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[HZE] Br @058 Hedgehog (Hh) {5 538 HE T RURE PR 5 55000 151 Bdnt & 32 3 P 9 7R 48 7 138
BEDRS B BE RE ) FREMIALE . T3k AR CIRER LR sh W B2 St . R A &AL T RDRE R
Alita 57 52 PR /N BUHEST 0B BRAp R 3 3 A8 CT Cmicro CT) 336 20 A7 B (R FRL 3 BOR 1 5% B, s 4 A e fo i
B85 4 1 (osteocalein , Ocn ) | ENAE [ 7 (Indian Hedgehog, Thh) &M T 11 1 (Patched 1, Ptchl) L 2 GLI %
W AE4E 2 11 1 (Zinc finger protein GLIT, GIil) A3 3K , #5131 1 200 FR o X i B Sl A A BCEr 43 A6 A H (5 538
R o fd ) Smo A2 7R3 355 (Smoothened agonist, SAG) (10 mg/ke , #E H ) 336 Hh {5 5 18 % , W28 H & 75 3
ok T 3 A TR 1A R U SR S L A 5 1 MiicroCT M e B LA AL YL 5 0 IR, 3 3 400 L S
5% SAG (1 000 nmol/L) J& 75 BE B35 1= 8 PR 5% (25 mol/L) X /)N B 8 1] 78 8% 1 41 Y (bone marrow mesenchymal
stem cells , BMSCs ) Ji0 B 31 40 ), 4G 00 775 12 o 465 6 1l 2 Il 0 5 2R 2 4 €0, A KOS 0 0 A A DG BE R A
Sppl . Bglap f Sp7 #E47 5L 1 %% 72 15 4 il ( quantitative Real-time PCR, qPCR) . Z55  Akita /N R FE B B3]
FoE H 3 B9 B ORVE RO B RRIE o f9UE SRAE BER T 21 d, Akita /I BUSUE S5 DX BCHTE iR B 7R B
B R  BE K Ocn 3k B35 F# (K (P < 0.05) , Thh  Ptchl 1 Glil ik & % FE K (P < 0.05) . SAG #4 i Hh
5 5 % AT A 3 R 1R DR KT Alkita /)y U Sl A A B DU I (P < 0.05) o BEAh, SAG bR,
BRI X BMSCs BB 12 6 135 4 K% A4 0 Ak BE 7 %0300 o 4 T 4 35 AR (P < 0.05) , Ji0 i 7 PR S 36 R e 3k 7k
Al W E R (P < 0.05) 0 S5 T AUKE PR E 1 3 Akita /)N B9 Hh A5 558 6 2 2K 300 1 i SR @& L i
O Hh A5 538 TR HE I Rt TR O X B i i
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[Abstract] Objective This study aimed to elucidate the mechanisms underlying the impaired bone healing capac-
ity in type 1 diabetes (T1DM) by investigating the role of the Hedgehog (Hh) signaling pathway in the impaired healing

of cranial defects caused by TIDM. Methods This study was approved by the experimental animal ethics committee
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of our hospital. A cranial defect model was established using Akita transgenic mice with spontaneous type | diabetes.
The impact of T1DM on osteogenic differentiation and the Hh signaling pathway during cranial defect healing was ex-
plored by MicroCT scanning and immunohistochemical (IHC) analysis of osteocalcin (Ocn), Indian Hedgehog (Thh),
Patched1 (Ptchl), and zinc finger protein GLI1 (Glil). Subsequently, the Hh signaling pathway was activated using
smoothened agonist (SAG) (10 mg/kg, gavage), and its potential to improve cranial defect healing in TIDM was assessed
by MicroCT and THC staining. Finally, the ability of SAG (1 000 nmol/L) to counteract the inhibitory effects of a high-
glucose environment (25 mol/L) on osteogenic differentiation of mouse bone marrow mesenchymal stem cells (BMSCs)
was investigated through in vitro experiments. Detection methods included Alkaline Phosphatase and Alizarin Red stain-
ing, as well as quantitative real-time PCR (qPCR) analysis of the osteogenesis-related genes Alp, Sppl, Belap, and Sp7.
Results Akita mice exhibited early, stable, and significant spontaneous TIDM characteristics. On postoperative day
21, the newly formed bone in the cranial defect area of Akita mice showed significant decreases in the bone volume-to-
tissue volume ratio, volumetric bone mineral density, and Ocn expression (P < 0.05), with significant downregulation of
Thh, Ptchl, and Glil (P < 0.05). Activation of the Hh signaling pathway by SAG significantly mitigated the negative im-
pact of TIDM on cranial defect healing in Akita mice (P < 0.05). Moreover, after SAG treatment, the inhibitory effects
of the high-glucose environment on the alkaline phosphatase activity and in vitro mineralization capacity of BMSCs were
significantly alleviated (P < 0.05), and the expression levels of osteogenic differentiation-related genes were signifi-
cantly upregulated (P < 0.05). Conclusion T1DM inhibits cranial defect healing in Akita mice by suppressing the ex-
pression of the Hh signaling pathway, whereas activation of the Hh signaling pathway promotes osteogenesis and amelio-
rates the inhibitory effects of TIDM on bone healing.
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Akita (Ins2*" ) %% IR /1N B K H: [] 63 o AR 2] B A 7Y
/NE(Wildtype , W) HE ST - SR AR PR ST TE ol B
SR A G e AR e DR PR N Hh {5538 BK A 2258 1Y
SR SR 5 Hh {5 5 30 B sl 7 SAG B 98 4 1F
Hh {5 530 [ 96 15 B8 75 2l 3% 1 U0 PR /) Bl i gt
B I de ARG M 2 £ S A T 58I
AW 38 i PR SY Hh 3 B 7E TRVEE IR -5 B0
B @A 2 B R R TR PR R

A RETT T FERY AL, 2E 107 1 20 39 5ik 1R PR A A8
B ARSI R T 1A

1 MRE5FE
1.1 2485 RHA

£ R 52 56 % F B A HE PE Ins2” (Akita,
No.003548, Jackson Laboratory, 3¢ [E ) /)N § 5 M 1
C57BI/6] (Wildtype , No.000664 , Jackson Laboratory ,
F[E ) /N Jackson Laboratory W SE 3845 o

PRS0« Rl B0 45 (615001, NEST A= 4
FEA, D) /N BRUBE & 3 (INS ) Tl BB £ 922 W BEE )
ik 7] & (E-EL-M1382, Elabscience, H [ ) , 5 98 %5t
(R510-22-10, % ik 18 , o [H ) , 4% PFA [# & W
(BL539A, FH & , "F [H) , 15 mL & .0 4 (601052,
NEST 4= 9 #E #4 , th [€ ) , 50 mL & 0 45 (602052,
NEST A= ¥ #EFF , 1), 15% ETDA i 45 % (G1105-
500ML ZE4E /K, th [E) , PBS £& #h ¥ (C10010500BT,
Gibeo, & [ ), —H %% (247642, Sigma, £ [ ) , L B
ARG (HE) Y @3 5] & (G1121, Solarbio,
), BN IH F (Indian Hedgehog, Ihh) Pt 1K
(ER65400, St B, &AW, h ) , GLI K % B
8 ® H 1 (Zinc finger protein GLI1, Glil) T I
(ET1702-85, et bl , 424, h ) ,#h TEH A 1
(Patchedl, Ptch1) Fi /& (ER64526, i i, %4k
Y1, E) , B 55 & (osteocalein, Ocn) L (ER1919-
20, bt B, AR AR, R L 4 B 8 SR L
(704001, NEST A= #E 44 , 1 [5] ) , MEM Alpha 15 5%
JE (C12571500BT, Gibeo, 3 [# ) , Jf 4R 1L 7% (11011-
8611, MU ), 442 C(A8101, &K E ,
), B H MR 4h (68100, K3k %, P ), pi K4
S YL W (1%, pHA2) (G1452, R3E %, hHE ) ,
BCIP/NBT fi 14 % 1% T 1 4 €2 38 57) 65 (C3206, 35 =~
K, H [ ), Trizol (15596-026, #E 2k ., 35 [E ) , SYBR
Green Pro Taq HS i & 2 qPCR i 7] & (AG11733,
YR EEY, P E D), Evo M-MLV S 5% 5% i1 13
& (AG11728, IR A 4B, i ), A (£ BR

660, 1 BR 2N A, H D), -1 8 8h 57 (Smoothened
Agonist, SAG) (HY-12848MCE, 1 [# ) , it {5 80 (HY-
Y1891, MCE, H [ ) , 3 iR #l £ K B & 9 W
(H14024045, A 2536, hE) .

1% . B0 ML (LEGENDMICRO17R , ThermoSci-
entific, 35 H ) ; 8 & 4 Ot )6 JF i (NanoPhotom-
eterN60 , Implen , 75 [ ) ; B & {X (KZ-11, Servicebio,
HhE ) 5 5K R 2¢O 2 & PCR Y (QuantStudio7Flex,
ThermoScientific , 3¢ [# ) ; 2 %1% $14 & 4t (VS200,
Olympus, H ) ;PCR fﬁ@fﬁ%ﬁ((MastercyclerNexus s
Eppendorf, £ [ ) ; M M H g £ 40 (18R 660,
fi 2K, #E ) 3 Micro-CT & 4t (wCT50, ScancoMedi-
cal, Jii 1) 3 HE T K (TXB622L, Shimadzu , H 4% ) 3
ZH U K HL (ASP300S, LEICA , 75 [ ) ; 7 il £, HE AL
(HistoCoreArcadiaH , LEICA , 72 [¥ ) ; 4 4] / #L
(HistoCoreBIOCUT, LEICA , f [® ) ; 4L 4 A WL 5
2040 AL (H1210, LEICA , #8[H ) .

1.2 %ok

AW 5T T A S5 489 28 ph DU 1| R 2= AR VY B e S
L I I (LN U | AR R G (g L= 3 T A=
20221019003 ) .

1.2.1 6 hZS I MAEA I 75 /)N B 6 JE i S 18 Jil i
A 3 3 R S e Ok v A DU T A /N BRI 6 h 23 i I
BE(WT /N 12 H, Akita ZNRL18 ) o 25 B Il A
T 111 mmol/L W 2 S0 IR o 6 Jil 0% 25 I 1 b
DU FH 7 40 5 /0N RO PRI & 99 1 150 91 DA I - A
B /N EEE PR R 18 S iy 23 M A I FH T 2 Uk iff
/N BROWE g 2 9 St g

122 LB or 4 g S pE B AR AT
ffi FH [R]85 40 A B P Akita (Ins2*) F11 WT (Wild-
type) Ja /N BRAE R S8 X 42

TEAR ST T RUBE PR X Akita /)N BB B 451 A&
S Hedgehog i % 3% 3K % 43 okt ] 55 1 A 1Y Akita
INECWTZNELAS 6 H53 51l 43 L A Akita ZH 0 WT 4H .
1E i J5 48 58 4 3F Hedgehog 1 1% 2% 35 XF Akita /) il
P SR A B AR R 2 TR BE LR 12 L Akita /)y
B 28, BA 6 H, 435 SAG 41 (Akita /N ERL,
1 48] Hh {5 538 5 3% 80 1) SAG) 1 Akita 41 (Akita /)y
B, i %5 5 PBS) , Sy AR BEAILEE L 6 H WT /N EUAE
S WT2H , D425 5 1Y PBS . 7E 18 J&1 8 i %k /N B3
A A S SR . RAT 15 min, 45 T T A
ANERER R A 22 R TR X 7 S R A7 50 A B
F AR 2% ~ 4% 5 5 e W A BRI . HART
AR S it At R AN < A K el AR 45 40U i T
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B IX AT, M 155 F AR JT R T U0 i T
w2 7 AR R D T A B R R T, R
BT LA LBV 1 T 1) 7E A 0 P TR O TP R —
B AR 1.0 mm Y [BDE S5, A 2R OK vh 6 5 &2 00 B
T4 & B2 R DD 101 B BEDLIM I SAG 4111 Akita
INBRAEAR G B2 dHEE SAG(10 mg/kg, % T PBS) .
1.2.3  Micro-CT WL 2 JF 2 i 3 BT Akita S WT /N R
1B SR A S Micro-CTHI SR . /i J&
70 kV, HLUE 114 wA, SR B 10 m, 35 4 B 1]
300 ms. F| F Micro-CT AH 5& 43 M 4k 18 k47 = 4 &
HRCE BT R AT R DU A A R AR A B
(bone volume to tissue volume ratio, BV/TV ) & {4 1
B % & (volumetric bone mineral density ,vBMD ) .
124 JBEFEMEE K P AR amEE  TRAKS-
e e o RBCE BT R, 9% R S 5 AT B
LEEE K . ARG ML e ta  JET, ihdE i
B R R AU Y AR IS R L
F S R TR R CREE K SR IE R, 4 °CF
H—Pd® . W HRREH LU= Y )5 95 K F e
o, Bk, B AL H B R A

1.2.5 1 i [ 75 03 T 40 i 4 B S AR AR Ak 75 5 4
W BEFH 3 JE W C57/B6T /N R, A A B W AR Ab
FE 5 T 75% WOKS R 0T 5, HUAR A3 B /N BB B
FUE B, R B e T A AL 4, 59 25K B W s L
IR EREE R B LERICE RSN AT, A
MEMa 58 4= 15 35 3k (& 10% a4 M7 , 1% 75 -4 5
RKYUER) 1 mL A 2 40 R, K 20 = Y
T 10 em® B3 FE ML, 4l MEMa 58 4 15 77 3L 55 5% |
CE T 37 °CL 5% CO, 3G F- A th i 32 0460, A Sk
5 FH AR A1 85 3% 2 55 = AR /I BUE B ) 78 0T T 48
JiL oK /0N BR8] 78 T A0 R P A 12 FLAR % 24
LA, S 40 A 355 90% I AT LB S, 0
o5 5 15 77 3 O MEMa 5% 42 Kx 3% 3t (10%FBS+1%
H-5ER RZPUAE R ) +5 mol/L B H Il W 2 44 +50 pg/
mL 44 R C. 525643 R 25 6B 4H (Control ) , 1
WEZH (HG ) Bz SAG 21 (HG+SAG) (%5 44L) . SAG 4
JIA 1 000 ng/mL SAG } 25 mol/L 7 %5 4 , =5 b 21
JINA 25 mol/L 4 % 5 M 55 SAG 41 %5+ (1) 25 1) 48 4k
(PBS) , % B I A 5 1 PR 20 45 1 1 PBS. 7EfLAR
T o S 75 T B R 0, B R0, B R X
JO7 ] A5, 34T [ e (8 55 5 B mRNA .

1.2.6 B T il % €, % 8 2R 40 % £ A T 44 S
RiF T K B Wl 1R il % € - %5 4 P B2 A = 24
LA i S5 5 2 7 d UEAT I R L € HR

P70 5 i BEBH HEAT R R g 1 - MRS 5 R 3 PBS
TH U6 5 minx3 1K ; 4%PFA % i [E %2 10 min J& , 57 [#
SEW L N PBS HEATE BE 5 A I 2 Bl e 1l 1R il
WY 5,30 min, KB FOKIEVE, WS N AR AL
PER Y A M A 2 24 FLARh IS R R R
14 d AT PE R 20 g o, MR 4 30500 & i Ui B 64T T ik
ufa WS BEFE L PBS T R 5 minx3 1K ; 4%PFA &
U [ 22 10 min J5, 57 [ € W, B 2K #1705
P 5 IAGE 96 R 2 YL YL (2 30 min , #8 4K G UL,
IR N LR A

1.2.7 5B 9¢ ) % & PCR (quantitative Real-time
PCR, qPCR) 5 I Hh 18 #% K B 41 16 AH ¢ 35
mRNA [ FREAKF B i 2 12 fLAk P If %
SRFEE6h KT d,PBS YL, Trizol VK F 24 fi# , fin
NG IRGIRAT, FrE, B0, W RS ik,
A SEARFR S B, 3R 3 TR 50 5 PR S 0, 70% (v/
v) TSR, TO M K A DU UE IE ARG DU e i . i %
SRARAS cDNA, L& R N R R G EAL. AH R 5149
mk1,

#z1 PCREIYFI (/MR

Table 1  Primer sequences used for PCR (mice)

Gene Primer sequence(5’— 3 )
B-actin F:TCACTATTGGCAACGAGCG
R:AAAAGAGCCTCAGGGCATCGGAA
Ptchl F:CTAAGCTTCGGGAGACCAATG
R:AAGAGTGGCACAAGCACCAACG
Glil F: GCCTCTCCCACATACTAGAAATC
R: CATTGGATTGAACATGGCGTC
Sppl F:CAGGGAGGCAGTGACTCTTC
R:AGTGTGGAAAGTGTGGCGTT
Sp7 F:ATGGCGTCCTCTCTGCTTG
R:TGAAAGGTCAGCGTATGGCTT
Alp F:ACTGATGTGGAATACGAACTGG
R:AGTGGGAATGCTTGTGTCTGGGT
Bglap F:CTGACCTCACAGATCCCAAGC

R:TGGTCTGATAGCTCGTCACAAG

Pichl: patched 1; Glil: glioma-associated oncogene homolog 1; Sppl:
secreted phosphoprotein 1; Sp7: specificity protein 7; Alp: alkaline phos-

phatase; Bglap: bone gamma-carboxyglutamate protein

1.3 “%itss &

T 21 23 T A 3V, T BORMAS SR LAY
BebpfEEL£on ., A GraphPad Prism 7.0 %% {4 i#F
(R C7 TR TR e R EZG VAl = o N ST R S e |
M7 FEAS ¢ K6 36 5 X T 3 41 B DL B S AR A TR B L
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B, KR 2 5 291 (one-way ANOVA ) YEAT 4
B0 #1. LLP<0.05 HdE 25 BEA% 1 %E X,

2 & R
2.1 Akita ) R AN B FHAE TR F N LA E
F 9

283k 25 BRI 3K, S5 % B Akita 21 /) BRTE
6 Ju I AT H B T A& MR R, AH X T WT 4170
B B 7™ A B (F- 44 20.04 mmol/L) (P <
0.001) . 7ETARANETT M T AT, LLBE PR v 4k
2520 Akita /N 12 F o B 18 JA I, Akita %5 I8 IfiL
WKV Fp 2L A7 AE HLA BT i in (OF 34 25.44 mmol/L) ,
WT 41/ BRTCHE PRI E R (8] 1a) (P < 0.001) o
2.2 TR R gm k px Akita D R RUE B A A M E
B 8B A 64 BR B 4 4k

FETHUHE PR B SE I T, Akita /) BUUR Sl 2
A BT HE . RJFEE 21 K (21 d)Micro CT
A 45 A R Akita 21708 B SR LA B Az
], AT T WT 40 H BV/TV 2 vBMD S8 ] @
B 1b & 1¢) (P < 0.01) , i 3% Ff 2% 5 7F A1 A5 F 10
BIAR G55 10 X (10 d) A ARG E 10 K
4% BV/TV e vBMD Z 5L TC S 122 22 55 . SCRa X
W2 /N B B A i 21 d AT B o A A D6 R
1 Ocn #5820 Ak G 0 25 2R 0 47 W ¢ Mo it o i Je
KPR, AHXT T WT 2H , Akita ZH /0N B0 1B 43 4k 32 3]
B A (] 1d & e) (P < 0.05) .
2.3 Akita N R RE B &S A2 P Hh 13 5 %
Rk 3 A B 4 )

Ry E— 25 R 1R BR o5 0 ) B o Ak
P R A A AR AL DR A AE P R
A 21 KA Akita 5 WT 21 /) BB 48 X R0k 47 T
Hh {5 5 38 B AH OGS g 2 Ak e 4 (18] 2a & 2b)
TE BT 4 SRR X T WT 4, Akita 4H /) B
Glil . Ptchl [ Thh % 3% 3k 35 52 3 B 5 410 ) (1] 2¢)
(Glil \Ptchl:P < 0.01;Thh:P < 0.05) . i1t &2 B ER
FEASADL 1 BHE PR 9 A5 10 (AR SIME 9 [R) 22 B, A X
TR 2R B B 5.5 mmol/L 925 [ % B2, 78 = B ER
Be v RSN 465 5 6 h e, 4L/ B BMSCs 1
Hedgehog i A JC FE K Glil 55 Preh1 3% 3k I 3 F#AIX
(K 2d)(Glil:P <0.05;Ptchl : P < 0.01) .
2.4 Atk Hh13 5 @ % E K 7T A9 B3 & 1 2L 8B R
Ja xt Akita N R RE SR AR S 09 R F

TE W 1A% R $ i Hh {5 5l B8 Rk 5
PRATZff H T Hh {5 538 B3l 1) SAG I e T i

— SR, X b 3 AL/ BB B A MicroCT 45
i 25 5 (1] 3a) S 543 B 45 58 (1K1 3b) , 7E Sl 4t
AHRW(D10), SACA/MNRER B T B E =T 7
A1 20 /N BB BV/TV & vBMD &8 (P < 0.05) , 1F
FiiH B AR S 21 d(D21) , SAG 4L /R H Az 1
RUWE DR o5 410 1] A -1 400 A 5 1 0 A5 30 1 A iy el
¥, H BV/TV 2 vBMD S48 5 2 5 T Akita 41 (P <
001, SWTHMERTLRIT ¥, X#ERT
Hh {5 5 38 % 76 /8 @A & A3 A R
SAG . Akita 5 WT 21 /Iy B2 B Sk 5 21 d /9 Ocen
G E AL Y 8 T Ocn 22 143 BT 25 5 7R SAG 4171
SUH A XN Ocn FH M T8 AR B 25 & T WT 41
(P <0.01) K Akita /MR (P < 0.05) . 454 3 4l —
I 6] A5 Y HE 4% 0, 53 S8 45 WAE B T {2 F Hh (5 5
T [ 35 AT DG 3 IR B A3, DA el 1R
PRIGGRT P B e A5 A 0 (11 4) o
25 ¥t Hhiz 5 @ % &KX T B85S0
Bo 2t BMSCs a4~ 4L 69 37 4

TE XF = M40 (HG) B =5 1 %) BB 4 (Control )
BMSCs A% 43 2k 72 w1 ol 1 il Y €20 0 i 2R 41 e
25 kA7 8L (18] Sa) Ko it o i (1 sh) J ik
RO R IR v N R 434k B 3 R (P < 0.001)
X 55 H B 3 A DG 35 PR 3 3K 7 0 i) 1 245 SR — 3K
(Bl 5¢) (P <0.01) . i 7 H SAG J5 (HG+SAG
), w7 A AH O3 A (Alp . Sppl . Belap . Sp7) #Y
FIRAKEH HG A HE 3 ETH(P < 0.001)

3 4t it

1B PR 25 5 BOE B R B i 3 KU
I AR G, i B A LAV IR 5 | kS 2 Y
AR (VR FALHIR B Hh {5538 e & &
B G B A A R R AR S R
Hh {55 38 B% 7T 58X B B 1T ADE PR 5 1 B A 4
FVE PSR A EE Y, BRARE TR
B PR 55 Hh {5 5 18 8% AH 5C /Y BF 58 % 20, B Hh A5
5 S TRV PO T Y B 3R Y O R AR A G Y
WFIRAT 2 25 1 B L e A B TEHE B 45 ] 1890 R
g M O & hE AT RE A0 R T HhAF S ) 3R
ikt 0 AR A R 0% S5 6 b e R 1AL R R
TEC Akita /)N EUTAE T BB B 2R T I R AR
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This study only used male Akita (Ins2+/-) and wild-type (WT) offspring mice born in the same litter as experimental subjects. The 6-hour fasting

blood glucose levels of 6-week-old and 18-week-old WT and Akita mice from the same litter were measured (n=8). Subsequently, 18-week-old

mice were subjected to cranial defect modeling and underwent MicroCT scanning and immunohistochemical (IHC) staining at designated time

points(n=6). a: detection levels of blood glucose in Akita and WT mice; Akita mice showed early stable and significant spontaneous diabetes. b -

c: Micro CT reconstruction images at 10 days and 21 days post cranial defect, and quantitative analysis; the blue circles in Figure b delineate the

region of the calvarial defect model. d - e: HE staining and Ocn IHC staining at 21 days post cranial defect, and quantitative analysis of Ocn. The

black square brackets in Figure d (10X) demarcate the regions corresponding to the magnified images (40X) on the right. The black arrowheads in

Figure d denote cells positive for Ocn. BV/TV: bone volume-to-tissue volume ratio. vBMD: volumetric bone mineral density. Ocn: osteocalcin. ns:

no significance. *P < 0.05, **P < 0.01, ***P < 0.001

Figure 1

Comparison of blood glucose levels in Akita and WT mice, along with Micro CT assessments and

osteogenesis-related proteins IHC outcomes post cranial defect
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For animal experiments, 18-week-old WT and Akita mice from the same litter were subjected to cranial defect modeling and underwent IHC stain-

ing at 21 days (n=6). For cell experiments, BMSCs expanded to the third generation (P3) were subjected to mineralization induction in vitro for 6

hours in the control group and high glucose (HG) group, followed by qPCR detection (n=3). a — ¢: immunohistochemical (IHC) staining of Hh sig-

naling pathway-related proteins in the cranial defect healing area of Akita and WT mice at 21 days (a: 10X; b: 40X), and quantitative analysis. The

black square brackets in Figure a demarcate the regions corresponding to the magnified images (40X) in Figure b. The black arrowheads in Figure

b denote cells positive for Thh, Ptchl, and Glil. d: inhibition of Hh signaling pathway gene expression during the osteogenic differentiation of

BMSCs under high-glucose conditions. Ihh: Indian Hh. Ptchl: Patchedl. Glil: zinc finger protein GLI 1. Control group: mineralization-inducing

media with 5.5 mmol/L glucose. HG: mineralization-inducing media with 25 mmol/L glucose. *P < 0.05; **P < 0.01

Figure 2
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IHC detection of the Hh signaling pathway in Akita and WT mice post cranial defect, with in vitro validation under

high-glucose conditions
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a = b: Micro CT reconstruction images at 10 days and 21 days post cranial defect, and quantitative analysis (n=6). The blue circles in Figure a de-

lineate the region of the calvarial defect model. Cranial defect modeling was performed on 18-week-old wild-type and Akita mice from the same lit-

ter. After surgery, Akita mice were randomly selected for gavage with 10 mg/kg of SAG (SAG group) or the vehicle (Akita group), while wild-type

mice were given only the vehicle (WT group). SAG: Hh signaling pathway agonist. BV/TV: bone volume-to-tissue volume ratio. vBMD: volumetric

bone mineral density. ns: no significance. *P < 0.05, **P < 0.01, ***P < 0.001

Figure 3 Micro CT scanning outcomes and quantitative analysis post cranial defect in SAG, Akita, and WT mice
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a — ¢: HE staining and Ocn immunohistochemical staining of the cranial defect healing area in WT, Akita, and SAG mice at 21 days, and quantita-

tive analysis of Ocn(n=6). Cranial defect modeling was performed on 18-week-old wild-type and Akita mice from the same litter. After surgery,

Akita mice were randomly selected for gavage with SAG (10 mg/kg) (SAG group) and vehicle (Akita group), while wild-type mice were given only

the vehicle (WT group). The black square brackets in Figure b (10X) demarcate the regions corresponding to the magnified images (40X) on the

right; the black arrowheads denote cells positive for Ocn. SAG: Hh signaling pathway agonist. Ocn: osteocalcin. *P < 0.05, **P < 0.01, ***P <

0.001

Figure 4 Histological examination and quantitative analysis at 21 days post cranial defect in SAG, Akita, and WT mice
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Alkaline Phosphatase staining and qPCR detection were performed after 7 days of osteogenic induction, and Alizarin Red staining was conducted

after 14 days of induction. a & b: results of Alkaline Phosphatase and Alizarin Red staining during the osteogenic differentiation of BMSCs (n=4).

c: comparison of osteogenesis-related gene expression levels (n=4). Control group: mineralization-inducing media with 5.5 mmol/L, glucose. HG:

mineralization-inducing media with 25 mmol/L glucose. HG + SAG group: mineralization-inducing media with 25 mmol/L glucose + 1 000 nmol/L

SAG (diluted in PBS). SAG: Hh signaling pathway agonist. Ocn: osteocalcin. Sppl: secreted phosphoprotein 1. Sp7: specificity protein 7. Alp: alka-

line phosphatase. Bglap: bone gamma-carboxyglutamate protein. BMSCs: bone marrow mesenchymal stem cells. ns: no significance. *P < 0.05,

#P < 0.01, ##*P < 0.001

Figure 5  Effect of promoting Hh signaling pathway expression on osteogenic differentiation of BMSCs in vitro under high-glucose

conditions
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