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A GENETICALLY MODIFIED MOUSE EXPRESSING HUMAN
APOE4 AND MOUSE Trem2 p.R47H AND METHODS OF USE THEREQF

REFERENCE TO RELATED APPLICATION
6061} This application claims priority from UL8, Provisional Patent Application Serial
No. 62/474,358, filed March 21, 2017, the entive content of which is incorporated herein by

reference.

GOVERNMENT SUPPORT
160062] This invention was made with government support under AGD34345 awarded by

the National Institutes of Health. The government has certain rights in the invention,

FIELD OF THE INVENTION
{6043} The present invention relates generally to genetically modified mice useful as
models of human Alzheimer disease. In specific aspecis, the present invention relates to
genetically modified rice expressing human APOE4 and mouse Trem2 p.R47H and methods

of use thereof

BACKGROUND OF THE INVENTION

0064} One of the major obstacles to developing therapies for Alzheimer’s disease (AD)
is the lack of animal models to be used in preclinical trials. Une reason for this may be that
existing models are based on fanulial mutations, while the vast majority of the clinical
population has non-familial late-onset AD.

HHETRS Familial or early-onset Alzeimer’s disease is cawsed by mutstions im, or
overexpression of, the amyloid precursor protein (APP) gene or mutations in presenilin genes
(PSEN1 or PSEN2). Al of these lead to increased production of the Abetad? peptide, which
is thought to be newrotoxic, Dozens if not hundreds of mouse models that mimic aspects of
familial Alzeimer’s disease have been created. Many treatments have been shown to be
effective in these familial Alzeimer’s disease mouse models, but none have been effective
when tested in clinical trials,

16606} In contrast, late-onset Alzheimer’s disease, which aceounts for 95-98% of the
human Alzhetmer’s disease patient population, does not have a simple and defined genetic

etiology. Late-onset Alzheimer’s disease is thought to be a multifactorial syndrome caused
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by a variety of genetic and environmental causes interacting with the aging process. Because
of this complexity, the genetic causes are still not fully understood and no useful mouse models
of late-onset Alzheimer’s disease in humans have been reported to date.

[0006a] Reference to any prior art in the specification is not an acknowledgement or
suggestion that this prior art forms part of the common general knowledge in any jurisdiction
or that this prior art could reasonably be expected to be combined with any other piece of prior

art by a skilled person in the art.

SUMMARY OF THE INVENTION

[0006b] In a first aspect of the invention, there is provided a genetically modified mouse
comprising:

a transgene encoding a humanized APOE4 protein (APOE4p), wherein the transgene
comprises exon 1 of a mouse Apoe4 gene and exons 2, 3 and 4 of a human APOE4 gene; and

a mouse gene encoding a mouse Trem2 protein comprising a p.R47H mutation
(Trem2p),

wherein the humanized APOEp and mouse Trem2p are expressed in the genetically
modified mouse, and the genetically modified mouse exhibits one or more characteristic(s) of
non-familial late-onset Alzheimer’s disease selected from (a) microglia, amyloid plaques, tau
aggregates, inflammation, synaptic and/or neuronal loss, cognitive deficit, or blood flow deficit
in the brain of the genetically modified mouse (b) cerebrovascular leakage and (¢) cholesterol
metabolism.
[0006¢] In a second aspect of the invention, there is provided a method for screening
a putative treatment for human Alzheimer’s disease, comprising:

administering a compound to a genetically modified mouse of the first aspect;

assessing an effect of the compound on one or more characteristic(s) of non-familial
late-onset Alzheimer’s disease selected from (a) microglia, amyloid plaques, tau aggregates,
inflammation, synaptic and/or neuronal loss, cognitive deficit, or blood flow deficit in the brain
of the genetically modified mouse, (b) cerebrovascular leakage, and (c) cholesterol
metabolism; and

comparing the effect to a control mouse.
[0007] A genetically modified mouse characterized by one or more symptoms or signs
associated with expression of human APOE4p and mouse Trem2p and relevant to non-familial
late-onset Alzheimer’s disease is provided according to aspects of the present invention

wherein the genome of the mouse includes: 1) a DNA sequence encoding a human APOE4
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protein (APOE4p), the DNA sequence encoding APOE4p operably linked to a promoter; and
2) a DNA sequence encoding a mouse Trem2 protein having a mutation p.R47H (Trem2p), the
DNA sequence encoding Trem2p operably linked to a promoter, and wherein the mouse
expresses human APOE4p and mouse Trem2p. According to aspects of the present invention,
the mouse is homozygous for the DNA sequence encoding APOE4p and for the DNA sequence
encoding Trem2p.

[0008] A genetically modified mouse characterized by one or more symptoms or signs
associated with expression of human APOE4p and mouse Trem2p and relevant to non-familial
late-onset Alzheimer’s disease is provided according to aspects of the present invention
wherein the genome of the mouse includes: 1) a DNA sequence encoding a human APOE4
protein (APOE4p), the DNA sequence encoding APOE4p operably linked to a promoter; and
2) a DNA sequence encoding a mouse Trem2 protein having a mutation p.R47H (Trem2p), the
DNA sequence encoding Trem2p operably linked to a promoter, wherein the mouse expresses
human APOE4p and mouse Trem2p, and wherein the APOE4p includes an amino acid
sequence of: SEQ ID NO:1, or the APOE4p is encoded by the complement of a nucleic acid
which hybridizes to SEQ ID NO:2 under highly stringent hybridization conditions. According
to aspects of the present invention, the mouse is homozygous for the DNA sequence encoding
APOE4p and for the DNA sequence encoding Trem2p.

[0009] A genetically modified mouse characterized by one or more symptoms or signs
associated with expression of human APOE4p and mouse Trem2p and relevant to non-familial
late-onset Alzheimer’s disease is provided according to aspects of the present invention
wherein the genome of the mouse includes: 1) a DNA sequence encoding a human APOE4

protein (APOE4p), the DNA sequence encoding APOE4p operably linked to a
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promoter; and 2) a DNA sequence encoding a mouse Trem?2 protein having a mutation
p.R4ATH (Trem2p), the DNA sequence encoding Trem2p operably linked to a promoter,
wherein the mouse expresses human APQE4p and mouse Trem2p, and wherein the mouse
Trem2p includes an amino acid sequence oft SEQ 1D NO:3, or the mouse Trem2p s encoded
by the complement of & nucleic acid which hybridizes to SEQ ID NO:4 under highly
stringent hybridization conditions. According to aspects of the present invention, the mouse is
homozygous for the DNA sequence encoding APQE4dp and for the DNA sequence encoding
Trem2p.

60143 A genetically modified mouse characterized by one or more symptoms or signs
associated with expression of human APOE4dp and mouse Trem2p and relevant to non-
familial late-onset Alzheimer’s disease is provided according to aspects of the present
invention wherein the genome of the mouse includes: 1) a DNA sequence encoding a human
APOE4 protein (APOE4p), the DINA sequence encoding APOE4p operably linked fo a
promoter; and 2) a DNA sequence encoding a mounse Trem?2 protein having a mutation
pRATH (TremZp), the DNA sequence encoding Trem2p operably linked to a promoter,
wherein the mouse expresses human APOEdp and mouse TremZp, wherein the APOE4p
includes an amino acid sequence of: SEQ 1D NO:, or the APQE4p is encoded by the
complement of a nucleic acid which hybridizes to SEQ ID NO:Z under highly stringent
hybridization conditions, and wherein the mouse Trem2p includes an amino acid sequence
oft SEQ 13 NO:3, or the mouse Trem?2p is encoded by the complement of a nucleic acid
which hybridizes to SEQ ID NO:4 under highly stringent hybridization conditions. According
to aspects of the present invention, the mouse is homozygous for the DNA sequence
encoding APOE4p and for the INA sequence encoding Treralp.

{8011} A genetically modified mouse characterized by one or more symptoms or signs
associated with expression of human APOE4p and mouse TremZp and relevant to non-
familial Iate-onset Alzheimer’s disease is provided according to aspects of the present
invention wherein the genetically modified mouse is a B&(SIL}-Apoe™"! (APOER) Adiv
Trem2™™ 401 mouse whose genome includes: 1) a DNA sequence encoding human APOF4
protein {APOE4p), the DNA sequence encoding APOFE4p operably linked to a promoter; and
2) a DNA sequence encoding mouse Trem?2 protein hgving a mutation p.R47H (Trem2p), the
DMNA sequence encoding Trem2p operably linked to a promoter, wherein the wouse is
homozygous for the DNA sequence encoding APOE4p and for the DNA sequence encoding

Trem?2p, and wherein the mouse expresses human APOE4p and mouse Trem2p.
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{6012} A method for screening for a treatment for use in the treatment of Alzheimer’s
disease is provided according to aspects of the present invention, including administering g
treatment to a genetically modified mouse characterized by one or more symptoms or signs
assoctated with expression of human APOE4p and mouse Trem2p and relevant to non-
familial late-onset Alzheimer’s disease is provided according to aspects of the present
invention wherein the genome of the mouse includes: 1) a DNA sequence encoding a human
APOB4 protein (APOE4p), the DNA sequence encoding APOE4p operably linked 1o a
promoter; and 2y a DNA sequence encoding a mouse Trem2 protein having a mutation
p.R4TH (Tremlp), the DNA sequence encoding Trem2p operably linked to a promoter, and
wherein the mouse expresses human APOE4p and mouse TremZp; and assessing an effect of
the freatment on one or more symptoms or signs associated with expression of human
APOE4p and mouse Trem2p relevant to non-familial late-onset Alzheimer’s disease on the
mouse. According o aspects of the present invention, the mouse is homozygous for the DNA
sequence encoding APOE4p and for the DNA sequence encoding Trem2p. According 1o
aspects of the present invention, assessing an effect of the treatment includes comparing the
effect of the treatment on the genetically modified mouse with a conirel. According to
aspects of the present inveniion, the control includes administering the treatment to a mouse
which does not express human APQOE4p and mouse Trem2p and assessing an effect of the
freatment on the mouse which does not express human APOEdp and mouse Trem2p.
According to aspects of the present invention, the control includes administering the
treatment to a wild-type CS57BL/GJ mouse and assessing an effect of the freatment on the
wild-type CS7BL/6] mouse. According to aspects of the present invention, the control
includes administering the treatment to an APOE3-expressing mouse and assessing an effect
of the treatinent on the APOE3-expressing mouse.

10613} A method for screening for a treatment for use in the treatment of Alzheimer’s
disease is provided according to aspects of the present invention, including administering a
freaiment to a genetically modified mouse characterized by one or more symptoms or signs
associated with expression of human APOE4p and mouse Trem2p and relevant to non-
familial late-onset Alzheimer’s disease is provided according to aspects of the present
mvention wherein the genome of the mouge includes: 1) a DNA sequence encoding & human
APOE4 protein (APOE4p), the DNA sequence encoding APOE4p operably linked o a
promoter; and 2) a DNA seguence encoding a mouse Trem?2 protein having a mutation

p.RATH (Trem2p), the DNA sequence encoding Trem2p operably linked to a promoter,
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wherein the mouse expresses human APOE4p and mouse Trem2p, and wherein the APOE4dp
includes an amino acid sequence off SEQ ID NQ:1, or the APOE4p is encoded by the
complement of a nucleic acid which hybridizes to SE() ID NO:2 under highly stringent
hybridization conditions; and assessing an effect of the treatment on one or more symptoms
or signs associated with expression of human APOE4p and mouse Trem2p relevant o non-
familial late-onset Alzheimer’s disease on the mouse. According to aspects of the present
invention, the mouse is homozygous for the DNA sequence encoding APOE4p and for the
DNA sequence encoding Trem2p. According to aspects of the present invention, assessing an
effect of the treatment includes comparing the effect of the treatment on the genetically
modified mouse with a control. According to aspects of the present invention, the cortrol
includes administering the treatment to a mouse which does not express human APOE4p and
maouse Trem2p and assessing an effect of the treatment on the mouse which does not express
human APOE4p and mouse Trem2p. According to aspects of the present invention, the
control includes administering the treatment to a wild-type C37BL/6J mouse and assessing an
effect of the ireatment on the wild-type CS7BL/6T mouse. According to aspects of the present
invention, the control includes administering the treatment to an APOE3-expressing mouse
and gssessing an effect of the treatment on the APQE3~expressing mouse.

{3014} A method for screening for a treatment for use in the treatment of Alzheimer’s
disease Is provided according to aspects of the present invention, including administering a
treatment to a genetically modified mouse characterized by one or more sympioms or signs
associated with expression of human APOE4p and mouse Trem2p and relevant to non-
familial late-onset Alrheimer's disease is provided according to aspects of the present
invention wherein the genome of the mouse includes: 1) a DNA sequence encoding 8 human
APOE4 protein (APOE4p), the DNA sequence encoding APOE4p operably linked to a
promoter; and 2) a DNA sequence enceding a mouse Trem?2 protein having a mutation
p.RATH (Trem2p). the DNA sequence encoding Trem2p operably linked to a promoter,
wherein the mouse expresses human APOE4p and mouse Trem2p, and wherein the mouse
Trem2p includes an amino acid sequence oft SEQ 1D NG:3, or the mouse Trem2p is encoded
by the complement of a nucleic acid which hybridires to SEQ ID NO:4 under highly
stringent hybridization conditions; and assessing an effect of the treatnient on one or more
symptoms or signs associated with expression of human APOE4p and mouse Tremlp
relevant to non-familial late-onset Alzheimer’s disease on the mouse. According to aspects of

the present invention, the mouse is homozygous for the DNA sequence encoding APOE4p
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and for the DNA sequence encoding Tremi2p. According to aspects of the present invention,
assessing an effect of the treatment includes comparing the effect of the treatment on the
genetically modified mouse with a control. According to aspects of the present invention, the
control includes administering the treatment to a mouse which does not express human
APOE4p and mouse TremZp and assessing an effect of the {reatment on the mouse which
does not express human APQE4p and mouse Trem2p. According to aspects of the present
invention, the control includes administering the treatment to a wild-type CS7BL/G] mouse
and assessing an effect of the treatment on the wild-type CS7BL/6I mouse. According to
aspects of the present bovention, the control includes administering the treatment to an
APOE3-expressing mouse and assessing an effect of the treatment on the APOE3-expressing
MOUsE.

[0615] A method for screening for a treatment for use in the treatment of Alzheimer’s
disease is provided according to aspects of the present invention, including administering a
treatment to a genetically modified mouse chameterized by one or more symptoms or signs
assoctated with expression of buman APOF4p and mouse TremZp and relevani fo non-
famlial late-onset Alzheimer’s disease is provided according to aspects of the present
invention wherein the genome of the mouse includes: 1) a DNA sequence encoding a human
APOEA4 protein (APOE4dp), the DNA sequence encoding APOE4p operably linked to a
promoter; and 2) a DNA sequence encoding g mouse Trem?2 protein having a mutation
p.R4TH (Trem2p), the DNA sequence encoding TremZp operably linked o a promoter,
wherein the mouse expresses human APOE4p and mouse Trem2p, wherein the APOF4p
includes an amino acid sequence oft SEQ ID NO:i, or the APOE4dp is encoded by the
complement of a nucleic acid which hybridizes to SE(} 1D NO:2 under highly siringent
hybridization conditions, and wherein the mouse Trem2p includes an amine acid sequence
of: SEQ ID N3, or the mouse Trem2p is encoded by the complement of a nucleic acid
which hybridizes to SEQ 1D NO:4 under highly stringent hybridization conditions; and
assessing an effect of the treafruent on one or more symptoms or signs associated with
expression of human APOE4p and mouse TremZp relevant to non-familial late-onset
Alzheimer’s disease on the mouse. According to aspects of the present invention, the mouse
is homwozygous for the DNA sequence encoding APOE4p and for the DNA sequence
encoding Trem2p. According to aspects of the present invention, assessing an effect of the
treatment inclades comparing the effect of the treatment on the genetically modified mouse

with a contrel. According to aspects of the presenmt invention, the control includes
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administering the treatment to a mouse which does not express human APOE4p and mouse
Trem2p and assessing an effect of the treatment on the mouse which does not express human
APOE4p and mouse Trem2p. According to aspects of the present invention, the control
includes administering the treatment to a wild-type C57BL/6J mouse and assessing an effect
of the treatment on the wild-type C57BL/6] mouse. According to aspects of the present
invention, the contro] includes administering the treatment to an APOE3-expressing mouse
and assessing an effect of the treatment on the APOE3-expressing mouse.

{6616} A method for screening for a treatment for use in the treatment of Alzheimer’s
disease is provided according to aspects of the present invention, including administering a
treatment to a genetically modified mouse characterized by one or more symptoms or signs
associated with expression of human APOE4p and mouse Trem2p and relevant to non-
familial late-onset Alzheimer’s disease is provided according to aspects of the present
invention wherein the genetically modified mouse is a BE(SIL)-dppe! AFOEN Ay
Trem2™ 495917 mouse whose genome includes: 1) a DNA sequence encoding human APOE4
protein (APOE4p), the DNA sequence encoding APOE4p operably linked to a promoter; and
2} a DNA sequence encoding mouse Trem? protein having a mutation p.RATH (Trem2p), the
DNA sequence encoding TremZp operably linked to a promoter, wherein the mouse is
homozygous for the DNA sequence encoding APOE4p and for the DNA sequence encoding
Trem2p, and wherein the mouse expresses human APQE4p and mouse Trem2p; and
assessing an effect of the treatment on one or more symptoms or signs associated with
expression of human APOE4p and mouse Trem2p relevant to non-familial late-onset
Alzheimer's disease on the mouse. According to aspects of the present invention, assessing
an effect of the treatment includes comparing the effect of the treatment on the genetically
modified mouse with a control. According to aspects of the present invention, the contro]
includes administering the treatment to a mouse which does not express human APQE4p and
mouse Tremdp and assessing an effect of the treatment on the mouse which does not express
human APOBE4p and mouse Trem2p. According fo aspects of the present invention, the
control includes administering the treatment to a wild-type C37BL/6] mouse and assessing an
effect of the treatment on the wild-type C57BL/6J mouse. According to aspects of the present
invention, the control includes administering the treatment to an APOE3-expressing mouse
and assessing an effect of the treatment on the APOE3-expressing mouse.

10617} A method for screening for a compound for use in the treatment of Alzheimer’s

disease is provided accerding to aspects of the present invention, including administering a
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compound to a genetically modified mouse characterized by one or more symptoms or signs
associated with expression of human APOE4p and mouse Trem2p and relevant to non-
familial late-onset Alzheimer’s disease is provided according to aspects of the present
invention wherein the genome of the mouse includes: 1) a DNA sequence encoding a human
APOE4 protein (APOE4p), the DNA sequence encoding APOE4p operably linked to a
promoter; and 2) a DNA sequence encoding a mouse Trem2 protein having a mutation
p.B4TH (Trem2p), the DNA sequence encoding Trem2p operably linked to a promoter, and
wherein the mouse expresses human APOE4p and mouse Trem2p; and assessing an effect of
the compound on one or more symptoms or signs associated with expression of unan
APOB4p and mouse Trem2p relevant to non-famifal late-onset Alzheimer’s disease on the
mouse. According to aspects of the present invention, the mouse is homozygous for the DNA
sequenve encoding APOE4p and for the DNA sequence encoding Trem2p. According to
aspects of the present invention, assessing an effect of the compound includes comparing the
etfect of the compound on the genetically modified mouse with a control. According to
aspeets of the present invention, the control includes administering the compound o & mouse
which does not express human APOE4p and mouse Trem2p and assessing an effect of the
compound on the mouse which does not express human APOE4p and mouse Trem2p.
According to aspects of the present invention, the control includes administering the
compound to a wild-type CS7BL/6] mouse and assessing an effect of the compound on the
wild-type CS7BL/6] mouse. According to aspects of the present invention, the comtrol
includes administering the compound to an APOE3-expressing mouse and assessing an effect
of the compound on the APOE3-expressing mouse.

{8018} A method for screening for a compound for use in the treatment of Alzheimer’s
disease is provided according to aspects of the present invention, including administering a
compound 1o a genetically modified mouse characterized by one or more symptoms or sighs
associated with expression of human APOE4p and mouse Trem2p and relevant to non-
familial late-onset Alzheimer’s disease is provided according to aspects of the present
invention wherein the genome of the mouse includes: 1) a DNA sequence encoding a human
APOE4 protein (APOE4p), the DNA sequence encoding APOE4p operably linked to a
promoter; and 2} a DNA sequence encoding a mwouse Trem?2 protein having a mutation
pRATH (TremZp}, the DMNA sequence encoeding Trem2p operably linked to a promoter,
wherein the mouse expresses human APOE4p and mouse Trem2p, and wherein the APDE4p

includes an amino acid sequence oft SEQ ID NO:1, or the APOE4p is encoded by the
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complement of a nucleic acid which hybridizes to SEQ 1D NG:2 under highly stringent
hybridization conditions; and assessing an effect of the compound on one or more sympioms
or signs associated with expression of human APOE4p and mouse Trem2p relevant to non-
familial late-onset Alzheimer’s disease on the mouse. According to aspects of the present
invention, the mouse 18 homozygous for the DNA sequence encoding APOE4p and for the
DNA sequence encoding Trem2p. According to aspects of the present invention, assessing an
effect of the compound includes comparing the effect of the compound on the genetically
modified mouse with a control, According to aspects of the present invention, the control
includes administering the compound to a mouse which does not express human APOE4p
and mouse TremZp and assessing an effect of the compound on the mouse which does not
express human APOE4p and mouse Trem2p. According to aspects of the present invention,
the contrel includes administering the compound to a wild-type C57BL/6] mouse and
assessing an effect of the compound on the wild-type CS7BL/6J mouse. According 1o aspects
of the present invention, the control includes administering the compound to an APOE3-
expressing mouse and gssessing an effect of the compound on the APOE3-expressing mouse.

66191 A method for screening for a cormpound for use in the treatment of Alzheimer’s
disease is provided according to aspects of the present invention, including administering a
compound to a genetically moditied mouse characterized by one or more symptoms ot signs
associated with expression of human APOEdp and mouse Trem2p and relevant to non-
familial late-onset Alzheimer’s discase is provided according to aspects of the present
invention wherein the genome of the mouse includes: 1) a DNA sequence encoding a human
APQOE4 protein (APOFE4p), the DNA sequence encoding APOE4p operably linked 10 a
promoter; and 2) 2 DNA sequence encoding a mouse Trem?2 protein having a pusation
p.R47H (Trem2p), the DNA sequence encoding Trem2p operably linked to a promoter,
wherein the mouse expresses human APOE4p and mouse Trem2p, and wherein the mouse
Trem2p includes an amino acid sequence oft SEQ 1D NO:3, or the mouse Trem2p is encoded
by the complenment of a nucleic acid which hybridizes to SEQ ID NG:4 under highly
stringent hybridization conditions; and assessing an effect of the compound on one or more
symptoms or sigus associated with expression of human APOE4p and mouse Trem2p
relevant to non-familial late-onset Alzheimer’s disease on the mouse. According to aspects of
the present invention, the mouse is homozygous for the DNA sequence encoding APOE4p
and for the DNA sequence encoding Trem2p. According 1o aspects of the present invention,

assessing an effect of the compound includes comparing the effect of the cormpound on the
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genetically modified mouse with a control. According to aspects of the present invention, the
control includes administering the compound to a mouse which does not express human
APOE4p and mouse Trem2p and assessing an effect of the compound on the mouse which
does not express human APOE4p and mouse Trem2p. According to aspects of the present
invention, the control includes administering the compound to g wild-type C37BL/6) mouse
and assessing an effect of the compound on the wild-type CS7TBL/6] mouse. According to
aspects of the present invention, the contrel includes administering the compound to an
APOE3-expressing mouse and assessing an effect of the compound on the APCE3-
expressing maouse.

{6028} A method for screening for a compound for use in the treatment of Alzheimer’s
disease is provided according to aspects of the present invention, inchiding administering a
compound to a genetically modified mouse characterized by one or more symptorms or signs
associated with expression of human APQE4p and mouse Trem2p and relevant to non-
familial late-onset Alzheimer’s disease is provided according to aspects of the present
invention wherein the genome of the mouse includes: 1y a DNA sequence encoding a human
APOE4 protein {APOE4p), the DNA sequence encoding APOE4p operably linked to a
promoter; and 2) a DNA sequence encoding a mouse Trem2 protein having a mutation
pR4TH (TremZp), the DNA sequence encoding TremZ2p operably linked to a promoter,
wherein the mouse expresses human APOE4p and mouse Trem2p, wherein the APOE4p
includes an amino acid sequence of: SEQ 1D NO:1, or the APOE4p is encoded by the
complement of a nucleic acid which hybridizes to 8EQ 1D NO:2 under highly stringent
hybridization conditions, and wherein the mouse Trem2p includes an amine acid sequence
oft SEQ 1D NO:3, or the mouse Trem2p is encoded by the complement of a nucleic acid
which hybridizes te SEQ ID NO:4 under highly stringent hybridization conditions; and
assessing an effect of the compound on one or more symptoms or signs associated with
expression of human APOE4p and mouse TremZp relevant to non-familial late-onset
Alzheimer’s disease on the mouse. According to aspects of the present invention, the mouse
is homozygous for the DNA seguence encoding APOE4p and for the DNA sequence
encoding Trem2p. According to aspects of the present invention, assessing an effect of the
compound includes comparing the effect of the compound on the genetically modified mouse
with & conirol. According to aspects of the present invention, the control includes
administering the compound to 2 mouse which does not express human APOE4p and mouse

Tremip and assessing an effect of the compound on the mouse which does not express
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human APQE4p and mouse TremZp. According to aspects of the present invention, the
control includes administering the compound to a wild-type C37BL/6] raouse and assessing
an effect of the compound on the wild-type C57BL/6] mouse. According to aspeets of the
present invention, the control includes administering the compound to an APOE3-expressing
mouse and assessing an effect of the compound on the APOE3-expressing mouse.

10621} A method for screening for a compound for use in the treatment of Alzheimer's
disease is provided according to aspects of the present invention, including administering a
compound to g genetically modified mouse characterized by one or more sympioms or signs
assoctated with expression of homan APOE4dp and mouse Trem2p and relevant to non-
familial late-onset Alzheimer's disease is provided according to aspects of the present
invention wherein the genetically modified mouse is a B6(SILidpee™ !/ (APOEAd
Trem2 ™91 mouse whose genome includes: 1) @ DNA sequence encoding human APOE4
protein (APOE4p), the DNA sequence encoding APOE4p operably Hinked to a promoter; and
2} a DNA sequence encoding mouse Trem?2 protein having a mutation p.R47H (Trem?2p), the
DNA sequence encoding Trem2p operably linked 1o a promoter, wherein the mouse is
homozygous for the DNA sequence encoding APOE4p and for the DNA sequence enceding
Trem2p, and wherein the mouse expresses homan APOE4p and mouse Trem2p; and
assessing an effect of the compound on one or more symptoms or signs assoctated with
expression of human APOE4dp and mouse Trem2p relevant to non-familial late-onset
Alzheimer’s disease on the mouse. According to aspects of the present invention, the mouse
is homeozygous for the DNA sequence encoding APOE4p and for the DNA sequence
encoding Trem2p. According to aspects of the present invention, assessing an effect of the
compound includes comparing the effect of the compound en the genetically modified mouse
with a conirol. According to aspects of the present invention, the control includes
administering the compound to a mouse which does not express human APOE4p and mouse
TremZp and assessing an effect of the compound on the mouse which does not express
human APOE4p and mouse Trem2p. According to aspects of the present invention, the
control includes administering the compound to a wild-type CS7TBL/6J mouse and assessing
an offect of the compound on the wild-type CS7BL/6T mouse. According to aspects of the
present invention, the control includes administering the compound to an APOE3-expressing

mouse and assessing an effect of the compound on the APOE3-expressing mouse,
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BRIEF DESCRIPTION OF THE DRAWINGS
{06223 Figure | is a schematic diagram of a humanized ApoE4 expression construct
described in detail in examples herein,
{00231 Figure 2 is an image of a Western blot of brain tissue from B&(SIL)-
Apoem AECE A 1y gy 2eml 8811 (ommon name: B6J.APOE4/Trem?2) mice (lanes 4-6)
and control (wild-type (WT) C57BL/6J (abbreviated B6J) mice (lanes 1-3) brain tissue,
{6024] Figure 34 is a graph showing results of an assay for high density lipoprotein
{HDL) in blood samples obtained from 12 month old B6LAPOE4/Tremn? mice and 12 month
old CS7BL/6] control mice.
(D025} Figore 3B iz a graph showing resulis of an assay for low density lipoprotein
(LDL} in blood samples obtained from 12 month old B6J APOE4/Trem? mice and 12 month
old CSTBL/GT control mice.
[6026] Figure 3C is a graph showing results of an assay for total cholesterol in blood
samples obtained from 12 month old B6LAPOE4/Tream? mice and 12 month old CS7BL/E]
contral mice.
[6027] Figure 4 shows representative images of B&LAPOE4/Trem? tissue at 7-8 months
of age immunostained to show Collagen TV (Col IV) and Fibrin{ogen) along with
representative images from similar sagitial sections of brain from conirol CSTBL/G]
{abbreviated B6J) mice which were similarly immunostained.
10628] Figure 3 is a gene expression heatmap of differentially-expressed genes in

B6JL.APOE4/ Trem?2 mice compared to wild-type control B6JF mice.

BETAILED DESCRIPTION OF THE INVENTION

{60291 The present invention relates generally to a genetically medified mouse which is
a mode!l of non-familial late-onset Alzheimer’s disease and which encodes two exogenously
introduced risk factors for non-familial late-onset AD} in its genome, such that the mouse
produces hurman apolipoprotein B4 (APOE4) and mouse Trem2 p.R47H proteins.

[0638] Human apolipoprotein is a polymorphic protein with three isoforms designated
Apol2, ApoE3 and ApoE4. These three isoforms differ from each other with respect to the
identity of amino acids at positions 130 and 176 in the amino acid seguence of the proteins
{corresponding to positions 112 and 158 in the mature APOE protein without the 18 amino

acid signal pepiide). ApoE2 is characterized by cysteine at both 130 and 176, ApoE3 is
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characterized by cysteine at 130 and arginine at 176 and ApoE#4 is characterized by arginine
at both 130 and 176, Individoals having one or more ApoE4 alleles are at greater risk for
developing non-familial late-onset AD and a number of mechanisms relating to pathology
have been proposed, see for example, DiBattista ef ¢l., 2016, Exp. Neurol. 280:97-105; Bu et
al., Nature Reviews Neuroscience, 2009, 10:333-344; Huang et al., Cell, 2017, 168:1-15; and
Tambini er o, EMBO Reports, 2016, 17:27-36,

{06031} Trem?2 {triggering receptor expressed on myeloid cells 2) 18 an immune
phagoeytic receptor expressed by brain microglia. Trem2 triggers phagoeytosis of cell debris
and regulates aspects of the inflarnmatory response, A rare variant in TREAMZ, p.R4TH, is
significantly associated with Alzheimer’s disease in humans.

16632} In specific embodiments, the present invention relates to a genetically modified
mouse whose genome includes 3 DNA sequence encoding human APOE4 protein and a DNA
sequence encoding mouse Trem? protein having the R47H point mutation.

80331 A hurnan APOE4 DNA sequence (hereinafier APQE4g) encoding human APOE4
protein (hereinafter APOE4dp or “human APOE4™) is shown herein as SEQ ID NO:2. An
cucoded APOE4p 1s shown herein as SEQ 1D NO: 1L

{8034} A mouse mutant Trem? DNA sequence (hereinafter Trem2g) encoding mouse
Trem? protein having the R47H point mutation (hereinafter Trem2p or “mouse Trem2p”) is
shown herein as SEQ 1D NO4, An encoded Trem2p is shown hevein as SEQ ID NO:3.

[0635] One or more genetic modifications can be infroduced into a mouse genome to
encode a variant of APOE4dp and/or g variant of TremZp in a genetically modified mouse
according to embodiments of methods of the present invention.

[B036] As used herein, the term "variant” refers to APOE4p or Tremp containing ong or
more mutations in its amine acid sequence compared to the corresponding protein of SEQ ID
N1 or SEQ 1D NO:3. For example, such muutations can be one or more aming acid
substitutions, additions, and/or deletions, so long as the variant of APOE4p or Trem2p retains.
the functional characteristics of APOE4p or Trem2p of SEQ ID NO:1 or SEGQ 1D NO:3,
respectively.

{0037} In particular embodiments, a variant APOE4p according to embodiments of the
present invention has at least 90%, 91%, 92%, 93%, 94%, 953%, 96%, 97%, 28%, 99% or
greater identity to SEQ ID NO:1 over its entire length, and has R {(Arginine) and R (Arginine)

as amino acids 130 and 176 of the APOE4 protein including an 18 amino acid signal peptide,
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shown herein as SEQ ID NO:1, as well as retains the functional characteristics of APOE4p of
SEQ D NO:1L

6038} In particular embodiments, a variant APOE4p according to embodiments of the
present invention has at least 90%, %1%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%, 99% or
greater identity to SEQ ID NO:1S over its emtire length, and has R {Arginine) and R
{Arginine) as amino acids 112 and 1538 of the APOE4 protein not including the 18 amino acid
signal peptide, shown herein as SEQ D NO:15, as well as retains the functional
characteristics of APQE4p of SEQ ID NO:1S.

15039} In particular embodiments, a variant Trem2p according to embodimenis of the
present invention has at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
greater identity to SEQ 1D NO:3 over its entire length and retains the functional
characteristics of Trem2p of SEQ ID N3,

150461 Mutations can be introduced using standard moelecular biology techniques, such
as CRISPR technology. Alternative techmiques include site-directed mutagenesis and PCR-~
mediated mutagenesis and the like, One of skill in the art will recognize that one or more
amino acid mutations can be infroduced without altering the functional properties of APQE4p
and mouse Trem2p proteins. )

{6041} Assays for gssessment of functional properties of APOE4p, Trem2p and variants
are known in the art.

16042} Conservative amino acid substitutions can be made in APOE4p and Trem2p
proteins to produce APOE4Ap and Trem2p variants, Conservative amine acid substitutions are
art recognized substitutions of one amino acid for another amino acid having similar
characteristics. For example, each amino acid may be described as having one or more of the
following characteristics: electropositive, electronegative, aliphatic, aromatic, polar,
hydrophobic and hydrophilic. A conservative substitution is a substitution of one aming acid
having a specified structural or functional characteristic for another amino acid having the
same characteristic. Acidic amino acids include aspariate, glutamate; basic amino acids
include histidine, lvsine, arginine; aliphatic amino acids include iscoleucing, leucine and
valine; aromatic amino acids include phenvlalanineg, glycine, tyrosine and tryvptophan; polar
amino acids include aspartate, glutamate, histidine, lysine, asparagine, glutamine, arginine,
serine, threonine and tyrosine; and hydrophobic amino acids include alanine, cysteine,
phenylalanine, glycine, isoleucine, leucine, methionine, proling, valine and tryptophan; and

conservative substitutions inclode substitution arnong amine acids within cach group. Amine
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acids may also be described in terms of relative size, alanine, cysieine, aspartate, glycine,
agparagine, proling, threonine, serine, valing, all typically considered to be small,

10843] APOEAp and Trem2p variants can include synthetic amino acid analogs, amino
acid dertvatives and/or non-standard amino acids, illustratively including, without limitation,
alpha-amincbutyric  acid, citrulline, canavanine, cyancalanine, diaminobutyric acid,
diaminopimelic  acid,  dihydroxy-phenylalanine,  djenkolic  acid, homoarginine,
hydroxyproline, norleucine, norvaline, 3-phosphoserine, homosering, S-hydroxyiryptophan,
{-methylhistidine, 3-methylhistidine, and ornithine.

[0044] It will be appreciated by those of ordinary skill in the art that, due to the
degenerate nature of the genetic code, nucleic acid seguences other than SEQ ID N(:2 and
SEQ ID NO:4 encode APOE4p and TremZp, regpectively, and that such aliernate nucleic
acids may be introduced inte a mouse genome to produce a genetically modified mouse
expressing APOE4p and Trem2p of the disclosure.

{6045] The singular terms "a," "an.” and "the" are not intended to be limiting and include
plural referents unless expliciily stated otherwise or the context clearly indicates otherwise.
{6046] The termz “expressing” and “expresses” refer to transcription of a gene to
praduce a corresponding mRNA and/or {ranslation of the mRNA to produce the
corresponding protein.

00471 APQE4p and Trem2p variants are encoded by nucleic acids having a high degree
of identity with SEQ II} NO:2 or SEQ ID NOu4, respectively. The complement of & nucleic
acid encoding an APOE4p variant specifically hybridizes with SEQ ID NO:2 encoding
APOE4p under high stringency conditions. The complement of a nucleic acid encoding a
Trem2p variant specifically hybridizes with SEQ ID NO:4 encoding Trem2p under high
stringency conditions,

{0648] The term “nucleic acid™ refers to RNA or DNA molecules having more than one
nucleotide in any form including single-stranded, double-stranded, oligonuclectide or
polynuclectide. The term “nuclectide sequence” refers to the ordering of nucleotides in an
oligonucleotide or polynucleotide in a single-siranded form of nucleic acid.

16449} The terms “hybridization” and “hybridizes” refer to pairing and binding of
complementary mucleie deids. Hybridization occurs to varying extents between two nucleic
acids depending on factors such as the degree of complementarity of the nucleic acids, the
melting temperature, Tm, of the nucleic acids and the stringency of hybridization conditions,

as is well known in the art,
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10050] The term “stringency of hybridization conditions” refers to conditions of
temperature, lonic strength, and cemposition of a hybridization medium with respect to
particular common additives such as formamide and Denbardt’s solution. Determination of
particular hybridization conditions relating to a specified nucleic acid is routine and is well
known in the art, for instance, as described in J. Sambrook and D.W. Russell, Molecular
Clening: A Laboratory Manual, Celd Spring Harbor Laboratory Press; 3rd Ed., 2001; and
F.M. Ausubel, Ed,, Short Protocols in Molecular Biology, Current Protocals; Sth Ed., 2002.
High stringency hybridization conditions are those which only allow hybridization of
substantially complementary nucleie acids. Typically, nucleic acids having about 85-100%
complenentarity are considered highly complernentary and hybridize under high stringency
conditions. Intermediate stringency conditions are exemplified by conditions under which
nucleic acids having intermediate complementarity, about 50-84% complementarity, as well
as those having a high degree of complementarity, hybridize. In contrast, low stringency
hybridization conditions are those in which nucleic acids bhaving a low degres of
complementarity hybridize,

10051 ] The terms “specific hybridization” and “specifically hybridizes” refer to
hybridization of a particular nucleic acid to a target nucleic acid withowt substantial
hybridization to nucleic acids other than the target nucleic acid in & sample.

{80521 Stringency of hybridization and washing conditions depends on several factors,
including the Tm of the probe and target and fonic strength of the hybridization and wash
conditions, as is well-known to the skilled artisan. Hybridization and conditions to achieve a
desired hybridization siringency are described, for example, in Sambrook ef af., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 2001; and Ausubel, F.
et al., (Eds.), Short Protocols in Molecular Biology, Wiley, 2002,

{8053] An example of high stringency hybridization conditions is hybridization of
nucleic acids over about 100 nucleotides in length in a solution containing 6X S8C, 5X
Denhardt’s solution, 30% formamide, and 100 micrograms/m! denatured salmon sperm at
37°C overnight followed by washing in a solution of 0.1X SSC and 0.1% SDS at 60°C for 15
minutes. SSC is 0.15M NaCl/0.015M Na citrate. Denhardt’s solution is 0.02% bovine serum
albumin/0.02% FICOLLA,02% polyvinylpyrrolidone.

{60541 The term “complementary” refers to Watson-Crick base pairing between
nucleotides and specifically refers to nucleotides hydregen bonded to one another with

thymine or uracil residues linked to adenine residues by two hydrogen bonds and cytosine
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and guanine residues linked by three hydrogen bonds. In general, a nucleic acid includes s
nucleotide sequence described as having a “percent complementarity” 1o a specified second
nucleotide sequence. For example, a nucleotide sequence may have B0%, 90%, or 100%
complementarity to a specified second nuclestide sequence, indicating that 8 of 10, 9 of 10 or
16 of 10 nucleotides of g sequence are complementary to the specified second nucleotide
sequence. For instance, the nucleotide sequence 3°-TCGA-S is 100% complementary to the
nuclectide sequence 3-AGCT-3". Further, the nucleotide sequence 3-TCGA- is 100%
complementary to a region of the nucieotide sequence 5’ -TTAGCTGG-3",

{60S5] To determine the percent identity of two amino acid sequences or of two nucleic
acid sequences, the sequences are aligned for optimal comparison purposes (€.g., gaps can be
introduced in the sequence of a first amino acid or nucleic acid sequence for optimal
alignment with a second aming acid or nucleie acid sequence). The amino acid residues or
nucleotides at corresponding amino acid positions or nucleotide positions are then compared.
When a postiion in the first sequence is occupied by the same aminoe goid residue or
nucleotide as the corresponding position in the second sequence, then the molecules are
identical at that position. The percent identity between the two sequences is a function of the
number of identical positions shared by the seguences (t.e., % identity=number of identical
overlapping positions/total number of positions X100%). In one embodiment, the two
sequences are the same length or differ in length by no more than 1%, 2%, 3%, 4%, 5%, 6%,
7%, 8%, 9% or 10% of the total length of the reference sequence.

[6056] The determination of percent idemtity between two sequences can alse be
accomplished using a mathematical algorithm. A preferred, non-Himiling example of a
mathematical algorithm utilized for the comparison of two sequences is the algorithm of
Karlin and Altschul, 1990, PNAS 87:2264 2268, modified as in Karlin and Altschul, 1993,
PNAS. 90:53873 53877. Such an aslgorithm is incorporated into the NBLAST and XBLAST
programs of Altschul e ol 1990, 1. Mol Biol. 215:403. BLAST nucleotide searches are

performed with the NBLAST nucleotide program parameters set, e.g., for score=100,

wordlength=12 to obtain nucleotide sequences homologous to a nucleic acid molecules of the
present invention, BLAST protein scarches are performed with the XBLAST program
parameters set, €.g., to score 50, wordlength=3 io obiain amino acid sequences homologous
to a protein molecule of the present invention. To obtain gapped alignments for comparison
purposes, Gapped BLAST are utilized as described in Altschul et al., 1997, Nueleic Acids
Res. 25:3389 3402. Alternatively, PSI BLAST is used to perform an Herated search which
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detects distant relationships between mwlecules (Id.). When utilizing BLAST, Gapped
BLAST, and PSI Blast programs, the default parameters of the respective programs (e.g., of
XBLAST and NBLAST) are used (see, e.g., the NCBI website). Another preferred, non-
Hmiting example of a mathematical algorithm wiilized for the comparison of sequences is the
algorithin of Myers and Miller, 1988, CABIOS 4:11 17. Such an algorithm is incorporated in
the ALIGN program (version 2.0) which is part of the GCG sequence alignment software
package. When utilizing the ALIGN program for comparing amine acid sequences, a
PAMI20 weight residue table, a gap length penalty of 12, and a gap penalty of 4 s used.
{08871 The percent identity between two sequences is determined using techniques
similar to those described above, with or without allowing gaps. In calculating percent
identity, typically only exact matches are counted.

[6058] Nucleic acids encoding APOE4p, Trem2p or a vaviant of either thereof can be
isolated from natural sources, gemerated recombinantly or made by chemical syathetic
techniques using well-known methodology.

10059] Geoetleally modified mice

{0066] A genetically modified mouse is provided according to embodiments of the
present invention whose genome includes a nucleic acid encoding APOE4p operably linked
o a promoter, wherein the animal expresses the encoded APOE4dp, and whose genoroe
includes a nucleic acid encoding Trem2p operably linked to a promoter, wherein the animal
expresses the encoded Trem2p.

38611} A genetically modified mouse is provided according to embodiments of the
present invention whose genome includes a nucleic acid encoding APOEdp operably Hnked
to the endogenous mouse Apoe promoter, wherein the animal expresses the encoded
APOE4p and whose genome includes a nucleic acid encoding Trem2p operably lHnked to the
endogenous mouse Trem?2 promoter, wherein the animal expresses the encoded Trem2p.
[0662] Any of various methods can be used to imroduce 2 genetic modification into a
mouse genome to produce a genetically modified mouse expressing APOE4p and Trem2p.
10063} Genome editing methods for generating a genetically modified mouse according
to embodiments of the present invention whose genome includes a nucleic acid encoding
APOE4p operably linked to a prometer, wherein the animal expresses the encoded APOE4p
and whose genome includes a nucleic acid encoding Trem2p operably linked to a promoter,
wherein the animal expresses the encoded Trem2p, include, but are not limited to, site

directed mutagenesis, recombination-based methods and nuclease genome editing technigues,
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{3064} Genome editing techniques can be used to modify a genomic sequence by
mntroduction of a discrete mutation at a predetermined target site in the genome,

{3065] For example, one or more nucleotides in a genomic sequence can be replaced
with one or more different nucleotides using a genome editing technique so that the genomic
sequence encodes a protein with a single amino acid difference, or multiple amine acid
differences, compared to the unmedified genomic sequence.

[0066] Genome editing techniques can also be used to modify a genomic sequence by
insertion of a coding sequence into the genome at a predetermined target site, a “knock-in”
technique,

{0867} As used herein, the torms “target site” and “target sequence” in the general
context of a genetic editing technique refer to a nucleic acid seguence that defines a portion
of a chromosomal sequence to be edited.

[6965] For example, a nucleic acid sequence encoding a protein can be inseried at a
predetermined target site in the genome so that the genome includes a nueleic acid encoding
the protein and the protein is expressed. The nucleic acid sequence can also contain a
promoter to drive expression of the encoded protein or expression of the encoded protein can
be driven by an endogenous promoter when the nucleic acid is inserted in a position so that it
is operably linked to the endogenous promoter,

[3069] According to particular aspects of the present invention, a point mutation is
introduced into the genome of a first mouse using a genome editing technique so that the
mouse encoedes Tremp, and a nuclelc acid encoding human APOF4 is inserted into the
Apoe4 gene in the genome of a second mouse by a “knock-in” genome editing technique so
fhat the genome of the second mouse contains a “humanized” APOE4 gene as shown in
Figure 1, containing exon 1 of the mouse Apoed gene and exons 2, 3 and 4 of the human
APQGEA gene. The first and second mice are then bred, naturally or by artificial methods, to
obtain a genetically modified mouse whose genome includes a DNA sequence encoding
APOE4p and a DNA sequence encoding Trem2p.

[6876] Aceording to particular aspects of the present invention, a point mutation is
introduced into the genome of a first mouse using CRISFR genome editing technique so that
the mouse encodes TremZp, and 2 nucleic acid encoding human APOFE4 is introduced into
the Apoed gene in the genome of a second mouse by a “knock-in” CRISPR genome editing
techmque so that the genome of the second mouse containg 8 “humanized” APOE4 gene as

shown in Figore 1, containing exon 1 of the mouse Apoed gene and exons 2, 3 and 4 of the
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human APOE4 gene. The first and second mice are then bred naturally or by artificial
methods to produce a genetically modified mouse whose genome inclades a DNA sequence
encoding APOE4p and a DNA sequence encoding Trem2p.

18871 Genomic editing is performed, for example, by methods described herein, and as
detailed in J. P. Sundberg and T. Ichiki, Eds., Genetically Engineered Mice Handbook, CRC
Press; 2006; M, H. Holker and 1, van Deursen, Eds., Transgenic Mouse Methods and
Protocols, Humana Press, 2002; A. L. Joyner, Gene Targeting: A Practical Approach, Oxford
Universtty Press, 2000; Manipulating the Mouse Embryo: A Laboratory Manual, 3 edition,
Cold Spring Harbor Laboratory Press; December 15, 2002, ISBN-10: 0879695919; Kursad
Turksen (Ed.), Embryonic stem cells: methods and protocels in Methods Mol Biol. 2002;1835,
Humana Press; Current Protocols in Stem Cell Biology, ISBN: 978047015180; Mever et al,,
BNAS USA, 2010, vol. 107 {34), 15022-15026; and Doudna, J. et al, {eds.) CRISPR-Cas: A
Laboratory Manual, 2016, CSHP. A brief description of several genomic editing techniques
is described herein.

{0672]

9673 A genetic modification method, such as but not limited fo, a rwclease genetic

editing technique, can be used o introduce a desired DNA sequence into the genome at a
predetermined targe! site, such as methods using 2 homing endonuclease, integrase,
meganuciease, fransposon, nuclease-mediated process using a zine finger nuclease (ZFN), a
Trapscription Activator-Like (TAL), a Clustered Regularly lnterspaced Short Palindromic
Repeats (CRISPR}-Cas, or Drosophila Recombination-Associated Protein (DRAP). Briefly, a
genetic modification method that can be used includes introducing into an ES cell, iPS cell,
somatic cell, fertilized cocyte or embryo, RNA molecules encoding a targeted TALEN, ZFN,
CRISPR or DRAP and at least one oligonucleotide, then selecting for an ES cell, P8 cell,
somatie cell, fertilized cocyte or embryo with the desired genetic modification.

{6874] For example, a desired nucleic acid sequence can be introduced into the genome
of a mouse at a predetermined target site by a nuclease technigoe, such ag, but not limited to,
CRISPR methodelogy, TAL (franscription activator-like) Effector methodology, Zine Finger-
Mediated Genome Editing or DRAP to produce a genetically modified mouse provided
according to embodiments of the present invention whose genome includes a nucleic acid
encoding APOE4p operably linked to a promoter, wherein the animal expresses the encoded
APOE4p and whose genome includes a nucleic acid encoding Trem2p operably linked to a

promoter, wherein the animal expresses the encoded TramZp.
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{B075] As used herein, the terms “target site” and “target sequence” in the context of a

nuclease genetic editing technigue refer to a nucleic acid sequence that defines a portion of a
chromosomal sequence to be edited and to which a nuclease is engineered to recognize and
bind, provided sufficient conditions for binding exist.

10076} CRISPR-Cas System

{6077 CRISPRs (Clustered Regularly Interspaced Short Palindromic Repeats} are loct
containing multiple short direct repeats that are found in the genomes of approximately 40%
of sequenced bacteria and 90% of sequenced archaea and confer resistance to foreign DNA
elements, see Horvath, 2010, Science, 327: 167--170; Barrangou ef af, 2007, Science, 315;
1709-1712; and Makarova ef of, 2011, Nature Reviews Microbiology. 9: 467-477.

[6878] CRISPR repeats range in size from 24 to 48 bass pairs. They usually show some
dyad symmetry, implying the formation of a secondary structure such as a hairpin, but are not
truly palindromic, CRISPR repeats are separated by spacers of similar length.

0679} The CRISPR-associated {cas) genes are often associated with CRISPR repeat-
spacer arrays. More than forty different Cas protein families have been described (Haft er ol
2003, PLoS Comput Ricl. 1 {6} 60}, Particular combinations of cas genes and repeat
structures have been used to define § CRISPR subtypes, some of which are associated with
an additional gene module encoding repeat-associated mysterious proteins (RAMPs).

{0080] There are diverse CRISPR systemss in different organisms, and one of the
simaplast is the type I CRISPR system from Strepfococeus pyogenes: only a single gene
encoding the Cas9 protein and two RNAs, a mature CRISPR RNA {arRNA) and a partially
complementary {rans-acting RNA (tractRNA), are necessary and sufficient for RNA-guided
silencing of foreign DNAs {Gasiunas er of, 2012, PNAS 109: E2579-E2586; Jinek e «f,
2012, Science 337: 816-821). Matwration of crRNA requires tracrRNA and RNase HI
(Deltcheva ef af, 2011, Nature 471: 602-607), However, this requirement can be bypassed by
using an engineered small guide RNA (3gRNA) containing a designed hairpin that mimics
the tractRNA-crRNA complex (Jinek er al, 2012, Science 337 §16-821). Base pairing
between the sgRNA and target DNA causes double-sirand breaks (DSBs) due to the
endonuclease activity of Cas9. Binding specificity is determined by both sgRNA-DINA base
pairing and a short DNA motif (protospacer adjacent matif [PAM] sequence: NGG)
juxtaposed to the DNA complementary region (Marraffini & Sontheimer, 2010, Nature
Reviews Genetics, 11: 181-190). For example, the CRISPR system requires a minimal set of

two molecules, the Cas9 protein and the sgRNA, and therefore can be used as a bost-
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independent gene-targeting platform. The Cas8/CRISPR can be harnessed for site-selective
RNA-guided genome editing, such as targeting insertion see for example, Carroll, 2012,
Molecular Therapy 20: 1658-1660; Chang ef o, 2013, Cell Research 23: 465-472; Cho et of,
2013, Nature Biotechnol 31: 230-232; Ceng et al, 2013, Science 339: 819-823; Hwang et al,
2813, Nature Biotechnol 31: 227-229; Jiang er.al, 2013, Nature Biotechnol 31: 233-239; Mali
et al, 2013, Science 339: 823-826; Qi ef ol 2013, Cell 152: 1173-1183; Shen ef af, 2013, Cell
Research 23: 720-723; and Wang er al, 2013, Cell 153: 910-218). In particular, Wang ef of.
2013, Cell 1533: 910-918 describe iargeted insertion using the CRISPR/Cas$ system
combined with oligenucleotides.

{8081} TAL {transcription activator-like) Ejfectors

[6082] Transcription activator-like {TAL) effectors or TALE (tfranscription activator-like
effector) are derived from a plant pathogenic bacteria genus, Xanthomonas, and these
proteins mimic plant transcriptional activators and manipudate the plant transeript, see Kay ef
al., 2007, Science, 318:648-651.

{B0R3] TAL effectors contain a ceniralized domain of tandem repeats, each repeat
containing approximately 34 amino acids, which are key io the DNA binding specificity of
these proteins. In addition, they contain a nuclear localization sequence and an acidic
transcriptional activation domain, for a review see Schornack of af 2006, J. Plant Physiol..
163(3): 256-272; Scholze and Boch, 2011, Curr Opin Microbiol, 14:47-53,

[B084] Specificity of TAL effectors depends on the sequences found in the tandem
repeats. The repeated sequence includes approximately 102 bp and the repeats are typically
91-100% homologous with each other (Bonas et al, 1989, Mol Gen Genet 218: 127-136).
Polymorphism of the repeats is usually located at positions 12 and 13 and there appears to be
a one-to-one correspondence between the identity of the hypervariable diresidues at positions
12 and 13 with the identity of the contiguous nucleotides in the TAL-effector's target
sequence, see Moscou and Bogdanove 2009, Science 326: 1501; and Boch ef af 2009,
Science 326:1509-1512. The two hypervariable residues are known as repeat variable
diresidues (RVDs), whereby one BVD recognizes one nucleotide of DNA sequence and
ensures that the DNA binding domain of each TAL-effector can target large recognition sites
with high precision (15 - 30nt). Experimentally, the code for DNA recognition of these TAL-
effectors has been determined such that an HD sequence at positions 12 and 13 leads to a
binding to cytosine {C), NG binds to T, Nl to A, €, G or T, NN binds to A or (3, and 1 binds

to T. These DNA binding repeats have been assembled into proteins with new combinations
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and numbers of repeats, to make artificial transeription factors that are able to interact with
new sequences and activate the expression of a reporter gene in plant celis (Boch ef @l 2009,
Science 326:1509-1512). These DNA binding domains have been shown to have general
applicability in the field of targeted genomic editing or targeted gene regulation in all cell
types, see Gaj ef al., Trends in Biotechnol, 2013, 3W(71h397-405. Moreover, engineered TAL
gffectors have been shown to function in association with exogenous functional protein
gffector domains such as a nuclease, vot naturally found in natural Xanthomonas TAL-effect
or proteins in mammalian cells. TAL nucleases (TALNs or TALENs) can be constructed by
combining TALs with 8 nuclease, e.g. FoklI nuclease domain at the N-terminus or C-
terminus, Kim ef of. 1996, PNAS 93:1156-1160; Christign ef of. 2010, Genetics 186:757-761;
Liet ol 2011, Nucleic Acids Res 39: 6315-6325; and Miller ef ¢l., 2011, Nat Biotechnol 29
143-148. The functionality of TALENs io cause deletions by NHEJ has been shown in rat,
mouse, zebratish, Xenopus, medaka, rat and human cells, Ansal ¢f al, 2013, Geneties, 193
739-749; Carlson er of, 2012, PNAS, 109: 17382-17387; Hockemeyer ef of, 2011, Mature
Biotechnol., 29: 731-734; Let et al, 2012, PNAS, 109; 17484-17489; Moore ef al, 2012,
PLOS ONE, 7: ¢37877; Stroud et o, 2013, 1. Biol. Chem., 288 1685-169¢; Sung et al, 2013,
Nature Biotechnol 311 23-24; Wefers er ¢f, 2013, PNAS 116: 3782-3787.

[B08S] For TALEN, methods of making such are fiwther deseribed in the US Pat. Nos.
8,420,782, 8,450,471, §,450,107, 8,440,432 and 8,440,431, and US patent applicstion
pubications 2013/0137161 and 2013/0137174.

16086] Other useful endonucleases may include, for example, Hhal, Hindill, Notl,
Bbv(Cl, EcoRI, Be/l, and Alwl, The fact that some endonucleases (e.g., Fokl) only function
as dimers can be capitalized upon to enhance the target specificity of the TAL effector. For
example, in some ¢ases each Fokl monomer can be fused to a TAL effector sequence that
recognizes a different DNA target sequence, and only when the two recognition sites are in
close proximity do the inactive monomers come together to create a functional enzyme. By
requiting DNA binding to activate the nuclease, a highly site-specific restriction enzyme can
be created.

[8687] In some embodiments, the TALEN may further include a nuclear localization
signal or sequence (NLS). A NLS is gn amine acid sequence that facilitates targeting the
TALEN nuclease protein into the nucleus to infroduce a double stranded break at the target

sequence ia the chromosome,
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{0088 Nuclear localization signals are known in the art, see, for example, Makkerh ef al.
1996, Curr Biol. 6:1025-1027. NLS include the sequence PKKKRKYV (SEQ ID NG:186) from
SV40 Large T-antigen, Kalderon 1984, Cell, 39: 499-509; RPAATKKAGQAKKK {SEQ ID
NG:17) from nucleoplasmin, Dingwallet e af, 1988, J Cell Biol, 107, 841-9. Further
examples are described in MeLane and Corbeit 2009, IUBMB Life, 61, 697-70; Dopie ef al.
2012, PNAS, 109, E544-E552.

{B889] The cleavage domain may be ohtained from any endonuclease or exonuclease,
Non-limniting examples of endonucleases from which a cleavage domain may be derived
include, but are pot limited to, restriction endonucleases and homing endonucleases. See, for
example, 2002-2003 Catalog, New England Biolabs, Beverly, Mass.; and Belfort es gl (1997)
Nucleic Acids Res. 25:3379-3388. Additional enzymes that cleave DNA are known, e.g., SI
Nuclease; mung bean nuclease; pancreatic DMase I; micrococcal nuclease; yeast HO
endonuclease. See also Linn ef ol (eds.) Nucleases, Cold Spring Harbor Laboratory Press,
15993, One or more of these enzymes, or functional fragments thereof, may be used as a
source of cleavage domains.

{G690] Zing Finger-Mediated Genome Editing

{0091} The use of zinc finger nucleases (ZFN) for gene editing, such as for targeted
insertion via a homology-directed repair process, has been well established. For example, see
Carbery ef af., 2010, Genetics, 186: 451-459; Cui ef al,, 2011, Nature Biotechnol., 29: 64-68;
Hauschild ef gl., 2011, PNAS, 108; 12013-12017; Orlando ef of., 2010, Nucleic Acids Res.,
38 e152-e152; and Portews & Carroll, 2005, Nature Biotechnology, 23: 967-873.

{6092} Components of the ZFN-mediated process include a zine finger nuclease with a
DNA binding donain and a cleavage domain. Such are described for example in Beerli of 4.
(2002) Nature Biotechnol,, 20:135-141; Pabo er ¢l (2001) Ann. Rev. Biochem., 70:313-340;
Isalann ef ol (2001) Natwe Biotechnel 19:636-660; Segal e ol (2001) Curr Opin,
Biotechnol., 12:632-637; and Choo et gl (2000} Curr Opin. Struct. Biol,, 10:411-416; and
U.S. Pat. Nos. 6,453,242 and 6,534,261, Methods to design and select a zine finger binding
domain to a target sequence are known in the art, see for example Sera, et gl., Biochemistry
2002,41,7074-7081; U.S. Pat. Nos. 6,607,882; 6,534,261 and 6,453,242,

6093} In some embodiments, the zine finger noclease may further include a nuclear
focalization signal or sequence (NLS8). A NLS is an amino acid sequence that facilitates

targeting the zinc finger nuclease protein into the nucleus to introduce a double stranded
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break at the target sequence in the chromosome. Nuclear localization signals are known in the
art. See, for example, Makkerh ef ol (1996) Current Biology 6:1025-1027.

[8094] The cleavage domain may be obtained from any endonuciease or exonuclease.
Noun-limiting examples of endonucleases from which a cleavage domain may be derived
include, but are not limited to, restriction endonucleases and homing endonucieases. See, for
example, 2002-2003 Catalog, New England Biolabs, Beverly, Mass.; and Belfort er af. (1997)
Nucleic Acids Res. 25:3379-3388. Additional enzymes that cleave DNA are known (e.g., SI
Nuclease; nung bean nuclease; pancreatic DNase I micrococcal nuclease; veast HO
endonuclease). See also Linn ef ¢l (eds.) Nucleases, Cold Spring Harbor Laboratory Press,
1993, One or more of these enzymes (or functional fragments thereof) may be used as a
source of cleavage domains. A cleavage domain also may be derived from an enzyme or
portion thereof, as described above, that requires dimerization for cleavage activity.

[B095] Two zine finger nucleases may be required for cleavage, as each nuclease
includes a monomer of the active enzyme dimer. Alternatively, a single zine finger nuclease
may include both movomers to create an active enzyme dimer. Restriction endonucleases
(restriction enzymes) are present in many species and are capable of sequence-specific
binding to DNA (at a recognition site), and cleaving DNA at or near the site of binding.
Certain restriction enzymes {e.g., Type HS) cleave DNA at sites removed from the
recognition site and have separable binding and cleavage domains. For example, the Type 1S
enzyme Fokl catalyzes double stranded cleavage of DNA, at 9 nucleotides from its
recognition site on one strand and 13 aucleotides from s recognition site on the other. See,
for example, UL8. Pat. Nos, 5,356,802; 5,436,150 and 5,487,994; as well as L1 ef af (1992)
PNAS 89:4275-4279; Li et al. (1993) PNAS 90:2764-2768; Kim ef al. (1994) PNAS 91:883-
BB7:; Kim et af (1994} 1. Biol. Chem. 269:31, 978-31, 982. Thus, a zinc finger nuclease may
include the cleavage domain from at least one Type UIS restriction enzyme and one or more
zing finger binding domains, which may or may not be engineered. Exemplary Type [IS
restriction epzymes are described for example in International Publication WO 07/014275,
the disclosure of which is incorporated by reference herein in its entivety. Additional
restriction enzymes also contain separable binding and cleavage domains, and these also are
contemplated by the present disclosure. See, for example, Roberts er o/ (2003) Nucleie Acids
Res. 31: 418-428. An exemplary Type HS restriction enzyme, whose cleavage domain is
separable from the binding domain, is Fokl This particular enzyme is active as a dimer

(Bitinaite ot al. 1998, PNAS 95: 10,570-10,575). Accordingly, for the purposes of the present
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disclosure, the portion of the Fokl enzyme used in a zinc finger nuclease is considered a
cleavage monomer. Thus, for targeted double stranded cleavage using a Fokl cleavage
domain, two zine finger nucleases, each including a Fokl cleavage monomer, may be used to
reconstitute an active enzyme dimer. Alternatively, a single polypeptide molecule containing
a zine finger binding domain and two Fokl cleavage monomers may also be used. In certain
embodiments, the cleavage domain may include one or more engineered cleavage monomers
that minimize or prevent homodimerization, as described, for example, in U.S. Patent
Publication Nos. 2005/0064474, 2006/0188987, and 2008/0131962, cach of which is
incorporated by reference herein in its entivety, By way of non-lmiting example, amino acid
residues at positions 448, 447, 479, 483, 484, 486, 487, 490, 491, 496, 498, 499, 500, 531,
534, 537 and 338 of Fokl are all targets for influencing dimerization of the Fokl cleavage
half-domains. Exemplary engineered cleavage monomers of Fokl that form obligate
heterodimers include a pair in which a first cleavage monomer includes mutations at amino
acid residue posttions 490 and 538 of Fokl and a second cleavage monomer that includes
mutations at amino-acid residue positions 486 and 499, Thus, in one embodiment, a mutation
at amino geid position 490 replaces Glu (B) with Lys (K); a mutation at amino acid residue
538 replaces Ile (1) with Lys (K); a mutation at amino gcid residue 486 replaces Gln (Q) with
Glu (E); and a mutation at position 499 replaces He (I} with Lys (K. Specifically, the
engineered cleavage monomers may be prepared by mutating positions 490 from E {o K and
538 from 1 to K in one cleavage monomer to produce an engineered cleavage monomer
designated “E490K:I538K"” and by mutating positions 486 from Q to ¥ and 499 from {10 L
in another cleavage monomer to produce an engineered cleavage monomer designated
“Q486E:499L.” The above described engineered clegvage monomers are obligate
heterodimer mutanis in which aberrant cleavage is minimized or abolished. Engineered
cleavage monomers may be prepared using a suitable method, for example, by site-directed
mutagenesis of wild-type cleavage monomers (Fokl} as described in U.S. Patent Publication
No. 2005/0064474.

{(096] The zinc finger nuclease described above may be engineered to introduce a
double stranded break at the targeted site of integration. The double stranded break may be at
the targeted site of integration, or it may be up to 1, 2, 3, 4, 5, 14, 15, 20, 25, 30, 35, 40, 45,
50, 100 or 1000 nucleotides away from the site of integration. In some embodiments, the
double stranded break may beup to 1, 2, 3, 4, §, 10, 15, or 20 nucleotides away from the site

of integration. In other embodiments, the double stranded break may be up to 10, 15, 20, 25,
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30, 35, 40, 45 or 50 nucleotides away from the site of Integration. In yet other embodiments,
the double stranded break may be up fo 50, 100 or 1000 nuclectides away from the site of
integration.

{6097} The DRAP technology has been described in US Pat. MWes. 6,534,643, 6,858,716
and 6,830,910 and Watt ef af., 2008,

{60981 Optionally, a nucleic acid sequence encoding a protein can be inserted at a
ramclom target site in the genome so that the genome includes a nucleic acid encoding the
protein. Typically, for random insertion, the nucleic acid sequence also containg a promoter
to drive expression of the inserted nucleic acid,

[(099] In a further option, a rucleie acid encoding the desired protein, APOE4p, Trem2p
or both APOE4p and TremZp, is inserted into a predetermined target site in the genome other
than the Apoe4 gene or the Trem?2 gene.

[00106]  For example, a nucleic acid encoding the desired protein, APOE4dp, Trem2p or
both APOE4p and Trem2p, is inserted into a predetenmined target site in the genome known
to result in reliable expression, such as the Hprt or the Rosa26 locus.

{00161]  According to aspects, for genomic edifing at 8 predetermined target site, a
targeting construct is made using recombinant DNA techniques and includes 57 and %
sequences which are homologous to the targeted endogenous gene in the cell. The fargeting
construct further includes a selectable marker such as neomyein phosphotransterase,
hygromycin or puromyein, a nucleic acid encoding the desired protein, APOE4p, Trem2p or
both APOE4p and TremZp, and optionally a polyadenylation signal. To insure correct
transeription and translation of the nucleie acid encoding the desired protein, the nucleic acid
encoding the desired protein is either in frame with the endogenous gene locus, or a splice
acceptor site and internal ribosome entry site (IRES) sequences can be mcluded.

{06102]  Such a targeting construct is transfecied into a desired cell type, such as but not
limited to, stem cells and the cells are screened fo detect the correct genomic editing event
using PCR, Southern blot or sequencing analysis. Cells with the correct genomic editing
event can be further analyzed for expression of the encoded protein by protein analysis, such
as ELISA or Western blot analysis. If desived, the nucleic acid enceding the selectable marker
can be configured to be removed by treating the stem cells with a recombinase such as Cre
recombinase or Flippase (Flp). After recombinase treatment, the cells are analyzed for the

presence of the nucleic acid encoding the desired protein.
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[00103] Cells with the correct genomic editing event are selected and injected into
preimplantation embryos as described above. Chimeric males are selected for hreeding.
(ffspring can be analyzed for transmission of the ES cell genome by coat color and genetic
analysis, such as PCR, Southern blot or sequencing and can be tested for expression of the
desired protein, such as by protein analysis (Western blot, ELISA) or other functional assays.
Offspring expressing the correct proteins are intercrossed to create mice homozygous for the
genetic modification(s).

{00104]  Generation of a genetically modified mouse expressing APOE4p and Trem2p
may include injection or transfection of appropriate nucleic acids, such as one oy more one or
more nucleic acids encoding a desired protein and/or one or more expression constructs, such
as an expression construct encoding a protein or RNA (such as cas9 or a guide RNA for use
m CRISPR), into a preimplantation embryeo or stem cells, such as embryonic stem (ES) cells
or induced pluripotent stem (iPS) cells.

[00165]  The terms “expression construct” and “expression cassetie” are used herein to
refer to a double-stranded recombinant DNA melecule containing a desired nucleic acid
coding sequence and containing one or more regulatory elements necessary or desirable for
the expression of the operably linked coding sequence.

{00186]  The term “regulatory element” as used herein refers to a nucleotide sequence
which controls some aspect of the expression of nucleic acid sequences. Exemplary
regulatory elements llustratively include an enhancer, an internal ribosome entry site (IRES),
an intron; an origin of replication, a polyadenylation signal (pA), a promoter, a transcription
fermnination sequence, and an upstream regulatory domain, which contribute to the
replication, transcription, post-transcriptional processing of a nucleic acid seguence. Those
of ordinary skill in the art are capable of selecting and using these and other regulatory
elements in an expression construct with no more than routine experimentation. Expression
constructs can be generated recorbinantly or synthetically using well-known methodology.
[001077  The term “operably linked” as used herein refers to a nucleic acid in functional
relationship with a second nucleie acid.

{08168] A regulatory element is included in an expression cassette is a promoter in
particular embodiments. The term “promoter” as used herein refers to a DNA sequence
operably linked to a nucleic acid sequence to be transeribed such as a nucleic acid sequence
encoding a desired molecule. A promoter is generally positioned upstream of g nucleic acid

sequence to be transcribed and provides g site for specific binding by RNA polvmerase and
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other transcriphion factors. In specific embodiments, a promoter is generally positioned
upstream of the nucleic acid sequence transcribed to produce the desired molecule, and
provides a sile for specific binding by RNA polymerase and other transeription factors, An
included promoter can be a constitutive promoter or can provide inducible expression; and
can provide ubiquitous, tissue-specific or celltype specific expression.

[06189]  Ubiquitous promoters that can be included in an expression construct include, but
are not limited to, a 3-phosphoglycerate kinase (PGK-1) promoter, a beta-actin promoter, a
ROSA26 promoter, a heat shock protein 70 (Hap70) promoter, an EF-1 alpha gene encoding
elongation factor 1 alpha (EF1) promoter, an cukaryotic initigtion factor 4A (elF-4A1)
promoter, a chloramphenicol acetyltransferase {CAT) promoter and a CMV
{cytomegalovirus) promoter.

[06118] These and other promoters are known in the art as exemplified in Abboud, 8. L.
et al, J. Histochem & Cytochem., 51(7):941-949, 2003; Schorpp ef af, Nucl. Acids Res.,
24(9%1787-1788, 1996; McBurney, M. W. ¢f ¢f., Devel. Dynamics, 200:278-293, 1994; and
Majurader, M. et af., Blood, 87(8):3203-3211, 1996.

{00111]  Io addiiion to a promoter, one or more enhancer sequences may be included such
as, but not limited to, cytomegalovirus (CMV) early enhancer element and an SV40 enhancer
element.

{00112]  Additional included sequences include an intron sequence such as the beta globin
intron or a generic: intron, a transcription termination sequence, and an mRNA
polyadenylation {pA) sequence such as, but not limited to 8V40-pA, beta-globin-pA and
SCF-pA.

{80113}  An expression consiruct may include sequences necessary for amplification in
bacterial cells, such as a selection marker {e.g. kanamycin or ampicillin resistance gene) and
a replicon,

[60114]  For methods of DNA injection of an expression construct into a preimplantation
embryo, the expression construct is optionally linearized before injection inte mouse
preimplantation embryos. Preferably the expression construct is injected into fertilized
oovytes. Fertilized oocytes are collected from superovulated fomales the day after mating (0.5
dpe) and injected with the expression construct. The injected ococyies are either cultured
overnight or trausferred directly into oviducts of 0.5-day p.c. pseudopregnant females,
[00118]  Methods for superovulation, harvesting of vocytes. expression construct injection

and embryo trausfer are known in the art and described in Manipulating the Mouse Embryo:
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A Laboratory Manual, 3+ edition, Cold Spring Harbor Laboratory Press; December 15, 2002,
ISBN-10: (1879695919,

[08116] Offsiring can be tested for the presence of the desired mutation or inserted
sequence by DNA analysis, such as PCR, Southem: blot or sequencing. Mice which are
carrying the desired mutation or inserted sequence can be tested for protein expression such
as for example, by ELISA or Western blot analysis,

00117}  Alternatively, a nucleic acid or expression construct may be transfected into stem
cells (ES cells or iPS cells) using well-known methods, such as electroporation, calcium-
phosphate precipitation and lipofection. The cells are screened for the presence of the desired
mutation or inserted sequence by DNA analysis, such as PCR, Southern blot or sequencing.
Cells with the desired mutation or inserted sequence by can be tested for functional
gxpression by protein analysis, such as for example, by ELISA or Western blot analysis,
j00118]  Mouse ES cells are grown in media optimired for the particular line. Typically
ES media contains 15% fetal bovine serum (FBS) or synthetic or semi-synthetic equivalents,
2 mM glutamine, | mM Na pyruvate, 0.1 mM non-essential amino acids, 50 U/ml penicillin
and streptomyein, 0.1 mM 2-mercaptoethanocl and 1600 U/mi LIF (plus, for some cell lines
chemical inhibitors of differentiation) in Dulbecco's Modified Eagle Media (DMEM). A
detailed description is known in the art {Tremaml et al., 2008, Current Protocols in Stem Cell
Biology, Chapter 1:Unit 1C4. For review of inhibitors of ES cell differentiation, see Buehr,
M..et al. 2003). Genesis of embryonic stem cells. Philosophical Transactions of the Royal
Society B: Biological Sciences 358, 1397-1402,

[00119]  Selected cells incorporating the desired mutation or inserted seguence can be
injected into preimplantation embryos. For microinjection, BS or iPS cell are rendered to
single cells using a mixture of trypsin and EDTA, followed by resuspension in ES media.
Groups of single cells are selected using a finely drawn-out glass needle (20-25 micrometer
inside diameter) and introduced through the embryo’s zona pellucida and into the blastocysts
cavity (blastocoel) using an inverted microscope fitied with micromanipulators.

[00120]  Alterngtively, to blastocyst injection, stem cells can be injected into early stage
embryos (e.g. 2-cell, 4-cell, §-cell, premorula or morula). Injection may be assisted with a
faser or piero pulses drilled opening the zona pellucida. Approximately 9-10 selected stem
celis (ES or iP§ cells) are injected per blastocysts, or 8-cell stage embryo, 6-9 stem cells per
4-cell stage embryo, and about 6 stem cells per 2-cell stage embryo. Following steny cell

introduction, embryos arve allowed 1o recover for a few hours at 37 °C in 5% COs, 5% Oy in
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nifrogen or cultured overnight before transfer into pseudopregnant recipient females, In a
further alternative to stem cell injection, stem cells can be aggregated with morula stage
embryos. All these methods are well established and can be used to produce stem cell
chimeras. For a more detailed description sce Manipulating the Mouse Embryvo: A
Laboratory Manual, 3" edition {A. Nagy, M. Gertsenstein, K. Vintersten, R. Behringer, Cold
Spring Harbor Laboratory Press; December 15, 2002, ISBN-10: 08796935919, Nagy et al,
1990, Development 110, 815-821; US 7,576,259: Method for making genetic modifications,
UUS7659442, US 7,294,754, and Kraus et of. 2010, Genesis 48, 394399,

[06121]  Pseudopregnant embryo recipients are prepared using methods known in the art,
Brietly, fertile female mice between 6-8 weeks of age are mated with vasectomized or sterile
males to induce a hormonal stgte conductive to supporting surgically intreduced embryos. At
2.5 days post coitwn (dpc) up to 15 of the stem cell containing blastocysts are introduced into
the uterine horn very near to the uterus-oviduct junction. For early stage embryos and morula,
such embryos are either cultured in vitro into blastocysts or implanted into 0.5 dpe or 1.5 dpe
pseudopregnant females according to the embryo stage into the oviduct, Chimeric pups from
the implanted embryos are born 16-20 days after the transfer depending on the embryo age at
implantation. Chimeric males are selected for breeding. Offspring can be analyzed for
transmission of the ES cell genome by coat color and genetic analysis, such as PCR, Southern
blot or sequencing. Further the expression of the encoded protein(s) can be analyzed by
protein analysis {Western blot, ELISA) or other functional assays.

[06122] A genetically modified mouse of the present invention may be heterozygous or
homozygous for the genetic modification,

{60123  According to aspects of the present invention, a genetically modified mouse of
the present invention may be heterozygous or homozygous for the “knock-in” humanized
APOE4 modification wherein the mouse expresses APOF4p and also may be heterozygous or
homozygous for the mutated genomic sequence encoding TremZp wherein the mouse
expresses TremZp.

{00124] Homorzygous genetically modified mice expressing APOE4p can be crossed with
homozygous genetically modified mice expressing Trem2p to create a congenic strain
homozygous for both medifications and expressing both APOE4p and Trem2p according to
embodiments.

[00125]  CGenetically modified mice of the present invention can be any of various strains.
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[06126] A genetic modification can be introduced into the genome of an isolated mouse
embryonic stemn (ES) cell, a mouse induced pluripotent stem (iP8) cell, a mouse somatic cell,
a fertilized mouse oocyte (zygote) or 2 mouse embryo in a knock-in sirategy to produce a
genetically modified mouse of the present invention.

{86127} Embodiments of the invention provide a genetically modified mouse that
includes a desired genetic modification in all or substantially all of its cells, as well as a
genetically modified mouse that inchudes a desired genetic modification in some, but not all
its cells,

[00128] A genetically modified mouse according to aspects of the present invention can
inchade one or more additional genetic variants associated with increased risk of late-onset
Alzheimer disease in nunans.

{00129}  Identification of Treatments and Compounds

[0813¢]  Methods for screening for putative treatments for human Alzheimer’s disease are
provided according to embodiments of the present invention which include: administering a
putative freatment for Alzheimer's disesse o a genetically modified mouse, wherein the
genome of the mouse includes: 1) a DNA sequence encoding human APOE4 protein

(APOEA4p) operably linked to a promoter; and 2) a DNA sequence encoding mouse Trem?2

protein having a mutation p.R4TH (Trem2p) operably linked 1o a promoter, wherein the

moouse expresses APOE4p and TremZp and wherein the mouse is characterized by one or
more symptoms or signs associated with expression of APOF4p and Trem2p relevant to non-
familial late-onset Alzheimer’s disease of the present invention; and assessing an effect of the
putative treatroent on the mouse.

[00131]  Methods for sereening for putative treatments for buman Alzheimer’s disease are
provided according to embodiments of the present invention which include: administering a
putative treatment for Alzheimer’s disease to a B6(SIL)dpoe™ ! APAEAG qy gy, yoml Aty
mouse whose genome includes: 1} a DNA sequence encoding human APQOE4 protein
{APOE4p) operably linked to a promoter; and 2) a DNA sequence encoding mouse Trem2
protein having a mutation pR4ATH (Trem2p) operably linked to a promoter, wherein the
mouse is homozygous for the DNA sequence encoding APOE4p and for the DNA seguence
encoding Tremlp, and wherein the mouse expresses human APOE4p and mouse Trem2p.;
and assessing an effect of the putative treatment on the mouse.

[0€132]  Methods for screening for a compound for use in the treatment of Alzheimer’s

disease, are provided according to aspects of the present invention which include
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administering a compound o a genetically modified mouse of the present invention; and
assessing an effect of the compound in the treatment of one «r more symploms or signs
associated with expression of human APQE4p and mouse Trem2p relevant to non-familial
late-onset Alzheimer’s disease. Assessing an effect of the compound in the treatment of one
Or more symptoms or sign$ associated with expression of human APOE4p and mouse
Trem2p relevant to non-familial late-onset Alzheimer’s disease preferably includes
comparing the result of the assessment with a suitable control, such as, but not Hmited to, the
effect of the compound on a control, such as an APOE3-expressing mouse or a wild-type
mouse {e.g. a mouse carrying the 4poe gene).

{60133]  Such signs and symptorus include, buf are not limited to, any one or more oft 1)
presence of significantly more microglis in the brain of a genetically modified mouse of the
present invention compared to a contrel, such as an APOE3-expressing mouse or wild-type
control mouse; 2) presence of significantly more amyloid plagues in the brain of a genetically
modified mouse of the present invention compared to a control, such as an APOE3-
expressing mouse or wild-type control mouse; 3} presence of significantly more taw
aggregates in the brain of a genetically modified mouse of the present invention compared to
a control, such as an APOE3-expressing mouse or wild-type control mouse; 4) presence of
significantly more inflammation in the brain of a genetically modified mouse of the present
invention compared to a control, such as an APOE3-expressing mouse or wild-type control
mouse; §) presence of significantly more synaptie and/or neuronal loss in the brain of a
genetically medified mouse of the present invention compared to a control, such as an
APOE3-expressing mouse or wild-lype control mouse; 6) presence of significantly more
cognitive deficit in the brain of a genetically modified mouse of the present inveniion
compared 10 g conirel, such gs an APOE3-expressing mouse or wild-type control mouse; 7}
presence of significantly more indications of frailty an gging genetically modified mouse of
the present invention compared to a control, such as an APOE3-expressing mouse or wild-
type conirol mouse; 8) presence of significantly more blood flow deficit in the brain of a
genetically modified mouse of the present invention compared to a conirel, such as an
APOE3-expressing mouse or wild-type control mouse; 9) a significant difference in presence,
level, and/or function of one or more biomarkers of non-familial late-onset Alzheimer’s
disease in blood, serum, or tissue of a genetically modified mouse of the present invention
compared to a control, such as an APOE3-expressing mouse or wild-type control mouse; 10)

cerebrovascular leakage in a genetically modified mouse of the present invention compared
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e a control, such as an APOE3-expressing mouse or wild-type control mouse; and 11) levels
of one or more bloed lipoproteins, such as high density Hpoprotein, and low density
lipoprotein, and/or cholesterol, in a genetically modified mouse of the present invention
compared to a control, such as an APOE3-expressing mouse or wild-type control mouse.
[00134]  According fo aspects of the present invention, methods for sereening for putative
treatments for human Alzheimer’s disease are provided wherein assessing an effect of a
compound includes comparing the effect of the compeound on the genetically modified
mouse, wherein the genome of the mouse includes: 1) a DNA sequence encoding human
APQOE4 protein {APOE4p) operably linked 1o a promoter; and 2) s DNA sequence encoding
mouse Trem2 protein having g mutation p.R4TH (Trem?2p) operably linked to a promoter,
wherein the mouse expresses APOBE4p and TremZ2p and wherein the mouse is characterized
by one or more symptoms or signs associated with expression of APOF4p and TremZp
relevant to non-familial late-onset Alzheimer’s disease of the present invention, with a
control.

[80135]  According to aspects of the present invention, methods for screening for putative
treatments for human Alzheimer’s disease arve provided wherein gssessing an effect of the

cornpound includes comparing the effect of the compound on a8 BE(SIL)-Appe™/ I AFOEdiy

esmitAdiug . L
mhAdiiy mouse with a control,

Trem?
00136] A suitable control includes, for example, administering the compound to a
mouse which does not express human APOE4p and mouse Trem2p and assessing an effect of
the conpound on the mouse. A suitable control includes, for example, administering the
compound to an APOE3-expressing mouse or wild-type control mouse. A wild-type control
mouse can be any mouse which does not express human APOE4p and mouse Trem2p. A
suitable control includes, for example, administering the compound to a wild-type CS7BL/SI
mouse; and gssessing an effect of the compound on the wild-type C37BL/6] mouse.

[066137]  Symptoms or signs associated with expression of human APOBE4p and mouse
Trem2p relevant to non-familial late-onset Alzheimer’s disease can be assessed by methods
well-known in the art including, but not lmited to, immunocassay, nucleic acid assay,
histochemical staining, cognitive assays, in vive imaging, physical assessment of the animals,
cerchrovascular leakage assessment, and morphological assessment of tissues and/or cells.
[00138]  Immunoassays that can be used are well-known in the art and include, but are not
limited to, enzyme-linked imnmnosorbent assay (ELISA) such as but not limited to, antigen

capture ELISA, indivect ELISA, fixed cell ELISA; immunochromatography; antigen capture;
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flow cytometry; immonoblot; immunoprecipitation; jmmunodiffusion; competitive
immunoassays, impwnocytochemistry; radioimmunoassay; and combinations of any of these.
Generalized details of immunoassays are described in standard references, illustratively
including Wild, D, The Immuncassay Handbook, 3rd Ed., Elsevier Science, 2005; Gosling,
I P., Imunocassays: A Practical Approach, Practical Approach Series, Oxford University
Press, 2008; E.Harlow and D. Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, 1988; F. Breitling and S. Ditbel, Recombinant Antibodies, John Wiley &
Sons, New York, 1999; H. Zola, Monoclonal Antibodies: Preparation and Use of Monoclonal
Antibodies and Engineered Antibody Derivatives, Basics: From Background to Bench, BIOS
Scientific Publishers, 2000; B.K.C. Lo, Antibody Engineering: Methods and Protocols,
Methods in Molecular Biclogy, Humana Press, 2003; F. M. Ausubel et al, Hds., Short
Protocols in Molecular Biology, Current Protocols, Wiley, 2002; Ommered, M. G., Flow
Cytometry: a practical approach, Oxford University Press, 2000; and Givan, A, L., Flow
Cytometry: first principles, Wiley, New York, 2001.

[06139]  According to aspecis of the present invention, nucleic acid assays o detect a
nucleic acid analyvte relevant to non-familial late-onset Alzheimer’s disease in a genetically
maodified mouse of the present invention compared o a wild-type mouse includes, but is not
lirnited to, nuecleic acid amplification technigues such as, but not limited to, PCR, RT-PCR
ligation~-mediated PCR and phi-29 PCR; nucleic acid hybridization technigues such gs, but
not limited to, Northern blot, Southern blot, RNase protection assay, dot blot, transcriptome
analysis, and in sifu hybridization. Nucleic acid assays for both qualitative and quantitative
assay of a nucleic acid in a sample are described in detail in standard references, illustratively
including J. Sambrook and D'W. Russell, Molecular Cloping: A Laboratory Manual, Cold
Spring Harbor Laboratory Press; 3rd Ed., 2001; F. M. Ausubel et al,, Eds., Short Protocols in
Molecular Biology, Current Protocols, Wiley, 2002; C.W, Dieffenbach f al.,, PCR Primer: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, 2003; and V. Demidov et al,,
DNA Amplification: Current Technologics and Applications, Taylor & Francis, 2004,
{00146}  Biomarker assays that can be used are well-known in the art and include, but are
not Himited to, assays of AP and tau species, neuwrofilaments, neurogranin, interleuking, TNFa,
GM-CSF, and soluble Trem?2 in cerebrospinal fluid (CSF), blood, serum, or tissue,

{00141]  Cognitive assays that can be used are well-known in the art and include, but are
not himited to, assays of spatial memory, shori-term memeory, long-term memory, assays of

executive function, attentional tasks such as 3 and S choice serial reaction time tests, tests of
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processing speed, set shifting tests, roversal learning tasks, assays of object memory, assays
of pattern recognition, assays of passive avoidance memory, assays of habitnation, and assays
of novel object recognition, water maze testing, fear conditioning tests, radial arm water maze
testing, Y-maze testing, T-maze testing, and open field habitugtion tests.

[08142]  Physical assessment methods of the animals that can be used are well-known in
the art and include, but are not limited to, assessment of indices of frailty in a genetically
modified mouse of the present Invention compared te a control, such as an APOE3-
expressing mouse or a wild-type mouse as a comparison to normal aging.

{8143}  [n vive imaging methods that can be used are well-known in the art and include,
but are not limited to, magnetic resonance imaging (MRD), computed fomography (CT)
imaging. X-ray, optical imaging, and ulirasound imaging. Such imaging techniques can be
used o assess one or more symptoms or signs associated with expression of human APOF4p
and mouse Trem2p relevant to non-familial late-onset Alzheimer’s disease including, but not
limited to, amyloid or tau aggregation, abnormal blood flow, pathological neuronal loss, and
abnormal glucose metabolism.

[00144]  Assessment of changes to oue or more of: a transcriptomic profile, a proteoric
profile, and a metabolic profile of a genetically modified mouse of the present invention
compared o & wild-type mouse and/or compared to clinical samples can be performed using
methods that are well-known in the art,

[B0145]  Assessment of inflammation can be performed by sssay of one or more
biomarkers of inflammation, such as, but not Himited to, 1L-8, 11.-11, TNF-alpha, granuwlocyte-
macrophage colony stimulating factor (GM-CSF), TGF-beta, VEGF, monocyte chemotactic
factor-1, macrophage migratory inhibitory factor, s100B, fibrinogen, and interferon gamma-
inducible protein 10. Such assays can be performed on samples obtained from a genetically
modified mouse of the present invention and a wild-type mouse, such as a sample of brain,
spinal cord, blood, plasma, serum, cerebrospinal fluid or other relevant tissue or body fluid.
[00146]  Morphological assessment of tissues and/or cells can include physical
examination of gross anstomy and/or microscopic examination of tissues and/or cells with or
without histochemical or cytochemical staining of the tissues and/or cells. Morphological
assessment of tissues and/or cells can include assessment of synaptic and neuronal loss,
001477 A method for screening for a compound for use in the treatrent of Alzheimer’s
disease in an individual homan subject having or suspected of having Alzheimer's disease is

provided according to aspects of the present invention which include administering a
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compound to a genetically modified mouse of the present invention; and assessing an effect
of the compound on amyloid and/or tau which are gssociated with expression of human
APOE4p and mouse Trem2p relevant to non-familial late-onset Alzheimer’s disease on the
mouse, According to particular embodiments, assessing an effect of the compound on
amyloid and/or tan includes assessing the level andfor localization of amyloid andfor faw.
According to particular embodiments, assessing an effect of the compound on amyloid and/or
tau includes assessing amyioid and/or fau aggregates in a genetically modified mouse of the
present invention, such as assessment of aggregate size, number, location or a combination of
any two or more thereof,

[B0148] “erebrovascular leakage is a key aspect of non-familial late-onset Alzheimer’s
disease and it is a surprising and unexpected finding of the present invention that expression
of human APOE4p and mouse Trem2p resulis in cerebrovascular leakage,

[06149] A methed for sereening for a compound for use in the treatment of non-familial
late-onset Alzheimer’s disease in an individual human subject having or suspected of having
non-familial late-onset Alzheimer’s disease is provided according to aspects of the present
invention which include adnunistering a compound to a genetically modified mouse of the
present invention; and assessing an effect of the compound on cerebrovascular leaksge which
is associated with expression of human APOE4p and mouse Trem2p relevant to non-familial
late-onset Alzheimer’s disease in the mouse.  Assessing an effect of the compound on
cerebrovascular leakage includes, but is not limited fo, assessment of cerebrovascular
permeability, The term “cercbrovascular permeability™ refers to the capacity of a blood
vessel wall 1o allow for normal movement of small molecules or substances such as waler,
ions, certain drugs and nutrients across the blood vessel wall while acting as a barrier to
movement of larger molecules and substances, such as fibyinogen, and albumun. The term
“cerebrovascular leakage” refers to an abnormality of blood vessels which results in leakage
of larger molecules and substances, such as fibrinogen, and albumin, through blood vessel
walls. Assays for assessing cerebrovascular leakage are well-ktiown in the art, including in
vitro assays using cells or tissues isolated from a genetically mwodified mouse of the present
invention, and in vive assays. A non-limiting example of an in vive assay of cercbrovascular
leakage includes intravenous injection of a labeled protein {e.g. Fvans Blue-labeled albumin)
and assessment of appearance of the dye-labeled protein in brain tissues, see for example,
Radu et al., An i vivo Assay to Test Blood Vessel Permeability., J. Vis. Exp. 2013,
0062,

&

{731
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[00150]  The putative treatment can he any treatment modality such as, but not limited to,
administration of a compound. The term “compound” as used hercin i3 not limited and
encoimpasses small molecule chemicals and biclogicals such as peptides, proteins,
ghycoproteins, including antibodigs, for example.

[06151] Embodiments of inventive compositions and methods are illustrated in the
following examples. These examples are provided for illustrative purposes and are not
considered limitations on the scope of inventive compositions and methods.

{00152]  Examples

{06153] Censestion ol g Genetieally. Modified. Monse Havipg 2 DNA Sequse

Encoding APOESp i lin Genome

{60154 The mouse Apoed gene is located on chromosome 7 at 19,696,109 — 19,699,166,
An APOE4 gene-targeting construct was made that included 4980 bp (SEQ ID NO:%) of
mouse sequence, which defined the mouse 57 homology arm including exon 1 of mouse
ApoE, 4292 bp (SEQ ID NO:10) of human APOE4 sequence including human ;irotein coding
exons 2-4 of the human gene as well as an additional 1.5 kb of flanking human sequence after
the 3’UTR to include any potential regulatory sequences.

[08158] Figure 1 shows a schematic diagram of the humanized ApoE4 construct (see
“m/hAPOE targeting vector E4™). On Figure 1, (C ) above exon 4° shows the nt present in
exon 4 for arginine at p.R310 and R176, resepectively, isoform E4. Isoform E2 with (T T)
codes for cysteine at both C138 and C176, while E3 (T ) codes for cysteine at C130R and
grginine at R176 siies.

{60156] Human APOE4 exon 4 containg sequence that codes for the ApoE4 isoform of
the gene and encodes the nucleotide sequence for arginine at R130 and R176. Tt is noted that
APQOE4 includes an 18 amino acid signal peptide at the N-terminus of the protein such that
APOE4S including the signal peptide is 317 amino acids and the variant amino acids which
differ among APQE2, APOE3 and APQE4 are at positions 130 and 176, In the mature
APOE proteins (299 aming agcids), the variant amino acids which differ among APOEZ,
APOE3 and APOE4 are at positions 112 and 158,

100157} A Frtneo Frt selection cassetie (FNF cassette, SEQ ID NG:11) was inserted after
the human sequence followed by a Ndel restriction site (for ease of Southern screening). The
FNF cassette is followed by 5166 bp of mouse sequence (SEQ 1D NO:12), the 3° homology

arm. The resulting 14,438 bp synthesized construct was cloned into pBlight vector using
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recombineering techniques, praducing a construet called
mApoE_hAPQE4_PGKneo mAPOE for gene targeting in embryonic stem cells,

{60158] The ApoE4 gene-targeting construct was introduced into cultured embryonic
stern (ES) cells of a C57BI6 mouse strain by electroporation. Homologous recombination
produced loci that retained all normal mouse regulatory sequences {plus non-coding exon
one} together with the human APOE4 protein-encoding exons 2-4, Transfected ES cells were
screened by Southern blot in ensure correct targeting, Three clones were identified that were
correctly targeted. ES cells containing the correctly targeted locus were introduced into
CS7BL/6) embryos, and the resultant chimeric mice were bred with CS7BL/6I mice.
Offspring carrying the modified locus in the germ-ling were interbred to generate the
homozygous genetically modified genome. All F1 matings produced normal litter sizes with
a Mendelian distribution of the locus.

{00159 Ceneration of a Genetically Modified, Mouse Havige o NS Sequence

[001608] The Trem2 R47H KI allele was generated at The Jackson Laboratory by
prosuclear injection of Cas® RNA (100 ng) and a single guide sequence (50 ng)
GAAGUACTGGGGGAGACGCA (SEQ ID NOT) with 183 nt donor oligo (40 ng)
{(GCCCTCAACACCACGGTGUTOCAGGGCATGGCCGGUCAGTCOTTGAGGGTUTCA

TOTACTTATGACGCCTTGAAGCACTGOGGGAGACACAAQGCaTGGTGTCGGCAGC

TGGGETCGAGGAGGUCCCATGUCAGCGTGTGGTGAGCACACACGOTGTGTGGCTGC

TGOCCTTCCTCGAAGAAGCGG, SEQ ID NOR) containing a nucleotide G>A point
mutation (underlined uppercase “A™ at ni 89 in SEQ ID NO:8) for amino acid sequence
change at R47H and 2 silent mutations (lvsine AAG>AAA (underlined lower case “a” at nt
93 in SEQ 1D NO:8) and alanine GCC>GCA (underlined lower case “a” at 1t 96 in SEQ ID
NQO:8)) into the gene (to prevent re-cutting of the donor sequence in homologous directed
repair). The CRISPR strategy resulted in the specific R4TH knock in, and silent mutations
present in the Trem2 gene of founder mice.

{00161  Offspring carrying the modified allele in the germ-line were interbred to generate
the homozygous genetically modified genome. All F1 matings produced normal litter sizes
with a Mendelian distribution of the locus. The resulting inbred strain of mouse is designated
C57BL/AGI-Trem 2™ 9™ (common name Trem?2 R4TH KI (JAX)) and expresses Trem2p.

{8162} Generation_of A CGenetically, Modifisd Mouss Having o DNA Sequence

Epcoding APOEdp and 8 DRA Sequencs Encoding Trem2p in lis Genome
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{00163]  In this example, a genetically modified mouse was generated by crossing an
inbred strain of mouse, B6(SIL)-Apoe™-HAFOBBARTS T (o mimon name APOE*4 K1 (JAX))
expressing human APOE4p with an inbred strain of mouse, CS7BL/6]-Trem2 M Admey
{common name Trem2 R47TH KI {JAX)) expressing mouse Trem2p. The resuliing genetically
modified mice, homozygous for both the homanized 4POE4 allele and the R47H allele of the
mouse Trem? gene, are designated BE(SIL)-Apoe™!/APOEMGAGY py oy, pomlddigy
(formerly B6(SIL)-Apoe! ™! WOEMAGME T pemiAdinesr o bbreviated as APOE4 X Trem?
R4TH (JAX) mice}, common name: B6J.APOE4/Trem2, which express both human APOE4
and mouse TremZp,

100164} Validation of Genetivally Modified Mouse Model of Non-Familial Late-Onset

[00163]  Tissue Harvesting, Protein lsolation sud Sectioning

[00166]  Mice were administered a lethal dose of Ketamine/Xylazine by intraperitoneal
mjection, and transcardially perfused with 1xPBS (phosphate buffered saling). Brains were
dissected, and the right hemisphere was snap frozen for protein isolation, while the left
hemisphere was fixed in 4% paraformaldehyde overnight at 4°C. The fixed hemispheres were
rinsed with 1xPBS, cryoprotected in 10% sucrose, followed by 36% sucrose at 4°C, and
finally embedded in OCT (optimal cutting temperature compound). Frozen brains were
sectioned at 25 um and stored at ~80°C until required. Protein was extracted with Trizol
Reagent (Life Technologies, Cat#15596-018) following manufacturer’s guidelines. Protein
petlets were resuspended in a solution of 1:1 8M wrea and 1% SDS.

o

wilavin 8 Mainine, and Image Caphne

80167]  hmmunofluoreseens

[00168]  Cryosections were rinsed with PBT (IxPBS with 1% TritonX-100) for 5 minutes

{mins) then incubated with 500 pL of Liberate Antibody Binding Solution (L.A.B. -
Polysciences Inc.) solution for 20 minutes at room temperature (RT) for antigen retrieval,
Slides were then incubated overnight at 4°C in the following primary antibodies: rabbit
polyclonal anti-GFAP (12200, Dako); rabbit polyclonal anti-IBA1 (1:250, Wako); rabbit
polyclonal  anti-NeuN (1:100, Cell Signaling Inc); mouse monoclonal anti-non-
phosphorylated newrofilament (1:200, Covance) and sheep polyclonal anii-TREM?2 {1:200,
RD Systems). The sheep polyclonal anti-TREM2 antibody was previously verified using
Trem2 deficient mice. All antibodies were diluted in PBTB (1xPBS, 1% TritonX-100 and 1%

BSAj containing 10% normal goat or donkey serum. After primary incubation, sections were
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washed 3 times in PBT and incubated with appropriate secondary antibodies (goat anti-rabbit
Alexa Fluor 488/594/633, goat anti-mouse Alexa Fluor 488, donkey anti-sheep Alexa Fluor
594, 1:1000 dilution, Life Technolagies) for 2 brs at RT.

[00169]  All sections were then counterstained with DAPI and mounted with Agqua
PolyMount {(Polysciences). For Thioflavin 8 staining, sections stained with IBAL and GFAP
were further counterstained with 1% Thioflavin 8 (diluted v a 111 water:ethanol ratio}. Slides
were incubaied for 8mins at BT in 1% Thioflavin-S, washed in 80% ethanol, then 95%
ethano!l and finally in dH;O and mounted. Images were taken using either the Leica 8P3
confocal microscope or the Zeiss Axio Imager.Z2. For each antibody, all images were
captured using identical parameters for acourate guantification.

[061768]  Initial observations were performed in sections from both males and females,
Quantification of cell numbers was performed on brain sections from at least 4-6 male mice,
as there was no overt difference between sexes. For plaque counts, the number of plagues
present in the entorhinal cortical region for each mouse was determined. For IBAT+ cells, §
equally spaced images were captured (using 20x optical lens) of either the cortex, in the
region of the entorhinal cortex, or the hippocampus, from a central brain section of each
mouse, For NeuN+ cells, 5 equally spaced images were captured (using 20x optical lens). For
IBA 1+ cells associated with plaques, images of &+ plagues per brain were imaged (using 20x
optical lens).

[00171]  Images were processed and all cells in the 207 image were counted using the cell
counter plugin for Imagel/FIIL A single cell was determined as a DAPT stained nucleus
associated with a cell specific antibody stain {e.g. IBATor NEUN). Cell numbers in the §
images from each mouse were totaled and then averaged across mice. Mouse number and diet
were masked {o the investigator for all cell counting assays.

[66172] Westkern blot snslesis demonstrates expressipn of buman APQES i Bo(RiLy-

sond, HLAPOE S plding e d Adtug
i

dpag Trem 2™ fsonmon name: RO APOE Trom) muice

{01731 Brain extracts (~25 nyicrograms protein) were diluted in 2x Laemmli sample
buffer (Rio-Rad 1610737) and run on a 4-20% gradient (BioRad mini-protean TGX 456~
1096) and transferred to a nitrocellulose membrane (InVitrogen IB301001).

{36174}  Blots were blocked with 5% non-fat milk powder and probed overnight at +4°C
with a human APOE4-specific antibody (Novus Biologicals NBP1-49329) at 1:100 dilution.
Blots were then probed with secondary antibedy (Millipore goat anti-mouse HRP API191P) at

1:30,000 dilotion for 2 hours at room femperature, Blots were detected using ECL
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chemiluminescent reagents {GE Healthcare RPN 2109) on Amersham Hyperfilm BECL (GE
Healthcare 28906838).

[00175]  An antibody that is specific for the human APOE4 variant (Novus Biolegicals
NBP1-49529 at 1:100 dilution) was used to probe Western blots of about 25 micrograms of
protein from CS7BL/S] (abbreviated B6I) or B6J.APOE4/Trem? brain tissue, Figure 2 is an
irnage of a Western blot of brain tissue from B6J.APOE4/Trem?2 (lanes 4-6) and control (WT
(B&J); lanes 1-3) brain tissue. As shown in Figure 2, human APOE4 protein expression was
detected only in the protein from B6J.APOE4/Trem? mice.

100176]  Blood shomisizy shows aliered metabolism in the B6LAPOEY Trem mice

{06177}  APQE vartants have been shown to differentially regulate lipoprotein and
cholesterol metabolism. Although the mechanisms by which the APOE4 variant increases
the risk for Alzheimer’s disease is not known, these effects on altered metabolism are thought
to play a role. Blood samples obtained from 12 month old B6LAPOE4/Trem?2 {(abbreviated
APQE4/Trem2 in Figures 3A, 3B and 3C) mice and 12 month old C37BL/6I control mice
were assayed for high density lipoprotein (HDL), low density lipoprotein (LDL) and total
cholesterol according to standard bloed chemistry methods.

j06178]  Blood, extracted at harvest, was stored in EDTA coated vials on ice and further
centrifuged at 5000 RPM for 15mins. The plastoa was removed and aliquoted for long term
storage at -80°C. Plasma aliquots were profiled for the following: Total cholestero! (mg/dL),
LDL (mg/dL), HDL (mg/dL)). High density lipoprotein cholesterol (HDL) was assayed using
the Wako L-Type HDL-C kit (Wako 99100101) as per manmufacturer’s instructions. LDL was
assayed using Beckman Coulter LDL-Cholestere! kit (Beckman Coulier OSR6196) as per
manufacturer’s instructions, Total cholesterol was assayved using the Beckman Coulter
Cholesternl kit (Beckman Coulter O8R6116).

{60179 Resulis are shown in Figures 3A, 3B, and 3C, respectively. These data show that
the B&LAPOE4/Trem2 mouse has APOE4-dependent alterations in cholesterol metabolism,
including reduced total cholesterol and reduced levels of both LDL and HDL.

001801  Donuschistochemistey shows cereluovescular leakaee and dnflammation nthe
B6J. APOE4/ Trem2 mice

[00181]  All mice were bred and housed in a 12/12 hours Hght/dark cycle. Bight month old

mice were injected intraperitoneally with a lethal quantity of ketamine/xylazine according to
IACUC approved procedures. Mice were perfused with 13X PBS (phosphate buffered saling)

and whole brains were removed. One hemisphere was fixed in 4% paraformaldehyde
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avernight at +4°C. Following fixation, the tssue was tinsed in 1X PBS, incubated in 10%
sucrose overnight at +4°C, then incubated in 30% sucrose overnight at 4°C. Brains were then
frozen in optimal cutting temperature (OCT) compound and stored at -80°C until sectioned.
Frozen brains were sectioned at 25 microns and mounted on glass stides, and stored at -80°C
unti! required for immunofluorescence staining.

{30182}  Shides were dried and post fixed in 4% PFA. Sections were subsequently
immersed in diHO for 3mins at 37°C, then transferred and incubated in 0.5mg/mL pepsin in
0.2N HCI for 135mins at 37°C. Sections were further washed in diFLO for 3mins, transferred
to a humidified chamber, and washed in 1xPBS. Sections were incubated overnight in Rabbit
anti-fibrin {1:200) and Goat anti-CollV (anti-collagen IVY (1:40) at +4°C in 1xPBT. Slides
were washed in 1xPBT and incubated in the appropriste secondary antibodies at a
concentration of 1:1000 (Donkey anti-rabbit IgG 594, Donkey anti-goat 488) for 2 hours at
room temperature, Tissue was counterstained with DAPI and mounted using Aqua-Poly
mount (Polyscience Inc). Staining was imaged on the Zeiss Axiolmager gt a magnification of
20x.

[B0I83]  Sagittal bwin sections of B6LAPOE4/Trem? mice were immunostained for
fibrinogen  (fibrin} to  detect cercbrovascular leakage. Representative images of
BOJLAPOES/ Trem? tissue at 7-8& months of age are shown in Figwe 4 along with
representative images from similar sagittal sections of brain from control CS7BL/6S
(abbreviated B6I) mice. Arrows indicate cercbrovascular leakage as indicated by fibrin
immunostaining owtside of blood vessels. Blood vessels are shown by immunostaining for
collagen IV (Col IV},

[00184]  Vascular damage may be a key aspect of late-onset Alzheimer’s disease
pathology. Some existing mouse models of familial Alzheimer’s disease have demonstrated
cerchral amyloid angiopathy (CAA), bui B6L.APOE4/Trem?2 mice are the first model that
does not over-express familial Alzheimer’s disease mutations to show vascular deficits.
[00185]  Transcriptional snalysis demonsirates ARelevant changes fn pone wquession in
the B6J APOE4/Trem? model

[00186]  Gene expression analysis was carried out with the NanoString Neuropathology

gene panel. This assay measures the expression of 770 neuropathology-related genes. Female
mice around eight months of age were assayed for the B6J APOE4/Trem? strain and the

CS7BL/G] (abbreviated B6I) strain, with three biolegical replicates of each strain.
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{60187  Total RNA was extracted from brain homogenates. Tissues were lysed and
homogenized in TRIzol Reagent (Ambion), then RNA was isolated using the miRNeasy Mini
kit (Qiagen), according to manufscturers” protocols, including the optional DNase digest step.
Sample concentration and guality were assessed using the Navodrop 2000 specirophotometer
{Thermo Scientific) and the RNA 6000 Nano LabChip assay {Agilent Technologies).

(081881 BNA was hybridized and moultiplexed with NanoString probes according to
manufacturer’s instructions. Counts for target genes were normalized to housekeeping genes
to account for variability in RNA content. Data were analyzed using Nanostring nSolver
Analysis Software.

[80189]  Expression of each gene in the BOLAPOE4/Trem? strain was compared to the
control C37BL/6J sirain and genes with significant (p<0.03) expression were identified with
a linear regression model as shown i Figure 5. Figure 5 is a gene expression heatmap of
differentially-expressed genes in B6J APOE4/Trem2 compared to C57BL/6J. Expression
vahues are in Log2 fold change velative to the CS7BL/6J average of each gene.

{08198]  The probe used in this panel detects mouse Apoe but not human APOE. Because
in this model mouse Apoe has been replaced by the human APOE4 variant, no Apoe
expression is detected and this is shown as the most strongly down-regulated transcript.
{60191]  The list of differentially-expressed genes contains multiple genes related to brain
function and neurodegeneration. The Gene Onfology Biological Process and Panther Pathway
annotations database was queried to identify processes and pathways represented by these
genes, The relevant processes include, but are not Hmited to, the results in Table 1 which
shows pathways and processes represented by the differentially-expressed genes in the
BG&ILAPOE4/Trem?2 strain, Notably, these interlinked processes and pathways include many

highly relevant to nevrodegeneration.

TABLE I

Process or Pathway Qenes

Alzheimer’s disease-amyloid secretase pathway | Pesk2, Mapk 10, Maplks, Prkeq

SHT2 type receptor mediated signaling pathway | Sicl&a2, Pleb?, Sle6ad, Gng2, Prieg

Inflammation mediated by chemokine and AKi3, Gnaol, Pleb3, Arrh2, H8, Myhl1Q,
cytokine signaling pathway Gng?2
- Modulation of chemical synaptic transmission Corl, Stxla, Aoh2, Unel3a, CdkS5,

Calbl, Rlcbad, Griad




A

10

15

WO 2018/175581 PCT/US2018/023565

- 45 .
Neuron development Cnrl, Thyl, Mapk18, Henl, Cdk3, Chil,
116, Mapk9, Myhi0, Uchil
Cognition Corl. Amph, Cdk5, Calbl, Chil, Sic6ad,
Chmp2b
Apoptosis signaling S Akt3, Mapk1@, MapkS, Casp7, Prkeg
Aging Curl, Slc18a2, Gnaol

[001%27  Scientific and technical {erms used herein are intended to have the meanings
coramnonly understood by those of ordinary skill in the art. Such terms are found defined and
used in context in various standard references llustratively including J. Sambrook and D.W.
Russell, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press;
3rd Ed., 2001; F.M. Ausubel, Ed., Short Protocols in Molecular Biclogy, Current Protocols:
5th Ed., 2002; B. Alberts et al., Molecular Biology of the Cell, 4th Ed., Garland, 2002; D.L.
Nelson and MM, Cox, Lehninger Principles of Biochemisiry, 4th BEd.,, W.H. Freeman &
Company, 2004; Herdewijn, P. (Ed.), Oligonucleotide Synthesis: Methods and Applications,
Methods in Molecular Biology, Humana Press, 2004; A, Magy, M. Gertsenstein, K.
Vintersten, B. Behringer (Eds) 2002, Manipulating the Mouse Embryo: A Laboratory
Manual, 3™ edition, Cold Spring Harbor Laboratery Press, ISBN-10: OB79695919; and K.
Tutksen (Ed.), Embryonic stem cells: methods and protocols in Methods in Molecular
Biology, 2002; 183, Humana Press; Current Protocols in Stem Cell Biology, ISBN:
9780470151808,
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SEQUENCES

[60193]  The amino acid seguence of APOE4p is shown along with exemplary nucleie
acid sequences encoding APOE4p.

[B0194]  SEQID NO:i: APOE4p (317 amine acids)

MEKVLWAALLVTFLAGCQAKVEQAVETEPEPELRQQTEWQSGORWELALGRFWDY
LRWVQTLSEQVQEELLSSQVIQELRALMDETMKXELKAYKSELEEQLTPVAEETRAR
LSKELOQAAQARLGADMEDVRGRLUVQYRGEVQAMLGQSTEELRVRLASHERKELRKR
LLRDADBLOKRLAVYQAGAREGAERGLSAIRERLGPLVEQGRVRAATVGSLAGQPL
QERAQAWGERLRARMEEMGSRTRDRLDEVKEQVAEVRAKLEEQAQQIRLGAEAFQ

ARLKSWFEPLVEDMOQROWAGLVEKVQAAVGTSAAPVPEIINH

B0195] SEQ ID NO2: Exons 2, 3 and 4 of the human APOE4 genomic DNA sequence
encoding human APOE4p including the 18 amino scid signal peptide

ACTGGCCAATCACAGGCAGGAAGATCGAAGGTTCTGTGGGCTGCGTTGCTGGTCA
CATTCCTGGCAGGTATGGHGHCGGOGUTTGCTCGETTCCCCCCGLTCCTCCCCOT
CTCATCCTCACCTCAACCTCCTGGCCCCATTCAGGCAGACCCTGGGLCCCCTCTIC
TCAGGCTTCTGTGCTGUTTCCTGGUTCTOAACAGCGATTTOACGUTCTCTGGGCCT
CGOGTTTCCCCCATECTTOAGATAGCGAGTTAGAACGTTGTTITTGTTGTTGTIGTTITGT
TCTTGTTOTTITGTTITITTGAGATGAAGTCTCGOTCTGTCGCCCAGGUTGOAGTG
CAGTGGCGGGATCTCGOGUTCACTGCAAGCTCCGLCTCCCAGOTCCACGCCATTCT
CCTGLCTCAGCCTCCCAAGTAGCTOGOACTACAGGLCACATGCCACCACACCCGA
CTAACTTTITTTGTATTITTCAGTAGAGACGGGGTTTCACCATGTTGGCCAGGCTGET
CTGGAACTCCTGACCTCAGGTGATCTGLCCGTTTCGATCTCCCAAAGTGCTGGGA
TTACAGGCGTOAGCCACCGCACCTOGUTOGOAGTTAGAGGTTTCTAATGCATTGC
AGGUAGATAGTGAATACCAGACACGGGGUAGUTOTCGATCTTTATTICTCCATCACC
CCCACACAGCCCTGLOTOGOOCACACAAGGACACTCAATACATGCTTTTCCGLTG
GGLGCOOTOGGCTCACCCCTOTAATCCCAGCACTTTGCGAGGCCAAGGTGGRAGG
ATCACTTGAGCCCAGGAGTTCAACACCAGCUTGGGCAACATAGTGAGACCCTGT
CTCTACTAAAAATACAAAAATTAGCCAGGCATGGTGCCACACACCTGTGOTCTCA
GUTACTCAGGAGGCTGAGGCAGUGAGGATCGUTTGAGCCCAGAAGGTCAAGETTG
CAGTOAACCATOTTCAGGCCOUTGCACTCCAGCCTGGGTGACAGAGCAAGALCC
TOTTTATAAATACATAATGCTTTCCAAGTGATTAAACCGACTCCCCCCTCACCOTS
CCCACCATOGOCTCCAAAGAAGCATTTGTGGAGCACCTTCTGTGTGCCCCTAGGTA
CTAGATGUCTGGACGGGUTCAGAAGGACCOCTCACCCACCTTGAACTTGTTCCACA
CAGGATGUCAGGCCAAGGTGGAGCAAGCGUTGUAGACAGAGCCGGAGCCCGAG
CTGCGCCAGCAGACCGAGTOGCAGAGCOGUCAGCGUTOGUAACTGGRCACTGOGET
COCTTTTOGGATTACCTGCOCTGOATGCAGACACTGTCTGAGCAGGTGCAGGAGG
AGCTGCTCAGCTCCCAGGTCACCCAGGAACTCGAGGTGAGTGTCCCCATCOTGGLC
CTTGACCCTCCTGGTGGGUGGCTATACCTCCCCAGGTCCAGGTTTCATICTGLCLCC
TOTCGCTAAGTCTTGGGGGECCTGGOTCTCTCCTGOGTTCTAGCTTCCTICTTCCCAT
TTCTGACTCCTGGCTTTAGCTCTCTGGATATCTCTCTCTCAGUTTTGTCTCTICTCTC
TTCCCTTCTGACTCAGTCTCTCACACTCOTCCTGGCTCTGTCTCTGTCCTTCCCTAG
CICTTTTATATAGAGACAGAGAGATCGOGTCTCACTGTGTTGCCCAGGUTGGTICT
TGAACTTICTGGGCTCAAGCGATCCTCCOGCCTCGGUCTOCCAAAGTGUTGGGATT
ACGAGGCATGAGCCACCTTGLCCGOCCTCCTAGCTCCTTCTITCOTCTCTGCCTCTGC
CCTCTGCATCTGCTCTCTGCATCTCTCTCTGTCTCCTTCTCTCGGLCTCTGCCCCGT
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TCCTTCTCTCCCTCTTGOGTCTCTCTOGCTCATCCCCATCTLGCCUGCCCCATCCC
AGCCCTTCTCCCCGCCTCCCACTGTGUGACACCCTCCCGUCCTCTCGOUCGCAGG
SCGUTOATGGACGAGACCATGAAGGAGTTGAAGGCCTACAAATCGGAACTGGAG
GAACAACTGACCCCOGGTOGGCGUAGGAGACGCGGLCACGGCTETCCAAGGAGCT
GCAGGCGHCGLAGGLLCGGCTOGGCGCGGACATGCGAGCGACGTGLGLGGLCGCC
TGGTGCAGTACCGCGOUCGAGOTCCAGRCCATGCTCGGCCAGAGCACCGAGGAGC
TGCGGGTGCGCCTCGCCTCCCACCTGCGUAAGCTGCGTAAGCGGUTCCTCCGUGA
TGCCGATOACCTGCAGAAGCGCCTGUCAGTETACCAGGCCGGGGOCCGUGAGGG
COGCCOAGCGUOGCCTCAGCGUCATCCGLGAGCGUCTGGGGUCCCTGHTGGAATA
GGGCCGCETGCGOGLCGCCACTOTGGGCTCCCTGGCCGGUCAGCCGCTACAGGA
GCGGOCCCAGGCCTGGGGCEAGCGOCTGCGLGCGULGGATGHAGGAGATOGHCA
GLCGGACCCGCOACCGLOTOGACGAGHTGAAGGAGCAGOTGOCGBAGGTGCGC
GUCAAGCTGGAGGAGCAGGCCCAGCAGATACGCUTGCAGOCCCAGGUCTTCCAG
GCCCGUCTCAAGAGCTGOTTCGAGCCCCTOGTGHAAGACATGCAGUGCCAGTGE
GCCGHGGUTGOTGGAGAAGGTGCAGGUTGCCOTGGUCACCAGCGLCGCCCOTGTG
CCCAGCGACAATCACTGAACGCCGAAGCCTGCAGCCATGCGALCCCACGUCACT
CCGTGCCTCOTGCCTCCGCGCAGCCTGUCAGUBGRAGACCUTGTCCCLGUCCCAGC
CGTCCTCCTOGOUTOGACCCTAGTTTAATAAAGATTCACCAAGTTTCACGCA

[00196]  SEQ 1D NO:3: Trem2p (249 amino acids, R4TH mutation)

MGPLHOFLLLLITALSQALNTTVLQGMAGQSLRYSCTYDALKHWGRHKAWCROLG
EEGPCQRVVETHGVWLLAFLKKRNGSTVIADDTLAGTVTITLENLQAGDAGLYQCQ
SLRGREAEVLOKVLVEVLEDPLDDQDAGDLWVPEESSSFEGAQVEHSTSROVESCGS
PLAYHLPPLSKESRDLLPTHLHSSPPGLRSPEQVSCSQHPLGUGQGQARAGNTCGOR
AGLWPRCWAPTSDPFHWTRRYVREF

[001927]  SEQ ID NO+4 mutated mouse genomic DNA sequence encoding Trem2p (1056

nucleotides)

ACTTCAAGGGAAAAGCAAGATCTTGCACAAGGTCCCCTCCGGUTGOUTGCTGGC
AAAGGAAAGGTOCCATOGUACCTCTCCACCAGTTICTCCTOLTGCTGATCACAGC
CCTGTCCCAAGCCCTCAACACCACGGTGCTGCAGGGCATGOCCGGCCAGTCCTTIG
AGGGTGTCATGTACTTATGACGCCTTGAAGCACTGGGGGAGACACAAAGCATGGT
GTCGGUAGUTOGGTGAGCAGGGLCCATGCCAGCGTGTGATGAGCACACACGHTG
TOTGOCTGCTGGCCTICCTGAAGAAGUGGAATOGGAGCACAGTCATCGCAGATG
ACACCCTTOCTGOAACCOTCACCATCACTCTGAAGAACCTCCAAGCCGGTGACGE
GGGUCTCTACCAGTGTCAGAGTCTCCGAGGUCGAGAGGCTGAGGTCCTGTAGAA
AGTACTGGTGGAGGTGCTGGAGGACCCTCTAGATGACCAAGATGCTGGAGATCT
CTGGOTCCCCGAGCAGTCATCGAGTTTCGAGGGTGCCCAAGTGGAACACAGCAL
CTCCAGGCAGGTTTCATCCTGTGOGTCACCTCTAGCCTACCACCTTCCTCCTCTTT
CCAAGGAATCAAGAGACCTCCTTCCCACCCACCTCCATTCTTCTCCTCCTGGLCT
GCOTTCTCCTGAGCAAGTTTCTTGCAGCCAGCATCCTCTGGGCTGTGACCAGGGG
CAGGCAGAAGCCGGHAACACCTOTGOTCAGAGGGLTGCACTOTGGCCAAGATGL
TGHGCACCAACTTCAGATCCTCACTGCACCCGGAGGTACGTGAGAGAATTCTGA
GTGGOGAGCAGAACTACAGCTTAAGTCCAGCCAGGAGTCAATCCAGCCTGCATGC
TCTCCCCTCCTCCACCAAGACTTUTGTTTCTGCTACTTTTGCTTCAGAGGCCGCCT
CTGCCTCAAGCCCACCTATCCTOGGAGCAGGAATACTGGTGTGTACATCTGTGTT
GAGTGGGGAAGACAGCTGGATGOGTTGTUTGTCAACTTICTGCACTTITGGACATTAA
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ACATICTCCACACACCAA

[06198]  SEQ ID NG5! Trem2p (249 amino acids, mouse wild type protein, no R47TH
mutation)

MGPLHQPFLLLLITALSQALNTTVLQGMAGQSLRVSCTYDALKHWGRRKAWCRQLG
EEGPCQRVVETHGVWLLAFLKKRNGSTVIADDTLAGTVTITLKNLQAGDAGLYQCQ
SLRGREAEVLOKVLVEVLEDPLDDQDAGDLWVPEESSSFEGAQVEHSTSRGVSSCGS
PLAYHLPPLSKESRDLULPTHLHSSPPGLRSPEQVSCSQHPLGCGOQGQARAGNTCGOR
AGLWPRCWAPTSDPHWTRRYVREF

[06199]  SEQ ID NO:6: mouse wild type genomic DNA sequence encoding Trem?2 mouse
wild type protein (1036 nucleotides)

ACTTCAAGGOAAAAGCAAGATCTTGCACAAGGTCCCCTCCGGCTGGUTGCTGGL
AAAGGAAAGOGTGUCATGGGACCTCTCCACCAGTTTCTCCTGCTGCTGATCACAGE
CCTOTCCCAAGCCCTCAACACCACGOTGCTGCAGGOCATGGCCGGUCAGTCCTTG
AGGGTGTCATGTACTTATGACGCCTTGAAGCACTGGGGGAGACGCAAGGCCTGG
TGTCOGCAGCTGOOTGAGGAGGGUCCATOCCAGCGTGTGGTGAGCACACACGGT
GTGTGOCTGCTGOCCTTCCTGAAGAAGUGGAATGGBAGCACAGTCATCGCAGAT
GACACCUTTGCTGCAACCGTCACCATCACTCTGAAGAACCTCCAAGCCGGTGAC
GCGGOCCTCTACCAGTGTCAGAGTCTCCGAGGCCGAGAGOGCTGAGGTCCTGCAG
ARAGTACTOGTGGAGGTGCTGGAGGACCCTCTAGATGACCAAGATGCTGGAGAT
CTCTGGGETCCCCCAGGAGTCATCGAGTTTCGAGGGTGCCCAAGTGGAALACAGC
ACCTCCAGGCAGGTTTCATCCTGTGOGTCACCTCTAGCCTACCACCTTCCTCCTCT
TTCCAAGGAATCAAGAGACCTCCTTCCCACCCACCTCCATTCTTCTCCTCCTGGCC
TCGCOTTCTCCTCGAGCAAGTTTCTTGCAGCCAGCATCCTCTGGGUTOTGGUCAGGE
GCAGGCAGAAGCCGGUBAACACCTOTGOTCAGAGGGCTGGACTOTGGCCAAGATG
CTOGGGCACCAACTTCAGATCCTCACTGUACCCGGABGTACGTGAGAGAATTCTG
AGTGGGAGGAGAACTACAGCTTAAGTCCAGCCAGGAGTCAATCCAGCCTGCATG
CTCTCCCCTCCTCCACCAAGACTTCTGTTITCTOCTACTTTTGCTTCAGAGGCCGCT
TCTGCCTCAAGCCCACCTATCOCTGGOAGCAGGAATACTGGTGTGTACATCTGTGT
TGAGTGOGOAAGACAGUTOGATGGTTGTCTGTCAACTTCTGCACTTITGGACATTA
AACATTCTCCACACACCAA

{00200]  SEQ ID NO:7: Trem2 CRISPR guide
GAAGCACTGGGGGAGALGCA

18263 SEQ D NOG:&: Trem? repair olige (183 nucieotides) containing a nuclestide G>A
point ntation {(at nucleotide 89 in this oligo sequence) for aming acid sequence change at
R47H and 2 silent mutations (lysine AAG>AAA (at nucleotide 93 in this oligo sequence) and
alanine GCC>GCA (at nucleotide 96 in this olige sequence)) into the gene to prevent re-
cutting of the donor sequence in homologous directed repair:

GCCCTCAACACCACGGTGCTGCAGGGUATGGCCGGCCAGTCCTTGAGGGTGTCA
TGTACTTATGACGCCTTGAAGCACTOGOGOGACGACACALaGCa TGGTGTCGGCAGT
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TGGGTOAGGAGOGCCCATOCCAGCGTGTGOTGAGCACACACGGTGTGTGGCTGC
TGGCCTTCOTGAAGAAGCGE

92621 SEQ ID NS 57 homology arm {4980 nucleotides: mouse Apoed exon | and

LR

757 nuclectides of mouse Apoed intron 2 sequence) included in the “humanized” mouse
Apokl construct inserted into the mouse genome.
CCTGTATCTCAGGUGTTGAGAGOGAAGAGAGTGGOGTTTCCAGATGCCCACATCC
CTTGATACCTAGTCCTCACCCAACTUTGCTCTCCTAGTGAACAACTGGTTGGCTAL
AGTAACGCTOGCGGUCAGGCAGGCATGCATGCGACGTATTACCACAAAGCCAGTGA
CCAGGTOAGCCGOAGGHRAGCGCCTAGCTGTGOGTCCCAGGUTGGOTTTGCTGGT
GCAGTTGGTATGUCCAGGAGTCCTAATGGOCCACTCACATETOTOCCGGHCCUTC
TCTCCCCCAGCTGCAGGTGOUTGTGCAGTTTCAGGUCAGCACCAGGATGCAGGA
CACCAGTGUCTCCTTTGGUTATCAGCTGGACCTGCCCAAGGCCAACTTCCTTTTTA
AAGGTAAGCGAAGGCCTCAGCTTCCCTCCTGGGGAACAGGUCAGATAAGACTCAG
CTOQTCTGTGGTAGAGTCCATGGGAAATAGGHRAGGTTGAACATGTGCTGGTGGAG
TGGGCGGGGACTCTGTGCAGUTCCAAATTACTCTGGGTGGCTTGTCAAACAGTGG
GOCTCCTACCCTGGCATOTTTAGTACATGTTGOGGGCCTCGUTTTAAGOCCTCTCT
TCCCATTCCCATCTAGCAAGCTCTCTGGUCCTCCCCACTCACTCTTACCTTACTTG
GAGTTCTTCTATTGTGTGATCGAAACACTATGATGGTAAACAGCTTAGGGAGCAAA
GAGGTTATOGTTGGOTTACAACTCTCAGGTGGUATGUCTACCACTGAGGAGAAGAT
HHGUCAGGACTCAGCAGAAAGCTGAAGGCAAGCTGATGCAGAAGGCCTTGTGE
GAGTGCTOGCTTGTTGOCTTGCTCCTTATGGUTTCCTCAGUCTOCTCTTATAGCCTC
CGOACCATTAGCCCAGGGTOCCCCACTGAAAATAATCTGGATACTCCCACATCA
ATCACTTAGAAAGTOCCCTACAGGUTTGCCTGCTGCCCTAGUTAATGGAGACATA
TCTATTGAGOGTTCCCTCAGCTGGATCTCTTOAGTTCAAGACCAGCCTGGTCTACA
GAGCAAGTTCTGOGACAGCCAGGGUTACCCAGAGAAACCCTGTCTCAGAAAAGA
AAAAAAAGAAAAAGGTGGGOGTOGGGTCGACTAGCTTGTATAAAACTAGCCAGC
ACAGCAGGGAAGCTGTOTCGAATAGTGACAGCCAGGTTCAGAACCTCATTICTGLCG
CAGTGACATGOGTTTGTCAAGCCTGGGCGGTGTTGAGCCACTTAAAGGGTTGUTG
TOATGGTCTGCAGTGGUCTTGOGTTGTCACTTAGGACATACGGGTCCGTTGTGGCT
ACCATAGAGATGGOTGGCCAGGCACATCAAGCCACCCAGTCTCTGCCCCGUTCTC
GOCCCACAGGCTCTGTOAACAGTAACTGGATCOTGOGUGCCACGUTGGAGAAGA
AGCTTCCGCCOTTGCCCCTCGACACTGTCCCTCTGCGCCTTCOTGAACCACCGCAA
GAATAAGTTCCTGTGTGOCTTCGGCOCTCACCATCGOCTCGAGCCCTCCTETCCTTCC
TCTGCAGACCATCGUTGGGLCGGCTGUCCTCCCCTCUTCTCCCTCTCTCTTGGGET
TGGGECAGTGOGAAGGAGGOGACCTCCCATOCCCAAGGATCCCCAGCGCCAGHGG
GACAGTGCCCAGGGOGUCTOGGOTOCCCGGAGGGAGTCCTGGGATCTGAAGGGCA
TTCGATTOTGAGCGCCCAGGCAGAGHCGCAGAGGCGGCTGTACACAGGCTCAGA
AAGCGAAAGACTTGATGTCCTCCTGAGGGCAGCAGAGRAGCGUCGAGCCGCUTET
CACTTCCCCCTCCACCCUTCCATAGAAATCATGTTTATAAGTTATGGAAAACCGG
GACATTTTACAGAAAAAAAAAAACTTAAAAAACAAARAAATATACGTGGAAAAA
AAAATAGGATCTGOGAGOCCTCOETTTTUTCCAGTTIGTTGACATGGTTGCCAGCA
HGCGHCOGCCCAGGGTTCAGAAAGCACAGCAGCACCAAGCAGTTTAGAGAAAGCT
TGGCCAGGCATGGTCACACCCTCTGCTCTTGGHGACTTACACTGCUGGAACATCA
GAGGCCTGGCCTCACCAGGAGGGTGGCTCCAGGTCACTCGCCTICTOTGCAGTICTG
GCCCCGAGAGCTGGCAGAGOGACTTTGTCTCTGTAAACAGGOTGGGGGCAGBGAG
ACGUGGCTCAGUAGCCTCCCTGTCCCAAAACGOGUTBAGGTGHLTAGCTTIGTGCT
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CACTTTCTCCCAGTOGGAAGGTCAGAGGTCTCAGAAACTTCAGGAAGAAACGGA
GTTCCTGGAAGTTCAGCACAATAAGGAAAGTTACTCTGGGAGHAACGGGLCCTA
GCACCTTCCCAGGCTGAAACAGGAAATGTCAAGTTIGTTTIGTTTTTTAAATTTTGT
TCGAAGATGTAGCTCTGGGCCTCACGTGTCAGOCAGOTOLTGCTGGUTICCCTATA
GTGCTTTTCCOTGAGGCCTOCTCTOGGGTGTGCGATAAGGGCCTCAGATTIGGGLT
CTGCATCTCACTGCTGCACCTCATGCCATCLCAAGGGAAGCAAAGACTCACGAT
CAACTGUTCAGTOTCCTAGACCGCAGCACTAAGACCCTCTCTACTGCCTGGGOTG
GAGATGGGAGCTGGCOCTTAGCAACCCATGAAAATCATCTCACCACACCCAGTC
CITGCCAGTGTTTTICTGAAGCCAAAGUTAACAGGCCTGOGUCTGGLCAGGCALCCC
TOTACGTACCCTTGCGAGCCAGOTOGTTCCGUCTCTGCCCATCCTGCAGAATCATGT
TTTGCCOTGTCTGOTGCCAAACACTGUTATGTGOCTTCTCTCCTGCCATCAACAGC
TGGGAACAGGGAACCTTGTGCAGGCAGTGCTTCTAGCAAGCTTGCTGTGGTCTCT
GAGCCCCTTGTCCTACCTGACTTCCCAGGTACAATOGUTTTCCCACTTTTTGGGGE
TTTTGTTGTTGTTGGOTTTTTITITIGTTTTTCAAGACAGGUTTTICTICTGTIGTAGTCC
TGTCGOTCOCTGCAACTCACTTTGTAGACCAGGCTGGCCTCCAACTCAGAAATTCA
CCTGCCTCTGLCTCCAAGTOCTGGOATTATGOGOATTAAAGGCATGTGCCACCALG
CCCAGCTOGUTTTTCCACTTTTTAGCCAGGACTTCATTCTATTACCTGAGCTCGGG
ATCTTCCTGCCTCAGCTTTGCATATOGUTAGCACTATAGACCCATGTITCCAGTGA
ATGACTTATGGCTTGTCTIITITTTITITTTTITTTITITTITTATGTGCATTAGTGTTT
TGCCTGCATGTATGCOTTCOTCGAGGGTAGCAGATCTTOGTGTTACAGTTIGTGAGE
TGCTGTGTGGGTGCTGCGATTTTOAACCTAGGTCCTGTGAAATGCAGTCAGTGCT
CCTAACCTCTGAGTCATCTCTCCAGCTCCTOCTCTTCTGCTTTTATGAGGAAAAAG
AAAAGAGAAGTGOOTTGAGAGTGGAAAATGCACATGCAGGGGTGUACALCCTGCA
GTCCCAGCATGCTACAGCAGAGGCAGAAGGACCTTTGTGGGTTAGAGGGCAGCC
TCGAGAATCTTATCTCAAAACAACTTTTTAAAATGTGCTCTGTAGGGGTAGCTCTT
CCCTCCCAAGGTCGACACATCTGGCAATCGCCAGAAACAGATCAGGAGCATCAAC
GCTTGOTTTCCCAGGGCTTGGCTTAATGTATGGCTTCAAACCCATCGGGAGCCAL
CACTCGAACAGCTCCTGAAGGAACTOCAGCACGTCCCAGCCTTGRAATGGAAAGA
GTTCACCTGTOGTGGAGOAATCAACAACCGAGGGATCCCAGAACAACGATCTTCA
CCCCAGAAGCTOAGCCTCTTAGCCCCCACCCACCCATTICCATTTAGOCTGCCAG
CICTTTICTTTACAATGCACCAGACCCCGCOGOGAAAGGGAAGGAGCGOTICTCA
GTGCCCCAGTACCAAGOCCTGGATTATTCAATGAGGTGTCCGCTCCCTTTGTTGG
CGGOGGAGGOGAGCGGGEGETCACAAGGUATCCAAALTCCACCTCTTTCCTICTG
CCCTGCTGTGAAGOGGUAGAGAACAACCCOGCCTCGTCGACAGGGGOCTGGCACAG
CCCGCCCTAGCCCTOAGGAGGGHGCGGGACAGGGGOAGTCCTATAATTGGACCSG
GTCTGGGATCCGATCCCCTOCTCAGACCCTGGAGGUCTAAGGACTTGTTTCGGAAG
GAGCTGUTAAGACAAGCTGOGCTGGOGGATTCACCCAGGGACCTTGGTAGGATGT
GGOGOTGGOAACCTTGAGATCCOCCGRAGTUCAGGAAACAGGUACAAGAATTGGA
AAAGCAGGCAGCACGATAGAAGTCTTGGLGGCACAAACTAAGGACTCGAGGTAA
CTAGCCTTTGCCAGAGTCAGAGCAGGTGGAGOGOTTACCTCCAGGAAGGAGTAL
GOGACTOTCGGTCCACGGUGTACCGGCTCAACTAGGAACCATCCTATOGCGAAA
AAACTCGGGATGAGCCTTAGGUTGCTTTTATATAAATACCTACTOATTTCCATCA
CAGTCCCCAAGTAACCCGGACTGUGTTTCAAACTGTGGCTCCTCATGGCTGAGCTC
CCTAAGTTCTCGTAGTTOTGGGAGGGTACCACTTCGCAGOGATGGAGGACGATTA
AAAATCOGTOTTAAATTAACACAAAATGOAAAGCAGGACTTAGCCGGGAAGAAAG
AGGAATGTAAGUTGGACCACCCGCTGGCCCTCTGTGAAGTGGAATTTGAACCCTA
GGAGAGGGAGCTGGAATTTTTGGCAGCGGATCCACCCCGGBETGUCGAGATAGT
GAACTCGGUAAGGGGAGGTAAACAGACCTTTGGGAAGAGCGGGTGCTCTGTTTT
GGAGATGTTTGTGATOGGUTCACAGATCTGAGAAGGGAAGATGGGETTCTCTGGEG
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TOGUCGGAGTCCCTCCACCCCCGUCCCCTGHTOTTCAAAGACAATTITTCCCTCC
GCAG

{00263  SEQ ID NO:10: DNA sequence including exons 2, 3 and 4 of the human APOE4
gene and 1500 pucleotides 3'UTR of the human APOE4 gene after exon 4 (4292
nucleotides) included in the “humanized” mouse ApoE construct inserted into the mouse
genome.

ACTGGCCAATCACAGGUAGGAAGATGAAGGTTCTGTGGGUTGCGTIGUTGGTCA
CATTCCTGOCAGGTATGOGGGCGGGOCTTGLTCOGTTCCCCCCGLTCOTLCCCCT
CTCATCCTCACCTCAACCTCCTGOCCCCATTCAGGCAGACCCTGGOCCCCCTCTTC
TCAGGCTTCTGTGCTGCTTCCTGUCTCTGAACAGCGATTTGACGCTCTCTGGGCOT
COUTTTCCCCCATCCTTGAGATAGGAGTTAGAAGTTGTTTTGTTGTIGTTGTITGT
TOTTOGTTGTTITGTTITITTCGAGATGAAGTCTCGCTCTGTCGCCCAGGCTGGAGTG
CAGTGGCOGGATCTCGOCTCACTGCAAGCTCCGUCTCCCAGGTECACGCCATICT
CCTGCCTCAGCCTCCCAAGTAGCTGOUGACTACAGGCACATGUCACCACACCCGA
CTAACTTTTTTGTATTTICAGTAGAGACGGGGTTITCACCATGTTGGCCAGGUTGAT
CTGGAACTCCTGACCTCAGGTGATCTGCOCGTITCOATCTCCCAAAGTGUTGGGA
TTACAGGCOTGAGCCACCGCACCTGOCTGGGAGTTAGAGGTTTICTAATGCATTGE
AGGCAGATAGTGAATACCAGACACGOGGCAGCTGTGATCTTTATTCTCCATCACT
CCCACACAGCCCTGUCTOGUGCACACAAGGACACTCAATACATCGCTTITTCCGCTG
GGUGCGGTGGOTCACCCCTGTAATCCCAGCACTTTGGGAGGCCAAGGTGOGAGG
ATCACTTGAGCCCAGGAGTTCAACACCAGCUTGGGCAACATAGTGAGACCCTICT
CTCTACTAAAAATACAAAAATTAGCCAGGCATGGTGCCACACACCTGTGCTICTCA
{CTACTCAGGAGGCTCGAGGCAGGAGGATCGCTTGAGCCCAGAAGGTCAAGGTTG
CAGTGAACCATOTTCAGGCCGUTGCACTCCAGCCTGGGTGACAGAGCAAGALCC
TGTTTATAAATACATAATGCTTTCCAAGTGATTAAACCGACTCCCCCUTCACCCTG
CCCACCATGGCTCCAAAGAAGCATTTGTGGAGCACCTTICTGTGTGCCCCTAGGTA
CTAGATGCCTGGACGGGGTCAGAAGGACCUTGACCCACCTTGAACTTIGTICCACA
CAGGATGCCAGGCCAAGOTGCGAGCAAGCGOTGGAGACAGAGCUGCGAGCCCGAG
CTGCGCCAGCAGACCGAGTGGCAGAGUGGUCAGCGCTOGGAACTGGCACTGGOT
COCTTTTOGGOATTACCTGOOCTGGOTGCAGACACTOTCTGAGCAGGTGCAGGAGG
AGCTOGCTCAGCTCCCAGGTCACCCAGUGAACTGAGGTCAGTGTCCCCATCCTGGLC
CTTGACCCTCCTGHTOGGGUCGUTATACCTCCCCAGGTCCAGGTTICATTCTGCCCC
TGTCGUTAAGTCTTGGGGGOCCTOGUTCTCTOCTGOTTCTAGCTTCCTCTTICCCAT
TTCTGACTCCTGGCTTTAGCTCTCTGGATATCTCTCTCTCAGCTTTGTCTCTCTOTC
TTCCCTTCTGACTCAGTCTCTCACACTCGTCCTGGCTCTOTCTC TG TCCTTCCCTAG
CTCTTTTATATAGAGACAGAGAGATGGGOTCTCACTGTOTTGCCCAGGCTGGTCT
TGAACTTCTGGOUTCAAGCGATCCTCCCGUCTCGGUCTCCCAAAGTGCTGGGATT
AGAGGCATGAGCCACCTTIOCCCOGUCTCCTAGCTCCTTCTTCGTCTCTGCCTCTGL
CCTCTGCATCTGCTCTCTOCATCTGTCTCTGTCTCCTTCTCTCGGCCTCTGOCCOGT
TCCTTCTCTCCCTCTTQOGTCTCTCTGGCTCATCCCCATCTCGLCCGULCCATOCC
AGCCCTTCTCCCCGCCTCCCACTGTGLGACACCCTCCCGCCCTCTCGGCCGLAGSH
GCGCTGATGGACGAGACCATGAACGCGAGTTGAAGGCCTACAAATCGGAACTGGAG
IAACAACTCGACCCCOGUTGOCGUAGBAGACGCGHGCACGGUTGTCCAAGGAGCT
GCAGGCGHCGCAGGCCCGOCTGGOUGUGGACATGGAGCGACGTGCGCEGCLGCC
TGGTGCAGTACCGCOGUGAGOTGCAGGUCATGCTCGGUCAGAGCACCGAGGAGC
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TCCGGOTCCGCCTCGCUTCCCACCTGCGCAAGCTGCGTAAGUGGCTCCTCCGLGA
TGCCOGATCACCTGCAGAAGCGCCTGOCAGTGTACCAGGLCOGOGGCCCGCGAGRG
CGCCGAGCGCOGLCTCAGCGCCATCCGCEGAGCGCCTGOGGCCCCTGGTGGAACA
GGGCCGCGTGCGGGCCGCCACTATGHGUTCCCTGGUCGHCCAGUCGCTACAGGA
GCGGGCCCAGGCCTGGGGCGAGCGOCTGCOCGUGUGUATGOAGCGAGATGGGCA
GCCGGACCCGCHACCEGCCTGRACGAGGTRAAGGAGCAGGTGOUGGAGHTGOGC
GCCAAGCTGGAGGAGCAGGCCCAGCAGATACGCCTGCAGGCCGAGGCCTTCCAG
GCCCGLCTCAAGAGCTOOGTTCGAGCCCCTGOTGGAAGACATGCAGCGCCAGTGE
GCOGGGCTOGTOGAGAAGGTGCAGGUTGLCGTGLGCACCAGUGCCGCCCCTOTG
CCCAGCGACAATCACTCAACGCCOAAGCCTGCAGCCATGCGACCCCACGUCALT
CCETGCCTCCTGLCTCCGCGCAGCCTGCAGCGHGAGACCCTETCCCOGCCCCAGT
COTCCTCCTOGGUGTGGACCCTAGTTTAATAAAGATTCACCAAGTTTCACGCATCT
GETGGCCTCCCCOTOTCATTTCCTCTAAGCCCCAGCCTCAGTTICTCTTITCTGCCC
ACATACTOGUCACACAATTCTCAGCCCCOCTCCTCTCCATCTGTOTCTIGTGTOTATC
TTTCTCTCTGCCCTITTTTITITITTITAGACGGAGTCTGGCTCTGTCACCCAGGCTA
GAGTGCAGTGGCACGATCTTGGCTCACTGLCAACCTCTGLCTCTTGGOTTCAAGCG
ATTCTGCTOCCTCAGTAGCTGGOATTACAGGCTCACACCACCACACCCGGUTAAT
TTTTGTATTTTTAGTAGAGACGAGCTTITCACCATGTTGGCCAGGCAGGTCTCAAA
CTCCTGACCAAGTGATCCACCCGUCGOCCTCCCAAAGTGUTGAGATTACAGGCCT
GAGCCACCATGCCCGGCCTCTGCCCCTCTTITCTTTTTTAGGGOGCAGGGAAAGOT
CTCACCCTGTCACCCGCCATCACAGCTCACTGCAGCCTCCACCTCOTGGALTCAA
GTGATAAGTGATCCTCCCGCCTCAGCCTTTCCAGTAGCTGAGACTACAGGCGCAT
ACCACTAGCATTAATTTOGOGGGGGGGOTOGTOTGTGTGGAGATGGGHGTCTGGC
TTTGTTGGCCAGGCTGATETGGAATTICCTGOGUTCAAGUGATACTCCCACCTTGE
CCTCCTGAGTAGCTCGAGACTACTOGUTAGCACCACCACACCCAGCTTTTTATTAT
TATTTGTAGAGACAAGGTCTCAATATGTTGCCCAGGCTAGTCTCAAACCCCTGHE
CTCAAGAGATCCTCCGCCATCGGCCTCCCAAAGTGCTGGGATTCCAGGUATGGG
GCTCCGAGCCCGUCCTGCCCAACTTAATAATACTTOTTCCTCAGAGTTGCAACTC
CAAATGACCTGAGATTGOTGCCTTTATTCTAAGCTATITICATTTTTTTTICTGCTGT
CATTATTCTCCCCCTTCTCTCCTCCAGTCTTATCTGATATCTGCCTCCTTCCCALCCC
ACCCTGCACCCCATCCCACCCCTCTGTCTCTCCOTETTOTCOTCAGGAGACTCTGG
CTTCCTGTTTTCCTCCACTTCTATCTTTTATCTCTCCCTCCTACGOTTTICTTTTOTTT
CTCCCCOGGCCTGCTTGTTTCTCCCCCAACCCCCTTCATCTGGATTTCTTCTTCTGLC
ATTCAGTTTGGTTTGAGCTCTCTGCTTCTCCGOGTTCCCTCTGAGCTAGUTGTCCCT
TCACCCACTGTGAACTGGGTTTICCCTGCCCAACCOCTCATTCTCOTTTICOTTICTTTCNT
FTTTTTTTTTITTITTTTTITTITITITITITITCGAGACAGAGTCTTGCTCTGTTGCCCAGCU
TOGAGTGCAGTGOTGCAATCTTIGOTTCACTGCAACCTCCACTTCCCAGATTCAAG
CAATTCTCCTGCCTCAGUCTCCAGAGTAGCTGOGATTACAGGCGTGTCCCACCAL
ACCCGACTAATTTITGTATTTTTGGTAGAGACAAGGCTTICGGCATTGTT

[00204] SEQ ID NO:1l: a Frt PGKneo Frt cassette followed by an Ndel restriction
enzyme site (CATATG) (1834 nuclestides) inserted in the “humanized” mouse Apob
construct between nucleotides 9272 and 9273 to allow for selection prior {o recombinase-
mediated removal of this cassette.

GAAGTTCCTATICTCTAGAAAGTATAGOAACTTCAGCGTCTGAAGAGGAGTTTACG
TCCAGCCAAGUTAGCTTGOCTGCAGOTCETCCGAAATTCTACCOGHGTAGHGHAGG



(s

10

15

25

30

40

WO 2018/175581 PCT/US2018/023565

- 53 .

CGCTTTTCCCAAGGCAGTCTGLAGCATGCGUTTTAGCAGUCCCGUTGGGCALTTC
GCGCTACACAAGTOGLCTCTOGUCTCGCACACATTCCACATCCACCGOTAGGCGL
CAACCGUCTCCOTTCTTIGOTGGCCCCTTCGCGCCACCTTICTACTCCTCCOCUTAGT
CAGGAAGTTCCCCOCCCGUCCCGLAGCTCOCATCGTGCAGGACGTGACAAATGGA
AGTAGCACGTCTCACTAGTCTCGTGCAGATGCGACAGCACCGCTGAGCAATGGAA
GCGGGTAGGCCTTTOGOGCAGCGOCCAATAGCAGCTTTIGCTCCTICGUTTTICTGE
GCTCAGAGGCTOGOAAGGGOTGOETCCGGGGGCGHGUTCAGGGGCGGGUTCAG
GGGCGOGHCGGECGCCCGAAGGTUCTCCGGAGGUCCGGCATICTGCACGCTICA
AAAGCGCACGTCTGCCGCGCTGTTCTCCTCTTCCTCATCTCCGGGCCTTTCGACCT
GCAGCCTOTTCGACAATTAATCATCGGCATAGTATATCGGCATAGTATAATACGAC
AAGGTGAGGAACTAAACCATGGGATCGOCCATTGAACAAGATGGATTGCACGLA
GOTTCTCCGLGCCGCTTGOGTGGAGAGGCTATTCGGCTATGACTGUGCACAACAG
ACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGUGCCOGE
TICTTTTTGTCAAGACCGACCTOTCCGGTOCCCTGAATGAACTGCAGGACGAGGC
AGCGCGGCTATCGTGOCTGGCCACCGACGGGCGTTCCTTGCGCAGCTGTGUTCGAC
GTTOGTCACTGAAGUCGOGAAGGUACTGGCTOCTATTGGGCGAAGTGCOGGBGLAG
CATCTCCTGTCATCTCACCTTGCTCCTGUCGAGAAAGTATCCATCATGGUTGATG
CAATGCOGUGGUTGCATACGCTTGATCCGGUTACCTGCCCATTCGACCACCAAGT
GAAACATCGCATCOAGCOGAGCACGTACTCGOATGGAAGCCBGTCTTGTCGATCA
GGATGATCTGGACGAAGAGCATCAGGOGGCTCGCGCCAGCCGAACTGTTOGCCAG
GCTCAAGGCGCGCATGCCCGACGGCGATRATCTCOTCGTGACCCATGGCGATGC
CTGCTTGCCGAATATCATGOTGOAAAATGGCCGCTTTTCTGOATTCATCGACTGT
GOGCCGLCTCGGOTOTGGCGUACCOCTATCAGGACATAGCGTTGGCTACCCGTGAT
ATTGCTGAAGAGCTTGGCGGCGAATGGOCTCACCGUTTCCTCGTGUTTTACGOTA
TCGCCGUTCCCGATTCGCAGUGCATCGCCTTCTATCGCCTTCTTGACGAGTTOTTC
TCGAGGGUGATCAATTCTCTAGAGCTCGCTGATCAGCCTCHACTOTGCCTTCTAGTT
GCCAGUCATCTGTTGTTTGCCCOTCCCCCETGLCTTCCTTRACCCTGGAAGGTGLC
ACTCCCACTGTCUTTTCCTAATAAAATGAGGAAATTGCATCOCATTGTCTGAGTA
GOTOTCATTCTATTICTGGGGGGTOGGETGGGGCAGGACAGCAAGGGGGAGGATT
GGGAAGACAATAGCAGGCATGCTGGOCATGCGGTGOGCTCTATGGCTTCTGAGH
CGUGAAAGAACCAGCTGGGOCTCOACTAGAGCTTGCGGAACCCTTCGAAGTTCCT
ATTCTCTAGAAAGTATAGGAAUTTICCATATG

[B02651 SEQ ID NO12: 3 homology arm (5166 nucleotides) included in the
“humanized” mouse Apol construct inserted into the mouse genome.

AAACCTCGATGGAGAAGATACAGGCCTCTGTGGCTACCAACCCCATCATCACCLC
AGTGGCCCAGHGAGAATCAATGAGTATCCTTCTCCTGTCCTGCAACAACATCCATA
TCCAGCCAGGTGOCCCTOTCTCAAGCACCTCTCTGGLCCCTCTGGTGGCCCTTGCTT
AATAAAGATTCTCCOGAGCACATTICTGAGTCTCTGTGAGTGATTCCAATCAGCTTC
AGCCTCAGTTTATTOTTTTTTGCCTTACCTAGCACACATTCCATGGCCCTGTCACT
ATCTGTAGAGGGAGGTGOGTTITGCAGCAATAGAAATOAAGCCTAGGACCTAGCA
ACATAAAAGAACAAGTOATCTACCACTCAGCCACGUCCACAGCCCCTCACTGGG
GGATTCTAGGUAGGOGUTCTACCACTGAGCCACCCGCAGCCCOCTCACTGHRGGAA
TCATATCTACCACTGAGTCACGUCCCTCCAGCCCUTCACTACGOGAATTCTAGTC
AGTAGCTCTACCACTGAGCCACACCCACAGCCTCTGGGGCTCTTCACCGLCCCOT
ACCCCTGGATTCTAGGCATGGGCTCATTTITATTTATTITATTTATTTAAGATTTIGTTY
ATCTTATGTATAAGGTACACTGCAGCTGTCTTCAGGUGTCAGGTCCCATTACAGA
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TOGTTGTCAGCCACCATOGTGGTTGCTGGGAATTGAACTCAGGACTTATAGAAGAG
TAGTCAGTGUTCTTAACTGCTCGAGCCATCTCTCCAGCACCCAGTACAGGUTCTICT
ATTTAGCTATATCCACCCTTCTTITITAGTCTCGAAATAGGATCTCAACTGATTTTCC
TTGCACTCCOTCTAGCCTAGTTTGGTCTTGAATATTTGAATCTITIGTITTCAAATC
AATCTCTACAGCGAACTGAGAAAGGCATGTACCACTTCATOTGGGTCAGTTGGGCT
ACTTITTCCCAACTTCCCAAGCACCUACTGCACAGCTATGCCTTGAATCAATCAAC
ATGTAAGAGACCAGGOTCOGCCAGGCOGTGTTTACTTTICTGGTTGTICTTATCTOTC
CTCCTCCGCTCTAGTCTTATCTGACACCUTCTCCTTGCCTTGTICTCTCCTCTTITTITC
CCTTCTAGGUTTCCTITICTCOUTTCCTGTTTTCCTGATCCTCTGTITATCTCACCCY
CCCOCGUTTICTTTTGCTCTORCCOTTTIGOTTGGCGGTTTCTACGGTTTCTACGTG
GCTTTTGOAACCTCAGCCTTTCTCCOCTTOCTCTGAAGTTAGCTGGATCTTTGLTCC
CTCTGGOTCATGOGOCCTTAGCCCCATTCTTTCTCCOCTGCCTGTGCTGCATGCCT
TTTGACTTTCCCAGCAAGTGTATGGACGAGTGAGTTCAGOCTGOGGACACAAAAC
CATICTCCCCATGTCOTGOTACTCAAAGGGGTCATGETGGAAGCTGGAGAGCCLCC
TGGCTOGCTTCTCCTCCCACCCCCTCAGTTCTCAGGUACTCAGCAGGGCTCCCAL
TAACAGGGGCAGGCTAGGGUTTGAGUTGTGTCTTGGGTCGGOCCAAGGCTITCAG
AACTCAACTGUCTCTGOCACACCCCGAGCCTGCAGCTTTTCCTGGCATCAAACTC
AGCATTATCTGGAGGCAGGUACCACTCCCACACATCGACTCATTAGGCCCAATGA
GAAGATGGOTCGOTGGGUTAGTGACAGGOCCCTAGACAGCCACACTTCATGCCL
AGGGOCTAGGAGCACACCCCCAGAGCCTCACTACTUTCAAATATCAAGATGAGS
GGAGAGTATAGAGGOAATGTOTCCCTCTGAAGACCTGAATTATTGTGATGTTATT
TGAGCCACGCTGGUCTTGAACTCTGAACCCTCCTGCCTCATCTICAAAGGCTGGA
ATTACAGGTTCGCOGCCACTAGGCCTATUCTGAGAACTTAGTTAATTCTACAGAAGA
GAGTTTIGTTTICACTGGTTTGAAACCGAGGCCTCOTGTACCCAGAGCTACTCTITTG
CCAACTCACTGTAGAGCCAAGGATCGACCTTGAACTCTGOTCTTCCTGGCTCCGAG
TCCTCGOTACTGGUTAGACAATGTGTCGATCCTAACCCCCAGTTTTATGTGGTGLT
ATACAGATGGCATCCAGOGOTTTICCTGCATGUTGGACAGGTCATCAACCAACCGA
GCCACATCOTCCTCATCATCATCACTTTGTTGTTGGTTTTCAATCCAGAGCTCATG
GAGCCCAAGUTGGCCTCAATCTATATAACCAAGACTGTGCCTGGTCTTICCTGTCT
CTACCTAACAAATCGATGGTGGOATGCAGGGATGTACAACCAGGAGCAGAGCCTT
ACTTCTAAACGAAGAAGGAACCCCACCTCCCTOTGGGCAGACCTGOAGGTGGEG
CAAGGACCACAGAAAGACATTACAGAACTAGCGATCOTGAAGGAAGTCATGGAG
GCCAGCCTGTTGTACAGAGTGAGTTCCAGGACAGUCAGGGCTACATAGAGGAAA
ACAAGAAGOGAAAAAAAAAAAAAAAAAAACGAACTGAATGACTAGCAGTTTITAGA
ACCTTAGCTGTGTGCTTCCCGTACCCTACCTATOGUCACAGGAAGCCCTTGTTGCT
AAGAGTAGGATGACACTOGAAGCACCAAGCACTGGGCAGAGTAAGGGGGAAAT
CTGTTACATTATICAGATGOGCGCTTOAGGACTGAGCAGGACTCCTTTCAAGAAG
CAAAAGGGTCAGHCCTOGTOCCCACAGGUACTGGAAGCTAGCTAGCGCCGAGTT
GOGCCCCAGAGATGOTCGCAACCCAGCCAGGGTCOAGAATCTGTTCCACCCOTTTICA
CAACCATCCCCCTGTTGTCETCGTCCCCACCCCCACCCCCGUCCCAACTGACALG
TGGGTTGCAGGOGCACCAGGCCAGUCAACCTAGAGTOTGGGUCCCTTAGCCACC
AGCTGCCAGGOGGTCACTGTCGOTCAATCGACAGCTCTGGGGCAGGGGGOGAGAA
GGGUCTTGOACTUCTAGCCTGAGAGAAAGGATGTTGTGGAAGGAGGGGGCAGGGA
GOCAAGTTTAGGGCCTGCAGGOGCCTAGGAGGCCCCACAAGACCTAAAAACGGE
GGAAGGGGGGTTGTOCCAGTTAGGUGACACTATGGAGCTCTGCAAGCTAAGAGG
CTCTTAGCTTCTTTGCAGTTTTOACTAGCTGAAGAGGCAACTTCTAAGGAAGGGA
GATGAGUGGATGCCAAGATCCCAGAGAGCATCCGAGUAGGTCTGAGGGTGTGCA
GATGCAAAGGCATTGCGAGGTOAAGGGAGUCAGGGTGCAGCATCCGGGACAGAA
TGTGAGCTCGAGGCTCCTOGTCAAGGAGAAGCTAGAGAAGAGCTAACCTGAGGAT
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GCAGTGTGAGCTAGGGGTGAGATGOGGGTOAGGGGAGTTGTTTGTAAGACCCCT
CCCCTTAAGOTGGGACAGCCTCAGAGAGAGAGTGAGTAGGCAGAGCAGCCAAG
GCTGOOTOCAGATCAATGACGATTTGGAACGTGAGOATGCTGACCAGTGACGAGCC
TTGGGCCTAAATAAAAAGCCTGGATGTOGUATCTGCCTCCCAGTATCOALCAGA
ATCGACAGAAGAGAGTGOGGUTGETTGTGTTOGTGTTGGTGCATGUCTGTAATCCCA
GCAACTCACTAGAGAGGCAGAGGCAGGAGCATCACAAATTCCAGGCCAGCCAA
AAAGUCTATGTAAAAAAAAAAAAAAGAGAAAAAAGAAAAAAGAAAAAGTAGGT
GGACACAGAGACAAGGGGGAGGCTCAGGGGCAGGGUGACCAGCTTGCTCCGLC
CCCTCCCCAACCGUTTAAACCTCTGTGCAGGATCUTCCCACCBCCATGGHCCTCC
TOAGAGATCCTTAGATCCAGGTTAGTGCATAGGAAAGTOGTCCCCCCACTACCTAL
AGCTAAGGGATTGGGGTGOTCGGCGATCATGOTCGAGGGCGGTGGTHAATACTAGC
GATGTCCCCOCGCTACCCGTGCGTOTGUCTCCAGGOTGCCCCTCCAACCAGGATGA
GGCTCTTCATCQCTCTTCCTGTCCTGATTGTGOTCGTAGCCATGACCTTIGHAAGGT
AAGAAAGAGCCTTOGAAGGTAAGAAAGAGGOTTGGAAGTGTGAAGTTGGCCTTG
TGCOTGCOGOCCCAGGCTTAGAAGACCCTCOAGGAGGOGUTCTGAGGTCCCTTTCTG
TGTCATCATTCCACTACCGCCCTCCCATOCOTCCCCCATCCCACCTGUCAGGTGLOT
TATTTTTGTGTCAAAGTGGUETOCTGAAGGAGGCAACTCTGTCCAGAAAAGACGT
AGTAACCAATCGACCTAGGATACCACCCTTTGOAATTGOCTAATCTTCCTAGAAGG
GGLGGAGCGTAAAAACAAGGAGGTCGAGAGGTGCAGTAAAATCAAGTGTCCAAT
ACCCTCCCCCATGUTAATCGAGTTTGCTCOCAACCCTICTCGCGGCAGGCCCAGCCT
CCOCCCAGGCGGLCCCGRATTTGTCCGOGAACATTGGAGAGUATACCGGATAAAC
TGAAGGAGTTTGGGAACACTTITGGAAGACAAGGCCCGCGGCAGCCATTGAACATA
TCAAACAGAAGGAAATITTGACCAAGACCCGGTTAGGACCTTTCAGHGCACGGG
CGGOTGOTOGTETOTGTOTOTGCOTGLBCGCGCOCCOGTGTGTAAAAGCCCTAGCA
GACAGTTCCACACTGACACAATGGGGAAACTGCACCAGAGTGTTITCGACACTTTCC
CTGAAGTCATAGAACTGTATCTGAAGTCATTGAACTGGATGTCAAAGTGCTCGTA
GTGTGGAGACAGGCGGTGTAACTCCCAGCCAACTGTTAGAGATGTTICCAAGTCC
TAGTGAAGGGCCAAGCTAGGCOGGCTCGACTGOTTAGGACAGACCCTGACCCCTCO
CTGTGTACTCTTGAGACAGOTCATCACTIGAGTCTCCGAGACAGAGAAAGAATGT
AGGAGAGTTGOGOGCAGGGGCACAGCAGAAGCTGTACAGGCCTGGGCTCTGCAGT
TTACACTGGCCAAAGAGAGATTAGGGCATGUTGGGTTAAGAACTAGCCAGGCAG
TOGGTGGCGCACACCTTIGATCCCACTATTCATGAGGCAGAGGCAGGCAGATCTCT
TTCGAGGCCAGCCTGATTGCAGCTAGTTCTAGGAAAGCCAGGGUTACACAGAGAA
ACCCTGTCTCAACACCACCACCACCCCLC

002061  SEQ ID NO:13: wild-type amino acid sequence-mouse Apos

MKALWAVLLVTLLTGCLAEGEPEVTDQLEWQSNQPWEQALNRFWDYLRWVQTLS
DOVQEELQSSQVTQELTALMEDTMTEVKAYEKELEEQLGPVARETRARLGKEVQA
AQARLGADMEDLRNRLGOQYRNEVHTMLGOQSTEEIRARLSTHLREKMREKRLMRDAED
LOQKRLAVYKAGAREGAERGVSAIRERLGPLVEQGRORTANLGAGAAQPLRDRAQA
FGDRIRGRLEEVONQARDRLEEVREHMEEVRSKMEEQTQOIRLQAEIFQARLKGWEE
PIVEDMHROQWANLMEKIQASVATNPHTPVAQENQ

{02677  SEQ D NO:14: amino acid sequence-human APOE3
MEVLWAALLVTFLAGCQAKVEQAVETEPEPELRQQTEWQSGORWELALGREWDY
LRWVQTLSEQVQEELLSSQVTQELRALMDETMKELKAYESELEEQLTPVAEETRAR
LSKELQAAQARLGADMEDVCGRLVOQYRGEVOQAMLGQSTEELRVRLASHLRKIRKR
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LLRDADDLOKRLAVYQAGAREGAERGLSAIRERLGPLVEQGRVRAATVGSLAGQPL
OERAGAWGERLRARMEEMGSRTRDRLDEVEEQVAEVRAKLEEQAQOIRLQAEAFQ
ARLKSWFEPLVEDMORQWAGLVEKVOAAVGTSAAPYPSDNH

[00208]  SEQ ID NO:15: APOE4p {299 amino acids)

KVEQAVETEPEPELROQOTEWQSGORWELALGRFWDYLRWVOQTLSEGVQEELLSSOQ
VTQELRALMDETMKELKAYKSELEEQLTPVAEETRARLSKELQAAGARLGADMED
VRGRLVQYRGEVOAMLGOSTEELRVRLASHILRKLRERLLRDADDLOKRLAVYQAG
AREGAERGLSAIRERLGPLVEQGRVRAATVOSLAGOPLOERAQAWGERLRARMER
MGSRTRDRLDEVKEQVAEVRAKLEEQAQOIRLOAEAFQARLKS WFEPLYEDMORGO
WAGLVEKVOAAVGTSAAPVPSDNH

[B026%]  Any patenis or publications mentioned in this specification are incorporated
herein by reference 1o the same extent as if cach individual publication is specifically and
individually indicated o be incorporated by refercnce,

[66218]  The genetically modified mice and methods of use described herein are presently
representative of preferred embodiments, exemplary, and not intended as limitations on the
scope of the invention. Changes therein and other uses will occur to those skilled in the art,
Such changes and other uses can be made without departing from the scope of the invention

as set forth in the claims.
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WHAT IS CLAIMED IS:

1. A genetically modified mouse comprising:

a transgene encoding a humanized APOE4 protein (APOE4p), wherein the transgene
comprises exon 1 of a mouse Apoe4 gene and exons 2, 3 and 4 of a human APOE4 gene; and

a mouse gene encoding a mouse Trem2 protein comprising a p.R47H mutation
(Trem2p),

wherein the humanized APOEp and mouse Trem2p are expressed in the genetically
modified mouse, and the genetically modified mouse exhibits one or more characteristic(s) of
non-familial late-onset Alzheimer’s disease selected from (a) microglia, amyloid plaques, tau
aggregates, inflammation, synaptic and/or neuronal loss, cognitive deficit, or blood flow deficit
in the brain of the genetically modified mouse (b) cerebrovascular leakage and (¢) cholesterol

metabolism.

2. The genetically modified mouse of claim 1, wherein the humanized APOE4p
comprises an amino acid sequence of: SEQ ID NO:1, or the humanized APOE4p is encoded
by the complement of a nucleic acid which hybridizes to SEQ ID NO:2 under highly stringent

hybridization conditions.

3. The genetically modified mouse of claim 1, wherein the mouse Trem2p
comprises an amino acid sequence of: SEQ ID NO:3, or the mouse Trem2p is encoded by the
complement of a nucleic acid which hybridizes to SEQ ID NO:4 under highly stringent

hybridization conditions.

4. A method for screening a putative treatment for human Alzheimer’s disease,
comprising:

administering a compound to a genetically modified mouse of any one of claims 1 to 3;

assessing an effect of the compound on one or more characteristic(s) of non-familial
late-onset Alzheimer’s disease selected from (a) microglia, amyloid plaques, tau aggregates,
inflammation, synaptic and/or neuronal loss, cognitive deficit, or blood flow deficit in the brain
of the genetically modified mouse, (b) cerebrovascular leakage, and (c) cholesterol
metabolism; and

comparing the effect to a control mouse.
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6.

-58-

The method of claim 4, wherein the control mouse is a wild-type C57BL/6J

The method of claim 4, wherein the control mouse is an APOE3-expressing
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SEQUENCE LISTING

<110> The Jackson Laboratory

<120> A GENETICALLY MODIFIED MOUSE EXPRESSING HUMAN APOE4 AND MOUSE
Trem2 p.R47H

<130> 47JLA12252W0

<150> 62/474,358
<151> 2017-03-21

<160> 17

<170> PatentIn version 3.5

<210> 1

211> 317

<212> PRT

<213> Homo sapiens

<400> 1

Met Lys Val Leu Trp Ala Ala Leu Leu Val Thr Phe Leu Ala Gly Cys
1 5 10 15

Gln Ala Lys Val Glu Gln Ala Val Glu Thr Glu Pro Glu Pro Glu Leu
20 25 30

Arg Gln Gln Thr Glu Trp Gln Ser Gly Gln Arg Trp Glu Leu Ala Leu
35 40 45

Gly Arg Phe Trp Asp Tyr Leu Arg Trp Val Gln Thr Leu Ser Glu Gln
50 55 60

Val Gln Glu Glu Leu Leu Ser Ser Gln Val Thr Gln Glu Leu Arg Ala
65 70 75 80

Leu Met Asp Glu Thr Met Lys Glu Leu Lys Ala Tyr Lys Ser Glu Leu
85 90 95

Glu Glu Gln Leu Thr Pro Val Ala Glu Glu Thr Arg Ala Arg Leu Ser
100 105 110

Lys Glu Leu Gln Ala Ala Gln Ala Arg Leu Gly Ala Asp Met Glu Asp
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Val

Gly

145

Lys

Leu

Ser

Arg

Ala

225

Ser

Val

Glu

Asp

Val
305

Arg

130

Gln

Leu

Ala

Ala

Ala

210

Gln

Arg

Arg

Ala

Met

290

Gly

<210>

115

Gly

Ser

Arg

Val

Ile

195

Ala

Ala

Thr

Ala

Phe

275

Gln

Thr

Arg

Thr

Lys

Tyr

180

Arg

Thr

Trp

Arg

Lys

260

Gln

Arg

Ser

Leu

Glu

Arg

165

Gln

Glu

Val

Gly

Asp

245

Leu

Ala

Gln

Ala

Val

Glu

150

Leu

Ala

Arg

Gly

Glu

230

Arg

Glu

Arg

Trp

Ala
310

Gln

135

Leu

Leu

Gly

Leu

Ser

215

Arg

Leu

Glu

Leu

Ala

295

Pro
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120

Tyr

Arg

Arg

Ala

Gly

200

Leu

Leu

Asp

Gln

Lys

280

Gly

Val

Arg

Val

Asp

Arg

185

Pro

Ala

Arg

Glu

Ala

265

Ser

Leu

Pro

Gly

Arg

Ala

170

Glu

Leu

Gly

Ala

Val

250

Gln

Trp

Val

Ser

Glu

Leu

155

Asp

Gly

Val

Gln

Arg

235

Lys

Gln

Phe

Glu

Asp
315

Page 2

Val

140

Ala

Asp

Ala

Glu

Pro

220

Met

Glu

Ile

Glu

Lys

300

Asn

125

Gln

Ser

Leu

Glu

Gln

205

Leu

Glu

Gln

Arg

Pro

285

Val

His

Ala

His

Gln

Arg

190

Gly

Gln

Glu

Val

Leu

270

Leu

Gln

Met

Leu

Lys

175

Gly

Arg

Glu

Met

Ala

255

Gln

Val

Ala

Leu

Arg

160

Arg

Leu

Val

Arg

Gly

240

Glu

Ala

Glu

Ala



<211>
<212>
<213>

2792
DNA
Homo

<400> 2
actggccaat

tggcaggtat
ctcaacctcc
gcttectgge
gataggagtt
atgaagtctc
gctcegectc
aggcacatgc
catgttggcc
caaagtgctg
tgcattgcag
acccccacac
cgcggtggct
agcccaggag
caaaaattag
caggaggatc
actccagcct
ttaaaccgac
cttctgtgtg
tgaacttgtt
agcccgagcet
gtcgettttg

tgctcagctc

tcctggtggg

sapiens

cacaggcagg

88888cL8LL

tggccccatt
tctgaacagc
agaagttgtt
gctectgtege
ccaggtccac
caccacaccc
aggctggtct
ggattacagg
gcagatagtg
agccctgect
cacccctgta
ttcaacacca
ccaggcatgg
gcttgagecc
gegtgacaga
tcccccectca
cccctaggta
ccacacagga
gcgccageag
ggattacctg
ccaggtcacc

cggctatacc
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aagatgaagg
cttgctcggt
caggcagacc
gatttgacgc
ttgttgttgt
ccaggctgga
gccattctcec
gactaacttt
ggaactcctg
cgtgagccac
aataccagac

ggggcacaca

atcccagcac
gcctgggcaa
tgccacacac
agaaggtcaa
gcaagaccct
ccctgeccac
ctagatgcct
tgccaggcca
accgagtggc
cgctgggtec
caggaactga

tccccaggtc

ttctgtgggc
tccccceget
ctgggccccc
tctctgggec
tgtttgttgt
gtgcagtggc
tgcctcagcec
tttgtatttt
acctcaggtg
cgcacctggc

acggggcage

aggacactca
tttgggaggc
catagtgaga
ctgtgctctc
ggttgcagtg
gtttataaat

catggctcca

ggacggggtc
aggtggagca
agagcggcca
agacactgtc
ggtgagtgtc

caggtttcat
Page 3

tgcgttgetg
cctceccectce
tcttctgagg
tcggtttcecc
tgttgttttg
gggatctcgg
tcccaagtag
cagtagagac
atctgcccgt
tgggagttag
tgtgatcttt
atacatgctt
caaggtggga
ccctgtetcet
agctactcag
aaccatgttc
acataatgct
aagaagcatt
agaaggaccc
agcggtggag
gcgctgggaa
tgagcaggtg
cccatcctgg

tctgccectg

gtcacattcc
tcatcctcac
cttctgtget
ccatccttga
tttttttgag
ctcactgcaa
ctgggactac
ggggtttcac
ttcgatctcc
aggtttctaa
attctccatc
ttccgetggg
ggatcacttg
actaaaaata
gaggctgagg
aggccgctgce
ttccaagtga
tgtggagcac
tgacccacct
acagagccgg
ctggcactgg
caggaggagc
cccttgaccc

tcgctaagtc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440



ttggggescc

tagctctctg
ctcacactcg
gatggggtct
cgccteggec
ctccttcttc
ttctctegge
ctcgcecgec
ctcggecgea
ctggaggaac
caggcggegc
taccgcggeg
gccteccacc
cgcctggeag
cgcgagegcec
ctggceggcec
atggaggaga
gaggtgcegeg
caggcccgcec
gegctggteg
aatcactgaa
ccgcgecagcec
tagtttaata
<210> 3

<211> 249

<212> PRT
<213>

tgggtctctg
gatatctctc
tcctggetct
cactgtgttg
tcccaaagtg
gtctctgect
ctctgecccg
ccatcccagc
gggegctgat
aactgacccc
aggcccggcet
aggtgcaggc
tgcgcaagct
tgtaccaggc
tggggcccct
agccgctaca
tgggcagecg
ccaagctgga
tcaagagctg
agaaggtgca
cgccgaagcec
tgcagcggga

aagattcacc

47JLA12252W0_ST25. txt

ctggttctag cttcctcttc ccatttctga

tctcagettt
gtctctgtcec
cccaggctgg
ctgggattag
ctgcectctg
ttccttctct
ccttcteccc
ggacgagacc
ggtggcggag
gggcegeggac
catgctcggc
gcgtaagegg
cggggeecgc
ggtggaacag
ggagcgeecc
gacccgcgac
ggagcaggcc
gttcgagccc
ggctgeegtg
tgcagccatg
gaccctgtcc

aagtttcacg

Artificial Sequence

gtctctetet
ttccctaget
tcttgaactt
aggcatgagc
catctgctct
ccctettggg
gcctcccact
atgaaggagt
gagacgeges
atggaggacg
cagagcaccg
ctcctcegeg
gagggcegecyg
ggccgegtgc
caggcctggg
cgcctggacg
cagcagatac
ctggtggaag
ggcaccagcg
cgaccccacg
ccgccccage

ca

Page 4

cttcccttct
cttttatata
ctgggctcaa
caccttgccc
ctgcatctgt
tctctctgge
gtgcgacacc
tgaaggccta
cacggctgtc
tgcgeggecg
aggagctgcg
atgccgatga
agcgeggect
gggccgecac
gcgageggcet
aggtgaagga
gcctgeaggc
acatgcagcg
ccgecectgt
ccaccccgtg

cgtcctectg

ctcctggett
gactcagtct
gagacagaga
gcgatcctcec
ggcctcctag
ctctgtctcec
tcatccccat
ctcccgeect
caaatcggaa
caaggagctg
cctggtgcag
ggtgcgectc
cctgcagaag
cagcgccatc
tgtgggctcc
gegegegegs
gcaggtggcg
cgaggccttc
ccagtgggcc
gcccagegac
cctcctgect

gggtggaccc

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2792



<220>
<223>

<400>

Met Gly Pro

1

Gln

Arg

Ala

Ser

65

Ser

Leu

Leu

Leu

Glu

145

Arg

Leu

Ala

Val

Trp

50

Thr

Thr

Lys

Arg

Glu

130

Glu

Gln

Ser

Leu

Ser

35

Cys

His

Val

Asn

Gly

115

Asp

Ser

Val

Lys

Leu

Asn

20

Cys

Arg

Gly

Ile

Leu

100

Arg

Pro

Ser

Ser

Glu
180

His

Thr

Thr

Gln

Val

Ala

85

Gln

Glu

Leu

Ser

Ser

165

Ser

Gln

Thr

Tyr

Leu

Trp

70

Asp

Ala

Ala

Asp

Phe

150

Cys

Arg

Phe

Val

Asp

Gly

55

Leu

Asp

Gly

Glu

Asp

135

Glu

Gly

Asp
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Leu

Leu

Ala

40

Glu

Leu

Thr

Asp

Val

120

Gln

Gly

Ser

Leu

Leu Leu
10

Gln Gly
25

Leu Lys

Glu Gly

Ala Phe

Leu Ala
90

Ala Gly
105

Leu Gln

Asp Ala

Ala Gln

Pro Leu

170

Leu Pro
185

Leu

Met

His

Pro

Leu

75

Gly

Leu

Lys

Gly

Val

155

Ala

Thr

Page 5

Ile

Ala

Trp

Cys

60

Lys

Thr

Tyr

Val

Asp

140

Glu

Tyr

His

Thr

Gly

Gly

45

Gln

Lys

Val

Gln

Leu

125

Leu

His

His

Leu

Ala

Gln

30

Arg

Arg

Arg

Thr

Cys

110

Val

Trp

Ser

Leu

His
190

Mouse Trem2 protein having the R47H point mutation

Leu

15

Ser

His

Val

Asn

Ile

95

Gln

Glu

Val

Thr

Pro

175

Ser

Ser

Leu

Lys

Val

Gly

80

Thr

Ser

Val

Pro

Ser

160

Pro

Ser



Pro Pro
195

Leu Gly
210

Arg Ala
225

Trp Thr

<210> 4

<211> 1056
<212> DNA
<213>

<220>
<223>

<400> 4
acttcaaggg

aaggtgccat
ccctcaacac
atgacgcctt
gcccatgeca
ggaatgggag
agaacctcca
ctgaggtcct
ctggagatct
gcacctccag
ccaaggaatc
ctcctgagca

ccgggaacac

47JLA12252W0_ST25. txt

Gly Leu Arg Ser Pro Glu

200

Cys Gly Gln Gly Gln Ala

215

Gly Leu Trp Pro Arg Cys

230

245

aaaagcaaga
gggacctctc
cacggtgctg
gaagcactgg
gcgtgtggtg
cacagtcatc
agccggtgac
gcagaaagta
ctgggtcccc
gcaggtttca
aagagacctc
agtttcttge

ctgtggtcag

Arg Arg Tyr Val Arg Glu

Artificial Sequence

tcttgcacaa

caccagtttc

cagggcatgg

gggagacaca

agcacacacg
gcagatgaca
gcgggectcet
ctggtggagg
gaggagtcat
tcctgtgggt
cttcccaccc

agccagcatc

agggctggac

Gln Val Ser Cys Ser Gln His Pro

205

Glu Ala Gly Asn Thr Cys Gly Gln

220

Trp Ala Pro Thr Ser Asp Pro His

235

Phe

ggtcccctcec
tcctgetget
ccggccagtc
aagcatggtg
gtgtgtggct
cccttgetgg
accagtgtca
tgctggagga
cgagtttcga
cacctctagc
acctccattc
ctctgggctg

tgtggccaag
Page 6

ggctggetgce
gatcacagcc
cttgagggtg
tcggcagctg
gctggecttc
aaccgtcacc
gagtctccga
ccctctagat
gggtgcccaa
ctaccacctt
ttctcctcct

tggccagggs

atgctgggca

240

DNA encoding mouse Trem2 protein having the R47H point mutation

tggcaaagga
ctgtcccaag
tcatgtactt
ggtgaggagg
ctgaagaagc
atcactctga
ggccgagageg
gaccaagatg
gtggaacaca
cctcctcttt
ggcctgegtt
caggcagaag

ccaacttcag

60

120

180

240

300

360

420

480

540

600

660

720

780



atcctcactg
agtccagcca
tctgctactt
atactggtgt
ctgcactttg
<210> 5
<211> 249
<212> PRT
<213> Mus
<400> 5
Met Gly Pro

1

Gln Ala Leu

Val Ser

35

Arg

Ala Trp

50

Cys

Ser Thr His

65

Ser Thr Val

Leu Lys Asn

Leu Arg Gly

115

Leu Glu Asp

gacccggagsg

ggagtcaatc
ttgcttcaga
gtacatctgt

gacattaaac

musculus

Leu His Gl

Asn Thr Th

20

Cys Thr Ty

Arg Gln Le

Val Tr

70

Gly

Ile Ala

85

As

Leu Gln Al

100

Arg Glu Al

Pro Leu As
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tacgtgagag aattctgagt

cagcctgcat gctctccect

ggccgectet gectcaagec

gttgagtggg gaagacagct

attctccaca caccaa

n Phe

r Val

r Asp

u Gly

55

p Leu

p Asp

a Gly

a Glu

p Asp

Leu

Leu

Ala

40

Glu

Leu

Thr

Asp

Val

120

Gln

Leu

Gln

25

Leu

Glu

Ala

Leu

Ala

105

Leu

Asp

Leu

10

Lys

Gly

Phe

Ala

90

Gly

Gln

Ala

Leu

Met

His

Pro

Leu

75

Gly

Leu

Lys

Gly

Page 7

gggaggagaa ctacagctta
cctccaccaa gacttctgtt
cacctatcct gggagcagga

ggatggttgt ctgtcaactt

Ile Thr Ala Leu Ser

15

Ala Gln

30

Gly Ser Leu

Trp Gly

45

Arg Arg Lys

Cys Gln Val Vval

60

Arg

Lys Lys Arg Asn Gly

80

Thr Val Thr Ile

95

Thr

Tyr Gln Cys Gln Ser

110

Val Leu Val Glu Vval

125

Asp Leu Trp Val Pro

840

900

960

1020

1056



130

Glu
145

Glu Ser

Arg Gln Val

Leu Ser Lys

Pro Pro Gly

195

Leu Gly

210

Cys

Arg Ala

225

Gly

Trp Thr Arg

<210> 6
<211> 1056
<212> DNA
<213> Mus

<400> 6
acttcaaggg

aaggtgccat
ccctcaacac
atgacgcctt
gcccatgeca
ggaatgggag
agaacctcca

ctgaggtcct

Ser Ser

Phe
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135

Glu Gly

150

Ser
165

Ser

Glu
180

Ser
Leu Arg
Gln

Gly

Leu Trp

Cys

Arg

Ser

Gly

Pro

Gly Ser

Leu

Asp

Glu
200

Pro

Gln
215

Ala

Arg Cys

230

Arg Tyr

245

musculus

aaaagcaaga
gggacctctc
cacggtgctg
gaagcactgg
gegtgtegtg
cacagtcatc
agccggtgac

gcagaaagta

Val

Arg Glu

tcttgcacaa

caccagtttc

cagggcatgg
gggagacgca
agcacacacg
gcagatgaca
gcgggectcet

ctggtggagg

Ala Gln Vval

155

Leu Ala

170

Pro

Leu Pro Thr

185

Gln Val Ser

Glu Ala Gly

Ala Pro

235

Trp

Phe

ggtcccctcec
tcctgetget
ccggccagtc
aggcctggtg
gtgtgtggct
cccttgetgg

accagtgtca

tgctggagga
Page 8

140

Glu His Ser

Tyr His Leu

His
190

His Leu

Ser Gln

205

Cys

Asn Thr

220

Cys

Thr Ser Asp

ggctggetgce
gatcacagcc
cttgagggtg
tcggcagctg
gctggecttc
aaccgtcacc
gagtctccga

ccctctagat

Thr Ser

160

Pro Pro

175

Ser Ser

His Pro
Gln

Gly

His
240

Pro

tggcaaagga
ctgtcccaag
tcatgtactt
ggtgaggagg
ctgaagaagc
atcactctga
ggccgagageg

gaccaagatg

60

120

180

240

300

360

420

480
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ctggagatct ctgggtcccc gaggagtcat cgagtttcga gggtgcccaa gtggaacaca 540

gcacctccag gcaggtttca tcctgtgggt cacctctage ctaccacctt cctectcettt 600

ccaaggaatc aagagacctc cttcccaccc acctccattc ttctcctecct ggectgegtt 660

ctcctgagca agtttcttge agccagcatc ctctgggetg tggccagggg caggcagaag 720

ccgggaacac ctgtggtcag agggctggac tgtggccaag atgctgggca ccaacttcag 780

atcctcactg gacccggagg tacgtgagag aattctgagt gggaggagaa ctacagctta 840

agtccagcca ggagtcaatc cagcctgcat gctctcccct cctccaccaa gacttctgtt 900

tctgctactt ttgcttcaga ggccgectct gecctcaagec cacctatcct gggagcagga 960

atactggtgt gtacatctgt gttgagtggg gaagacagct ggatggttgt ctgtcaactt 1020

ctgcactttg gacattaaac attctccaca caccaa 1056

<210> 7

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Trem2 CRISPR guide

<400> 7

gaagcactgg gggagacgca 20

<210> 8

<211> 183

<212> DNA

<213> Artificial Sequence

<220>

<223> Trem2 repair oligonucleotide containing a nucleotide G>A point
mutation (at nucleotide 89 in this oligo sequence) for R47H and

2 silent mutations (lysine AAG>AAA (at nucleotide 93) and alanine

GCC>GCA (at nucleotide 96)

<400> 8

gccctcaaca ccacggtgect gcagggcatg gccggeccagt ccttgagggt gtcatgtact

tatgacgcct tgaagcactg ggggagacac aaagcatggt gtcggcagct gggtgaggag

ggcccatgcc agcgtgtggt gagcacacac ggtgtgtgge tgctggecctt cctgaagaag

Page 9

60

120

180



cgg

<210> 9
<211> 4980
<212> DNA
<213> Mus

<400> 9
cctgtatctc

acctagtcct

ggccaggcag
gagcgcctag
ctaatgggcc
gtttgaggcc
gcccaaggcec
ggccagataa
tgctggtgga
cagtggggct
cttcccattc
gttcttctat
tgttgggtta
agcagaaagc
gctccttatg
cactgaaaat
ctgctgecect
tcaagaccag
ctgtctcaga
tagccagcac
cgcagtgaca

tggtctggag

musculus

agggttgaga
cacccaactc
gcatgcatgc
ctgtgggtcc
actcacatgt
agcaccagga
aacttccttt
gactcagctg
gtgggcgges
cctaccctgg
ccatctagca
tgtgtgatga
caactctcag
tgaaggcaag
gcttcctcag
aatctgggta
agctaatgga
cctggtctac
aaagaaaaaa
agcagggaag
tgggtttgtc

tggccttggt
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gggaagagag
tgctctecta

gacgtattac

caggctgggt
gtgccgggcec
tgcaggacac
ttaaaggtaa
tctgtggtag
actctgtgca
catgtttagt
agctctctgg
aacactatga
gtggcatgcc
ctgatgcaga
cctgctctta
ctcccacatc
gacatatgta
agagcaagtt
aagaaaaagg
ctgtgtgaat
aagcctgggc

tgtgacttag

tggggtttcc
gtgaacaact
cacaaagcca
ttgctggtgc
ctctctcccc
cagtgcctcc
ggaaggcctc
agtccatggg
gctccaaatt
acatgttggg
cccteccccac
tggtaaacag
taccactgag
aggccttgtg
tagcctccegg
aatcacttag

ttgaggttcc

ctgggacagc
tggggetees
agtgacagcc
ggtgttgagc

gacatacggg
Page 10

agatgcccac
ggttggctac
gtgaccaggt
agttggtatg
cagctgcagg
tttgggtatc
agcttccctce
aaatagggag
actctgggtg
ggcctegett
tcactcttac
cttagggagc
gagaagatgg
ggagtgctgc
accattagcc
aaagtgccct
ctcagctgga
cagggctacc
gtgactagct
aggttcagaa
cacttaaagg

tccgttgtgg

atcccttgat
agtaacgctg
gagccggagsg
cccaggagtc
tgggtgtgga
agctggacct
ctggggaaca
gttgaacatg
gcttgtcaaa
taagccctct
cttacttgga
aaagaggtta

ggcaggactc

ttgttggett
cagggtgccc
acaggcttgc
tctcttgagt
cagagaaacc
tgtataaaac
cctcattctg
gttgctgtga

ctaccataga

183

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320



gatgggtggc
tgtgaacagt
gacactgtcc
cctcaccatc
ctccecctect
ccaaggatcc
tgggatctga
caggctcaga
ctgtcacttc
acattttaca
atctgggagg
gttcagaaag
cctctgetcet
ggctccaggt
ctgtaaacag
tgaggtggta
aggaagaaac
ggccctagea
tgttgaagat
gctttteegt
tcactgcetgc
tcctagaccg
tagcaaccca
agctaacagg
cctctgecca

cttctctect

caggcacatc
aactggatcg
ctctgegect
ggctgagccc
ctccctctcet
ccagcgccag
agggcattcg
aaggaaagac
cccctecacc
gaaaaaaaaa
ccteggtttt
cacagcagca
tggggactta
cactcgcectc
ggtggggsgca
gcttgtgetg
ggagttcctg
ccttcccagg
gtagctctgg
gaggcctgcet
acctcatggc
cagcactaag
tgaaaatcat
cctgggectg
tcctgcagaa

gccatcaaca

47JLA12252W0_ST25. txt

aagccaccca gtctectgece cgetctegge

tgggcgccac

tcctgaacca

tcctgtectt

cttggggttg
gggacagtgc
attgtgagcg
ttgatgtcct
cctccataga
aacttaaaaa
ctccagttgt
ccaagcagtt
cactgccgga
tgtgcagtct
gggagacges
actttctccc
gaagttcagc
ctgaaacagg
gcctcacgtg
ctggggtgte
atcccaaggg
accctctcta
ctcaccacac
gccaggcacc
tcatgttttg

gctgggaaca

gctggagaag
ccgcaagaat

cctctgcaga

gggcagtggg
ccagggggec
cccaggcaga
cctgagggca
aatcatgttt
acaaaaaata
tgacatggtt
tagagaaagc
acatcagagg
ggccccgaga
gctcaggagc
agtgggaagg
acaataagga
aaatgtcaag
tcaggcaggt
cgataagggc
aagcaaagac
ctgcctgggc
ccagtccttg
ctgtacgtac
ccgtgtctgg

gggaaccttg
Page 11

aagcttccgce
aagttcctgt

ccatcgctgg

aaggagggea
tggggtcccg
ggcgcagagg
gcagaggagc
ataagttatg
tacgtggaaa
gccagcaggc
ttggccaggc
cctggectca
gctggeagag
ctccctgtcec
tcagaggtct
aagttactct
ttgttttgtt
gctgetgggt
ctcagattgg
tcacgatgaa
tggagatggg
ccagtgtttt
ccttggagcc
tgccaaacac

tgcaggcagt

ccacaggctc

ccttgecect

gtggcttcgg
gcecggetgec
cctcccatge
gagggagtcc
cggctgtaca
gccgagecgc
gaaaaccggg
aaaaaatagg
ggegecgagyg
atggtcacac
ccaggagggt
gactttgtct
caaaacgggc
cagaaacttc
gggaggaacyg
ttttaaattt
tccctatagt
gctctgeatc
ctggtcagtg
agctggceect
ctgaagccaa
aggtgttccg
tgctatgtgg

gcttctagea

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880



agcttgetgt
cactttttgg
tgtgtagtcc
attcacctgc
cccagctggce
tcctgectcea
ggcttgtett
atgccttegt
cgattttgaa
ccagctcctg
aaatgcacat
cctttgtggg
tctgtagggg
aggagcatca
gagccaccac
agttcacctg
gaagctgagc
tacaatgcac
ggcctggatt
tcacaaggca
cccgectegt
ggggagtcct
aggacttgtt
tggtaggatg
ttggaaaagc

agcctttgec

ggtctctgag
gggttttgtt
tgtcggtect
ctctgectcec
ttttccactt
gctttgcata
tttttttttt
gagggtagca
cctaggtcct
ctcttetget
gcaggggtgc
ttagagggca
tagctcttcc
acgcttggtt
tgaacagctc
tggtggagga
ctcttagcecec
cagaccccgc
attcaatgag
tccaaactcc
gacaggeesc
ataattggac
tcggaaggag
tgggctggga
aggcagcacg

agagtcagag

47JLA12252W0_ST25. txt

cceccttgtec
gttgttgggt
ggaactcact
aagtgctgeg
tttagccagg
tggctagcac
tttttttttt
gatcttggtg
gtgaaatgca
tttatgagga
acacctgcag
gcctgagaat
ctcccaaggt
tcccagggcet
ctgaaggaac
atcaacaacg
ccacccaccc
ggggaaages
gtgtccgctc
acctctttcc
tggcacagcc
cggtctggga
ctggtaagac
accttgagat

atagaagtct

caggtggagg

tacctgactt
ttttttttgt
ttgtagacca
attatgggat
acttcattct
tatagaccca
tttatgtgca
ttacagttgt
gtcagtgctc
aaaagaaaag
tcccagcatg
cttatctcaa
gacacatctg
tggcttaatg
tggagcacgt
agggatccca
atttccattt
aaggagcggt
cctttgttgg
tctgeectge
cgccctagec
tccgatcccc
aagctgggct
cccccggagt

tgggggacaa

ggttacctcc
Page 12

cccaggtaca
ttttcaagac
ggctggectc
taaaggcatg
attacctgag
tgttccagtg
ttagtgtttt
gagctgctgt
ctaacctctg
agaagtggct
ctacagcaga
aacaactttt
gcaatcgcca
tatggcttca
cccageccttg
gaacaacgat
aggctgccag
tctcagtgcec
cggeegegages
tgtgaagggg
ctgaggaggg
tgctcagacc
ggggattcac
ccaggaaaca

actaaggact

aggaaggagt

atggctttcc
agggtttctc
caactcagaa
tgccaccacg
ctcgggatct
aatgacttat
gcctgeatgt
gtgggtgetg
agtcatctct
tgagagtgga
ggcagaagga
taaaatgtgc
gaaacagatc
aacccatcgg
gaatggaaag
cttcacccca
ctcttttctt
ccagtaccaa
gagCcgeLess
gagagaacaa
ggcgggacag
ctggaggcta
ccagggacct
ggcacaagaa
cgaggtaact

acgggactgt

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440



cggtgcacgg
ccttaggctg
actggtttca
gtaccacttc
agcaggactt
aagtggaatt
gtgccgagat
ctgttttgga

gtggceggag

<210>
<211>
<212>
<213>

10

DNA
<400> 10

actggccaat
tggcaggtat
ctcaacctcc
gcttcctggce
gataggagtt
atgaagtctc
gctccgectc
aggcacatgc
catgttggcc
Caaagtgctg
tgcattgcag
acccccacac

cgecggtggct

4292

cgtaccggct
cttttatata

aactgtggct

gcagggatgg
agccgggaag
tgaaccctag
agcgaactcg
gatgtttgtg

tccctccacc

Homo sapiens

cacaggcagg

88888CcLLELE

tggccccatt
tctgaacagc
agaagttgtt
gctctgtcgc
ccaggtccac
caccacaccc
aggctggtct
ggattacagg
gcagatagtg
agccctgect

cacccctgta

47JLA12252W0_ST25. txt

caactaggaa
aatacctact
cctcatggcet
aggacgatta
aaagaggaat
gagagggagce
gcaaggggag
atggctcaca

cccgecccect

aagatgaagg
cttgctcggt
caggcagacc
gatttgacgc
ttgttgttgt
ccaggctgga
gccattctcc
gactaacttt
ggaactcctg
cgtgagccac
aataccagac

ggggcacaca

atcccagcac

ccatcctatg
gatttccatc
gagctcccta
aaaatcgtgt
gtaagctgga
tggaattttt
gtaaacagac
gatctgagaa

ggtgttcaaa

ttctgtgggc
tccccccget
ctgggccccc
tctctgggcec
tgtttgttgt
gtgcagtggc
tgcctcagcc
tttgtatttt
acctcaggtg
cgcacctggc

acggggcagc

aggacactca

tttgggaggc

Page 13

gcgaaaaaac
acagtcccca
agttctgtag
taaattaaca
ccacccgcetg
ggcagcggat
ctttgggaag

gggaagatgg

gacaattttt

tgcgttgctg
cctccccctc
tcttctgagg
tcggtttccc
tgttgttttg
gggatctcgg
tcccaagtag
cagtagagac
atctgcccgt
tgggagttag
tgtgatcttt

atacatgctt

caaggtggga

tcgggatgag
agtaacccgg
ttgtgggage
caaaatggaa
gccctctgtg
ccaccccggg
agcgggtgct
ggttctctgg

ccctcecgeag

gtcacattcc
tcatcctcac
cttctgtgct
ccatccttga
tttttttgag
ctcactgcaa
ctgggactac
ggggtttcac
ttcgatctcc
aggtttctaa
attctccatc
ttccgetggg

ggatcacttg

4500

4560

4620

4680

4740

4800

4860

4920

4980

60

120

180

240

300

360

420

480

540

600

660

720

780



agcccaggag
Caaaaattag
caggaggatc
actccagcct
ttaaaccgac
cttctgtgtg
tgaacttgtt
agcccgagct
gtcgcttttg

tgctcagctc

tcctggtggg

ttggggggcc

tagctctctg
ctcacactcg
gatggggtct
cgcctcggec
ctccttcttc
ttctctcggc
ctcgcccgcc
ctcggccgca
ctggaggaac
caggeggegc
taccgcggceg
gcctcccacc
cgcctggcag

cgcgagcegcc

ttcaacacca
ccaggcatgg
gcttgagccc
gggtgacaga
tcccccectcea
cccctaggta
ccacacagga
gcgccageag
ggattacctg
ccaggtcacc
cggctatacc
tgggtctctg
gatatctctc
tcctggetct
cactgtgttg
tcccaaagtg
gtctctgect
ctctgccccg
ccatcccagc
gggcgctgat
aactgacccc
aggcccggct
aggtgcaggc
tgcgcaagct
tgtaccaggc

tggggcccct

47JLA12252W0_ST25.txt
gcctgggcaa catagtgaga ccctgtctct

tgccacacac
agaaggtcaa
gcaagaccct
ccctgcccac
ctagatgcct
tgccaggcca
accgagtggc
cgctgggtgc
caggaactga
tccccaggtc
ctggttctag
tctcagcttt
gtctctgtcc
cccaggctgg
ctgggattag
ctgccctctg
ttccttctct
ccttctcccc
ggacgagacc
ggtggcggag
gggegeggac
catgctcggc
gcgtaagegg
cggggeecgce

ggtggaacag

ctgtgctctc
ggttgcagtg
gtttataaat

catggctcca

ggacggggtc
aggtggagca
agagcggcca
agacactgtc
ggtgagtgtc
caggtttcat
cttcctcttc
gtctctctct
ttccctagcet
tcttgaactt
aggcatgagc
catctgctct
ccctcttggg
gcctcccact
atgaaggagt
gagacgegge
atggaggacg
cagagcaccg
ctcctccgeg
gagggcegeceg

ggccgegtgc

Page 14

agctactcag
aaccatgttc
acataatgct
aagaagcatt
agaaggaccc
agcggtggag
gcgctgggaa
tgagcaggtg
cccatcctgg
tctgcccctg
ccatttctga
cttcccttct
cttttatata
ctgggctcaa
caccttgccc
ctgcatctgt
tctctctgge
gtgcgacacc
tgaaggccta
cacggctgtc
tgcgcggcecg
aggagctgceg
atgccgatga
agcgcggect

gggccgccac

actaaaaata
gaggctgagg
aggccgctgc
ttccaagtga
tgtggagcac
tgacccacct
acagagccgg
ctggcactgg
caggaggagc
cccttgaccc
tcgctaagtc
ctcctggett
gactcagtct
gagacagaga
gcgatcctcc
ggcctcctag
ctctgtctcc
tcatccccat
ctcccgecect
caaatcggaa
caaggagctg
cctggtgcag
ggtgcgcctc
cctgcagaag
cagcgccatc

tgtgggctcc

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340



ctggccggcc
atggaggaga
gaggtgcgeg
caggcccgcc
gggctggtgg
aatcactgaa
ccgecgecagcc
tagtttaata
taagccccag
tcctctccat
agtctggctc
tgcctcttgg
cacacccggc
ggtctcaaac
gcctgagcca
tcaccctgtc
agtgatcctc
taatttgggg
tgtggaattc
tggctagcac
ttgcccaggc
gtgctgggat
cctcagagtt
tttttttctg
ccttcccacc

actctggctt

agccgctaca
tgggcageceg
ccaagctgga
tcaagagctg
agaaggtgca
cgccgaagcc
tgcagcggga
aagattcacc
cctcagtttc
ctgtgtctgt
tgtcacccag
gttcaagcga
taatttttgt
tcctgaccaa
ccatgcccgg
acccgccatc
ccgcctcagc
gggeegsetsg
ctgggctcaa
caccacaccc
tagtctcaaa
tccaggcatg
gcaactccaa
ctgtcattat
caccctgcac

cctgttttcc

47JLA12252W0_ST25. txt

ggageggscc
gacccgcgac
ggagcaggcc
gttcgagccc
ggctgeegtg
tgcagccatg
gaccctgtcc
aagtttcacg
tctttctgec
gtgtatcttt
gctagagtgc
ttctgctgcc
atttttagta
gtgatccacc
cctctgcccc
acagctcact
ctttccagta
tgtgtgtgga
gcgatactcc
agctttttat
cccctgggcet
gggctccgag
atgacctgag
tctccccctt
cccatcccac

tccacttcta

caggcctggg
cgcctggacg
cagcagatac
ctggtggaag
ggcaccagcg
cgaccccacg
ccgeccccagce
catctgctgg
cacatactgg
ctctctgccc
agtggcacga
tcagtagctg
gagacgagct
cgccggcectc
tectttetttt
gcagcctcca
gctgagacta
gatggggtct
caccttggcc
tattatttgt
caagagatcc
cccggectgce
attggtgcct
ctctcctcca
ccctctgtct

tcttttatct

Page 15

gcgagceggct
aggtgaagga
gcctgcaggce
acatgcagcg
ccgcccctgt
ccaccccgtg
cgtcctcctg
cctccccctg
ccacacaatt
tttttttttt
tcttggctca
ggattacagg
ttcaccatgt
Ccaaagtgct
ttagggggca
cctcctggac
caggcgcata
ggctttgttg
tcctgagtag
agagacaagg
tccgccatcg
ccaacttaat
ttattctaag
gtcttatctg
ctccctgttc

ctccctccta

gegegegesg
gcaggtggceg
cgaggccttc
ccagtgggcc
gcccagegac
cctcctgect
gggtggaccc
tgatttcctc
ctcagccccc
ttttagacgg
ctgcaacctc
ctcacaccac
tggccaggca
gagattacag
gggaaaggtc
tcaagtgata
ccactaggat
gccaggctga
ctgagactac
tctcaatatg
gcctcccaaa
aatacttgtt
ctattttcat
atatctgcct
tcctcaggag

cggtttcttt

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900



tctttctccc
ccattcagtt
acccactgtg
tttttttttt
cagtggtgca
ctcagcctcc
atttttggta
<210>
<211>

<212>
<213>

11
1834
DNA

<220>
223>
site

<400> 11
gaagttccta

ccaagctagc
aggcagtctg
ctctggectce
ggccectteg
ctcgegtegt
gacagcaccg
tgctectteg
ggcgggctea
cttcaaaagc
tgcagcctgt
tgaggaacta
ccgcttgggt

atgccgeegt

cggcctgcett
tggtttgagc
aactgggttt
tttttttttt
atcttggttc
agagtagctg

gagacaaggc

(CATATG)

ttctctagaa
ttggctgcag
gagcatgcgc
gcacacattc
cgccaccttc
gcaggacgtg
ctgagcaatg
ctttctgggc
8888CELELLC
gcacgtctgc
tgacaattaa
aaccatggga
ggagaggcta

gttccggctg

47JLA12252W0_ST25. txt

gtttctcccc
tctectgettc
ccctgcccaa
ttttgagaca
actgcaacct
ggattacagg

ttcggcattg

Artificial Sequence

A Frt PGKneo Frt cassette

agtataggaa
gtcgtcgaaa
tttagcagcc
cacatccacc
tactcctccc
acaaatggaa
gaagcgggta
tcagaggctg
gggegeecga
cgegetgttc
tcatcggcat
tcggccattg

ttcggctatg

tcagcgcagg

caaccccctt
tccggttccc
ccctcattct
gagtcttgct
ccacttccca
cgtgtcccac

tt

catctggatt
tctgagctag
ctttctttct
ctgttgccca
gattcaagca

cacacccgac

tcttcttctg
ctgtcccttc
ttettttttt
gcctggagtg
attctcctgc

taatttttgt

3960

4020

4080

4140

4200

4260

4292

followed by an Ndel restriction enzyme

cttcaggtct

ttctaccggg

ccgctgggcea
ggtaggegec
ctagtcagga
gtagcacgtc
ggcctttggg

ggaaggestg

aggtcctccg
tcctcttcect
agtatatcgg
aacaagatgg

actgggcaca

ggcgececggt
Page 16

gaagaggagt
taggggagsgc
cttggegcta
aaccggctcc
agttcccccc
tcactagtct
gcagcggcca
ggtccgggeg
gaggcceggc
catctccggg
catagtataa
attgcacgca
acagacaatc

tctttttgtc

ttacgtccag
gcttttccca
cacaagtggc
gttctttggt
cgccccgeag
cgtgcagatg
atagcagctt
cgggctcagg
attctgcacg
cctttcgacc
tacgacaagg
ggttctccgg
ggctgctctg

aagaccgacc

60

120

180

240

300

360

420

480

540

600

660

720

780

840



tgtccggtgc
cgggcgttcc
tattgggcga
tatccatcat
tcgaccacca
tcgatcagga
ggctcaaggc
tgccgaatat
gtgtggcegga
gcggegaatg
gcatcgectt
gctgatcagc
tgccttectt
ttgcatcgcea
gcaagggesa
cttctgaggc
cctattctct
<210>
<211>

<212>
<213>

12

DNA
Mus

<400> 12
aaacctgatg

ccaggagaat
ggccctgtct
agcacattct

tgccttacct

5166

cctgaatgaa
ttgcgcaget
agtgccgggg
ggctgatgcea
agcgaaacat
tgatctggac
gcgcatgecec
catggtggaa
ccgctatcag
ggctgaccgc
ctatcgectt
ctcgactgtg
gaccctggaa
ttgtctgagt
ggattgggaa
ggaaagaacc

agaaagtata

musculus

gagaagatac
caatgagtat
caagcacctc
gagtctctgt

agcacacatt

47JLA12252W0_ST25. txt

ctgcaggacg
gtgctcgacg
caggatctcc
atgcggegec
cgcatcgagc
gaagagcatc
gacggcgatg
aatggccgct
gacatagcgt
ttcctegtgc
cttgacgagt
ccttctagtt
ggtgccactc
aggtgtcatt
gacaatagca

agctggggct

ggaacttcca

aggcctctgt
ccttctcctg
tctggccctc
gagtgattcc

ccatggccct

aggcagegeg
ttgtcactga
tgtcatctca
tgcatacgct
gagcacgtac
aggggctcegce
atctcgtcgt
tttctggatt
tggctacccg
tttacggtat
tcttctgagg
gccagccatc
ccactgtcct
ctattctggg
ggcatgctgg
cgactagagc

tatg

ggctaccaac
tcctgcaaca
tggtggccct
aatcagcttc

gtcactatct

Page 17

gctatcgtgg
agcgggaagyg
ccttgetect
tgatccggcet
tcggatggaa
gccagccgaa
gacccatggc
catcgactgt
tgatattgct
cgcecgctecc
ggatcaattc
tgttgtttgce
ttcctaataa
gggtggestyg
ggatgcggtg

ttgcggaacc

cccatcatca
acatccatat
tgcttaataa

agcctcagtt

gtagagggag

ctggccacga
gactggctgc
gccgagaaag
acctgcccat
gccggtettg
ctgttcgeca
gatgcctgcet
ggceggetgg
gaagagcttg
gattcgcagc
tctagagctc
ccctecccccg
aatgaggaaa
gggcaggaca
ggctctatgg

cttcgaagtt

ccccagtggc
ccagccaggt
agattctccg
tattgttttt

gtggttttgc

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1834

60

120

180

240

300



agcaatagaa
ccacgcccac
cagcccctca
gggaattcta
cgccccctac
tgtttatctt
tggttgtgag
agtgctctta
tatccaccct
agcctagttt
agaaaggcat
cccactgcac
tgtttacttt
tccttgectt
ctgatcctct
tttctacggt
ctggatcttt
gctgcatgcc
aaaaccattc
tggctggctt
ggggcaggct
ctctggcaca
aggcaccact
gacagggccc
cactactctc

ctgaattatt

atgaagccta
agcccctcac
ctggggaatc
gtcagtagct
ccctggattc
atgtataagg
ccaccatgtg
actgctgagc
tctttttagt
ggtcttgaat
gtaccacttc
agctatgcct
tctggttgtc
gtctctcctc
gttatctcac
ttctacgtgg
gctccctctg
ttttgacttt
tccccatgtc
ctcctcccac
agggcttgag
ccccgagect
cccacacatg
tagacagcca
aaatatcaag

gtgatgttat

47JLA12252W0_ST25. txt

ggacctagca
tgggggattc
atatctacca
ctaccactga
taggcatggg
tacactgcag
gttgctggga
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