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Fig. 1 Chemical structures of flavones and flavonols
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KIBAMR AT, MALHEEPD. —HH K (DMSO0)
LA K RNase W [ A6 38 R AEWRHEAT R A W]
TRIzol X7 A1%% ¢ 5 5 PCR [ WX 7 £ (SYBR®
PrimeScript™ RT-PCR) 73 5llJ#J 1 Gibco 2 &) F1 K%
FAY TRATBR A . 40 MR R B OR e i e
H AL RS ARG R AR BT p21 Fl
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Table 1 Primers used for real-time PCR analysis

Genes Primer sequences PCR products
p21%f 5" AAG ACC ATG TGG ACC TGT 3’ 131 bp
5" GGT AGA AAT CTG TCA TGC TG 3’
GADD45p3 5" GGT GTA CGA GTC GGC CAA GT 3’ 103 bp
5" GAT TTG CAG GGC GAT GTC A 3’
14-3-3¢ 5" CCT GCG AAG AGC GAA ACC TG 3’ 88 bp
5" TCA ATA CTG GAC AGC ACCCTC C 3’
Cyclin B1 5" CGC AAA GCG CGTTCC T 3’ 157 bp
5" AAT GAC TTT TCC AGT AGC TGA AGG TTT 3’
B-Actin 5" AAC ACC CCA GCC ATG TACG 3’ 254 bp

5" ATGTCA CGC ACG ATTTCC C3’
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Fig. 2 Inhibitory effects of flavones and flavonols on the proliferation of KYSE-510 cells (a) and OE33 cells (b)
The values are represented as the percentage cell inhibition where vehicle-treated cells were regarded as 100%. The data represents (x+ s) of three
experiments each conducted in triplicate. O:Negative control(0.1% DMSO), O: Positive control(100 wmol/L 5-FU), @: 10 wmol/L, &: 20 pmol/L,

&: 40 wmol/L, M: 80 pmol/L.
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Table 2 Comparative effects of flavones and flavonols on inhibition of KYSE-510 and OE33 cells
Cells Luteolin Quercetin Chrysin Kaempferol Apigenin Myricecin
ICs /(pmol=L™)
KYSE-510 353+7.2a 48.1+0.9 ab 62.8+89 b 72.5+£10.2 be 111.8+6.2 cd 232.9+81.6d
OE33 83.6+5.1a 78.0+4.6 a 107.2+54 a 111.4+£22.3 ab 151.1£12.1b 205.4+53.1¢

IC5s were determined from the concentration response curves for 24 h. The data represent (v s) of three experiments conducted in

triplicate. Values with different letters differ significantly, P < 0.05.
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Fig. 3 Effects of flavones and flavonols on the cell cycle progression in KYSE-510 cells (a) and OE33 cells (b)

Percentage of cells in GO/G1, S and G2/M phase were calculated using Multicycle software and are represented in the right side of the histograms.
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Table 3 The alteration levels of gene expression in KYSE-510 cells and OE33 cells

by luteolin and quercetin treatment, respectively

Cells Genes Description Accession No. Fold change
KYSE-510 p2 1! Cyclin-dependent kinase inhibitor 1A NM_000389 +2.67
Cyclin Bl  Cyclin Bl NM_031966 -1.52
OE33 GADD453  Growth arrest and DNA damage inducible, beta NM 015675 +1.86
14-3-30 Stratifin NM_006142 +1.51
Cyclin Bl  Cyclin Bl NM_031966 -1.67
“+” denotes up-regulated expression; “-” denotes down-regulated expression.
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K98t 5E B RT-PCR 56 iF 5 RS 43 b7 45
B, HRERE 6 Pk A Wit i i J R 2 0k 1 T
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JfaH p21 Fil cyclin B1 3k [ %¢ )6 32 £ RT-PCR
SIS R, RS R oA g R AR B Mk #R

W 15 KYSE-510 41 iz ' GADD45B. 14-3-3¢ Al
cyclin Bl 3k )%t € 7 RT-PCR 73 & 2R,
I g R A5 [N, 6 MiLaw
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PR 0S4 i 5 P AT Y

Table 4 Real-time RT-PCR analysis of comparative effects of flavones and flavonols on the regulation of genes in Table 3

Luteolin Quercetin Chrysin Kaempferol Apigenin Myricecin

Cells Genes

Fold change
KYSE-510 p21f +3.12+0.42 +2.95+0.42 +2.61+0.43 +2.05+0.30 +1.52+0.69 +1.19+0.08
Cyclin Bl —-1.58+0.25 -1.51+0.38 -1.43+0.46 -1.38+0.41 -1.24+0.50 -1.11+0.19
OE33 GADD45B +1.75+0.51 +2.07+0.29 +1.35+0. 31 +1.29+0.49 +1.09+0.04 +1.07+0.32
14-3-30 +1.72+0.51 +1.84+0.40 +1.62+0.10 +1.54+0.55 +1.40+0.08 +1.37+0.33
Cyclin Bl -1.65+0.39 —-1.66+0.10 -1.13+0.19 —-1.11+0.08 -1.09+0.08 -1.06+0.23
“+” denotes up-regulated expression; “-” denotes down-regulated expression.
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Fig. 4 Effects of flavones and flavonols on the expression of proteins related to cell cycle
in KYSE-510 cells (a) and OE33 cells (b)
I: Luteolin; 2: Quercetin; 3: Chrysin; 4: Kaempferol; 5: Apigenin; 6: Myricetin; 7: 0.1% DMSO.
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Molecular Mechanism of Flavones and Flavonols on The Induction of
Cell Cycle Arrest in Human Esophageal Carcinoma Cells

ZHANG Qiang, ZHAO Xin-Huai"
(Key Laboratory of Dairy Science, Ministry of Education, Northeast Agricultural University, Harbin 150030, China)

Abstract Flavones and flavonols belong to flavonoids that have anti-cancer activities. In order to explore
molecular mechanism and inhibitory effects of flavones and flavonols on human esophageal carcinoma cells, the
inhibition of proliferation and the induction of G2/M cell cycle arrest in KYSE-510 cells and OE33 cells treated
with three flavones (luteolin, apigenin, chrysin) and three flavonols (quercetin, kaempferol, myricetin) were
analyzed by MTT array and flow cytometry. Among these compounds, luteolin and quercetin were the most active
flavonoid to inhibit the proliferation of KYSE-510 cells and OE33 cells, respectively. The genes related to cell
cycle control were analyzed by gene chip, after KYSE-510 cells and OE33 cells were treated by luteolin and
quercetin, respectively. The results were shown that the expression of p21* was induced and the expression of
cyclin B1 was suppressed in KYSE-510 cells, and that the expression of GADD45f3 and 14-3-3¢ were induced and
the expression of cyclin B1 was suppressed in OE33 cells. These results were verified by real-time RT-PCR and
Western-blot. The comparative effects of all six compounds on the regulation of these gene expressions at the
mRNA and protein levels were also analyzed by real-time RT-PCR and Western-blot. The results were shown that
p21™ GADDA453, 14-3-3¢ and cyclin Bl were the target genes which mediated the effects of flavones and
flavonols on induction of cell cycle arrest in KYSE-510 cells and OE33 cells.

Key words flavone, flavonols, molecular mechanism, cell cycle, cancer
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