5539455 71 R ERR AR (A AR
201947 H Journal of Nanjing Medical University (Natural Sciences ) - 971 -

- KA -

TAZ #3057 TM-25659 42 3t AR5 B 28 B i B U 40K R S 5%

P, X R R HRER, ERA L, REHT

R L BE R D BRI IS VLA B SE % VIO B AT 210029 ;7R 5L BERIRA LB BE 2 WF 9T BT, 1 e E R =g 1
Js B B O AR AR, VLR st 210029

(8 E] BB :IERBE IR T TAZ (Tafazzin) #8057 TM-25659 %1 A NG 105 141 (adipose-derived stem cells, AD-
SCs) TEAR P SN AL R B Bl B A B AR WA E T o T3k 0 8597 N ADSCs , 38 2 85 4 5 S B Bl SR 2 12 PCR A
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The TAZ chemical activator TM - 25659 facilitates osteogenic differentiation of human

ADSCs in vitro and in vivo

Hu Jia’an'?, Wu Yaping', Huang Rong', Yang Jianrong®, Wang Yanling',Zhu Yumin"

'Jiangsu Key Laboratory of Oral Diseases, Nanjing Medical University , Nanjing 210029; °Department of Oral and
Mazxillofacial Surgery ,the Affiliated Stomatological Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: The present study aims to determine whether pharmacological activation of the transcriptional coactivator
with PDZ-binding motif Tafazzin (TAZ) by chemical TM-25659 can promote osteogenic differentiation and bone formation of adipose-
derived stem cells (ADSCs) in vitro and in vivo. Methods: Human ADSCs were isolated and expanded in wvitro. The changing
expressions of TAZ during ADSCs differentiation at different time points were measured by Western blot and real -time quantitative
reverse lranscription polymerase chain reaction (PCR). Alizarin red S and oil red O staining were used to detect osteogenic and
adipogenic effects. The ADSCs following initial osteogenic differentiation and TM - 25659 were loaded on scaffold { - tricalcium
phosphate (B -TCP) and then subcutaneously implanted into nude mice. Six weeks later, the results of bone formation in vivo after
implantation of the ADSCs were measured and compared by Hematoxylin-FEosin staining, Masson staining and immunohistochemistry
staining. Results: TAZ was upregulated during osteogenic differentiation of ADSCs but downregulated during adipogenic
differentiation. Pharmacological activation of TAZ by TM-25659 promotes osteogenic differentiation of ADSCs in vitro. The transient
treatment of ADSCs with TM - 25659 significantly enhances new bone regeneration of ADSCs in vivo. Conclusion: TAZ is a key
mediator for promoting osteogenic differentiation of ADSCs. The pharmacological activation of TAZ in ADSCs might become a feasible
treatment for bone regeneration and repair.
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Xof PRI Ig B B 5t R MR I 3 ) DR L
PAHEAT B REAE AT R B AR S 2, A
T 240 B RN A= PR L Ry SR ZH A TR R S R
BB S AL TR BRI T 20 (adipose-
derived stem cells, ADSCs ) HA BGRIGFE 8 ) F1 2 7]
SR RE L 2 2 2 ST AR AR B 2 U 3
FhFaf =z —"= {HXF ADSCs B b i Bk o7
PLRIBFFEAAL TRIRBT B o 1l B s A R
TAZ(Tafazzin) &I 4F & BLAY Hippo 5 58 % FFHY
KEERN T, Z 5 ARG 58 50 T L L ]
gz (epithelial-mesenchymal transition, EMT) | T
AR B TS 0k, IR AR B IR R R
R AHUVA NSRS AR A B HE R
TAZ &2 5 B FE B T4 B R ER £ 10501
(T R SR 0178 TAZ — 5 I Al VR R G s g
1% B F 5 Runt A ¢ #% 58 K+ 2 (runt -related tran-
scription factor 2, Runx2) £ & M 1M 6 H T i B 85
# 9 (osteocalcin, OCN) . B M & 4 (osteopontin .
OPN) S5 J80H 731 1235 LA R 18] 78 5T T 41l (mes-
enchymal stem cells, MSCs) [] B H 704k 5 73— J7 I,
W] 5 3o A8 Ak ) 34 B - 0 A7 1Ry (peroxisome

proliferator - activator receptor gamma, PPARy) 25 &,

PRI A WFSE A B, S ] TAZ BN T
251 TM-25659 ]38 5 45 TAZ B FRIB TG S 1
PRI EI MSCs [ 8B 5B 7 Tl 4346 . AR
SEAPLM 3 H HE L T ADSCs 11 4= 40y W 5 S 2Rk e
WE TM-25659 FEAAR AR 2E B 107 1 248 M ol B 2 72 rh A
VER, h i SRt i A A8 52 B A AR 4 s R SRS

1 #RFTTE

1.1 A
BALB/c fa FE# B B 5 K2z s SL g b 4
fit, 3t 12 H K 20.0~25.0 g, 8 A, MiME, Frf3h
WS B 38 25 B ot R R A B ) S A T L s o
AL
DMEM I BE 5 72 55 (Gibeo A ], £ H) , % 10%
5 2 ML74 (fetal bovine serum, FBS; Hyclone 23 ) , 3¢
) 100 pe/mL FH/85 % R o 1555 KK 5%CO. 1)
37 CHEERT IR . TAZ B 7] TM-25659 i [E 1k
A ARBESE Y JinHee Ahn Z04% A G A2 %
TM-25659 % T — F ZL 7. AR (DMSO ) H 1 Sy filh £7 5
W ; ZFLB-BEMR =45 B-tricalcium phosphate, B-TCP;
B3 mm, 2 mm, L2 (500 + 150) wm, 17 D1
PR WA R BRZA ] 15 TRIzol (Invitrogen 23 F) , 3¢

) 5 9055 S € (TaKaRa A ), HAS) s —$i 54
% M (osteopontin, OPN) #7114 . Runx2 HT /A& . GAPDH
Ptk (Santa Cruz /A F], E[H) , B 458 H (osteocalcin,
OCN)HiIA& (R&D A F], ) , TAZ H 14K (BD Biosci-
ences A F ; Cell Signaling Technology 23 ), JE [ ) ; —
P PR B 2P B 1eC RA ) DLBE R B T
G leGC BAY RN H A YHARIF L BRAA),
i AL P bR C L E PR 1eG ot A A P bR g L
FPi R 1gG (Gibeo AT, ) . BRIEF AU, &
A2 i 40 [ 55 [H Sigma-Aldrich 24 7

12 F&*

12.1 A ADSCs 8% & Fadz

W R NEZ IR E BT A T B & w ERER
AR TNZE 5143 (2016-0156) FF Ar it il . BRMT44
A B R R 2 B8 A i B IR AR} I B AU A T 1
W R AR e R (29~54 %, 14740 % ) 443t —
FREN B0 RAT , X AR BIFSEAR G A AN R . AR
HEE AR I B L2, BT 19 0BT M i R
Eh 2 i (phosphate buffered saline, PBS) 11t %, il
A0.075% 1 B )5, F 37 CF i B 1H AL 60 min;
TIA 10 % J6 24 I3 (5 R JAr Jl 2 305 =, 3 4o 0o DL
FL ML 45 2H 77 (stromal vascular fraction, SVF) , i 2%
AKAH LW R R R MZ . A TE AR 8
i 100 pm i JERR G RS R B TS A
5% CO, FTE IR B IR0 ,48 h o 4 3 d e 1 Uk, F 4
Jitl 80%~90%filt G It AT AR ARG 97 . B 3~5 4K
N ADSCs #1475 255 50 .

1.2.2  ADSCs #RIMAE R BE HF 24K

B ADSCs LA 3xX10° 4~ em® 8 FERIAR , BT HE g5
HRESE2~3 d, R 22 90% . U E 5 L kU
HE SR (A 50 pmol/L HLIR LA L 0.1 mmol/L
FERAS L 10 mmol/L B-H I B R A1 10% FBS 11 LAk
DMEM) %40 H . 70 IAEFS 55 7.14.21 d A )
ADSCs JH 53EIF Ol .

R AU B RE TR (A 1 pumol/L b ZE
KA 50 wmol/LI5|WEIE2FE 500 nmol/L IBMX .5 pg/ml.
Ji &5 1 10% FBS FAIRKE DMEM) 5555 . 70 B AE 75
S5 714 .21 dF ADSCs BRI I
123 #HEafhaoRé

TRAMF T ADSCs BUH , 7648 2 B[] 250503k 20
Ji, W R TR, A 4% WP, =i T 5 1 h,
PBS PRI 5 I, BEIRZE R A 1% 5 KLY A7), %=
MY 15 min, Yzl L, PBS YWk 33k
R Gy =S e
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ADSCs BUARIA 55 7 RIS 14 K, il b2 4
AR G e U B2 TR IEA T 2T O Yot LUK I AR
N RTAC A e P  k
1.2.4 Western blot %23

I FH RIPA %4 fiff % $12 B 40 Bt 8. 25 1, BCA 3253
FEHE FAWE DR AL RESE bl K 2, A2
J5—-80 CokFaf A+ Hl o B FAE A i#E4T SDS-PAGE
HLUK A B3 5 W R A ik e B 8 1 2 PVDF I |, 7
5% Bils b E A S PR SR, KA
SRS TBST VR . —HiiF &  TBST FRR BRI A
A2 B, BRI LUK BUR R G T RS R 5 .
1.2.5 SRR R F 15 4 F R G B4t B (quantitative
real-time polymerase chain reaction, qRT-PCR)

FH TRIzol 3071 L AH L 43 25 5L RN A, 2R )5 1L
Wik SR G 5 e DNA J5 #E47 PCR G .
JH Primer premier 5 B3 H BRI 1Y F R F5 147,
AR TAZ: |7 5" - GTTTATGGGACAGTCC-
GGGAG-3', F i 5'-AGTCTAAGGGCTTCGGCTCT -
3'; ALP: |37 5'-TCATGTTCCTGGGAGATGGTATG-
3", F U5 -GCATTAGCTGATAGGCGATGTCC-3' 5
Runx2: [{i#5'-TCGCCAGGCTTCATAGCAAA-3',
1% 5'-GGCCTTGGGTAAGGCAGATT-3’ ; OPN (encod-
ed by SPP1) : | 5'-CTTCTCAGCCAAACGCCGA -
3', F %5 -CATCTGTTGTGGAGGGGTAGG-3' ; OCN
(encoded by BGLAP) : I+ {i# 5' - TCCTTTGGGGTTT-
GCCTAC-3", Filf 5'-CCAGCCTCCAGCACTGTTTA -
3’ ; PPARy: 35 -AGCAAACCCCTATTCCATGCT -
3", F i 5'-CACGGAGCTGATCCCAAAGT-3' ; GAP-
DH: 75 -AGGTGAAGGTCGGAGTCAAC-3", Fijif
5'-AGTTGAGGTCAATGAAGGGG-3',

1.2.6  ADSCs 894k P s 8

ADSCs/B-TCP SZ 4L A R4 #E : ADSCs 4351l
3 R B RIS 25 mol/L TM-25659 1 &
B AR5 o040 7 d s AR AR 1x10° > /ml (14 2
B F, S PR e 2 FLE5 A B-TCP B[ 483 mm,
JERE 2 mm, FL#2 (500 + 150) pm ] I ¥ ADSCs/B-
TCP & GRS TAIMIIG A6 T 4 h LUK T 40 B
RIGHE SR TRR T R R T

FAREENELE SPF ) F AR E A7, B R
12 H,3.5% 07K A AR TH BT TR B2 Ik, T
BRI 1 A 4 mm VI, 4B 2 e R A
A BN AEA 1 BUSZZ8 RE, SCEe T -
DAL A5 S ADSCs+B-TCP 3248 (X HR4 ) ; @
TM - 25659 + i, ‘B 175 5 ADSCs+B-TCP 3 48 (525

). 6 JAEAIEsh Y  ARA T 220504
1.2.7  HARM-HL(HE) # &% F2 Masson = & &

FIAGARAS T 4% 22 5 W 815 , Bl 72 10% &
T4 1% (ethylenediaminetetraacetic acid, EDTA ;
pH7.4) BG4 J4 , i KO e B U1 R, F HE 3%
DL S Masson — 8 G4 8RB 2808
1.2.8 % %% 4 2% 4 5 % & (immunohistochemical
staining, [HC)

XA AR A AT 4% 22 5 W [, Bl s 7
10% &, Z}eWU 2,1 (EDTA , pH7.4) 45 4 J] , 1
WA AT AR TR (4 wm) J5 &R F R B
i BE WA 7K Ak, 28 3% HL0, 34 P 10 min 3% P RPE
i AL WIS , 9 0.01 mol/L #7468 B 4 2% v il A 7
YUE B 5 (pH=6.0, 15 min) , 2 5% 4~ IfiL & 1 & A
(bovine serum albumin, BSA) £f [] 20 min J5 7% il —
FLOCN(1:100)4 CiE o U H LT/ R
PU  ZIRIFE 20 min, PBS PR S5 FH & FLHER i
(diaminobenzidine , DAB) .4, IR ARREZ Y5, 5L
WiAGE I, B Rk
1.3 %itFak

S v A E R DA R e R 2 (R £ 5)
TR o ZH LB SeR HI R R 07 22 A b AT 1L
%, % J Student-Newman-Keuls (SNK ) 32 347 70 9
P A T B X o A2 I B ORI O 22 00 B T — i e
LRI Repeated Measures 3 #2252 , 3 Bonferroni
TEREATANTRIIN 0] S A P L A58, R JH SPSS 19.0 K
PFEAT BRI GE it 22008, P < 0.05 4 25 A 4t

ES-9'8
2 # R

2.1 ADSCs R 9MiFF M B 5 Abid 2 TAZ & & &
KRG, MmAERIEHE FEEFTAZEORAR
e

J T 4878 TAZ 75 ADSCs U 43 A3 F vh iy 24
YR FRATT B Je o B T R 3R 4045 N ADSCs, %
21 it % TR L LD (R AR TE AT Ak 0 AR (I 1A) . 7
BS54 T 5555 ADSCs, o R 2L YL (0, o B 45 15
S ) AR TT AU ER 20 AR (1B 5 M7E A%
JRVE S A AT O Y b B0 E TN A R 4r
A8 i 2 W e 71 (| 1C) o qRT-PCR 45 3R 3% B 7
ADSCs i 8 5 3 i & f TAZ R 8 s &9
Runx2 ., OPN, OCN Fl 5 14 % 2 ¥ (alkaline phospha-
tase, ALP) mRNA [#) & ik /K3 & Z 8 m (18 1D) .
Western blot 25 52 I 7~ , Runx2 5 TAZ &5 F R A ¥l
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BB 175 S B ] 4 d &4 i (& 1E) . qRT-PCR
A6 A, UE S ADSCs R 755 5 72 ' PPARy mRNA
FIKOK -3 FYE, M TAZ mRNA 2235 B i R
(F1F), FiRgs F425 TAZ 5 A ADSCs By B il
B S R B A G
2.2 TM-25659 423 ADSCs #94k 9 A% B 21K
BECIEWI N ADSCs TEARSMF T 1B oAbk 72
W TAZ B 3R A W B 3 & L i — 20 % IR 2 ) T
TAZ J& 15 REfE i ADSCs F L E A , FRATTHF 5T & B
ADSCs £ TM-25659 4b i J5 TAZ 35 H 2 15 bl 245 W ik
B TF v AN, HAE 5.10.25 wmol/L ¥ R i#a T ha

A Day7

(x100)

(x200)

Day0  Day7 Dayl4

Runx2 - . 56 kDa
TAZ N - - 50 kDa
CAPDH - e - ),

BERiEPOE Sy
C—RwWARULO®

RUnx2

EEFEE (K 2A.B), Western blot 45 H:E 5%, TM -
25659 fiE i 5 ADSCs (RSN T o0k ftrp
TAZ F 8 P W AH & & 1 (Runx2 . OPN F1 OCN) [ 3
k([ 20), R YL ta 25 AL UE S TM-25659 REHY
58 ADSCs RSN B - fL i BE T (K1 2D) .
2.3 TM-25659 423t ADSCs #37& P B 75 A&,

hg E—HAE S TM-25659 fi #E ADSCs (114 P 41
B YRR, FATTE I B-TCP S48 11 3048 TM-25659
JE BT ALY ADSCs FE AR B AR P9 02 R B3R ([
3A) . HHAAES SR T dRHTTHREIERNE
Y ADSCs-B-TCP & A P AHXT L, BITA 25 pmol/L

Day14 Day21

DO Day0
—  mDay7
* 7 mDayl4
= x mDay?21
Runx2 OPN ALP OCN TAZ
F %
Il Day7
Y I 150 * mDay7
B Dayl4 'H_§ 10.0 ® mDayl4
. 7 50 —* mDay2l
— Zz 20
<ZC 1.5
1.0
2=}
£ 05
0.0

Tz PPARY TAZ

A JEAR N ADSCs 4355 B8535 (PO) s B: ADSCs BN 35 7 .14 21 KPER Y5 (x100) ; C: ADSCs IR 5 T4 7 RN 14 KINLT O e
EER(x100) 5D E: ADSCs BUH 75 AL HE TAZ FACE AR &4 #35 (QRT-PCR  Western blot) ; F: ADSCs BUIE 15 ek PPARyZEEA . P4 HEL#R,

‘P <0.001(n=3),

E1 TAZZANADSCs B . BRIES TR HRIE

Figure 1 TAZ is upregulated during osteogenesis while it is downregulated during adipogenesis in human ADSCs
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|
2.5
N N XN
‘ I —
H3C/\/\<N | V7 TM‘25659(p..m()l/L) ﬁ) 20 By
Vo 0 05 10 50100 250 Frs] o
TAZ (- sokDa E 10
7 ' 205
CAPDH | M D - 6 .
470 L N N I
0 05 1 5 10 25

NC TM-25659

CN
o
Runx2 M- . .56 kDa

TAZ M- 50 kD

OCN | )

GAPDIT s A - 36 <.

OPN

Runx2

TM-25659( wmol/L)

Dayl4

JCN ®
= NC &
EITM-25659 = |

TM-25659

o s S

A:TM-25659 43 T-45 #4950 B: TM-25659 ¥ FERH I 24 h f5 ADSCs TAZ 35 H #3878 1k ; C: ADSCs U4 F LA TM-25659(25 pwmol/L)7 d
J& B A EFE AR S TAZ B 1 23572810 (CN - 25 P R AL, NC 2 BRAl N 175 541, TM-25659 : 175 5 +TM-25659 41 ) ; D : ADSCs Wi i/ 5: T in
A TM-25659(25 pmol/L)iE5 7 .14 d, B RLL YL {5,(x100) , P44, "P < 0.05,"P<0.01,” P <0.001(n=3),
2 TM-25659 123 ADSCs k4MS B 54k
Figure 2 TM-25659 promotes osteogenic differentiation of ADSCs in vitro

TM-25659 By AL FRZH HE & {4 1 Masson 4 {0,245 e 1
FEHH B B R (1 3B ), OCN e ie 41214k
SFYL (g AR ESE T TM-25659 75 540 ADSCs 1K}
BEYENBCE SR, BRI SCHE H OCN Kk
WD E A TR E SR (EI13C) . kg R4
71 TM-25659 ELA {1237 ADSCs 14 N J8 15434k Fil B T
HER o

3 3 R

Hippo {5 5l e i & BT SR 08, 2 s Wb s
FEDRST X 2H U A K14 R oAk 7y B B 24k
FHTSS WEFEUESE , TAZ AR A 7 s s IR 30
Runx2 4[] i 2 10 5] PPARy IS 10 5% 5%, J2 1] 78
T 44 B ) B R 1 DA R AR AR R T R DG B
P43 F S N, Wnt3a 532 LA R I & TR ARE
i 8 H WA [ 1 (protein phosphatase 1) 415 TAZ
ZBERR AL S A AR A, LAY 5 C3H10T1/2 4 i
G = L5105 et R 050 = o R N SR € 2
7, TAZ 2 N ADSCs JiF 73 A v 8 SCBESS0N 73
5, AR A R AR R, O HLA ] T ADSCs
B ID5 34K, anids SRR WTTE Lo At Fe v TAZ 3k

R . TAZ X AN [FRIR A MSCs 143 A 3|
W S A VR, i SR A8 52 RN AR I R AL
BEE T HTHASERY . ST R 5L Bl ks ol A A T
LG, WTM-25659  # LA R BB T RS %I
A . 1bS900838 . 111 7% iy FMK V0 1Y BE B 4k TAZ G
I, FEAN R 4 S 78 o™= A TAZ T A F A g AE
WREsgon e IR X TAZ BEFT 259 1 AT AE
B R il MSCs fiviz i — g BTg i 512
TM-25659 J& 7€ 3T3-L1 i I #H 20 Jfd i € TAZ
FEN SR A B Z IR, 7E C3H10T1/2 F13T3-1L1 4f
Lm0 6 i o 200 B 1 234 3 Ao 3 5 TAZ A% ) e o
FEAE I 1) R AR AR . 2 FH TM-25659 Ab 3
TR e TR /N BV, /D BRI R 7 3 T R
FeB VRN o JAk, 4 B SR A B R T™ -
25659, ‘B % FEAR BIFE AN, i VR RS sR >
T2 A TM-25659 FAE BBV I 0, AT
FHN ADSCs 1E A 21 A A 38 TM-25659 2 75 5%
i B o A I E AR - PR o &5 SR UESE A TM -
25659 1Y 20 MLA AL AR R s 2Rk B 3 n, B
TAZ WFRIBTKAR e 3 T 5, UEBH TM-25659 7E {441
AR HE ADSCs B RCE 20k BRE, ARBFSE 55
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TM-25659

A FET ADSCs 19 £E By P '8 A R R LR P RS AR S0 78 B 18T 5 B ADSCs 2375 S AN TM-25659 TiAb B il 53755 7 d R R AR P 6 3]
MRS HE J 4R Masson %2 455 (S : S48 NB AT E ) 5 C B AR (OCN) s ZH UL YL 4,(x100)
3 TM-25659 18 ADSCs &k I B TR
Figure 3 TM-25659 promotes bone formation of ADSCs in vivo

BB BFSE 29360, TM-25659 J& TAZ F AL 4805 5]
AL 3E Ak BN TR IK PSR AR TAZ A AR P2
Tife, M55 4R ARIIE ™, w73k ADSCs (£
fLE5HB-TCP & &M B B2 S B A I, TM-25659 il
AP RE WA SRR R . AR AR bR
TAZ VLA HA A WY A 3 7 7T i 2 5 TM -
25659 ${4 5[] 78 5T T 40 AL W43 Ak 1 43T BIL TR AE G
AR ™, TM-25659 {4 A 338 2% 1) e fE 7 ORI
AF T 51k

25 A AHEST & B TAZ {3 ADSCs J8H 43
b, 0 B RR 34k 5 1 B — 24 78 TM-25659 fb
WS TAZ WA HE LG S AT RO 2 ADSCs AP/
A A IR A o FRATT AR L ) TAZ Y
25T PRl e o AR B B AR e R Y
BRI Z—
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