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Effects of total flavonoids from Carthamus tinctorius L. on hepatic stellate cell activation based on miRNA-
204/NUAK1/Hippo signaling axis

LI Minggi, 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 1 ) 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

X [ SRRk 24 35 H (No.2024LHMS08029) ; PSS T H 1A X “ 0 A 2%
e T RS 2 TR AL RS B AT H (No.202530) s P22 117 Rt At protein levels. RESULTS After intervention with TFCTL, the
“HEL” NAIH -V AA T H (No.Z2Y 20241201 s N5 i AATF & KE apoptosis rate of HSC-T6 cells and the protein expressions of
4270 H (No0.22056) ; A 52T BERF A2 H 203 H (No. YKD2022ZD019) ; MST!1 (except for the TFCTL high-concentration group) and
PSR B RS ST B T AR AL AR P BT SR B2 QT T BA S H (No. LATS1 were significantly increased (P<<0.05) , while the
YKD2022TD039)

* E—1EE WL A, MR IR SRS PUF AR e AL 2 B,
E-mail : 2269681801@qq.com

HBEEE BT W S WEFY T s That e b Ak 2l significantly decreased (P<C0.05). 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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fiti 1 (NUAK family SNF1-like kinase 1, NUAK1) 7£ T 4
TEH L P RS, N A NUAKI 235 n] #ill i Hippo/Yes 4
3 11 (Yes-associated protein, YAP ) 8 [ 7% 4 , M 1717 Uik
BRLr ek, 3 A W 5E & B, Hippo/ YAP il % J2 1 45
HSC i 16 5 25 4k Ak F g 1% 0ol % 2 —, LA O A800
73§ YAP | & PDZ 45 & B 19 % 5% 3L 0 K 7 (tran-
scriptional co-activator with PDZ-binding motif, TAZ) /)
¥ By o, v 3K 3l HSC 1] JUL AR 2F 4 40 o 4% 6, e 4h,
NUAK 1 i 0] 38 333 B 12 A I g 90 i 33t 1 (large tumor
suppressor kinase 1, LATS1) &% YAP 23k , M\ fij 52 i
HSC 7% P, i #L 35 %) STE20 £ # i 1 (mammalian
STE20-like kinase 1,MST1) &y LATS1 (%) - i i , 7] 38
IR A E FI0E LATS1™; 2 MST1 LATS1 ik [
B, Hippo/ YAP 38 [ B il TR AR YAP %% S0 1,
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PEEVIAIOE, AT REJE HFEF 4Rk iR 7 TS
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PRAE P R G 2R AT T I 28 O LR Y
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T6 AL AP TG O, I A AR TR (A T =
PR T IS A A B X 100% )
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EXEARIEKRN

B4 4b T KAk K 5 HSC-T6 21 it 332 /b T 6 FL AR
WP ARG “2.27 TR A SRS A 2 A 3
B, HiE24 W) IR AN, SR B R
28 BCA 05 85 (R FE J , AT 28 PR 38 HUE MRS
B FURE ol T, R AT ke SR IR M- SR TR U T
BERCHLIK , 25 B 3 IS, N A a-SMA | Collagen 1 .
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4 °CIE R U H L, LA TBST BEARE 3 Y, A 4t (Fi e
BER1:10000) , 1M E 1 hy DL TBST YRR 3 ¥k, &8 5%
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HAMRIBKT,
2.5 ARRELIREY o-SMA BRI RIEET

B4 40 T %] B4R K 9 Y HSC-T6 41 i 7 T~ 12 LAk
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S, HigE 24 h)E, H 4% 2 R B [ € 15 min, P
0.1% Triton X-100 &4k 6 min, 28 5% 2 1135 11 & [ 34 1]
30 min J& , A a-SMA —4T (Fi Rk 1:100) , F4 °C'F
B A A5 LA PBS TH VR 5 UG, INA WL (R B 1
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T a-SMA TR I IZOGHREE . DGoR R , RIH AR %
TRIKTRR
2.6 ZHAEH miRNA-204/NUAK1/Hippo {5 SHiF it 2=

K AN AL e vk i AT 5% . B A B K
HSC-T6 4l il H2 70+ 24 FLA T, 73> miRNA-204 #4404
ZH . miRNA-204 4 B PE X BE 41 miRNA-204 #7111l 551]
2H  miRNA-204 410 il 570 B3 Pt FR 2, B i 3~ E FL .
5 2L A Lo AR R 2 iR (RS L) B L P e e 2y e
TR A4 2 v B 44 9 50 nmol/L, 30441 1) K HE B 1 of 1R s
Y R 4 240 BE 154 100 nmol/L, I 3R v BE H AR 4K 7
BEOREE), E IR 15 minJ5 , S R SR
1% 5 55 2 -5 8 IR B 3R 0, AR S5 97 48 h Je R4 7
AHSESL G (B3 A H PCR SES IR T 45 4140 AL Y55 Je il
FOGER B RMEEYL L) o (1) FE R 2 A4 BBk
K597 48 h 5 i 45 L AN A 35 o, SR P B RNA, PR
RNA JZ 5% 5% 5 cDNA, 3 LA cDNA M #4345 PCR §”
B4, PCRY 4K Z A : 2 X SuperReal PreMix Plus 10 L,
50 X Rox Reference Dye 0.4 wL, 1E S [1] 54145 0.6 pL,
cDNA 4 2 pL, L 7K 6.4 pL, PCR Y34 &5 Hy .
95 °CHiIAE I 15 min; 94 °CZE: 20 s, 60 °CiE K /4E A 34
s, 340 MEFR. DL GAPDH N2, K 273 H 1)
FEWPEATE R, PCREIWM A T AW TR L)
e A7 BR A wl s 906 1, BARS 17 9 e 38 7=
BE LR 1, (2) 8 2T 52 4% 2,47 500 R J5 ik, K il
e J5 41 M o -SMA | Collagen [ Il miRNA-204/
NUAK 1/Hippo 15 5 il # 5¢ & 1 YAP. MST1, LATSI1,
NUAK! (265K H ) NUAKT 56 REE A 1:500,
HASAMR“2.47 T

®1 PCR3|¥MFEFI R E=YKE

A EsIH(5'—3') BRI (5'—3") TR KBy
o-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 FitEFIE
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A. a-SMA H FFRIE M B (PR R : 100 um)
T X RREE s T AR T TECTLARMR AL ; IV : TFCTLH VR 4 ; V . TRCTL S M B4 2 5 X0 IR HLAR , P<<0.05;b: ST Hd, P<<0.05,
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E7 #HEXW P EHEME a-SMA, Collagen [ .
NUAKI1.LATS1 . MST1.YAP & H &k K F L5
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