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ABSTRACT Objective: To investigate the effect of newly synthesized xanthohumol analogues combined with cisplatin on the
chemosensitivity of cervical cancer Hela cells and its mechanism. Methods: Cervical cancer Hela cells and normal MRC-5 cells were
treated with xanthohumol analogs at different concentrations (5, 7.5, 15, 20 wmol/L) for 48 h. The MTT assay was used to detect the cell
proliferation activity and calculate the half inhibitory concentration (ICs) of xanthohumol analogues on two kinds of cells. MTT assay
was used to further observe the effect of xanthohumol analogue with the lowest ICs, combined with cisplatin on the proliferation of Hela
and MRC-5 cells. Hela cell cycle and apoptosis were detected by flow cytometry. The expression of apoptosis related proteins in Hela
cells was detected by Western blot. Results: Xanthohumol analogues a8, al3, b1l and b12 had certain inhibitory effects on the
proliferation of cervical cancer Hela cells, and the ICs, value of al3 was the lowest. In addition, the four xanthohumol analogues had a
slight inhibitory effect on normal MRC-5 cells, and the ICy, value of A13 was the largest. Compared with the control group, there were no
significant differences in the survival rate of normal MRC-5 cells in cisplatin group, al3 group and cisplatin combined with al3 group
(P<0.05), but the survival rate of cervical cancer Hela cells, the percentage of G2/M phase cells and the expression level of Bcl-2 protein
in cisplatin group, al3 group and cisplatin combined with al3 group were significantly reduced, while the percentage of GO/G1 phase
cells, the cell apoptosis rate and cytochrome c (Cyt-c), B lymphoma-2 (Bcl-2) associated X protein (Bax), activated caspase-3 (Cleaved
Caspase-3) and activated caspase-9 (Cleaved Caspase-9) protein expression levels increased significantly, and the change range of the
above indexes in cisplatin combined with al3 group was significantly greater than that in cisplatin group and al3 group (P<0.05).
Conclusion: The combination of xanthohumol analogue and cisplatin can synergistically inhibit the proliferation of cervical cancer Hela
cells and show a good chemosensitization effect. Its mechanism may be related to blocking the process of cell cycle, regulating the
expression of apoptosis related proteins and promoting apoptosis.

* I LA B RN PR R AR R H (20180815)

YEZ RIS : £ (1984-), 2 Wik, IR BT, NFHIARHIWE 7 [ i) D5, E-mail: wanghui54830652@163.com
o JEIRVER : RITF-(1968-) , Lo ANRY, AR BRI, TR 7 19 AATTSE , E-mail: 54830652@qq.com
(SRS F1393:2022-01-28 332 F 19]:2022-02-23)




. 2442 .

DEYESHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol22 NO.13 JUL.2022

Key words: Newly synthesized xanthohumol analogues; Cervical cancer; Cisplatin; Cell apoptosis; Chemosensitivity
Chinese Library Classification(CLC): R-33; R737.33 Document code: A

Article ID: 1673-6273(2022)13-2441-06

YN

]

o}

B SR — PR R MIBE T A B g 1) VA B R G
PERE , PR S8 T AR AR BB A T ARl ik 53 U7 .31
JIt SRAE IR R BRI FA 7 Ay P AR B HUS TR
L BRI R S AR N A A7 AR B AP, AL T 2y
JER R TS SBURE ARG R R RN R, QR
LRGP TR, BB 2 — b MR A6 rh 70 B 1ok
1857 I8 MRS, BAT HUIE I | UM RO 2 AR AR 553
P, HLAE B SRR 20 MR i AR o R 240 MR 5 v R B R
GF ORGP AW R A S B S e W),
SURORERZ A PV T etney AV L e VE 7/ IPi @2 SR g ]
T IS ALy v o 1 ) BT S50 200 B A A 200 o I
AR 21, AL R 3 FZD6 JEl Wnv/B- i3 EH
T i A0 B T AR RN RS (9 (55 (B A U rh o
WAFTERMAALS PR DA 2 o AW RSP0 0
B8, HTE LB B ISR AR U RA IR 5 1V FH X B S Hela 46
R T BRSO T B B VA YT S AT T 25 4 AT

1 AR5 07

1.1

L11 #zR NETUEMIER Hela ARG ELEF 4 20 &R
MRC-5 Il E b2 B A AL 4T

L12 #R5RF  HEHET LSRR EERHEARAR,
JFEANA T2 Sigma /A A, K4 17 (FBS) I+ 25 & Thermo /A
A, HREE - 4% Z M DMEM K 37360 T34 [ Gibeo A H], 1Y
FH A AR S (MT )i & W F H AR IR b4 52 i, 4Nt JE
A D 3t R G W F A RS AR AR 4 TR BF 9T BT, Annexin
V-FITC/P 41 J J T 350 £ F BCA 25 1 ve B e 3000
T T B3R R A BRA ], g (4 % C(Cyt-C) B kLA
JHa9gd -2 FE M (Bel-2) Bel-2 SCHE X 8 11 (Bax) G 1L 2F B2
Fif R4 A R 35 1 il 3 (Cleaved Caspase-3) i £k 12} B 2 fie K
S TR Tl 9(Cleaved Caspase-9 )1 GAPDH Hi A T35 =
Abcam A F] .

1.1.3 {88 BB5060U # CO, 5 3:44 4% [F Hereaus /3 7] /™
it , Multiskan Asent % fiff f5 { S} 2% 2% Labsysterms 2\ & 7= i,
EPICS-XL 3 =2 i1 {3 A 25 [F Beekman /3 & 7= & , Gel Doc EZ
B 4G 30T R Gt 32 [E Bio-Rad /AR i

1.2 Fik

12,1 MpakEsR  RHE 1% 5% K - § % £ 10%FBS 1)
DMEM }; 32 5AEARANTRE 5% CO,. 37 C1H IR 35340 N i Bk
7% Hela A} Al MRC-5 40 fid , 55 2d T —UORT BERE 55 5, RF 2
JiL LA B TR I, AL 0.25% 28 F Tl I 4k, FF 4 g 123
LA BUCHE R AFAYES 3~5 A BRI A0 M A T 52 56
122 iRXFUEH R I A(DMSO) A fif 518 B 24
Tl R He ) Ky 5.7.5.15 F1 20 wmol/L T AEW , #OCARAET

20CT&H-
123 SREHE  LIORREIEE(5.7.5.15.20 wmol/L ) B JE li 2
L4 2 Hela 20 48 h /E S SC5G 40, DL IE B Br 35 A fikk 22
f) Hela 20 J 4 5t B8, 53 4P LLIE F MRC-5 20 i/ b 2 08
¥ Hela 411 itg 43 > %t B2 (IF % 85 8 R ek 3 4R 41 (LA
5 pg/mL JEAAL 2 48 h™) SR W 2SI H (LL 5 wmol/L ICs,
(AR AT S 2 A B 48 h) R4 + B8 W2l 4l
(LA 5 pwg/mL 41 5 pwmol/L IC50 B A% 1) 75 JiF By 23 (Ll ke
BAbFR 48 h) s Hor RERAG IR E 3 AR AL,
1.2.4 MTT SER M ABEIGTE K5 X0 02k K0 4 i DL B AL
200 pL(HEE A 1% 10° A /mL) R Z 96 LR I, B W5 F- G
BEJS AR T2 A B, AbBE 48 h J5  BEFLINA 1 /L MTT )
50 wL, 97 4 h 5, 5 1B, A DMSO i 150 wL, 73§ i
HOLEMFEEMIE, RO ATMAE 490 nm 4b Y
% 5 (OD A, FHARHE A 204 g 7B 7% oy g sl 32, 1
o SHAEYE 1 (% )=(S25040 OD {H / X fR41 OD fH )* 100%, il
HilZ (%)= (1- 525020 OD {f / X I OD fi)x 100%; >R A
GraphPad Prism 6.0 %k {431 53 24 1 XF 40 i 1) 2= $5 9 il vk &
(ICs) . SLHEAE 3 WHUFHIA.
125 NN BERFET WEMD LA 48 h
Je WAL 35 T I 25 A 2 AR + 65 8 13 AL 0 4 R v
21 Hela 4liff, — 04y F T4 EIIRIN, —03 F T 40 M g8 T4
W ()2 A JE 39 « B R 2% vh ik (PBS) BRI Al AL J5 L I ATV 1)
75% LB VR [ 72 S 7% 5 1000 r/min B0 5 min, 3% FIER, LA
PBS V% 2 ¥R ; JAIKA#E Rnase 100 pL, 7E 37°C F/Kfi# 1h
J& A 400 wL PT YL R4 ( 30 min J, F 3240 {30k
T2 A A B . (2) 4R IA T : L PBS PRiRICEE B 40
MG, INAZEGZZ iR 400 WL il 4R B R 10° 4> /mL (14 41 i
B, SEJE A 5 pL Annexin V-FITC #1 5pL PLYAW , IRSI G
WOEIFF 15 min, #M1 200 pL 454 S ofie , i =X OR:
AR TAE L. L HEE 3 K.
1.2.6 Western blot #&ill] Cyt-C,Bax Bcl-2,Cleaved Caspase-3 F
Cleaved Caspase-9 B FIAKFE  [aFFIY Hela ZHAEHmMA
SURBAH TN AR ()5 , R A BCA 00 B 1 s B
JE PR FIRESATHIIR T B )5 e BRI LI L 5 28 5% B
W B 1 h 5, AL 1:1000 Ho 6 Ber AR —b0, BT
4°CF RN IR , B 1:2000 H BB R P IR E 1 he
b2 RO B HE O IS L L GAPDH N2, % FIBERE A% 4>
MRS
1.3 GEitEatn

K HI SPSS 26.0 FAFHATH #0007, T PR K-S 4
VAT IE YRR, 4 A5 & IEAS MM A R ORI " ki
FRifEZE (xt s)" TN, LV R 7 2550 BT AT 2 41 18] th g, 4 1)
HE— 25 W LR SR A LSD-t K36, Ky 357K #E A 0=0.05

2 &R

2.1 EEBEYIX =S Hela F1IE 3 MRC-5 i sE M



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol22 NO.13 JUL.2022 .+ 2443 .

#n —ERIHIVER, H al3 ) ICx {E1R/N; 5341, #E1E % MRC-5

T MTT SEG 8% X Hela 4O FESZ AR 4 B0 MO , 4 A B 2SR Hoa By e, B al3 iy
SR (a8 .al3 b1l AT bI2)VEXT LLAF#T , S5 R R 38 ICs fEIRR, I3 1 A3 2, BUR s B E IR s Y B J 19y
2Ll a8 .al13 b1l I bl2 %f & #iJ: Hela 0I5 A B4 al3 #4700

F OB

x| REREZEEHLEMLY a8,a13,b11 1 b12 /EFH T =1 Hela ZAREAYIESEINEIZR( %, 0t 5)
Table 1 The proliferation inhibition rate of cervical cancer Hela cells under the action of different concentrations of xanthohumol analogues a8, al3, b11

and b12( %, x* s )

Xanthohumol

analogues S wmol/L 7.5 wmol/L 15 wmol/L 20 pmol/L ICsy/umol/L
a8 11.21+ 1.24 26.08+ 3.54 38.97+ 3.52 50.90+ 4.21 20.13+ 2.07
al3 30.27+ 2.09° 45.11% 3.61° 68.64% 4.90* 89.41+ 5.14° 8.24+ 0.27°
bll 10.65% 0.77* 21.58% 1.79* 39.46% 2.27® 58.75+ 3.83® 17.51% 0.82®
bl2 16.88+ 1.61% 30.89+ 3.01% 47.26% 4.44% 64.85% 4.74™ 14.41x 0.97%
F 329.610 98.980 113.537 122.527 158.045
P 0.000 0.000 0.000 0.000 0.000

Note: compared with a8, °P<0.05. Compared with al3, °P<0.05. Compared with b11, °P<0.05.

x2 AEREZEEHLEMY a8.a13.b11 0 b12 4/ T IEE MRC-5 4R HEFEINHI ZE (%, 2x 5)
Table 2 The proliferation inhibition rate of normal MRC-5 cells under the action of different concentrations of xanthohumol analogues a8, al3, b11 and

b12( %, x£ s)

Xanthohumol
analogues 5 wmol/L 7.5 pmol/L 15 wmol/L 20 wmol/L ICsy/pumol/L
a8 1.20% 0.41 3.75% 0.52 6.44% 0.98 10.32% 2.17 120.46% 49.42
al3 1.94% 0.74 3.24+ 1.09* 5.63% 1.31° 8.74+ 0.91° 176.67+ 49.30°
bll 1.03%+ 0.59* 2.36+ 0.78* 5.22% 1.25% 8.04+ 0.84® 114.38+ 20.07®
bl2 2.41% 0.77% 471+ 0.60™ 7.05+ 1.83% 12.44+ 1.87% 119.21+ 46.44%
F 9.043 14.304 3.183 14.086 4.199
P 0.000 0.000 0.037 0.000 0.013

Note: compared with a8, *P<0.05. Compared with al3, °P<0.05. Compared with b11, °P<0.05.
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Table 3 Comparison of proliferation activity of cervical cancer Hela cells and normal MRC-5 cells in each group( %, x+ s)

Groups Hela MRC-5

Control 100.00% 0.00 100.00+ 0.00

Cisplatin 59.74% 3.46° 95.13+ 6.92

al3 68.92+ 4.47° 96.02+ 5.82

Cisplatin combined with al3 4534+ 3.52% 97.28+ 5.14
F 434.491 1.796
P 0.000 0.234

Note: compared with control group, *P<0.05. Compared with cisplatin group, °P<0.05. Compared with al3 group, °P<0.05.
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Table 4 Comparison of percentage of cells in different phases in each group( %, x+t s)

Groups G0/G1 S G2/M

Control 21.58+ 2.41 33.08+ 3.34 45.32% 3.32

Cisplatin 38.30% 3.13° 37.93% 247 23.75% 2.09°

al3 33.92+ 2.45* 38.26% 3.20° 27.87+ 3.11*

Cisplatin combined with al3 43.15% 4.27% 39.38+ 2.88* 17.29+ 2.01%
F 77.183 7.838 177.931
P 0.000 0.000 0.000

Note: compared with control group, *P<0.05. Compared with cisplatin group, °P<0.05. Compared with al3 group, °P<0.05.

2.4 HEEEOY al3 BEEIRSAYN B = Hela ARIATHY  FUIEA +al3 21 Hela 408 T3 W] i i 05 B 4, HWA
A +al3 4 TSI 13 ZH(P<0.05), ULIE 1,585,
TGN Hela 20 ML 125 R iR, IEAL (al3 41

Control DDP al3 DDP+al13
1.66% 3.05% T5.50% 5.82% 59, 23% 9.36% 22.05%
4ot J1-00% 1“4_:,..0 o 16.82% 104 4.05% 9.23% 104*)% o q
3 3 jak vy 3 {
- 10 10 {7 e 10
B 5 A p &
2 5 i
i 10 = 8 LRI =
: & :
g i 2| = |
[ = R =
| 10
2.13% 0
Tl s 170 2886" 745% 10 A2 U - . -uEd SR L |
L ... ol L S2L ) e R ;
FL1-H : Annexin V-FITC 100 100 102 10° 10° 100 10 10" 100 10 100100 100 100 10

FL1-H: Annexin V-FITC FL1-H : Annexin V-FITC FL1-H : Annexin V-FITC
B 1 R B SO B S B 254 a3 BX & IRSAXT =351 Hela 20508 T A 2200

Fig.1 Effect of xanthohumol analogue al3 combined with cisplatin on apoptosis of cervical cancer Hela cells detected by flow cytometry
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Table 5 Comparison of apoptosis rate of cell in each group( %, x% s ) AETIREA2H al13 H, WK 2.3 6,
Groups Apoptosis rate
Control 5.18% 1.27 Control DDP al3 DDP+al3
al3 16.38+ 1.91°
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Cisplatin combined with al3 3232+ 331%™
P 0.000 Cleaved
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- N N Fig.2 Western blot analysis of the effects of canthohumol analogue al3
FIRIA KRB Tk, ELIBUEA +al3 20 TTSH2H al3 41 combined with cisplatin on the expression levels of apoptosis-related
(P<0.05); AAk, WA .al3 2 FNli4H +al3 20 Hela 40 i /0 proteins in cervical cancer Hela cells
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Table 6 Comparison of protein expression levels of Cyt-C, Bax, Bcl-2, cleaved caspase-3 and cleaved caspase-9 in cells of each group(x# s )

Groups Cyt-C Bax Bcl-2 Cleaved Caspase-3 Cleaved Caspase-9
Control 0.18+ 0.02 0.26% 0.03 0.58% 0.04 0.15+ 0.02 0.13+ 0.02
Cisplatin 0.68+ 0.04 0.57+ 0.03* 0.35% 0.03* 0.66% 0.04* 0.43+ 0.03*
al3 0.43+ 0.03* 0.40+ 0.02* 0.42+ 0.03* 0.45+ 0.03* 0.28+ 0.03*
Cisplatin combined
with a3 0.92+ 0.06™ 0.81% 0.05% 0.24+ 0.03% 0.85+ 0.03% 0.58+ 0.03%
F 563.215 429.447 169.884 852.868 435.484
P 0.000 0.000 0.000 0.000 0.000

Note: compared with control group, *P<0.05. Compared with cisplatin group, "P<0.05. Compared with al3 group, °P<0.05.
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