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Bilirubin Clearance

Bilirubin 
GlucuronidesBilirubin

UGT1A1

Bilirubin

Heme

HOO
C

N
H

N
H

O

COO
H

N
H

N
H

O



Neonatal Hyperbilirubinemia

Jaundice Light Therapy Kernicterus



Tg-UGT1 Mice

Liver
Kidney

Colon

S.I.

Chen S, et al. JBC, 2005



Ugt1-/- Mice

Nguyen N, et al. JBC, 2008

4.8 kb (wt)
6.0 kb (mut) BglII digestion

[genomic probe]

+/- -/- WT

UGT1A

UGT1A1

UGT1A

Actin

Ad

mRNA

Protein

+/--/- WT



N
um

be
r o

f M
ic

e
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Generation of Humanized UGT1 Mice

(hUGT1)

Ugt1+/- Tg-UGT1

UGT1/Ugt1+/-

UGT1/Ugt1 -/-

Ugt1+/-



Humanized UGT1 Mice as a Model for 
Hyperbilirubinemia and Brain Toxicity

7-day
Ugt1-/-

15-day
hUGT1

7-day
Ugt1+/-

15-day
hUGT1

Normal Kernicterus
A B

C D



B
ili

ru
bi

n 
(m

g/
dL

)

Days after birth

0

5

10

15

20

25

30

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

TSB Levels in Ugt1-null and 
Humanized UGT1 Mice

Ugt1-/-

Seizures

Neonatal Hyperbilirubinemia

Fujiwara R, et al. PNAS, 2010



NRs Agonists v.s. Bilirubin Levels
B

ili
ru

bi
n 

(m
g/

dL
)

0

5

10

15

Ctrl Ctrl PCN

Fat tissues



Generation of hUGT1 Mice with
NR-null background

Car-/-/Ugt1+/+ TgUGT1/Ugt1-/-

(Car-null) (hUGT1)

TgUGT1/Car+/-/Ugt1+/-

TgUGT1/Car-/-/Ugt1-/-

(hUGT1/Car-/-)

Pxr-/-/Ugt1+/+

(Pxr-null)

⊗
TgUGT1/Pxr+/-/Ugt1+/-

TgUGT1/Pxr-/-/Ugt1-/-

(hUGT1/Pxr-/-)

⊗

TgUGT1/Pxr-/-/ Car-/-/Ugt1-/-

(hUGT1/Pxr-/-/Car-/-)

TgUGT1/Ugt1-/-

(hUGT1)



hUGT1 Mice with Pxr-null and/or Car-null 

Chen S, et al. Hepatology, 2012

I I I I

B
ili

ru
bi

n 
(m

g/
dL

)

0

5

10

15

20
***

***

n.s

hUGT1/Pxr-/-
hUGT1/Pxr+/-

18

12

6

0Fo
ld

 o
f I

nd
uc

tio
n 

UGT1A1



Control siPXR_bio siPXR_sc
0

0.9

2

0.6
4

6

Fo
ld

 G
en

e 
Ex

pr
es

si
on

Control siPXR_bio siPXR_sc
0

1.2

0.3

Fo
ld

 G
en

e 
Ex

pr
es

si
on

**

**

**
**

UGT1A1 PXR

Neonatal hUGT1 Hepatocyte Treated  
with siPXR



ChIP Assay

PXR

IgG

Input



Hypothesis of PXR Repression & De-repression
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Conclusions

1. Humanized UGT1 mice develop neonatal
hyperbilirubinemia and serve as a model for brain toxicity.

2. Humanized UGT1 mice are subject to regulation by
nuclear receptor agonists.

3. Deletion of the Pxr gene, but not the Car gene, lowers
serum bilirubin in hUGT1 mice.

4. PXR binds to the UGT1A1 promoter, and the genetic
deletion of Pxr leads to the upregulation of UGT1A1 in
hUGT1/Pxr-/- mice.



Irinotecan Metabolism and Toxicities
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Table1. SN-38 glucuronic activity studies in mouse liver microsomes
(MLM) and small intestine microsomes (MSIM).

Michaelis-Menten MLM MSIM

Km (µM) 10.9±0.3 8.22±1.22

Vmax 
(pmol/min/mg) 69.1±1.0 217±13



Target Constructs
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ΔHep v.s. Δ GI___Survival
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ΔHep v.s. Δ GI___Weight Loss
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Irinotecan-induced Intestinal Toxicity
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Summary

1. Tissue specific Ugt1 deletion were generated by
adopting Cre/loxP recombination system.

2. Extrahepatic clearance of bilirubin occurs in the
absence of functional hepatic Ugt1a1.

3. Intestinal Ugt1a1 plays an important role in preventing
CPT-11 induced toxicity.
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Ugt1 gene locus and targeting constructs
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