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Abstract; Objective
osteogenic differentiation of bone marrow mesenchymal stem cells

(BMSCs) by regulating the transforming growth factor g1 (TGF - 1)/

To investigate the effect of B — sitosterol on
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mothers against decapentaplegic drosophila homolog 3 (Smad3) pathway. Methods BMSCs were randomly assigned
into control group, low — dose B - sitosterol ( B - sitosterol —L ) group, medium — dose B - sitosterol group
(B —sitosterol —M) , and high — dose B - sitosterol group (8 — sitosterol — H). Control group was cultured normally
and B - sitosterol — L., —M and - H group was intervened by 1.5.3.0.6.0 pg - mL™" B - sitosterol. BMSCs were
randomly divided into control group (normal culture) , B - sitosterol group (6 pg - mL~' B - sitosterol) , SIS3 group
(5 pmol + L' SIS3), and B - sitosterol + SIS3 group (6 pg + mL~' B - sitosterol +5 wmol + L' SIS3). Enzyme —
linked immunosorbent assay ( ELISA) was used to detect the alkaline phosphatase ( ALP) activity was measured in
each group. Alizarin red staining was used to determine the calcium deposition rate of each group, and then the
osteogenic differentiation of BMSCs in each group was detected. Western blot was used to detect the osteogenic
The
ALP activities of the B - sitosterol — L, B — sitosterol — M, B — sitosterol — H and the control groups were
(1.24+0.10), (1.53 £0.08), (1.84 +£0.11) and (0.95 £0.09) U - mg prot ', respectively; the calcium
deposition rates were (196.21 +13.67)% , (301.73 £16.90)% , (423.60 £20.25)% and (100.00 +0)% ,
respectively; the relative expression levels of bone morphogenetic protein 2 ( BMP —2) protein were 0.49 +0. 05,
0.89 +£0.07, 1.30 £ 0.09 and 0.13 + 0.02, respectively; the relative protein expression of TGF — B 1 were
0.47 £0.04, 0.85 £ 0.07, 1.26 = 0.09 and 0.10 + 0.01, respectively; the p — Smad3/Smad3 values were
0.32+0.03, 0.59 £0.06, 0.94 +0. 05 and 0. 08 +0. 02, respectively. Compared with the control group, the above

indicators of the (3 — sitosterol — L, B — sitosterol — M and B - sitosterol — H groups showed an increase in a dose —

differentiation of BMSCs and the expression of TGF — 31/Smad3 pathway related proteins in each group. Results

dependent manner, and the differences were statistically significant (all P <0.05). The ALP activities of the B -
sitosterol group, SIS3 group, B — sitosterol + SIS3 group and the control group were (1.78 £0.14), (0.43 +0.08),
(0.97+0.13 ) and (0.91 = 0.10) U
(410.35£19.72)% , (45.62 £13.91)% , (109.14 £16.53)% and (100.00 £0)% , respectively; the relative
expression levels of BMP —2 protein were 1. 79 £0. 16, 0.27 +0. 07, 0. 87 £0. 10 and 0. 85 £0. 11, respectively; the
relative protein expression levels of TGF — B1 were 1.47 +£0.10, 0.11 +0.03, 0.56 £0.09 and 0.55 +0.06,
respectively; The p — Smad3/Smad3 values were 0.94 +0.06, 0.09 £ 0.02, 0.45 + 0.05 and 0.43 + 0.04,

respectively. Compared with the control group, the above indicators were all increased in the (3 — sitosterol group, while

mg prot ™', respectively; the calcium deposition rates were

they were all decreased in the SIS3 group, and the differences were statistically significant (all P <0.05). Compared
with the B - sitostero group, the above indicators were all decreased in the B — sitosterol + SIS3 group, and the
differences were statistically significant (all P < 0.05) . Conclusion
differentiation of BMSCs by activating the TGF — 81/Smad3 pathway.

Key words: B - sitosterol ; transforming growth factor B1/mothers against decapentaplegic drosophila homolog 3 ; bone

B — sitosterol can promote osteogenic

marrow mesenchymal stem cells; osteogenic differentiation
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1 B-AEESEERAREMELESR
0.00.1.50.3.00.6.00 pg - mL™ " B - 4§
Tty BMSCs 41 it 3% J7 43 il 2 (100.00 = 0)% .
(99.61 +12.54 )% . ( 105.12 + 18.76 )% #l
(110.43 £24.31)% ,B - A S BEWE <6 pg + mL™!
X% BMSCs 4 il & J1 JL-F- Jo s (¥ P >0.05)
0.00.1.50.3.00.6.00.9.00 wg - mL "] B — 2 s fixt
T i BF BMSCs ALP 3% #: 43 51 % (0.91 = 0.11) .
(1.28£0.10) . (1.59 £ 0.12), (1.95 + 0.14) F
(2.23£0.09) U + mg prot ', 1.50.3.00.6.00.9.00
pg - mL™U A B — 4 f$ EEAY AT i 25 R BMSCs ALP
PE(P <0.05) , RIMTA SChy 1 HERR 4H A 3% 58 X7 55 55 45
R, % 1.50.3.00.6.00 pg - mL™'H B -4

HY BT BMSCs #F17f5 22505

W

F1 AU FHEN 5T 5T 40 (BMSCs ) 0 1E W5 W i ( ALP) 15
PES ST (x £5)

Table 1 Alkaline phosphatase ( ALP) activity and calcium depo-
sition rate of bone marrow mesenchymal stem cells (BMSCs) in

each group (x +s)

ALP activity Calcium deposition

Group n

(U« mgprot™") rate (% )
Control group 6 0.95 +0. 09 100. 00 0
B - sitosterol — L group 6 1.24+0.10* 196.21 £13.67 *
B - sitosterol — M group 6 1.53+0.08**  301.73 £16.90**
B - sitosterol — H group 6 1.84 +0. 11 **2  423.60 +20. 25 *#4

Control group : Did not receive any drug intervention; 3 — sitosterol — L
group, (3 — sitosterol — M group, [ — sitosterol — H group: Treated with 1. 5,
3.0, and 6.0 pg + mL~" of B — sitosterol for 24 h, respectively. Compared
with control group, * P <0.05; Compared with B - sitosterol — L group,
#P <0.05; Compared with B — sitosterol - M group, ® P <0. 05.

R2 A4 BMSCs BUA LA E AN RIE (2 £ 5)

2 B-AEEEX BMSCs B85 L5

50 BRA LA, B — A M BAIR L L R S g A
ALP 36 PE 5 55 TR AR 38 B 25 T e, O 2 0] o 4ROMs 1
(P<0.05), L% 1,
3 B-AEHEX BMSCs B EXEBRRIEN
20

XA A, B - A E IR, L R A
BMP -2 Runx2 ,OCN Osx £ [ FHX} ik 7K 7 1 ik 3
i, IR AREE () P <0.05) , L3k 2 FIA 1,
4 B-BEEEX BMSCs TGF - Bl/Smad3 i #&#H 5
FEARIEHF T

EXF R TL A, B - A HEEEAIR LR R S S g 2
TGF - B1ZE A1 p — Smad3/Smad3 #H X} kK F-1
FHIHE IR R P <0.05), L3 3,
5 SIS3 3t B - A& EER) BMSCs ji 8 2L #HER

sp=A1

EXTIRAL LR, B - A B BE4] ALP 36 4 585 D0

RIPFTE (¥ P <0.05),SIS3 20 ALP jE M 55501

GVENEE . - o
Runx2 o - - 60 kDa
ON . J - - 11 kDa
o wm— - - 45kDa
36 kDa

GAPDH

A B C D

1 E AT A4 41 BMSCs JRB MU A 628 A #k
Figure 1  The expression of osteogenic differentiation related pro-
teins of BMSCs in each group detected by Western blot

A Control group; B: B — sitosterol — L group; C: B — sitosterol — M group;

D: B - sitosterol — H group.

Table 2 Relative expression levels of osteogenic differentiation related proteins of BMSCs in each group (x *s)

Group BMP -2 Runx2 OCN Osx
Control group 0.13 £0.02 0.18 £0. 04 0.09 +0. 01 0.20 +0. 05

B — sitosterol — L group 0.49 £0.05 " 0.57 £0.06 " 0.47 £0.04 0.59 £0.07 "
B — sitosterol — M group 0.89 +0.07 ** 0.98 +0. 08 ** 0.86 0. 06 ** 1.01 £0.10**

B - sitosterol — H group 1.30 0. 09 **2

1.39 0. 10 *#4

1.25 +0. 08 **2 1.42 +0. 12 %2

Dose and n refer to Table 1. BMSCs: Bone marrow mesenchymal stem cells; BMP —2: Bone morphogenetic protein 2; Runx2: Runt - related transcription

factor 2; OCN; Osteocalcin; Osx: Osterix. Compared with control group, * P <0.05; Compared with B — sitosterol — L group,* P <0.05; Compared with

B — sitosterol — M group, P <0. 05.
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REBHEREN(H P <0.05); 5 p - 4 i Pl H A,
B — 4T EBE + SIS3 41 ALP I 15 45 UL 4 I 25 [ 1K
(P <0.05) , L% 4,
6 SIS3 Xt B - & & EEH) TGF - Bl/Smad3 i B B
BAUHXEARTAZIERNTM

SRR LR, B - 47 B4 BMP - 2 Runx2,

R3 4541 BMSCs Hefb A K H 7 BL(TGF — 1) /g BER 4T
R B 2[R U ) 3 (Smad3 ) 38 B AH OGRS ik (w £ 5)
Table 3 Relative expression of TGF — B1/Smad3 pathway related
proteins of BMSCs in each group (x +s)

Group TGF - 81 p — Smad3/Smad3
Control 0.10 £0.01 0.08 +0. 02

B — sitosterol — L 0.47 +0.04 0.32+0.03*

B - sitosterol - M 0.85+0.07** 0.59 £0.06 **

B - sitosterol - H 1.26 £0. 09 *#2 0.94 £0. 05 *#4

Dose and n refer to Table 1. Compared with control group, *P <0.05;
Compared with B — sitosterol — L. group,” P < 0.05; Compared with
B - sitosterol — M group, 2 P <0. 05.

F4 441 BMSCs ALP JEHE S FEULRUR (3 +5)
Table 4 ALP activity and calcium deposition rate of BMSCs in

each group (x +s)

ALP activity Calcium deposition

Group n

(U« mg prot 1) rate( % )
Control 6 0.91 £0. 10 100.00 =0
B — sitosterol 6 1.78 £0. 14~ 410.35+19.72 ¢
SIS3 6 0.43 £0.08 " 45.62 +13.91°*
B — sitosterol + SIS3 6 0.97 0. 13* 109. 14 = 16. 53"

SIS3: Smad 3 inhibitor; Control group: Did not receive any drug

intervention; B — sitosterol group: Treated with 6 g - mL ™" B - sitosterol
for 24 h; SIS3 group: Treated with 5 pmol + L' SIS3 for 24 h;
B - sitosterol + SIS3 group: Treated with a combination of 6 wg + mL™!
B — sitosterol and 5 pwmol -« L~' SIS3 for 24 h. Compared with control

group, * P <0.05; Compared with B - sitosterol group,*P <0. 05.

OCN ,Osx \TGF - B1 F5 %A 5 p - Smad3/Smad3 )
BETHE (B P <0.05),SIS3 4 BMP - 2 Runx2,
OCN,Osx \TGF - B1 #5 %3k 5 p - Smad3/Smad3 )
BFERER(E P <0.05) ;5 B - A 4L ILEL, B - &
B2 + SIS3 24 BMP -2 .Runx2 ,OCN ,Osx \TGF - Bl &
1%k 5 p - Smad3/Smad3 # | 2% B % (3
P<0.05), L35 MK 2,

BMP-2 30 kDa

60 kDa

Rumx2

oo A D e a0

O M - - W 5kDa
TGRPl - — W D
p-Smad3 - L= e 55 kDa
Smad3 — - Xy - 55 kDa

A B c D
2 R A 44 BMSCs 1B 434k 5 TGF - 1/
Smad3 i FAHCH F £ I5
Figure 2 Western blot was used to detect the expression of
osteogenic differentiation and TGF — B1/Smad3 pathway related
proteins of BMSCs in each group
A; Control group; B: B - sitosterol group; C: SIS3 group; D: B - sitosterol
+ SIS3 group.

RS 45U BMSCs JlT 045 TGF - B1/Smad3 38 FAH G AN &IA (v £5,n=6)

Table 5 Relative expression of osteogenic differentiation and TGF — 31/Smad3 pathway related proteins of BMSCs in each group (x *s,

n=6)

Group BMP -2 Runx2 OCN Osx TGF - Bl p — Smad3/Smad3
Control 0.85 +0. 11 0.76 0. 09 0.69 0. 08 0.80 +0. 11 0. 55 0. 06 0.43 0. 04

B - sitosterol 1.79 £0.16* 1.68£0.14* 1.61£0.13* 1.76 £0. 14 * 1.47 £0.10* 0.94 0. 06 *
SIS3 0.27 £0.07 * 0.22 £0. 06 * 0.17 £0.05* 0.26 £0.07* 0.11 +0.03 * 0.09 0. 02 *
B - sitosterol + SIS3 0.87 +0. 10* 0.78 0. 10* 0.71 0. 09* 0.83 +0. 12* 0.56 =0.09* 0.45 +0.05*

Dose and n refer to Table 4. BMSCs: Bone marrow mesenchymal stem cells; BMP -2 Bone morphogenetic protein 2 ; Runx2 ; Runt — related transcription fac-

tor 2; OCN: Osteocalcin; Osx: Osterix; Compared with control group, * P <0.05; Compared with - sitosterol group,*P <0.05. TGF — B1: Transforming

growth factor B1.
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W e R R SRR IR SRR 3 i HR A R
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BMSCsi i /b AE R 5E , 45 R R, B — 4% S B
T f5 BMSCs 5 R 5 ALP {§ B & 7w, H
FREEIC LR A R BoR B - & (BT HilJ5 BMSCs
() B A AL A 3 B 71 BMP — 2 Runx2 ,OCN , Osx %
KB T, S OB, S AT TSR AR L, A
DR UIESE T B — 4% (5§ B ] S22 591 d5 40 0 1 119 412
#E BMSCs JliH 431

TGF — B1/Smad3 J2 & 5 4 Il B 43 fb ) 1 2245
Sl AT fah S AL 55 BMSCs 7E A Y A 78 R T
g2 o) o A = B A I DO S 87 S N = DN
P 22 45 T8 A6 B3R 97 1 RS0 AR S0 g 1 BOR,
B — 4 5§ BT 5 7] o 4 P 1) T =5 BMSCs TGF - Bl
HEHKIE S Smad3 BER AL, 5 AT APFFEAA b, A5
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Vutrisiran 1E5 HUAR R # 8 0 e By FEAE PEO LG S 0 2

5| H:FONTANA M, BERK JL, GILLMORE JD, et al. Vutrisiran in patients with transthyretin amyloidosis with
cardiomyopathy. N Engl J Med, 2025, 392(1) ;33—44.

o FE IR IR 22 28 1 DE MR 2 400 ILJS ( transthyretin amyloidosis with cardiomyopathy, ATTR — CM) & —Fp 47
PE AT PESRA o Vutrisivan J&—Fh H TR 252589 RNA TH0EST 259, Tl IR AR IR R R ny 7 4 . e
MCH FEHLE T, FREE K ATTR — CM B35 4% 10 1 B LU /3 L% 32 vutrisiran (25 mg) s B FHAYT , 5 12 Ji—
W HFEARIE 36 N H o FEE GL SRR TR RO Mg FF, RELSEFHERET .6 58 biT
MR B R B2 19 28 4k, DL B 3 2 3 30 LS Ta] 45 B R P 43 ( Kansas city cardiomyopathy questionnaire — overall
summary , KCCQ — OS) AL 84k . 75 B NTEFI B ZI6 9T AN HE (B2 R Z A K IR 7 1 ) i
(LRg &I BT B g 2 A

A7 655 44 B EFLAZ LT 2H 5326 AW B4 52 vutrisivan 577,329 Z 32 CRIGINGY Y . SLEFIMHLL,
Vutrisiran {57 5304 RIFE T HIRZ & 1 A8 g4 08 IXURS: SEATG LA K v 9 XUR: B 2 0. 72595 % 45 IX. ( confi-
dence interval, CI) >4 0.56 & 0.93; P =0.01; 8253697 AFE P i KBStk i 0.67;95% CI )y 0.49 & 0.93;
P =0.02] 3 HAE 42 D H WA FE TRt AR CRAHE g XU FE 2 0. 65595% CI 2k 0.46 %2 0.90;P =
0.01) o 7ELMANTES, vutrisiran 24 125 Z 8E LRGNAA 159 ZBE 20 RA T IR EEL SF: . 2R
RAFE, 5B I, vatrisivan 35573206 43 B0 A7 IR 25 09 R iR B B/ (oD eI 22 0 26.5 K5
95% CI 2hy13.4 % 39.6;P <0.001) , 3 H KCCQ — OS 43114 i i B2 o 58 /N (e /D e ¥M{E 2R 5. 8 53595%
Cl}y2.4 29.2;P<0.001), 7EHZE57 AREPUERBIRARY 2540 . PIZHAYAS B FAF & A AR (vutrisiran 2
1 99% LR R 98% ) ;s vutrisiran 2 HPAT 62% I B8 H KA BN RS, LR haxX — LRy 67% . 7
ATTR - CM B35 h, 52 RGAH L, vatrisivan {657 0] FAR A PRIAE T HLC 048 A0 0 XU , - REZEFRR D REIR S F A4
T



