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Effects of total flavonoids from Carthamus tinctorius L. on hepatic stellate cell activation based on miRNA-
204/NUAKI1/Hippo signaling axis

LI Mingqi, ZHAO Xiaolu, ZHANG Chenlu, WANG Yinghe, MA Yuehong (College of Basic Medical Sciences,
Inner Mongolia Medical University/Inner Mongolia Key Laboratory of Molecular Pathology, Hohhot 010110,
China)

ABSTRACT OBJECTIVE To investigate the effects of total flavonoids from Carthamus tinctorius L. (TFCTL) on hepatic
stellate cell (HSC) activation based on the microRNA (miRNA)-204/NUAK family SNF1-like kinase 1 (NUAK1)/Hippo signaling
axis, thereby elucidating the potential mechanism underlying their antifibrotic effects. METHODS The HSC-T6 cells were divided
into control group, model group, TFCTL low-concentration group (20 wg/mL), TFCTL medium-concentration group (40 wg/mL),
and TFCTL high-concentration group (60 pg/mL). Except for control group, the remaining groups were treated with 5 ng/mL of
transforming growth factor- 3 to induce the activation of hepatic stellate cells, followed by the addition of corresponding drug
solutions/culture medium and incubation for 24 hours. Cell apoptosis was assessed, the expression levels of a-smooth muscle actin
(a-SMA), type I collagen (Collagen I ) and proteins associated with the Hippo/Yes-associated protein (YAP) pathway [YAP,
large tumor suppressor kinase 1 (LATS1), and mammalian STE20-like kinase 1 (MST1)] were detected. Additionally, cell

transfection was used to investigate the activity of the miRNA-
AEEIE FRARBAREE I H (No.82460819) s W 5T AiA

X1 SRR 2L 4 10 H (No.2024LHMS08029) 5 52717 [ X “ B A 2%
e T RS 2 TR A AL ESE B AT H (No.202530) s P22 17 e Rt hoe protein levels. RESULTS After intervention with TFCTL, the
“HEL” ANAIH - VA% AA T H (No.Z2Y 20241201 5 N5t AATF & KE apoptosis rate of HSC-T6 cells and the protein expressions of
4270 H (No.22056) ; 52T BERF 2 H 200 H (No. YKD2022ZD019) ; MST!1 (except for the TFCTL high-concentration group) and
V5 PR PR A S LG BT ET A A A BTS2 QU7 1 AT H (No. LATS1 were significantly increased (P<<0.05) , while the
YKD2022TD039)

* E—1EE WL A, W IR T SR PUF AR e AL 2 B,
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HBEEE BT W S, WEFY T . That e b g Ak 2l significantly decreased (P<<0.05). Further results from cell
. E-mail:myh19982002@sina.com transfection experiments revealed that after transfection with

204/NUAK1/Hippo signaling axis at both the genetic and

protein expressions of a-SMA, Collagen I , and YAP (except

for the TFCTL medium-concentration group)  were
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miRNA-204 mimics, the mRNA it’s protein expressions of a-SMA, Collagen I , NUAKI1, and YAP in HSC-T6 cells were
significantly decreased (P<<0.05), while the mRNA and protein expressions of LATS1 and the mRNA expression of MST1 were
significantly increased (P<<0.05). Conversely, the results were opposite following transfection with miRNA-204 inhibitors.
CONCLUSIONS TFCTL can exert anti-hepatic fibrosis effects by up-regulating the expression of miRNA-204, thereby down-
regulating the expressions of NUAKI1, inactivating the Hippo/YAP pathway, which in turn suppresses the activation of HSC and

promotes their apoptosis.

KEYWORDS total flavonoids from Carthamus tinctorius L.; miRNA-204/NUAKI1/Hippo signaling axis; Hippo/YAP pathway;

hepatic stellate cell; hepatic fibrosis; apoptosis
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TargetScan F0H8 5 TN , & I NUAK 1 & miRNA-204 [ EL
FERURED ; 2D A ) SCHR & L, NUAK 15 SNF 1 AR
fiti 1 (NUAK family SNF1-like kinase 1, NUAK1) 7£ T 4
TbH L RS, N A NUAK Z35 n] il Hippo/Yes 4
% 3E 11 (Yes-associated protein, YAP ) 18 [ 7% 4 , M 1717 Uik
LT AT, 5 B9 % B, Hippo/ YAP il % 2 JH 5
HSC i 16 5 25 4k Ak F g 1A% 0ol % 2 —, LA O A800
53§ YAP & PDZ 45 & B 19 % 5% 3L 0 K 7 (tran-
scriptional co-activator with PDZ-binding motif, TAZ) /)
¥ By o, vl 3K 3l HSC 1] JUL AR 2F 4 40 o 4% 6™, b,
NUAK 1 4 0] 38 335 B 12 A I g 90 i 33 g 1 (large tumor
suppressor kinase 1, LATS1) &% YAP 23k , M fij 52 i
HSC 7% P, i 7L 35 %) STE20 £ # [ 1 (mammalian
STE20-like kinase 1,MST1) & LATS1 (%) - i A , 7] 38
I WAL FI0E LATS1™; 2 MST1 LATS1 ik [
5], Hippo/ YAP 38 % M il , AN TR AR YAP 5 S0 14
H1 I AT 6T, miRNA-204/NUAK 1/Hippo {5 54l 5 HSC 1%
PR VIMISE, AT REJE HFEF 4R iR 7 T 5

LIS B Y A48 Carthamus tinctorius L. 1T
PRAE P R G 2R AT T I 28 O L 1Y
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YER , IE 3 — 0158 TECTL FtAF4F 4 AL AR FHAL I, DA
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LA RN W] s DMIL LED Fluo %% 56 i sl [ 7 [
Leica 23 7] ; NovoCyte 2040R %137 =0 41 ig A [ 22546
A BUHDA FRAF
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TFCTL $2& B 4 i A DR B0 41 [ 0 ) 4 (it 5
C294220505, TFCTL & 15 A 60%~65% ) ; miRNA-204 f5
AP Y3k 7] miRNA-204 W4 B 1 X6 B ek 771 |
miRNA-204 1l 71 % 41857 . miRNA-204 1 i 57 BH P4 X
WU YL ) Ribo FECT™ CP #% Yei 77 & (3t 543 51k
V0722 . W0828 .R0516,S1127 .X0220) ¥4 [ |~ M 48 1
HWHAA R F] DAPLY A . Annexin V -FITC 4
JAT IR & (b5 CLO62M) I [ 1138 7= KA W+
AW A BR A A 5 SR o -SMA | Collagen 1 | YAP,
LATS1 it /& (4t 5 43 51 4 bs-10196R | bs-10423R , bs-
3605R , bs-2904R) ¥4 [ b 5 1 B 2 AL Wy 4 R A B
F) 5 A R H I -3- B R i A S (GAPDH) | MST1 .
NUAK!1 #T & ( it % 4% 51 5 00195792, 00075987 .
00050172) ¥y B BB =8 A Y EARAT R A w5 1 FEdht
G e B (S A23920) W [ UL FEFERME A PR A
H 5 2 I35 PR (S A8020) I [ b Bt R RHY A
B\ 7] s miRcute 14 38 % miRNA cDNA %5 —4% & i 7
& (5 KR211) ) { RARAE AR (Jb50) AR A A
DMEM 5 3i %&£ (4 5 6124441) 19 [ 2 |8 Gibeo 24 7 ;
TGF-B(#5 0713AF354-1, 4l i =98% )4 H 3£ [E Pepro-
Tech AT o
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1.3 #HAE
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2.1 mpakEsE
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4 80% B HEA TAEACAE S S hb B
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JNA 5 ng/mL B TGF-B 1% S HSC i 4k, i 24 h)5,
TFCTL % 4 B ZH A AH N 2459 O i AR e AR DR 2 i 1)
W25 R ) % REZH AR Jin A SRR R 55, 4%
7% 24 h Ja T Je 2emfoe .
2.3 AT IR

B4 4b T x5 B2k K 35 HSC-T6 21 it 332 /b T 6 FL AR
o ARG “2.27 TR A RS A 2 A 3
BAL. K24 hm  WAERS A ANMUTTHE, DL RR $h 2% vh
W (PBS) VT 2 1K, i Annexin V -FITC 4 fi 8 T4 1]
R B 1 B 5 D7 VAR PR A A0 e SRS I HS C-
T6 AL P TG O, I A AR TR (A T =
PR T A IS A A B X 100% ) .
2.4 #HAEH a-SMA  Collagen [ % Hippo/YAP i i 18
EXEARIEKRN

B4 4k T KAk K 15 i HSC-T6 41 it 332 /b T 6 FL AR
o ARG “2.27 TR A RS A 2 A 3
BAl. HiE24 W) IAEAS AN, SR B B
28 BCA 00 5 85 (R FE Je , AT A8 PR 38 HUEME S
B URE Al T, R AT ke AR IR N - SR TR U T e
BERCHLIK , 25 B IS, N A a-SMA | Collagen 1 .
YAP .MST1 . LATS1 . GAPDH —#i ( %5 B¢ 20 51 g 1:
5000.1:1000,1:1000,1:1000.1:1000,1:10000),F
4 ° CISE R UR H L, LA TBST BEARE 3 Y, A 4t (Fi e
BER1:10000) , I E 1 hy DL TBST YRR 3 ¥k, &8 5%
WAL G >R Image J 8453 H7 8 1 2571 K EAE, LLE R
HEH5 WS (GAPDH) & H 4441 K AR FL 2R H I
HAMRIBKT
2.5 RRELIREY o-SMA F BRI R IERET

B4 40 T %o B AR K 9 9 HSC-T6 41 i3 7 T 12 LAk
o ARG 2. 27 TR kA A RS A 2 A 3
S, WigE24 h)a, H 4% 2 R B [ € 15 min, P
0.1% Triton X-100 &4k 6 min, 28 5% 2 1135 11 & [ 35 1]
30 min J& , A a-SMA —4T (Fi R R 1:100) , F4 °C'F
W A 5 LA PBS TH VR 5 IR UG, INA —HT (R B 1
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500) , % IR B IS 5 K F & DAP T G 1 K B H 57
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(BHPE 2 5 B 5 T BT B SR e R AR el AR 2O, 5
A A IE B B I E ) o R Image I8 Hr 2
T a-SMA TR I IZOGHREE . DEGHm IR , RIH R %
TRIKTRR
2.6 ZHAEH miRNA-204/NUAK1/Hippo {5 SHiF it 2=
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HSC-T6 4l 270+ 24 FLA T, 73> miRNA-204 #4404
ZH . miRNA-204 4 B PE X BE 4] . miRNA-204 #7111l 551]
ZH  miRNA-204 410 il 570 B3 P X B 21, B i 3~ E AL .
5 2L 4 Lo AR R 2 iR (RS L) R L P e e 2y e
TR A4 2 v B 44 9 50 nmol/L , 30451 1) K FE B 1 %of R s
Y R 4 240 BE 154 100 nmol/L, I iR v BE P AR 4 7
BECRWE) , E IR 15 min 5, SR SN
1% 5 55 2 -5 8 OB 5 9 0, kS5 97 48 h Je R4 7
ARG (B3 A PCR SES IR T 45 4140 AL Y55 Je il
FOGER B RMEE YL ) o (1) FE R 2 A4 BBk
K597 48 h 5 i 45 AL AN P 35 o, SR AN P B RNA, PR
RNA JZ 5% 5% 5 cDNA, 3 LA cDNA N #4345 PCR §”
B4, PCRY 4K Z H . 2 X SuperReal PreMix Plus 10 uL,
50 X Rox Reference Dye 0.4 wL, 1E & [1] 54145 0.6 pL,
cDNA 4 2 pL, TCH7K 6.4 pL, PCR Y34 )5 Hy .
95 °CHiAE I 15 min; 94 °CAE: 20 s, 60 °CiE K /4E A 34
s, 340 MEFR. L GAPDH N2, K 275 H 1)
FEWPEATE R T, PCREIWM AT AW TR L)
et A7 BR A w3 906 0, BARS 17 9 e 38 7=
FE LR 1, (2) 8 2T 552 4% 42,4750 R J5 ik K il
UL J5 41 M o -SMA | Collagen [ Il miRNA-204/
NUAK 1/Hippo 15 5 il # 5¢ & 1 YAP. MST1, LATSI1,
NUAK! (265K, Hr ) NUAKT %6 A 1:500,
HARSAMR“2.47 T

®1 PCR3|¥MFEFI Ry E=YKE

A EslH(5'—3') 1515 (5'-3') TRy
a-SMA  TGTGCTGGACTCTGGAGATG GATCACCTGCCCATCAGG 102
Collagen]  TGTTGGTCCTGCTGGCAAGAATG ~ GTCACCTTGTTCGCCTGTCTCAC 129
14P CCCTTTCTTAACAGTGGCACCTATC TGCTCTGGCTGATGGTGICTC 112
MSTI GAACAGTATCGTGGCTCAGTCAG ~ ATTGTGGCTTATGTGGTGTCTCTG %4
LATSI TGCACTGGCTTCAGATGGAC CACACCGACAGTTGGAAGGA 108
NUAKI  TTTTCAGGCCGAGTGGTTGC TCGTCTGATGTGAACCATGTCT 150
GAPDH ~ TGTGAACGGATTTGGCCGTA ACTGTGCCGTTGAATTTGCC 173

2.7 FitZEFIE

F| Ffl GraphPad Prism 8 X 748110 #r . %3k DA
x5 Fon, 4] LR D 2 7 2240 B, 2L 18] T PR
LR H LSD-1 £ 55 . KB 7K i =0.05,
3 HR
3.1 TFCTL 3t £ABeAE T8I 2200

5% BEZH 40 MI R T3 K (9.08 £ 0.62) %] L85, Fi 7y
ZH AN T2 [(9.04 + 0.58) %] 22 R G i X (P>
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0.93) %] ¥ . TH (P<<0.05) ., Z5F LA 1,

10 10
Y. 10»‘
= 10°
)
&)
10*
10%7 - )
10°* 100 10° 107
FITC-H
B. BRI
10°7
10°
= 10°
e
Q
10*
4 10%7
10" 100 10° 10" 10" 0 10° 10"

FITC-H
C. TECTL I 5 40
10%

FITC-H
D. TFCTL e B4

10°

10%
10° 10° 10° 10"
FITC-H
E. TFCTL ik FE 4l

Bl HEAAEATRNNRXHAEE
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a-SMA

DAPI

Merge

A. a-SMA H FFRIE M2 B (PR R 100 wm)
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OB B 2T (P<<0.05) . 455K 2~ 4.
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42 kDa
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B. LATS1.YAP MST1 &
I XFHRA s [ AR 5 I : TECTLAIR M BEZH ; IV : TECTL v e Ji7
2H; V : TECTL= M4,
El2 &AMMH a-SMA Collagen I MST1,LATSI,

YAP EHFRIZRIBIKE
4 1.5
& 4%11.0
P} bl b
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%{0.4
o2
§ .
0
I 1T NV I T NV
D. LATS1 &[] E.YAPZE
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AT YEdrie R, OB i B A, HSC 23
BV, AT LE SR A A AR SRy G A I Ak R LR 2R
HE A0 5 [ B HSC 975 TEAR &4 a-SMA 1 3235 8 35 I
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miRNA-2044I 74 5 IV : miRNA-204401 il 7 B 4 X6} BR 2
E6 #HFXHEHMMa-SMA, Collagen [ .
NUAK1.MST1.LATS1.YAP & B &KX 7k E

I3
53]
=

b

o

o

o
1

=
o
o
o

NUAK1 [ #357KF
g h
=

a-SMA 1K KF
o
Collagen [ & H#&ikKF

b
i_I_Iﬂ
1 nom oW

B. Collagen I #[

<
o
o

|

I 1 m N
A.a-SMAZEH

I I m N
C.NUAK1#H

no
=)
—_
o
)
o

a < b
a

o
5

—
o

b

—
o

e
5

e
=5

LATS1 8 &Kk
b

YAP 2K 115K F

5
MST1 H FRBKT

=)
o
o

I 0 m N Tl omowN Tl onom W
D. LATS17& [ E.MST1%&11 E.YAPZEH

I :miRNA-204 B2 ; 1T - miRNA-204 AL F#E RS HRZH 5 I
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