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Molecular Mechanism of the G2/M Arrest in Breast Cancer Cell Lines (T47D
and MDA-MB231) Induced by Genistein

Ji-Young Park, Ku-Seong Kang, Yoon Kyung Sohn

Department of Pathology, Kyungpook National University School of Medicine, Daegu, Korea

Purpose: To analyze the effect of the growth control on
human breast cancer cells with genistein treatment and to
investigate the mechanism of genistein-induced G2/M arrest
in T47D and MDA-MB231 breast carcinoma cells by Cdc25C
expression. Methods: We analysed the proliferartion of the
two cell lines by using MTT proliferation assay, flow cytometric
analysis, real-time quantitative RT-PCR and western blotting
and investigated the effect of genistein on cell survival, cel-
lular toxicity, cell cycle progression-related genes and their
mRNA and protein alterations. Results: The DNA flow cyto-
metric analysis of both cell lines treated with genistein showed
a dose-dependent growth inhibition and accumulation in the
G2/M phase of cell cycle. The expression of p21 mRNA and
protein increased in both cell lines following genistein treat-
ment but p27 expression was unchanged. Furthermore,
decreased Cdc25C expression with decreased polo-like
kinase (PLK) 1 expression and increased PLK3 expression

of Cdc25C in the nucleus was associated with decreased
phosphorylation of Cdc25C by PLK1. The expression of PLK3
was increased with a dose-dependent and a time-dependent
manner and was associated with decreased Cdc25C expres-
sion. Check point kinase (CHK) 1 and CHK2 revealed different
expression patterns each other. The CHK1 expression was
independent of the presence of genestein. CHK2 expression
increased in MDA-MB231 cells associated with decreased
Cdc25C expression but not in T47D. Conclusion: These
results suggest that genistein induces a G2/M arrest in human
breast cancer cells, the mechanism of which is due, in part,
to decreased in Cdc25C phosphatase by a regulatory effect
of PLK1, PLKS, and CHK2 as well as increased expression
of the cyclin dependent kinase inhibitor p21(WAF1/CIP1).
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T8AI7E Sz TATDS ol E 22 5847} = MDA-MB231
(American Type Culture Collection, Rockville, USA)E- ©|
8519131, genistein (Sigma Chemical Co., St. Louis, USA)
2 dimethyl sulfoxide (DMSO; Sigma Chemical Co., St.
Louis, USA)ol| -&3slfsto] AR8-3131T,

M 843 He 2N

Genistein 2] 2] N2 AJ7f J =g ol 7] I8l T47D
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Chemical Co., St. Louis, USA) €2 mg/mL)2 3+ welld
50 pL A 7181 4A17E 52F 37°C oA ¥RSAIZX & glycine:
DMSO (1:8) 3N g welld 150 x4 715he] vhe-S &
H3}31 570 nmolAM ] =S SH5I9I) ouf tiRt oA
21%5=710.1%7} === DMSOE H7siitt.
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PBS &80 = S=A8kaL Trypsin/EDTAE A &3] A3
£ 2 T 70% olgh&E 4°C of|A] 1A B2t A]sto] Al2s
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First strand cDNA &4

First strand ¢cDNA ¥4 kit+= TagMan Reverse Tran—
scription Reagent (Applied Biosystems, Foster City, USA)
£ o83ttt 717t JHo| AA| RNAY] ¥Fe] 5 ug, random
hexamers 2.5 pg, MgCle 5.5 mM, deoxy NTPE 500 /M,
RNase inhibitorE 0.8 U, 10X RT bufferg 2 yL, multiscribe
reverse transcriptases 0.5 U ¥ th 25 Fu]7} 20 1L
7} EA gk 3 25°C ollA] 105, 48°C |4 30+, 95°C oA 5&
HESA1A cDNAE F/datsiet.
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AAZH2HEM(Real time quantitative RT-PCR)

FR o= ARG cDNA= 91ollA = cDNAE 108 348t
o] AMgIct. Rhg-ale] /02 2X SYBR green master mix
10.0 uL, 59 4 pL, Z¥ZFe] primer& 200 nM =A Y1 E2
2 a5 20 pL HA skglch #8212 50°C oA 2, 95°C
oA 108, 28|31 95ToflA] 1522} 60°C oA 152 403] ¥hs-
AFL}. olnf 7} cyclentrte] g4l E SDS 7000 (Applied
Biosystems, Foster City, USA)2 RUEEsI] YEh}=
threshold cycle (CT)& &A%t & 9-44CTHIH-S: o]-8-310] 18]
2 YR} 23) oluf ARERE 7+ f-R1e] Zetolm ¢7] A
-2 Table 12} 2t}

Western blot 241

100 mm HiFE7]ol| 2 X 10°719] A|ZZ uljeFet & genistein
100 M EAl A7bstal 1Y, 24, 3Y & M5 mobA] lysis
buffer (150 mM NaCl, 1.0% NP-40, 50 mM Tris [pH 8.0,
1 mM PMSF, 1 zg/mL aprotinin, 1 zg/mL Leupeptin, 0.1
mM sodium orthovanadate, 10 mM NaF)E %715l 4
ol Al 1087 ¥E-A171 % 12,000 rpmoflA] 1087 941 Halsh
o 5dS Hobk BCA W= chilzlo) o3 AASISIT
°F 30-100 pg®] TA-E 8-12% acrylamide gel®ll 217|195
3}l nitrocellulose membrane®] 283 3 Ponceau 84
o7 chalzlo] B8 Elo slolslal TTBS 2-M(25 mM Tris [pH
7.5], 150 mM NaCl, 0.1% Tween 20)2.2 <=A8F & blocking
4125 mM Tris [pH 7.5, 150 mM NaCl, 0.1% Tween 20,

Table 1. Primer sequence of cell cycle regulatory genes

Gene Primer sequence (sense/antisense)

GAPDH 5-TGG GCT ACACTG AGC ACC AG-3
5-GGG TGT CGC TGT TGA AGT CA-3’

p21 5-CAA AGG CCC GCT CTA CAT CTT-3
5’-AGG AAC CTC TCA TTC AAC CGC-3

p27 5-GGA ATA AGG AAG CGA CCT GCA-3
5-TCC ACA GAA CCG GCATTT G-3

PLK1 5-ATA GAG CGT GAC GGC ACT GAG T-3
5-TGC TCG CTC ATG TAATTG CG-3

PLK3 5-TGT CAA AGT CAT CCC GCA GAG-3’

5-TGC GAA AAA CGC ACG ATG T-3

Cdc25C 5°-TTT TTC CAA GGT ATG TGC GCT G-3
5-TGG AAC TTC CCC GAC AGT AAG G-3

CHK1 5-CGT GAG CGT TTG TTG AAC AAG A-3'
5’-CAC AGG ACC AAA CAT CAACTG G-3’

CHK2 5-GTG CCT GTG GAG AGG TAAAGC T-3

5-TGC CTC TCT TGC TGA ACC AAT A-3’

GAPDH=glyceraldehyde3-phosphatedehydrogenase; PLK=polo-like
kinase; CHK=check point kinase.
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5% skim milk) S8 Aol 4] 2A17F 59F REG-AIX] 5 TTBS &
oz AEk 12} &4 p21, p27, PLKI, PLK3, Cdc25C,
p—S—216—Cdc25C, CHK1, alpha—tublin (Santa Cruz Bio—
technology, Santa Cruz, USA), p—Serine—198 Cdc25C &
A(Cell Signaling Technologies, Beverly, USA)2 1:200—
1:1,0000.2 &4 ¥kS §H©5 mM Tris [pH 7.5, 150 mM
NaCl, 0.1% Tween 20, 1% skim milk) 22 3|45} 4°C of|A]
12A17F &2t RESAIF LY TTBS 8402 FAIRE & 22} FJA|IE
1:1,000 0= 3]A5}0] 20l 2417t F2F REGAIX] & TTBS &
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Figure 1. Concentration dependent growth inhibition of estrogen
receptor (ER)-positive (T47D) and ER-negative (MDA-MB231)
breast cancer cells by genistein. Twenty-four hours after inocu-
lation, cells were cultured for 3 days in the absence or presence
of genistein at concentratins ranging from 0.1 to 100 «M. The
data represent the mean == SD of six independent experiments.
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genisteing A 2|8}9S wolli= 55.55%=4] 2F 4v] Z71515ich
(Figure 3).

T47D MDA-MB231

© ©®)

Figure 2. Changes of cell densitiy in T47D cells (A, C) and MDA-
MB231cells (B, D). Each cells were treated with 0.1% DMSO
(control) or 100 M of genistein for 3 days. Genistein-treated
cells are decreased in cellularity than control.
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Genistein X{2| £ MZ37| 2 |ZXI2] mRNA L&
p21 mMRNAR} p27 mRNAS| 54

Az BG40l Tofsks FARES] TE S Yol
?I5tol mRNA AAZE AREAle skglth CDK AsiAlel p2l
2] mRNAE # 2|3} genistein®] HE7} H245 Wao] = A
3L oA ZU18FAAL, 100 M2 genistein A3 & A]
7ol vlaste] 24174 48A17F Atolof] x| 2 Wrdstoict
(Figure 4). 5 p27 mRNA+= genistein #2185 & 7t} 314
2 - Ao 9] o] A9 atol7t GigiaL, uiFAIX genistein

9] el Faskitk(Figure 5).

Cdc25C2t polo-like kinase (PLK1, PLK3), check point kinase
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o] ZasigitkFigure 6). L2t Cde25Ce] /= SAIst
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Figure 3. DNA-fluorescence histogram of T47D and MDA-MB231 cells after genistein treatment. T47D (A) and MDA-MB231 (B) cells
were treated with 0.1% DMSO (CON) or 100 #M of genistein (GEN) for 72 hr. Three days after genistein treatment, there was 3.1-fold
increase in the percent of T47D cells in G2/M and 4.2-fold increase in the percent of MDA-MB231cells in G2/M, respectively.
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Figure 4. Real time quantitative analysis for p21 mRNA of genistein-treated T47D and MDA-MB231 cells. Each cell (5 x 10° cells) was
treated with 0-100 «M genistein for 3 days or 100 M of genistein for 0.5, 1, 2, 3 days.
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Figure 5. Real time quantitative analysis for p27 mRNA of genistein-treated T47D and MDA-MB231 cells. Each cell (5% 10° cells) treated
with 0-100 M genistein for 3 days or 100 M of genistein for 0.5, 1, 2, 3 days.
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Figure 6. Real time quantitative analysis for PLK1 mRNA and CHK1 mRNA of genistein-treated T47D and MDA-MB231 cells. Each cell
(5% 10° cells) treated with 100 M of genistein for 0.5, 1, 2, 3 days.
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Figure 7. Real time quantitative analysis for PLK3 of genistein-treated T47D and MDA-MB231 cells. Each cell (5x 10° cells) treated
with 0-100 M genistein for 3 days or 100 M of genistein for 0.5, 1, 2, 3 days.
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Figure 8. Real time quantitative analysis for CHK2 mRNA of genistein-treated T47D and MDA-MB231 cells. Each cell (5 x 10° cells)
treated with 0-100 «M genistein for 3 days or 100 M of genistein for 0.5, 1, 2, 3 days.
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Figure 9. Real time gquantitative analysis for Cdc25C mRNA of genistein-treated T47D and MDA-MB231 cells. Each cell (5 X 10° cells)
treated with 0-100 «M genistein for 3 days or 100 M of genistein for 0.5, 1, 2, 3 days.
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Figure 10. Western blot analysis of cell cycle-related genes. Each

cell was treated with 100 M of genistein for 1, 2, 3 days. C; 0.1%
DMSO treated cells.
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PLK3& A= ¥t o] Ha-5 & Zloletal S515ltt. = 8¢t
AJEZo|| genistein #2] & PLK1T} PLK32] A2 t}2 3
A2 DNA 4 5 dojii= G2/M arrestet FAIE O] 222
ARgtet, AR PLK30] Cde25CE F-43t 7182 ARSI 7]
o] genistein®ll 2J3ll 71 PLK3¢] o184 G2/M arrestE&
FEslkzrlel] theh 7142 o W2 A7k 2 sk Zlolet, Cde25C
9] 216¥ serine& AAIEIAIA Cde25Ce] 8.0 290 o5-& A
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