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(S)-4-Methoxydalbergione Suppresses Hepatocellular Carcinoma
Progression by Upregulating FGB Expression

WANG Yan, FENG Zhenbo*
(Department of Pathology, the First Affiliated Hospital of Guangxi Medical University, Nanning 530021, China)

Abstract This study investigates the biological function of S-4MOD [(S)-4-methoxydalbergione] in suppressing
the development of HCC (hepatocellular carcinoma) by upregulating FGB (fibrinogen beta chain) expression, aiming to re-
veal the molecular mechanisms underlying HCC development and progression. The functionally revlevant target FGB of S-
4MOD was screened using public databases and transcriptome sequencing results. The effect of S-4MOD on FGB mRNA
expression levels in HCC cells was detected by gqRT-PCR. In this study, a transient siRNA transfection approach was used
to establish an F'GB-knockdown (siFGB) cell model. qRT-PCR was then performed to detect FGB mRNA expression
levels and to verify the knockdown efficiency. Subsequently, cell proliferation was assessed using CCK-8 and colony for-
mation assays; cell migration was evaluated by wound healing and Transwell assays; and cell apoptosis was detected by
Hoechst 33258 fluorescent staining. These experiments collectively allowed a systematic evaluation of the impact of FGB
knockdown on the anti-malignant phenotype effects of S-4MOD in HCC cells. Results from qRT-PCR showed that S-4MOD
significantly up-regulated the mRNA expression level of FGB in HCC cells (P<0.001). CCK-8, colony formation, wound
healing and Transwell assays confirmed that knockdown of FGB expression significantly attenuated the inhibitory effects
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of §-4MOD on HCC cell proliferation and migration (P<0.05). Hoechst 33258 staining revealed that knockdown of FGB
expression significantly reduced the pro-apoptotic effect of S-4MOD on HCC cells (P<0.05). The expression level of FGB

is closely correlated with the anti-HCC activity of S-4MOD. Knockdown of FGB expression significantly attenuates the

therapeutic efficacy of S~-4MOD against HCC.
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A: Venn diagram; B: PPI network diagram; C: 2D diagram of the interaction between S-4MOD and FGB proteins.
El1l S-4AMODZ R ¥E 2 fik
Fig.1 Screening of S-4MOD effector targets
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Fig.2 Expression and prognostic value of FGB in HCC
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A: HCCLM3Z R [AIIKJES-4MODALFE24 . 48 h/i5 4T A7 5 % B: qRT-PCRAZ M Z:S-4MODALFE48 h)5 [THCCLM3 FTHuH-741 i FGB mRNA
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A: viability of HCCLM3 cells following treatment with increasing concentrations of S-4MOD for 24 or 48 h; B: FGB mRNA expression levels in HC-
CLM3 and HuH-7 cells treated with S-4MOD for 48 h were detected by qRT-PCR; C: knockdown efficiency of FGB siRNA in HCCLM3 and HuH-7 cells.
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Fig.3 Validation of the effector target of S-4MOD and the FGB knockdown cell model
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Table 1 The cell viability and inhibition rate of HCCLM3 and HuH-7 cells after transient transfection and S-4MOD treatment

I HCCLM3 HuH-7
Gr;up AT 2R/ % A2/ % AT 2R/ % A2/ %
Cell viability /% Inhibition rate /% Cell viability /% Inhibition rate /%
siNC 100+7.65 100+6.96
SiINC+S-4MOD 67+13.33 33+17.09 52+8.97 48+13.11
siFGB 114+5.76 94+3.27
siFGB+S-4MOD 103+11.78** 11+£6.54* 74+14.52%* 20411.25%*
#P<(0.05, **P<0.01, 5siNC+S-4MODZ1 th %%
*P<0.05, **P<0.01 compared with siNC+S-4MOD group.
(A) (B) )
HCCLM3 HuH-7 HCCLM3
:'E‘ 1501 g 150+ i 2004 .
=} g
S 8 = 150
5 100+ = 100 E
X 2 S
< °\: 2100~
= 50 Z 50 siNC+S-4MOD  siFGB+S-4MOD 2
i} 2 e, O 50
> s
o) 0- % 0-
o O
(@) QO Gb Q Q 2 $»
. QO
S RES
éox C;bx G%X%

A: CCK-8£ Il HCCLM3ZEsiRNAF% 4t [ S-4MODAE B148 h /5 (I 2H L ££3% %, B: CCK-8f6 M/ HuH-728siRNAR% [ S-4MODAE #1148 h /i ) 24 i 17
I %, C: HCCLM3 £t siRNAFL 4 K S-4MODAE #148 b/ (AR MEARVE T AR &R D: 5 570 S RsiRNARE 4 [ S-4MOD AR #148 h/SHCCLM3]
HIET R . *P<0.05, **P<0.01.

A: CCK-8 assay showing viability of HCCLM3 cells after siRNA transfection and S-4MOD treatment for 48 h; B: CCK-8 assay showing viability of
HuH-7 cells after siRNA transfection and S-4MOD treatment for 48 h; C: representative colony formation images of HCCLM3 cells following siRNA
transfection and S-4MOD treatment for 48 h; D: quantification of colony formation number in HCCLM3 cells following siRNA transfection and S-4MOD
treatment for 48 h. *P<0.05, **P<0.01.

El4 FGBRURXTS-4MODHIHIHCCLRARIETE AN
Fig.4 Effect of FGB knockdown on S-4MOD-mediated inhibition of HCC cell proliferation

R2 siRNARR K S-4MODAEFFHCCLM3 AR & 7E L 2K
Table 2 The colony formation numbers of HCCLM3 cells after siRNA transfection and S-4MOD treatment

AN, SRR T A

Group Colony formation number
siNC 117£27

SINC+S-4MOD 23+17

siFGB 124429

siFGB+S-4AMOD 93£9%*

##P<(0.01, 5siNC+S-4MODZH .45 .

#%P<(.01 compared with siNC+S-4MOD group.
sINC+S-4MODZ (P<0.05, % 1. KEI4AFIF4B), 1fi
sIFGB+S-4MODZH 71 S-4MOD 1) 2 Jifa 411 1] 2 5 1%
F sINC+S-4MODZH (P<0.05, % 1), £ WIR ik FGBW]
25 Uk 55 S-AMODX 41 i i 1 I Am e . SRR
RS HE— 25 BoR, £ HCCLM34I iU, siFGB+S-
AMODH [ TE T IR 1T 35 2 T-siNC+S-4MOD4

(P<0.01, K 4C. KE4DMIF 2), 1 HuH-74 i [5] 2 i
WHE KR BE R Th @i . 25 b, FGBREURBER ROm
§5S-4AMODXTHCCAH 4 5 i il /E FH
2.7 FGBE{KEET R E R 555-4MODXTHCCHRE
EBHHIFER

RIJR A4 5256 R, ZEHCCLM3ATHuH-741 g,
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(A) siNC siINC+S-4MOD

HCCLM3
0h

48 h

HuH-7
0h

48 h

siFGB

(B)

siFGB+S-4MOD HCCLM3

Migration distance /um

500 um

A: HCCLM3 MIHuH728siRNA¥% 4t [ S-AMOD AL LIS AARR VERIR & 9K B: € BT R Z8siRNAFE 4t [ S-4MOD Ak P JF HCCLM3 1L 7%
PR C: 8 B AT R ZsiRNARE YL i S-AMODAC /S HuH 7 (T A B . #P<0.05, **P<0.01.

A: representative images of wound healing in HCCLM3 and HuH-7 cells after siRNA transfection and S-4MOD treatment; B: quantification of migra-
tion distance in HCCLM3 cells after siRNA transfection and S-4MOD treatment; C: quantification of migration distance in HuH-7 cells after siRNA

transfection and S-4MOD treatment. *P<0.05, **P<0.01.

E5 XRAE LN FGBRURXTS-4MODNEIHCCHA AT 7% B2
Fig.5 Effect of FGB knockdown on the anti-migratory activity of S~4MOD in HCC cells was assessed by wound healing assay

S-AMOD &b B ] #1 il 40 fiL #% , {H siFGB+S-4MODZH
(R A T RS B B8 32 25 K T siNC+S-4MODZ (P<0.05,
5). TransweliL S50 [FFER B , S-4MODHIH|4H
WIIER% | 1 siFGB+S-4MODZH (3R 4l i BUe 2 T
SINC+S-4MODZH (P<0.01, K 6). ¢ L, MK FGB] i,
EIRFIS-AMODXTHCCAN ML R g /1 (i fE R -
2.8 FGBRy{K&ETS EZE R 55S-4MODXTHCCL A
ATRRHIER

Hoechst 33258 4+ 45 ) B 7x , /£ HCCLM3 Al
HuH-740 g 1, S-4MODALEE I v i S 4 dE T2, 1
$iFGB+S-4MOD (18 T2 41 f 202 K T siNC+S-
4AMODZH (P<0.05, 31 7). 455K, MK FGBA]
3 E 55 S-4MODXTHCCH R yH T AR BEVE FH .
2.9 ETHIRESERABIENFGBEIEEFZHE

I I H R R AT 3L 3R 0% ik 48 A FGBIE 1E
W T, HBIXEE T 5 S-4aMODAH f5 811
F2 7 (P<0.05, log,FC>1) PA K 7E HCCH KRk 1 2
R HE( 8A) . 45 7R, JunBJFJE & A (JunB
proto-oncogene, JUNB) & S-4MOD#Ifi| HCC K 2E K &
R R FGBIGEE B R 1o 1 — P IRAH O 4y
WriioR, JUNBII L 5 FGBIIZ%i% 5 1EM 5% (r=0.32,

P<0.001)(EI8B). F:T 1t FA THENI7ES-4MODHTHCC
B, JUNB ] RE A2 12 FGBITE AR 5 K-
2.10 FGBFEHCCX RHHIBEINREMIRR
BAVILIR15 149N 5 FGBE L 5 IEMH % HAE
HCCH R IA MFER, FxHiX eIt KT & 820 Hr .
GOEHENNT RN, IR LI IR 3 B % e R A N
(CCEWid A2, E9A). AR A3 18] (4E L2 75, E19B)AH
WAL S0 TIhAE, BF9C). KEGGIH 54 & 1,
B BUE A AMAR S & I 20K (complement and
coagulation cascades, CCC)%51d % #1(E9D).

3 itie

AMFFCIEIT A GEO. TCGA K ATHARNA-seq %
W, 256 PPUNZS i 5 40T X%, ik H FGBAE
S ZE T S S-4MOD [ 78 R N B A5 . it 4
il AR AR BRIE 52 FGBAE HCCALZUH ) mRNAFIA K-
BERTIEEFAR, EATIRRERE S EH
ARG REMK. DIRELIRUESE, S-4MODH] 3%
R HCCYHiH FGBI mRNAZ X, i fii FGB] .3
855 S-AMODX} HCCAH MU 5 AL & sl e,
B S-AMOD 5 F A T-/KF . 255K, FGB
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. #*P<0.01, ***P<0.001.

A: representative images of Transwell migration assay in HCCLM3 cells following siRNA transfection and S-4MOD treatment; B: representative im-
ages of Transwell migration assay in HuH-7 cells following siRNA transfection and S-4MOD treatment; C: quantitative analysis of migrated HCCLM3

cell number following siRNA transfection and S-4MOD treatment; D: quantitative analysis of migrated HuH-7 cell number following siRNA transfec-
tion and S-4MOD treatment. **P<0.01, ***P<0.001.

[El6 TranswelliX L1618 FGBRURITS-4MODHIHEIHCCH AT # KOS
Fig.6 Effect of FGB knockdown on the anti-migratory activity of S-4MOD in HCC cells was assessed by Transwell migration assay

3 siRNAFE K S-4MODANIE/FHCCLM3FHuH-7 AT 4afa% B
Table 3 The apoptotic cell numbers of HCCLM3 and HuH-7 cells after siRNA transfection and S-4MOD treatment

Iy HCCLM3 1 T4 i 44 HuH-7/ 241 5

Group Apoptotic cell number of HCCLM3 cells Apoptotic cell number of HuH-7 cells
siNC 8.33+2.67 11.33+1.33

SINC+S-4MOD 42.33+12.67 190.67+42.67

siFGB 4.00+2.00 8.33+1.67

siFGB+S-4AMOD 12.67+3.67* 52.6743.33%%%

#P<0.05, ***P<0.001, 5siNC+S-4MOD4I LL#% »
*P<0.05, ***P<0.001 compared with siNC+S-4MOD group.

FIETKA-H T AT 2 H 55 S-4MOD It HCCiE Aok B2 1 280 % S 3% A AR FHE B SR -6 1697 T e
DA 25 RS e S-aMOD# I | il FGBERIA K45 HAM il MR ME , I ORI R SL B 13 250 UE 17, 78
HCCKR EMZEAER . HCCIBITAUE, 5PHEEIGIT AL, TCMsAMU R A &

1445 H1 2 (traditional Chinese medicines, TCMs) AT, AR IR R B e YT o, T HH 2
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A: HCCLM3Z:siRNA%; 4& 12 S-4MOD At # Ji5 Hoechst 33258 44 th 8K 1 14, B: HuH-74:siRNA% U [ S-4AMOD 4L # J Hoechst 33258 YLt {1 4%,
TG, C: E B MR sIRNARE e K S-4MODAL H JFHCCLM3JH T 40 i ¥, D: € 50 W7 2 nsiRNAR; 4 12 S-4MOD AL B f5 HuH- 74 1 41 i

. *P<0.05, ***P<0.001,

A: representative images of Hoechst 33258 staining in HCCLM3 cells following siRNA transfection and S-4MOD treatment; B: representative images
of Hoechst 33258 staining in HuH-7 cells following siRNA transfection and S-4MOD treatment; C: quantitative analysis of apoptotic HCCLM3 cell
number following siRNA transfection and S-4MOD treatment; D: quantitative analysis of apoptotic HuH-7 cell number following siRNA transfection

and S-4MOD treatment. *P<0.05, ***P<0.001.

[E7 FGBREURXIS-4AMODIRHHCCHRATHIZ M
Fig.7 Effect of FGB knockdown on the pro-apoptotic activity of S-4MOD in HCC cells

B R A R A SEL A o) PR 14D () B B A RE A A 1
AU, AMODYE A— R AR LN T 253%
PERR S, BEAE 22 TR 78 CUIE SE L 7E 2 RloB ik g v
R RE G MR AR 10, JEF IR s K B, 4AMOD
1E HCCR T A3k B A7 58 H I S A AN R g ¥ 77,
A TR S — o RS LR R 259 . AR
FEH UM A F AL J2 1 1) B S-4MODI@ i i FGB
FILINH HCC R & I/ FHALEE, ML H S-4MODI
YU RSP 7 SR | o G 2= 24 4 B
TEIT T I PR N, FH 255 1 B At

IR FGBAE S-4AMODYT A 203 1 32 AL
i), FAT I HHE i H HE AR B R % K1 JUNB.
JUNBEEHRINE T 195 etk p13. 2 X35k, 4fidh &5 3474
AR A, 1% 8 A AT TR A IR R A 55 Fos

B AZEEBCRIE —RBAE, 2B0EE H -1(activating
protein-1, AP-1)F) SCHE AL P R A K. b JL
JiIRg i Ak R R B AR PY . HLUETEE 9T 2R JUNB
P H R PR RIS P, I 2 5 % [ N & HCCk
Je B30 SR I MR S AN 4R , JUNBTE HCCH g ik
A PI3BK-AKGEEE , (b A se s 5 i m otk
PEREFE ) [R5 52045 90(cluster of differentiation
90, CD90)IH 14 HCC4H i [7] CDOORH 1 e Y 4k, , A\
T3 5 LA A AL R 8 7 B0, ek, AT IR
4E 45 45 2% 3B(lectin, galactoside binding soluble 3B,
LGALS3B)A] il i 1 98 JUNB#: e iE VB S B A& &
P2 aV(integrin subunit alpha V, ITGAV)ZK A € i3E
HCCk & BT, 11 B BE4HSRF 1AH 2R I (Wilms tumor 1
associated protein, WTAP)/1F (] JUNBIT) N°- L i 1
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A: Venn diagram; B: scatter plot showing the correlation between JUNB and FGB expression in HCC. TPM: transcripts per million.

E8 FGBBIEEIEREFRIMEXMED

Fig.8 Correlation analysis of potential regulatory factors of FGB
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A: bubble plot of GO BP (biological process) enrichment; B: bubble plot of GO CC (cellular component) enrichment; C: bubble plot of GO MF (mo-
lecular function) enrichment; D: bubble plot of KEGG pathway enrichment.
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Fig.9 Potential functions and pathways of FGB in HCC development
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The proposed mechanistic model illustrating how S-4MOD

upregulates FGB and exerts anti-HCC effects
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Dashed arrows indicate hypothesized steps that require experimental validation.

10 S-4MOD_LiAFGBH & #HHHCCH R HEBTEH HIHE L (5 FiBioGDP.com ] 3)
Fig.10 The proposed mechanistic model illustrating how S-4MOD upregulates FGB and exerts anti-HCC effects (created by BioGDP.com)

YL TR FE Y, AR, #MA SRS EN
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C8B)HE R T UE 5 AT A o8 £ Y i % 3 75 (hepatitis B
virus, HBV)H 8 HCC & & A A7 T AE VbR 4 B2,
BRI, B B 20255 BT 2 S /s HCC R MAER IEH 56 2R
F7KSF I B, $27R CCCIB g i % vl BE A7 24411
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M, Al R BOE B A A5 5 i (W MAPK B JAK-
STAT:# % Bk E ¥ 5 My N AR EAE A, 4k
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W FGB#: /KT A 3 S-4MOD I HCCRL R o it
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R BAAHLEIWE 10FT7R. 3T LR, MR
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