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Abstract: Objective To investigate the effect of taxifolin on inhibiting the activation
of hepatic stellate cells, characterize the gene expression profile through transcriptome
sequencing and elucidate the potential mechanisms. Methods In presence of transforming
growth factor-B1 (TGF-B1), HSC-T6 were cultured in vitro and treated with 62.5 umol/L, 125 pumol/L and
250 pmol/L of taxifolin, CCK 8 reagent was added at 24 h and 48 h, the absorbance was
measured at 450 nm, and cell proliferation rate was calculated at different concentrations
and times. Cell apoptosis was detected by flow cytometry with AnnexinV/7AAD staining at 24 h.
Relative mRNA expression levels of alpha smooth muscle actin (a-SMA), CollageniAl
and Collagen3A41 were detected by quantitative fluorescence quantitative polymerase
chain reaction (PCR). Relative protein expression levels of a-SMA and Collagen1 Al were
detected by Western blot. The gene expression profile was characterized by transcriptome
sequencing. The functional annotation and enrichment of differential genes were analyzed
by Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG). Results
Taxifolin can inhibit the proliferation of hepatic stellate cells. At 24 h, the cell proliferation rates
of taxifolin 125 pmol/L group and taxifolin 250 pmol/L group were (66.7 = 8.6)% and (45.6 +
3.0)%, respectively; at 48 h, the cell proliferation rates of taxifolin 125 pmol/L group and
taxifolin 250 umol/L group were (60.5 + 2.9)% and (43.9 + 1.9)%, respectively, which were
significantly lower than those of model group (all P << 0.05). Taxifolin can promote the
apoptosis rates of hepatic stellate cell. At 24 h, the apoptosis rates of taxifolin 62.5 pmol/L,
taxifolin 125 umol/L group and taxifolin 250 pmol/L group were (8.537 + 0.445)%, (8.85 +
0.169)% and (14.453 £ 0.577)%, respectively, which were significantly higher than those of
model group (all P << 0.05). At 24 h, the expression of a-SMA, CollageniAl, Collagen3A1
gene and 0-SMA and Collagenl Al protein were inhibited by 125 pmol/L and 250 p mol/L
taxifolin (all P << 0.05). Differential gene expression were characterized by downregulation
of genes related to liver fibrosis, such as oxidized low-density lipoprotein receptorl (Olrl),
Plexin A4 (Plxna4), Spondin 1 (Sponl), Agrn and upregulation of genes related to antioxidant
activity and cell death, such as heme oxygenase 1 (Hmox1) etc. Conclusions Taxifolin could
inhibit HSC-T6 proliferation, promote apoptosis and inhibit cell activation through the
interaction signal pathway between influencing factors, porphyrin and chlorophyll metabolism
signal pathway, Hedgehog signal pathway and PPARy signal pathway.
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x (hEEMGME MR , TGF-BIRAT
(Z[EpeproTech/a @] ) , Annexin V/7-AAD4H Y
FTRMA S (AR REEREARAAD
PrimeScript™1st Strand cDNA Synthesis Kit (544
TR CKE) ARAFD , RIPARAZEM®R (b
HEEEEREERARD , o-FEVNEIES
(alpha smooth muscle actin, a-SMA) $ifk. 17
B JRalsE (CollagenlAl) Pifk (FEECSTARD ,
zymoBIOMICS RNA Miniprep Kit [fi] 1 4E#)H A
(W) BRAT], VAHTS® Universal V6 RNA-
seq Library Prep Kit for Illumina (Fg 5 i ME R A
BRAFD , AaAgiE i (EEBDAR) , ViiA7T™
At 5E BPCRAY (EHLife-Tech/A#]) , FEHEH
KA (SEEBio-RadAd]) , ) EPCRIGI G4
A TAY TRARA K, T EL.

1.2 7%

1.2.1 4Hffks3% LIDMEMES 3= 555 7R HSC-T64H iy,
YN E T 5% CO, M BAHN3T CH TR, frdifias:
K 280%~90%% R, 41 @ 3fE4R, MRIEAIF L
56 5 B A AN R AR 20 B IR A

1.2.2 CCK8A M AN it 7l AR RE 75 N 50.1%
DMSO/IDMEM, LL%:0.1% DMSO[)DMEM#5 75 4t
TR AR 2R, WRPE 2 9)2962.5 pmol/L 125 pmol/L
1250 pmol/L, FIRHEFFLINAILO pug/LI TGE-B1A
T, 4R 0.1% DMSODMEME; 77 2k .
37 CHiFEFA TR B 9%, &L H7E24 h, 48 hinA
CCKS8IA, 450 nmillE W6z, THAE4HMIEGEZR .
1.2.3 AnnexinV/7AADZ: to it AN A T AR P8 1 4%
H1.2.2 SRAbHgiff, 37 CR:FRM P EFE. 1E24 h
i ) FH O X2 B 2 B VA 0 4 O T . YSCER A
JG, 500 x g, 4 CE.05 minjg# _LiE; UKPBSHE4H
M1k, . 400H G Mk pE -4, HREOF b
T, KRR N1 x 10°/mlEL100 plgH AR NS ul
Annexin F12.5 ul TAADYR, BBIRGIRS), #
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10 min. JIA400 pl 1 x binding buffer’ 2% & %,
30 min A ZEAT A0 E B HT .

1.2.4 2N E mPCRIGMHSC-TOY fla-SMA
CollagenlAl. Collagen3A1FERFIA % 1.2.2
J7 AN AE, 7E24 hiN i F trizolyE £ B 40 i 2
RNA, FRHE 050 & 30 547 I % sk il %5 cDNA..
i %Ot & BPCRAUKI GAPDH, a-SMA.,
Collagen1Al. Collagen3A1 mRNAMFKIE, FHE5%
494 CHUEPES min, HEAJGIF, 94 CAM20s,
55 CiBk30's, 72 CHEMHi45 s, JL40MEIR, 4 C
2 min, LL\GAPDHAW S IR, A2 °NEH5 H 1
RERFILE, SIMTFHINEL .

1.2.5 Western blotf | 41 fiia-SMA . Collagenl A1
HRE 1227 Ui, 59224 h, &5
Ui PR BON AL H . K H Western blotr il
FHZAGAPDH. a-SMA. Collagenl Al1% Rk &
B
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EVMPEAREGRAF TR, WESEOT: FH
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CCGAGATCTCACCGACTACC
TCCAGAGCGACATAGCACAG
#: CATGTTCAGCTTTGTGGACCT
#: GCAGCTGACTTCAGGGATGT
#: CTTGCCCTCTACAACCAACA
CTTGCGACCCACGTAGTAGA

GGCACAGTCAAGGCTGAGAATG

NM_017008.3

NM_031004

NM_053304

NM_032085




2.1 FEAEANZ STHSC-TOX 7 6947 HIVE R LB AL
FE24 hA48 h, AL 5 0k HE 2 AH e 4 o 3 5 R Tt
&, HERLESGHEE N (1=-0.402, P =0.708;

t=-1.034. P=0359) . AN[EIRELLTER R AL
JHMIESE, fE24 h, 62.5 umolV/LZH. 125 pmol/LZHF
250 pmol/LZH 4 i 3G 56 2 4r 7l (93.1 +
4.2) %. (66.7+8.6) % (45.6 +£3.0) %. {F
48 h, 62.5 pumol/LZH. 125 umol/LZH 1250 umol/L
H I YE BT 24> 59 (89.6 + 8.5) %. (60.5 +
2.9) %F1 (43.9 £ 1.9) %. SHEMALE, E24 h
148 h, 62.5 pmol/LR B T 4H i 34 58 # i 2 22 ¢
TGttt #m Y (t=1357. P=0250; t=1.764,

P=0.162) ; 4:¥24 h, 125 pmol/LA1250 umol/L
WET, 40z e B0y, 2R B A5
¥ E N (1=6.802. P=0.002; t=30.779. P <
0.001) . 4b¥E48 h, 125 umol/LA1250 umol/LiK
N, 40 2B EmE, 2R B A500

- ipE . 37
E N (1=19.066. P < 0.001; r=32.685, P <
0.001) , WLFE2. K.

2.2 AN EATHSC-T6RA T Hoh E I & b3
24 h, XHHEZH. BERYZH. JETEFA E62.5 pmol/LA .

TERERA 2125 pmol/LAL. fEMEHA %250 pmol/L4L
AP T4 A (5.637 + 0.685) %. (2.463 +
0.378) %. (8.537+0.445) %. (8.85+0.169) %
Ko (14.453 £ 0.577) %. SAPEEH R, BRI
M T B BRI (¢ = 7.002. P =0.002) . [#
TETERA IR EER N, MRS 5E T F%, 62.5 umol/L.

125 pmol/LAN250 umol/Lifk &~ 5%} B4 11 2 3 A
BHEil#E Y (1=-18.010. P <0.001; ¢=-23.839,

P <0.001; t=-30.095. P <0.001) , V&2,

2.3 A FEATHSC-T6 a-SMA. CollagenlAl%
Collagen3A KR BE e 34146 5 R LR,

KR a-SMA . CollagenlAl J; Collagen341 mRNA
AN REES S, ERARITFEL (P <
0.05) ; fLIEFAZALFE24 h, a-SMA. CollagenlAl

2 &HHSC-T6 MAMEER (x+s, %)

285 24h 48 h
pogiicyi! 99.7 +2.90 100.3 £ 0.5
AEA 28 1004+ 0.6 101.7+2.4
FEAEANE62.5 pmol/L4R 93.1+4.2 89.6+8.5
FeafAN £ 125 umol/L4a 66.7+8.6 60.5+2.9
FEAANE 250 pmol/L4R 45.6+3.0 43.9+1.9
Fi& 74.395 106.694
P1& < 0.001 < 0.001

W 24 h i, S5XTRRAFHIL, A4 ¢ =-0.402, P=0.708, {rjfaZ 62.5 pmol/L 41 ¢ =18.901, P =0.001, FLHEFZK 125 pmol/L 4
t=6.313, P=0.003, FEHEMAZ 250 umol/L 41 ¢ =22.191, P < 0.001; SHEBLIAHLL, FEHEFA R 62.5 umol/L 41 ¢ = 1.357, P =0.250, 7£
HERAZE 125 pmol/L 41 ¢ = 6.802, P =0.002, {EHEFAZ 250 pmol/L 41 ¢ = 30.779, P < 0.001; S5iCHEFA % 62.5 umol/L ZLAH L, TEHEM &
125 umol/L 4 ¢ = 1.161, P =0.310, FEMEFAZ 250 pmol/L 21 ¢ =9.155, P < 0.001; SFEHEFAZR 125 pmol/L 4UMHEL, FEHEFAZR 250 pmol/L
4 t=4.037, P=0.016; 48 hitf, SxfHEZIAHLL, BRI ¢=-1.034, P=0.359, {EHEAAEE 62.5 pmol/L 4H ¢ = 6.244, P =0.003, FEifEIAE
125 pmol/L 4 £ =23.562, P << 0.001, FEHEKAE 250 pmol/L 4H ¢ =49.403, P << 0.001; SEIRILAHLL, TEHEIAE 62.5 ymol/L 4 1= 1.764,
P=0.162, FEHEMZE 125 umol/L 4 1= 19.066, P =< 0.001, FEjHEIAE 250 pmol/L 4H +=32.685, P < 0.001; 5FEjHEFAZE 62.5 pmol/L ZHAH
Lb, FEHERAEE 125 pmol/L 4H t=1.764, P=0.152, FEHEFAE 250 pmol/L 4H t=5.121, P=0.007; S1EHEFAE 125 pmol/L 4HAHLL, FEHEAAE
250 pmol/L 41 ¢=18.324, P=0.001.

150

24 h
- =48 h
E 100
B :
g
2 .
®

TGF-B1 (10 pg/L) - 2 + + +
HIEME(umol/L) O 0 625 125 250
B 1 TErE#ZREXT HSC-T6 HE5EAHNHIE A
W RN SR RS, AbFE 24 h F148h, 62.5 umol/L K E RN MH R E R LG L (1=1.357. P=0250; t=1.764. P=
0.162) ; 125 pmol/L A1 250 pmol/L #<JE R, UM A2 3 R EMH], ZREGHIFE L (P1#<0.05 .
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2 AnnexinV/7AAD & 773 4 A4S M 4R AR =
o ACAXTHRAL: B AR C ATEIEFA K 62.5 pmol/L 4H; D ANTEREAAEK 125 umol/L 41; E AFEHEIA R 250 pmol/L 4; F N#54L
UM, AR, F=243.197, P <0.001, S5x/IRAAH, B r=7.002, P=0.002, fLiEIAER 62.5 pmol/L 4 t=-6.146, P=
0.004, FEHERAE 125 umol/L 4 t=-7.559, P=0.002, FEHEFAZ 250 pmol/L #H t=-17.042, P < 0.001; SHRIM, IR 62.5 umol/L
4 r=-18.010, P < 0.001, fEFEFAZ 125 pmol/L 4H r=-23.839, P < 0.001, FEHEFAE 250 pmol/L 2H r=-30.095, P < 0.001; S5{EifEfA%
62.5 pmol/L ZHAHEL, FEHEFAE 125 pmol/L 4 r=-1.043, P=0.356, {LHEFAE 250 pmol/L 4H ¢=-14.057, P < 0.001; SFEHEFAE 125 umol/L 4H
AHEG, TEREAAE 250 pmol/L 4H ¢ =-15.238, P < 0.001; # R/niBYH 5X IRAL LR, MBI (P < 0.05) ; * Ronibifiia F A HLA

SR E, W& (P1<0.05) .

M Collagen34A1 mRNAZR A Y5 BEAE A 25U FE 14 0
M~ Hra-SMA. CollagenlAlJ; Collagen3Al
mRNAM X R IEELE125 pmol/LFN1250 pmol/LAY %
SWHG R (PH<0.05) , WLER3. K3,
2.4 FAHANE AT AT ik An A &G Rk ey ¥l X IR
A, B Ha-SMA K Collagenl A1%E HRIE T+
L, HERLEGEE X (1=-0452, P =0.675;
t=-0.263. P=0.806) . {eifEirZAbFHa-SMA K
Collagen1 A1 1A 5 Fifi 2590 B2 3 it T e, S5
R HEE, o-SMAZE A flCollagenl A1ZE [ A XS &
IAEAE125 umol/LZLFN250 pmol/L4H % 33446 4t
RN (PH<0.05) , W4, K4,

2.5 AR ARER £ FARSH 76125 pmol/LAL i
FAEAL 24 h, S5HEMAMLL, 1301GO_termstl
B4, HPaikEGO BP 994, GO CC 134, GO_
MF 184>, GO_BPF s migh it b, xfid
FALE N . XN RN B . PR A
H. INKE 5o FaE. EnNESES. 8
A%, GO_CCEE MM . Mz, 41/
AR I dRf A AR R MARSE; GO_MFF 5
MDNA%Z & . RNALG &, isE

b )

ATPZ &, %

IEVESE, IR BT A R b HELE AT 104 gk
TR, WES. ZRIEFKEGGHEE & £ 70 i
7~ L BOE B S AE R 1) & S PR . Hedgehog
55l . PPARY(E S Tl M. IRk it s AR
WEE T, W6, AI10TiZE FAEF h, 523
GO #T UL KKEGG#E, S5HSC-TOWIE A ik
K&, OFANCEEREBZMAD (Oxidized
low-density lipoprotein receptor 1, Olrl) . AMIR
HEH (Plexin A4, Plxna4) . RMNEMA1 (Spondin
1, Sponl) . REHEH (Agrn) KL IME
1 C(heme oxygenase 1, Hmoxl) . Olrl. Plxna4.
Sponl AgrnZEANFED R AT, XL ThRE 3
EERIERMN . S AR B, ECM, 4ifl
. |mAMLSEEA K, Hmox1IEARKIL Fif,
Home B2 S M AR MLaRMER. MaRE
b 4HMISET:. DNASG R 15 55 3 2 EH
MR XA S SN . DNAZE & iz, Fr
HIRy A PEDNAZE & 7 s R 7 is 1 i % . RNA
REM 1 BT, MNENSREFTER .
EAE R IE TR S VLA B B ) B iR e
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%3 £&HHSC-T6 a-SMA. CollagenlAl B Collagen3A1 mRNA HEXTFRIEZE (x£s)
21 5] a-SMA CollagenlAl Collagen341
s+ B8 28 1.030 £ 0.095 1.020 + 0.095 0.983 +0.100
AR 28 4.727+0.329 1.440 + 0.066 3.107 £ 0.100
FeAANE62.5 umol/L4R 4.447 +0.290 1.340 + 0.072 2.947 +0.068
FeAANE 125 pmol/L4R 4.030+0.151 1.073 £0.083 2.357+0.100
FeAANE 250 umol/LR 3.257+0.136 0.943 + 0.047 1.803 £ 0.099
Fi& 136.505 24.958 154.719
PiA < 0.001 < 0.001 < 0.001
xR 4 vsAE Y 48 -18.676. < 0.001 -6.284. 0.003 -25.834, < 0.001
2+ B4R vs LAY E 62.5 ymol/L4R (. P4) -19.391. < 0.001 -4.635. 0.010 -27.984, < 0.001
st B 2 vs fEAEANE 125 umol/L2R (A, P{A) -29.093. < 0.001 -7.30. 0.506 -16.750. < 0.001
st B L vs AL AEANE 250 umol/L28 (HA. P{A) -23.201. < 0.001 1.247. 0.280 -10.077. 0.001
B L vs LAY E62.5 umol/LER (&, P4) 1.105. 0.331 1.777. 0.150 2.281. 0.085
A 2 vsFEAANF 125 umol/L2R (. PIA) 3.331. 0.029 5.992. 0.004 9.148. 0.001
A 2 vsFEAEANF 250 umol/LLR (. PIA) 7.146. 0.002 10.643. < 0.001 16.016. < 0.001
FEHANE62.5 umol/LLRvs LA F 125 umol/LLR (. P{A) 2.208. 0.092 4.191. 0.014 8.438. 0.001
FEAANE62.5 umol/LLAvs L3542 250 umol/L2A (M. P{A) 6.436. 0.003 7.969. 0.001 16.522. < 0.001
FeAANE 125 umol/LERvs 7638424250 umol/L2R (&, P1A) 6.588. 0.003 2352, 0.078 6.817. 0.002
" =3 IRA
T = e e
=) 1A R 62.5 pmol/L 4
i 4 [0 7EHFA R 125 pmol/L 4
X g FEBHATE 250 pmol/L 4
% i
5 7 e
£ é
< 27 7
2 %
& /
E /
Z
_ % £

a-SMA collagenlAl collagen3A1

E 3 TGFB1 (10 pg/L) HIB RILAEM ZHH] HSC-T6 mRNA Fik
. ## RO S0 IR LGS, mRNA RisFHE (P#<0.01) 5 * FoRIEIE ZAIMA S BRI E, mRNA FikBK (P <
0.05) ; ** FoREHAN KA FEH SHAM LA, mRNA RikFEE (P¥< 001 .

#* 4 %A HSC-T6 a-SMA 0 Collagen1 Al EEBEITRIEE (x+s)
85 a-SMA CollagenlAl
xt 848 0.656 % 0.075 0.616 + 0.095
AR 0.676 = 0.012 0.633 £0.055
FEafAr £ 62.5 pmol/L4E 0.447 % 0.040 0.540 + 0.050
feAEANE 125 umol/L2A 0.413 +0.025 0.427 +0.050
FeAAN £ 250 umol/L4a 0.420 + 0.087 0.397 +0.032
Fft 14.954 4.384
Pt < 0.001 0.044

H: ST a-SMA, SXFHRAMEL, ALY r=-0452, P=0.675, TEHEFAE 62.5 umol/L 4 ¢ =2.220, P=0.091, FEHEFAEK 125 umol/L
4 t=5282, P=0.006, {EMFAZ 250 umol/L 4 ¢ =3.550, P =0.024; SHHERIMAMLL, LML 62.5 pmol/L 4 ¢ =1.957, P=0.098, 7%
HEFA K 125 umol/L 2 £ = 16.473, P < 0.001, FEHEKAZ 250 umol/L 41 £ =5.055 , P =0.034; SN %K 62.5 umol/L AR, TEHEZ
125 umol/L 41 ¢ = 4.851, P =0.008, FEHEHFAZ 250 umol/L 4 ¢ = 2.283, P =0.084; SIEHEIAE 125 pmol/L ZHARLL, FEMEFA K 250 umol/L
4Ht=-0.127, P=0.905; %F CollagenlAl, SxtHELAAALL, AL 1=-0.263, P=0.806, FEMIHAZ 62.5 umol/L 40 ¢ =1.236, P=0.284,
TEMERAE 125 pmol/L 40 ¢ = 0.442, P =0.183, FEREFAZ 250 umol/L 4 ¢ = 2.257, P =0.087; SHAIHAMLL, TEMFZEK 62.5 umol/L 41 ¢ =
2.173, P=0.095, {tiEFAZ 125 pmol/L 4 r=2.708, P=0.044, {LHEFAZ 250 pmol/L 4 r=3.887, P=0.018 51{tHiEFAZK 62.5 umol/L 4HAHEL,
TEREFAZ 125 umol/L 4H t=1.437, P=0.056, TEFEFAR 250 umol/L #1 #=3.578, P=0.023; STEHEFAZ 125 umol/L AHAIEL, FEFEFAER 250 pmol/L 41
t=0917, P=0411.,
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