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ABSTRACT

A recent study at the Japan National Cancer Center showed that isoflavone intake
was inversely associated with lung cancer risk in Japan. In this report, the inverse
association was found in non-smoking males, but not in females. As mechanisms
such as apoptotic induction and inhibition of angiogenesis by isoflavones cannot
explain sex differences in the attenuating effect on lung cancer risk, we focused
on differences in plasma concentrations of steroid hormones between males and
females. The inhibitory elects of isoflavones and soybean components, soyaflavone
HG, on the activity of 17 -hydroxysteroid dehydrogenase type 5 (13 HSD5) , which
is involved in steroid hormone synthesis, were examined in this study. Among
isoflavones, daidzein and genistein inhibited 173 HSD5. These two isoflavones and
soyaflavone HG also inhibited androsterone metabolism dependent on 17 HSD5
in lung cancer A549 cells. Next, we tested 173 HSD5 inhibitory activity, of various
flavonoids such as monohydroxyflavones, flavanone, D-(+)-catechin and calcones in
order to develop flavonoid analogues which have more potent inhibitory activity,
and found that 7-hydroxyflavone had a potent inhibitory activity against 173 HSD5.
Among 12 derivatives of 7-hydroxyflavone, pratol (7-hydroxy-4'-methoxyflavone)
showed the most potent 173 HSD5 inhibitory activity. Molecular docking studies
revealed that a hydrogen bond between 7-hydroxy group of pratol and the main
chain of Asp224 and hydrophobic interaction of 4-methoxy group with hydrophobic
residues such as Phe306 and Pro318 might be involved in the binding of pratol with
the enzyme. These results, it is suggested that we can contribute to the elucidation
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of mechanisms underlying the sex-dilerentially attenuating elect of soy isoflavones
on lung cancer risk and to the development of novel inhibitors of 173 HSD5. Soy

Protein Research, Japan 17, 159-163, 2014.
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Table 1. Inhibitory activity against 173 HSD5 by soy
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Table 2. Inhibitory activity against 173 HSD5 by

isoflavones various flavonoids
Isoflavones Structures I1Cy, for 13 HSD5 (U M) Flavones 1C;, for 173 HSD5 (U M)
o ™ 7-Hydroxyflavone 10+ 01
Daidzein /@ﬁ/g 16+ 1 Flavone 70+ 03
" N 6-Hydroxyflavone 7.4+ 05
o o . 3-Hydroxyflavone 95+ 0.3
Genistein ) 20+ 3 Flavanone 14+ 06
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Fig. 1. Inhibitory effects of soy isoflavones and soyaflavone HG on cellular metabolism of androsterone by
1P HSDS5. (A) LC/MS chromatograms of the metabolism of androsterone into 5 -androstane-3x, 173 -diol
(A-diol) in A549 cells. (B) Elects of soy isoflavones and soyaflavone HG on the inhibition of androsterone

metabolism by the A549 cells.
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Table 3. Inhibitory activity against 173 HSD5 by 7-hydroxyflavonoids

Compound RI* R2* R3" R4’ R5° IC, (4 M) for 178 HSD5
Pratol H H OH OMe H 0.10+ 0.0l
Acacetin H OH OH OMe H 042+ 0.04
Kaempferide OH OH OH OMe H 0.59+ 0.06
Apigenin H OH OH OH H 0.82+ 0.03
Kaempferol OH OH OH OH H 0.87+ 0.16
4'7-Dihydroxyflavone H H OH OH H 0.87+ 0.0
7-Hydroxyflavone H H OH H H 10+ 01
Luteolin H OH OH OH OH 17+ 01
Chrysin H OH OH H H 31+ 01
Galandin OH OH OH H H 6.1+ 0.3
Quercetin OH OH OH OH OH 8.0+ 0.3
Quercitrin ORha” OH OH OH OH 8.3+ 05
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Fig. 2. (A) 1B HSD5 models docked pratol in the enzyme-NADP* complex. (B) Superimposed figure of the
models of pratol and 7-hydroxyflavone. The portion of NADP" (yellow) and residues (green) within 4.0

A from the inhibitors are depicted with possible hydrogen bond interactions, which are shown in dotted
lines.

162 0O00o0ododdvol 1720140



goooobooboooooooipHsbsOOO0no
oooooooooobooooobocooooboooo
ooboooooooobooobooooooobcooo
Oo0O0000000O00001pHSDSOO00000O0
oooooooooooooooobooooooboooo
oobooooooooorboobooooboooobooo

goi1pHsSbSO O O0O0OoUooooooooooooo
OoO0o0oO0O0obo00O0O00pratclD0000O000ODO
OOooO00O1pHSDSO 000000000000
ooooboooooooooobooooooooooon
1pHSDSO0 0000000000 0000000O0
ooooo

gogoogd

gooooooooooOooO0ooOobOOoOooOooOooooOobocOoOo0oOoOoOooOooOoOoOooOooOa
ooooooooooooboooooobooOooooboOoOoOoOooOoboOoOoOoOoOboOoOoOoOoObOO
oooooocooooooooooobooOooooOobboOoOoOoOobOOobOOoObObOOoOoODObOO
gooooooooooooooOoooOOODOOOOODODOOOO0daidzeind genisteind 173 HSDS
goboooooooboooooooobooooOoooOooObOO0obORGOOOODOOODOOODODOO
ooo0O0000ooooO0000oo7-00oo0O00000o0oO0O00pratol 000001
HSDSO OOOOO0000000700000000000000000000001BHSD500
goooooooooooooooobooooooooOoooOooboooooobOooOoooODobooo
gooooboooooooiprspsO00goooooooooooooooooooon

gooogo

10 Shimazu T, Inoue M, Sasazuki S, Iwasaki M,
Sawada N, Yamaji T and Tsugane S (2010):
Isoflavone intake and risk of lung cancer: a
prospective cohort study in Japan. Am J Clin Nutr,
91, 722-728.

20 Sarkar FH and Li Y (2004): The role of
isoflavones in cancer chemoprevention. Front
Biosci, 9, 2714-2724.

0O000oododdvol 1720140

30 Lovering AL, Ride JP, Bunce CM, Desmond JC,
Cummings SM and White SA (2004): Crystal
structures of prostaglandin D, 11-ketoreductase
(AKR1C3) in complex with the nonsteroidal
anti-inflammatory drugs flufenamic acid and
indomethacin. Cancer Res, 64, 1802-1810.

163





