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Effects of onychin on the glycolysis, proliferation, migration and invasion
of lung cancer A549 cells via circ_0136666/miR-370 axis

ZHANG Hongyan', ZHU Baojie', FAN Yifeng’, LIU Huan', GUAN Song', ZOU Qinghua®
('Radiotherapy Department, *Oncology Department, Hebei PETRO China Central Hospital, Langfang, 065000, Hebei, China)

Abstract: Objective To investigate the effect of onychin (ONY) on glycolysis, proliferation, migration and invasion of
lung cancer A549 cells and its mechanism. Methods A549 cells were cultured in vitro. After treated with different concen-
trations of ONY (5, 10, 20 pg-mL™) for 24 h, A549 cells were transfected with circ_0136666 small interfering RNA. The
A549 cells transfected with circ_0136666 over—expression vector were treated with 20 pg-mL™" ONY. The enzyme-linked
immunosorbent assay was used to detect the glucose level in cells and the lactic acid content in the cell culture supernatant.
CCK-8 was used to detect the cell proliferation, and Transwell was used to detect the cell migration and invasion. The pro-
tein expression levels of Ki—67, MMP-2 and MMP-9 were detected by Western blotting, and the expression levels of circ_
0136666 and miR-370 were detected by RT-qPCR. The regulatory relationship between circ_0136666 and miR-370 in
A549 cells was verified by the dual luciferase reporter gene assay. Results After A549 cells were interfered with 5, 10, 20
wg-mL™" ONY, the glucose consumption and lactic acid production of the cells, were significantly reduced, as well as the

number of migration and invasion cells, the protein expression levels of Ki-67, MMP-2 and MMP-9, and the expression
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level of circ_0136666 (P<0.05), while the cell inhibition rate and the expression level of miR-370 were significantly in-

creased (P<0.05), and all were dose—dependent. The circ_0136666 negatively regulated the expression of miR—370. After

silencing circ_0136666, the glucose consumption and lactic acid production of the cells, the number of migration and inva-

sion cells, and the protein expression levels of Ki—67, MMP-2 and MMP-9 all were reduced (P<0.05), while the cell inhibi-

tion rate was increased (P<0.05). Overexpression of circ_0136666 partially restored the inhibitory effect of ONY on glycoly-

sis, proliferation, migration and invasion of A549 cells. Conclusion ONY could inhibit the glycolysis, proliferation, migra-

tion and invasion of lung cancer cell A549, and its mechanism of action may be related to the regulation of circ_0136666/

miR-370 pathway.

Keywords: Onychin; Lung cancer; circ_0136666; miR-370; Glycolysis; Proliferation; Migration; Invasion
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NA-circ_0136666 1 4} ] 20 pg-mL™" ONY 35 5%,
i€ 4 ONY+pcDNA 4 | ONY+pcDNA-circ_0136666
M, HHEINES, LWER 3K,

123 KFAERNMEEPEERE . AIBSE K
MR 2 24 FLM, $ IR 1.2.2 /0 AL B, 1537 24 h
WCHE ML . SR R 2 G T 3 7)< A 0 200 e e 1%
2R i, 2L G DN G 48 e ) FLIRR i
124 CCK-8EKMZAAmIGTE A4 %2 96
FUAR , #22 B8 1.2.2 43 2 AL BE 24 b, il 10 wL CCK-8 ik
o PR 4 he BEFRGIE 450 nm AA G EE(E (A
{EL) , T334 L B o ]



IR 22 2022 4F 12 H 55 12 3555 6 1)
Anti—tumor Pharmacy, December 2022, Vol. 12, No.6

1.2.5 Transwell M4BT RBFEE KL HN
i 535 J3 4 5%l 5% 10° N /mL. T8 5256 - ¥ Transwell
/N BT 24 FL0, LE N 100 wL 4R A, T
REFRHE500 wh, 55524 h, Z B W[ E 25 min, 45
il SR Y0 15 min, 5] WAMCEE R OWER BEALEEL S
AP A AN . (=228 S5 - 4 Matrigel K& 5t i 47l
T EE, AAREET NAE A 100 WL, J5 2e 454 H)
1.2.6 Western blotting & il £H fff F Ki—67 . MMP—
2ANMMP-9E B FRIE I RIPA BRI $2 B4 g v 2
T, 1T SDS-PAGE Hiyk , #5 2 PVDF I, 5% fiifig
Wik B 1 h, BT Ki-67(1:800) \MMP-2(1:500) .
MMP-9(1:500)Fl GAPDH(1:1 000)—Hi 5% &,
4 CHFE R, FEE T I E PR =40 (1:3 000) B &
W, 37 CHWEE 1 ho TN &G, RO 0 5, B
AR
1.2.7 RT-qPCR # Ul 4 B@ & circ_0136666 FA
miR-370 %1% TRIzol i& 7 $2 B4 i & RNA , 39
B Sk A cDNA, 17 PCR Y73 o 519 )% 41 : cire_
0136666 I 1% 5'~-GGTAAATCGATCTATCGTACT-
3, Fi#5'-CCGTACAGCTACCATCC-3'; GAPDH |-
% 5'-GTAGAGTCCTACCTAACGT-3', T iif 5'
~CAAACATGTATCTCTTGAC-3'; miR-370 I jif 5’
~CGTGAACTAGTCTCGATAAG-3', T il 5'~CTTGT-
GAGGAGGTCATGT-3"; U6 I ¥if 5'~CTTGTTTCTA-
AACTGACTG-3", I Jif 5'~-CCGTGCACACATATC-
GATC-3', circ_0136666 L GAPDH & N % , miR-
370 L U6 A N 2, 2744% ik 11 B cire_0136666 Al
miR-370 ik,
1.2.8 XKHAEEFREEBE LI B AS49 0z
vz 24 LR, AR B4R 20 518 WT—cire_0136666 .
MUT=-circ_0136666 FL%% 4% miR-370 mimics B miR—
NC, 5557 24 h, WA AH M, Z: BEOBUIE ' 2R TG 1 A D)
TR S A U ARSI 2 Y 2 il v 1
1.3 FitZESHR

FH GraphPad Prism 7.0 #4470ty SC 30 55040 o iF
TR DL B FR U 25 (s ) i, W2 18] L3R
TSI REAS ¢ K56 5 22 20 18] HL 3R FH PR R 2 Ty 229347 o
P<0.05 KR ZERA G E XL

2 #£R

2.1 ONY X} A549 fARAHEBEMERI R ONY-L4 |
ONY-M 4 F ONY—H 2 7 %3 45 1 #6 1t A 7L R 7= A=

I Con 41 B E PR (P<0.05) . (R 1)

A1 AR & R AS49 R AERE 09 % 0 (n=9)
Tab. 1 The effect of onychin on glycolysis of A549 cells (n=9)

1 A EEAE 1/ FLIR e/
(pmol-L7") (pmol-L)
Con 51.07+3.85 38.08+3.04
ONY-L 39.09+3.51" 25.94+2.08"
ONY-M 26.46+2.22" 18.06+1.32"
ONY-H 14.53+1.38"" 11.16+1.62""
F 263.960 267.807
P 0.000q 0.000

E: 5 Con L3R ,"P<0.05; 5 ONY-L 28 1L 4, "P<0.05; 5 ONY-
M 48564, “P<0.05

Note : Compared with Con group, "‘P<0.05; Compared with ONY-L
group, "P<0.05; Compared with ONY-M group, “P<0.05.

22 ONY X AS49 HAEIEE I F M 5 Con 4 1L
A, ONY-L4]L .ONY-M 41 1 ONY-H 2 A549 2 g 4
B ) BH I B 5 (P<0.05) , Ki—67 25 11 3 3k 7K F- B
AR (P<0.05) (K1 1.32).

Con ONY-L ONY-M ONY-H

Ki-07 W i — —
GAPDH WS S S S

B 1 ONY{E T A549 % i J& Ki-67 & & #y & &
Fig. 1 The expression of Ki—67 protein in lung cancer A549
cells treated by ONY

%2 ONY #F A549 28 f 38 7 49 % 7 (n=9)
Tab. 2 The effect of ONY on proliferation of A549 cells (n=9)

ikl HEBEAN R/ % Ki-67 8 1
Con 0.00+0.00 0.71+0.05
ONY-L 23.36+2.36" 0.58+0.03
ONY-M 48.51+4.38" 0.44+0.04*
ONY-H 61.69+5.46™ 0.30+0.02°*
F 493.717 q208.611
P 0.000 0.000

E: 5 Con 4L 1b3R,"P<0.05; 5 ONY-L 28 IL 48, 7P<0.05; 5 ONY-
M 48 ptd, “P<0.05,

Note : Compared with Con group, ‘P<0.05; Compared with ONY-L
group, *P<0.05; Compared with ONY-M group, “P<0.05.

2.3 ONY Xt AS49 R ERBFBRZEN N 5 Con
ZH b4, ONY-L 4 .ONY-M 41 il ONY—H 241 48 Jifg 1T
BB 2250 . MMP-2 Fll MMP-9 25 14 % 1k 7K ¢ B
HLFEAR (P<0.05) (F2.%63),
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Con ONY-L ONY-M  ONY-H

MMP-2 S i
MMPS D S w— —

GAPDIT - —

71 (A) ONY {Jf T A549 47 L s MMP-2 7 MMP-9 % 1 £ % 3% 5 (B) ONY 1E il T A549 %8 fit J& 28 g 8 £ % fn 2 & L
Note: (A) The expression of MMP-2 and MMP-9 protein in A549 cells after treated by ONY; (B) The migration and invasion of A549 cells after

treated by ONY.

B2 ONY 3t A549 % il if % F0 (2 2 9 %
Fig. 2 The effect of ONY on the migration and invasion of A549 cells

A3 ONY x A549 2 i it 4 Ao dz 22 69 % v (n=9)
Tab. 3 The eftect of ONY on migration and invasion of A549 cells (n=9)

451 RS 4 £ 1RZEYNHIEL MMP-2 [ MMP-9 % ]
Con % 121.98+10.44 104.21+9.01 0.59+0.05 0.68+0.04
ONY-L41 94.73+5.71° 88.61+5.36° 0.450.03" 0.54+0.05"
ONY-M 4 78.39+4.49" 69.36+4.59" 0.29+0.02"" 0.41+0.04""
ONY-H4l 61.40+5.01°" 52.85+4.45" 0.1420.02"" 0.26+0.03"*
F 128.105 119.730 325.929 175.773
P 0.000 0.000 0.000 0.000

5 Con Z1H4R,"P<0.05; 5 ONY-L 41148, *P<0.05; 55 ONY-M 20345, 4P<0.05.
Note: Compared with Con group, "P<0.05; Compared with ONY-L group, *P<0.05; Compared with ONY-M group, “P<0.05.

2.4 ONY 3t A549 48 Bl & circ_0136666 F1 miR—
370 RIEBIEN 5 Con ZH IS, ONY-L4 .ONY-
M 4 F1 ONY-H £ circ_0136666 7% ik 7K - B 4 B A%
(P<0.05) , miR-370 & ik /K °F 8] & F+ & (P<
0.05)(%4).

F 4 ONY *f A549 29 i circ_0136666 F» miR —370 & ik #)
v (n=9)
Tab. 4 The effect of ONY on the expression of circ_0136666
and miR —370 in A549 cells (n=9)

Epill circ_0136666 miR-370
Con 1.000.07 1.000.05
ONY-L 0.77+0.05° 1.61+0.14"
ONY-M 0.62+0.04"* 2.29+0.22°*
ONY-H 0.47+0.04"% 3.12+0.217%
F 173.547 260.785
P 0.000 0.000

iE: 45 Con L1645, P<0.05; 55 ONY-L 40 3t4%,"P<0.05; 5 ONY-
M 28035, 4 P<0.05,

Note : Compared with Con group, “P<0.05; Compared with ONY-L
group, "P<0.05; Compared with ONY-M group, “P<0.05.

748 -

2.5 circ_0136666 #E [& i = miR-370 #J & &
cire_0136666 5 miR-370 Y 25 & 45 W& 3. miR-
370 mimics 5 WT—circ_0136666 FL5% 4L 5 4 ig v 9¢
St 2 R M B MK (P<0.05) , 1fif miR-370 mimics
5 MUT-circ_0136666 4% Gt J5 41 ji v 25 't 22 i 1%
PETCH] A8 4k (P>0.05) (25) . 5 pcDNA 41 Lh AL,
pecDNA-circ_0136666 41 miR-370 7 ik 7K 3 W] i [
%[ (0.5420.05) vs. (1.00£0.07), P<0.05], 5 si-NC
2H L # , si—cire_0136666 20 miR-370 2 1k /K -1
T [(3.36+0.26) vs. (1.02+0.06), P<0.05].

%5 MEAFTEHRELER EBLER(n=9)

Tab. 5 The results of dual luciferase reporter gene assay (n=9)

MUT-circ_0136666

215 WT—-circ_0136666

miR-NC 1.00+0.06 1.03+0.08

miR-370 0.48+0.04" 1.01+0.05
t 21.633 0.636
P 0.000 0.534

7E:5 miR-NC 4L 3L, 7P <0.05,
Note : Compared with the miR-NC group, “P<0.05.
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WT-circ_0136666 5’ ggauggaagugcaag AGCAGGaa 3’

3 uggueraneguEeEE UCGULCE 5
5’ ggauggaagugeaag GUAGU Aaa 3’
3 circ_0136666 5 miR-370 I #} i 1% 4 8 7 71
Fig. 3 The complementary nucleotide sequence of circ_

0136666 and miR-370

miR-370
MUT-Circ_0136666

2.6 LBk circ_0136666 X1 A549 4 i EEE R 1 3E .
EBRMEZEMNZM 5 si-NC 4 A, si-circ_
0136666 20 i I AE I  FLIR ™ A= it W B BRI (P<
0.05) , 2 Jfd 38 7 41 ) 22 W] 4 A 455 (P<0.05) , 4 g iT
2280 . Ki-67 .MMP-2 Fll MMP-9 && [ 3 ik 7K
- SRR (P<0.05) (K14 K15.566 .£7).

si-circ_0136666

B4 LBk cire_0136666 /5 A549 41 j B if 4 Fn 12 %
Fig. 4 The migration and invasion of A549 cells after silenc-

ing circ_0136666

2.7 T RIE circ_0136666 ¥ & ONY 3t A549 £ iy
PEERAR EE GERANEEMEMM 5 ONY+pecDNA
ZH H# , ONY+peDNA—cire_0136666 4 % %5 15 1 #E
LR A 1 W] TR (P<0.05) , 200 it 1 5 4100 )
W] AR (P<0.05) , 41 Jfl 1 % Fl = 224k Ki-67 .
MMP-2 F1 MMP-9 % [ ik 7K~ B 52 55 (P<0.05)
(K6 .K7.%8.39).

si-NC  si-circ_0136666

Ki-67 M- —
MMP-2 S
MMP-9 S —

H5 L circ_0136666 J& A549 41 i # Ki-67 . MMP-2 F1
MMP-2 % & i3k
Fig. 5 The protein expression of Ki-67, MMP-2 and MMP-2
in A549 cells after silencing circ_0136666

3 it

U 96 240 B R AR AT SR AR A T AT R A, X R AR
0 AT i ek e AN 1 T A2 £ a0 AR Y
JRET L FLIR (3 0 A il JRE 20 R B L R I B L A A
THARK GG, AR BN, ONY o] 5l R AR
REAVR A A 549 240 . 1) 46 4 W T I A LR =/ i
SR E S5 R — 2, BT ONY Al # i A549 4
O A B T i o TR 40 T UG R 348 A, 0 41 e 4
B R R AT IR 2 — . Ki—67 2 5 41 i J5 1)
P R A RS AR . AR R, ONY
I 55 50 R 1 PR AT A 549 4 IS 114 Ki-67 & 1 635
IR MG AS49 4G AE . i ed 4 i A FN R 28
JE PR R K R B SRR 22— 4 g 4 T A%
F 28 RT3 SRR R 52 % AL R 1 LRI i
MMP-2 MMP-9 A fit 40 AT R iR 281 AHiFSY
7R, ONY AT FEAIR A549 4 i i) MMP-2 A1 MMP-9 2
H RIS I R MR8, X segi LR,
ONY HA Pt e , ol e Je i e 16T 259 .

circ_0136666 &8 & PRI circRNA , 5 Z2 Fft b5
) & A R JRAT e 2 T cire_0136666 1 FL 5 J5 2H 41

£ 6 T circ_0136666 Xt A549 2 I HE BE R 3G A | iE A Fe i 2 69 %o (n=9)

Tab. 6 The effect of silencing circ_0136666 on the glycolysis, proliferation, migration and invasion of A549 cells (n=9)
25 circ_0136666 ~ miR-370 %%%/ﬁﬁi/ ?L@ﬁf”ﬁlﬁ%/ M TR YN M %K 228 41 i A%
(pwmol-L™") (pwmol-L") P12 /%
si-NC 1.00+0.07 1.00+0.06 54.50+5.25 39.37+2.91 5.52+0.51 126.95+10.83 107.53+7.57
si—circ_0136666  0.34+0.03" 2.69+0.22" 18.66+1.74" 14.53+1.28"  49.23+4.29"  69.66+5.22" 61.48+5.51
t 25.999 22.233 19.440 23.441 30.353 14.296 14.755
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000

5 si-NC 21342, "P<0.05.
Note : Compared with si—-NC group, “P<0.05.
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T B circ_0136666 X A549 2 L ¥ Ki—67 .MMP—2 Fn
MMP-2 % § & & 49 3% % (n=9)
Tab. 7 The effects of silencing circ_0136666 on the protein
expression of Ki—67, MMP—2 and MMP—2 in A549 cells (n=9)

MMP-2 MMP-9
20 531 Ki-67 % 1 £ £
si-NC 0.74£0.06  0.57+£0.04  0.69+0.06
si—circ_0136666  0.37+0.03°  0.21+0.02°  0.32+0.02°
' 16.547 24.150 17.551
P 0.000 0.000 0.000

55 si-NC 21348, "P<0.05,
Note : Compared with si-NC group, ‘P<0.05.

ONY+pcDNA
P NG

ONY+pcDNA-circ_0136666
T R G S S N S

Migration

H6 itk cire 0136666 4 ONY ﬁ A549 % jf if f%w
REWH
Fig. 6 Over—expression of circ_0136666 reversed the effect of
ONY on the migration and invasion of A549 cells

Fik R, AT E A 255 miR-1299 [H CDKe6, i
LRI Y & SR EAR 5 cire_0136666 TE 45 7 1 21
SURNAN A 2235 L], OSBRI 3K nT 38 43 #0 [n) 171 )81
5 miR-136 " # SH2B 1, $l 25 i Ji 20 M3 5 7%
Fi 28 , I 4 i 5 S 53 7E Gy G . B E AT,

A8 it AGA cire_0136666 i 4 ONY * A549 20 I 4 0 fif 34 76

ad
< Qooibbb‘o
e
O%Qe?’ é N
& O

MMP-2 s —
MMP-O s S—

GAPDH N S

H7 ONY kT3t 5 3 cire_0136666 &y A549 41 8 J&
Ki-67 MMP-2 1 MMP-9 %& & # 5 ik

Fig. 7 The effects of ONY on the protein expressions of

Ki-67, MMP-2 and MMP-9 in A549 cells circ_0136666

overexpressed

AL cire_0136666 V8 ¥ il 6 40 B % A= W1 2217 R
B AH & E . AWFFE BN, TLER cire_0136666 A 1)
il AS49 20 Jif P PR e 1 RS MR8 B cire_
0136666 7EMiliE & 1= & J& b ke 3L AR, vl B
SRR TT S AE TS . ABFSE A R, ONY
A ) 2 AR RS 0 ) AS49 4 L cire_0136666 (1) 3
ik, it 23k cire_0136666 1] i ONY X A549 4 it
WEIERE G5 TR AR ZE0IVE R, 3278 ONY 1] i
cire_0136666 , & FEHU Mt VE .
circRNA 7] 5 miRNA # [1] 25 & Jf 7 i 45 H 5%
A S [5) 52 0 g 1) & 2E % . miR-370 7 i
TP FIA T, W miR-370 ZEFL IR A EUh KA T
P 5 B =S NI I AW S D E M N K
22 PR UE 0B IR T . o P SOX12 ik &
FEGUIb IR VE R, o ZL 988 6 o7 4 A8 T 57 1 v A
Fr . Wang 257 HFSE SR, miR—370 76 -2 it Jes 41
JL AN 2 2 SRk AP BEAR , 2xF 3R 3K miR—-370 7] 3 i
T I BEX2/MAPK/INK {7 538 {417 1] JFF- 210 e 9 240 L

A Folz 8% (n=9)

Tab. 8 Over—expression of circ_0136666 reversed the effect of ONY on the glycolysis, proliferation, migration and invasion of
A549 cells (n=9)

A it meazo AR FURSERY W e e
0136666 (pmol-L7")  (wmol-L™") i =/%
ONY +pcDNA 1.0020.06 1.00+0.07  13.39+1.14  10.59+1.08 63.28+546 60.58+5.47 51.24+3.71
ONY+pcDNA-cire_0136666 2.67+0.24" 0.42+0.04° 29.89+2.11°  26.88+2.22" 22.47+2.15" 107.07+8.83° 89.67+6.85"
t 20.252 21.582 20.640 19.795 20.864 13.427 14.799
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000

7 :5 ONY+pcDNA 283k 3%,"P<0.05,
Note : Compared with ONY+pcDNA group, “P<0.05.
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&9 LRI circ_0136666 i # ONY ¥ A549 29 it ¥ Ki—67
MMP-2 F= MMP-9 % & % i& #9 % 1 (n=9)
Tab. 9  Over—expression of circ_0136666 reversed the effect
of ONY on the protein expression of Ki—67, MMP—2 and
MMP-9 in A549 cells (n=9)

21 5 Ki-67% 1 MMP-2%&E1H MMP-9&EH

ONY+pcDNA 0.29+0.02 0.13+0.02 0.25+0.02
ONY+pcDNA- . N .
0.60+0.05 0.48+0.04 0.57+0.04
circ_0136666
t 17.270 23.479 21.466
P 0.000 0.000 0.000

7% :5 ONY+pcDNA 413t 4, "P<0.05,
Note : Compared with ONY+pcDNA group, "P<0.05.

MR 28 o AWFIRUESL , cire_0136666 1] 5 miR-
370 #1145 4, HUTER cire_0136666 A fiE HE A549 4
i miR—-370 A 2R 3K, 1 48 2R 35 cire_0136666 | 7]
i miR-370 B IE , B cire_0136666 A #E 1] 2%
4 miR-370 Jf 1 I8 % H 3R 5, 5 A SC ONY 1) il
A549 4 1 cire_0136666 F& ik , Jf-E #F miR-370 %
AR — . AR BOR, i R cire_
0136666 1] T & 2 ONY 4b B (1) A549 4ff jg H miR-
370 () F ik, E— 2 $E 78 ONY 7] 3 i I 45 cire_
0136666/miR—-370 1 il fifi s 1Y & e E 2 .

ZE LTk, ONY W] A7 25000 il il 96 A549 4 il 11
W fife 2ok B2 S E TR IR 2818 ), Al g e il i
PFE cire_0136666/miR-370 fll & ¥ /E F , B A I %
MR TT 25 TR (EL

S 3Lk
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