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(formononetin , FOR) 72 JT-i & 25 F1 % e b A FH B WL . 2 o« WieE 2021 4E 1~5 H Tl b BEREA 2 55 DY 2 Bt 20 15 = AR 3A 7 AT
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Formononetin affects the pathogenesis of liver cancer by inhibiting the COX-2/
cyclin D1 axis

JIAO Wenpeng’, JIAO Wenjing", ZHANG Jinyan"® (a. The First Department of Radiotherapy; b: Clinical Laboratory, the Fourth Hospital
of Hebei Medical University, Shijiazhuang, 050000, Hebei, China)

[Abstract] Objective: To analyze the relationship between the expression of cyclooxygenase-2 (COX-2) and clinicopathological
features and prognosis of patients with liver cancer, and to explore the role and mechanism of formononetin (FOR) in the pathogenesis
of liver cancer. Methods: The clinical data of 60 patients with liver cancer and 20 pairs of surgically resected cancer tissues and
corresponding para-cancerous tissues from liver cancer patients that treated in the Fourth Hospital of Hebei Medical University during
January 2021 and May 2021 were collected for this study; in addition, human liver cancer cell lines HepG2 and Bel-7402 were also
collected. The expression of COX-2 in liver cancer tissues was detected by qPCR and immunohistochemical staining, and the
relationship between COX-2 expression and clinicopathological characteristics and prognosis of patients was analyzed.
Diethylnitrosamine-induced mouse model of liver cancer was established to verify the effect of FOR on the incidence of liver cancer.
After being treated with 0.003 and 0.006 umol/ml FOR 48 h, the effects of FOR on proliferation and cell cycle of HepG2 and Bel-7402
cells were detected by CCK-8 and Flow cytometry. The changes in the expression of COX-2, CDK4, CDK6 and cyclin D1 were
detected by qPCR and WB. Results: The mRNA expression of COX-2 in liver cancer tissues was significantly higher than that in para-
cancerous tissues (P<0.01). The positive expression rate of COX-2 in liver cancer tissues was 68.3% (41/60), and the positive
expression of COX-2 was correlated with advanced TNM stage, large tumor and short survival (all P<0.05). In the xenograft mouse
model of induced liver cancer, the incidence of liver cancer in mice treated with FOR was significantly reduced, and the expression of
COX-2 in liver tissues was significantly decreased (all P<0.05). FOR significantly inhibited the proliferation, increased the proportion
of cells at GO/G1 phase, decreased the proportion of cells at S and G2 phase (all P<0.05), and inhibited the expression of COX-2 and
cyclin D1 in HepG2 and Bel-7402 cells (all P<0.01). Conclusion: Liver cancer patients with positive COX-2 expression have an
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advanced clinical stage and a poor prognosis. FOR can prevent the occurrence and development of liver cancer by inhibiting the

expression of COX-2 and cyclin D1.

[Key words] liver cancer; HepG2 cell; Bel-7402 cell; formononetin (FOR); COX-2; cyclin D1; proliferation; cell cycle
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A2 B AR BE VTN 8] 9 20204212 H 31 H , 42
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1.2 @leF 2 E RN R R

BT 41 i 2 HepG2 F1 Bel-7402 14 [ 7 i 9L &

AW A R 2 7

COX-2 Z v BEHUAR N B b5t b i A9 TRA R
AT, 10% i 25 1L 7 (FBS) . RPMI 1640 1% 75 £ 1
T E £ E Gibco AH] , — ZJE T AHZ (diethylnitrosamine ,
DEN) I H Sigma /A & , CCK-8 41 i 1 4 5 55 14 46 I
TG B HARRM AT AT, miR cute 3G 788 miRNA
¢ )t 7€ & PCR (qPCRO £ Ml i 741 &% H TianGen ( H
%5 FP411) , anti-COX-2 Fi /& H Abcam A 7] , anti-
CDK4 $iL /&l F CST A 7 , anti-CDK6 $iL /& F Cell
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IRDye 800CW £ % IgG it EH Abcam 2 7.
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F| F DEN 5 S v5 0 2 /b B A A . %
C57BL/6 /)N SR BEAL 7 9 25 EH 41 (36 A D X0 iR 4 (36
PRSI (36 HD, B 2 IR 8 —JE R 98D
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2 18 20 mg/kg A I 7 5 DEN Cif B8 293 5 PBS) , 3%
SRe5 2018 . BRI G, I HE A AL . 7
4k B3 5 DEN 264~ , 855 DEN [A] i I 46 550 20
/NEREER T 0.2 g/kg [ FOR BE B 1 7K, X 8 41 %
aiiEoKHEE o RN ITA DN RARAE R E . 2
TE 25 25 6 J8 AT 14 J& i, 8 3ok R I Ak B8 %2 6 H /)
BRs 2 M AE 25 245 56 10 JA R 18 A B, AbBESS AL 12 A
/IR WS R 0 R AR A L, TSR FLIF AL, 4 I
SCHR[ 1517 1EIEAT S e AL e £, W5 COX-2 PHMER
pE TS

1.6 qPCR A% M % 48 42 f= 4@ L F COX-2.CDK4.
CDK6 #= cyclin D1 mRNA 4 i K-

F TRIzol 3 7714l $i& 2H 2L F 41 g P 4 RNA, FF
#5N cDNA, %18 qPCR R 77 &2 1t BH 15 1) 7 92 k47
qPCR . PCRGIMIFHI K 1. qPCR X B4
50 °C 2 min.95 °C 2 min.95 °C 15 .60 °C 15 5,3t 40
MG . K 272N A B 2 K mRNA (1) 41
X RIEIKF-

=1 5140531

Tab.1 Primer sequences

Gene Sequence

COX-2 F: 5-CGGTGAAACTCTGGCTAGACAG-3'
R: 5'-GCAAACCGTAGATGCTCAGGGA-3'
CDK4 F: 5'-TGTGGAGCGTTGGCTGTATC-3'
R: 5-TGTGGAGCGTTGGCTGTATC-3'
CDK6 F: 5-TGG AGA CCT TCG AGC ACC-3'
R:5-CACTCCAGG CTC TGG AAC-3’
Cyclin D1  F: 5'-GCTGCGAAGTGGAAACCATC-3'
R: 5'-CCTCCTTCTGCACACATTTGAA-3'
GAPDH F: 5'-GTCTCCTCTGACTTCAACAGCG-3'
R: 5'-ACCACCCTGTTGCTGTAGCCAA-3'

F: Forward primer; R: Reverse primer

1.7 CCK-8 i # ] FOR #f HepG2 #= Bel-7402 %@ iz
Y88 09 v

4 HepG2 1 Bel-7402 41 i £ T 96 LK (2x10°
ASFLD H, FEALE L I 100 pl 10% 7 i 3 1
DMEM, #4375 9% 6 do #4 CCK-8 ik 7 ¥ b £ % fL
i, KA AE 37 °C T A 2 h )5, B bR ORI 7E
WA 450 nm b %5 LG B TE (DA, 2 1 41 i 3% 5
2k
1.8 X @ e K 4 M) FOR %F HepG2 #= Bel-7402 4@
e J& 305 69 %70

¥ HepG2 F1 Bel-7402 41 i LA 1> 107/L (1) % Ji 2
FAE 6 FLAR o 8537 24 i, 4 3 =X 40 S G i 4

Mo . K HepG2 Al Bel-7402 #H it ] FBS BEi5 2 1K,
SRIGTE 70 °C LB T 4 °Clil % 24 he ¥4 [ 2 11
4 fu H PBS Yeidk 1K, 3 B B SR A My Bl . R4t
B 5 500 pl PI1(50 pg/mD % 5 30 min J& ALK I
& 3 53 A 1 o
1.9 WB i 4 M| FOR *} HepG2 #= Bel-7402 @ fit. &
COX-2.CDK4.CDK6 #= cyclin D1 % i &9 %} »f

FH RIPA Z4 A R BN 45 L 41 B i 25 (1, BCA Y&
JE B EIRIE. K I EFE R 4T 10%SDS-PAGE,
¥y B 5 M # #% ) PVDF i b, F i g 905 8 £ 1]
J& o, i N COX-2 (1:1 000) . CDK4 (1:1 000) .
CDK6(1:1 000) F1 cyclin D1(1:1 000) — 7 4b # it
W s TBSTHE B 3 R J& » Il 800CW = T e 1gG —
Uik (1:5 000) 4 45 min, I\ ECL & YGRIF 5,
H Odyssey V3.0 #4143 #r 8 B 27 B 2K FEAB - 1H 55
EEREASTOE P E vy =
110 “%itsite

qPCR.CCK-8. it A i AR \ WB & 45 52 46 25 =
2 3. KA SPSS 20.0 4t it 2= A 34T GL it 43 #T
FH Excel fll GraphPad Prism 8 #J R34 . #F & 1E
A BT E RS DL x+s R, B2 [A] 38 55 bR
¢ Rar 58 5 2H 1) 28 1) B SeAd FH o” s 38 B Fisher K5 i A
Kk R 4 4 COX-2 iRk /K F 55 i 5%
Z7 B K H Kaplan-Meier 42 743 #1i%: . LA P<0.05 B
P<0.01 2R BARIT R .

2 & R

2.1 COX-2 mRNA N /ZELEF & kA

qPCR VA6 25 5 (B 1) B , 20 1 i 41 4 p
COX-2 mRNA KL KV 3 15 T 5L (P<0.01D) o
22 COX-2& A k&K ALENEELIERRIZIFIE
Z ) ay X &

PR AL et s R (K 2, £ D SR, 60 1] 2
W AL 4 COX-2 28 (A 3R IA PH L 41 431, [H %
H68.3%. HE—H R ) K40 5L Fisher K5 M 215 5>
BT IR 7R, COX-2 R 1A BH 1 i 15 5 e [ PR 3R 08 f8 3
[ TNM 43 HH I L BiJeg R AH DG TC (33 P<0.0D) , 1 5 &
MR RS L 1S PR AL TE DR IE (3 P>0.05)
23 COX-2&akZEHIFEEHOSZ X F

H Kaplan-Meier 2E 47 73 #1170 #r 45 % (18 3) &
718 » 60 B 8 JB 3 1 AR A2 OS M 204 A, 1.2.3 45 08
MR T1.7%40.8% F131.9%. COX-2 25 A Bk
RIBEBHEHALOS HNA3A A, 1.2.3F 0S8 H 451N
89.5%- 68.4%- 61.6% ; COX-2 [H P % ik 3% F1 47 OS
N9 A H L 1,223 4F 0S K 43 7 N 63.4%- 28.0%-
17.5%. WAz MZEFHEEFRZENGIT %8 X
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(4°=8.435,P<0.05).
2.4 FOR Fill/ & COX-2 % i H MK 55 & £ %

DEN i A 2/ U s A 45 I B, 5 6 A
IS 4 6 FR A L 2 (L R R BT (0/6) » 7R 58
10 JEI I, 5o HREL /N B 3/12 0k A PP , S 2L R0 4% 1
/N B AR R DT (0/1250/12) 5 76 55 14 J& I, % R
Y /NER 1 3/6 A R S AH /N B 1/6 R AE T
2 /N R R R BT (0/12) . DEN ARFR 5 25 18
JEIF, FOR Ab BE /) B 1) JH i A= 26 5 8 A6 T 0 A
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W R R I (0/12) .
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Para-cancer Cancer

“P<0.01 vs Para-cancer tissues
El1 FFEEERFRES AN B COX-2 RIAKTFHILLEL
Fig.1 Comparison of COX-2 expression levels in liver

cancer tissues and para-cancer tissues

of COX

Negative expressi

&2 BFfELELRh COX-2 RIEA ML EE(x100)

Fig.2 Immunohistochemical staining of COX-2 in liver cancer tissues (x100)

1 COX-2 FAKF S fElmRRIEFHEZ BHI X F

Tab.1 Correlation between COX-2 expression level and clinicopathological characteristics of hepatocellular carcinoma

COX-2 expression ()

Clinicopathological feature N Ve P
Negative Positive

Gender
Male 37 12 25 0.026 1.000
Female 23 7 16

Ages (t/a)
<60 38 12 26 0.001 1.000
260 22 7 15

TNM stage

I+1I 22 13 9 12.073 0.001

il 38 6 32

Cirrhosis
No 12 5 7 0.693 0.493
Yes 48 14 34

Tumor size (d/cm)
<5 24 14 10 13.145 0.001
=5 36 5 31
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Fig.3 The relationship between expression of COX-2

and OS in patients with liver cancer
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*P<0.05 vs Ctrl group; “P<0.05 vs 0.003 pmol/ml FOR group
El4 A[ERE FOR X HepG2 F1 Bel-7402 4 RHE5E AE F1 RO 20
Fig.4 The effect of different concentrations of FOR on the proliferation of HepG2 and Bel-7402 cells
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Fig.5 Effect of FOR (0.006 pmol/ml) on cell cycle of HepG2 and Bel-7402 cells
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2.7 FOR i iT COX-2/cyclin D1 4b 37 %) A /& 4@ fion 33
O\ 4 e JE) 3R

FOR (0.006 pmol/ml) 4b¥f 48 h i}, qPCR #& il 45
RE6A) Bon, 5xT I 4H b5, 5256 2H HepG2 Al
Bel-7402 4 i H cyclin D1 #1 COX-2 mRNA ik 7K
1492 3 BRI (3 P<0.01) , 1] CDK4 Fll CDK6 K%k 7K~

Z SR BG4 L (3 P>0.05) . WB L it
—3BEIE T qPCR 45 B (B 7B ) , Bl Sz 6 26 95 b 40 i
H1 cyclin D1 1 COX-2 5 H 3R 1A /K % & K T %
HEAH (35 P<0.0D) o iz A I 45 S & 9, FOR W] i@ i
COX-2/cyclin D1 8 % $00 il 1T 40 M i3k \ 440 ] 34

Lar HepG2 HepG2 Bel-7402
Ctrl
= 12f o FOR ctrl FOR
& )
E Cyclin D1 - - Cyclin D1 — O ~~ay
= . .
E=]
£ COX2 w——— coxz N e
o
—
A GAPDH WSS  sm—— GAPDH “ms: s—
B CDK4 CDK6 CyclinD1 COX-2

14r Bel-7402 Lor m Ctrl Lor m Ctrl
< 14l mCul = EMFOR ¢ M FOR
z L HFOR B 08} B
& c c
g a a
s 5 061 3
5 g g
2 z 04r g
[} [} ()
o 5 g
= = 021 I3
[s4) s8] [sa)

0
CDK4 CDK6 CyclinD1 COX-2

Cyclin D1 COX-2

Cyclin D1 COX-2

"P<0.05 vs Ctrl group
A and B: qPCR was used to detect mRNA expression in cells; C and D: WB assay was used to detect related protein expression in cells
El6 FOR(0.006 pmol/mD) %t HepG2 F1 Bel-7402 £HA 4 cyclin D1.COX-2.CDK4 F1 CDK6 FRikHIF/ M
Fig.6 Effect of FOR (0.006 pmol/ ml) on the expression of cyclin D1, COX-2, CDK4 and CDK6 in HepG2 and Bel-7402 cells
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