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Study of the Regulation of Drug Metabolizing Enzymes by Soybean Ingredients
in Intestinal Epithelial Cells
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ABSTRACT

The effect of soybean ingredients on the expression level of drug metabolizing
enzymes in human intestinal epithelial cells was examined. Among soybean
ingredients, the saponin fraction most extensively increased the mRNA levels
of CYP1Al, UGT1A1, and MDR1 in human intestinal epithelial LS180 cells. The
saponin fraction significantly induced the promoter activity of CYP1ALl, UGT1AL,
and MDR1, and also pregnane X receptor (PXR)-dependent transcriptional activity.
Soyasaponin |, one of the major component of the saponin fraction, also increased
the mRNA levels of these enzymes and PXR-dependent transcripotional activity,
suggesting that one of the active components in the saponin fraction is soyasaponin
I. We further examined the elect of isoflavones on the mRNA levels of CYP1AL,
UGT1A1, and MDR1 in LS180 cells. Among seven isoflavones, equol and genistein
increased the mRNA levels of these enzymes. Equol also increased the promoter
activity, protein expression, and functional activity of MDR1. Nuclear localization
and transcriptional activation of PXR by equol were also observed, suggesting that
equol induces MDR1 expression and activity via PXR activation. These results
show that the drug metabolizing enzymes in intestinal epithelial cells are induced
by various soybean ingredients such as soyasaponin | and equol, suggesting that
soybean ingredients could strengthen the biological barrier function of intestinal
epithelial cells against invasion by xenobiotics and toxicants. Soy Protein Research,
Japan 13, 79-84, 2010.
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gene Sequence 0 5-3'0 Anneal temperature
CYP1Al Forward primer AGA TGG TCA AGG AGC ACT ACA 610
(NM_000499) |Reverse primer CTG GAC ATT GGC GTT CTC AT
UGT1A1 Forward primer CAA CCCATT CTCCTACGT G 570]
(NM_000463) |Reverse primer TCC TGG ACA GTC ACC TCT CT
MDR1 Forward primer TGG TTT GAT GTG CAC GAT GT 610
(NM_000927) |Reverse primer GGC CAA AAT CAC AAG GGT TA
B -actin Forward primer CCA GCA CAA TGA AGA TCA AGA 570]
(NM_001101) |Reverse primer AGA AAG GGT GTA ACG CAACTA A

80

0000o0odododvol 18120100



0000000000000 000000SDS-PAGE
00000000 0o0oooooooooooo
00000000 0oo0oUoOooooUoooooo
00000MDR1OO O O O rabbit anti-human Mdr
antibody[] Santa Cruz Biotechnologyl 00 5%0 0O O
OO0OoooopPBSTOl00000000000O0OR
-actind O O O O mouse anti-human f -actin antibody
OSigmaC 025000 00000000000 0OOOO
0 %0 O O O anti-rabbit 196 HRPO O 0 O O O O anti-
mouse IgG HRPO O OOOOODOOOOOOOOO
doddddoooooeCcLO0oDoooooooon
ooo

goooao

gbooboooobobooooooobooboooo
ag
goooooooooooooooooooog
gooooobobbboooooooooboooboboo
LS1800 0000000000 0OOReal-Time PCRO
oboo0oooob0Do0obDOmRNAOODOOODOODO
oooooooooobooobooboooooocooo
ob0Ooo00o0O00cCYPIAIOUGTIAIOMDRIOOO
oooooocoooobooooobooooooboooo
oo0ooooOOo0o0oOoO0OOmRNADOOOOOOO

(A) (B)

150 - ” 4.0 -

|
c
2
‘g 3.0
< 100
£
o
o 2.0
E 50
& 1.0
1S

0 0.0
Fi

000000000000000000000000
O0O000Fg 1000000000000 00
000000000000 0000D0D0O000000
00000000000 00000DO0O0o0o0o00o
D000 Oluciferased 0000000000000
000000000 000000000000000
000000000 000000000000000
0000000000000 0000000000
000000000000 OCYPIALD UGTIALO
OOMDRIOOODOOOOO0O0000000000C
UGTIAIO O OMDRIO OO OO OOOOOPXRO
0000000000000 00000000%20
0000000000000 00O000OPXROODO
0000000000000 0000PXRODOOO
OOluciferased 000 0000000000000
0000000000000 0000000000
000000000 OPXROOODOODOOODOODO
O000000000Fg 20000000000
OO0OPXROODODODODODODOUGTIALO MDRIO O O
00000000000000000000000
0000000000000 0000000000
0000000000000 00D00ADODODOO
O0D00OBODOODOODOODOOADOODOO
0O0BOOODOODOODOODOODODODOODO
000000BOODOODOODOODOODODODOO

(©)

90 r
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

g. 1. EDect of soybean ingredients on the mRNA expression level of CYP1AL1(A), UGT1AL(B), and MDR1(C) in

human intestinal LS180 cells. LS180 cells were incubated with 2 mg/mL of various soybean ingredients
for 3 hours (A), and 72 hours (B,C). After incubation, total RNA was extracted and used for real-time PCR
analysis, B -actin being used as a housekeeping gene. Each value is the mean + S.E. (n=3). *Significantly

dilerence from control (p<0.01).
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Fig. 2. Effect of saponin fraction on the PXR-
dependent transcriptional activity in human
intestinal LS180 cells. LS180 cells cotransfected
with the pGL3-promoter vector containing
DR4 sequence, pRL-CMV, and pcDNA3.1-
human PXR (+PXR) or pcDNA3.1 (mock) were
treated with saponin fraction for 24 h. The
transcriptional activity was estimated by a
luciferase assay. Each value is the mean + SE.
(n=3). *Significantly difference from the value
at 0 mg/mL of mock or +PXR (p<0.01).
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Fig. 3. Elect of isoflavones on the mRNA expression level of CYP1A1(A), UGT1AL(B), and MDR1(C) in human
intestinal LS180 cells. LS180 cells were treated with 100u M isoflavones for 24 hours. After incubation,
total RNA was extracted and used for real-time PCR analysis, B -actin being used as a housekeeping
gene. Each value is the mean + S.E. (n=3). *Significantly dilerence from control (5p<0.01).
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Fig. 4. Effect of equol on the PXR-dependent
transcriptional activity in human intestinal
LS180 cells. LS180 cells cotransfected with
the pGL3-promoter vector containing DR4
sequence, pRL-CMV, and pcDNA3.1-human
PXR (+PXR) or pcDNA3.1(mock) were treated
with equol for 24 h. The transcriptional activity
was estimated by a luciferase assay. Each
value is the mean + S.E. (n=3). *Significantly
diCerence from the control (p<0.01).
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Fig. 5. EQect of equol on the protein expression level
of MDR1 in human intestinal LS180 cells.
LS180 cells were treated with 50 or 100 mM
equol for 72 or 96 hours. After treatment, the
amount of MDR1 protein in cell membrane
fraction was examined by western analysis,
Rif. (rifampicin) is used as a positive control.
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