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Mdrla/b-Bcrp Triple Targeted Mutation Mice

Targeted deletion of genes for the three drug transporters Mdrla, Mdrlb and Bcrp provides a unique
model for drug development, toxicity, CNS and oncology studies.

Applications of the Mdrla/b-Bcrp
Targeted Mutation Mouse Model

Taconic's Mdrla/b-Bcrp Targeted Mutation Mice
are homozygous for the targeted deletion of three
genes: Abcbla, Abcblb, and Abcg2. These genes
encode for three drug-extruding transporters. The
closely related Mdrla and Mdrlb murine transporter
proteins are equivalent to the MDR1 protein in
humans.  Murine Bcrp is equivalent to human
BCRP. The Mdrla P-glycoprotein serves as the
major P-glycoprotein of the blood-brain barrier.
Disruption of Mdrla and Mdrlb results in increased
sensitivity to drugs and increased brain penetration
of certain substances." Bcrp is a member of the
ATP-binding cassette (ABC) family of drug
transporters.  Bcrp  knockout  mice  show
compromised cellular excretion of certain substrates.
They also display a unique protoporphyria.? All
three of the disrupted genes are also implicated in
multi-drug resistance in tumor cells, resulting from
increased transport of chemotherapeutics from
cells.*?

Applications include:

e Neurotoxicology: study of the blood-brain
barrier and neurotoxicity.

e Drug transport: test new approaches for
promoting or minimizing access to the brain.

e Oral bioavailability: study the role of drug
transporters in compound uptake.

e Oncology: research into drug resistant tumors.

e Pharmacokinetics: establish the contributions
of various drug transporters to the pharmaco-
kinetics of compounds of interest.

e Teratology: evaluate the barrier function of
drug transporters in placental transport and
susceptibility to chemically-induced birth
defects.

e Stem cell research: evaluation of dye-excreting
phenotype associated with stem cells in various
tissues.

Bcrp and Mdrla/b both contribute to the
mammary SP phenotype
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Figure 1. A, B, C): Flow-cytometric SP analysis of mammary epithelial
samples from (A) wild-type, (B) Bcrpl™, and (C) Berpl/Mdrla/lb™
mice. Percentages of SP cells within the gated regions of the
fluorescence-activated cell sorting (FACS) traces are shown in each
panel. (D): Distribution of percentages of SP cells from wild-type,
Berpl™, Mdrla/1b™, and Berpl™/Mdrla/ib™ mice. Numbers of mice
used to generate the data were 28 (wild-type), 40 (Bcrpl™), 12
(Mdrla/1b™), and 17 (Bcrpl/Mdrla/ib™). Each separate analysis is
represented by a single point. The bar indicates the mean.*
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Features of Mdrla/b-Bcrp Targeted
Mutation Mice (model 003998)

e Homozygous disruption of three drug
transporter genes.

e Mdrla and Bcrp single knockout animals as
well as Mdrla/b double knockout animals on the
same genetic background are available as
controls.

e Animals are healthy and develop normally.

Scientific Profiles of the Mdrla/b-Bcrp
Targeted Mutation Mouse Models

Mdrla/b targeted mutation mice display
increased penetrance of drugs into the brain and
decreased excretion of certain compounds. Both
Mdrla and Mdrlb are found in liver, kidney, lung,
heart and spleen. Mdrla is also found at the blood-
brain and blood-testis barriers, and Mdrlb is
expressed in the adrenal gland, ovaries and pregnant
uterus. Study of the related Mdrla and Mdrla/b
knockout animals revealed pharmacokinetic
alterations. In Mdrla and Mdrla/b targeted
mutation mice, digoxin concentrations in brain,
testis and plasma were elevated compared to wild
type controls. In addition, intestinal excretion of
digoxin in both models was significantly reduced
compared to wild type animals.

Disruption of Mdrla can lead to increased
sensitivity to drugs. Mdrla’ mice exhibited a 100-
fold increased sensitivity to the neurotoxic pesticide
ivermectin compared to wild types. Knockout
animals treated with a dilute solution of ivermectin
to treat mite infestation died from toxicity, whereas
wild type littermates showed no ill effects at the
same concentration.?

Bcrp targeted mutation mice have compromised
cellular excretion of certain substances. These
mice are very sensitive to the normally non-toxic
dietary component pheophorbide a. In normal mice,
pheophorbide a uptake is limited, but Bcrp knockout
animals accumulate the compound, resulting in
severe and even lethal phototoxic lesions.?

Berp  knockout mice display a unique
protoporphyria. Protoporphyrin 1X levels were
elevated 10 fold in erythrocytes of Bcrp targeted
mutation mice. Elevation of this phototoxic heme
precursor was independent of diet.?

Bcrp-/- mice have increased oral availability and
fetal accumulation of the chemotherapeutic
topotecan. Homozygous knockout animals showed
approximately 6-fold higher oral availability of
topotecan as measured by plasma concentrations. 2

Mdrla/b-Bcerp targeted mutation mice were used
to determine the relative contributions of the
different p-glycoprotein drug transporters to the
drug efflux phenotype of SP cells. Export of
Hoechst 33342 dye identifies a subpopulation of
cells in many tissues with the characteristics of stem
cells (called side population or SP cells).
Comparison of Mdrla/b-Bcrp and Mdrla/b mice
demonstrated that Bcrp is the main drug transporter
responsible for dye efflux in bone marrow cells,
whereas Mdrla/b and Bcrp all contributed to the
phenotype in mammary gland cells.*

Origins of the Models

The Mdrla/b-Bcrp Targeted Mutation Mouse Model
was developed by Dr. Alfred Schinkel and his
colleagues at the Netherlands Cancer Institute. The
model was created through crossbreeding of the
Mdrla/b targeted mutation mouse and the Bcrp
targeted mutation mouse in the Schinkel lab. The
Mdrla/b model was created through sequential
targeting of the Abcbla and Abcblb genes in E14
ES cells. Resultant chimeras were backcrossed to
FVBI/N for seven (N7) generations. The Bcrp model
was created by targeting the Abcg2 gene in E14
embryonic stem cells derived from 129P2/OlaHsd
mice and injecting the targeted cells into FVB
blastocysts. Resultant chimeras were backcrossed to
FVBIN for seven generations. Taconic received
stock of the triple targeted mutation line in April
2005. The colony is maintained through mating of
animals homozygous for all three mutations.

Ready for Your Experiments

Taconic’s Mdrla/b-Bcrp Targeted Mutation 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 Mdrla/b-Bcrp
Targeted Mutation Mice.
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Related Mouse Models from Taconic

model in your research. TTM™s 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.

. 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

Taconic provides a number of mouse models
relevant to immunology. 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 HRN Mouse (models 007293 and 007353) — carries
a liver-specific deletion of the Por gene, resulting in
a mouse that lacks hepatic cytochrome P450 activity.

e Mdrla Targeted Mutation Mouse (model
MDR1A) - carrying a disrupted Abcbhla 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.

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