & B 4/
b ME [F) 2% 2 2 mRNA 1 %8 2 L K] P16 % P21 %: [A]
IR B RN R RS = BB ILAE 2 (Y-0)
METE B 2020 P16, P21 (1) R 1 308 B 0 46 (R o) B
HAM (Y-Y) Fm, SCikikE—3. Bk, S
BRI, 24 /N BRI VP 58 AT LA T8 5 22 B A 1)

ik,

3. A ARG P ER] 3 o) ME 1] 45 4H 25 o A U 1)
Al

HEB] 4 (intervertebral disc, IVD) £ # H L FHE
PR AN A 438 I N RE A A, H R RN
B % 58 B (glycosaminoglycans, GAG). 1 Al II 7Y iz
JRH A (collagen) M R H H Z B (proteoglycan) 2k
Tl 4Lk B R BEEE 3 B (aggrecan) A& HE 1] 5 41
ZURL T ) B B4, B A ) 4 0 2 o I A 4
o EIKAR JK 73 & &8 N BT 8L aggrecan &R
A B3 IRHIE ST TF KIS B B ST Y-O ZHL M A 4%
aggrecan 7 S AL Y-Y 4lig/b, T HOME ]8R i K
sERCD . TR, INEARET. &EEOES
i RT A T A% . A AR AN ik o A A R 24 R T A O
HEM 32 5 & )8 B 1l MMP13. ADAMTS4
KIERIEMX. 5k FER 48 &S B MMP13 &
ADAMTS4 7] LR AR 40 D 41 % J5 % A, ADAMTS4
Al LAY aggrecan 245G 000, FEARE H 2 HEZ
O HE BY L SR AR S A S A I A IR 2R AT LA
SRR/ RE [ 4 MMP13, ADAMTS4 i (R IE T+,
RN AR AR 2, HIE BRI R
BP0

Zr ERTIR, S IR A AR i i A A R

W 2021759R4100.indd 260 $

2021/4/17 11:26:44 ’7




rh [ % 5 2 2 & Chinese Journal of Pain Medicine 2021, 27 (4)

=, ATLAREmE N RO AR A A A R R IR AR,
SN BRI VBB A PR 2R AT DI T 2 ) Bl A ] 28 2H 27
HE o A MR ME ) £ 20 208 TR BRI
A, PR MER] LA A i 5 AR
T et BWE. SE HEEERR LTI RS
T M FEAE () S 2 R R . R, EVRYT
P 1 583828 Y ) B AN S R 258 R A ) 53 Jm) 74 R 2K
R B RS A By MLV A DR 20T A ] £ 2 2R 5
DA R -y 20 Wi | RTINS - AR g a3 L]
FETEZAOE L S AR IR ) 7 T R R

2 % X W

[1] Wyss-Coray T. Ageing, neurodegeneration and brain
rejuvenation[J]. Nature, 2016, 539(7628):180-186.

[2] Andersson GB. Epidemiological features of chronic
low-back pain[J]. Lancet, 1999, 354(9178):581-585.

[3] Luo X, Pietrobon R, Sun SX, et al. Estimates and pat-
terns of direct health care expenditures among individ-
uals with back pain in the united states[J]. Spine (Phila
Pa 1976), 2004, 29(1):79-86.

[4] Vo NV, Hartman RA, Patil PR, et al. Molecular mech-
anisms of biological aging in intervertebral discs[J]. J
Orthop Res, 2016, 34(8):1289-1306.

[5] Nasto LA, Ngo K, Leme AS, et al. Investigating the
role of DNA damage in tobacco smoking-induced spine
degeneration[J]. Spine J, 2014, 14(3):416-423.

[6] Tam V, Chan W, Leung V, et al. Histological and ref-
erence system for the analysis of mouse intervertebral
disc[J]. J Orthop Res, 2018, 36(1):233-243.

[7] Patil P, Dong Q, Wang D, et al. Systemic clearance of
pl6(INK4a)-positive senescent cells mitigates age-as-
sociated intervertebral disc degeneration[J]. Aging Cell,
2019, 18(3):¢12927.

[8] Gullbrand SE, Peterson J, Ahlborn J, et al. ISSLS prize
winner: Dynamic loading-induced convective transport
enhances intervertebral disc nutrition[J]. Spine (Phila
Pa 1976), 2015, 40(15):1158-1164.

[9] Isaac C, Wright A, Usas A, et al. Dystrophin and utro-
phin "double knockout" dystrophic mice exhibit a spec-
trum of degenerative musculoskeletal abnormalities[J].
J Orthop Res, 2013, 31(3):343-349.

[10] Conboy MJ, Conboy IM, Rando TA. Heterochronic
parabiosis: Historical perspective and methodological
considerations for studies of aging and longevity[J].
Aging Cell, 2013, 12(3):525-530.

| T T —6—

* 261 -

[11] Loffredo FS, Steinhauser ML, Jay SM, ef al. Growth
differentiation factor 11 is a circulating factor that reverses
age-related cardiac hypertrophy[J]. Cell, 2013, 153(4):
828-839.

[12] & EM , R, HREE, & i@ ARILA XN
HESS WL 3L Z R AR R0 (0], EE AR B S
2019, 29(1):60-66.

[13] Katsimpardi L, Kuperwasser N, Camus C, et al. Sys-
temic GDF11 stimulates the secretion of adiponectin
and induces a calorie restriction-like phenotype in aged
mice[J]. Aging Cell, 2020, 19(1):e13038.

[14] Yousefzadeh MJ, Wilkinson JE, Hughes B, et al. Het-
erochronic parabiosis regulates the extent of cellular
senescence in multiple tissues[J]. Geroscience, 2020,
42(3):951-961.

[15] Morrison EJ, Champagne DP, Dzieciatkowska M, et al.
Parabiosis incompletely reverses aging-induced met-
abolic changes and oxidant stress in mouse red blood
cells[J]. Nutrients, 2019, 11(6):1337-1357.

[16] Sinha M, Jang YC, Oh J, et al. Restoring systemic
GDF11 levels reverses age-related dysfunction in mouse
skeletal muscle[J]. Science, 2014, 344(6184):649-652.

[17] Yamasaki S, Hashimoto Y, Takigami J, et al. Circulat-
ing nucleated peripheral blood cells contribute to ear-
ly-phase meniscal healing[J]. J Tissue Eng Regen Med,
2017, 11(3):609-617.

[18] Smith LK, White CR, Villeda SA. The systemic envi-
ronment: At the interface of aging and adult neurogene-
sis[J]. Cell Tissue Res, 2018, 371(1):105-113.

[19] Patil P, Niedernhofer LJ, Robbins PD, et al. Cellular
senescence in intervertebral disc aging and degenera-
tion[J]. Curr Mol Biol Rep, 2018, 4(4):180-190.

[20] Feng C, Liu H, Yang M, et al. Disc cell senescence in
intervertebral disc degeneration: Causes and molecular
pathways[J]. Cell Cycle, 2016, 15(13):1674-1684.

[21] Liu D, Ning YC, Zhang YP, et al. A young blood en-
vironment decreases aging of senile mice kidneys[J]. J
Gerontol, 2018, 73(4):421-428.

[22] Silagi ES, Shapiro IM, Risbud MV. Glycosaminoglycan
synthesis in the nucleus pulposus: Dysregulation and
the pathogenesis of disc degeneration[J]. Matrix Biol,
2018, 71-72:368-379.

[23] Wright DE, Wagers AJ, Gulati AP, et al. Physiologi-
cal migration of hematopoietic stem and progenitor
cells[J]. Science, 2001, 294(5548):1933-1936.

[24] Wang W1J, Yu XH, Wang C, et al. MMPs and ADAMTSs
in intervertebral disc degeneration[J]. Clin Chim Acta,
2015, 448:238-246.

W 20217%9F400.indd 261 $

(T

2021/4/17 11:26:44 ’7



