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Synergistic Cytotoxic Effects by Combination Treatment of Genistein and Daidzein in Human
Colorectal Cancer Cell Seong-Min Son, Seung-Hyun Lim, Hyo-Rim K1m Min-Jeong Kim, Taewan
Kim', Jong-Hwa Lee' and ]ong—Slk Kim*. Dept. of Biological Sciences, 'Dept. of Food Science and
Biotechnology, Andong National University, Andong, Korea - To investigate whether isoflavone genistein
and daidzein could affect cancer cell viability, human colorectal HCT116 cells were incubated with
genistein or daidzein in a dose-dependent manner. Genistein decreased cancer cell viability in a
dose-dependent manner, whereas daidzein did not show dramatic cytotoxic effects. We also found
that 71 genes were up-regulated more than 2-fold, whereas 64 genes were down-regulated more than
2-fold with 24 hr of 50 pM genistein treatment by our previous microarray data. Among the up-regu-
lated genes, we selected 3 genes (DKK1, ATF3 and NAG-1) and performed RT-PCR to confirm micro-
array data. The results of RT-PCR were highly correlated with those of the microarray expetiment.
In addition, we investigated whether a combination treatment of genistein and daidzein could affect
cancer cell viability. Surprisingly, the combination treatment did show synergistic cytotoxic effects de-
tected by MTS assay. The results of RT-PCR and real-time PCR indicate that a combination of genis-
tein and daidzein can synergistically induce NAG-1 expression in HCT116 cells. This result implies
that NAG-1 induction is highly associated with synergistic cytotoxic effects induced by a combination
treatment of genistein and daidzein. Overall, these results may provide a clue in explaining the an-
ti-cancer activity of soy bean in human colorectal cancer.
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Fig. 1. Effects of genistein and daidzein on HCT116 cell viability.
(A) HCT116 cells were plated at 3,000 cells/well in a
96-well plate and incubated with 0, 25, 50 or 100 uM of
genistein for 24 hr. (B) HCT116 cells were treated with
0, 25, 50 or 100 uM of daidzein for 24 hr. After each treat-
ment, cell viability was measured using MTS cell pro-
liferation assay Xkit.
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Table 1. Sequences of oligonucleotide primers used for RT-PCR and real-time PCR

Gene Name GenBank Acc. No. Primer Sequences

NAG-1 NM_004864 F: 5-CTCTCAGATGCTCCTGGTGT-¥
R: 5-GAATCITCCCAGCICTGGIT-3'

DKK1 NM_012242 F: 5-TTCCAACGCTATCAAGAACC-¥
R: 5-ATGACCGGAGACAAACAGAA-¥

ATE3 NM_001030287 F: 5-TGGTGTTTGAGGATTTTGCT-3
R: 5-ATTTCTTTCTCGTCGCCICT-3

GAPDH NM_002046 F: 5-TCAACGGATTTGGTCGTATT-3
R:

5-CTGTGGTCATGAGTCCTTCC-3

w ®)

Vehicle (DMSO)

GEN 25 uM Vehicle (DMSO) DA25 uM

GEN50 uM

GEN100 uM

DA50 uM DA100 uM

Fig. 2. Detection of morphological changes by genistein and
daidzein treatments for 24 hr. HCT116 cells were treated
with four different doses (0, 25, 50, and 100 uM) of genis-
tein (A) or daidzein (B) for 24 hr.
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Fig. 3. Changes of gene expression in 50 uM genistein-treated
HCT116 cells. HCT116 cells were treated with 50 uM of
genistein (GEN) or vehicle (DMSO). Total RNA was pre-
pared for RT-PCR with gene specific primers.
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Fig. 4. Effects of combination treatment of genistein (GEN) and
daidzein (DA) on HCT116 cell viability. HCT116 cells
were plated at 3,000 cells/well in a 96-well plate and
incubated with vehicle (VEH, DMSO), 25 uM of genis-
tein, 25 uM of daidzein or combination of 25 uM genis-
tein and 25 uM daidzein for 24 hr. After each treatment,
cell viability was measured using MTS cell proliferation
assay kit.
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Fig. 5. Up-regulation of NAG-1 by combination treatment of
genistein (GEN) and daidzein (DA). HCT116 cells were
treated with VEH (vehicle, DMSO), 25, 50 uM of genis-
tein, combination of 25 uM genistein and 25 uM daidzein
or 25, 50 uM of daidzein for 24 hr. (A) Total RNA was
prepared from treated cells and used for RT-PCR with
NAG-1 gene specific primers. (B) Expression of NAG-1
gene was detected with real-time PCR.
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