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Synthesis of Methoxylated Flavone Derivatives and Examination of
Their Effects on HT-29 Human Colon Cancer Cell Growth

Soon Sung Lim, Yeon Sil Lee, Han Jin Cho, Hyun-Kyung Shin and Jung Han Yoon Park

Department of Food Science and Nutrition, Regional Innovation Center,
Hallym University, Chuncheon 200-702, Korea

In a search for new potential anticancer agents, we have synthesized methoxylated flavone derivatives
and examined their effects on colon cancer cell growth. To examine whether these compounds inhibit
HT-29 cell growth, cells were cultured with various concentrations of the test compounds for 2 days
and the viable cell numbers were estimated by a colorimetric MTT assay. Among the synthesized
compounds, 6,7-dimethyl-3’,4’-dimethoxyflavone (the compound 9) was most potent and efficacious, with
an ICsy value as low as 21.68+0.13uM. However, the same concentrations of this compound did not
inhibit the growth of IEC-6 cells, normal rat intestinal crypt cells. Staining cells with annexin V revealed
that the compound 9 induced apoptosis of HT-29 cells in a dose-dependent manner. Western blot analysis
of cell lysates revealed that the compound 9 inhibited phosphorylation of Akt and extracellular signal-
regulated kinase (ERK)-1/2 and induced cleavage of caspase-3, -7, -9 and poly (ADP-ribose) polymerase.
These results indicate that the induction of apoptosis is one of the mechanisms by which the synthetic
flavone (the compound 9) inhibits HT-29 cell growth. The compound 9 may have potential as a
chemopreventive agent and/or adjuvant for chemotherapeutic drugs. (Cancer Prev Res 11, 211-217, 2006)
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Table 1. Chemical structures of methoxylated flavone derivatives and their growth inhibitory effects on HT-29 and ICE-6 cells

ICs0 (umol/ml)

No. Chemical structure
HT-29 cells IEC-6 cells
OH
| oo )
Luteolin O | oH 35.79+0.66 25.37+0.46
OH O
OCH,
o L '
1 O 23.67+0.19 34.05+0.64
|
o
O OCH,
2 O Y ocH, 42.65+1.8 74.91£4.41%
(0]
CH,
N/\ + +
3 o Y Tens 26.21+1.25 93.49+5.97
(]
Cl o
,CO
4 " O‘ O 31.07£0.47% 51.39+1.32%
o
OCH,
H,CO
5 ® o S 27.18+0.22 37.73%0.72%
[¢]
OCH,
H,CO
6 OCH3 31.1420.41 437.05+42.79"
(0]
OCH,
o
7 CO) 32.1621.09 73.33£2.43"
OCH, O
OCH,
© O OCH +
8 O ! : 26.64+0.55 72.46+8.54*
OCH, ©
OCH,
Ve
9 O ‘ octs 21.68+0.13* 36.57+0.17*

H,C

HT-29 and IEC-6 cells were plated in 24-well plates at 50,000 cells/well in DMEM/F12 supplemented with 10% FBS. One day later,
the monolayers were serum-starved with serum-free DMEM/F12 supplemented with 5pg/ml transferrin, 5 ng/ml selenium, and 1
mg/m| BSA for 24 hours. After serum starvation, cells were incubated for 24, 48 or 72 h in serum-free medium containing the
compound 9 at 0, 15, 30 or 45uM. Viable cell numbers were estimated by the MTT assay. Values (ICso) represent the means=SEM
(n=6). Significantly different from the luteolin-treated group (*p <0.1, ' p <0.05).
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Fig. 1. 6,7-Dimethyl-3’,4’-dimethoxy flavone (9) increases
apoptotic cell numbers in HT-29 cells. HT-29 cells were plated
in 24-well plates at 50,000 cells/well in DMEM/F12 supple-
mented with 10% FBS. One day later, the monolayers were
serum-starved with DMEM/F12 supplemented with 5pg/ml
transferrin, 5 ng/ml selenium, and 1 mg/ml BSA [serum-free
medium (SFM)] for 24 h. After serum starvation, cells were
incubated for 24 h in SFM containing 0, 5, 15, 30uM the
compound 9. Cells were trypsinized, loaded with 7-amino-
actinomycin D and Annexin V, and then analyzed by flow
cytometry. The number of living cells and early apoptotic cells
are expressed as a percentage of total cell number. Each bar
represents the mean=SEM (n=6).

80

707 ™ CJ ouM
o 60 - 3 5uM
£ B 15 uM
3 50 Hl 30 uM
8 40-
€
g 30
5]
o 20 -

0 T T T

Sub-G1 G1 S G2

Fig. 2. 6,7-Dimethyl-3’,4’-dimethoxy flavone (9) increases cell
numbers in sub-G1 phase in HT-29 cells. Cells were plated and
treated with the compound 9 for 24 h as described in Fig. 1.
Cells were trypsinized, fixed, and treated with RNase. Cellular
DNA was then stained with propidium iodide. The percentages
of cells in sub-G1, G1, S, and G2 phases of the cell cycle were
analyzed by flow cytometry.

4. RFUE9O| QU HT—29 MIEOIA] AKIRt ERK—1/22]
CHME Ot QU QMR 2D
S=9S Aste] 2 AEEHNE9] western blot

the levels of phospho-Akt (p-Akt), Akt, phospho-ERK-1/2
(p-ERK-1/2), and ERK-1/2 in HT-29 cells. Cells were plated in
100 mm dishes at 2x10° cells/dish in DMEM/F12 supplemented
with 10% FBS. Cells were serum-starved and treated with the
compound 9 for 24 h as described in Fig. 1. Cells were lysed,
and the lysates were subjected to Western blotting with their
relevant antibodies. Photographs of chemiluminescent detection
of the blots, which were representative of three independent
experiments, are shown.
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Fig. 4. 6,7-Dimethyl-3’,4’-dimethoxy flavone (9) induces cleav-
age of caspases and PARP. Cells were plated and treated with
the compound 9 as described in Fig. 3. Cells were lysed, and
the lysates were subjected to Western blotting with their relevant
antibodies. Photographs of chemiluminescent detection of the
blots, which were representative of three independent experi-
ments, are shown.
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