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# OE: B BARISEEIHIEAAEKRE -1 (transforming growth factor-Bl, TGF-B1) 75 A0 L AT 4E 40 i v 44 1)
TERNUL. 3% RH TGF-Bl S OISR AAMRENARE, STRERTAHEG, KA CCK-8 Ef iR S BLH 0t
TGF-B1 #7530 OHUSRA 4E 20 Hs T pIsem ;s KA S SO EH BH % TGF-B1 752 ML NUS ST 44 g b i sgma ;. R
FARIIR S A A T B0 60 TGF-B1 5 5 B O UUBGAT 4 40 BT 2 B 7 B2l o 1883 GEO HU¥5 F i 18 2 24 A A O i s 2 408
X 22 7 R IE B AT BE I A4 (gene ontology, GO Lhfe K i #RIE K 5HE R H FH R4 (Kyoto encyclopedia of genes and
genomes, KEGG) M EESHT, KASFXHEM G T3 1 2B A S B H 508 R4 & /e 7). 8id qRT-PCR £
TFAE BE %0 S mRNA RIS, R ELISA SR Sk AR S B % TGF-B1 5 3 Lo LS AF 44t i b3 i 4k
BHHEEHEA (cartilage oligomeric protein, COMP) FIH gghli4i &%t % 2 (mannose-binding lectin 2, MBL2) 7KF 520,
R IR EEINH TGF-p1 BSR4 RIS (P<<0.05. 0.01), FFREAMITHAES (P<0.01). GEO ¥
e IE th 542 N ERRISIEN, FEW MHC IBRE A E MG RGO, B0 T AR F LT REFIFRE
UM B o+ BN E S . TN ESERER, SRS T A B i g AR VL EE 3- U0 Ak R 3
(phosphatidylinositol 3-kinase catalytic subunit 3, PIK3C3). 3 J&HAAMM5 2 EHE 1 (dynein cytoplasmic 2 heavy chain 1,
DYNC2HD). W& HEH (tubulin, TUB) Zi&%E V). 7 FaI1H ML R ER, SR DUEdE PIK3C3 R4 9588 . qRT-
PCR 45 R 7R, MAHEARE T PIK3C3. DYNC2HI. TUB 1] mRNA Kik (P<0.01). ELISA Z55R/R, BEHFEE
P& COMP # MBL2 BRI (P<<0.01). #5318 AR EH AT LB 04 PIK3C3. DYNC2HI1. TUB f3RIE, ] W A
TR, HETMIE /> COMP. MBL2 SR A 4EAL IR TR, BRI 4E 4R TE 1L, 8% TGF-B1 5 F B4R 15 .
KR MTEAT, ORI AN HA A KR 7-p1s £F4kfk; #FMEfk; PIK3C3; DYNC2HI; TUB
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Abstract: Objective To investigate the mechanism of asiaticoside (ASS) in inhibiting transforming growth factor-p1 (TGF-B1)-
induced activation of cardiac fibroblasts. Methods A cardiac fibroblasts activation model was established by TGF-B1 induction. After
treatment with ASS, CCK-8 method was used to detect the effect of ASS on viability of TGF-fB1-induced cardiac fibroblast.
Immunofluorescence was used to detect the effect of ASS on activation of TGF-B1-induced cardiac fibroblasts. Scratch assay was used

to detect the effect of ASS on migration ability of TGF-B1-induced cardiac fibroblasts. Fibrosis-related transcriptomic data were
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screened from GEO database, gene ontology (GO) function and Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment analysis were performed on differentially expressed genes, molecular docking and molecular dynamics simulation were
used to detect the binding ability of ASS to core targets. The effect of ASS on mRNA expressions of core targets was detected by qRT-
PCR, and the effect of ASS on levels of cartilage oligomeric protein (COMP) and mannose binding lectin 2 (MBL2) in supernatant of
TGF-B1-induced cardiac fibroblasts was detected by ELISA. Results ASS significantly inhibited TGF-B1-induced activation of
cardiac fibroblasts (P < 0.05, 0.01), and increased cell migration ability (P < 0.01). The GEO database identified 542 differentially
expressed genes, which mainly affected biological functions such as MHC class II protein complex binding, chromosome condensation
and supramolecular fibrous tissue, as well as signaling pathways such as phagosomes, cell adhesion molecules and asthma. The
molecular docking results showed that ASS closely bind to phosphatidylinositol 3-kinase catalytic subunit 3 (PIK3C3), dynein
cytoplasmic heavy chain 1 (DYNC2H]1) and tubulin (TUB) in phagosome pathway. The molecular dynamics simulation results showed
that ASS could promote the structural stability of PIK3C3. qRT-PCR results showed that ASS significantly down-regulated the mRNA
expressions of PIK3C3, DYNC2H] and TUB (P < 0.01). ELISA results showed that ASS significantly reduced the release of COMP
and MBL2 (P < 0.01). Conclusion ASS could inhibit the expressions of PIK3C3, DYNC2H1 and TUB, suppress the formation of

phagosomes, reduce the release of pro-fibrotic factors such as COMP and MBL2, decrease myocardial fibroblast activation, and

alleviate TGF-B1-induced cell damage.
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CCK-8 & (iS5 TR689) 4 H H A DOJINDO
A A s (S 10099-141) T H 3£ E
Invitrogen A5 H &M (5 G6152-500G) TWH
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1.3 Y&
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Ol (CGEEZERRCH/RBHE AR Bio-Medical %Y
FBIRIRARAAAE GREZREERD; TH4-200 (5] B B 1
(HZA Olympus #E2x4t); SYNERGY4 ZUHRAX
([ BioTek A 7] ); BSA224S-CW A B 1 K- (ff
Sartorius A 7] ); HVE-50 B! K&/ & 4% (H
A HIRAYAMA /A 7]); BHC-13001I1A/B3 #4442
AR (LA FFEERD ; Incucyte® i 4l M A% 734 &
g (EEZFEZ R AT,

2 7k
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FRETAEA L 5E A3 R E B, AT 1X10°
AN /mL BR T4 e 96 FLAR P . B E XTI
. BRIAMFIEEFF (1. 5. 10umol/L) 4. %4
2GR R 25 T 254 . FREs 7 AN i 2 A file
G, FERIAREFEIE, PBS iEWE 3 M, XHEAIMA
NEHYINREFEEE, BRAIMAE 10 ng/mL TGF-
Bl ] DMEM 5485375, A2 MmN S AR E
FAEHEE M 10 ng/mL TGF-B1 ] DMEM 5¢ 415 9%
i, BT 37 C. 5% CO, 5758 1557 16 he
2.2 CCK-8 MEZmpESH

BUE R A KR OUURA 4E40i0, PL4X103 N4
BT 96 FLAR T, BB RAL ., IR IR A
(1. 5. 10, 20. 40. 80. 160. 320. 640 pmol/L)
4, [ 6 MEIL. % “2.17 TN TIEAE, B
B AL PR RAIMZY), LA CCK-8
W10 uL, KE5FRICE T 37 CHRIFM I E 2 h,
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i IREA
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HIE 55 26 A 0 O WL 2T 24 4 B 4T B 55 97 75 &
TR R TR, 4% 2.7 TR AT
WA, IMANZRPEE, =i E 30 min; 1
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—Pl, 4 CRRTEHIER; PBSIHYE 3 K, WA
TP, FIEOCHRE 1he WIS DAPL GeRHIE
Afa, BT ROGEME TSI,
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TERATHAR LI . AZERSE SN STRING WZ5F- 5
(https:/string-db.org/), WEIF “homo sapiens”,
BEE>0.9, ¥EdE SN Cytoscape 3.9.1 FfF, #
#EE B -& A B A B AE M (protein-protein
interaction, PPD) W%, HLHE EEAE L% OB £
2.6 GO 1 KEGG B&ENH

4 PPI 43 #7453 B HE 25 5\ Metascape Z(4H 2
(https://metascape.org/ )AL HE , 17 GO ThEE & KEGG
TR E BT, REVAE 51 72 (biological process,
BP). 4> FI)EE (molecular function, MF). #iiffuzil
43 (cellular component, CC) A& 5 il .
2.7 DFXHE

%€ KEGG 18IS & £ 70 i Hh e A i 25 1 1 B
RS HEEE T 07X 8. A PDB iR
(https://www.rcsb.org/) T #E K 8 22404, M
PubChem #{##; [ Chttps://pubchem.ncbi.nlm.nih.gov/)
RS EEECA S, RA AutoDock 1.5.6 347
S, fEH PyMOL 445 547 nr i A b 3
2.8 FFHNEERM

i/ AlphaFold3 ZASmENEIENIEE 3-Blg AL
WP 3 (phosphatidylinositol 3-kinase catalytic subunit
3, PIK3C3) #i#4, K GROMACS BEAT (L& 1-4E
bR B 5 30 )1 B4 (molecular dynamics
simulation, MDs). HHJi{#H CHARMM36 /13
HEATE, A TIP3P AKEAIHFE KT, AT
IR, BEL AL G I I S RN B 1.



FED 202567 H $56% B 148 Chinese Traditional and Herbal Drugs 2025 July Vol. 56 No. 14 5111 »

ARG A B BE R AT RE R ML, SRS
EEIREFA (NVT) FHET 500 ps 7, 75555
JEIRZE (NPT) F#ET 1000 ps “Fiif. )5, &
E 4T 100 ns ) MD. {#H] GROMACS 1 VMD
BEAT G546 Z3 T AT AT AL o
2.9 qRT-PCR #0 PIK3C3. hHhERMMKR 2 &
#% 1(dynein cytoplasmic 2 heavy chain 1, DYNC2H1)
MYEEZER (tubulin, TUB) mRNA Fi&

¥ €207 WUR AT R 2 ), WS
ffd, RA Trizol VA2 HUANMLE RNA, 42 B0 & i
454 % cDNA, #E1T qRT-PCR 4:47. 519 HEIN
FYREMRH AR AT SR, SIFFINE 1.

®1 3149575

Table 1 Primer sequences

ek
Elbp
PIK3C3 F:CCTGTAAGAACTCAACACTGGCTAA 103
R: TACATCTCGTGAGTCTTTGGGTC
DYNC2H1F: CTCAGGCCATGGAGAAGTACAAC 190
R: CCTGACTTGAAGAGGAGGATTGC

HEH SIS (5-3)

TUB F: CGAGCCTCCTTACTTCCCAC 176
R: CTTTTCCTGCCAAAACCATCAC
GAPDH F: AGAAGGTGTTCCTCTTGGCG 138

R: CTTCTGAGGGTTGACGCCATT

2.10 ELISA #4Rpa L& &+ COMP 1 MBL2
kI

% “2.17 BUR LTy H R 625 )5, AR
Jif E3E R, 44 R i B Al COMP A1 MBL2
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2,11 GtESHR

F SPSS 26.00 #3347 Gi it 53 #r, H Graphpad
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D, SR EIRONURET4EANI R >90%, &
SIS ER
3.2 FAEEERRZ TGF-p1iESA UL S 4 4mAn
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mE 2 Fior, Sy, AR NS 7
WETRE (P<0.0D), gzt E,; Sl
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Fig. 1 Identification of cardiac fibroblasts
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xR #P<0.01; SHRMALLE: "P<0.05 "P<0.01.
#P <0.01 vs control group; "P<0.05 **P<0.01 vs model group.
2 AFEEX TGF-p1 iFFHO LR A4 HARE 1R
=l (X+s,n=6)
Fig. 2 Effect of asiaticoside on viability of TGF-B1-induced
cardiac fibroblasts (X £ s, n =6)

AELH, 1. 54 104 20 pmol/L FR S B 3 25 1 i 4
fii% 71 (P<<0.05. 0.01), H7E 1~10 pmol/L ¥
VN R REAHCNE, FRTAH RN TGF-B1 5
SRONUSEF gE B A R, 18 1. 5. 10
umol/L /E NG . kL T 5 2505 .
3.3 FAEEEHIE TGF-p1iESAV UL S 4 4mAa
JE

W 3 Ak 2 fow, SR, A o-
SMA Jt5RfE R (P<0.01), #&/~ TGF-1
BERBE OV A E i SHAA R,
FREEH (5. 10 umol/L) 4H a-SMA % GIRE 5 3%
FE% (P<<0.05. 0.01), $ERFATFEAFX TGF-B1 %
T IR AT S 4 v A E A IR
3.4 HAEEFHRIHE TGF-pLIFZAV LA 4mA
AR

i 4 fgk 3 pon, xR, BRI K
IRAAREERFIT (P<0.01); SHEMALLE,
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pagist T EHF 1 pmol-L™! MEEF S umol-L™! FEBF 10 pmol-L!

B3 MEEEI TGF-p1 FFHVLAAEMRARTELAIFA (X20)
Fig. 3 Effect of asiaticoside on activation of TGF-B1-induced cardiac fibroblasts (x 20)

200 um

*2 MEEEX TGF-p1 iHFSALAMAE BRI FEF (1. 5. 10pmol/L) HYEEEXREET &

B (Xts,n=3) (P<0.01),
Table 2 Effect of asiaticoside on activation of TGF-p1- 3.5 GEO ¥UREE R ENAF 4 hit FR 3R
induced cardiac fibroblasts (X + s, n=3) M GEO ¥ 2 F 2% GSE239653 Hiids, i
Rl ) A SR 4 0 E) 40 2 Yo B o, 9 0 e
pon E 85.36:+6.23% CSTBL6 /NEUELE 11 d VEST R LIRE (50
P ! IsLsL mgke), VS OMELAE(L, it RNA JFHIE
10 56.63+3.38" ERENAEL. SR (B 5 85, MRTHEER
XL #P<0.01: SHBALLE: "P<0.05 TP<0.01, dH, BREA 271 NEEE R, 271 ANRE TS
‘IP%EO?OI vs control group; "P < 0.05 **P < 0.01 vs model group, 3.6 ERFEEHN GO BRI
same as below tables. GO 'i’%ﬁ*ﬁ' % (lg 6) J.lé/j—\" :FQE’HZ iFEEjE

X IR [t EEFF 1 umol-L™! FEBAF 5 pmol - L FUE EAF 10 pmol-L™!

El4 MEEHEX TGF-p1 FIHOARALEAMIBAZNE (X10)
Fig. 4 Effect of asiaticoside on migration of TGF-B1-induced cardiac fibroblasts (x 10)
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x3 HAEEHXN TGF-p1 iFSHILALRA 4RI B
2 (X+s,n=8) 300
Table 3 Effect of asiaticoside on migration of TGF-p1-
induced cardiac fibroblasts (X + s, n=8) %, 200 . J%:UE.%L "
. N %' -
‘ RIR A %% T Fi
5 KREE/(nmol- L) 100
24 h 48 h
X HE — 58.881+4.88 91.50+4.47 0 4
Y — 29.88+3.31%  51.50+4.69* -10 10 - 10
02>
HEHTH 1 36.75+3.73 69.13+6.10 5 SRR EAEE S S AR E A LE
5 41.00+£8.14™  73.75£6.417 Fig.5 Volcano diagram of differentially expressed genes
10 43.63£6.35"  84.25+528" between model group and sham group
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Fig. 6 GO enrichment analysis
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¥ 2= R RN T KEGG M E £ 00, 4558,
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FDR<<0.01 JbrfE), F B0 R Armafs . 40 b 4>

T BN R B e FOR R S R
3.8 AEEHS5ERRBEAGAEY

MRHE KEGG 15 5 10 B 45 A SCHR A b, 2858 7
AR 5 @ P ) COMP. A 2K A 41 P it Chuman
leukocyte antigen, HLA) -B. HLA-DMB. HLA-
DQAI1.HLA-DQB1.HLA-DRBS5.PIK3C3.TUBA4A.
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Fig. 7 KEGG enrichment analysis

TUBB3 #1 DYNC2H1 % 10 ME A 5 S S iE4T
T, BRI AR I BULR 4.
8 N FiH 5 COMP. HLA-B. HLA-DMB. HLA-
DQAl . HLA-DQBI . HLA-DRB5 . PIK3C3 .
TUBA4A. TUBB3 A1 DYNC2H1 3t 10 4ME [
ZERATIAL, 25 R B R H E T LS COMP 78
GLU-49. ASN-79 JEf &5, 5 HLA-B 7£ LYS-80.
GLU-86. ARG-29 JEHiE %, 5 HLA-DMB 7 LEU-
76. LEU-72. ARG-73. ASN-41 JE&E%E, 5 HLA-
DQAL1 7£ VAL-97 JE &4, 5 HLA-DMBI1 7£ TRP-
178 GLI-179. GLU-181 &4, 5 HLA-DRBS
#£ THR-93. GLN-156. VAL-97 JE &5, 5 MBL2
#£ LYS-132. LEU-178. THR-167. GLU-169 J£ %4
B, 5 PIK3C3 7E TYR-764. HIS-745 LS 4e, 5
TUBB3 7 TYR-425. GLU-421 B A4, 5
DYNC2H1 7£ HIS-2595. PRO-2594. LYS-2801 J&
R

x4 AEEHNMESEBRIELGSHE
Table 4 Docking combining energyfraction between

asiaticoside and target protein

RS HEEA SE4He/(keal-mol )

AN B COMP -7.29
HLA-B -7.05
HLA-DMB —6.69
HLA-DQALI -7.52
HLA-DQBI -7.56
HLA-DRBS5 -8.54
MBL2 -8.92
PIK3C3 -13.63
TUBA4A -10.13
TUBB3 -9.42
DYNC2H1 -9.81

1 keal-mol ™' = 4.182 kJ-mol .

3.9
LA

DFANFEUPHREEEX PIK3C3 &

WK 9-A Fizs, ¥77H4m% (root mean square
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COMP MBL2
HLA-B PIK3C3
HLA-DMB TUBA4A
HLA-DQA1 TUBB3
HLA-DQBI DYNC2H1
HLA-DRBS5
8 SFIHRERTIAM
Fig. 8 Visualization of molecular docking results
A B
3.0 T T T T T T " 3.0 ; T T T T T T
55l ¥ @PIK3C3 55k I
@PIK3C3-HF r i
2.0 ] LN |

RMSF/nm

PIK3C3-fA T Hiif

A-RMSD 43#i7: B-RMSF 4347: C-H R
A-RMSD analysis; B-RMSF analysis; C-dynamic evolution of conformation.
B9 FMEEFHM PIKIC3 Mo FRINIFEM

Fig. 9 Molecular dynamics simulation of asiaticoside and PIK3C3
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deviation, RMSD) 73 #r45 R 7R, PIK3C3 7£ 40 ns
Ji RMSD #5E T 2.5 nm K4, 4t TiE:

PIK3C3 455 H 5 f5 84Kk RMSD Il shi/N, 4k
FFE 1.5~2.0 nm, KERFIE R A DR PIK3C3
FIastiae . BT EIMZ (root mean square
fluctuation, RMSF) &7k 535 7 MR S8 R 7+
iR, 45HREM PIK3C3 ST HEFLES G
FRILEN P BN B E R (K 9-B). K 9-C %5
VAR 0. 25, 504 75, 100ns if PIK3C3 &%
SR ERETNT RN REN, #— B EUERA

R DME#E PIK3C3 45/ Fa e
3.10 FREEFIE TGF-p1 FESAOALA LT 44
BEGEL R EE mRNA HFRIA

It QRT-PCR BHIEA T B4 X TGF-B1 5 31
OO WLRGAT 4E 2 M DG EE 3 F] mRNA KIE, Wik 5 By
N, SRR, MR PIK3C3. DYNC2HI.
TUB () mRNA Fik/KF 2 E T 5 (P<0.01); 51K
R LR, FFHEAF (1. 5. 10 pmol/L) 4H PIK3C3.
DYNC2H]I. TUB [f) mRNA ik /K53 FEA% (P<
0.01).

=5 FAEEEN TGF-p1 BESHUALRFHELA PIK3C3. DYNC2HI TUB mRNA FTiEMEME (Xts,n=3)
Table 5 Effect of asiaticoside on mRNA expressions of PIK3C3, DYNC2H1 and TUB in TGF-f1-induced cardiac fibroblasts

(Xts,n=3)

, mRNA X RIL &
4L PREZ/(umol - L) PIK3C3 DYNC2H] TUB
pagit — 1.0440.12 1.0740.09 1.26+0.22
A — 3.174+0.49% 3.61+0.72# 3.98+0.65%
BE RS 1 0.87+0.09" 1.12+0.24" 1.034+0.35™
5 0.86+0.17" 0.84+0.11" 0.92+0.32"
10 0.85+0.23" 0.84+0.14™ 0.80+0.11**

3.11 FAEEFHIE TGF-p1 HZH AR T4
Bl COMP F1 MBL2 BT HL

W 6 Frw, SXHIBAIE:, HAH AN i
M COMP A MBL2 /K B3 FHm (P<0.01); 5
RV LG, FRE EAF (5. 10 pmol/L) 440 i
W COMP /KPR FEIL (P<0.01), BAFTFLHE (1,
5. 10 umol/L) ZHAAM FiEW 1 MBL2 /KT 2 %
ik (P<<0.01),

6 MEEEI TGF-B1 iFFHILALKR L4 4 COMP
1 MBL2 BREISM (X+s,n=28)
Table 6 Effect of asiaticoside on release of COMP and

MBL2 in TGF-g1-induced cardiac fibroblasts (X + s, n =8)

i W’g{ COMP/(ng'mL™") MBL2/(pg'mL™")
(umol-L ™)

o HE — 57.63+7.91 1 746.88+400.75
Y — 82.131+6.85% 4 754.131249.29%
RS B 1 78.25+5.01 4022.38+511.98"
5 67.881+7.88" 3 548.88+831.12™
10 66.1314.88" 3 118.88+363.34™

4 g
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DA 4EAL R ZE Y br S B2 I AEE T, PRk,

O JULET 4 A4 1) 5 S ARD 25 90 1) - R RBIE R 3 7
JEIE. ABF7CET ST TGF-p1 &7 1 O AU L4
Y 2 2 A RS TR, 45 5L R R AR S BEEF T AR TGF-
Bl FE MO NURA A A7, F ELARHILE I
P dE . N T IR S R O LA 4R 2
TEAG AR SR RS, SR GEO $dl 3R 1
FNE BRI S RO LA 4 K R &
SR . XS R AR AR H s, 45

TR, METRFARA, BAHA 271 MEEFE Fi,
271 AN R R F 22 e RIS FE REAT GO FT KEGG
BEST, SRERFEW K MHC 1 REAES
MZES . IRARG AR T A g S T Re
TR ARG T BG5S Im g . KA
TR 5 AR (S 5% ) COMP. HLA-B.
PIK3C3. TUBA4A % 10 MEAB T T8, 45
RERRE RS PIK3C3. DYNC2HI. TUB A f
R EIEH . W Tal Mg R KRE,

PIK3C3 fEM#L)5 ] RMSD #aTfasE, RHMTEE
H 5 PIK3C3 456G /5, @dEs. BiKIEHSYERR
& B R EE ;s RMSF 404+, PIK3C3 5 PIK3C3_
TS BEHF Bk B U 20 1 22 S e e 6 AR &5 B A LA
R REERIE NS S R KIS 5), PR A i
TEF; MR AEA R PIK3C3 HF5E X BB 7]
SIS ER SRR, MRS EE I 5 5 A
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Fig. 9 Asiaticoside inhibits activation of TGF-B1-induced cardiac fibroblasts by regulating PIK3C3, DYNC2H1 and TUB
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