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Regulatory mechanisms of bile lipids transport 
in the small intestine and liver

消化管および肝臓におけるトランスポーターを介
した胆汁脂質動態制御機構の解析
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Physiological function of lipid transporters

Yamanashi Y, Takada T, Suzuki H
IDENSHI-IGAKU-MOOK (2011)



Semin Cell Dev Biol (2005)

Ezetimibe: 
a novel sterol absorption inhibitor

The process of intestinal absorption of dietary lipids. 

Niemann-Pick C1-like 1 (NPC1L1):
a cholesterol transporter



In vitro model

apical

basal

Cholesterol uptake is increased by rat NPC1L1 overexpression
and the uptake is ezetimibe-sensitive.

NPC1L1 NPC1L1 
overexpressing

Caco-2 cells

Cholesterolezetimibe

: rNPC1L1 cells
: control cells

Yamanashi Y, Takada T, et al., JPET (2007)



Cholesterol α-Tocopherol
(vitamin E)

Retinol
(vitamin A)

Cyclosporin A
(fat-soluble drug)

Bile acids

Cholesterol

Phospholipids

Fat-soluble vitamins

Fat-soluble drugs
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Time profiles of NPC1L1-mediated uptake
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**

Uptake (μl/mg protein) and time dependency of α-tocopherol 
uptake are similar to those of cholesterol uptake.

**, p<0.01

Cholesterol α-Tocopherol

: Control cells
: NPC1L1 cells
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Inhibitory effect of ezetimibe on NPC1L1-mediated uptake
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The inhibitory effect of ezetimibe on α-tocopherol uptake is 
nearly the same as that of cholesterol uptake.

Cholesterol α-Tocopherol

NPC1L1 mediates α-tocopherol uptake in an ezetimibe-sensitive manner.

****
**

**
**

**
**

: Control cells
: NPC1L1 cells

Calculated Ki value
Cholesterol     : 10.6 ± 1.6 μM
α-Tocopherol  : 17.1 ± 4.4 μM



Ezetimibe inhibits intestinal absorption of α-tocopherol in vivo.
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Inhibitory effect of ezetimibe in vivo **: p<0.01



NPC1L1

Cholesterol

α-Tocopherol

ezetimibe

α-TocopherolCholesterol

○ NPC1L1 mediates the ezetimibe-sensitive uptake 
of all vitamin E tested in in vitro transport assays.

○ Results of in vivo absorption study suggested a 
physiologically significant role of NPC1L1-mediated 
vitamin E absorption.

⇨ The present data suggest that NPC1L1 
is involved in the ezetimibe-sensitive 
absorption of vitamin E.

Narushima K, Takada T, et al., Mol Pharmacol. (2008)
Yamanashi Y, Takada T, et al., Pharmacogenet Genomics. (2009)

Takada T & Suzuki H, Mol Nutr Food Res. (2010)



Effect of cholesterol on the expression of Effect of cholesterol on the expression of 
NPC1L1 mRNA NPC1L1 mRNA in vivoin vivo and and in vitroin vitro

HepG2 **

Cholesterol represses NPC1L1 expression in vivo and in vitro.

**

**P<0.01

intestine                                  liver
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HNF4α

HNF4α

NPC1L1
SREBP2

cholesterol

Regulatory mechanisms of NPC1L1 by HNF4Regulatory mechanisms of NPC1L1 by HNF4αα
○HNF4α is a crucial modulator of hNPC1L1.

○HNF4α acts synergistically with SREBP2 on hNPC1L1 
promoter.

○HNF4α is crucial for cholesterol-dependent 
expression of hNPC1L1.

Iwayanagi Y, Takada T, et al., Pharm Res (2008)



NPC1L1

SREBP2HNF4α

-209/-197 -52/-40-846/-834

PPARα

PGC1α

HNF4α

PGC1α PGC1α

○PPARα positively regulates the expression of 
human NPC1L1 via a direct binding to the 
promoter region.

○PGC1α works as a coactivator of 
SREBP2/HNF4α and PPARα/RXRα on human 
NPC1L1 promoter.

Iwayanagi Y, Takada T, et al., Pharm Res (2011)



NPC1L1 and medicines EzetimibeEzetimibe

StatinsStatins:
HMG-CoA reductase inhibitor

SREBP2 NPC1L1

Fibrates:Fibrates:
PPARα ligand

PPARα

HNF4α
PGC1α

Statin + Ezetimibe
Fibrate + Ezetimibe

<Clinical use of Ezetimibe>

Ezetimibe only Statin + Ezetimibe

48% 52%

Clinical implicationsClinical implications

PGC1α
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Liver

Fecal excretion
600~1300mg/day

Dietary intake
500~700mg/day

Blood

Duodenum

Jejunum

Ileum

Colon

Biliary excretion
500~2000mg/day

Catabolism
500~2000mg/day

HDL

LDL VLDL

Cholesterol homeostasis is maintained by many steps 

Chylomicron

Hepatic cholesterol
5000mg

Synthesis
~500mg/day

Uptake and secretion of 
lipoproteins
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