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Anti-Tumor Effect of Formononetin Triazole Derivatives on HGC-27 Cells

CUI Huanjie', TANG Ze?, ZHAO Yan', HAN Jiahong', CAI Enbo'*
('College of Traditional Chinese Medicine, Jilin Agricultural University, Changchun 130118, China;,
*Department of Thoracic Surgery, the First Hospital of Jilin University, Changchun 130021, China)

Abstract In this study, a new triazole derivative of formononetin was developed based on the principle of
drug molecular fragments and combination. Five kinds of cancer cells were screened by MTT method, and the com-
pounds with the strongest anti-tumor activity and their corresponding cell lines were selected for further anti-tumor
activity study. By detecting the effects of the compounds on tumor cell proliferation, migration, cycle, apoptosis and
autophagy, the anti-tumor activity of the compounds was comprehensively evaluated, and the related pathways were
predicted by molecular docking experiments, and the related proteins were detected. The results showed that the
activity of 7-[7-(2H-1,2,3-triazole-2-yl) heptyl] formononetin ether (FN.12) on human gastric cancer cell line HGC-
27 was prominent, and the ICs, value was 8.52 pmol/L. Besides, FN.12 can inhibit the proliferation and migration
of HGC-27 cells, block HGC-27 cells in S phase, induce apoptosis and autophagy of HGC-27 cells, and these ef-
fects may be achieved through PI3K/Akt/mTOR signal pathway.

Keywords formononetin triazole derivative; HGC-27 cells; proliferation; migration; cycle; apoptosis; au-
tophagy; PI3K/Akt/mTOR signal pathway
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(1) 25 G P RS 1, 3 mT ARR RS RIEH -
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122 MTTi R mieiE ) WSPmAifbls <104~ /4L
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(DYE . B sl G0 %5 it e 48 (0 41 2 (%) FH B
NARBAT A 4 R SE FE A2 o= I DI —
P DIE)/(F A DE— R Z 4 DIE).
1.2.3  FH LK FIBAAE FN.12% HGC-27 41 8,
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XTRRZH . AREERE IR 7RG FH PBS/NOETE 21K, RHAL
BN mL 4% 2 5 FE, 2 iR b 0 5 20 minl# & 40 i,
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Fig.1 Roadmap for synthesis of formononetin triazole derivatives
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3.125. 6.25. 12.5 umol/L)AbHE4Hff. 48 hig, FIAE
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FRE LT . A8 a2 () EEY00H, R
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BB E S min/5, IS puL PHATR I IIA400 uL
PBS, ALK
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Y LA 1< 10°A /LB T of LIS MR b . WiRE S,
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THVE2IR, INE R E Tk b, Rr#)E, 76
4 °C. 10 000 xgZ&f FES0> 5 min, i, BCAVZ
Me & AR E I AR . H SDS-PAGEfR &
BEAT HLPK IR . 25 RS, FIBURR 2R 0 =R N 12 h,
TBSTHEE 5 I AR —$t (B EL ] 1:1 000) 4 °C
. BUH PVDFJEE, TBSTHEME G IS N 47T (i
PEELBII1:5 000) IR B2 hn, B TAS%RO6RE R
Gt b B AR, A Image SEHEIT 43 HT -

1.2.10 %its o RHAISPSS 2640 i+ #5447
53#T. GraphPad Prism 6.0/ T4 & HilE R AF
P hRE 22 (xks)o 2[R ELECRH i 36 . P<0.05%
INEFBGIERE .

2 HFHR

2.1 THRTER = AT E IR R M BE T E M T
R R B R i P AR A I TR AR AR R = AT

A B T L A AR, AN S IE IE MTT S 56 %5 A

AR /NG 0 T e 20 B A 549 N T Sk £ Y SiHa.

N B4 HGC-27 A J5 i 40 i PANC-1F1 A FL

J e 20 B MCF-71% S 4 b A T3 PR O ik, DA

TEZ AN S-FRMENE (5-FU) N FHPEXTRR L, 25 sk 1
Jis, Herb Al &Y ENL1256 HGC-2740 i () 47 it jg 3
PEB DR, 1CsfE A (8.52%0.25) umol/L, [FIHL T FH
o} R 24 A 1L 25 A S-JUR B e (P<0.05)
2.2 FN.12X%THGC-274R B 158 1Y 520

W 20, SXFRAAREE, FNO12BH 406 1
HGC-2740 M () 3658 , FLBE A 25 245 9k B 138 o, 3656
A FH R B R
2.3 FN.I2XTHGC-2740R T2 HI S0

et 240 L 1) 3T B8 ) ELEZRE W T RRE (T RN
R, N T AL B Y FNL12X6 HGC-2 741 it 7
[PIFEIR, A FREAT T RIJR LSS, 45 R BB AR, 5
XHRAAAH L, 2 254 B B4 T HGC-2740 M i %
(P<0.01), F H B2 W 5 30 I R R & 72 18 T
FEA%.
2.4 FN.12%THGC-274R Bt B HA R 2200

PLERGLSG 25 SR AN |4 R, FNL12BHTHGC-274
M-S, BRI S, FNI2mR EE2H(12.5 pmol/L)
(KIS AL 1 43 b N36.58%, Ebxf B 4H i1 £920%
2.5 FN.I2XTHGC-2740R0 AT HI 220

W SETR, X HE AL AR H (8 T2 502 5.3%,; 4h 24
W SEN3.125 umol/LI, ENL122H [T T3 2 8.3%; B
B VRIS, Mg 25 RS N4 12.5 pmol/L
i, HGC-2740 B i - % _F 7+ %229.4%.

R1 WL RITEYIXS S LHRR AR RS

Table 1 Antitumor activity of formononetin derivatives against five kinds of cancer cells

& ICso /umol-L™'

Compound A549 Siha HGC-27 MCE-7 PANC-1

FN.1 107.98+2.46%" >120 44.94:£4.68% 102.88+3 2% >120

FN.2 12.28+1.924 21.35+0.96*° 24.71+4.63 >120 113.27+5.61%
FN.3 63.86=6.34% 113.55+9.21 17.7+5.46 84.22+4.61 >120

FN.4 78.56=4.23% >120 >120 72.2142.19 >120

FN.5 53.27+5.65% >120 13.48+3.68" >120 >120

FN.6 14.09+2.88 16.45:1.95480 30.23+2.52% >120 >120

FN.7 68.24+1.8% >120 12.85+3.34" 48.5942.88%k0 >120

FN.8 58.52+2.01°% >120 23.74+1.99" 100.89+5.35% >120

FN.9 103.64+2.91°% >120 31.29+0.99%" >120 >120

FN.10 79.59+3.59% >120 17.66+5.01 >120 >120

FN.11 55.45+3 8% >120 12.14+1.98% >120 61.57+12.63%®
FN.12 40.00+£3.00% 464141470 8.52+0.25% >120 39.74+4.914
FN 81.0910.00 >120 23.56+3.28 74.12+7.68 >120

5-FU 16.29+0.81 >120 16.93+3.3 80.55+4.08 44.27+4.22

“P<0.05, “P<0.01,*P<0.001, SFNZAHLL; °P<0.05, *°P<0.01, **P<0.001, 55-FUZA AL .

2P<0.05, ®P<0.01,**P<0.001 compared with FN group; *P<0.05, ®°P<0.01, ®P<0.001 compared with 5-FU group.
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n-—

B2 FN.123tHGC-2740RE5E A0
Fig.2 Effect of FN.12 on the proliferation of HGC-27 cells
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(A)

Oh

48 h

(B) 80-

Migration rate /%

3.125 pmol/L

6.25 umol/L 12.5 pmol/L

=i

A 2RI SR I AN R 2 O FNL 1 240 BEHGC-2 740 J5 A0 IR 0 B: vt 24 0 AT AL RS 3+ P<0.01, 55 HEALARLL .
A: cell scratch test was used to detect the cell migration of HGC-27 cells treated with different concentrations of FN.12; B: statistical analysis of cell

migration rate; **P<0.01 compared with the control group.

El3 FN.125THGC-274RRE R A8
Fig.3 Effects of FN and FN.12 on migration of HGC-27 cells
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BRI T A FEAREE BN, F BB E A IR
BN, AL SRR I N
2.7 DFIIERFN2X X ES@EE RS
T PI3K/Akt/mTORA 58 1% 5 & (9 2

TR, HREMAERVIRR W, 45K PR
TORE. ARMRIIR . TR MRS SEG 4 B R
1%+ PIBK/AKYmTOR/E = 1@ i 1 i\ mTOR & H AT 7
TAERINHE. 45 S5 IE 7AME 7BIR, FN.120] 545
FRRIRIELY SAOTE A, 5 ASP34. GLUI09E RS 1
FHAEH /1, 5PRO4T. GLY35E R, 5 GLNS5.
THR23E LI5S 45 5 R8N —6.21 keal/mol. iX
R FN.12/805 5 mTOREE FITE U E M TR A,
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s ] o
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] (B)
20 40 60 §0 100 120 140 50 40 60 80 100 120 140 Bl Control
FL2-APE-A FL2-APE-A [ 3.125 pmol/L FN.12
80+
S 6.25umol/L FN.12 . 12.5 pmol/L FN.12 Bl 6.25 pmol/L FN.12
] o1 12.5 umol/L FN.12
2] ¥ < 60
§ ] S
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2 57 £ 40
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A: FNLI2XTHGC-2741 LA Sz ) i 20 00 15 B: FNL1240 B ) HGC-2 741 1 1 73 E; #P<0.05, *#P<0.01, 5% AL LE
A: the flow chart of the effect of FN.12 on HGC-27 cell cycle; B: the percentage of HGC-27 cell cycle after FN and FN.12 treatment; *P<0.05,
**P<0.01 compared with the control group.

E4 FN.12XTHGC-274RA0 B HARISLNE .
Fig.4 Effects of FN.12 on HGC-27 cell cycle

(A) Control 3.125 pmol/L FN.12
104 3.41% 053% |10
10°73 107
1044 104
3 (B)
10°- 104, 40-
0 3 [
~10°3 L103 ES
0 10+ 10° 10° 10° 0 100 10° 10° 107 4
3
[}
6.25 pmol/L FN.12 12.5 umol/L FN.12 =
2
[
10033.72% 5.84% 103 &
10°3 1053
103 101
10° 10
03
11.08% ot ;
—10% —10% Ll

0 10 10° 10° 107 0° 10° 10° 107
A SRR AT 75 2 AT 1205 5 L B A0 T 43 bl #P<0.05, ##P<0.01, S5 IRALAMIEL .
A: the schematic diagram of apoptosis analyzed by flow cytometry; B: the percentage of apoptosis; group, *P<0.05, **P<0.01 compared with the control
group.
5 Annexin V-FITC/PIUE A MFN. 123 HGC-27 4R T B2
Fig.5 The effect of FN.12 on apoptosis of HGC-27 cells was detected by Annexin V-FITC/PI double staining

FN.127] 5mTORE (I fE 45 A - R 7CHE TDFR, xR L, p-PI3K/PI3K.
Nt — R FNL12% PI3K/AKt/mTOR/E 53 4% p-AKT/AKT. p-mTOR/mTOR {2 [ %1k & 1 & [%
[RIREIR , AR SO0 I S AH G BRI RIA A Tl 2 , 45 i (P<0.01), ¥t B FN.12 7] il PI3K/Akt/mTOR{S 5
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Fig.6 The effect of FN.12 on autophagy of HGC-27 cells was detected by acridine orange staining
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-

A ST G U B 4 F X 2D C: FNL12X PI3K/AKYmTORYE 5 3 i A1 5% R (122 5 /K P IS D: Ge il 2 43 41 2R 1A Rk K7
##P<0.01, ***P<0.01, 5 RALAHLE.
A: molecular docking binding pattern map; B: molecular docking 2D map; C: the effect of FN.12 on the expression level of proteins related to PI3K/

mm 12.5 pmol/L FN.12
3.125 pmol/L FN.12
E1 Control

—_
(=}

Relative protein level to p-a

Akt/mTOR signaling pathway; D: statistical analysis of protein expression level; **P<0.01 ***P<(.001 compared with the control group.
E7 4FXHERFN.125TPI3K/Akt/mTORYE S8 K £
Fig.7 Molecular docking and the effect of FN.12 on PI3K/Akt/mTOR signal pathway
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MKN45FIMGC803 %5 1 Je 41 o 3 7% H 430055 1A 3 14k B
Toigt, (BRI 70 B 5INFF B R B0 5 T 5 i Hox)
SGC790 1 2 i Fry B St Jed v 12 181 A 2[RI FE AE P24
RO EGINZA, BRI IE R = B AT
FN.12. [RIFFAHOCH FER B, TR 2R B AE F AT
AWnt N BRI HGC-27(CR 0k, SRR m )
PR VR AT 5T, A MTTSLEG 45 3K B
22 1 2B B I TR AR 3 = E AT AE Y FNL12
X HGC-2740 f ik 14 4 e 77 (AICsofE )R T 2240 1E
2 (P<0.01)FBH M X 8 25 5-90 R BEIE (P<0.05). A
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FN.127E B i 5 AE LS T AR &

AKTHEA T PI3K A A=A I PIP3FImTOR
TR ARSI, 1o Ak 5 T i i ek e E T
= A SR OCER R I B . H0 A T S R T
ATFEE 7 U2 A AN 4 1), 38 3k FH T FOXO A
SV B R U Fasfit 44 (FASL). p27H1 p21 5%
SR 7 120 B s 221 A Ik, AKTHE %226
RUIE A AR 22 P P B (5. mTOR
YE N AKTI R 1, 30 e T SRR AL T Uk
SR~ S6K MI4E-BF 2 it & e A, R @i ULK 1A
TEFBM§ 7 A A, 0] F s> #pHmTOR "]
fi RV AR 1 ULK B BERR AT AR 35 R, (R4 3 Ik
MR PA A P4, PIBK/Akt/mTORGE % 2 5 1 5 410 i
M3E5E . AR FBRARIEANIZ B M 55 2 X JeiE 4
MORGIRTE . R R 45 U7 T A o5 B B AR A A,
FIHZ s A2 T 3 F0 4 1 e g D 2R

BifF 702 B 1 e 40 B HH 1 A7 7F PI3K/Akt/mTORE
) H, B Ep-AKT. p-mTOR A 7E 5 & B 7
R ERIEIS S BRI R, TSR
P 25 2K T L I 4% PI3SK/AKHS 538 B4 ) HGC-
27T RIS FE AT R ; 5k % % YIS 25 RAR B 2K
H PR ECY) AT PISK/Akt/mTORYE 5 18 %5 5
HGC-274H M B8 T2 A0 3 W TS PHIE R 1Ay
Fi W] 38 i BH A7 PI3K/Akt/mTORAS 53 % #0#1 HGC-
274NM G . TR 512 B S SR T R
X LRI 7T 45 4R, DLPI3K/AKT/mTORE i Jy 4

M AL B R 2T R R R B UK

3T i I 2 AR B RFAIE DA B S AR R 254 5y
T AR ELAE 5 oA T 3 i . F 2
WFFT 5118 AN ECAAR R SZ 48O M BAEFH , R &5 &
BEASE S I — PSR 5725, T HA U BN
VI FUIR — TR B R . S5 A ATIASEIR S R, A
BE— 3B HRE FNL12X HGC-2 740 it (I3t g £ FA ML
AW T PISK/AKYmTORIE % H (55 2 I mTORHE
AT PS8, B G idE—20 %) PIBK/AkymTOR/E 538
P HIAR DGR R TR, SEER S5 FFI 7 FNLI2RE 5
mTOREE HfRE 456, H ] seis i #iH] PBK/Ak/mTOR
=S PR SR R AR HGC-274M i B TE 4] R4
Hil. IR . T M AW S

gk LATA, THRAE R = AT AR FNL1 2R 4
HILN B 4 i HGC-27 (W 345 A% , B A HGC-2741
i1 S, ¥R HGC2740 )M T A F R, H X HGC-
2740 K B iR A FH T e A2 a4 PI3K/Akt/mTOR
FEoEBgsLm. XTFEEEEMESEKSS
FN.12X%F HGC-2740 B i ie /5 F LA & 3 J2 1T )
WE, JE8Et sl gt — D T IR R . R AR
SRS FAE NP B R 2 . R R IR —
ESH.
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