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HRN ™:
Hepatic Cytochrome P450 Reductase Null Mouse Model

The Hepatic Reductase Null mouse provides a unique model for drug discovery/development and

ADMET studies.

Applications of the HRN™ Mouse Model

Taconic's HRN™ Targeted Mutation/Microinjected
Mice are homozygous for the tissue-specific
targeted disruption of the Por gene in the liver. This
genetic modification results in the ablation of
hepatic cytochrome P450 activity. As the
cytochrome P450 system plays a major role in drug
metabolism and disposition, this model is very
useful for efficacy, bioavailability and other
ADMET studies. The lack of first pass metabolism
can increase the circulating levels of compounds
normally metabolized by the P450 system, thereby
increasing the chances of demonstrating in vivo
efficacy.

Applications include:

o Efficacy studies: allows use of smaller amounts
of lead compounds in early efficacy studies.

e Metabolism studies: evaluation of the role of
P450 metabolism on drug bioavailability as well
as evaluation of the role of hepatic vs.
extrahepatic metabolism.

e Metabolite profiling: the HRN™ mouse allows
true dosing of parent compounds, which may
not be otherwise possible.  Evaluate the
contribution of metabolites vs. parent
compounds to efficacy or toxicity.

e Toxicokinetic studies: identify the optimal
route and method of administration of drugs.

e Reduced dosing: high clearance compounds
can be easily dosed in the HRN™ mouse,
compared to wild type mice which might require
dosing multiple times daily or the use of
constant infusion pumps.

o Basic research: study of the role of P450
metabolism in normal homeostasis.

HRN™ mice cannot metabolize pentobarbital
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Figure 1. Wild type mice are able to metabolize pentobarbital and display dose
dependent sleeping time. But HRN™ mice cannot metabolize the drug and
sleep for the limit of the experiment (2 hrs). Adapted from Henderson, et al.,
2006. "
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Features of the HRN™ mouse (models
007293 and 007353)

e Mice are homozygous for a liver-specific
knockout of the Por gene.

e Animals are healthy and develop normally, but
display enlarged and hyperlipidemic livers.!

e HRN™ mice have lowered serum cholesterol
and triglycerides.

Scientific Profiles of the HRN™ Mouse
Model

POR serves as the essential electron donor for all
cytochrome P450 enzymes.? Multiple P450 genes
exist, and deletion of all these genes is impractical.
However, the POR enzyme serves as the key
electron donor for all P450 proteins, so the tissue-




specific deletion of the Por gene in the HRN™
mouse results in disruption of all P450 activity in the
liver. Constitutive deletion of Por is embryonic
lethal,® but the tissue-specific targeting found in the
HRN™ mouse results in a viable and healthy
animal. The cre transgene present becomes active
neonatally, so most experiments with HRN™ mice
should use adult mice to ensure appropriate tissue-
specific disruption of Por.

POR activity is significantly reduced in HRN™
mice. POR activity in microsomal fractions derived
from livers of adult HRN™ mice is reduced by
approximately  90%  compared to hepatic
microsomes derived from wild type controls.
Significant differences were not observed for POR
activity in kidney microsomal fractions of HRN™
mice compared to controls, demonstrating the
specificity of the tissue-specific mutation.

HRN™ mice have phenotypic changes in the
liver. Compared to wild type controls, HRN™ mice
have livers almost twice as large. Livers of HRN™
mice are also hyperlipidemic. HRN™ mice display
a 90% reduction in volume of bile acid in the gall
bladder and have lower serum cholesterol and
triglycerides.

HRN™ mice lack significant hepatic P450
activity. Metabolite formation by a wide range of
P450 enzymes, including members of the CYP2A
and CYP3A families, was significantly reduced.
However, these mice display greatly altered
expression of P450s, with some enzymes
upregulated and others downregulated.™*

The hepatic disruption of Por in HRN™ mice
results in profoundly altered drug metabolism.
HRN™ mice are unable to metabolize the
anaesthetic pentobarbital; doses that leave wild type
mice unaffected cause HRN™ mice to sleep longer
than two hours.! This experiment demonstrates that
pharmacological effects can be observed at much
lower concentrations in the HRN™ mouse
compared to wild type mice.

The HRN™ model allows for sophisticated
toxicokinetic experiments. Studies using HRN™
mice demonstrated that hepatic metabolism is the
major route elimination and disposition of the
anticancer agent cyclophosphamide.’

HRN™ mice have altered lipid metabolism.
HRN™ mice display elevated diacylglycerols and
extremely elevated triacylglycerols in the liver.
Lesser increases in phosphatidylcholine and
cholesterol esters were noted. However, minimal
changes were seen to the lipid profiles of plasma and
jejunum in HRN™ mice.®

Origins of the Model

The HRN™ mouse was developed in the laboratory
of C. Roland Wolf of the Ninewells Hospital &
Medical School. The model was created by
targeting the Por gene to generate a floxed allele in
GK129/1 embryonic stem cells derived from 129P2
mice and injecting the targeted cells into C57BL/6
blastocysts. Resultant chimeras were backcrossed to
C57BL/6 for one generation. Mice heterozygous for
the floxed Por allele were intercrossed to generate
mice homozygous for the floxed Por allele on a
mixed B6;129P2 background. The Alb-cre
transgene was developed in the laboratory of Mark
A. Magnuson at Vanderbilt University School of
Medicine by microinjecting Cre recombinase gene
under the control of the rat albumin
enhancer/promoter into B6D2F2 zygotes. Mice
homozygous for the floxed Por allele were bred to
carriers for the Alb-cre transgene to generate HRN
mice. The HRN™ model was backcrossed to
C57BL/6J a total of 6 generations (N6). Taconic
received stock from CXR Biosciences in April 2007.
Line 007293 was embryo transfer derived. Mice of
line 007353 were backcrossed to C57BL/6NTac
(N7) and embryo transfer derived. The colonies are
maintained through mating of mice that are
homozygous for the floxed Por allele and carriers
for the Alb-cre transgene.

Ready for Your Experiments

Taconic’s HRN™ Mouse Models are produced in
Isolator Barrier Unit (IBU™) facilities. Mice are
shipped in Taconic Transport Cages (TTC™) and
come with an up-to-date health report documenting
their Murine Pathogen Free (MPF™) health status.
Barrier housing conditions are recommended for
maintenance of HRN™ Mice.
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Every Taconic Transgenic Model™ carries a label license granting
you a license under Taconic’s in-licensed patent right(s) to use the
model in your research. TTM™Ss are produced and distributed under
rights to patents that Taconic has licensed from various institutions,
including exclusive distribution rights to Positive Negative Selection
and Isogenic DNA gene targeting technologies. Taconic is the only
commercial breeder that can supply transgenic models with these
licenses for use in your research.

Conditions of Use for Taconic Transgenic Models™

TACONIC TRANSGENIC MODELS™ (“MODELS”) are produced
and distributed under rights to patents and intellectual property licensed
from various institutions. Taconic grants to each purchaser a right under
Taconic’s rights in such licensed patents and intellectual property to use
the purchased MODEL in consideration of purchasers’
acknowledgement of and agreement to the Terms and Conditions of Sale
and the following terms of use:

=  Title to these MODELS and biological materials derived from
them remains WITH TACONIC FARMS, INC.

. The MODELS will be used for research purposes only.

= The MODELS will not be bred except to obtain embryos or fetuses
required for research purposes unless the purchaser maintains a
Research Crossbreeding Agreement with TACONIC FARMS,
INC.

Ll The MODELS and biological materials derived from them will not
be distributed to third parties or used for commercial purposes.

Patents applicable to Taconic Transgenic Models are posted on
Taconic’s website at www.taconic.com

For more information or to place an order contact:

TACONIC

One Hudson City Centre
Hudson, NY 12534

Toll Free: 1-888-TACONIC

Phone:  518-537-6208
Fax: 518-537-7287
e-mail:  custserv@taconic.com

Internet: http://www.taconic.com

in Europe: Taconic Europe
Bomholtvej 10 P.O. Box 39

DK 8680 Ry DENMARK

Phone: +45 70 23 04 05

Fax:  +4586 84 16 99

e-mail: TaconicEurope@taconic.com
Internet: http://www.taconic.com

in Japan: Immuno-Biological Laboratories, Co., Ltd.
5-1 Aramachi, Takasaki-Shi

Gunma 370-0831 JAPAN

Phone: +81 273-10-8040

Fax:  +81273-10-8045

e-mail: do-ibl@ibl-japan.co.jp

Internet: http://www.ibl-japan.co.jp

Rev. 3/08

Please Note: e-mail transmission of this document may result in
the loss of formatting or symbols, i.e., Greek letters or symbols
for trademark, degrees, etc.

Related Mouse Models from Taconic

Taconic provides a number of mouse models
relevant to ADME research. Call or fax for
information about these additional models:

e Bcrp Targeted Mutation Mouse (model 002767) —
carrying a disrupted Abcg2 gene. Associated with
multi-drug resistance. Useful for studies of drug
uptake and cellular transport.

e Mdrla Targeted Mutation Mouse (model
MDR1A) — carrying a disrupted Abcbla gene, a
multi-drug resistance-associated transport protein,
conferring a deficiency in the blood-brain barrier;
useful in neurotoxicology and in studies of drug
design, cellular transport and testing

e Mdrla/b Targeted Mutation Mouse (model
001487) — carrying disruptions of two genes, Abcbla
and Abcblb and lacking cellular transport
mechanisms by their two multi-drug resistance-
associated protein products, conferring a deficiency
in the blood-brain barrier; useful in neurotoxicology
and in studies of drug design, cellular transport and
testing.

e Mdrla/b-Berp Targeted Mutation Mouse (model
003998) - carries disruptions of three genes;
Abcbla,Abcblb, and Abcg2, that encode for three
drug-extruding transporters.




Mrpl Targeted Mutation Mouse (model 001486)
— carrying a disruption of the Abccla (multi-drug
resistant associated protein gene), an ATP dependent
drug-extruding transporter.  This mouse exhibits
impaired inflammatory stimulus response and is
useful for studying the role of MRP1 in mediating
inflammation responses and testing drug disposition
in vivo.

Octl/2 Targeted Mutation Mouse (model 006622)
— carrying a disruption of the Slc22al and Slc22a2
genes, which encode the organic cation transporters 1

and 2. This model is important for a wide range of
ADME-tox and oncology studies.

PXR Targeted Mutation Mouse (model 001414) —
carrying a disruption of the N11i2 gene, which
encodes the pregnane X receptor. PXR controls the
expression of various drug metabolizing enzymes in
response to xenobiotic exposure.
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