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TS 2 — s UL A I DR R, A ) A R AR
(intervertebral disc degeneration, IDD) J&5| & [
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1 #R5H®
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T 2 SD METE R BLS0 H, 6 A, i
(220+20) g, WFbo4im A4S 56 S P4 AR AT R
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FAXHREE 40%~70% , YEIEEW 12 h/12 he
1.2 %4

BT HEZBA M. 710, HH10g, =
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Figure 1 HE staining of nucleus pulposus tissue in the tail intervertebral disc of rats in each group (x50)

. et e, : i
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Figure 2 0Oil Red O—Green staining of nucleus pulposus tissue in the tail intervertebral disc of rats
in each group (x50)
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Figure 3  Toluidine Blue staining of nucleus pulposus tissue in the tail intervertebral disc of rats

in each group (x50)
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2.2 BAKRARAMER LM 2% Aggrecan. MMP3 R AU RRURHENR BBEZ L Aggrecan . MMP3 2
G K IKOF LA
%%- 1 Lﬁﬂg);(%aﬂiéﬂ Hﬁ?ﬁf *ﬁ 5] Qﬂj( ﬁﬁ'*‘ﬁf@ Table 1  Comparison of Aggrecan and MMP3 protein levels

in the nucleus pulposus tissue of tail intervertebral discs

FERENZ 21 Aggrecan £ F K FFEAIK, MMP3 £ FH7K
FIbE (P<0.01). SEBIAIE, &25%) T

in each group of rats (RO E 5, x+s)

215 Rk Aggrecan MMP3
AR BB LD Aggrecan B FIZKCF 715, MMP3 EFAR4 5 1.093:0.119 0.704=0. 115
HHEAKEFAL (P<0.053% P<0.01), H55% gy 5 0.283:0.073%  2.910:0.595 "
EHIGRT = A e, AR mﬁ‘@{%ﬁfﬂjg?ﬂAggrecan BUSHEAMEAIEA 5 0.498+0.005”  2.01920.233"
MSEHE R4 5 0.81120.008 Y 0.849+0.470° ¢
KA E, MMP3 & H K FE3AK (P<0.01),
EEJEJF - &K ¢1 BFEHRHEAE+ 5 0.614x0.060° ' 1.760+0. 187 *
S H g E R ei, e i 57 e a+ .
AL Aggrecan KPR, MMP3 8 H/KF V. MMP3, LA IR 1 3; Aggrecan. BIEHE LN,
B (P<<0.05) . 2% 41K bR HE 1) 25 8 1% 41 21 a) SETFARALE, P<0.01; b) SHEMALLE, P<0.05;
MMP3. Aggrecan G2l ALY (o LK 4., o) SERIE, P<0.01; d) SHFEHEBIGIEALE, P<
0.01; e 7i ) k4 . P<0.05.
2.3 B K R IR BB AR R £ AR ) BRI A
5 2H K U AME 8] 35 2H 21 Tunel 2864 (2, ULIKT 5. MAHZ MM TR ERA S (P<0.01), SHEIA
K2, SFARA T, BRI KR EAMER 258 LS, A2 P K FRBEA% L 2 40 B 0 T~

MMP3

Aggrecan .

BFARL 7 A R H E G EA RRHEGRARA RFH G R A HRA

. MMP3, B4 EE M 3; Aggrecan, RN B @BUR YA} MMP3 . Aggrecan FHPER A,
B4 SAKFBHEMEFREZALMMP3 | Aggrecan TRyl b YL & (x400)
Figure 4 Immunohistochemical staining of MMP3 and Aggrecan in the nucleus pulposus tissue of tail intervertebral discs

in each group of rats (x400)
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Figure 5 Tunel fluorescence staining of intervertebral disc tissue in each group of rats (x400)
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FIEAL (P<0.01). SHGEH R &R T4 AL, HE R LU, AR SE i e AR A+ 1 )
BT H R 1Rt 2 AAR 7 T 5007 8 50 o+ A5 ZH K B B8 #% 240 21 Bax . Cleaved Caspase 3. P53,
R R BERZH A AN T2 T (P<0. 01). p-YAP. p-TAZ . p-MST1/2 2 /K FF+ i, Bel-2,
NP2 v 4
B0 At LR HEI A4 S T2 e YAPZE KRR (P<0.055(P<<0.01), %41k
Table 2 Comparison of cell apoptosis rates in the tail interver- b FEME ) B REAZ ZHE R T Hippo-YAP/TAZ i JE A
tebral disc tissue of rats in each group (%, x+s) KEHEKE A6,
2151 Fl PO e - I - - g 70kDa
TR 5 5.78+1.71 ¥
B4 5 26.17+4.15 ke |_. - - | 70kDa
HATEH B R k2L 5 20.08+3.33" ¢ p-MST1/2 | - W .. - -‘ 59kDa
LSS H 51w R B ] 5

12.92+1. 63" P53 m-lm 53kDa

2 H 7 B X B i |§ . 2. b) ¢)
R H 537 e )+ R0 24 5 19.41+2.33 pTAZ [ G S e = | 44kDa
e a) SEFPARMLE, P<0.01; b) SHBMHLE, P<
Actin | GHED GEED TP GED @S 12 LD:
0.01; ¢) SHIFEHE AR ARLILE, P<0.01. | : 4204
2.4 BB K R EAMEN #4480 T & Hippo-
- ‘ Bol2 W = o - | 26Ds
YAP/TAZ i@ i 48 % & & 7K -F rod
3R, SERFARALE, BAHKFRHEN

A A A
FEBEAZ AL U2 U7 T2 8 [ Bax. Cleaved Caspase 3. & % 41\@ @$ %@%
e o N N .\ b & ’Q\
PS3 2 LUk T BTG, M2 £ Bel-2 K F1K & & &
S A

VAL, p-YAP. p-TAZ. p-MST1/2%& 47K F

e s . H: Bel-2, BI#RELAHAEIE 2; Bax, Bel-2#H3CXHEM; P53,
BETE, YAPE A K BERFM (P<0.01),

J R B IH P53 Cleaved Caspase 3, BYUIAY & KRR 1Y R A&

SR AR, #5250 T A R SRR A% 4 21 Bax R KA YAP, Yes#ICEE(T: p-YAP, BERRAL Yes fHiC
Cleaved Caspase 3, P53, p-YAP, p-TAZ Jp-MST1/2 B p-MST1/2, BERRML 20 RET 1/2; p-TAZ, WA PDZESE
BEUKFHEAL, Bel2, YAPERIKFHINE (P< S IPRCERR T

B 6 441K RBHEN S BER 42U T & Hippo-YAP/TAZ
BRI PSEAS RS
Figure 6 Apoptosis and Hippo-YAP/TAZ pathway-related

0.05 8% P<<0.01) . A7 H &7 50 4 i,
P H Rz e 2 K A% 202 Cleaved Caspase 3.

p-YAP. p-TAZ K p-MST1/2 H KPR, Bel-2, protein electrophoresis of nucleus pulposus tissue in the tail
YAP % E[7J(E|Zﬂ‘r%'3 (P< 0.05 ﬁ P<<0.01 ) ° 5*}{% intervertebral disc of rats in each group

R3 KA KBURHEM LB AL T X Hippo-Y AP/TAZ 18 il A 56 1 (1 KCF L

Table 3 Comparison of apoptosis and Hippo-YAP/TAZ pathway-related protein levels in the nucleus pulposus tissue of

tail intervertebral discs in each group of rats (x+s)
§ Cleaved
217 IR Bax Bel-2 P53 p-YAP YAP p-MST1/2 p-TAZ
Caspase 3
BFAL 5 0.41x0.04  0.87+0.02  0.38+0.08  0.80+0.09  1.24+0.05  1.82+0.08  0.46+0.09  0.43+0.01
R L 5 1.29+0.21Y 0.4620.01"  0.87+0.05 1.73%0.38% 2.24x0.12% 0.91x0.03" 0.90+0.04” 1.10+0.08"

MEHREZE 5 0.62+0.45" 0.60£0.04”  0.63+0.07° 1.19£0. 13" 1.70+0.04° 1.27+0.07" 0.68+0.07"  0.90=0. 06"
il s
MEHZE 5 0.56+0.05° 0.79+0.08°" 0.43+0.09° 0.95+0.06 1.31+0. 10" 1.57+0.05° 0.05+0.05 0.54+0.057 "
prili=eic]
BMEHEE 5 0.93+0. 12" 0.58+0.05”¢  0.64+0.01"" 1.2120. 16" 1.65+0.03% 1.25+0.20"" 0.68+0.06"" 0.74+0. 06"
2

e Bel-2, BUKLANMIE 2; Bax, Bel-2AHIEXEH; P53, MEHER P53; Cleaved Caspase 3, BYUIAYE 1 2R ) KA Z IR A 1 7K fff 1l 5
YAP, YesAHXHEE[T; p-YAP, WML Yes #HICHT; p-MST1/2, BERRIK 20 £V 1/2; p-TAZ, w47 PDZ45E 37 MR (b 4% AL B0E 7 .

a) SEFARALE, P<0.01; b) SEILILE, P<0.05; ¢) SEAALE, P<0.01; d) SHFEHFEHEAEAHE, P<0.01; e)
S5 H R HAGI A L, P<0.05; ) SHEGEH G SRR S, P<0.05; ¢) SHFEH R &R LE, P<0.01,
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1DD J&— B U R 35 3% 32 2 AR DG R AT HE LA
HHEN, HAGRE—HUAEEN AR B
FARI IR R, AENR] L S K L A% 40 R 20 A A
SRS, B LR SRR RE, IR
FHCRE R MEsE . Har, 10D B F 2T
JIR FHAE §55 1A 2T R 245 sl AL IR A 3t 700 ok S etk 7o
SR, X L2459 JCIAA ST Bl 1DD ik 2% Ho b & .
HRAE 1D D (1) 38 3% 55 2 3 PR B 10 2532 BR 25 s R
FEtR, hER2EZR FOAGNE IR TR R
ORI HOR R RAMEN TR . AMAEEREN . 18
PESF A Z M . RMETT A, ASEE; X
RIS R B /2 . I A R SO A 2 W o X
JELUE A PR R R A, 3B IE B LI 45 1k R
B, 0007 AR SE R IR T R E I R T R
B R R T AR, ke AR ALK
s, BHEKESE; A HERME AR
W, M. PRSI mANDL, HEM TR A AT
e, R, B AR RN, BOREg
o B ILEBHFIK . HM IR Z I,

el & AR IR AR SR HLUE S R A AL, B
A2 LR T RN 20 A S A A 2 TDID ) 2 B2 R
fiE,  F PR PN 31 3 B4 o fige A 388 o 2 5 350
A AN AP I TR i B R Y, A Ah 3k
J Y FEE R G AR R AL (Collagen 11) Al
Aggrecan, TP 5 RE DM 48 & A4
(ADAMTS4) F1 MMP3 (936 PR UIAH G . AR5 i
7, MEREVERERS , MEREEHER 4141 Aggrecan
FIRFEAL . MMP3 R, I BERZ ALK,
LA LR ALY, THGEH R . K
BTG, HER ALHER 4120 Aggrecan%&?ﬁﬂ‘%,
MMP3 8 N[, A S B e . SRIARE
T AT LA o] 2 7 e ) 5% 40 A 400 L 7 35 I AR
FELZIDD, HGE H R AR R IR, B TR
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The Effect of Zhigiao Gancao Decoction (#1711 %1% ) on Intervertebral Disc Nucleus Pulposus Cell Apoptosis
and the Hippo-YAP/TAZ Signaling Pathway in Tail Intervertebral Disc Degeneration Model Rats
ZHU Zaishi', HUANG Zeling', CHEN Junming', XU Bo', LU Binjie', CHEN Hua', DUAN Xingxing', LI
Yuwei'?, SHEN Xiaofeng'*
1. Suzhou Hospital of Traditional Chinese Medicine Affiliated to Nanjing University of Chinese Medicine, Suzhou, 215009;
2. Orthopaedic and Traumatology Institute, Suzhou Academy of Chinese Medicine WU Sect
ABSTRACT Objective To investigate the possible mechanism by which Zhigiao Gancao Decoction (#17cH #i7,
ZGD) delays intervertebral disc degeneration (IDD ) based on the Hippo-yes-associated protein ( YAP ) /transcrip-
tional co-activator with PDZ-binding motif (TAZ) signaling pathway. Methods A total of 50 SD rats were randomly
divided into sham surgery group, model group, low-dose ZGD group, high-dose ZGD group, and high-dose ZGD +
inhibitor group, with 10 rats in each group. In the sham surgery group, the rats were pierced in the skin and muscle at
the Co6/7/8 segments of the tail with a 21G needle (depth approximately 2 mm) without damaging the intervertebral
disc. In the other groups, rats were injected with a 21G needle at the Co6/7/8 segments of the tail to establish an IDD
model by piercing the tail intervertebral disc 5 mm. One week after modeling, rats in the low-dose and high-dose ZGD
groups were given 6. 24 and 12. 24 ¢/(kg+d) of the decoction via gastric gavage, respectively. The high-dose ZGD +
inhibitor group was given 12.24 g/(kg+d) of the decoction and an intraperitoneal injection of YAP/TAZ inhibitor
Verteporfin 10 mg/kg. The sham surgery and model groups were given 5 ml/(kg*d) of normal saline via gavage. The
gavage was given once a day, and the intraperitoneal injection was given every other day. After 4 weeks of continuous
intervention, the pathological changes of the tail intervertebral discs were observed using HE staining, Oil Red O-
Green staining, and Toluidine Blue staining. Immunohistochemistry was used to detect the expression of aggrecan and
MMP3 in the nucleus pulposus. TUNEL fluorescence staining was performed to detect apoptosis in the nucleus pulpo-
sus, and the apoptosis rate was calculated. Western blot was used to detect the Hippo-YAP/TAZ signaling pathway,
including YAP, phosphorylated YAP (p-YAP), phosphorylated MST1/2 (p-MST1/2), phosphorylated TAZ (p-TAZ)
and apoptosis-related proteins, such as Cleaved Caspase 3, P53, Bcel-2 and Bax. Results Compared with sham sur-
gery group, the rats in the model group showed significant degenerative changes in the intervertebral disc. The levels
of aggrecan, Bel-2, and YAP proteins in the nucleus pulposus decreased, while the levels of p-MST1/2, p-YAP,
p-TAZ, P53, Bax, Cleaved Caspase 3, MMP3 proteins, and the apoptosis rate increased (P < 0.01). Compared
with the model group, the drug intervention groups showed partial recovery in intervertebral disc degeneration. The
levels of aggrecan, Bel-2, and YAP proteins increased, while the levels of p-MST1/2, p-YAP, p-TAZ, P53, Bax,
Cleaved Caspase 3, MMP3 proteins, and the apoptosis rate decreased (P<<0.05 or P<<0.01). The high-dose ZGD
group showed more significant recovery in intervertebral disc degeneration compared to the low-dose ZGD group, with
a decrease in the levels of p-MST1/2, p-YAP, p-TAZ, P53, Bax, Cleaved Caspase 3, MMP3 proteins, and apoptosis
rate, and an increase in the levels of aggrecan, Bcl-2, and YAP proteins (P<<0. 05 or P<<0.01). Compared with
the high-dose ZGD group, the high-dose ZGD + inhibitor group showed a reduced recovery in intervertebral disc
degeneration, with an increase in the levels of p-MST1/2, p-YAP, p-TAZ, P53, Bax, Cleaved Caspase 3, MMP3
proteins, and apoptosis rate, and a decrease in the levels of aggrecan, Becl-2, and YAP proteins (P<<0.05 or P<<
0.01). Conclusion ZGD may delay intervertebral disc degeneration by inhibiting the phosphorylation of YAP in
the nucleus pulposus, maintaining the function of the Hippo-YAP/TAZ signaling pathway, and reducing apoptosis of
nucleus pulposus cells.
Keywords intervertebral disc degeneration; apoptosis; yes-associated protein; transcriptional co-activator with
PDZ-binding motif; Zhigiao Gancao Decoction (A7 H #i%)
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