wo 2017/147610 A1 [N I 00000 O 0O O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/147610 A1

31 August 2017 (31.08.2017) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
A61K 31/395 (2006.01) A61K 35/19 (2015.01) kind of national protection available): AE, AG, AL, AM,
A61K 35/28 (2015.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. . L. BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
(21) International Application Number: DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
PCT/US2017/019778 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
(22) International Filing Date: KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
27 February 2017 (27.02.2017) MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
) NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
(25) Filing Language: English RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
(26) Publication Language: English TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA,ZM, ZW.
(30) Priority Data: . L
62/300,694 26 February 2016 (26022016) Us (84) De51gnated States (unless otherwise indicated, fO}" every
62/413,821 27 October 2016 (27.10.2016) Us kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicants: PRESIDENT AND FELLOWS OF HAR- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
VARD COLLEGE [US/US]; 17 Quincy Street, Cam- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
bridge, MA 02138 (US). THE GENERAL HOSPITAL DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
CORPORATION [US/US]; 55 Fruit Street, Boston, MA LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
02114 (US). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(72) Inventors: HOGGATT, Jonathan; 12 Lowden Avenue, GW, KM, ML, MR, NE, SN, TD, TG).
#1, Somerville, MA 02144 (US). SCADDEN, David, T.; Published:
62 Lexington Street, Weston, MA 02498 (US). —  with international search report (Art. 21(3))
(74) Agents: WARREN, Lisa M. et al.; Morse, Barnes-Brown ___

& Pendleton, P.C., Citypoint, 230 Third Avenue, 4th
Floor, Waltham, MA 02451 (US).

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: HIGHLY ENGRAFTABLE HEMATOPOIETIC STEM CELLS

801 wo.csF

704 AMD3100 + GroB

66 -

50 -

40

3 .-

% Donor Chimerism

20

& weeks 16 weeks

FIG. 1

24 weeks 38 Weeks

(57) Abstract: The present inventions relates to highly engraftable hematopoietic stem cell (heHSC) and related methods of produc -
tion and use for the treatment of stem cell and progenitor cell disorders.



10

15

20

25

WO 2017/147610 PCT/US2017/019778

HIGHLY ENGRAFTABLE HEMATOPOIETIC STEM CELLS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Serial No.
62/413,821, filed October 27, 2016 and U.S. Provisional Application No. 62/300,694,
filed February 26, 2016, the contents of which are incorporated herein by reference in

their entireties.

BACKGROUND OF THE INVENTION

Hematopoietic stem cell (HSC) transplantation is currently the only curative
treatment modality for a number of stem cell disorders, including both malignant and
non-malignant hematologic conditions. Yet, despite the fact that hematopoietic
transplant is the only curative option for patients having such stem cell disorders,
transplant-related morbidity and mortality remains high, and only a fraction of the
patients that could benefit from an HSC transplant actually receive one.

Sources of HSCs for transplantation include the bone marrow itself, umbilical
cord blood, and mobilized peripheral blood. Under steady state conditions, HSCs and
hematopoietic progenitor cells (HPCs) normally reside within the bone marrow
niches, while the mature cells produced by these populations of HSCs and HPCs
ultimately exit the bone marrow and enter the peripheral blood. Considerable

evidence over the last several decades, however, clearly demonstrates that HSCs and
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HPCs (collectively referred to as “HSPCs”) also exit the bone marrow niche and
traffic to the peripheral blood and we now know that this natural egress into the
periphery can be enhanced, allowing for “mobilization” of these cells from the bone
marrow to the peripheral blood. Mobilized adult HSCs and HPCs are widely used for
autologous and allogeneic transplantation and have improved patient outcomes when
compared to bone marrow grafts.

The hematopoietic growth factor, granulocyte-colony stimulating factor (G-
CSF) is widely used clinically to mobilize HSC and HPC for transplantation. G-CSF-
mobilized peripheral blood stem cells (PBSCs) are associated with more rapid
engraftment, shorter hospital stays, and in some circumstances, superior overall
survival compared to bone marrow grafts, though the use of G-CSF-mobilized grafts
over bone marrow in some allogeneic settings is under scrutiny.

While successful, G-CSF mobilization regimens involve repeated
subcutaneous injections and are often associated with morbidity from bone pain (an
often severe and debilitating complication), nausea, headache, and fatigue. These can
be lifestyle disruptive in normal volunteers and particularly distressing for patients
who are enduring the rigors of cancer chemotherapy. In a small population of normal
donors, G-CSF has also been associated with serious toxicity, including enlargement
of the spleen and splenic rupture, and the pro-coagulant effects of G-CSF can increase
the risk of myocardial infarction and cerebral ischemia in high-risk individuals.
Despite its success for most patients and donors, poor mobilization in response to G-
CSF occurs in 15% of normal, healthy donors, and often those who do achieve
sufficient numbers of CD34+ cells require more than one apheresis procedure.
Repeated, prolonged sessions of apheresis are particularly common among autologous
donors, which is particularly troubling for them given their ongoing ordeals associated
with their underlying cancer and its treatment. Up to 60% of patients that fail to
mobilize an optimal CD34+ cell dose for autologous transplantation often requiring
tandem cycles of high dose chemotherapy. This is particularly an issue for patients
with lymphoma and multiple myeloma, who often require extended aphereses and
comprise the largest group of transplant recipients.

The availability of alternative methods for mobilizing HSPC could have high
impact on the foregoing obstacles associated with HSC transplantation. Needed are
novel therapeutics and methods that are capable of enhancing graft acquisition and

hematopoietic recovery and engraftment. Also needed are highly engraftable cells
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that may be used to treat stem cell and/or progenitor cell disorders, such as malignant

and non-malignant hematologic diseases.

SUMMARY OF THE INVENTION

There remains a need for novel compositions, methods and therapies that are
capable of reducing hematopoietic stem cell (HSC) transplant-related morbidity and
mortality and enhancing engraftment of transplanted HSCs in subjects in need of a
stem cell transplant. The present inventions are directed toward further solutions to
address these unmet needs, in addition to having other desirable characteristics.
Accordingly, disclosed herein is an isolated, highly engraftable hematopoietic stem
cell (heHSC), as well as related methods of preparing such heHSCs and related
methods of using such heHSCs for the treatment of stem cell and/or progenitor cell
disorders and other diseases for which a stem cell transplant may be indicated.

In certain aspects, the present inventions are directed to an isolated, heHSC,
wherein the heHSC is Sca-1+ and c-kit+ and is negative for Lineage markers (e.g.,
B220-, CD3-, Gr-1-, Mac-1-, TER119-) (e.g., a Sca-1+, c-kit+ and Lin- (SKL) cell).
In certain aspects, the isolated heHSC is CD48-. In certain aspects the heHSC is not
naturally occurring, i.e., differs from a naturally occurring HSC in one or more ways
including but not limited to functionality (e.g., engraftability) and gene expression. In
certain aspects, the isolated heHSC is CD150+. In certain aspects, the isolated heHSC
is a Signaling lymphocytic activation molecule (SLAM) SKL cell, which is CD150+,
CD48-, Sca-1+, c-kit+ and lineage negative. In certain aspects, the isolated heHSC
does not express an immunophenotypic means of identifying human hematopoietic
stem cells (e.g., the isolated heHSC does not express antigens, markers or other
characteristics that may be useful for distinguishing such heHSC from other cell
types). In some embodiments, the isolated heHSC comprises a unique transcriptome
relative to hematopoietic stem cells contacted with granulocyte colony-stimulating
factor (G-CSF), a chemotherapeutic agent, or any combination thereof. For example,
in some aspects, the isolated heHSCs disclosed herein are characterized based on their
differential expression of one or more of the genes selected from the group consisting
of Fos, CD93, Fosb, Duspl, Jun, Dusp6, Cdk1, Fignl1, Plk2, Rsad2, Sgk1, Sdcl,
Serpine2, Sppl, Cdca8, Nrpl, Mcam, Pbk, Akrlcl and Cypllal (e.g., relative to the

expression of one or more genes by hematopoietic stem cells mobilized using G-
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CSF). In some embodiments, the isolated heHSC expresses osteopontin (e.g., the
heHSC is OPN+). In some embodiments, the isolated heHSC expresses CD93 (e.g.,
the heHSC is CD93+) than an HSC obtained from a subject subjected to a
conventional mobilization regimen. In some embodiments, the isolated heHSC does
not express CD34 or is CD34-. In some embodiments, the isolated heHSC is CD93+
and CD34-. In some embodiments, the heHSC is a non-native or non-naturally
occurring cell, i.e., possesses one or more genotypic or phenotypic characteristics not
present in native or naturally occurring HSC. In some embodiments, the isolated
heHSC is from in a population of cells not present in a non-treated host and/or a host
treated with a conventional mobilization regimen (e.g., a cell population with a
different gene expression profile or a different phenotype profile). In some
embodiments, the heHSC is from in a population of heHSC with a higher proportion
of CD93+ cells than a HSC population obtained from a host treated with a
conventional mobilization regimen.

Conventional procedures using G-CSF are known in the art. See Schmuitt, M
et al. “Mobilization of PBSC for Allogeneic Transplantation by the Use of the G-CSF
Biosimilar XMOZ in Healthy Donors.” Fone Marrow Transplaniation 48.7 (2013}
922925 PMC . Web. 24 Feb. 2017, 1ocorporated herein by reference.

As used herein, “differentially expresses”, when used in reference to a cell
population means an expression that is at least 10% higher than or lower than a
reference value (e.g., an heHSC population differentially expresses CD93 from an
HSC population obtained by a conventional immobilization technique if the heHSC
population expresses at least 10% more or less CD93). As used herein, “differentially
expresses,” when used in reference to a cell, means that the cell has a different
expression pattern of one or more phenotypes than a reference cell.

In certain aspects of the present inventions, the isolated heHSCs disclosed
herein may be transformed to express a polynucleotide (e.g., an exogenous
polynucleotide). For example, in certain embodiments, an isolated heHSC is
transformed with an expression vector to express a polynucleotide (e.g., an exogenous
polynucleotide). In some embodiments, the expression vector comprises a viral
vector selected from the group consisting of a retrovirus, a herpes simplex, an
adenovirus,a lentivirus, and an adeno-associated virus. In some embodiments, the

isolated heHSC is transfected with an expression vector that comprises the
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polynucleotide. In some embodiments, the polynucleotide comprises an exogenous
polynucleotide.

Also disclosed herein is the use of isolated heHSCs to deliver an exogenous
polynucleotide to a subject in need thereof. For example, the isolated heHSCs
disclosed herein may be transformed to express an exogenous polynucleotide and,
upon engraftment in the subject’s tissues (e.g., bone marrow tissues), the engrafted
heHSC expresses the exogenous polynucleotide, thereby delivering the expression
product (e.g., a protein, enzyme or amino acid) to the subject.

Also disclosed herein are methods of transforming an isolated heHSC,
wherein such methods comprise a step of contacting the heHSC with an expression
vector under conditions sufficient for the vector to integrate into the heHSC genome.
In yet other embodiments, the isolated heHSC of the present inventions are
genetically modified to shut off expression of an endogenous polynucleotide.

In certain embodiments, the isolated heHSC is substantially pure (e.g., at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 97.5%, 98%, 99% or more
pure). In certain aspects, the isolated heHSC is non-quiescent.

Also disclosed herein are methods of preparing an isolated, heHSC. For example, in
some embodiments, the isolated heHSC disclosed herein is prepared by contacting a
hematopoietic stem cell and/or a progenitor cell with at least one CXCR2 agonist and
at least one CXCR4 antagonist, VLA-4 antagonist, ayf3; antagonist, oo3;
integrin/VLA-4 antagonist or combination thereof. In some embodiments, the
isolated heHSC disclosed herein is prepared by contacting a hematopoietic stem cell
and/or a progenitor cell with at least one CXCR2 agonist and at least one CXCR4
antagonist. In some embodiments, such contacting is performed in vivo, for example
by administering GROP or an analog or derivative thereof and plerixafor or an analog
or derivative thereof to a human subject. In some embodiments, such contacting is
performed in vifro. In some in vivo embodiments, such contacting mobilizes an amount
of circulating peripheral blood stem cells in the subject sufficient to harvest a cell dose of
between about 1 x 10°%/kg body weight and 10 x 10°/kg body weight in a single apheresis
session. In some in vivo embodiments, such contacting mobilizes an amount of
circulating peripheral blood stem cells in the subject sufficient to harvest a cell dose of
between about 2 x 10°/kg body weight and 8 x 10°/kg body weight in a single apheresis
session. In some in vivo embodiments, such contacting mobilizes an amount of

circulating peripheral blood stem cells in the subject sufficient to harvest a cell dose of
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between about 3 x 10°/kg body weight and 6 x 10°/kg body weight in a single apheresis
session. In some in vitro embodiments, isolated HSC are contacted with sufficient
amount of at least one CXCR2 agonist and at least one CXCR4 antagonist, VLA-4
antagonist, aof; antagonist, aof; integrin/VLA-4 antagonist or combination thereof to
obtain between 1 x 10° and 1.2 x 10” heHSC cells.

In some embodiments, the at least one CXCR2 agonist comprises GROP or an
analog or derivative thereof. In some embodiments the at least one CXCR2 agonist
comprises GROB-A4 or an analog or derivative thereof. In some embodiments, the at
least one CXCR4 antagonist comprises plerixator (AMD-3100) or an analog or
derivative thereof. In some embodiments, the at least one CXCR4 antagonist
comprises ALT1188, ALT1187, ALT1128, ALT1228, or TG-0054 or an analog or
derivative thereof. In some embodiments, the CXCR4 antagonist comprises at least
one inhibitor described in Debnath B, et al., “Small Molecule Inhibitors of
CXCRA4,” Theranostics 2013; 3(1):47-75, incorporated herein by reference. In some
embodiments, the aoP; integrin/VLA-4 antagonist is N-(benzenesulfonyl)-L-prolyl-L-
O-(1-pyrrolidinylcarbonyl)tyrosine (BOP) or an analog or derivative thereof (e.g., R-
BC154). In some embodiments, the VLLA-4 antagonist is BIO 5192, Natalizumab,
firategrast, or an analog or derivative thereof. In still other embodiments, the at least
one CXCR2 agonist is GROP or an analog or derivative thereof and the at least one
CXCR4 antagonist is plerixafor or an analog or derivative thereof. In some
embodiments, a Gro-beta analog or derivative is the desamino Gro-beta protein (also
known as MIP-2alpha), which comprises the amino acid sequence of mature gro-S
protein truncated at its N terminus between amino acid positions 2 and 8, as described
in PCT International Application Publication W(0O/1994/029341, incorporated herein
by reference in its entirety. In other embodiments, the Gro-beta analog or derivative is
the dimeric modified Gro-beta protein described in U.S. Pat. No. 6,413,510,
incorporated herein by reference in its entirety. In some embodiments, the Gro-beta
analog or derivative is SB-251353, a Gro-beta analog involved in directing movement
of stem cells and other leukocytes, as described by Bensinger et al. (Bone Marrow
Transplantation (2009), 43, 181-195, incorporated by reference herein).

The isolated heHSCs disclosed herein are characterized by their enhanced
ability to engraft in a target tissue of a subject (e.g., the bone marrow tissue of a
subject). Accordingly, in some embodiments upon administration or transplant of the

heHSC in a subject such heHSC demonstrates increased engrafting ability, for
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example, relative to engraftment of the same quantity of hematopoietic stem cells that
are contacted or mobilized with granulocyte colony-stimulating factor (G-CSF),
chemotherapeutic agents (e.g., mobilizing chemotherapeutic agents), or any
combinations thereof. In certain embodiments, such engrafting ability is increased by
at least about two-fold, three-fold, four-fold, five-fold, six-fold, or more.

In some embodiments, the heHSC is a non-native cell, i.e., possesses one or
more genotypic or phenotypic characteristics not present in native HSC. In some
embodiments, the isolated heHSC is from in a population of cells not present in a non-
treated host and/or a host treated with a conventional mobilization regimen (e.g., a
cell population with a different gene expression profile or a different phenotype
profile). In some embodiments, the heHSC is from in a population of heHSC with a
higher proportion of CD93+ cells than a HSC population obtained from a host treated
with a conventional mobilization regimen.

The 1solated heHSCs disclosed herein are also characterized by their ability to
produce or cause improved or increased donor chimerism following their engraftment.
In some embodiments, upon engraftment of the heHSCs in a subject the heHSCs
demonstrate increased donor chimerism, for example, relative to the donor chimerism
observed following engraftment of the same quantity of hematopoietic stem cells
contacted or mobilized with G-CSF, chemotherapeutic agents (e.g., mobilizing
chemotherapeutic agents), or any combinations thereof. In certain embodiments, such
donor chimerism is increased by at least about two fold, three-fold, four-fold, five-
fold, six-fold, or more. In some embodiments, such donor chimerism is at least about
10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%., 85%., 90%, 95%, 97%,
99%, or more.

In certain aspects, the present inventions are directed to methods of treating a
stem cell or progenitor cell disorder. Such methods comprise a step of administering
an isolated heHSC (e.g., a SLAM SKL heHSC) to a subject in need thereof, wherein
the administered heHSC engrafts in the subject’s tissues (e.g., the subject’s bone
marrow compartment), thereby treating the stem cell or progenitor cell disorder. In
some embodiments, the methods described herein comprise administering a
population of cells comprising at least about 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% heHSC cells.

In certain aspects, upon engraftment in a subject, the engrafted heHSCs

demonstrate enhanced hematopoietic function relative to engraftment of the same
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quantity of hematopoietic stem cells contacted or mobilized with G-CSF,
chemotherapeutic agents (e.g., mobilizing chemotherapeutic agents), or any
combinations thereof. In some embodiments, upon engraftment in a subject the
engrafted heHSCs demonstrate an enhanced CD34+ number relative to engraftment of
the same quantity of hematopoietic stem cells contacted or mobilized with G-CSF,
chemotherapeutic agents, or any combinations thereof. In certain embodiments, upon
engraftment in a subject the engrafted heHSCs demonstrate enhanced hematopoietic
function relative to engraftment of the same quantity of hematopoietic stem cells
contacted or mobilized with granulocyte colony-stimulating factor (G-CSF),
chemotherapeutic agents, or any combinations thereof.

In some embodiments, the subject (e.g., a human subject) is conditioned for
engraftment prior to administering the isolated heHSCs disclosed herein. In some
embodiments, the subject (e.g., a human subject) exhibits poor mobilization in
response to a conventional mobilization regimen, such as G-CSF.

Also disclosed herein are methods of treating a stem cell and/or progenitor cell
disorder in a subject, the method comprising: (a) depleting an endogenous
hematopoietic stem cell or progenitor cell population in a bone marrow compartment
of the subject; and (b) administering an isolated, non-native heHSC to the subject,
wherein the heHSC is Sca-1+, c-kit+ and Lin- (SKL), and where the administered
heHSC engrafts in the bone marrow compartment of the subject. In certain
embodiments, the heHSC is a SLAM SKL heHSC.

The heHSCs disclosed herein may be used for the treatment of stem cell
and/or progenitor cell disorders or any diseases for which a stem cell transplant may
be indicted. In some embodiments, such a stem cell or progenitor cell disorder is a
malignant hematologic disease. For example, in some embodiments, the malignant
hematologic disease may be selected from the group consisting of acute lymphoid
leukemia, acute myeloid leukemia, chronic lymphoid leukemia, chronic myeloid
leukemia, diffuse large B-cell non-Hodgkin’s lymphoma, mantle cell lymphoma,
lymphoblastic lymphoma, Burkitt’s lymphoma, follicular B-cell non-Hodgkin’s
lymphoma, lymphocyte predominant nodular Hodgkin’s lymphoma, multiple
myeloma, and juvenile myelomonocytic leukemia. In some embodiments, the stem
cell or progenitor cell disorder is a non-malignant disease. For example, in some
embodiments the non-malignant disease may be selected from the group consisting of

myelofibrosis, myelodysplastic syndrome, amyloidosis, severe aplastic anemia,
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paroxysmal nocturnal hemoglobinuria, immune cytopenias, systemic sclerosis,
rheumatoid arthritis, multiple sclerosis, systemic lupus erythematosus, Crohn’s
disorder, chronic inflammatory demyelinating polyradiculoneuropathy, human
immunodeficiency virus (HIV), Fanconi anemia, sickle cell disorder, beta thalassemia
major, Hurler’s syndrome (MPS-IH), adrenoleukodystrophy, metachromatic
leukodystrophy, familial erythrophagocytic lymphohistiocytosis and other histiocytic
disorders, severe combined immunodeficiency (SCID), and Wiskott-Aldrich
syndrome.

Also disclosed herein is an isolated, non-native heHSC, wherein the heHSC is
Sca-1+, c-kit+ and Lin- (SKL); wherein the heHSC is prepared by mobilizing
hematopoietic stem cells and/or progenitor cells from a bone marrow compartment of
a subject to a peripheral compartment of the subject by administering at least one
CXCR2 agonist and at least one CXCR4 antagonist, VLLA-4 antagonist, aof;
antagonist, aoP; integrin/VLA-4 antagonist or combination thereof to the subject, and
isolating the mobilized hematopoietic stem cells and/or progenitor cells from the
peripheral compartment of the subject. In some embodiments, the isolated heHSC
does not express CD48 or is CD48-. In some embodiments, the isolated heHSC
expresses CD150 or is CD150+. In some embodiments, the isolated heHSC expresses
CD93 or is CD93+. In certain aspects, the isolated heHSC does not express an
immunophenotypic means of identifying human hematopoietic stem cells. In some
embodiments the heHSC is a SLAM SKL heHSC. In some embodiments, the at least
one CXCR2 agonist comprises GROP or an analog or derivative thereof. In some
embodiments the at least one CXCR2 agonist comprises GROB-A4 or an analog or
derivative thereof. In some embodiments, the at least one CXCR4 antagonist
comprises plerixator (AMD-3100) or an analog or derivative thereof. In still other
embodiments, the at least one CXCR2 agonist is GROP or an analog or derivative
thereof and the at least one CXCR4 antagonist is plerixafor or an analog or derivative
thereof. In some embodiments, the at least one CXCR4 antagonist comprises
ALTI1188, ALT1187, ALT1128, ALT1228, or TG-0054. In some embodiments, the
aof1 integrin/VLA-4 antagonist is N-(benzenesulfonyl)-L-prolyl-L-O-(1-
pyrrolidinylcarbonyl)tyrosine (BOP) or an analog or derivative thereof (e.g., R-
BC154). In some embodiments, the VLA-4 antagonist is BIO 5192 or Natalizumab,

or an analog or derivative thereof.
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In some embodiments, the isolated heHSC comprises a unique transcriptome
relative to hematopoietic stem cells contacted with granulocyte colony-stimulating
factor (G-CSF), a chemotherapeutic agent, or any combination thereof. For example,
in some aspects, the isolated heHSCs disclosed herein are characterized based on their
differential expression of one or more of the genes selected from the group consisting
of Fos, CD93, Fosb, Duspl, Jun, Dusp6, Cdk1, Fignl1, Plk2, Rsad2, Sgk1, Sdcl,
Serpine2, Sppl, Cdca8, Nrpl, Mcam, Pbk, Akrlcl and Cypl1lal, relative to, for
example the expression of one or more genes in HSCs mobilized using G-CSF. In
certain aspects, the isolated heHSC is non-quiescent. In some embodiments, the
isolated heHSC is OPN+ (e.g., the isolated heHSC express osteopontin). In some
embodiments, the isolated heHSC differentially expresses CD93 (e.g., the heHSC is
CDO93+). In some embodiments, the isolated heHSC does not express CD34 or is
CD34-. In some embodiments, the isolated heHSC is CD93+ and CD34-.

In certain aspects of the present inventions, the isolated heHSCs disclosed
herein are transformed to express a polynucleotide (e.g., an isolated heHSC may be
transformed with an expression vector to express an exogenous polynucleotide). In
some embodiments, the expression vector comprises a viral vector selected from the
group consisting of a retrovirus, a herpes simplex, a lentivirus, an adenovirus, and an
adeno-associated virus. In some embodiments, the isolated heHSC is transfected with
an expression vector that comprises the polynucleotide. In some embodiments, the
polynucleotide comprises an exogenous polynucleotide.

Also disclosed herein is the use of the isolated heHSC to effect or otherwise
facilitate the delivery of an exogenous polynucleotide to a subject in need thereof.
For example, the isolated heHSC disclosed herein may be transformed to express an
exogenous polynucleotide and, upon engraftment in the subject’s tissues (e.g., bone
marrow tissues), the engrafted heHSC expresses the exogenous polynucleotide,
thereby delivering the expression product of the exogenous polynucleotide (e.g., a
protein or amino acid) to the subject.

In some embodiments, also disclosed herein are methods of transforming an
isolated heHSC, wherein such methods comprise a step of contacting the heHSC with
an expression vector under conditions sufficient for the vector to integrate into the
heHSC genome. In yet other embodiments, the isolated heHSC of the present
inventions are genetically modified to shut off expression of an endogenous

polynucleotide.
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In certain embodiments, the isolated heHSC is substantially pure.
The above discussed, and many other features and attendant advantages of the
present inventions will become better understood by reference to the following

detailed description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawings will be
provided by the Office upon request and payment of the necessary fee.

FIG. 1 illustrates that relative to G-CSF, the combination of the CXCR2
agonist GROP and the CXCR4 antagonist plerixafor (AMD-3100) mobilized a highly
engraftable hematopoietic stem cell (heHSC). As shown in FIG. 1, relative to G-CSF
mobilized cells, an increase in donor chimerism was observed following engraftment
with the heHSCs that were mobilized with GROB and AMD-3100. In this
demonstration, 195 CD150+, CD48-, SKL cells were transplanted per mouse.

FIG. 2 illustrates that relative to G-CSF, the combination of the CXCR2
agonist GROP and the CXCR4 antagonist plerixafor (AMD-3100) mobilized a highly
engraftable hematopoietic stem cell (heHSC), in a separate, independent
demonstration from that shown in FIG. 1. As shown in FIG. 2, relative to G-CSF
mobilized cells, an increase in donor chimerism was observed following engraftment
of the heHSCs that were mobilized with GROP and AMD-3100. In this
demonstration, 50 CD150+CD48-SKL cells were transplanted per mouse.

FIG. 3 illustrates that certain genes showed higher expression in the heHSCs
that were mobilized using the combination of the CXCR2 agonist GROP and the
CXCR4 antagonist plerixafor (AMD-3100), relative to the cells mobilized using G-
CSF.

FIG. 4 illustrates a heat map showing the top twenty discriminating genes
between hematopoietic stem cells (HSCs) that were mobilized using G-CSF
mobilized (the two Tube B replicates), relative to the heHSCs (Tube C) mobilized
using the combination of the CXCR2 agonist GROP and the CXCR4 antagonist
plerixafor (AMD-3100). Spp!l corresponds to osteopontin marker 1.

DETAILED DESCRIPTION OF THE INVENTION
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The present disclosure relates to a non-native, highly engraftable
hematopoietic stem cell (heHSC) that is useful in connection with stem cell
transplantation and the treatment of stem cell and/or progenitor cell disorders.
Disclosed herein are isolated, non-native heHSCs, methods of their use and
manufacture, and kits that comprise such heHSCs for use in connection with stem cell
transplantation or the treatment of stem cell and/or progenitor cell disorders. The
heHSCs disclosed herein are useful, for example, for transplantation and/or
engraftment in a subject in connection with the treatment of any disease requiring
stem cell transplantation.

The work described herein relates to the surprising discovery that heHSCs that
are prepared by contacting or mobilizing with a combination of a CXCR2 agonist
(e.g., GROP) and a CXCR4 antagonist (e.g., plerixafor) exhibit superior engrafting
ability, for example, superior engrafting ability relative to HSCs or peripheral blood
stem cells (PBSCs) that are mobilized using traditional mobilizing regimens (e.g.,
granulocyte-colony stimulating factor (G-CSF) or chemotherapeutic agents).
Accordingly, certain aspects of the present inventions relate to non-native, isolated
heHSCs that are prepared by contacting or mobilizing hematopoietic stem cells and/or
progenitor cells using a combination of one or more CXCR2 agonists (e.g., GROP)
and one or more CXCR4 antagonists (e.g., plerixafor). An exemplary method of
mobilizing hematopoietic stem cells and/or progenitor cells in a subject comprises
administering to the subject a combination of at least one CXCR2 agonist and at least
one CXCR4 antagonist in amounts sufficient to mobilize such hematopoietic stem
cells and/or progenitor cells into the subject’s peripheral blood. The isolated heHSCs
disclosed herein and the related methods of their preparation by mobilizing
hematopoietic stem cells and/or progenitor cells have a variety of useful applications,
for example for the treatment of stem cell and/or progenitor cell disorders.

In some embodiments, aspects of the present inventions relate to non-native,
isolated heHSCs that are prepared by contacting or mobilizing hematopoietic stem
cells and/or progenitor cells using a combination of at least one CXCR2 agonist (e.g.,
GROp) and at least one CXCR4 antagonist, VLLA-4 antagonist, aef3; antagonist, o3,
integrin/VLA-4 antagonist or combination thereof.

As used herein, the term “mobilizing” refers to the act of inducing the

migration of hematopoietic stem cells and/or progenitor cells (e.g., heHSCs) from a
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first location (e.g., the stem cell niche or bone marrow tissues of a subject) to a second
location (e.g., the peripheral blood or an organ, such as the spleen, of a subject). For
example, in certain embodiments, the non-native, isolated heHSCs disclosed herein
may be prepared by mobilizing hematopoietic stem cells and/or progenitor cells from
the stem cell niche of a human subject into the subject’s peripheral tissue by
administering to the subject a combination of one or more CXCR2 agonists (e.g.,
GROpP) and one or more CXCR4 antagonists (e.g., plerixafor), following which the
mobilized heHSCs may be harvested or isolated (e.g., by apheresis), as further
described herein. With regard to the heHSCs disclosed herein, the term “isolated”
means that the heHSC is substantially free of other cell types or cellular materials
with which may be present when the heHSC is isolated from a treated subject. In
some embodiments, an isolated heHSC or an isolated population of heHSCs is a
substantially pure population of heHSCs, for example, as compared to the
heterogeneous population from which the cells were isolated or enriched from (e.g,,
substantially pure as compared to the population of mobilized cells). In some
embodiments, the heHSCs are enriched from a biological sample that is obtained from
a subject following treatment with a combination of a CXCR2 agonist (e.g., GROB)
and a CXCR4 antagonist (e.g., plerixafor). In one embodiment, the mobilized and
harvested heHSCs disclosed herein may be used in connection with an allogeneic or
an autologous transplant. The terms “enriching” or “enriched” are used
interchangeably herein and mean that the yield (fraction) of heHSCs is increased by at
least about 10%, 15%, 20%, 25%., 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99%
or more over the fraction of mobilized cells.

As used herein with respect to a population of heHSCs, term “substantially
pure”, refers to a population of heHSCs that is at least about 75%, preferably at least
about 85%, more preferably at least about 90%, and most preferably at least about
95% pure, and still more preferably at least about 99% pure with respect to the cells
making up a total population of mobilized cells. Recast, the terms “substantially
pure” or “essentially purified”, with regard to a population of heHSCs, refers to a
population of cells that contain fewer than about 20%, more preferably fewer than
about 15%, 12%, 10%, 8%, 7%, most preferably fewer than about 5%, 4%, 3%, 2%,
1%, or less than 1%, of cells that are not heHSCs as defined by the terms herein. In

some embodiments, the present invention encompasses methods to expand a
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population of heHSCs, wherein the expanded population of heHSCs is a substantially
pure population.

While certain embodiments disclosed herein contemplate the in vivo
preparation of the heHSCs by mobilizing hematopoietic stem cells and/or progenitor
cells, it should be understood that the present inventions are not limited to such in vivo
methods. Rather, also contemplated are in vitro methods of preparing heHSCs, for
example by contacting hematopoietic stem cells and/or progenitor cells with a
combination of a CXCR2 agonist (e.g., GROPB) and a CXCR4 antagonist (e.g.,
plerixafor) , VL A-4 antagonist, 0o} antagonist, aef integrin/VLA-4 antagonist or
combination thereof. As used herein, the term “contacting” means bringing two or
more moieties together, or within close proximity of one another such that the
moieties may interact with each other. For example, in one embodiment of the
present invention, a hematopoietic stem cell and/or a progenitor cell is contacted with
a CXCR2 agonist and/or a CXCR4 antagonist to produce and/or mobilize a heHSC.

Contemplated CXCR2 agonists include any compounds or agents that are
capable of activating the CXCR2 receptor (e.g., the human CXCR2 receptor).
Exemplary CXCR?2 agonists include chemokines, cytokines, biologic agents,
antibodies and small organic molecules. For example, contemplated chemokines
acting via the CXCR2 receptor include without limitation GROB, GROa, GROy,
GCP-2 (granulocyte chemo-attractant protein 2), IL-8, NAP-2 (neutrophil activating
peptide 2), ENA-78 (epithelial-cell derived neutrophil activating protein 78), and
modified forms of any of the foregoing. In some embodiments, the CXCR2 agonist is
selected from the group of compounds or agents consisting of small organic or
inorganic molecules; oligosaccharides; polysaccharides; biological macromolecules
selected from the group consisting of peptides, proteins, peptide analogs and
derivatives; peptidomimetics; nucleic acids selected from the group consisting of
siRNAs, shRNAs, antisense RNAs, ribozymes, and aptamers; and any combination
thereof.

In certain aspects, the CXCR2 agonist comprises GROP.

In some embodiments, the at least one CXCR2 agonist is the chemokine
GROp or an analog or derivative thereof. An exemplary form of GRO is the human
GROP polypeptide (GenBank Accession: AAP13104; SEQ ID NO: 1). In certain
aspects, an exemplary form of GROp is the human GRO (UniProt ID No. P19875;
SEQ ID NO: 2).
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An exemplary GROP analog or derivative is the desamino GROP protein (also
known as MIP-2alpha), which comprises the amino acid sequence of mature gro-S
protein truncated at its N terminus between amino acid positions 2 and 8, as described
in PCT International Application Publication W(O/1994/029341, the contents of which
are incorporated herein by reference in their entirety. Another GROp analog or
derivative is the dimeric modified GRO protein described in U.S. Patent No.
6,413,510, the contents of which are incorporated herein by reference in their entirety.
Still another exemplary GROP analog or derivative is SB-251353, a GRO analog
involved in directing movement of stem cells and other leukocytes, as described by
Bensinger, ef al., Bone Marrow Transplantation (2009), 43, 181-195, the entire
contents of which are incorporated by reference herein.

In some embodiments of the present inventions, the at least one CXCR2
agonist is or comprises GROB-A4 (e.g., SEQ ID NO: 3) or an analog or derivative
thereof. In some embodiments, the at least one CXCR2 agonist is selected from the
group consisting of GROP or an analog or derivative thereof and GROB-A4 or an
analog or derivative thereof.

Contemplated CXCR4 antagonists include any compounds or agents that are
capable of blocking the CXCR4 receptor or preventing its activation. For example,
contemplated are compounds and agents that block or otherwise interfere with the
binding or interaction of the CXCR4 receptor with such receptor’s ligand. Also
contemplated are compounds or agents that block the downstream effects of the
activated CXCR4 receptor. In some embodiments, the CXCR4 antagonist is selected
from the group of compounds or agents consisting of small organic or inorganic
molecules; oligosaccharides; polysaccharides; biological macromolecules selected
from the group consisting of peptides, proteins, peptide analogs and derivatives;
peptidomimetics; nucleic acids selected from the group consisting of siRNAs,
shRNAs, antisense RNAs, ribozymes, and aptamers; and any combination thereof.

In some embodiments of the present inventions, the at least one CXCR4
antagonist is plerixafor (formerly known as AMD-3100), the structure of which is

depicted below (I), or an analog or derivative thereof.
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In some embodiments, the at least one CXCR4 antagonist is MOZOBIL® or
5 an analog or derivative thereof. Exemplary analogs of plerixafor include, but are not
limited to, AMD11070, AMD3465, KRH-3955, T-140, and 4F-benzoyl-TN14003, as
depicted below (II-VI, respectively) and described by De Clercq, Pharmacol Ther.
(2010) 128(3):509-18, the contents of which are incorporated by reference herein in

their entirety.
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Wy 4F-benzoyl-TN14003
(VD)

In some embodiments, the at least one CXCR4 antagonist comprises
ALT1188, ALT1187, ALT1128, ALT1228, or TG-0054 or an analog or derivative
thereof. In some embodiments, the CXCR4 antagonist comprises at least one
inhibitor described in Debnath B, et al., “Small Molecule Inhibitors of
CXCRA4,” Theranostics 2013; 3(1):47-75, incorporated herein by reference.

In some embodiments, non-native, isolated heHSCs are prepared by
contacting or mobilizing hematopoietic stem cells and/or progenitor cells using a
combination of at least one CXCR2 agonist (e.g., GROP) and at least one aof3;
integrin/VLA-4 antagonist. In some embodiments, the aoP; integrin/VLA-4
antagonist is N-(benzenesulfonyl)-L-prolyl-L-O-(1-pyrrolidinylcarbonyl)tyrosine
(BOP) or an analog or derivative thereof (e.g., R-BC154). In some embodiments,
non-native, isolated heHSCs are prepared by contacting or mobilizing hematopoietic
stem cells and/or progenitor cells using a combination of at least one CXCR2 agonist
(e.g., GROP) and at least one VLA-4 antagonist. In some embodiments, the VLA-4
antagonist is BIO 5192, Natalizumab, or an analog or derivative thereof.

In some embodiments, the at least one CXCR2 agonist is or comprises GRO
or an analog or derivative thereof, and the at least one CXCR4 antagonist is or

comprises plerixafor (AMD-3100) or an analog or derivative thereof. In some
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GROB-A4 or an analog or derivative thereof and the at least one CXCR4 antagonist is
selected from the group consisting of plerixafor or an analog or derivative thereof.

The combination of at least one CXCR2 agonist and at least one CXCR4
antagonist, VLA-4 antagonist, oo antagonist, aef; integrin/VLA-4 antagonist or
combination thereof may be administered directly to a subject in combination or, in
certain aspects, may be administered independently. For example, the at least one
CXCR2 agonist and the at least one CXCR4 antagonist, VLLA-4 antagonist, o3,
antagonist, aoP; integrin/VLA-4 antagonist or combination thereof can be, but need
not be, administered (e.g., administered intravenously) to a subject at the same time.
In one embodiment, the at least one CXCR2 agonist is administered in one or more
doses, followed by the administration of the at least one CXCR4 antagonist in one or
more doses.

In addition to inducing a faster mobilization (e.g., about two-fold, three-fold
,four-fold, five-fold, six-fold, seven-fold, eight-fold, nine-fold, ten-fold, twelve-fold,
fifteen-fold, twenty-fold or more faster relative to traditional mobilization regimens
that are performed using, for example, G-CSF or, alternatively, within one hour,
within 45 minutes, within 30 minutes, within 15 minutes within 10 minutes, within 5
minutes or faster) and producing a greater quantity of mobilized stem cells (e.g.,
heHSCs), the combination of at least one CXCR2 agonist (e.g., GROB-A4 or an
analog or derivative thereof) and at least one CXCR4 antagonist (e.g., plerixafor or an
analog or derivative thereof) , VL A-4 antagonist, aof3; antagonist, aof; integrin/VLA-4
antagonist or combination thereof mobilizes a non-native stem cell that is
characterized by its enhanced engrafting ability and its unique genetic signatures, as
illustrated in FIG. 3. As used herein to describe the stem cells that are mobilized
using the combination of at least one CXCR2 agonist and at least one CXCR4
antagonist, VLLA-4 antagonist, o3 antagonist, aef3; integrin/VLA-4 antagonist or
combination thereof the term “unique” refers to one or more distinguishing
characteristics of such mobilized stem cells relative to those cells that are mobilized
using traditional mobilization regiments using, for example, G-CSF alone. For
example, stem cells that are mobilized using the combination of at least one CXCR2
agonist and at least one CXCR4 antagonist, VLA-4 antagonist, ao3; antagonist, oof3;

integrin/VLA-4 antagonist or combination thereof may be characterized by their
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expression of one or more unique markers or antigens (e.g., CD93+) or by their
unique transcriptome.

One such marker, CD93, is expressed in hematopoietic cells at the apex of
hematopoiesis. These early hematopoietic CD93 expressing cells in humans may also
be negative for CD34. heHSC populations generated upon treatment with
combination of at least one CXCR2 agonist and at least one CXCR4 antagonist which
also exhibit CD93 expression are indicative of early lineage stem cells and may serve
to support improved transplantation and/or engraftment.

Similarly, in certain embodiments, stem cells that are mobilized using the
combination of at least one CXCR2 agonist and at least one CXCR4 antagonist, VLA-
4 antagonist, aqf3; antagonist, aqf; integrin/VLLA-4 antagonist or combination thereof
may be characterized by improved function. In particular, the engrafting ability of the
heHSCs mobilized using the combination of at least one CXCR2 agonist and at least
one CXCR4 antagonist, VLA-4 antagonist, ao3; antagonist, oo integrin/VLA-4
antagonist or combination thereof is surprisingly increased or enhanced relative to the
engrafting ability of stem cells or PBSCs that are mobilized following the contacting
of hematopoietic stem cells and/or progenitor cells with traditional mobilizing agents,
such as G-CSF.

In certain aspects, the heHSCs are characterized by their increased or
enhanced engrafting ability relative to stem cells or PBSCs that are mobilized
following the contacting of hematopoietic stem cells and/or progenitor cells with one
or more chemotherapeutic agents (e.g., chemotherapeutic mobilization agents).
Exemplary chemotherapeutic agents include paclitaxel, etoposide, vinblastine,
doxorubicin, bleomycin, methotrexate, S-fluorouracil, 6-thioguanine, cytarabine,
cyclophosphamide, cisplatinum and combinations thereof. In certain aspects, such
chemotherapeutic agents mobilize hematopoietic stem cells and/or progenitor cells.
For example, such a chemotherapeutic mobilization agent may comprise EPO. In
some embodiments, such a chemotherapeutic mobilization agent is or comprises stem
cell factor. In some embodiments, such a chemotherapeutic mobilization agent is or
comprises TPO. In still other embodiments, such a chemotherapeutic mobilization
agent is or comprises parathyroid hormone.

As used herein, the term “hematopoietic stem cells” or “HSC” refers to stem
cells that can differentiate into the hematopoietic lineage and give rise to all blood cell

types such as white blood cells and red blood cells, including myeloid (e.g.,
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monocytes and macrophages, neutrophils, basophils, eosinophils, erythrocytes,
megakaryocytes/platelets, dendritic cells), and lymphoid lineages (e.g., T-cells, B-
cells, NK-cells). Stem cells are defined by their ability to form multiple cell types
(multipotency) and their ability to self-renew. Hematopoietic stem cells can be
identified, for example by cell surface markers such as CD34-, CD133+, CD48-,
CD150+, CD244-, cKit+, Scal+, and lack of lineage markers (negative for B220,
CD3, CD4, CD8, Macl, Grl, and Ter119, among others).

As used herein, the term “hematopoietic progenitor cells” encompasses
pluripotent cells which are committed to the hematopoietic cell lineage, generally do
not self-renew, and are capable of differentiating into several cell types of the
hematopoietic system, such as granulocytes, monocytes, erythrocytes,
megakaryocytes, B-cells and T-cells, including, but not limited to, short term
hematopoietic stem cells (ST-HSCs), multi-potent progenitor cells (MPPs), common
myeloid progenitor cells (CMPs), granulocyte-monocyte progenitor cells (GMPs),
megakaryocyte-erythrocyte progenitor cells (MEPs), and committed lymphoid
progenitor cells (CLPs). The presence of hematopoietic progenitor cells can be
determined functionally as colony forming unit cells (CFU-Cs) in complete
methylcellulose assays, or phenotypically through the detection of cell surface
markers (e.g., CD45-, CD34+, Ter119-, CD16/32, CD127, cKit, Scal) using assays
known to those of skill in the art.

In some embodiments, the mobilized hematopoietic stem cells and/or
progenitor cells comprise SKL cells. In certain aspects, the mobilized hematopoietic
stem cells and/or progenitor cells comprise SKL SLAM cells. In certain aspects, the
mobilized hematopoietic stem cells and/or progenitor cells exhibit a SLAM (Signaling
lymphocyte activation molecule) expression pattern which is CD150+, CD48-. A
SLAM expression pattern (SLAM code) is an expression pattern of specific markers
(SLAM markers) that are used to identify subpopulations of hematopoietic stem cells
and multipotent progenitors. See Oguro, et al. (2013) “SLAM family markers resolve
functionally distinct subpopulations of hematopoietic stem cells and multipotent
progenitors,” Cell Stem Cell, 13(1), 102-116, and references cited therein.

In some embodiments, the mobilized hematopoietic stem cells and/or
progenitor cells comprise CD34-, CD133+ cells. In some embodiments, the mobilized
hematopoietic stem cells and/or progenitor cells comprise common myeloid

progenitor cells. In some embodiments, the mobilized hematopoietic stem cells
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and/or progenitor cells comprise granulocyte/monocyte progenitor cells. In some
embodiments, the mobilized hematopoietic stem cells and/or progenitor cells
comprise megakaryocyte/erythroid progenitor cells. In some embodiments, the
mobilized hematopoietic stem cells and/or progenitor cells comprise committed
lymphoid progenitor cells. In some embodiments, the mobilized hematopoietic stem
cells and/or progenitor cells comprise a combination of common myeloid progenitor
cells, granulocyte/monocyte progenitor cells, megakaryocyte/erythroid progenitor
cells. In some embodiments, the mobilized hematopoietic stem cells and/or
progenitor cells comprise CD150-, CD48-, CD244+ cells. In some embodiments, the
mobilized hematopoietic stem cells and/or progenitor cells comprise CD150-, CD48+,
CD244+ cells. In some embodiments, the mobilized hematopoietic stem cells and/or
progenitor cells comprise Sca-1-, c-kit+, Lin-, CD34+, CD16/32™ cells. In some
embodiments, the mobilized hematopoietic stem cells and/or progenitor cells
comprise Sca-1-, c-kit+, Lin-, CD34-, CD16/32'°" cells. In some embodiments, the
isolated heHSC does not express an immunophenotypic means of identifying human
hematopoietic stem cells.

In some embodiments, the isolated heHSCs disclosed herein comprise a
unique transcriptome relative to hematopoietic stem cells contacted with G-CSF, a
chemotherapeutic agent, or a combination thereof. For example, in certain aspects,
the isolated heHSCs disclosed herein are characterized based on their differential
expression of one or more of the genes identified in FIG. 4, relative to, for example
the expression of one or more genes in hematopoietic stem cells (HSCs) that were
mobilized using G-CSF. In some aspects, the isolated heHSCs disclosed herein are
characterized based on their differential expression of one or more of the genes
selected from the group consisting of Fos (e.g., SEQ ID NO: 4), CD93 (e.g., SEQ ID
NO: 5), Fosb (e.g., SEQ ID NO: 6), Duspl (e.g., SEQ ID NO: 7), Jun (e.g., SEQ ID
NO: 8), Dusp6 (e.g., SEQ ID NO: 9), Cdkl1 (e.g., SEQ ID NO: 10), Fignl1 (e.g., SEQ
ID NO: 11), PIk2 (e.g., SEQ ID NO: 12), Rsad2 (e.g., SEQ ID NO: 13), Sgkl (e.g.,
SEQ ID NO: 14), Sdcl (e.g., SEQ ID NO: 15), Serpine2 (e.g., SEQ ID NO: 16), Sppl
(e.g., SEQ ID NO: 17), Cdca8 (e.g., SEQ ID NO: 18), Nrpl (e.g., SEQ ID NO: 19),
Mcam (e.g., SEQ ID NO: 20), Pbk (e.g., SEQ ID NO: 21), Akrlcl (e.g., SEQ ID NO:
22) and Cypllal (e.g., SEQ ID NO: 23), relative to, for example the expression of
one or more genes by hematopoietic stem cells (HSCs) that were mobilized using G-

CSF. In some embodiments, the isolated heHSC is OPN+ (e.g., the isolated heHSC
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express osteopontin). In some embodiments, the isolated heHSC differentially
expresses CD93 (e.g., the heHSC is CD93+). In certain aspects, the isolated heHSC
disclosed herein is non-quiescent. In some embodiments, the heHSC is CD34-.

The heHSCs disclosed herein are prepared by mobilizing or contacting
hematopoietic stem cells and/or progenitor cells with a combination of a CXCR2
agonist and a CXCR4 antagonist, VLLA-4 antagonist, aof3; antagonist, oo,
integrin/VLA-4 antagonist or combination thereof. As used herein, the terms “highly
engraftable hematopoietic stem cell” and “heHSC” refer to the isolated population or
fraction of stem cells or PBSCs that are, for example, mobilized from the stem cell
niche or bone marrow of a subject into the peripheral blood or organs of the subject
following the administration of one or more CXCR2 agonists (e.g., GROP or an
analog or derivative thereof) and one or more CXCR4 antagonists (e.g., plerixafor or
an analog or derivative thereof), VLA-4 antagonist, aof3; antagonist, aof
integrin/VLA-4 antagonist or combination thereof. In certain aspects, such heHSCs
are substantially pure.

In some embodiments, the isolated heHSCs disclosed herein are
immunophenotypically unique relative to cells or stem cells mobilized using
traditional mobilization regimens (e.g., stem cells mobilized using G-CSF). For
example, as illustrated in FIG. 3, certain genes showed higher expression in the
heHSCs that were mobilized using the combination of the CXCR2 agonist GROp and
the CXCR4 antagonist plerixafor (AMD-3100), relative to the cells mobilized using
G-CSF. In certain aspects, the heHSCs disclosed herein express osteopontin or are
osteopontin positive (OPN+). In some embodiments, the isolated heHSC differentially
expresses CD93 (e.g., the heHSC is CD93+). In some embodiments, the isolated
heHSC does not express CD34 or is CD34-. In some embodiments, the isolated
heHSC is CD93+ and CD34-. In some embodiments, the isolated heHSC
differentially expresses one or more genes shown in FIG. 3 or FIG. 4 as compared to
an isolated HSC mobilized using traditional mobilization regimens (e.g., stem cells
mobilized using G-CSF).

In some embodiments, a population of cells (i.e., a cell population comprising
or consisting of heHSC) isolated by the methods disclosed herein (e.g., by contacting
cells with a combination of at least one CXCR2 agonist (e.g., GROP) and at least one
CXCR4 antagonist, VLLA-4 antagonist, aof3; antagonist, aofy; integrin/VLA-4

antagonist or combination thereof) has an increased or decreased proportion of cells
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exhibiting one or more cell surface markers or one or more expression profiles
disclosed herein as compared to cells isolated by conventional methods. The one or
more cell surface markers or cell expression profiles may be increased or decreased
by about 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, or more. In some embodiments, the one or more cell
surface marker is CD93. In some embodiments, after performing the methods
disclosed herein, an obtained cell population may be assayed to determine whether the
prevalence of one or more cell surface markers or cell expression profiles has
increased or decreased to determine whether the obtained cell population is suitable as
heHSC for transplantation. In some embodiments, the obtained cell population is
assayed to determine if at least about 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or more of the cells are
CD93+. Any suitable assay (e.g., FACS analysis) may be used for the determination.

In some embodiments, the obtained cell population may be further enriched
for a desired cell surface marker or gene expression pattern to obtain a desired heHSC
population for transplantation. In some embodiments, the obtained cell population
may be enriched for CD93+ cells or CD93+ and CD34- cells. In some embodiments,
the cell population may be enriched by about 1.5-fold, 2-fold, 2.5-fold, 3-fold, 4-fold,
5-fold or more. In some embodiments, the cell population may be enriched to contain
at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or more
of cells containing a desired cell surface marker or cell expression pattern (e.g.,
enriched for CD93+ cells or CD93+/CD34- cells). Any suitable procedure (e.g.,
FACS sorting) may be used for the enrichment.In some embodiments, the isolated
heHSCs disclosed herein are not immunophenotypically unique relative to cells or
stem cells mobilized using traditional mobilization regimens (e.g., stem cells
mobilized using G-CSF). Such isolated heHSC may be functionally unique relative to
cells or stem cells mobilized using traditional mobilization regimens.

Upon mobilization, which in certain instances may occur within 15-30
minutes of having administered a CXCR2 agonist and a CXCR4 antagonist, VLA-4
antagonist, aeP; antagonist, aeP; integrin/VLA-4 antagonist or combination thereof,
the mobilized heHSCs can be harvested or isolated (e.g., via apheresis) as disclosed
herein and are useful for subsequent transplantation in a subject in need thereof. For
example, such mobilized heHSCs may be harvested or isolated for autologous

transplantation into a subject or for allogeneic transplantation into a recipient subject.
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In some instances, the harvesting or isolation of the mobilized hematopoietic stem
cells and/or progenitor cells can be initiated within as little as 15 minutes following
the administration of the at least one CXCR2 agonist and the at least one CXCR4
antagonist, VLA-4 antagonist, o3 antagonist, aef3; integrin/VLA-4 antagonist or
combination thereof. In some embodiments, the harvesting or isolating procedure can
begin in as little as 10 minutes, 12 minutes, 15 minutes, 18 minutes, 20 minutes, 22
minutes, 25 minutes, 30 minutes, 35 minutes, 40 minutes, 47 minutes, 52 minutes, 58
minutes, or an hour after administration of the at least one CXCR2 agonist and the at
least one CXCR4 antagonist, VLA-4 antagonist, aof}; antagonist, aof3; integrin/ VLA-4
antagonist or combination thereof.

The disclosure contemplates the use of any suitable method of harvesting
and/or collecting mobilized hematopoietic stem cells and/or progenitor cells to
prepare the isolated heHSCs disclosed herein. In some embodiments harvesting the
mobilized hematopoietic stem cells and/or progenitor cells comprises apheresis. In
some embodiments, the combination of at least one CXCR2 agonist (e.g., GROP or
GROB-A4) and at least one CXCR4 antagonist (e.g., plerixafor), VLA-4 antagonist,
aof1 antagonist, aof; integrin/ VL A-4 antagonist or combination thereof rapidly and
efficiently mobilizes mobilized hematopoietic stem cells and/or progenitor cells, and
exhibits increased efficiencies compared to traditional mobilizing regimens. As a
result, in some embodiments an apheresis procedure may be performed on the same
day that the at least one CXCR2 agonist and the at least one CXCR4 antagonist,
VLA-4 antagonist, a3 antagonist, aof3; integrin/ VLA-4 antagonist or combination
thereof are administered to the subject. In other words, harvesting mobilized heHSCs
from a subject (e.g., a donor) via apheresis can be performed on the same day that the
mobilization agents are administered to the subject (e.g., during a single visit to a
healthcare facility). In some embodiments, an apheresis procedure may be performed
on the same day that at least one CXCR2 agonist (e.g., GROPB or GROB-A4) and at
least one CXCR4 antagonist, VLA-4 antagonist, aof3; antagonist, agf3; integrin/ VLA-4
antagonist or combination thereof is administered to the subject.

In some embodiments, administration of the at least one CXCR2 agonist (e.g.,
GROB or GROB-A4) and the at least one CXCR4 antagonist, VLA-4 antagonist, aqf3;
antagonist, aeP; integrin/VLA-4 antagonist or combination thereof mobilizes an
amount of hematopoietic stem cells and/or progenitor cells in the subject to harvest a

heHSC cell dose of between about 1 x 10%kg body weight and 10 x 10°/kg body
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weight in a single apheresis session. In some embodiments, a single session of
apheresis collects enough heHSCs for a cell dose of between about 1 x 10°/kg and 10
x 10°/kg of the recipient’s body weight. In some embodiments, administration of the
at least one CXCR2 agonist (e.g., GROB or GROB-A4) and the at least one CXCR4
antagonist, VLA-4 antagonist, oo antagonist, aef; integrin/VLA-4 antagonist or
combination thereof mobilizes an amount of hematopoietic stem cells and/or
progenitor cells in the subject to harvest enough heHSCs for a cell dose of between
about 2 x 10°/kg body weight and 8 x 10°/kg body weight in a single apheresis
session. In some embodiments, a single session of apheresis collects enough heHSCs
for a cell dose of between about 2 x 10%/kg and 8 x 10%/kg of the recipient’s body
weight. In some embodiments, administration of the at least one CXCR2 agonist
(e.g., GROPB or GROB-A4) and the at least one CXCR4 antagonist, VLLA-4 antagonist,
aof1 antagonist, aof; integrin/VLA-4 antagonist or combination thereof mobilizes an
amount of hematopoietic stem cells and/or progenitor cells in the subject to harvest a
heHSC cell dose of between about 3 x 10%kg body weight and 6 x 10%/kg body
weight in a single apheresis session. In some embodiments, a single session of
apheresis collects enough heHSCs for a cell dose of between about 1 x 10°/kg and 10
x 10%/kg of the recipient’s body weight.

Following harvesting, the isolated heHSCs disclosed herein may be
administered to or transplanted in the donor subject (e.g., an autologous transplant), or
alternatively may be donated to a different subject in need thereof (e.g., allogeneic
transplant). In certain aspects, the administration or transplant of the isolated heHsCs
occurs following or in combination with radiation or chemotherapy.

The mobilized heHSC disclosed herein are characterized by their increased
engrafting ability (e.g., a two-fold increased engrafting ability), which makes such
heHSCs suitable for use in connection with gene therapy. For example, where genetic
manipulation of cells is associated with a corresponding reduction in their engrafting
ability and, due to the improved or enhanced engrafting ability of the heHSCs
disclosed herein, such heHSCs are rendered more tolerant to genetic manipulation,
following which only limited reductions in their engrafting ability may be observed.

Gene therapy can be used to transform a heHSC, modify a heHSC to replace a
gene product, to treat disease, or to improve engraftment of the heHSC following
implantation into a subject. For example, in certain embodiments, the heHSCs

disclosed herein may be transformed with an expression vector (e.g., a viral vector
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selected from the group consisting of a retrovirus, a herpes simplex, a lentivirus, an
adenovirus, and an adeno-associated virus). In some embodiments, the isolated
heHSC is transformed or transfected with an expression vector that comprises a
polynucleotide. In some embodiments, the polynucleotide comprises an exogenous
polynucleotide. In some embodiments, the expression product of a polynucleotide is
a protein that is not endogenously expressed or is under expressed by the subject’s
cells.

As used herein, the term “transform” means to introduce into a heHSC an
exogenous polynucleotide (e.g., a nucleic acid or nucleic acid analog) which
replicates within that heHSC, that encodes a gene product (e.g., an amino acid,
polypeptide sequence, protein or enzyme) which is expressed in that heHSC, and/or
that s integrated into the genome of that heHSC so as to affect the expression of a
genetic locus within the genome. The term “transform” is used to embrace all of the
various methods of introducing such polynucleotides (e.g., nucleic acids or nucleic
acid analogs), including, but not limited to the methods referred to in the art as
transformation, transfection, transduction, or gene transfer, and including techniques
such as microinjection, DEAE-dextran-mediated endocytosis, calcium phosphate
coprecipitation, electroporation, liposome-mediated transfection, ballistic injection,
viral-mediated transfection, and the like.

In some embodiments, also disclosed herein are methods of transforming an
isolated heHSC, wherein such methods comprise a step of contacting the heHSC with
an expression vector under conditions sufficient for the vector to integrate into the
heHSC genome. In yet other embodiments, the isolated heHSC of the present
inventions are genetically modified to shut off expression of an endogenous
polynucleotide.

As used herein, the term “vector” means any genetic construct, such as for
example, a plasmid, phage, transposon, cosmid, chromosome, virus and/or virion,
which is capable transferring nucleic acids between cells. Vectors may be capable of
one or more of replication, expression, and insertion or integration, but need not
possess each of these capabilities. Thus, the term includes cloning, expression,
homologous recombination, and knock-out vectors.

In certain aspects, prior to engraftment, a mobilized hematopoietic stem cell
and/or progenitor cell can be manipulated to express one or more desired

polynucleotides or gene products (e.g., one or more of a polypeptide, amino acid
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sequence protein and/or enzyme). Gene therapy can be used to either modify a
mobilized hematopoietic stem cell and/or progenitor cell to replace a polynucleotide
or gene product or to add or knockdown a gene product. In some embodiments the
genetic engineering is done, for example, to treat disease, following which the
genetically engineered heHSC would be transplanted and engraft into a subject. For
example, a mobilized heHSC may be manipulated to express one or more
polynucleotides or genes that would enhance the engrafting ability of the transplanted
heHSC.

Techniques for transfecting cells are known in the art. In an exemplary
embodiment, gene therapy can be used to insert a polynucleotide (e.g., DNA) into a
mobilized hematopoietic stem cell from a patient or subject with a genetic defect to
correct such genetic defect, following which the corrected or genetically engineered
mobilized hematopoietic stem cell may be transplanted into a subject.

In some other embodiments, the heHSCs disclosed herein can be used as
carriers for gene therapy.

In some embodiments, the isolated heHSCs and the related methods of
mobilizing such heHSCs are useful for treating subjects that have demonstrated poor
mobilization in response to a conventional hematopoietic stem cell and/or progenitor
cell mobilization regimen (e.g., subjects that have failed to mobilize a sufficient
numbers of stem cells following a mobilization regimen comprising or consisting of
G-CSF). For example, such heHSCs and the related methods disclosed herein may be
used to enhance hematopoietic stem cell and/or progenitor cell mobilization in
individuals exhibiting stem cell and/or progenitor cell mobilopathy. Accordingly, in
certain embodiments, any of the methods and compositions disclosed herein may be
suitable for use in mobilizing hematopoietic stem cell and/or progenitor stem cells in
a subject having an underlying disease that impairs egress of such hematopoietic stem
cells and/or progenitor stem cells from bone marrow and into the peripheral
circulation, including, for example, subjects that have or are at risk of developing
diabetic stem cell mobilopathy. In certain aspects, subjects that have failed to
mobilize a sufficient number of hematopoietic stem cells and/or progenitor cells in
response to a mobilization regimen comprising G-CSF (e.g., subjects that have failed
to mobilize a sufficient number of stem cells about five days after receiving a G-CSF
mobilization regimen) are candidates for mobilization using the methods and

compositions disclosed herein. In certain embodiments, the isolated heHSCs may be
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administered to a subject exhibiting mobilopathy for the treatment of a stem cell or
progenitor cell disorder.

As used herein to describe a mobilization regimen, the term “conventional”
generally refers to those mobilization regimens that have traditionally been used to
mobilize stem cells. For example, conventional mobilization regimens include those
comprising or consisting of G-CSF and that have historically been used to mobilize
stem cells from the bone marrow compartment. Such convention mobilization
regimens are frequently associated with poor mobilization results, which may often
occur over an extended period of time (e.g., over about 5 days), and subjecting the
patient to repeated and prolonged apheresis procedures.

In addition to being phenotypically unique relative to stem cells mobilized
using traditional mobilization regimens, the heHSCs disclosed herein are
characterized by their improved functional properties. For example, in certain
embodiments, the heHSCs disclosed herein are characterized by their improved
engrafting ability. Accordingly, certain aspects of the methods disclosed herein
comprise administering or otherwise transplanting the isolated, non-native heHSCs to
a subject in need, such that the administered heHSCs engraft in the tissues (e.g., the
bone marrow tissue) of the recipient subject. As used herein, the terms “engrafting”
and “engraftment” refer to placing or administration of the heHSCs into an animal
(e.g., by injection), wherein following such placement or administration, the heHSCs
persist in vivo. Engraftment may be readily measured by the ability of the
transplanted heHSCs to, for example, contribute to the ongoing blood cell formation
or by assessing donor chimerism following the transplant of such heHSCs.

Successful stem cell transplantation depends on the ability to engraft sufficient
quantities of transplanted stem cells in the tissues of the subject (e.g., the bone
marrow tissues of the subject). The heHSCs disclosed herein are characterized by
their improved engrafting ability and accordingly, certain aspects of the present
invention relate to methods of treating stem cell and/or progenitor cell disorders or
other diseases requiring transplantation of hematopoietic stem cells and/or progenitor
cells by administering to a subject the non-native, isolated heHSCs disclosed herein.

The heHSCs disclosed herein are also characterized by their ability to achieve
enhanced or improved donor chimerism following their engraftment in the tissues of a
subject. For example, as illustrated in FIG. 1, relative to G-CSF-mobilized stem

cells, in certain embodiments, an increase in donor chimerism is observed following
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engraftment of heHSCs that were mobilized with the combination of one or more
CXCR2 agonists (e.g., GROP and analogs or derivatives thereof) and one or more
CXCR4 antagonist (e.g., AMD-3100 and analogs or derivatives thereof). As used
herein, the term “donor chimerism” refers to the fraction or percentage of bone
marrow cells that originate from the donor heHSCs following engraftment of such
heHSCs in a subject. In certain embodiments, donor chimerism following
engraftment of the heHSCs is increased relative to, for example, donor chimerism
observed following engraftment of the same or a similar quantity of stem cells that are
mobilized using conventional mobilization regimens (e.g., conventional mobilization
regimens comprising or consisting of G-CSF or other chemotherapeutic agents). In
certain embodiments, donor chimerism following engraftment of the heHSCs is
increased by at least about two fold, three-fold, four-fold, five-fold, six-fold, or more.
In some embodiments, such donor chimerism is at least about 10%, 20%, 25%, 30%,
40%, 50%, 60%, 70%, 75%, 80%., 85%, 90%, 95%, 97%, 99%. or more.

In certain aspects, the heHSCs disclosed herein are also characterized by their
ability to achieve an enhanced or improved CD34+ number upon engraftment in a
subject. For example, such engrafted heHSCs demonstrate an enhanced or improved
CD34+ number relative to an engraftment of the same quantity of hematopoietic stem
cells contacted with G-CSF or one or more chemotherapeutic agents described herein.
In some embodiments, such CD34+ number is increased by at least about 10%, 20%,
25%. 30%, 40%, 50%, 60%, 70%, 75%., 80%, 85%, 90%, 95%, 97%, 99%, 100%,
150%, 200%, 300%, or more relative to, for example, the CD34+ number observed
following engraftment of a G-CSF-mobilized stem cell. In some embodiments, such
CD34+ number is increased by at least about 1.2-fold, 1.3-fold, 1.4-fold, 1.5-fold, 1.6-
fold, 1.7-fold, 1.8-fold, 1.9-fold, 2-fold, 2.5-fold, 3-fold, 3.5-fold, 4-fold, or more
relative to, for example, the CD34+ number observed following engraftment of a G-
CSF-mobilized stem cell.

In some embodiments, also disclosed herein are methods of treating a stem
cell or progenitor cell disorder or a disease requiring transplantation of stem cells, the
methods comprising administering the isolated, non-native heHSCs to a subject,
wherein the administered heHSCs engrafts in the subject’s tissues (e.g., the subject’s

bone marrow compartment), thereby treating the stem cell or progenitor cell disorder.

2% 2%

As used herein, the terms “treat,” “treatment,” “treating,” or “amelioration”

when used in reference to a stem cell disorder, progenitor cell disorder or any disease
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requiring stem cell transplantation, generally refer to therapeutic treatments for a
condition, wherein the object is to reverse, alleviate, ameliorate, inhibit, slow down or
stop the progression or severity of a symptom or condition. The term “treating” also
includes reducing or alleviating at least one adverse effect or symptom of a condition,
disease or disorder. Treatment is generally effective if one or more symptoms or
clinical markers of the condition or disease are reduced. Alternatively, treatment is
effective if the progression of a condition is reduced or halted. That is, treatment
includes not just the improvement of symptoms or markers, but also a cessation or at
least slowing of progress or worsening of symptoms that would be expected in the
absence of treatment. Beneficial or desired clinical results include, but are not limited
to, alleviation of one or more symptom(s), diminishment of extent of the deficit,
stabilized state of, for example, a condition, disease, or disorder described herein, or
delaying or slowing onset of a condition, disease, or disorder described herein, and an
increased lifespan as compared to that expected in the absence of treatment.

As used herein, the term “administering,” generally refers to the placement of
the heHSCs described herein into a subject (e.g., the parenteral placement of heHSCs
into a subject) by a method or route which results in delivery of such heHSCs to an
intended target tissue or site of action (e.g., the bone marrow tissue of a subject). In
certain aspects, the term “administering” refers to the placement of at least one
CXCR2 agonist and at least one CXCR4 antagonist, VLA-4 antagonist, agf3;
antagonist, aeP; integrin/VLA-4 antagonist or combination thereof to a subject to
mobilize hematopoietic stem cells and/or progenitor cells from, for example, the
subject’s bone marrow tissues and into the subject’s peripheral tissues (e.g.,
mobilizing such hematopoietic stem cells and/or progenitor cells out of the bone
marrow compartment and into one or more of the peripheral compartments, such as
the peripheral blood compartment).

The isolated, non-native heHSCs disclosed herein are useful for the treatment
of any disease, disorder, condition, or complication associated with a disease,
disorder, or condition, in which transplantation of hematopoietic stem cells and/or
progenitor cells is desirable. In some embodiments, the present inventions relate to
methods of treating diseases that require peripheral blood stem cell transplantation. In
some embodiments, the disclosure provides method of treating stem cell disorders and

progenitor cell disorders in a subject in need of such treatment. Examples of such
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stem cell and progenitor disorders include hematological malignancies and non-
malignant hematological diseases.

In some embodiments, the disease, stem cell disorder or progenitor cell
disorder is a hematological malignancy. Exemplary hematological malignancies
which can be treated with the heHSCs and methods described herein include, but are
not limited to, acute lymphoid leukemia, acute myeloid leukemia, chronic lymphoid
leukemia, chronic myeloid leukemia, diffuse large B-cell non-Hodgkin’s lymphoma,
mantle cell lymphoma, lymphoblastic lymphoma, Burkitt’s lymphoma, follicular B-
cell non-Hodgkin’s lymphoma, T-cell non-Hodgkin’s lymphoma, lymphocyte
predominant nodular Hodgkin’s lymphoma, multiple myeloma, and juvenile
myelomonocytic leukemia.

In some embodiments, the disease, stem cell disorder or progenitor cell
disorder is a non-malignant disorder. Exemplary non-malignant diseases which can
be treated with the methods and heHSCs described herein include, but are not limited
to, myelofibrosis, myelodysplastic syndrome, amyloidosis, severe aplastic anemia,
paroxysmal nocturnal hemoglobinuria, immune cytopenias, systemic sclerosis,
rheumatoid arthritis, multiple sclerosis, systemic lupus erythematosus, Crohn’s
disease, chronic inflammatory demyelinating polyradiculoneuropathy, human
immunodeficiency virus (HIV), Fanconi anemia, sickle cell disease, beta thalassemia
major, Hurler’s syndrome (MPS-IH), adrenoleukodystrophy, metachromatic
leukodystrophy, familial erythrophagocytic lymphohistiocytosis and other histiocytic
disorders, severe combined immunodeficiency (SCID), and Wiskott-Aldrich
syndrome.

As used herein, the term “subject” means any human or animal. In certain
aspects, the animal is a vertebrate such as a primate, rodent, domestic animal or game
animal. Primates include chimpanzees, cynomologous monkeys, spider monkeys, and
macaques, e.g., Rhesus. Rodents include mice, rats, woodchucks, ferrets, rabbits and
hamsters. Domestic and game animals include cows, horses, pigs, deer, bison, buffalo,
feline species, e.g., domestic cat, canine species, e.g., dog, fox, wolf, avian species,
e.g., chicken, emu, ostrich, and fish, e.g., trout, catfish and salmon. Patient or subject
includes any subset of the foregoing (e.g., all of the above), but excluding one or more
groups or species such as humans, primates or rodents. In certain embodiments, the
subject is a mammal (e.g., a primate or human). In some embodiments, the subject is

amammal. In some embodiments, the mammal is a human, a non-human primate, a
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mouse, a rat, a dog, a cat, a horse, or a cow, and is not limited to these examples.
Mammals other than humans can be advantageously used, for example, as subjects
that represent animal models of, for example, a hematological malignancy. In
addition, the methods described herein can be used to treat domesticated animals
and/or pets. A subject can be male or female.

In certain embodiments, a subject can be one who has been previously
diagnosed with or otherwise identified as suffering from or having a condition,
disease, stem cell disorder or progenitor cell disorder described herein in need of
treatment (e.g., of a hematological malignancy or non-malignant disease described
herein) or one or more complications related to such a condition, and optionally, but
need not have already undergone treatment for a condition or the one or more
complications related to the condition. Alternatively, a subject can also be one who
has not been previously diagnosed as having a condition in need of treatment or one
or more complications related to such a condition. Rather, a subject can include one
who exhibits one or more risk factors for a condition or one or more complications
related to a condition.

A “subject in need” of treatment for a particular condition (e.g., a stem cell or
progenitor cell disorder) can be a subject having that condition, diagnosed as having
that condition, or at increased risk of developing that condition relative to a given
reference population. In some embodiments, the methods of treatment described
herein comprise selecting a subject diagnosed with, suspected of having, or at risk of
developing a hematological malignancy, for example a hematological malignancy
described herein. In some embodiments, the methods described herein comprise
selecting a subject diagnosed with, suspected of having, or at risk of developing a
non-malignant disease, for example a non-malignant disease described herein.

In other aspects of the invention, heHSC described herein may be produced by
obtaining a HSC cell population by any conventional method disclosed in the art and
enriching the HSC cell population for one or more cell surface markers or gene
expression profiles for heHSC disclosed herein. In some embodiments, the obtained
HSC cell population is enriched for CD93+ cells. In some embodiments, the HSC
cell population is enriched for CD93+/CD34- cells. In some embodiments, the HSC
cell population is enriched by about 1.5-fold, 2-fold, 2.5-fold, 3-fold, 4-fold, 5-fold or
more. In some embodiments, the cell population may be enriched to contain at least

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or more of cells



10

15

20

25

30

WO 2017/147610 -34- PCT/US2017/019778

containing a desired cell surface marker or cell expression pattern (e.g., enriched for
CD93+ cells or CD93+/CD34- cells). Any suitable procedure (e.g., FACS sorting)
may be used for the enrichment.

Some aspects of the invention are directed towards a method of making an
HSC product comprising: 1) contacting hematopoietic stem cells and/or progenitor
cells with at least one CXCR2 agonist and at least one CXCR4 antagonist, VLA-4
antagonist, a9B 1 antagonist, a9 1 integrin/ VL A-4 antagonist or combination thereof
to produce a candidate product; i1) providing a target expression profile for an heHSC
product; ii1) determining whether the candidate product meets the target expression
profile of an heHSC product; and iv) releasing the candidate product as an heHSC
product if the candidate product meets the target expression profile of an heHSC
product.

In some embodiments, the target expression profile comprises Sca-1+, c-kit+
and Lin- (SKL) cells. In some embodiments, the the target expression profile
comprises CD48- cells. . In some embodiments, the target expression profile
comprises CD150+ cells. In some embodiments, the target expression profile
comprises CD93+ cells. In some embodiments, the target expression profile
comprises CD34- cells. In some embodiments, the target expression profile comprises
OPN+ cells.

“The target expression profile” refers to a transcriptome and/or cell surface
marker profile indicating the presence of heHSC cells or a certain percentage of
heHSC cells in a cell population. In some embodiments, the target expression profile
comprises at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, or more of cells in the candidate product or enriched candidate product having
one or more cell surface markers. In some embodiments, the target expression profile
can be a transcriptome profile of the candidate product or enriched candidate product
indicating an heHSC product. In some embodiments, the transcriptome profile can be
similar or substantially similar to the profiles shown in FIG. 3 or FIG. 4.

In some embodiments, the contacting of the hematopoietic stem cells and/or
progenitor cells with at least one CXCR2 agonist and at least one CXCR4 antagonist,
VLA-4 antagonist, a9p1 antagonist, a9B1 integrin/VLA-4 antagonist or combination
thereof is performed in vivo. In some embodiments, the contacting is performed in

vitro.
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In some embodiments, the at least one CXCR2 agonist comprises GROP or an
analog or derivative thereof. In some embodiments, the at least one CXCR2 agonist
comprises GROB-A4 or an analog or derivative thereof. In some embodiments, the at
least one CXCR4 antagonist comprises plerixafor or an analog or derivative thereof.
In some embodiments, the at least one CXCR2 agonist is GROP or an analog or
derivative thereof, and wherein the at least one CXCR4 antagonist is plerixafor or an
analog or derivative thereof.

In some embodiments of the invention, the heHSC product, upon transplant
into a subject, demonstrates increased engrafting ability relative to engraftment of the
same quantity of hematopoietic stem cells contacted with granulocyte colony-
stimulating factor (G-CSF), a chemotherapeutic agent, or a combination thereof. In
some embodiments, the engrafting ability is increased by at least about two-fold. In
certain embodiments, such engrafting ability is increased by at least about two-fold,
three-fold, four-fold, five-fold, six-fold, or more.

In some embodiments of the invention, upon engraftment in a subject the
heHSC product demonstrates increased donor chimerism relative to engraftment of
the same quantity of hematopoietic stem cells contacted with G-CSF, a
chemotherapeutic agent, or a combination thereof. In some embodiments, the donor
chimerism is increased by at least about two fold. . In certain embodiments, such
donor chimerism is increased by at least about two-fold, three-fold, four-fold, five-
fold, six-fold, or more. In some embodiments, donor chimerism is increased by at
least about 50%.

In some embodiments, the heHSC product is non-quiescent.

In some embodiments, the method of making an HSC product additionally
comprises a step of enriching the candidate product for one or more cell surface
markers and/or one or more gene expression profiles. Any suitable method of
enrichment may be employed. In some embodiments, the method is FACS.

In some embodiments, the heHSC product comprises a unique transcriptome
relative to hematopoietic stem cells contacted with granulocyte colony-stimulating
factor (G-CSF), a chemotherapeutic agent, or a combination thereof. In some
embodiments, the heHSC product differentially express one or more of genes selected
from the group consisting of Fos, CD93, Fosb, Dusp1, Jun, Dusp6, Cdk1, Fignl1,
Plk2, Rsad2, Sgkl, Sdcl, Serpine2, Sppl, Cdca8, Nrpl, Mcam, Pbk, Akrlcl and

Cypllal, relative to one or more genes expressed by hematopoietic stem cells
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mobilized using G-CSF. In some embodiments, the heHSC product comprises at least
a unique transcriptome or a unique phenotype as compared to a naturally occurring
HSC.

In some aspects of the invention, the heHSC product is transformed to express
a polynucleotide. In some embodiments, the heHSC product is transformed with an
expression vector to express a polynucleotide. In some embodiments, the expression
vector comprises a viral vector selected from the group consisting of a retrovirus, a
herpes simplex, a lentivirus, an adenovirus, and an adeno-associated virus. In some
embodiments, the heHSC product is transfected with an expression vector that
comprises the polynucleotide. In some embodiments, polynucleotide comprises an
exogenous polynucleotide.

In some embodiments, the heHSC product comprises at least 40% CD93+
cells. In some embodiments, the heHSC product comprises at least about 2 x 106
cells. In some embodiments, the hematopoietic stem cells and/or progenitor cells are
human or mouse cells.

Another aspect of the invention is directed to a method of treating a stem cell
or progenitor cell disorder comprising: 1) contacting hematopoietic stem cells and/or
progenitor cells with at least one CXCR2 agonist and at least one CXCR4 antagonist,
VLA-4 antagonist, a9p1 antagonist, a9B1 integrin/VLA-4 antagonist or combination
thereof to produce a candidate product; i1) providing a target expression profile for an
heHSC product; ii1) determining whether the candidate product meets the target
expression profile of an heHSC product; and 1v) administering the candidate product
to a subject in need thereof if the candidate product meets the target expression profile
of an heHSC product.

In some embodiments, the target expression profile comprises Sca-1+, c-kit+
and Lin- (SKL) cells. In some embodiments, the target expression profile comprises
CD48- cells. In some embodiments, the target expression profile comprises CD150+
cells. In some embodiments, the target expression profile comprises CD93+ cells. In
some embodiments, the target expression profile comprises CD34- cells. In some
embodiments, the target expression profile comprises OPN+ cells.

“The target expression profile” refers to a transcriptome and/or cell surface
marker profile indicating the presence of heHSC cells or a certain percentage of
heHSC cells in a cell population. In some embodiments, the target expression profile

comprises at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,
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95%, or more of cells in the candidate product or enriched candidate product having
one or more cell surface markers. In some embodiments, the target expression profile
can be a transcriptome profile of the candidate product or enriched candidate product
indicating an heHSC product. In some embodiments, the transcriptome profile can be
similar or substantially similar to the profiles shown in FIG. 3 or FIG. 4.

In some embodiments, the contacting of the hematopoietic stem cells and/or
progenitor cells with at least one CXCR2 agonist and at least one CXCR4 antagonist,
VLA-4 antagonist, a9B1 antagonist, a9B1 integrin/VLA-4 antagonist or combination
thereof is performed in vivo. In some embodiments, the contacting is performed in
vitro.

In some embodiments, the at least one CXCR2 agonist comprises GROP or an
analog or derivative thereof. In some embodiments, the at least one CXCR2 agonist
comprises GROB-A4 or an analog or derivative thereof. In some embodiments, the at
least one CXCR4 antagonist comprises plerixafor or an analog or derivative thereof.
In some embodiments, the at least one CXCR2 agonist is GROP or an analog or
derivative thereof, and wherein the at least one CXCR4 antagonist is plerixafor or an
analog or derivative thereof.

In some embodiments of the invention, the heHSC product, upon transplant
into a subject, demonstrates increased engrafting ability relative to engraftment of the
same quantity of hematopoietic stem cells contacted with granulocyte colony-
stimulating factor (G-CSF), a chemotherapeutic agent, or a combination thereof. In
some embodiments, the engrafting ability is increased by at least about two-fold. In
certain embodiments, such engrafting ability is increased by at least about two-fold,
three-fold, four-fold, five-fold, six-fold, or more.

In some embodiments of the invention, upon engraftment in a subject the
heHSC product demonstrates increased donor chimerism relative to engraftment of
the same quantity of hematopoietic stem cells contacted with G-CSF, a
chemotherapeutic agent, or a combination thereof. In some embodiments, the donor
chimerism is increased by at least about two fold. . In certain embodiments, such
donor chimerism is increased by at least about two-fold, three-fold, four-fold, five-
fold, six-fold, or more. In some embodiments, donor chimerism is increased by at
least about 50%.

In some embodiments, the heHSC product is non-quiescent.
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In some embodiments, the method of making an HSC product additionally
comprises a step of enriching the candidate product for one or more cell surface
markers and/or one or more gene expression profiles. Any suitable method of
enrichment may be employed. In some embodiments, the method is FACS.

In some embodiments, the heHSC product comprises a unique transcriptome
relative to hematopoietic stem cells contacted with granulocyte colony-stimulating
factor (G-CSF), a chemotherapeutic agent, or a combination thereof. In some
embodiments, the heHSC product differentially express one or more of genes selected
from the group consisting of Fos, CD93, Fosb, Dusp1, Jun, Dusp6, Cdk1, Fignl1,
Plk2, Rsad2, Sgkl, Sdcl, Serpine2, Sppl, Cdca8, Nrpl, Mcam, Pbk, Akrlcl and
Cypllal, relative to one or more genes expressed by hematopoietic stem cells
mobilized using G-CSF. In some embodiments, the heHSC product comprises at least
a unique transcriptome or a unique phenotype as compared to a naturally occurring
HSC.

In some aspects of the invention, the heHSC product is transformed to express
a polynucleotide. In some embodiments, the heHSC product is transformed with an
expression vector to express a polynucleotide. In some embodiments, the expression
vector comprises a viral vector selected from the group consisting of a retrovirus, a
herpes simplex, a lentivirus, an adenovirus, and an adeno-associated virus. In some
embodiments, the heHSC product is transfected with an expression vector that
comprises the polynucleotide. In some embodiments, polynucleotide comprises an
exogenous polynucleotide.

In some embodiments, the heHSC product comprises at least 40% CD93+
cells. In some embodiments, the heHSC product comprises at least about 2 x 106
cells. In some embodiments, the hematopoietic stem cells and/or progenitor cells are
human or mouse cells.

In some embodiments, the stem cell or progenitor cell disorder is a malignant
hematologic disease. In some embodiments, the malignant hematologic disease is
selected from the group consisting of acute lymphoid leukemia, acute myeloid
leukemia, chronic lymphoid leukemia, chronic myeloid leukemia, diffuse large B-cell
non-Hodgkin’s lymphoma, mantle cell lymphoma, lymphoblastic lymphoma,
Burkitt’s lymphoma, follicular B-cell non-Hodgkin’s lymphoma, lymphocyte
predominant nodular Hodgkin’s lymphoma, multiple myeloma, and juvenile

myelomonocytic leukemia. In some embodiments, the stem cell or progenitor cell
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disorder is a non-malignant disease. In some embodiments, the non-malignant disease
is selected from the group consisting of myelofibrosis, myelodysplastic syndrome,
amyloidosis, severe aplastic anemia, paroxysmal nocturnal hemoglobinuria, immune
cytopenias, systemic sclerosis, rheumatoid arthritis, multiple sclerosis, systemic lupus
erythematosus, Crohn’s disorder, chronic inflammatory demyelinating
polyradiculoneuropathy, human immunodeficiency virus (HIV), Fanconi anemia,
sickle cell disorder, beta thalassemia major, Hurler’s syndrome (MPS-IH),
adrenoleukodystrophy, metachromatic leukodystrophy, familial erythrophagocytic
lymphohistiocytosis and other histiocytic disorders, severe combined
immunodeficiency (SCID), and Wiskott-Aldrich syndrome.

In certain aspects, the heHSCs described herein can be provided in the form of
a kit. For example, the kit may comprise one or more isolated, non-native heHSCs
and informational or instructional materials relating to the use or administration of
such heHSCs to a subject in need. In some embodiments, such kits may comprise at
least one CXCR2 agonist, at least one CXCR4 antagonist and instructions for their
administration to a subject to mobilize and/or harvest the hematopoietic stem cells
and/or progenitor cells, thereby preparing the isolated heHSCs disclosed herein.

It is to be understood that the invention is not limited in its application to the
details set forth in the description or as exemplified. The invention encompasses
other embodiments and is capable of being practiced or carried out in various ways.
Also, it is to be understood that the phraseology and terminology employed herein is
for the purpose of description and should not be regarded as limiting,

While certain agents, compounds, compositions and methods of the present
invention have been described with specificity in accordance with certain
embodiments, the following examples serve only to illustrate the methods and
compositions of the invention and are not intended to limit the same.

The articles “a” and “an” as used herein in the specification and in the claims,
unless clearly indicated to the contrary, should be understood to include the plural
referents. Claims or descriptions that include “or” between one or more members of a
group are considered satisfied if one, more than one, or all of the group members are
present in, employed in, or otherwise relevant to a given product or process unless
indicated to the contrary or otherwise evident from the context. The invention
includes embodiments in which exactly one member of the group is present in,

employed in, or otherwise relevant to a given product or process. The invention also
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includes embodiments in which more than one, or the entire group members are
present in, employed in, or otherwise relevant to a given product or process.
Furthermore, it is to be understood that the invention encompasses all variations,
combinations, and permutations in which one or more limitations, elements, clauses,
descriptive terms, etc., from one or more of the listed claims is introduced into
another claim dependent on the same base claim (or, as relevant, any other claim)
unless otherwise indicated or unless it would be evident to one of ordinary skill in the
art that a contradiction or inconsistency would arise. Where elements are presented as
lists, (e.g., in Markush group or similar format) it is to be understood that each
subgroup of the elements is also disclosed, and any element(s) can be removed from
the group. It should be understood that, in general, where the invention, or aspects of
the invention, is/are referred to as comprising particular elements, features, etc.,
certain embodiments of the invention or aspects of the invention consist, or consist
essentially of, such elements, features, etc. For purposes of simplicity those
embodiments have not in every case been specifically set forth in so many words
herein. It should also be understood that any embodiment or aspect of the invention
can be explicitly excluded from the claims, regardless of whether the specific
exclusion is recited in the specification. The publications and other reference
materials referenced herein to describe the background of the invention and to provide

additional detail regarding its practice are hereby incorporated by reference.

EXAMPLES

Example 1 Rapid regimen

To address the still remaining deficiencies in hematopoietic mobilization, the
present inventors believe an effective alternative method is the use of rapid mobilizing
agents that do not require multiple injections, that are more predictable in their peak
mobilization kinetics, and that result in an enhanced CD34+ number and
hematopoietic function upon transplant. One agent with potential is the CXCR2
agonist, GROB. GROP and GROB-A4 (collectively referred to herein as “GROB”)
rapidly mobilize hematopoietic stem cells (HSC), including all classes of short-term
progenitor cells as well as long-term repopulating cells. In mice, peak GROB-induced
mobilization occurs within 15-30 minutes of administration. Moreover, not only was

the observed mobilization faster following GROP administration, the present
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inventors believe that the stem cell quality was also greater, at least in view of the
improved engrafting ability of the mobilized stem cells (e.g., the two-fold greater
engrafting ability of the stem cells mobilized from the bone marrow compartment,
relative to stem cells mobilized using, for example, a mobilization regimen
comprising C-GSF) and the donor chimerism observed following engraftment of such
mobilized stem cells.

To assess this, the present inventors mobilized large cohorts of mice (15-20
per group) with either G-CSF (125ug/kg/day, five days) or with a combination of
GROB (2.5mg/kg) and plerixafor (AMD-3100) (5mg/kg), and then sorted the
peripheral blood for highly purified SLAM SKL cells (CD150+, CD48-, Sca-1+, c-
kit+, lineage negative)

In two separate experiments, the present inventors then competitively
transplanted either (a) 190 SLAM SKL cells against 300,000 whole bone marrow
competitors, or (b) 50 SLAM SKL cells against 300,000 whole bone marrow
competitors. This experimental design allowed for a direct assessment of the
engrafting ability of the mobilized SLAM SKL cells, independent of accessory cell
populations (e.g., non- CD150+, CD48-, Sca-1+, c-kit+, lineage negative cells) that
may have been mobilized, as well as normalized the HSC content so that the same
number of HSCs from either the G-CSF-mobilized donors, or the GRO plus
plerixafor-mobilized donors, went into the irradiated recipients. As illustrated in
FIGS. 1 and 2 in both sets of experiments, the SLAM SKL cells that were mobilized
by the combination of GROp plus plerixafor demonstrated superior engrafting ability
(2 fold greater) relative to the cells that were mobilized by G-CSF. This was evident
even when the exact same numbers of phenotypically defined (SLAM SKL) HSCs

were transplanted.

Example 2 Transcriptome signatures

Over the last decade, there has been increasing evidence that the
hematopoietic stem cell (HSC) pool is heterogeneous in function, with identification
of HSCs with differing lineage outputs, kinetics of repopulation, length of life-span,
and perhaps differences amongst HSCs contributing to homeostatic blood production
from those that are the engraftable units in transplantation. To date, however, there

are no reliable methods for prospectively isolating differing HSC populations to study



10

15

20

25

30

WO 2017/147610 -42- PCT/US2017/019778

heterogeneity. Rather, much of the available data has been acquired based on clonal
tracking, single cell transplantation, etc.

Much like panning for gold, the present inventors can now use the differential
mobilization properties of the mobilization regimen using GROP and plerixafor and
the regimen using G-CSF as a “biologic sieve” to isolate the heterogeneous HSC
populations from the blood. These differential mobilization properties enabled the
present inventors, and without destroying the cell, to prospectively isolate what is
referred to herein as a highly engraftable HSC (heHSC) population for further
functional analysis, and to prospectively isolate a differing HSC population with
known, predictable function (the heHSCs) for further molecular characterization.

As a preliminary proof of concept and to demonstrate the feasibility of the
approach described herein, SLAM SKL cells were sorted from large cohorts of mice
that were treated or mobilized with either G-CSF, or with the combination of GROP
and plerixafor (AMD-3100), as described in Example 1.

In the present study, 200 cells were directly sorted into 5 uL TCL lysis buffer
(Qiagen, #1031576). Library preparation was performed by the Smart-Seq2 protocol
(Picelli et al., 2013) with subsequent RNA sequencing by Illumina NextSeqS00. In
addition to SLAM SKL cells from the G-CSF mobilized blood and the GROP plus
plerixafor mobilized blood, additional control samples were sequenced, including
steady state bone marrow, bone marrow from the G-CSF-treated mice group, bone
marrow from the GRO plus plerixafor-treated mice, and a “drug spike” control,
which consisted of G-CSF mobilized blood spiked with GRO (350ng/ml) plus
AMD-3100 (10ug/ml), concentrations based on prior PK data, for 15 minutes, with
subsequent downstream processing for FACS sorting. This enabled the present
inventors to directly compare the heHSCs from those that were isolated from G-CSF
mobilized HSCs, HSCs from the bone marrow of treated and untreated mice, and a
drug control to account for any direct effects the GROP plus plerixafor may have had
on the gene signatures that are not due to specific, differential mobilization effects.
The RNASeq data was subsequently analyzed, as illustrated in FIG. 3.

Surprisingly, as illustrated in FIG. 4, the highly purified SLAM SKL cells
from the GRO plus plerixafor-mobilized peripheral blood demonstrated a unique
transcriptomic signature, including, for example, the expression of CD93 a marker of
early lineage stem cells, relative to those HSCs mobilized by G-CSF, as well as from

the treated or untreated bone marrow and from the drug spike control. The present
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inventors believe that the foregoing studies represent the first demonstration of
predictable, differential HSC mobilization and provide a novel method to isolate the

heHSC cells which have superior clinical utility.

LExample 3 Generation of unique stem cell populations

Hematopoietic stem cells (HSCs) are at the apex of lifelong blood cell
production. Recent clonal analysis studies suggest that HSCs are heterogeneous in
function and those that contribute to homeostatic production may be distinct from
those that engraft during transplant. The present inventors developed a rapid
mobilization regimen utilizing a unique CXCR2 agonist (an N-terminal truncated
MIP-2a) and the CXCR4 antagonist AMD-3100. A single subcutaneous injection of
both agents together resulted in rapid mobilization in mice with a peak progenitor cell
content in blood reached within 15 minutes.

The observed mobilization was equivalent to a 5S-day regimen of G-CSF and is
the result of synergistic signaling, and was blocked in CXCR4 or CXCR2 knockout
mice, confirming receptor and mechanism specificity and is caused by synergistic
release of MMP-9 from neutrophils that was blocked in MMP-9 knockout mice, mice
treated with an anti-MMP-9 antibody, TIMP-1 transgenic mice, or mice where
neutrophils were depleted in vivo using anti-GR-1 antibody. /n vivo confocal imaging
of mice demonstrated that the mobilization regimen caused a rapid and transient
increase in bone marrow vascular permeability, “opening the doorway” for
hematopoietic egress to the peripheral blood.

Transplantation of 2x10° peripheral blood mononuclear cells (PBMCs) from
the rapid regimen resulted in a 4 or 6 day quicker recovery of neutrophils and
platelets, respectively, compared to a G-CSF mobilized graft (n=12 mice per group,
P<0.01). In limiting dilution competitive transplants, the rapid regimen demonstrated
a greater than 2-fold enhancement in competitiveness (n=30 mice/treatment group, 2
individual experiments, P<0.001). Additionally, in secondarily transplanted mice,
competitiveness of the rapidly mobilized graft increased as measured by contribution
to chimerism, while G-CSF mobilized grafts remained static (n=16 mice/group,
P<0.01). Surprisingly, despite robust enhancement in both short and long-term
engraftment by the rapidly mobilized graft, phenotypic analysis of the blood of
mobilized mice for CD150+ CD48- Sca-1+ c-kit+ Lineage neg (SLAM SKL) cells, a
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highly purified HSC population, showed lower numbers of phenotypically defined
HSCs than in the G-CSF group.

The foregoing data suggest that a unique subset of “highly engraftable” HSCs
(heHSCs) are mobilized by the rapid regimen comprising an N-terminal truncated
MIP-2a and AMD-3100, compared to G-CSF. However, as our earlier studies were
performed using grafts that contained the total PBMC fraction (similar to the clinical
apheresis product) the present inventors could not rule out the potential contribution

of accessory cells to the enhanced engrafting ability of the heHSCs.

Example 4 Long term effects

Following the conclusions set out in Example 3, in 3 independent experiments,
the present inventors mobilized large cohorts of mice with the rapid regimen
comprising an N-terminal truncated MIP-2a (2.5mg/kg) and AMD-3100 (Smg/kg), or
G-CSF (125ug/kg/day, fice days) and sorted SLAM SKL cells from the PBMC
fraction and competitively transplanted equal numbers of SLAM SKL cells (190, or
50) from either the rapid regimen or G-CSF and tracked contribution to chimerism
over 36 weeks. Remarkably, the heHSCs from the rapid regimen demonstrated a 2-
fold enhancement in competitiveness compared to SLAM SKL cells from the G-CSF
group (n=11 mice/group, P<0.0004). See Figure 1.
Example 5 Molecular cell sorting and signature determination

While appreciation for HSC heterogeneity has grown, methods are lacking for
prospectively isolating differing HSC populations with known biologic function, to
study molecular heterogeneity. The present inventors sought to use the differential
mobilization properties of our rapid regimen and G-CSF to isolate the heterogeneous
HSC populations from the blood. The present inventors again flow sorted SLAM
SKL cells from mice mobilized with the rapid regimen or G-CSF and performed
RNASeq analysis of the purified populations. The heHSCs mobilized by the rapid
regimen had a unique transcriptomic signature compared to G-CSF mobilized or
random HSCs acquired from bone marrow (P<0.000001). Strikingly, gene set
enrichment analysis (GSEA) demonstrated that the heHSCs had a gene signature
highly significantly clustered to that of fetal liver HSCs, further demonstrating the
selective harvesting of a subset of highly engraftable stem cells.
Our results mechanistically define a new mobilization strategy, that in a single day

can mobilize a graft with superior engraftment properties compared to G-CSF, and
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selectively mobilize a novel population of heHSCs with an immature molecular

phenotype capable of robust long-term engraftment.

SEQUENCE LISTING

<120> HIGHLY ENGRAFTABLE HEMATOPOIETIC STEM CELLS

<130> HRVY-078-WOl1

<150> 62/300,694
<151> 2016-02-26

<150> 62/413,821
<151> 2016-10-27

<160> 23

<210> 1

211> 73

<212> PRT

<213> Homo sapiens

<220>
<221> MISC FEATURE
<223> Human Gro-beta

<400> 1

Ala Pro Leu Ala Thr Glu Leu Arg Cys Gln Cys Leu Gln Thr Leu Gln
1 5 10 15

Gly Ile His Leu Lys Asn Ile GIn Ser Val Lys Val Lys Ser Pro Gly
20 25 30

Pro His Cys Ala Gln Thr Glu Val Ile Ala Thr Leu Lys Asn Gly Gln
35 40 45

Lys Ala Cys Leu Asn Pro Ala Ser Pro Met Val Lys Lys lle Ile Glu
50 55 60

Lys Met Leu Lys Asn Gly Lys Ser Asn
65 70

<210> 2

<211> 107

<212> PRT

<213> Homo sapiens
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<220>
<221> MISC FEATURE
<223> UniProt ID No. P19875- human GRO-beta

<400> 2

Met Ala Arg Ala Thr Leu Ser Ala Ala Pro Ser Asn Pro Arg Leu Leu
1 5 10 15

Arg Val Ala Leu Leu Leu Leu Leu Leu Val Ala Ala Ser Arg Arg Ala
20 25 30

Ala Gly Ala Pro Leu Ala Thr Glu Leu Arg Cys Gln Cys Leu Gln Thr
35 40 45

Leu GIn Gly Ile His Leu Lys Asn Ile Gln Ser Val Lys Val Lys Ser
50 55 60

Pro Gly Pro His Cys Ala Gln Thr Glu Val Ile Ala Thr Leu Lys Asn
65 70 75 80

Gly GIn Lys Ala Cys Leu Asn Pro Ala Ser Pro Met Val Lys Lys lle
85 90 95

Ile Glu Lys Met Leu Lys Asn Gly Lys Ser Asn
100 105

<210> 3

<211> 69

<212> PRT

<213> Homo sapiens

<220>

<221> MISC FEATURE
<223> GRO-beta-delta-4
<400> 3

Thr Glu Leu Arg Cys Gln Cys Leu GIn Thr Leu Gln Gly Ile His Leu
1 5 10 15

Lys Asn Ile GIn Ser Val Lys Val Lys Ser Pro Gly Pro His Cys Ala
20 25 30

GlIn Thr Glu Val Ile Ala Thr Leu Lys Asn Gly Gln Lys Ala Cys Leu
35 40 45

Asn Pro Ala Ser Pro Met Val Lys Lys Ile lle Glu Lys Met Leu Lys
50 55 60
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Asn Gly Lys Ser Asn
65

<210> 4

<211> 380

<212> PRT

<213> Homo sapiens

<220>
<221> MISC_FEATURE
<223> FOS

<400> 4

Met Met Phe Ser Gly Phe Asn Ala Asp Tyr Glu Ala Ser Ser Ser Arg
1 5 10 15

Cys Ser Ser Ala Ser Pro Ala Gly Asp Ser Leu Ser Tyr Tyr His Ser
20 25 30

Pro Ala Asp Ser Phe Ser Ser Met Gly Ser Pro Val Asn Ala Gln Asp
35 40 45

Phe Cys Thr Asp Leu Ala Val Ser Ser Ala Asn Phe Ile Pro Thr Val
50 55 60

Thr Ala Ile Ser Thr Ser Pro Asp Leu GIn Trp Leu Val Gln Pro Ala
65 70 75 80

Leu Val Ser Ser Val Ala Pro Ser Gln Thr Arg Ala Pro His Pro Phe
85 90 95

Gly Val Pro Ala Pro Ser Ala Gly Ala Tyr Ser Arg Ala Gly Val Val
100 105 110

Lys Thr Met Thr Gly Gly Arg Ala Gln Ser Ile Gly Arg Arg Gly Lys
115 120 125

Val Glu GIn Leu Ser Pro Glu Glu Glu Glu Lys Arg Arg lle Arg Arg
130 135 140

Glu Arg Asn Lys Met Ala Ala Ala Lys Cys Arg Asn Arg Arg Arg Glu
145 150 155 160

Leu Thr Asp Thr Leu GIn Ala Glu Thr Asp Gln Leu Glu Asp Glu Lys
165 170 175

Ser Ala Leu GIn Thr Glu Ile Ala Asn Leu Leu Lys Glu Lys Glu Lys
180 185 190
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Leu Glu Phe Ile Leu Ala Ala His Arg Pro Ala Cys Lys Ile Pro Asp
195 200 205

Asp Leu Gly Phe Pro Glu Glu Met Ser Val Ala Ser Leu Asp Leu Thr
210 215 220

Gly Gly Leu Pro Glu Val Ala Thr Pro Glu Ser Glu Glu Ala Phe Thr
225 230 235 240

Leu Pro Leu Leu Asn Asp Pro Glu Pro Lys Pro Ser Val Glu Pro Val
245 250 255

Lys Ser Ile Ser Ser Met Glu Leu Lys Thr Glu Pro Phe Asp Asp Phe
260 265 270

Leu Phe Pro Ala Ser Ser Arg Pro Ser Gly Ser Glu Thr Ala Arg Ser
275 280 285

Val Pro Asp Met Asp Leu Ser Gly Ser Phe Tyr Ala Ala Asp Trp Glu
290 295 300

Pro Leu His Ser Gly Ser Leu Gly Met Gly Pro Met Ala Thr Glu Leu
305 310 315 320

Glu Pro Leu Cys Thr Pro Val Val Thr Cys Thr Pro Ser Cys Thr Ala
325 330 335

Tyr Thr Ser Ser Phe Val Phe Thr Tyr Pro Glu Ala Asp Ser Phe Pro
340 345 350

Ser Cys Ala Ala Ala His Arg Lys Gly Ser Ser Ser Asn Glu Pro Ser
355 360 365

Ser Asp Ser Leu Ser Ser Pro Thr Leu Leu Ala Leu
370 375 380

<210> 5

<211> 652

<212> PRT

<213> Homo sapiens

<220>

<221> MISC FEATURE
<223> CD93

<400> 5

Met Ala Thr Ser Met Gly Leu Leu Leu Leu Leu Leu Leu Leu Leu Thr
1 5 10 15



10

15

20

25

30

35

40

45

50

WO 2017/147610 -49- PCT/US2017/019778

Gln Pro Gly Ala Gly Thr Gly Ala Asp Thr Glu Ala Val Val Cys Val
20 25 30

Gly Thr Ala Cys Tyr Thr Ala His Ser Gly Lys Leu Ser Ala Ala Glu
35 40 45

Ala GIn Asn His Cys Asn Gln Asn Gly Gly Asn Leu Ala Thr Val Lys
50 55 60

Ser Lys Glu Glu Ala Gln His Val Gln Arg Val Leu Ala Gln Leu Leu
65 70 75 80

Arg Arg Glu Ala Ala Leu Thr Ala Arg Met Ser Lys Phe Trp Ile Gly
85 90 95

Leu GIn Arg Glu Lys Gly Lys Cys Leu Asp Pro Ser Leu Pro Leu Lys
100 105 110

Gly Phe Ser Trp Val Gly Gly Gly Glu Asp Thr Pro Tyr Ser Asn Trp
115 120 125

His Lys Glu Leu Arg Asn Ser Cys lle Ser Lys Arg Cys Val Ser Leu
130 135 140

Leu Leu Asp Leu Ser Gln Pro Leu Leu Pro Ser Arg Leu Pro Lys Trp
145 150 155 160

Ser Glu Gly Pro Cys Gly Ser Pro Gly Ser Pro Gly Ser Asn Ile Glu
165 170 175

Gly Phe Val Cys Lys Phe Ser Phe Lys Gly Met Cys Arg Pro Leu Ala
180 185 190
Leu Gly Gly Pro Gly GIn Val Thr Tyr Thr Thr Pro Phe GIn Thr Thr
195 200 205

Ser Ser Ser Leu Glu Ala Val Pro Phe Ala Ser Ala Ala Asn Val Ala
210 215 220

Cys Gly Glu Gly Asp Lys Asp Glu Thr Gln Ser His Tyr Phe Leu Cys
225 230 235 240

Lys Glu Lys Ala Pro Asp Val Phe Asp Trp Gly Ser Ser Gly Pro Leu
245 250 255

Cys Val Ser Pro Lys Tyr Gly Cys Asn Phe Asn Asn Gly Gly Cys His
260 265 270
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GlIn Asp Cys Phe Glu Gly Gly Asp Gly Ser Phe Leu Cys Gly Cys Arg
275 280 285

Pro Gly Phe Arg Leu Leu Asp Asp Leu Val Thr Cys Ala Ser Arg Asn
290 295 300

Pro Cys Ser Ser Ser Pro Cys Arg Gly Gly Ala Thr Cys Val Leu Gly
305 310 315 320

Pro His Gly Lys Asn Tyr Thr Cys Arg Cys Pro Gln Gly Tyr Gln Leu
325 330 335

Asp Ser Ser Gln Leu Asp Cys Val Asp Val Asp Glu Cys Gln Asp Ser
340 345 350

Pro Cys Ala Gln Glu Cys Val Asn Thr Pro Gly Gly Phe Arg Cys Glu
355 360 365

Cys Trp Val Gly Tyr Glu Pro Gly Gly Pro Gly Glu Gly Ala Cys GIn
370 375 380

Asp Val Asp Glu Cys Ala Leu Gly Arg Ser Pro Cys Ala GIn Gly Cys
385 390 395 400

Thr Asn Thr Asp Gly Ser Phe His Cys Ser Cys Glu Glu Gly Tyr Val
405 410 415

Leu Ala Gly Glu Asp Gly Thr Gln Cys Gln Asp Val Asp Glu Cys Val
420 425 430
Gly Pro Gly Gly Pro Leu Cys Asp Ser Leu Cys Phe Asn Thr Gln Gly
435 440 445

Ser Phe His Cys Gly Cys Leu Pro Gly Trp Val Leu Ala Pro Asn Gly
450 455 460

Val Ser Cys Thr Met Gly Pro Val Ser Leu Gly Pro Pro Ser Gly Pro
465 470 475 480

Pro Asp Glu Glu Asp Lys Gly Glu Lys Glu Gly Ser Thr Val Pro Arg
485 490 495

Ala Ala Thr Ala Ser Pro Thr Arg Gly Pro Glu Gly Thr Pro Lys Ala
500 505 510

Thr Pro Thr Thr Ser Arg Pro Ser Leu Ser Ser Asp Ala Pro Ile Thr
515 520 525
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Ser Ala Pro Leu Lys Met Leu Ala Pro Ser Gly Ser Pro Gly Val Trp
530 535 540

Arg Glu Pro Ser Ile His His Ala Thr Ala Ala Ser Gly Pro Gln Glu
545 550 555 560

Pro Ala Gly Gly Asp Ser Ser Val Ala Thr Gln Asn Asn Asp Gly Thr
565 570 575

Asp Gly Gln Lys Leu Leu Leu Phe Tyr Ile Leu Gly Thr Val Val Ala
580 585 590

Ile Leu Leu Leu Leu Ala Leu Ala Leu Gly Leu Leu Val Tyr Arg Lys
595 600 605

Arg Arg Ala Lys Arg Glu Glu Lys Lys Glu Lys Lys Pro Gln Asn Ala
610 615 620

Ala Asp Ser Tyr Ser Trp Val Pro Glu Arg Ala Glu Ser Arg Ala Met
625 630 635 640

Glu Asn GIn Tyr Ser Pro Thr Pro Gly Thr Asp Cys
645 650

<210> 6

<211> 338

<212> PRT

<213> Homo sapiens

<220>

<221> MISC FEATURE
<223> FOSB

<400> 6

Met Phe GIn Ala Phe Pro Gly Asp Tyr Asp Ser Gly Ser Arg Cys Ser
1 5 10 15

Ser Ser Pro Ser Ala Glu Ser GIn Tyr Leu Ser Ser Val Asp Ser Phe
20 25 30

Gly Ser Pro Pro Thr Ala Ala Ala Ser Gln Glu Cys Ala Gly Leu Gly
35 40 45

Glu Met Pro Gly Ser Phe Val Pro Thr Val Thr Ala Ile Thr Thr Ser
50 55 60

Gln Asp Leu GIn Trp Leu Val Gln Pro Thr Leu Ile Ser Ser Met Ala
65 70 75 80
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Gln Ser Gln Gly GIn Pro Leu Ala Ser Gln Pro Pro Val Val Asp Pro
85 90 95

Tyr Asp Met Pro Gly Thr Ser Tyr Ser Thr Pro Gly Met Ser Gly Tyr
100 105 110

Ser Ser Gly Gly Ala Ser Gly Ser Gly Gly Pro Ser Thr Ser Gly Thr
115 120 125

Thr Ser Gly Pro Gly Pro Ala Arg Pro Ala Arg Ala Arg Pro Arg Arg
130 135 140

Pro Arg Glu Glu Thr Leu Thr Pro Glu Glu Glu Glu Lys Arg Arg Val
145 150 155 160

Arg Arg Glu Arg Asn Lys Leu Ala Ala Ala Lys Cys Arg Asn Arg Arg
165 170 175

Arg Glu Leu Thr Asp Arg Leu Gln Ala Glu Thr Asp Gln Leu Glu Glu
180 185 190

Glu Lys Ala Glu Leu Glu Ser Glu Ile Ala Glu Leu Gln Lys Glu Lys
195 200 205

Glu Arg Leu Glu Phe Val Leu Val Ala His Lys Pro Gly Cys Lys Ile
210 215 220

Pro Tyr Glu Glu Gly Pro Gly Pro Gly Pro Leu Ala Glu Val Arg Asp
225 230 235 240

Leu Pro Gly Ser Ala Pro Ala Lys Glu Asp Gly Phe Ser Trp Leu Leu
245 250 255

Pro Pro Pro Pro Pro Pro Pro Leu Pro Phe GIn Thr Ser Gln Asp Ala
260 265 270

Pro Pro Asn Leu Thr Ala Ser Leu Phe Thr His Ser Glu Val Gln Val
275 280 285

Leu Gly Asp Pro Phe Pro Val Val Asn Pro Ser Tyr Thr Ser Ser Phe
290 295 300

Val Leu Thr Cys Pro Glu Val Ser Ala Phe Ala Gly Ala Gln Arg Thr
305 310 315 320

Ser Gly Ser Asp Gln Pro Ser Asp Pro Leu Asn Ser Pro Ser Leu Leu
325 330 335

Ala Leu
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<210> 7

<211> 367

<212> PRT

<213> Homo sapiens

<220>
<221> MISC_FEATURE
<223> Duspl

<400> 7

Met Val Met Glu Val Gly Thr Leu Asp Ala Gly Gly Leu Arg Ala Leu
1 5 10 15

Leu Gly Glu Arg Ala Ala GIn Cys Leu Leu Leu Asp Cys Arg Ser Phe
20 25 30

Phe Ala Phe Asn Ala Gly His Ile Ala Gly Ser Val Asn Val Arg Phe
35 40 45

Ser Thr Ile Val Arg Arg Arg Ala Lys Gly Ala Met Gly Leu Glu His
50 55 60

Ile Val Pro Asn Ala Glu Leu Arg Gly Arg Leu Leu Ala Gly Ala Tyr
65 70 75 80

His Ala Val Val Leu Leu Asp Glu Arg Ser Ala Ala Leu Asp Gly Ala
85 90 95

Lys Arg Asp Gly Thr Leu Ala Leu Ala Ala Gly Ala Leu Cys Arg Glu
100 105 110

Ala Arg Ala Ala GIn Val Phe Phe Leu Lys Gly Gly Tyr Glu Ala Phe
115 120 125

Ser Ala Ser Cys Pro Glu Leu Cys Ser Lys Gln Ser Thr Pro Met Gly
130 135 140

Leu Ser Leu Pro Leu Ser Thr Ser Val Pro Asp Ser Ala Glu Ser Gly
145 150 155 160

Cys Ser Ser Cys Ser Thr Pro Leu Tyr Asp Gln Gly Gly Pro Val Glu
165 170 175

Ile Leu Pro Phe Leu Tyr Leu Gly Ser Ala Tyr His Ala Ser Arg Lys
180 185 190

Asp Met Leu Asp Ala Leu Gly Ile Thr Ala Leu Ile Asn Val Ser Ala
195 200 205
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Asn Cys Pro Asn His Phe Glu Gly His Tyr Gln Tyr Lys Ser Ile Pro
210 215 220

Val Glu Asp Asn His Lys Ala Asp Ile Ser Ser Trp Phe Asn Glu Ala
225 230 235 240

Ile Asp Phe Ile Asp Ser Ile Lys Asn Ala Gly Gly Arg Val Phe Val
245 250 255

His Cys Gln Ala Gly Ile Ser Arg Ser Ala Thr Ile Cys Leu Ala Tyr
260 265 270

Leu Met Arg Thr Asn Arg Val Lys Leu Asp Glu Ala Phe Glu Phe Val
275 280 285

Lys Gln Arg Arg Ser Ile Ile Ser Pro Asn Phe Ser Phe Met Gly Gln
290 295 300

Leu Leu Gln Phe Glu Ser Gln Val Leu Ala Pro His Cys Ser Ala Glu
305 310 315 320

Ala Gly Ser Pro Ala Met Ala Val Leu Asp Arg Gly Thr Ser Thr Thr
325 330 335

Thr Val Phe Asn Phe Pro Val Ser Ile Pro Val His Ser Thr Asn Ser
340 345 350

Ala Leu Ser Tyr Leu Gln Ser Pro Ile Thr Thr Ser Pro Ser Cys
355 360 365

<210> 8

<211> 331

<212> PRT

<213> Homo sapiens

<220>

<221> MISC FEATURE
<223> Jun

<400> 8

Met Thr Ala Lys Met Glu Thr Thr Phe Tyr Asp Asp Ala Leu Asn Ala
1 5 10 15

Ser Phe Leu Pro Ser Glu Ser Gly Pro Tyr Gly Tyr Ser Asn Pro Lys
20 25 30

Ile Leu Lys GIn Ser Met Thr Leu Asn Leu Ala Asp Pro Val Gly Ser
35 40 45
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WO 2017/147610 -55- PCT/US2017/019778

Leu Lys Pro His Leu Arg Ala Lys Asn Ser Asp Leu Leu Thr Ser Pro
50 55 60

Asp Val Gly Leu Leu Lys Leu Ala Ser Pro Glu Leu Glu Arg Leu Ile
65 70 75 80

Ile Gln Ser Ser Asn Gly His Ile Thr Thr Thr Pro Thr Pro Thr Gln
85 90 95

Phe Leu Cys Pro Lys Asn Val Thr Asp Glu Gln Glu Gly Phe Ala Glu
100 105 110

Gly Phe Val Arg Ala Leu Ala Glu Leu His Ser GIln Asn Thr Leu Pro
115 120 125

Ser Val Thr Ser Ala Ala Gln Pro Val Asn Gly Ala Gly Met Val Ala
130 135 140

Pro Ala Val Ala Ser Val Ala Gly Gly Ser Gly Ser Gly Gly Phe Ser
145 150 155 160

Ala Ser Leu His Ser Glu Pro Pro Val Tyr Ala Asn Leu Ser Asn Phe
165 170 175

Asn Pro Gly Ala Leu Ser Ser Gly Gly Gly Ala Pro Ser Tyr Gly Ala
180 185 190

Ala Gly Leu Ala Phe Pro Ala Gln Pro Gln GIn Gln GIn Gln Pro Pro
195 200 205

His His Leu Pro Gln Gln Met Pro Val Gln His Pro Arg Leu Gln Ala
210 215 220

Leu Lys Glu Glu Pro GIn Thr Val Pro Glu Met Pro Gly Glu Thr Pro
225 230 235 240

Pro Leu Ser Pro Ile Asp Met Glu Ser Gln Glu Arg Ile Lys Ala Glu
245 250 255

Arg Lys Arg Met Arg Asn Arg lle Ala Ala Ser Lys Cys Arg Lys Arg
260 265 270

Lys Leu Glu Arg Ile Ala Arg Leu Glu Glu Lys Val Lys Thr Leu Lys
275 280 285

Ala Gln Asn Ser Glu Leu Ala Ser Thr Ala Asn Met Leu Arg Glu Gln
290 295 300
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Val Ala GIn Leu Lys Gln Lys Val Met Asn His Val Asn Ser Gly Cys
305 310 315 320

Gln Leu Met Leu Thr Gln Gln Leu Gln Thr Phe
325 330

<210> 9

<211> 381

<212> PRT

<213> Homo sapiens

<220>

<221> MISC FEATURE
<223> DUSP6

<400> 9

Met lle Asp Thr Leu Arg Pro Val Pro Phe Ala Ser Glu Met Ala Ile
1 5 10 15

Ser Lys Thr Val Ala Trp Leu Asn Glu GIn Leu Glu Leu Gly Asn Glu
20 25 30

Arg Leu Leu Leu Met Asp Cys Arg Pro Gln Glu Leu Tyr Glu Ser Ser
35 40 45

His Ile Glu Ser Ala Ile Asn Val Ala Ile Pro Gly Ile Met Leu Arg
50 55 60

Arg Leu Gln Lys Gly Asn Leu Pro Val Arg Ala Leu Phe Thr Arg Gly
65 70 75 80

Glu Asp Arg Asp Arg Phe Thr Arg Arg Cys Gly Thr Asp Thr Val Val
85 90 95

Leu Tyr Asp Glu Ser Ser Ser Asp Trp Asn Glu Asn Thr Gly Gly Glu
100 105 110

Ser Val Leu Gly Leu Leu Leu Lys Lys Leu Lys Asp Glu Gly Cys Arg
115 120 125

Ala Phe Tyr Leu Glu Gly Gly Phe Ser Lys Phe Gln Ala Glu Phe Ser
130 135 140

Leu His Cys Glu Thr Asn Leu Asp Gly Ser Cys Ser Ser Ser Ser Pro
145 150 155 160

Pro Leu Pro Val Leu Gly Leu Gly Gly Leu Arg Ile Ser Ser Asp Ser
165 170 175
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Ser Ser Asp Ile Glu Ser Asp Leu Asp Arg Asp Pro Asn Ser Ala Thr
180 185 190

Asp Ser Asp Gly Ser Pro Leu Ser Asn Ser Gln Pro Ser Phe Pro Val
195 200 205

Glu lle Leu Pro Phe Leu Tyr Leu Gly Cys Ala Lys Asp Ser Thr Asn
210 215 220

Leu Asp Val Leu Glu Glu Phe Gly Ile Lys Tyr Ile Leu Asn Val Thr
225 230 235 240

Pro Asn Leu Pro Asn Leu Phe Glu Asn Ala Gly Glu Phe Lys Tyr Lys
245 250 255

Gln Ile Pro Ile Ser Asp His Trp Ser Gln Asn Leu Ser Gln Phe Phe
260 265 270

Pro Glu Ala Ile Ser Phe Ile Asp Glu Ala Arg Gly Lys Asn Cys Gly
275 280 285

Val Leu Val His Cys Leu Ala Gly Ile Ser Arg Ser Val Thr Val Thr
290 295 300

Val Ala Tyr Leu Met Gln Lys Leu Asn Leu Ser Met Asn Asp Ala Tyr
305 310 315 320

Asp lle Val Lys Met Lys Lys Ser Asn Ile Ser Pro Asn Phe Asn Phe
325 330 335

Met Gly Gln Leu Leu Asp Phe Glu Arg Thr Leu Gly Leu Ser Ser Pro
340 345 350

Cys Asp Asn Arg Val Pro Ala Gln Gln Leu Tyr Phe Thr Thr Pro Ser
355 360 365

Asn Gln Asn Val Tyr Gln Val Asp Ser Leu Gln Ser Thr
370 375 380

<210> 10

211> 297

<212> PRT

<213> Homo sapiens

<220>
<221> MISC FEATURE
<223> CDKI1

<400> 10
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WO 2017/147610 -58- PCT/US2017/019778

Met Glu Asp Tyr Thr Lys Ile Glu Lys lle Gly Glu Gly Thr Tyr Gly
1 5 10 15

Val Val Tyr Lys Gly Arg His Lys Thr Thr Gly Gln Val Val Ala Met
20 25 30

Lys Lys Ile Arg Leu Glu Ser Glu Glu Glu Gly Val Pro Ser Thr Ala
35 40 45

Ile Arg Glu Ile Ser Leu Leu Lys Glu Leu Arg His Pro Asn Ile Val
50 55 60

Ser Leu Gln Asp Val Leu Met Gln Asp Ser Arg Leu Tyr Leu Ile Phe
65 70 75 80

Glu Phe Leu Ser Met Asp Leu Lys Lys Tyr Leu Asp Ser Ile Pro Pro
85 90 95

Gly GIn Tyr Met Asp Ser Ser Leu Val Lys Ser Tyr Leu Tyr Gln Ile
100 105 110

Leu GIn Gly Ile Val Phe Cys His Ser Arg Arg Val Leu His Arg Asp
115 120 125

Leu Lys Pro GIn Asn Leu Leu Ile Asp Asp Lys Gly Thr Ile Lys Leu
130 135 140

Ala Asp Phe Gly Leu Ala Arg Ala Phe Gly Ile Pro Ile Arg Val Tyr
145 150 155 160

Thr His Glu Val Val Thr Leu Trp Tyr Arg Ser Pro Glu Val Leu Leu
165 170 175

Gly Ser Ala Arg Tyr Ser Thr Pro Val Asp Ile Trp Ser lle Gly Thr
180 185 190

Ile Phe Ala Glu Leu Ala Thr Lys Lys Pro Leu Phe His Gly Asp Ser
195 200 205

Glu lle Asp Gln Leu Phe Arg lle Phe Arg Ala Leu Gly Thr Pro Asn
210 215 220

Asn Glu Val Trp Pro Glu Val Glu Ser Leu Gln Asp Tyr Lys Asn Thr
225 230 235 240

Phe Pro Lys Trp Lys Pro Gly Ser Leu Ala Ser His Val Lys Asn Leu
245 250 255

Asp Glu Asn Gly Leu Asp Leu Leu Ser Lys Met Leu Ile Tyr Asp Pro
260 265 270



10

15

20

25

30

35

40

45

50

WO 2017/147610 -59- PCT/US2017/019778

Ala Lys Arg Ile Ser Gly Lys Met Ala Leu Asn His Pro Tyr Phe Asn
275 280 285

Asp Leu Asp Asn Gln Ile Lys Lys Met
290 295

<210> 11

211> 674

<212> PRT

<213> Homo sapiens

<220>

<221> MISC FEATURE
<223> Fignll

<400> 11

Met Gln Thr Ser Ser Ser Arg Ser Val His Leu Ser Glu Trp GlIn Lys
1 5 10 15

Asn Tyr Phe Ala Ile Thr Ser Gly Ile Cys Thr Gly Pro Lys Ala Asp
20 25 30

Ala Tyr Arg Ala Gln Ile Leu Arg Ile Gln Tyr Ala Trp Ala Asn Ser
35 40 45

Glu Ile Ser Gln Val Cys Ala Thr Lys Leu Phe Lys Lys Tyr Ala Glu
50 55 60

Lys Tyr Ser Ala Ile Ile Asp Ser Asp Asn Val Glu Ser Gly Leu Asn
65 70 75 80

Asn Tyr Ala Glu Asn Ile Leu Thr Leu Ala Gly Ser Gln GIn Thr Asp
85 90 95

Ser Asp Lys Trp Gln Ser Gly Leu Ser Ile Asn Asn Val Phe Lys Met
100 105 110

Ser Ser Val Gln Lys Met Met Gln Ala Gly Lys Lys Phe Lys Asp Ser
115 120 125

Leu Leu Glu Pro Ala Leu Ala Ser Val Val Ile His Lys Glu Ala Thr
130 135 140

Val Phe Asp Leu Pro Lys Phe Ser Val Cys Gly Ser Ser Gln Glu Ser
145 150 155 160

Asp Ser Leu Pro Asn Ser Ala His Asp Arg Asp Arg Thr Gln Asp Phe
165 170 175
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Pro Glu Ser Asn Arg Leu Lys Leu Leu Gln Asn Ala Gln Pro Pro Met
180 185 190

Val Thr Asn Thr Ala Arg Thr Cys Pro Thr Phe Ser Ala Pro Val Gly
195 200 205

Glu Ser Ala Thr Ala Lys Phe His Val Thr Pro Leu Phe Gly Asn Val
210 215 220

Lys Lys Glu Asn His Ser Ser Ala Lys Glu Asn Ile Gly Leu Asn Val
225 230 235 240

Phe Leu Ser Asn Gln Ser Cys Phe Pro Ala Ala Cys Glu Asn Pro Gln
245 250 255

Arg Lys Ser Phe Tyr Gly Ser Gly Thr Ile Asp Ala Leu Ser Asn Pro
260 265 270

Ile Leu Asn Lys Ala Cys Ser Lys Thr Glu Asp Asn Gly Pro Lys Glu
275 280 285

Asp Ser Ser Leu Pro Thr Phe Lys Thr Ala Lys Glu Gln Leu Trp Val
290 295 300

Asp Gln Gln Lys Lys Tyr His Gln Pro Gln Arg Ala Ser Gly Ser Ser
305 310 315 320

Tyr Gly Gly Val Lys Lys Ser Leu Gly Ala Ser Arg Ser Arg Gly Ile
325 330 335

Leu Gly Lys Phe Val Pro Pro Ile Pro Lys GIn Asp Gly Gly Glu Gln
340 345 350

Asn Gly Gly Met GIn Cys Lys Pro Tyr Gly Ala Gly Pro Thr Glu Pro
355 360 365

Ala His Pro Val Asp Glu Arg Leu Lys Asn Leu Glu Pro Lys Met lle
370 375 380

Glu Leu Ile Met Asn Glu Ile Met Asp His Gly Pro Pro Val Asn Trp
385 390 395 400

Glu Asp Ile Ala Gly Val Glu Phe Ala Lys Ala Thr Ile Lys Glu Ile
405 410 415

Val Val Trp Pro Met Leu Arg Pro Asp Ile Phe Thr Gly Leu Arg Gly
420 425 430



10

15

20

25

30

35

40

45

50

WO 2017/147610 -01- PCT/US2017/019778

Pro Pro Lys Gly Ile Leu Leu Phe Gly Pro Pro Gly Thr Gly Lys Thr
435 440 445

Leu Ile Gly Lys Cys Ile Ala Ser GIn Ser Gly Ala Thr Phe Phe Ser
450 455 460

Ile Ser Ala Ser Ser Leu Thr Ser Lys Trp Val Gly Glu Gly Glu Lys
465 470 475 480

Met Val Arg Ala Leu Phe Ala Val Ala Arg Cys Gln Gln Pro Ala Val
485 490 495

Ile Phe Ile Asp Glu Ile Asp Ser Leu Leu Ser Gln Arg Gly Asp Gly
500 505 510

Glu His Glu Ser Ser Arg Arg Ile Lys Thr Glu Phe Leu Val GIn Leu
515 520 525

Asp Gly Ala Thr Thr Ser Ser Glu Asp Arg Ile Leu Val Val Gly Ala
530 535 540

Thr Asn Arg Pro Gln Glu lle Asp Glu Ala Ala Arg Arg Arg Leu Val
545 550 555 560

Lys Arg Leu Tyr Ile Pro Leu Pro Glu Ala Ser Ala Arg Lys Gln Ile
565 570 575

Val Ile Asn Leu Met Ser Lys Glu Gln Cys Cys Leu Ser Glu Glu Glu
580 585 590

Ile Glu GIn Ile Val GIn Gln Ser Asp Ala Phe Ser Gly Ala Asp Met
595 600 605

Thr Gln Leu Cys Arg Glu Ala Ser Leu Gly Pro lle Arg Ser Leu Gln
610 615 620

Thr Ala Asp Ile Ala Thr Ile Thr Pro Asp Gln Val Arg Pro Ile Ala

625 630 635 640

Tyr Ile Asp Phe Glu Asn Ala Phe Arg Thr Val Arg Pro Ser Val Ser
645 650 655

Pro Lys Asp Leu Glu Leu Tyr Glu Asn Trp Asn Lys Thr Phe Gly Cys
660 665 670

Gly Lys
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<210> 12

<211> 685

<212> PRT

<213> Homo sapiens

<220>

<221> MISC FEATURE
<223> Plk2

<400> 12

Met Glu Leu Leu Arg Thr Ile Thr Tyr Gln Pro Ala Ala Ser Thr Lys
1 5 10 15

Met Cys Glu GIn Ala Leu Gly Lys Gly Cys Gly Ala Asp Ser Lys Lys
20 25 30

Lys Arg Pro Pro Gln Pro Pro Glu Glu Ser Gln Pro Pro GIn Ser Gln
35 40 45

Ala Gln Val Pro Pro Ala Ala Pro His His His His His His Ser His
50 55 60

Ser Gly Pro Glu Ile Ser Arg lle Ile Val Asp Pro Thr Thr Gly Lys
65 70 75 80

Arg Tyr Cys Arg Gly Lys Val Leu Gly Lys Gly Gly Phe Ala Lys Cys
85 90 95

Tyr Glu Met Thr Asp Leu Thr Asn Asn Lys Val Tyr Ala Ala Lys Ile
100 105 110
Ile Pro His Ser Arg Val Ala Lys Pro His Gln Arg Glu Lys Ile Asp
115 120 125

Lys Glu Ile Glu Leu His Arg Ile Leu His His Lys His Val Val Gln
130 135 140

Phe Tyr His Tyr Phe Glu Asp Lys Glu Asn Ile Tyr Ile Leu Leu Glu
145 150 155 160

Tyr Cys Ser Arg Arg Ser Met Ala His Ile Leu Lys Ala Arg Lys Val
165 170 175

Leu Thr Glu Pro Glu Val Arg Tyr Tyr Leu Arg Gln Ile Val Ser Gly
180 185 190

Leu Lys Tyr Leu His Glu Gln Glu Ile Leu His Arg Asp Leu Lys Leu
195 200 205
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Gly Asn Phe Phe Ile Asn Glu Ala Met Glu Leu Lys Val Gly Asp Phe
210 215 220

Gly Leu Ala Ala Arg Leu Glu Pro Leu Glu His Arg Arg Arg Thr Ile
225 230 235 240

Cys Gly Thr Pro Asn Tyr Leu Ser Pro Glu Val Leu Asn Lys Gln Gly
245 250 255

His Gly Cys Glu Ser Asp Ile Trp Ala Leu Gly Cys Val Met Tyr Thr
260 265 270

Met Leu Leu Gly Arg Pro Pro Phe Glu Thr Thr Asn Leu Lys Glu Thr
275 280 285

Tyr Arg Cys lle Arg Glu Ala Arg Tyr Thr Met Pro Ser Ser Leu Leu
290 295 300

Ala Pro Ala Lys His Leu Ile Ala Ser Met Leu Ser Lys Asn Pro Glu
305 310 315 320

Asp Arg Pro Ser Leu Asp Asp lle Ile Arg His Asp Phe Phe Leu Gln
325 330 335

Gly Phe Thr Pro Asp Arg Leu Ser Ser Ser Cys Cys His Thr Val Pro
340 345 350
Asp Phe His Leu Ser Ser Pro Ala Lys Asn Phe Phe Lys Lys Ala Ala
355 360 365

Ala Ala Leu Phe Gly Gly Lys Lys Asp Lys Ala Arg Tyr Ile Asp Thr
370 375 380

His Asn Arg Val Ser Lys Glu Asp Glu Asp Ile Tyr Lys Leu Arg His
385 390 395 400

Asp Leu Lys Lys Thr Ser Ile Thr Gln GIn Pro Ser Lys His Arg Thr
405 410 415

Asp Glu Glu Leu Gln Pro Pro Thr Thr Thr Val Ala Arg Ser Gly Thr
420 425 430

Pro Ala Val Glu Asn Lys Gln Gln Ile Gly Asp Ala Ile Arg Met Ile
435 440 445

Val Arg Gly Thr Leu Gly Ser Cys Ser Ser Ser Ser Glu Cys Leu Glu
450 455 460
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Asp Ser Thr Met Gly Ser Val Ala Asp Thr Val Ala Arg Val Leu Arg
465 470 475 480

Gly Cys Leu Glu Asn Met Pro Glu Ala Asp Cys Ile Pro Lys Glu Gln
485 490 495

Leu Ser Thr Ser Phe GIn Trp Val Thr Lys Trp Val Asp Tyr Ser Asn
500 505 510

Lys Tyr Gly Phe Gly Tyr GIn Leu Ser Asp His Thr Val Gly Val Leu
515 520 525

Phe Asn Asn Gly Ala His Met Ser Leu Leu Pro Asp Lys Lys Thr Val
530 535 540

His Tyr Tyr Ala Glu Leu Gly Gln Cys Ser Val Phe Pro Ala Thr Asp
545 550 555 560

Ala Pro Glu GIn Phe Ile Ser Gln Val Thr Val Leu Lys Tyr Phe Ser
565 570 575

His Tyr Met Glu Glu Asn Leu Met Asp Gly Gly Asp Leu Pro Ser Val
580 585 590

Thr Asp lle Arg Arg Pro Arg Leu Tyr Leu Leu Gln Trp Leu Lys Ser
595 600 605

Asp Lys Ala Leu Met Met Leu Phe Asn Asp Gly Thr Phe Gln Val Asn
610 615 620

Phe Tyr His Asp His Thr Lys Ile Ile Ile Cys Ser Gln Asn Glu Glu
625 630 635 640

Tyr Leu Leu Thr Tyr Ile Asn Glu Asp Arg Ile Ser Thr Thr Phe Arg
645 650 655

Leu Thr Thr Leu Leu Met Ser Gly Cys Ser Ser Glu Leu Lys Asn Arg
660 665 670

Met Glu Tyr Ala Leu Asn Met Leu Leu Gln Arg Cys Asn
675 680 685

<210> 13

<211> 361

<212> PRT

<213> Homo sapiens

<220>
<221> MISC FEATURE
<223> RSAD2
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<400> 13

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

Phe Arg GlIn Pro Leu Ser Ser Leu Trp Arg Ser Leu Val Pro Leu Phe
20 25 30

Cys Trp Leu Arg Ala Thr Phe Trp Leu Leu Ala Thr Lys Arg Arg Lys
35 40 45

Gln GIn Leu Val Leu Arg Gly Pro Asp Glu Thr Lys Glu Glu Glu Glu
50 55 60

Asp Pro Pro Leu Pro Thr Thr Pro Thr Ser Val Asn Tyr His Phe Thr

65 70 75 80

Arg GIn Cys Asn Tyr Lys Cys Gly Phe Cys Phe His Thr Ala Lys Thr
85 90 95

Ser Phe Val Leu Pro Leu Glu Glu Ala Lys Arg Gly Leu Leu Leu Leu
100 105 110

Lys Glu Ala Gly Met Glu Lys Ile Asn Phe Ser Gly Gly Glu Pro Phe
115 120 125

Leu Gln Asp Arg Gly Glu Tyr Leu Gly Lys Leu Val Arg Phe Cys Lys
130 135 140

Val Glu Leu Arg Leu Pro Ser Val Ser lle Val Ser Asn Gly Ser Leu
145 150 155 160

Ile Arg Glu Arg Trp Phe Gln Asn Tyr Gly Glu Tyr Leu Asp Ile Leu
165 170 175

Ala Ile Ser Cys Asp Ser Phe Asp Glu Glu Val Asn Val Leu Ile Gly
180 185 190

Arg Gly GIn Gly Lys Lys Asn His Val Glu Asn Leu Gln Lys Leu Arg
195 200 205

Arg Trp Cys Arg Asp Tyr Arg Val Ala Phe Lys Ile Asn Ser Val Ile
210 215 220

Asn Arg Phe Asn Val Glu Glu Asp Met Thr Glu Gln Ile Lys Ala Leu
225 230 235 240
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Asn Pro Val Arg Trp Lys Val Phe Gln Cys Leu Leu Ile Glu Gly Glu
245 250 255

Asn Cys Gly Glu Asp Ala Leu Arg Glu Ala Glu Arg Phe Val Ile Gly
260 265 270

Asp Glu Glu Phe Glu Arg Phe Leu Glu Arg His Lys Glu Val Ser Cys
275 280 285

Leu Val Pro Glu Ser Asn Gln Lys Met Lys Asp Ser Tyr Leu Ile Leu
290 295 300

Asp Glu Tyr Met Arg Phe Leu Asn Cys Arg Lys Gly Arg Lys Asp Pro
305 310 315 320

Ser Lys Ser Ile Leu Asp Val Gly Val Glu Glu Ala Ile Lys Phe Ser
325 330 335

Gly Phe Asp Glu Lys Met Phe Leu Lys Arg Gly Gly Lys Tyr Ile Trp
340 345 350

Ser Lys Ala Asp Leu Lys Leu Asp Trp
355 360

<210> 14

<211> 431

<212> PRT

<213> Homo sapiens

<220>
<221> MISC_FEATURE
<223> SGK1

<400> 14

Met Thr Val Lys Thr Glu Ala Ala Lys Gly Thr Leu Thr Tyr Ser Arg
1 5 10 15

Met Arg Gly Met Val Ala lle Leu lle Ala Phe Met Lys Gln Arg Arg
20 25 30

Met Gly Leu Asn Asp Phe Ile Gln Lys Ile Ala Asn Asn Ser Tyr Ala
35 40 45

Cys Lys His Pro Glu Val Gln Ser Ile Leu Lys Ile Ser Gln Pro GIn
50 55 60

Glu Pro Glu Leu Met Asn Ala Asn Pro Ser Pro Pro Pro Ser Pro Ser
65 70 75 80
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Gln GlIn Ile Asn Leu Gly Pro Ser Ser Asn Pro His Ala Lys Pro Ser
85 90 95

Asp Phe His Phe Leu Lys Val Ile Gly Lys Gly Ser Phe Gly Lys Val
100 105 110

Leu Leu Ala Arg His Lys Ala Glu Glu Val Phe Tyr Ala Val Lys Val
115 120 125

Leu GIn Lys Lys Ala Ile Leu Lys Lys Lys Glu Glu Lys His Ile Met
130 135 140

Ser Glu Arg Asn Val Leu Leu Lys Asn Val Lys His Pro Phe Leu Val
145 150 155 160

Gly Leu His Phe Ser Phe GIn Thr Ala Asp Lys Leu Tyr Phe Val Leu
165 170 175

Asp Tyr Ile Asn Gly Gly Glu Leu Phe Tyr His Leu GIn Arg Glu Arg
180 185 190

Cys Phe Leu Glu Pro Arg Ala Arg Phe Tyr Ala Ala Glu Ile Ala Ser
195 200 205

Ala Leu Gly Tyr Leu His Ser Leu Asn Ile Val Tyr Arg Asp Leu Lys
210 215 220

Pro Glu Asn Ile Leu Leu Asp Ser Gln Gly His Ile Val Leu Thr Asp
225 230 235 240

Phe Gly Leu Cys Lys Glu Asn Ile Glu His Asn Ser Thr Thr Ser Thr
245 250 255

Phe Cys Gly Thr Pro Glu Tyr Leu Ala Pro Glu Val Leu His Lys Gln
260 265 270

Pro Tyr Asp Arg Thr Val Asp Trp Trp Cys Leu Gly Ala Val Leu Tyr
275 280 285

Glu Met Leu Tyr Gly Leu Pro Pro Phe Tyr Ser Arg Asn Thr Ala Glu
290 295 300

Met Tyr Asp Asn Ile Leu Asn Lys Pro Leu Gln Leu Lys Pro Asn Ile
305 310 315 320

Thr Asn Ser Ala Arg His Leu Leu Glu Gly Leu Leu GIn Lys Asp Arg
325 330 335
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Thr Lys Arg Leu Gly Ala Lys Asp Asp Phe Met Glu Ile Lys Ser His
340 345 350

Val Phe Phe Ser Leu Ile Asn Trp Asp Asp Leu Ile Asn Lys Lys Ile
355 360 365

Thr Pro Pro Phe Asn Pro Asn Val Ser Gly Pro Asn Asp Leu Arg His
370 375 380

Phe Asp Pro Glu Phe Thr Glu Glu Pro Val Pro Asn Ser Ile Gly Lys
385 390 395 400

Ser Pro Asp Ser Val Leu Val Thr Ala Ser Val Lys Glu Ala Ala Glu
405 410 415

Ala Phe Leu Gly Phe Ser Tyr Ala Pro Pro Thr Asp Ser Phe Leu
420 425 430

<210> 15

<211> 310

<212> PRT

<213> Homo sapiens

<220>

<221> MISC FEATURE
<223> Sdcl

<400> 15

Met Arg Arg Ala Ala Leu Trp Leu Trp Leu Cys Ala Leu Ala Leu Ser
1 5 10 15

Leu GIn Pro Ala Leu Pro Gln Ile Val Ala Thr Asn Leu Pro Pro Glu
20 25 30

Asp GIn Asp Gly Ser Gly Asp Asp Ser Asp Asn Phe Ser Gly Ser Gly
35 40 45

Ala Gly Ala Leu Gln Asp Ile Thr Leu Ser Gln GIn Thr Pro Ser Thr
50 55 60

Trp Lys Asp Thr Gln Leu Leu Thr Ala Ile Pro Thr Ser Pro Glu Pro
65 70 75 80

Thr Gly Leu Glu Ala Thr Ala Ala Ser Thr Ser Thr Leu Pro Ala Gly
85 90 95

Glu Gly Pro Lys Glu Gly Glu Ala Val Val Leu Pro Glu Val Glu Pro
100 105 110
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Gly Leu Thr Ala Arg Glu Gln Glu Ala Thr Pro Arg Pro Arg Glu Thr
115 120 125

Thr Gln Leu Pro Thr Thr His Leu Ala Ser Thr Thr Thr Ala Thr Thr
130 135 140

Ala Gln Glu Pro Ala Thr Ser His Pro His Arg Asp Met Gln Pro Gly
145 150 155 160

His His Glu Thr Ser Thr Pro Ala Gly Pro Ser Gln Ala Asp Leu His
165 170 175

Thr Pro His Thr Glu Asp Gly Gly Pro Ser Ala Thr Glu Arg Ala Ala
180 185 190

Glu Asp Gly Ala Ser Ser Gln Leu Pro Ala Ala Glu Gly Ser Gly Glu
195 200 205

Gln Asp Phe Thr Phe Glu Thr Ser Gly Glu Asn Thr Ala Val Val Ala
210 215 220

Val Glu Pro Asp Arg Arg Asn Gln Ser Pro Val Asp Gln Gly Ala Thr
225 230 235 240

Gly Ala Ser GIn Gly Leu Leu Asp Arg Lys Glu Val Leu Gly Gly Val
245 250 255

Ile Ala Gly Gly Leu Val Gly Leu Ile Phe Ala Val Cys Leu Val Gly
260 265 270

Phe Met Leu Tyr Arg Met Lys Lys Lys Asp Glu Gly Ser Tyr Ser Leu
275 280 285

Glu Glu Pro Lys Gln Ala Asn Gly Gly Ala Tyr GIn Lys Pro Thr Lys
290 295 300

Gln Glu Glu Phe Tyr Ala
305 310

<210> 16

<211> 398

<212> PRT

<213> Homo sapiens

<220>
<221> MISC _FEATURE
<223> Serpine2

<400> 16
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WO 2017/147610 -70- PCT/US2017/019778

Met Asn Trp His Leu Pro Leu Phe Leu Leu Ala Ser Val Thr Leu Pro
1 5 10 15

Ser Ile Cys Ser His Phe Asn Pro Leu Ser Leu Glu Glu Leu Gly Ser
20 25 30

Asn Thr Gly Ile Gln Val Phe Asn GIn Ile Val Lys Ser Arg Pro His
35 40 45

Asp Asn Ile Val Ile Ser Pro His Gly Ile Ala Ser Val Leu Gly Met
50 55 60

Leu GIn Leu Gly Ala Asp Gly Arg Thr Lys Lys Gln Leu Ala Met Val
65 70 75 80

Met Arg Tyr Gly Val Asn Gly Val Gly Lys Ile Leu Lys Lys Ile Asn
85 90 95

Lys Ala Ile Val Ser Lys Lys Asn Lys Asp Ile Val Thr Val Ala Asn
100 105 110

Ala Val Phe Val Lys Asn Ala Ser Glu Ile Glu Val Pro Phe Val Thr
115 120 125

Arg Asn Lys Asp Val Phe Gln Cys Glu Val Arg Asn Val Asn Phe Glu
130 135 140

Asp Pro Ala Ser Ala Cys Asp Ser Ile Asn Ala Trp Val Lys Asn Glu
145 150 155 160

Thr Arg Asp Met Ile Asp Asn Leu Leu Ser Pro Asp Leu Ile Asp Gly
165 170 175

Val Leu Thr Arg Leu Val Leu Val Asn Ala Val Tyr Phe Lys Gly Leu
180 185 190

Trp Lys Ser Arg Phe Gln Pro Glu Asn Thr Lys Lys Arg Thr Phe Val
195 200 205

Ala Ala Asp Gly Lys Ser Tyr Gln Val Pro Met Leu Ala Gln Leu Ser
210 215 220

Val Phe Arg Cys Gly Ser Thr Ser Ala Pro Asn Asp Leu Trp Tyr Asn
225 230 235 240

Phe Ile Glu Leu Pro Tyr His Gly Glu Ser Ile Ser Met Leu Ile Ala
245 250 255
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Leu Pro Thr Glu Ser Ser Thr Pro Leu Ser Ala Ile Ile Pro His Ile
260 265 270

Ser Thr Lys Thr Ile Asp Ser Trp Met Ser Ille Met Val Pro Lys Arg
275 280 285

Val Gln Val Ile Leu Pro Lys Phe Thr Ala Val Ala GIn Thr Asp Leu
290 295 300

Lys Glu Pro Leu Lys Val Leu Gly Ile Thr Asp Met Phe Asp Ser Ser
305 310 315 320

Lys Ala Asn Phe Ala Lys Ile Thr Thr Gly Ser Glu Asn Leu His Val
325 330 335

Ser His Ile Leu Gln Lys Ala Lys Ile Glu Val Ser Glu Asp Gly Thr
340 345 350

Lys Ala Ser Ala Ala Thr Thr Ala Ile Leu Ile Ala Arg Ser Ser Pro
355 360 365

Pro Trp Phe Ile Val Asp Arg Pro Phe Leu Phe Phe Ile Arg His Asn
370 375 380

Pro Thr Gly Ala Val Leu Phe Met Gly Gln Ile Asn Lys Pro
385 390 395

<210> 17

<211> 314

<212> PRT

<213> Homo sapiens

<220>
<221> MISC FEATURE
<223> Sppl

<400> 17

Met Arg lle Ala Val Ile Cys Phe Cys Leu Leu Gly Ile Thr Cys Ala
1 5 10 15

Ile Pro Val Lys GIn Ala Asp Ser Gly Ser Ser Glu Glu Lys Gln Leu
20 25 30

Tyr Asn Lys Tyr Pro Asp Ala Val Ala Thr Trp Leu Asn Pro Asp Pro
35 40 45

Ser GIn Lys GIn Asn Leu Leu Ala Pro Gln Asn Ala Val Ser Ser Glu
50 55 60
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Glu Thr Asn Asp Phe Lys Gln Glu Thr Leu Pro Ser Lys Ser Asn Glu
65 70 75 80

Ser His Asp His Met Asp Asp Met Asp Asp Glu Asp Asp Asp Asp His
85 90 95

Val Asp Ser Gln Asp Ser Ile Asp Ser Asn Asp Ser Asp Asp Val Asp
100 105 110

Asp Thr Asp Asp Ser His Gln Ser Asp Glu Ser His His Ser Asp Glu
115 120 125

Ser Asp Glu Leu Val Thr Asp Phe Pro Thr Asp Leu Pro Ala Thr Glu
130 135 140

Val Phe Thr Pro Val Val Pro Thr Val Asp Thr Tyr Asp Gly Arg Gly
145 150 155 160

Asp Ser Val Val Tyr Gly Leu Arg Ser Lys Ser Lys Lys Phe Arg Arg
165 170 175

Pro Asp Ile GIn Tyr Pro Asp Ala Thr Asp Glu Asp Ile Thr Ser His
180 185 190

Met Glu Ser Glu Glu Leu Asn Gly Ala Tyr Lys Ala Ile Pro Val Ala
195 200 205

GlIn Asp Leu Asn Ala Pro Ser Asp Trp Asp Ser Arg Gly Lys Asp Ser
210 215 220

Tyr Glu Thr Ser Gln Leu Asp Asp GlIn Ser Ala Glu Thr His Ser His
225 230 235 240

Lys Gln Ser Arg Leu Tyr Lys Arg Lys Ala Asn Asp Glu Ser Asn Glu
245 250 255

His Ser Asp Val Ile Asp Ser Gln Glu Leu Ser Lys Val Ser Arg Glu
260 265 270
Phe His Ser His Glu Phe His Ser His Glu Asp Met Leu Val Val Asp
275 280 285

Pro Lys Ser Lys Glu Glu Asp Lys His Leu Lys Phe Arg Ile Ser His
290 295 300

Glu Leu Asp Ser Ala Ser Ser Glu Val Asn
305 310
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<210> 18

<211> 280

<212> PRT

<213> Homo sapiens

<220>

<221> MISC FEATURE
<223> (Cdca8

<400> 18

Met Ala Pro Arg Lys Gly Ser Ser Arg Val Ala Lys Thr Asn Ser Leu
1 5 10 15

Arg Arg Arg Lys Leu Ala Ser Phe Leu Lys Asp Phe Asp Arg Glu Val
20 25 30

Glu Ile Arg Ile Lys Gln Ile Glu Ser Asp Arg Gln Asn Leu Leu Lys
35 40 45

Glu Val Asp Asn Leu Tyr Asn Ile Glu Ile Leu Arg Leu Pro Lys Ala
50 55 60

Leu Arg Glu Met Asn Trp Leu Asp Tyr Phe Ala Leu Gly Gly Asn Lys
65 70 75 80

Gln Ala Leu Glu Glu Ala Ala Thr Ala Asp Leu Asp Ile Thr Glu Ile
85 90 95

Asn Lys Leu Thr Ala Glu Ala Ile GIn Thr Pro Leu Lys Ser Ala Lys
100 105 110

Thr Arg Lys Val Ile Gln Val Asp Glu Met lle Val Glu Glu Glu Glu
115 120 125

Glu Glu Glu Asn Glu Arg Lys Asn Leu Gln Thr Ala Arg Val Lys Arg
130 135 140

Cys Pro Pro Ser Lys Lys Arg Thr GIn Ser lle Gln Gly Lys Gly Lys
145 150 155 160

Gly Lys Arg Ser Ser Arg Ala Asn Thr Val Thr Pro Ala Val Gly Arg
165 170 175

Leu Glu Val Ser Met Val Lys Pro Thr Pro Gly Leu Thr Pro Arg Phe
180 185 190

Asp Ser Arg Val Phe Lys Thr Pro Gly Leu Arg Thr Pro Ala Ala Gly
195 200 205
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Glu Arg Ile Tyr Asn Ile Ser Gly Asn Gly Ser Pro Leu Ala Asp Ser
210 215 220

Lys Glu Ile Phe Leu Thr Val Pro Val Gly Gly Gly Glu Ser Leu Arg
225 230 235 240

Leu Leu Ala Ser Asp Leu Gln Arg His Ser Ile Ala Gln Leu Asp Pro
245 250 255

Glu Ala Leu Gly Asn Ile Lys Lys Leu Ser Asn Arg Leu Ala Gln Ile
260 265 270

Cys Ser Ser Ile Arg Thr His Lys
275 280

<210> 19

<211> 923

<212> PRT

<213> Homo sapiens

<220>
<221> MISC_FEATURE
<223> Nrpl

<400> 19

Met Glu Arg Gly Leu Pro Leu Leu Cys Ala Val Leu Ala Leu Val Leu
1 5 10 15

Ala Pro Ala Gly Ala Phe Arg Asn Asp Lys Cys Gly Asp Thr Ile Lys
20 25 30

Ile Glu Ser Pro Gly Tyr Leu Thr Ser Pro Gly Tyr Pro His Ser Tyr
35 40 45

His Pro Ser Glu Lys Cys Glu Trp Leu Ile Gln Ala Pro Asp Pro Tyr
50 55 60

Gln Arg Ile Met Ile Asn Phe Asn Pro His Phe Asp Leu Glu Asp Arg
65 70 75 80

Asp Cys Lys Tyr Asp Tyr Val Glu Val Phe Asp Gly Glu Asn Glu Asn
85 90 95

Gly His Phe Arg Gly Lys Phe Cys Gly Lys Ile Ala Pro Pro Pro Val
100 105 110

Val Ser Ser Gly Pro Phe Leu Phe Ile Lys Phe Val Ser Asp Tyr Glu
115 120 125
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Thr His Gly Ala Gly Phe Ser Ile Arg Tyr Glu Ile Phe Lys Arg Gly
130 135 140

Pro Glu Cys Ser Gln Asn Tyr Thr Thr Pro Ser Gly Val Ile Lys Ser
145 150 155 160

Pro Gly Phe Pro Glu Lys Tyr Pro Asn Ser Leu Glu Cys Thr Tyr Ile
165 170 175

Val Phe Val Pro Lys Met Ser Glu Ile Ile Leu Glu Phe Glu Ser Phe
180 185 190

Asp Leu Glu Pro Asp Ser Asn Pro Pro Gly Gly Met Phe Cys Arg Tyr
195 200 205

Asp Arg Leu Glu Ile Trp Asp Gly Phe Pro Asp Val Gly Pro His Ile
210 215 220

Gly Arg Tyr Cys Gly Gln Lys Thr Pro Gly Arg Ile Arg Ser Ser Ser
225 230 235 240

Gly lle Leu Ser Met Val Phe Tyr Thr Asp Ser Ala Ile Ala Lys Glu
245 250 255

Gly Phe Ser Ala Asn Tyr Ser Val Leu Gln Ser Ser Val Ser Glu Asp
260 265 270
Phe Lys Cys Met Glu Ala Leu Gly Met Glu Ser Gly Glu Ile His Ser
275 280 285

Asp Gln Ile Thr Ala Ser Ser Gln Tyr Ser Thr Asn Trp Ser Ala Glu
290 295 300

Arg Ser Arg Leu Asn Tyr Pro Glu Asn Gly Trp Thr Pro Gly Glu Asp
305 310 315 320

Ser Tyr Arg Glu Trp Ile Gln Val Asp Leu Gly Leu Leu Arg Phe Val
325 330 335

Thr Ala Val Gly Thr GIn Gly Ala Ile Ser Lys Glu Thr Lys Lys Lys
340 345 350

Tyr Tyr Val Lys Thr Tyr Lys Ile Asp Val Ser Ser Asn Gly Glu Asp
355 360 365

Trp Ile Thr Ile Lys Glu Gly Asn Lys Pro Val Leu Phe Gln Gly Asn
370 375 380
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Thr Asn Pro Thr Asp Val Val Val Ala Val Phe Pro Lys Pro Leu Ile
385 390 395 400

Thr Arg Phe Val Arg Ile Lys Pro Ala Thr Trp Glu Thr Gly Ile Ser
405 410 415

Met Arg Phe Glu Val Tyr Gly Cys Lys Ile Thr Asp Tyr Pro Cys Ser
420 425 430

Gly Met Leu Gly Met Val Ser Gly Leu Ile Ser Asp Ser Gln Ile Thr
435 440 445

Ser Ser Asn Gln Gly Asp Arg Asn Trp Met Pro Glu Asn lle Arg Leu
450 455 460

Val Thr Ser Arg Ser Gly Trp Ala Leu Pro Pro Ala Pro His Ser Tyr
465 470 475 480

Ile Asn Glu Trp Leu GIn Ile Asp Leu Gly Glu Glu Lys Ile Val Arg
485 490 495

Gly Ile Ile Ile GIn Gly Gly Lys His Arg Glu Asn Lys Val Phe Met
500 505 510

Arg Lys Phe Lys Ile Gly Tyr Ser Asn Asn Gly Ser Asp Trp Lys Met
515 520 525

Ile Met Asp Asp Ser Lys Arg Lys Ala Lys Ser Phe Glu Gly Asn Asn
530 535 540

Asn Tyr Asp Thr Pro Glu Leu Arg Thr Phe Pro Ala Leu Ser Thr Arg
545 550 555 560

Phe Ile Arg Ile Tyr Pro Glu Arg Ala Thr His Gly Gly Leu Gly Leu
565 570 575

Arg Met Glu Leu Leu Gly Cys Glu Val Glu Ala Pro Thr Ala Gly Pro
580 585 590

Thr Thr Pro Asn Gly Asn Leu Val Asp Glu Cys Asp Asp Asp Gln Ala
595 600 605

Asn Cys His Ser Gly Thr Gly Asp Asp Phe Gln Leu Thr Gly Gly Thr
610 615 620

Thr Val Leu Ala Thr Glu Lys Pro Thr Val Ile Asp Ser Thr Ile Gln
625 630 635 640

Ser Glu Phe Pro Thr Tyr Gly Phe Asn Cys Glu Phe Gly Trp Gly Ser
645 650 655
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His Lys Thr Phe Cys His Trp Glu His Asp Asn His Val Gln Leu Lys
660 665 670

Trp Ser Val Leu Thr Ser Lys Thr Gly Pro Ile Gln Asp His Thr Gly
675 680 685

Asp Gly Asn Phe Ile Tyr Ser Gln Ala Asp Glu Asn Gln Lys Gly Lys
690 695 700

Val Ala Arg Leu Val Ser Pro Val Val Tyr Ser Gln Asn Ser Ala His
705 710 715 720

Cys Met Thr Phe Trp Tyr His Met Ser Gly Ser His Val Gly Thr Leu
725 730 735

Arg Val Lys Leu Arg Tyr Gln Lys Pro Glu Glu Tyr Asp Gln Leu Val
740 745 750
Trp Met Ala Ile Gly His Gln Gly Asp His Trp Lys Glu Gly Arg Val
755 760 765

Leu Leu His Lys Ser Leu Lys Leu Tyr Gln Val Ile Phe Glu Gly Glu
770 775 780

Ile Gly Lys Gly Asn Leu Gly Gly Ile Ala Val Asp Asp lle Ser lle
785 790 795 800

Asn Asn His Ile Ser GIn Glu Asp Cys Ala Lys Pro Ala Asp Leu Asp
805 810 815

Lys Lys Asn Pro Glu Ile Lys Ile Asp Glu Thr Gly Ser Thr Pro Gly
820 825 830

Tyr Glu Gly Glu Gly Glu Gly Asp Lys Asn Ile Ser Arg Lys Pro Gly
835 840 845

Asn Val Leu Lys Thr Leu Asp Pro lle Leu Ile Thr Ile Ile Ala Met
850 855 860

Ser Ala Leu Gly Val Leu Leu Gly Ala Val Cys Gly Val Val Leu Tyr
865 870 875 880

Cys Ala Cys Trp His Asn Gly Met Ser Glu Arg Asn Leu Ser Ala Leu
885 890 895

Glu Asn Tyr Asn Phe Glu Leu Val Asp Gly Val Lys Leu Lys Lys Asp
900 905 910
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Lys Leu Asn Thr GIn Ser Thr Tyr Ser Glu Ala
915 920

<210> 20

211> 646

<212> PRT

<213> Homo sapiens

<220>

<221> MISC FEATURE
<223> Mcam

<400> 20

Met Gly Leu Pro Arg Leu Val Cys Ala Phe Leu Leu Ala Ala Cys Cys
1 5 10 15

Cys Cys Pro Arg Val Ala Gly Val Pro Gly Glu Ala Glu GlIn Pro Ala
20 25 30

Pro Glu Leu Val Glu Val Glu Val Gly Ser Thr Ala Leu Leu Lys Cys
35 40 45

Gly Leu Ser GlIn Ser Gln Gly Asn Leu Ser His Val Asp Trp Phe Ser
50 55 60

Val His Lys Glu Lys Arg Thr Leu Ile Phe Arg Val Arg Gln Gly Gln
65 70 75 80

Gly GlIn Ser Glu Pro Gly Glu Tyr Glu Gln Arg Leu Ser Leu Gln Asp
85 90 95

Arg Gly Ala Thr Leu Ala Leu Thr Gln Val Thr Pro Gln Asp Glu Arg
100 105 110

Ile Phe Leu Cys GIn Gly Lys Arg Pro Arg Ser Gln Glu Tyr Arg lle
115 120 125

Gln Leu Arg Val Tyr Lys Ala Pro Glu Glu Pro Asn Ile Gln Val Asn
130 135 140

Pro Leu Gly Ile Pro Val Asn Ser Lys Glu Pro Glu Glu Val Ala Thr
145 150 155 160

Cys Val Gly Arg Asn Gly Tyr Pro Ile Pro Gln Val Ile Trp Tyr Lys
165 170 175

Asn Gly Arg Pro Leu Lys Glu Glu Lys Asn Arg Val His Ile GIn Ser
180 185 190
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Ser GIn Thr Val Glu Ser Ser Gly Leu Tyr Thr Leu GIn Ser Ile Leu
195 200 205

Lys Ala GIn Leu Val Lys Glu Asp Lys Asp Ala Gln Phe Tyr Cys Glu
210 215 220

Leu Asn Tyr Arg Leu Pro Ser Gly Asn His Met Lys Glu Ser Arg Glu
225 230 235 240

Val Thr Val Pro Val Phe Tyr Pro Thr Glu Lys Val Trp Leu Glu Val
245 250 255
Glu Pro Val Gly Met Leu Lys Glu Gly Asp Arg Val Glu Ile Arg Cys
260 265 270

Leu Ala Asp Gly Asn Pro Pro Pro His Phe Ser Ile Ser Lys Gln Asn
275 280 285

Pro Ser Thr Arg Glu Ala Glu Glu Glu Thr Thr Asn Asp Asn Gly Val
290 295 300

Leu Val Leu Glu Pro Ala Arg Lys Glu His Ser Gly Arg Tyr Glu Cys
305 310 315 320

GlIn Gly Leu Asp Leu Asp Thr Met Ile Ser Leu Leu Ser Glu Pro Gln
325 330 335

Glu Leu Leu Val Asn Tyr Val Ser Asp Val Arg Val Ser Pro Ala Ala
340 345 350

Pro Glu Arg GlIn Glu Gly Ser Ser Leu Thr Leu Thr Cys Glu Ala Glu
355 360 365

Ser Ser Gln Asp Leu Glu Phe Gln Trp Leu Arg Glu Glu Thr Gly Gln
370 375 380

Val Leu Glu Arg Gly Pro Val Leu Gln Leu His Asp Leu Lys Arg Glu
385 390 395 400

Ala Gly Gly Gly Tyr Arg Cys Val Ala Ser Val Pro Ser lle Pro Gly
405 410 415

Leu Asn Arg Thr Gln Leu Val Asn Val Ala Ile Phe Gly Pro Pro Trp
420 425 430

Met Ala Phe Lys Glu Arg Lys Val Trp Val Lys Glu Asn Met Val Leu
435 440 445
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Asn Leu Ser Cys Glu Ala Ser Gly His Pro Arg Pro Thr Ile Ser Trp
450 455 460

Asn Val Asn Gly Thr Ala Ser Glu Gln Asp Gln Asp Pro Gln Arg Val
465 470 475 480

Leu Ser Thr Leu Asn Val Leu Val Thr Pro Glu Leu Leu Glu Thr Gly
485 490 495

Val Glu Cys Thr Ala Ser Asn Asp Leu Gly Lys Asn Thr Ser Ile Leu
500 505 510

Phe Leu Glu Leu Val Asn Leu Thr Thr Leu Thr Pro Asp Ser Asn Thr
515 520 525

Thr Thr Gly Leu Ser Thr Ser Thr Ala Ser Pro His Thr Arg Ala Asn
530 535 540

Ser Thr Ser Thr Glu Arg Lys Leu Pro Glu Pro Glu Ser Arg Gly Val
545 550 555 560

Val Ile Val Ala Val Ile Val Cys Ile Leu Val Leu Ala Val Leu Gly
565 570 575

Ala Val Leu Tyr Phe Leu Tyr Lys Lys Gly Lys Leu Pro Cys Arg Arg
580 585 590

Ser Gly Lys GlIn Glu Ile Thr Leu Pro Pro Ser Arg Lys Ser Glu Leu
595 600 605

Val Val Glu Val Lys Ser Asp Lys Leu Pro Glu Glu Met Gly Leu Leu
610 615 620

Gln Gly Ser Ser Gly Asp Lys Arg Ala Pro Gly Asp Gln Gly Glu Lys
625 630 635 640

Tyr Ile Asp Leu Arg His
645

<210> 21

<211> 322

<212> PRT

<213> Homo sapiens

<220>
<221> MISC FEATURE
<223> Pbk
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<400> 21

Met Glu Gly Ile Ser Asn Phe Lys Thr Pro Ser Lys Leu Ser Glu Lys
1 5 10 15

Lys Lys Ser Val Leu Cys Ser Thr Pro Thr Ile Asn Ile Pro Ala Ser
20 25 30

Pro Phe Met GIn Lys Leu Gly Phe Gly Thr Gly Val Asn Val Tyr Leu
35 40 45

Met Lys Arg Ser Pro Arg Gly Leu Ser His Ser Pro Trp Ala Val Lys
50 55 60

Lys Ile Asn Pro Ile Cys Asn Asp His Tyr Arg Ser Val Tyr Gln Lys
65 70 75 80

Arg Leu Met Asp Glu Ala Lys Ile Leu Lys Ser Leu His His Pro Asn
85 90 95

Ile Val Gly Tyr Arg Ala Phe Thr Glu Ala Asn Asp Gly Ser Leu Cys
100 105 110

Leu Ala Met Glu Tyr Gly Gly Glu Lys Ser Leu Asn Asp Leu Ile Glu
115 120 125

Glu Arg Tyr Lys Ala Ser Gln Asp Pro Phe Pro Ala Ala Ile Ile Leu
130 135 140

Lys Val Ala Leu Asn Met Ala Arg Gly Leu Lys Tyr Leu His Gln Glu
145 150 155 160

Lys Lys Leu Leu His Gly Asp Ile Lys Ser Ser Asn Val Val Ile Lys
165 170 175

Gly Asp Phe Glu Thr Ile Lys Ile Cys Asp Val Gly Val Ser Leu Pro
180 185 190

Leu Asp Glu Asn Met Thr Val Thr Asp Pro Glu Ala Cys Tyr Ile Gly
195 200 205

Thr Glu Pro Trp Lys Pro Lys Glu Ala Val Glu Glu Asn Gly Val Ile
210 215 220

Thr Asp Lys Ala Asp Ile Phe Ala Phe Gly Leu Thr Leu Trp Glu Met
225 230 235 240

Met Thr Leu Ser Ile Pro His Ile Asn Leu Ser Asn Asp Asp Asp Asp
245 250 255
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Glu Asp Lys Thr Phe Asp Glu Ser Asp Phe Asp Asp Glu Ala Tyr Tyr
260 265 270

Ala Ala Leu Gly Thr Arg Pro Pro lle Asn Met Glu Glu Leu Asp Glu
275 280 285

Ser Tyr Gln Lys Val Ile Glu Leu Phe Ser Val Cys Thr Asn Glu Asp
290 295 300

Pro Lys Asp Arg Pro Ser Ala Ala His lle Val Glu Ala Leu Glu Thr
305 310 315 320

Asp Val

<210> 22

<211> 262

<212> PRT

<213> Mus musculus

<220>

<221> MISC FEATURE
<223> Akrlcl

<400> 22

Gly Leu Ala Ile Arg Ser Lys Val Ala Asp Gly Thr Val Arg Arg Glu
1 5 10 15

Asp Ile Phe Tyr Thr Ser Lys Leu Pro Cys Thr Cys His Arg Pro Glu
20 25 30

Leu Val Gln Pro Cys Leu Glu Gln Ser Leu Arg Lys Leu Gln Leu Asp
35 40 45

Tyr Val Asp Leu Tyr Leu Ile His Cys Pro Val Ser Met Lys Pro Gly
50 55 60

Asn Asp Leu Ile Pro Thr Asp Glu Asn Gly Lys Leu Leu Phe Asp Thr
65 70 75 80

Val Asp Leu Cys Asp Thr Trp Glu Ala Met Glu Lys Cys Lys Asp Ser
85 90 95

Gly Leu Ala Lys Ser Ile Gly Val Ser Asn Phe Asn Arg Arg Gln Leu
100 105 110

Glu Met Ile Leu Asn Lys Pro Gly Leu Arg Tyr Lys Pro Val Cys Asn
115 120 125
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Gln Val Glu Cys His Pro Tyr Leu Asn Gln Ser Lys Leu Leu Asp Tyr
130 135 140

Cys Lys Ser Lys Asp Ile Val Leu Val Ala Tyr Gly Ala Leu Gly Ser
145 150 155 160

Gln Arg Cys Lys Asn Trp Ile Glu Glu Asn Ala Pro Tyr Leu Leu Glu
165 170 175

Asp Pro Thr Leu Cys Ala Met Ala Glu Lys His Lys Gln Thr Pro Ala
180 185 190

Leu Ile Ser Leu Arg Tyr Leu Leu Gln Arg Gly Ile Val Ile Val Thr
195 200 205

Lys Ser Phe Asn Glu Lys Arg Ile Lys Glu Asn Leu Lys Val Phe Glu
210 215 220

Phe His Leu Pro Ala Glu Asp Met Ala Val lle Asp Arg Leu Asn Arg
225 230 235 240

Asn Tyr Arg Tyr Ala Thr Ala Arg lle Ile Ser Ala His Pro Asn Tyr

245 250 255
Pro Phe Leu Asp Glu Tyr
260
<210> 23
<211> 521
<212> PRT

<213> Homo sapiens

<220>
<221> MISC_FEATURE
<223> Cypllal

<400> 23

Met Leu Ala Lys Gly Leu Pro Pro Arg Ser Val Leu Val Lys Gly Cys
1 5 10 15

GIn Thr Phe Leu Ser Ala Pro Arg Glu Gly Leu Gly Arg Leu Arg Val
20 25 30

Pro Thr Gly Glu Gly Ala Gly Ile Ser Thr Arg Ser Pro Arg Pro Phe
35 40 45

PCT/US2017/019778
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Asn Glu Ile Pro Ser Pro Gly Asp Asn Gly Trp Leu Asn Leu Tyr His
50 55 60

Phe Trp Arg Glu Thr Gly Thr His Lys Val His Leu His His Val Gln
65 70 75 80

Asn Phe Gln Lys Tyr Gly Pro Ile Tyr Arg Glu Lys Leu Gly Asn Val
85 90 95

Glu Ser Val Tyr Val Ile Asp Pro Glu Asp Val Ala Leu Leu Phe Lys
100 105 110

Ser Glu Gly Pro Asn Pro Glu Arg Phe Leu Ile Pro Pro Trp Val Ala
115 120 125

Tyr His Gln Tyr Tyr Gln Arg Pro Ile Gly Val Leu Leu Lys Lys Ser
130 135 140

Ala Ala Trp Lys Lys Asp Arg Val Ala Leu Asn Gln Glu Val Met Ala
145 150 155 160

Pro Glu Ala Thr Lys Asn Phe Leu Pro Leu Leu Asp Ala Val Ser Arg
165 170 175

Asp Phe Val Ser Val Leu His Arg Arg lle Lys Lys Ala Gly Ser Gly
180 185 190

Asn Tyr Ser Gly Asp Ile Ser Asp Asp Leu Phe Arg Phe Ala Phe Glu
195 200 205

Ser Ile Thr Asn Val Ile Phe Gly Glu Arg Gln Gly Met Leu Glu Glu
210 215 220

Val Val Asn Pro Glu Ala GIn Arg Phe Ile Asp Ala Ile Tyr Gln Met
225 230 235 240

Phe His Thr Ser Val Pro Met Leu Asn Leu Pro Pro Asp Leu Phe Arg
245 250 255
Leu Phe Arg Thr Lys Thr Trp Lys Asp His Val Ala Ala Trp Asp Val
260 265 270

Ile Phe Ser Lys Ala Asp Ile Tyr Thr Gln Asn Phe Tyr Trp Glu Leu
275 280 285

Arg GIn Lys Gly Ser Val His His Asp Tyr Arg Gly Ile Leu Tyr Arg
290 295 300
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Leu Leu Gly Asp Ser Lys Met Ser Phe Glu Asp Ile Lys Ala Asn Val
305 310 315 320

Thr Glu Met Leu Ala Gly Gly Val Asp Thr Thr Ser Met Thr Leu Gln
325 330 335

Trp His Leu Tyr Glu Met Ala Arg Asn Leu Lys Val Gln Asp Met Leu
340 345 350

Arg Ala Glu Val Leu Ala Ala Arg His GIn Ala Gln Gly Asp Met Ala
355 360 365

Thr Met Leu Gln Leu Val Pro Leu Leu Lys Ala Ser Ile Lys Glu Thr
370 375 380

Leu Arg Leu His Pro Ile Ser Val Thr Leu GIn Arg Tyr Leu Val Asn
385 390 395 400

Asp Leu Val Leu Arg Asp Tyr Met Ile Pro Ala Lys Thr Leu Val Gln
405 410 415

Val Ala Ile Tyr Ala Leu Gly Arg Glu Pro Thr Phe Phe Phe Asp Pro
420 425 430

Glu Asn Phe Asp Pro Thr Arg Trp Leu Ser Lys Asp Lys Asn Ile Thr
435 440 445

Tyr Phe Arg Asn Leu Gly Phe Gly Trp Gly Val Arg Gln Cys Leu Gly
450 455 460

Arg Arg Ile Ala Glu Leu Glu Met Thr Ile Phe Leu Ile Asn Met Leu
465 470 475 480

Glu Asn Phe Arg Val Glu Ile Gln His Leu Ser Asp Val Gly Thr Thr
485 490 495

Phe Asn Leu Ile Leu Met Pro Glu Lys Pro Ile Ser Phe Thr Phe Trp
500 505 510

Pro Phe Asn Gln Glu Ala Thr Gln Gln
515 520

The following “DNA” are from mRNA

FOS Human DNA

AACCGCATCTGCAGCGAGCAACTGAGAAGCCAAGACTGAGCCGGCGGCCGCGGCGCAGCG
AACGAGCAGTGACCGTGCTCCTACCCAGCTCTGCTTCACAGCGCCCACCTGTCTCCGCCC
CTCGGCCCCTCGCCCGGECTTTGCCTAACCGCCACGATGATGTTCTCGGGCTTCAACGCAG
ACTACGAGGCGTCATCCTCCCGCTGCAGCAGCGCGTCCCCGGCCGGGGATAGCCTCTCTT
ACTACCACTCACCCTTTCGGAGTCCCCGCCCCCTCCGCTGGGGCTTACTCCAGGGCTGGC
GTTGTGAAGACCATGACAGGAGGCCGAGCGCAGAGCATTGGCAGGAGGGGCAAGGTGGAA
CAGTTATCTCCTGAAGAAGAAGAGALAAAGGAGAAT CCGAAGGGAAAGGAATAAGATGGCT
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GCAGCCAAATGCCGCAACCGGAGGAGGGAGCTGACTGATACACTCCAAGCGGAGACAGAC
CAACTAGAAGATGAGAAGTCTGCTTTGCAGACCGAGATTGCCAACCTGCTGAAGGAGAAG
GAAAAACTAGAGTTCATCCTGGCAGCTCACCGACCTGCCTGCAAGATCCCTGATGACCTG
GGCTTCCCAGAAGAGATGTCTGTGGCTTCCCTTGATCTGACTGGGGGCCTGCCAGAGGTT
GCCACCCCGGAGTCTGAGGAGGCCTTCACCCTGCCTCTCCTCAATGACCCTGAGCCCAAG
CCCTCAGTGGAACCTGTCAAGAGCATCAGCAGCATGGAGCTGAAGACCGAGCCCTTTGAT
GACTTCCTGTTCCCAGCATCATCCAGGCCCAGTGGCTCTGAGACAGCCCGCTCCGTGCCA
GACATGGACCTATCTGGGTCCTTCTATGCAGCAGACTGGGAGCCTCTGCACAGTGGCTCC
CTGGGGATGGGGCCCATGGCCACAGAGCTGGAGCCCCTGTGCACTCCGGTGGTCACCTGT
ACTCCCAGCTGCACTGCTTACACGTCTTCCTTCGTCTTCACCTACCCCGAGGCTGACTCC
TTCCCCAGCTGTGCAGCTGCCCACCGCAAGGGCAGCAGCAGCAATGAGCCTTCCTCTGAC
TCGCTCAGCTCACCCACGCTGCTGGCCCTGTGAGGGGGCAGGGAAGGGGAGGCAGCCGGL
ACCCACAAGTGCCACTGCCCGAGCTGGTGCATTACAGAGAGGAGAAACACATCTTCCCTA
GAGGGTTCCTGTAGACCTAGGGAGGACCTTATCTGTGCGTGAAACACACCAGGCTGTGGG
CCTCAAGGACTTGAAAGCATCCATGTGTGGACTCAAGTCCTTACCTCTTCCGGAGATGTA
GCAAAACGCATGGAGTGTGTATTGTTCCCAGTGACACTTCAGAGAGCTGGTAGTTAGTAG
CATGTTGAGCCAGGCCTGGGTCTGTGTCTCTTTTCTCTTTCTCCTTAGTCTTCTCATAGC
ATTAACTAATCTATTGGGTTCATTATTGGAATTAACCTGGTGCTGGATATTTTCAAATTG
TATCTAGTGCAGCTGATTTTAACAATAACTACTGTGTTCCTGGCAATAGTGTGTTCTGAT
TAGAAATGACCAATATTATACTAAGAAAAGATACGACTTTATTTTCTGGTAGATAGAAAT
ARAATAGCTATATCCATGTACTGTAGTTTTTCTTCAACATCAATGTTCATTGTAATGTTAC
TGATCATGCATTGTTGAGGTGGTCTGAATGTTCTGACATTAACAGTTTTCCATGAAAACG
TTTTATTGTGTTTTTAATTTATTTATTAAGATGGATTCTCAGATATTTATATTTTTATTT
TATTTTTTTCTACCTTGAGGTCTTTTGACATGTGGAAAGTGAATTTGAATGAAAAATTTA

AGCATTGTTTGCTTATTGTTCCAAGACATTGTCAATAAAAGCATTTAAGTT

GAATGCG

FOS Mouse Protein

MMFSGFNADYEASSSRCSSASPAGDSLSYYHS PADSFSSMGS PVNTODFCADLSVSSANF
IPTVTAISTSPDLOWLVOPTLVSSVAPSQTRAPHPYGLPTQSAGAYARAGMVKTVS GGRA
OSTGRRGKVEQLS PEEEEKRRI RRERNKMAAAKCRNRRRELTDTLOAETDOLEDEKSALQ
TEIANLLKEKEKLEFILAAHRPACKIPDDLGFPEEMSVASLDLTGGLPEASTPESEEAFT
LPLLNDPEPKPSLEPVKSISNVELKAEPFDDFLFPASSRPSGSETSRSVPDVDLSGSFYA
ADWEPLHSNSLGMGPMVTELEPLCTPVVTCTPGCTTYTSSFVETYPEADSFPSCAARHRK

GSSSNEPSSDSLSSPTLLAL

FOS Mouse DNA

CAGCGAGCAACTGAGAAGACTGGATAGAGCCGGCGGTTCCGCGAACGAGCAGTGACCGCG
CTCCCACCCAGCTCTGCTCTGCAGCTCCCACCAGTGTCTACCCCTGGACCCCTTGCCGGG
CTTTCCCCAAACTTCGACCATGATGTTCTCGGGTTTCAACGCCGACTACGAGGCGTCATC
CTCCCGCTGCAGTAGCGCCTCCCCGGCCGGGGACAGCCTTTCCTACTACCATTCCCCAGC
CGACTCCTTCTCCAGCATGGGCTCTCCTGTCAACACACAGGACTTTTGCGCAGATCTGTC
CGTCTCTAGTGCCAACTTTATCCCCACGGTGACAGCCATCTCCACCAGCCCAGACCTGCA
GTGGCTGGETGCAGCCCACTCTGETCTCCTCCGTGGCCCCATCGCAGACCAGAGCGCCCCA
TCCTTACGGACTCCCCACCCAGTCTGCTGGGGCTTACGCCAGAGCGGGAATGGTGAAGAC
CGTGTCAGGAGGCAGAGCGCAGAGCATCGGCAGAAGGGGCAAAGTAGAGCAGCTATCTCC
TGAAGAGGAAGAGAAACGGAGAATCCGAAGGGAACGGAATAAGATGGCTGCAGCCAAGTG
CCGGAATCGGAGGAGGGAGCTGACAGATACACTCCAAGCGGAGACAGATCAACTTGAAGA
TGAGAAGTCTGCGETTGCAGACTGAGATTGCCAATCTGCTGAAAGAGAAGGAAAAACTGGA
GTTTATTTTGGCAGCCCACCGACCTGCCTGCAAGATCCCCGATGACCTTGGCTTCCCAGA
GGAGATGTCTGTGGCCTCCCTGEATTTGACTGGAGGTCTGCCTGAGGCTTCCACCCCAGA
GTCTGAGGAGGCCTTCACCCTGCCCCTTCTCAACGACCCTGAGCCCAAGCCATCCTTGGA
GCCAGTCAAGAGCATCAGCAACGTGGAGCTGAAGGCAGAACCCTTTGATGACTTCTTGTT
TCCGGCATCATCTAGGCCCAGTGGECTCAGAGACCTCCCGCTCTGTGCCAGATGTGGACCT
GTCCGGTTCCTTCTATGCAGCAGACTGGGAGCCTCTGCACAGCAATTCCTTGGGGATGGG
GCCCATGGTCACAGAGCTGGAGCCCCTGTGTACTCCCGTGGTCACCTGTACTCCGGGCTG
CACTACTTACACGTCTTCCTTTGTCTTCACCTACCCTGAAGCTGACTCCTTCCCAAGCTG
TGCCGCTGCCCACCEARAGGGCAGCAGCAGCAACGAGCCCTCCTCCGACTCCCTGAGCTC
ACCCACGCTGCTGGCCCTGTGAGCAGTCAGAGAAGGCAAGGCAGCCGGCATCCAGACGTG
CCACTGCCCGAGCTGGTGCATTACAGAGAGGAGAAACACGTCTTCCCTCGAAGGTTCCCG
TCGACCTAGGGAGGACCTTACCTGTTCGTGAAACACACCAGGCTGTGGGCCTCAAGGACT
TGCAAGCATCCACATCTGGCCTCCAGTCCTCACCTCTTCCAGAGATGTAGCAAAAACAAA
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ACAAAACAAAACAAAAAACCGCATGGAGTGTGTTGTTCCTAGTGACACCTGAGAGCTGGT
AGTTAGTAGAGCATGTGAGTCAAGGCCTGGTCTGTGTCTCTTTTCTCTTTCTCCTTAGTT
TTCTCATAGCACTAACTAATCTGTTGGGTTCATTATTGGAATTAACCTGGTGCTGGATTG
TATCTAGTGCAGCTGATTTTAACAATACCTACTGTGTTCCTGGCAATAGCGTGTTCCAAT
TAGAAACGACCAATATTAAACTAAGAAAAGATAGGACTTTATTTTCCAGTAGATAGAAAT
CAATAGCTATATCCATGTACTGTAGTCCTTCAGCGTCAATGTTCATTGTCATGTTACTGA
TCATGCATTGTCGAGGTGGTCTGAATGTTCTGACATTAACAGTTTTCCATGAAAACGTTT
TTATTGTGTTTTCAATTTATTTATTAAGATGGATTCTCAGATATTTATATTTTTATTTTA
TTTTTTTCTACCCTGAGGTCTTTCGACATGTGGAAAGTGAATTTGAATGAAAAATTTTAA
GCATTGTTTGCTTATTGTTCCAAGACATTGTCAATAAAAGCATTTAAGTTGAAAAAAAAR

AAAAAAA

CD93 Human DNA

CTTCTCTGCGCCGGAGTGECTGCAGCTCACCCCTCAGCTCCCCTTGGGGCCCAGCTGGGA
GCCGAGATAGAAGCTCCTETCGCCECTEEGCTTCTCECCTCCCECAGAGGGCCACACAGA
GACCGGGATGGCCACCTCCATGGGCCTECTGCTGCTGCTGCTEGCTGCTCCTCGACCCAGCC
CGGGGCGGECEACGGGAGCTGACACGCAGGCGGTGETCTGCGTEEECACCGCCTGCTACAC
GGCCCACTCGEGCAAGCTCAGCGCTECCCAGGCCCAGAACCACTGCAACCAGAACGGGGE
CAACCTGGCCACTGTGAAGAGCAAGCAGCAGGCCCAGCACGTCCAGCGAGTACTGGCCCA
GCTCCTGAGGCGGGAGGCAGCCCTGACCECGAGGATCAGCAAGTTCTGGATTGGGCTCCA
GCGAGAGAAGGGCAAGTGCCTGGACCCTAGTCTGCCECTGAAGGECTTCAGCTCGGGTGGE
CGGGGGGGAGCACACGCCTTACTCTAACTGGCACAAGGAGCTCCGGAACTCETGCATCTC
CAAGCGCTGTETGTCTCTGCTGCTGCACCTGTCCCAGCCGCTCCTTCCCAGCCGCCTCCC
CAAGTGGTCTCAGGGCCCCTGTGGEAGCCCAGGCTCCCCCGGAACTAACATTCAGGGCTT
CGTGTGCAAGTTCAGCTTCAAAGGCATCETGCCGGCCTCTGGCCCTGGGGGGECCCAGGTCA
GGTGACCTACACCACCCCCTTCCAGACCACCAGTTCCTCCTTGCAGGCTGTGCCCTTTGC
CTCTGCGGCCAATGTAGCCTGTGGGCAACGTGACAAGGACGAGACTCAGAGTCATTATTT
CCTGTGCAAGGAGAAGGCCCCCGATCTETTCGACTCEGGCAGCTCEGGCCCCCTCTGTET
CAGCCCCAAGTATGGCTGCAACTTCAACAATGGGGECTGCCACCAGGACTGCTTTGAAGG
GGGGGATGGCTCCTTCCTCTGCGGCTGCCGACCAGCATTCCGGCTGCTGGATCGACCTGGET
GACCTGTGCCTCTCGAAACCCTTGCAGCTCCAGCCCATGTCGTCEGGGGGCCACGTGCET
CCTGGGACCCCATGGGARAAACTACACCTGCCGCTGCCCCCAAGGGTACCAGCTGGACTC
GAGTCAGCTGCACTGTGTCCACGTGCATCAATGCCAGCACTCCCCCTGTGCCCAGGAGTG
TGTCAACACCCCTGGEEECTTCCECTGCGAATGCTEGGGTTGGCTATGAGCCEGGCGETCC
TGGAGAGCGGEGGCCTGETCAGGATGTGCATGAGTGTCCTCTGGGETCEGCTCGCCTTGCGCCCA
GGGCTGCACCAACACAGATGGCTCATTTCACTGCTCCTGTGAGCAGGGCTACGTCCTGEC
CGGGGAGGACGGGACTCAGTGCCAGCACCETGGATGACTGTGTGEECCCGGEEEECCCCCT
CTGCGACAGCTTGTGCTTCAACACACAAGGGTCCTTCCACTGTGECTGCCTGCCAGGCTG
GETGCTGGCCCCARATGEEETCTCTTGCACCATGEGGCCTGTETCTCTGGCACCACCATC
TGGGCCCCCCGATGAGCAGGACAAAGCAGAGAAACAAGGGAGCACCGTGCCCCETGCTEC
AACAGCCAGTCCCACAAGGGGCCCCEAGGECACCCCCAAGGCTACACCCACCACARGTAG
ACCTTCGCTCTCATCTGACGCCCCCATCACATCTGCCCCACTCARGATGCTGECCCCCAG
TGGGTCCCCAGGCGTCTGGAGGGAGCCCAGCATCCATCACGCCACAGCTGCCTCTGGCCC
CCAGGAGCCTGCAGGTGEEEACTCCTCCETGGCCACACAAAACAACGATGGCACTGACGE
GCAAAAGCTGCTTTTATTCTACATCCTAGGCACCETGGTGGCCATCCTACTCCTGCTGEC
CCTGGCTCTGEGGCTACTGGTCTATCGCAAGCGGACAGCGAAGACGGAGGACAAGAAGGA
GAAGAAGCCCCAGAATGCGGCAGACAGTTACTCCTGGETTCCAGAGCGAGCTCAGAGCAG
GGCCATGGAGAACCAGTACAGTCCGACACCTGGGACAGACTGCTCGARAGTCAGGTGGCCC
TAGAGACACTAGAGTCACCAGCCACCATCCTCAGAGCTTTGAACTCCCCATTCCAAAGGE
GCACCCACATTTTTTTGAAAGACTGCACTGGAATCTTAGCAAACAATTGTAAGTCTCCTC
CTTAAAGGCCCCTTGGAACATGCAGETATTTTCTACGEGTGTTTCATGTTCCTCAAGTGE
AAGCTGTGTCTTGGCGTGCCACGGTGGECATTTCGTCACTCTATAATGATTGTTACTCCC
CCTCCCTTTTCAAATTCCAATGTGACCAATTCCGGATCAGGGTCTCAGGAGCECCGGGGCT
AAGGGGCTCCCCTGAATATCTTCTCTGCTCACTTCCACCATCTAAGAGGAAAAGGTGAGT
TGCTCATGCTGATTAGCATTGAAATCGATTTGTTTCTCTTCCTAGGATGAAAACTAAATCA

ATTAATTATTCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAA

CD93 Mouse Protein

MAISTGLFLLLGLLGQPWAGAAADSQAVVCEGTACYTAHWGKLSAAEAQHRCNENGGNLA
TVKSEEEARHVQOALTQLLKTKAPLEAKMGKFWIGLOREKGNCTYHDLPMRGFSWVGGGE
DTAYSNWYKASKSSCIFKRCVSLILDLSLTPHPSHLPKWHES PCGTPEAPGNSIEGFLCK
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FNFKGMCRPLALGGPGRVTYTTPFOATTSSLEAVPFASVANVACGDEAKSETHYFLCNEK
TPGIFHWGSSGPLCVSPKEFGCSEFNNGGCOODCFEGGDGSFRCGCRPGFRLLDDLVTCASR
NPCSSNPCTGGGMCHSVPLSENYTCRCPSGYQLDSSQVHCVDIDECQODSPCAQDCVNTLG
SFHCECWVGYQPSGPKEEACEDVDECAAANSPCAQGCINTDGSEFYCSCKEGYIVSGEDST
QCEDIDECSDARGNPCDSLCENTDGSFRCGCPPGWELAPNGVFCSRGTVESELPARPPQK
EDNDDRKESTMPPTEMPSSPSGSKDVSNRAQTTGLEVQSDIPTASVPLETIEIPSEVSDVW
FELGTYLPTTSGHSKPTHEDSVSAHSDTDGONLLLEYILGTVVAISLLLVLALGILIYHK

RRAKKEEIKEKKPQNAADSYSWVPERAESQAPENQYSPTPGTDC

CD93 Mouse DNA

GAAAGCAGCAGTGCGCCTCTGCTCCCTTCAGAGCACAGCCTGGTGTCAAGGTCCAGGTTC
CACCGGCTGCTGCTGTCACCGCAGGGGAGTCTAGCCCCTCCCAGAAGGAGACACAGAAGA
ATGGCCATCTCAACTGGTTTGTTCCTGCTGCTGGGGCTCCTTGGCCAGCCCTGGGCAGGG
GCTGCTGCTGATTCACAGGCTGTGGETGTGCGAGGGGACTGCCTGCTATACAGCCCATTGG
GGCAAGCTGAGTGCCGCTGAAGCCCAGCATCGCTGCAATGAGAATGGAGGCAATCTTGCC
ACCGTGAAGAGTGAGGAGGAGGCCCGGCATGTTCAGCAAGCCCTGACTCAGCTCCTGAAG
ACCAAGGCACCCTTGGAAGCAAAGATGGGCAAATTCTGGATCGGGCTCCAGCGAGAGAAG
GGCAACTGTACGTACCATGATTTGCCAATGAGGGGCTTCAGCTGGGTGGGTGGTGGAGAG
GACACAGCTTATTCAAACTGGTACARAGCCAGCAAGAGCTCCTGTATCTTTAAACGCTGT
GTGTCCCTCATACTGGACCTGTCCTTGACACCTCACCCCAGCCATCTGCCCAAGTGGCAT
GAGAGTCCCTGTGGGACCCCCGAAGCTCCAGGTAACAGCATTGAAGGTTTCCTGTGCAAG
TTCAACTTCAAAGGCATGTGTAGGCCACTGGCGCTGGGETGGTCCAGGGCGGGTGACCTAT
ACCACCCCTTTCCAGGCCACTACCTCCTCTCTGGAGGCTGTGCCTTTTGCCTCTGTAGCC
AATGTAGCTTGTGGGGATGAAGCTAAGAGTGAAACCCACTATTTCCTATGCAATGAAAAG
ACTCCAGGAATATTTCACTGGGGCAGCTCAGGCCCACTCTGTGTCAGCCCCAAGTTTGGT
TGCAGTTTCAACAACGGGGEGECTGCCAGCAGGATTGCTTCGAAGGTGGCGATGGCTCCTTC
CGCTGCGGCTGCCGGECCTGEATTTCGACTGCTGGATGATCTAGTAACTTGTGCCTCCAGG
AACCCCTGCAGCTCAAACCCATGCACAGGAGGTGGCATGTGCCATTCTGTACCACTCAGT
GAAAACTACACTTGCCGTTGTCCCAGCGGCTACCAGCTGGACTCTAGCCAAGTGCACTGT
GTGGATATAGATGAGTGCCAGGACTCCCCCTGTGCCCAGGATTGTGTCAACACTCTAGGG
AGCTTCCACTGTGAATGTTGGGETTGGTTACCAACCCAGTGGCCCCAAGGAAGAGGCCTGT
GAAGATGTGGATGAGTGTGCAGCTGCCAACTCGCCCTGTGCCCAAGGCTGCATCAACACT
GATGGCTCTTTCTACTGCTCCTGTARAGAGGGCTATATTGTGTCTGGGGAAGACAGTACC
CAGTGTGAGGATATAGATGAGTGTTCGGACGCAAGGGGCAATCCATGTGATTCCCTGTGC
TTCAACACAGATGGETTCCTTCAGGETETGGCTGCCCGCCAGGCTGGGAGCTGGCTCCCAAT
GGGGTCTTTTGTAGCAGGGGCACTGTGTTTTCTGAACTACCAGCCAGGCCTCCCCAAAAG
GAAGACAACGATGACAGAAAGGAGAGTACTATGCCTCCTACTGAAATGCCCAGTTCTCCT
AGTGGCTCTAAGGATGTCTCCAACAGAGCACAGACAACAGGTCTCTTCGTCCAATCAGAT
ATTCCCACTGCCTCTGTTCCACTAGAAATAGAAATCCCTAGTGAAGTATCTGATGTCTGG
TTCGAGTTGGGCACATACCTCCCCACGACCTCCGGCCACAGCAAGCCGACACATGAAGAT
TCTGTGTCTGCACACAGTGACACCGATGGGCAGAACCTGCTTCTGTTTTACATCCTGGGE
ACGGTGGTGGCCATCTCACTCTTGCTGGTGCTGGCCCTAGGGATTCTCATTTATCATAAA
CGGAGAGCCAAGAAGGAGGAGATAALAGAGAAGAAGCCTCAGAATGCAGCCGACAGCTAT
TCCTGGGETTCCAGAGCGAGCAGAGAGCCAAGCCCCGGAGAATCAGTACAGCCCAACACCA
GGGACAGACTGCTGAAGACTATGTGGCCTTAGAGACAGCTGCCACTACCTTCAGAGCTAC
CTTCTTAGATGAGGGGGAAGCCACATCATTCTGAATGACTTGACTGGACTCTCAGCAAAA
AAATTGTGCACCTTCCACTTAAGAACCTGGTGGCTTGGGATAGGCAGGTATTTTCTTGGT
GCCTTTGATATGTCTGGGGETGAAAGCTGTGTGTTGGTTTGTCATTGTGGGGAGTTTTGT
GGATATTGACAGACCTCACTCAAACACCCTTTTCAAATCCAATAGCAACTGGTTCCTCTG
GTTCCTAATTAGGGGGAAAGGAGTCAGAGGGGTGGGACAGGGTGGGGGGATGGGGCTTCA
AAGTTTTTTCTTATCACTTGATTTATCATCGAAGGAGTTACTGGTGCTAATTACAATGGA
AACAGTTCCTTTCCATCACAGGACAGACACACCTCAATCCTCCATGGGGTCAACAACTAT
ATACCCCCAGTGACCCCTTAGGCAAGGACTTGTTGAGAACTGCATCACATTTTGACCTGT
TCTCAACAGTACCCATCTATTTCAGGTGGGATCTCTGGACCTTTCCTCCTTCCCATCTTG
TCTGCAATGTGGCARATGGCTTCTTTTTGCATTTTTACTCCGCCCCCACCCCAAGCTGAA
GTTCATTTGCAGATCAGCGATTAAGTCTGAATTGTGTGGTGGTCAGTCTTGTTTCCTTTT
GTCAGGGGTTATTGTAAATGTTAGTAATTTCGCCTCAAGCCCTCAGTAAGAACATAAATA
TTTTAAAATATGTGCGTTTGAAATCTGTTTCATGCATCCTGGAACTGTGGGATGCTCAGGE
CAAGAGTGACTTTAGTCTTTCAGTGAATGTTGCCCAGAATGTGGGTAGGGAAGGCTCACA
GGTTACTCTCCTCCTTAGAGCTACAACATAACATTCTGAGGGGAGTCACAGGGTTGCCTT
TAAAAAGTGGGAGCTATGTCATGCTTTGAGCTTTCTGTTAAGCACCTCTCCTAATAAACT
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CTGAAAAAAT

FOSB Human DNA

CATTCATAAGACTCAGAGCTACGGCCACGGCAGGEACACGCGEAACCAAGACTTGGAAAC
TTGATTGTTGTGGTTCTTCTTGGCEETTATGAAATTTCATTAATCTTTTTTTTTTCCGGE
GAGAAAGTTTTTGGAAACGATTCTTCCAGATATTTCTTCATTTTCTTTTGGAGCACCGACT
TACTTTTTTTGGTCTTCTTTATTACTCCCCTCCCCCCGTGGGACCCGCCGEACGCGTGGA
GGAGACCGTAGCTGAAGCTGATTCTCTACAGCGGGACAGCGCTTTCTGCCCCTCEGGGAG
CAACCCCTCCCTCGCCCCTGGGTCCTACGGAGCCTECACTTTCAAGAGGTACAGCGGCAT
CCTGTGGGEECCTGGGCACCGCAGGAACGACTGCACAGAAACTTTGCCATTGTTGCAACGE
GACGTTGCTCCTTCCCCEAGCTTCCCCGEACAGCETACTTTGAGGACTCGCTCAGCTCAC
CGGGGACTCCCACGGCTCACCCCGEACTTGCACCTTACTTCCCCAACCCGGCCATAGCCT
TGGCTTCCCGGCGACCTCAGCGTGETCACAGGGGCCCCCCTETECCCAGGCAAATGTTTC
AGGCTTTCCCCGGAGACTACGACTCCGECTCCCGETGCAGCTCCTCACCCTCTGCCGAGT
CTCAATATCTCTCTTCGETGGACTCCTTCGGCAGTCCACCCACCECCGCGGCCTCCCAGE
AGTGCGCCEETCTCGGEEARAATGCCCEETTCCTTCETGCCCACGETCACCGCCATCACAR
CCAGCCAGGACCTCCAGTGGCTTGTGCAACCCACCCTCATCTCTTCCATGGCCCAGTCCC
AGGGGCAGCCACTGGCCTCCCAGCCCCCEETCGTCCACCCCTACCACATGCCEGGAACCA
GCTACTCCACACCAGGCATGAGTGGECTACAGCAGTGGCGGAGCCAGTGGCACTGGTGGEC
CTTCCACCAGCGGAACTACCAGTGGCECCTGGGCCTECCCGCCCAGCCCGAGCCCGGCCTA
GGAGACCCCCAGAGGAGACGCTCACCCCAGAGGAAGAGGAGAAGCCAAGGGTCCGCCGGE
AACGAAATAAACTAGCAGCAGCTAAATGCAGGAACCCGECGGAGGCEAGCTGACCCACCGAC
TCCAGGCGGAGACAGATCAGTTGCAGCAAGAAAAAGCAGAGCTCGCAGTCGCAGATCGCCE
AGCTCCAAAAGGAGAAGCAACGTCTCGACTTTGTGCTGGTGGCCCACAAACCEGGCTGCA
AGATCCCCTACGAAGAGGGGCCCGGECCEEECCCGCTEECGGAGCTCGAGAGATTTGCCGE
GCTCAGCACCGGCTAAGCAAGATGECTTCAGCTGECTGCTGCCECCCCCGCCACCACCEL
CCCTGCCCTTCCAGACCAGCCAAGACGCACCCCCCAACCTGACGGCTTCTCTCTTTACAC
ACAGTGAAGTTCAAGTCCTCGGCGACCCCTTCCCCETTGTTAACCCTTCGTACACTTCTT
CETTTGTCCTCACCTGCCCGGAGGTCTCCGCEGTTCECCGGCGCCCAACGCACCAGCGGCA
GTGACCAGCCTTCCGATCCCCTGAACTCECCCTCCCTCCTCGCTCGGTGAACTCTTTAGA
CACACAAAACAAACAAACACATGGGCCACAGAGACTTGCGAAGACCAGGAGGACCAGGAGA
AGGAGGAGACAGAGGGGAAGAGACALAAGTGGGTGTETCGCCTCCCTGGCTCCTCCGTCTG
ACCCTCTGCGECCACTGCECCACTGCCATCGGACAGCAGGATTCCTTGTGTTTTCGTCCTG
CCTCTTGTTTCTGTGCCCCEGCGAGCECCEEAGAGCTCETGACTTTCGGGACAGCGGGTGE
GAAGGGGATGCACACCCCCAGCTGACTETTGGCTCTCTGACGTCAACCCAAGCTCTGGGE
ATGGGTGGGCAGGGGGGECEEETGACGCCCACCTTCGEECAGTCCTETGTGAGCATGAAGG
GACGGGGGTCECAGGTAGGCTGTGECEETCGGCTGEACTCCTCTCCAGAGAGGCTCAACAR
GGAAAAATGCCACTCCCTACCCAATETCTCCCACACCCACCCTTTTTTTGGGCTGCCCAG
GTTGGTTTCCCCTGCACTCCCGACCTTAGCTTATTGATCCCACATTTCCATGETGTGAGA
TCCTCTTTACTCTGGGCAGAAGTGAGCCCCCCCTTAAAGGGAATTCGATGCCCCCCTAGA
ATAATCTCATCCCCCCACCCGACTTCTTTTGAAATCTGAACGTCCTTCCTTCGACTGTCTA
GCCACTCCCTCCCAGAAAAACTGGCTCTCGATTGGAATTTCTGGCCTCCTAAGGCTCCCCA
CCCCGAAATCAGCCCCCAGCCTTGTTTCTGATGACAGTGTTATCCCAAGACCCTGCCCCC
TGCCAGCCEACCCTCCTGGCCTTCCTCETTGGGECCGCTCTGATTTCAGGCAGCAGGGGCT
GCTGTGATGCCGTCCTGCTGGAGTGATTTATACTGTCAAATGAGTTGGCCAGATTGTGGE
GTGCAGCTGGETGGGGCAGCACACCTCTEGGGGGATAATGTCCCCACTCCCCARAGCCTT
TCCTCGGETCTCCCTTCCETCCATCCCCCTTCTTCCTCCCCTCAACAGTGAGTTAGACTCA
AGGGGGTGACAGAACCGAGAAGGGGETGACAGTCCTCCATCCACGTGGCCTCTCTCTCTC
TCCTCAGCGACCCTCAGCCCTGGCCTTTTTCTTTAAGGTCCCCCCGACCAATCCCCAGCCTA
GGACGCCAACTTCTCCCACCCCTTGECCCCTCACATCCTCTCCAGCAAGGCACTCAGGGE
CTGTGACATTTTTCCGGAGAAGATTTCAGAGCTGAGGCTTTGGTACCCCCARACCCCCAR
TATTTTTGCACTGGCAGACTCAAGGGEGCTGGAATCTCATGATTCCATGCCCEAGTCCGCC
CATCCCTGACCATGGTTTTGGCTCTCCCACCCCGCCETTCCCTGCECTTCATCTCATGAG
GATTTCTTTATGAGGCAAATTTATATTTTTTAATATCGGGGGETCCACCACGCCGCCCTC
CATCCGTGCTGCATGAAAAACATTCCACGTGCCCCTTEGTCGCECETCTCCCATCCTGATC
CCAGACCCATTCCTTAGCTATTTATCCCTTTCCTGETTTCCGARAGGCAATTATATCTAT
TATGTATAAGTAAATATATTATATATGCATGTGTCTCTGTGCCTGCGCGTCGACTGTGTGA
GCGCTTCTGCAGCCTCGECCTAGGTCACCTTGGCCCTCARAGCCAGCCGTTCAATTGGAR
ACTGCTTCTAGAAACTCTGGCTCAGCCTETCTCGGECTGACCCTTTTCTGATCETCTCGE
CCCCTCTGATTGTTCCCCATGGTCTCTCTCCCTCTETCTTTTCTCCTCCGCCTEGTGTCCA
TCTGACCGTTTTCACTTGTCTCCTTTCTGACTGTCCCTGCCAATGCTCCAGCTGTCGTCT
GACTCTGGETTCGTTGECCACATGACATTTTATTTTTTGTGAGT CAGACTGAGGGATCGET



10

15

20

25

30

35

40

45

50

55

60

WO 2017/147610 -90- PCT/US2017/019778

AGATTTTTACAATCTGTATCTTTGACAATTCTGGGTGCGAGTGTGAGAGTGTGAGCAGGG
CTTGCTCCTGCCAACCACAATTCAATGAATCCCCGACCCCCCTACCCCATGCTGTACTTG
TGGTTCTCTTTTTGTATTTTGCATCTGACCCCGGGGGGCTGGGACAGATTGGCAATGGGC

CGTCCCCTCTCCCCTTGGTTCTGCACTGTTGCCAATAAAAAGCTCTTAAAA

ACGC

FOSB Mouse DNA

ATAAATTCTTATTTTGACACTCACCAAAATAGTCACCTGGAAAACCCGCTTTTTGTGACA
AAGTACAGAAGGCTTGGTCACATTTAAATCACTGAGAACTAGAGAGAAATACTATCGCAA
ACTGTAATAGACATTACATCCATAAMAGTTTCCCCAGTCCTTATTGTAATATTGCACAGT
GCAATTGCTACATGGCAAACTAGTGTAGCATAGAAGT CAAAGCAAAAACAAACCAAAGAA
AGGAGCCACAAGAGTAAAACTGTTCAACAGTTAATAGTTCAAACTAAGCCATTGAATCTA
TCATTGGGATCGTTAAAATGAATCTTCCTACACCTTGCAGTGTATGATTTAACTTTTACA
GAACACAAGCCAAGTTTAAAATCAGCAGTAGAGATATTAAAATGAAAAGGTTTGCTAATA
GAGTAACATTAAATACCCTGAAGGAAAAAAAACCTAAATATCAAAATAACTGATTAAAAT
TCACTTGCAAATTAGCACACGAATATGCAACTTGGAAATCATGCAGTGTTTTATTTAAGA
AAACATAAAACAAAACTATTAAAATAGTTTTAGAGGGGGTAAAATCCAGGTCCTCTGCCA
GGATGCTAAAATTAGACTTCAGGGGAATTTTGAAGTCTTCAATTTTGAAACCTATTAAAA
AGCCCATGATTACAGTTAATTAAGAGCAGTGCACGCAACAGTGACACGCCTTTAGAGAGC
ATTACTGTGTATGAACATGTTGGCTGCTACCAGCCACAGTCAATTTAACAAGGCTGCTCA
GTCATGAACTTAATACAGAGAGAGCACGCCTAGGCAGCAAGCACAGCTTGCTGGGCCACT
TTCCTCCCTGTCETGACACAATCAATCCGTGTACTTGGTGTATCTGAAGCGCACGCTGCA
CCGCGGCACTGCCCGECEEETTTCTGGGCGGGGAGCGATCCCCGCGTCGCCCCCCGTGAA
ACCGACAGAGCCTGGACTTTCAGGAGGTACAGCGGCGGTCTGAAGGGGATCTGGGATCTT
GCAGAGGGAACTTGCATCGAAACTTGGGCAGTTCTCCGAACCGGAGACTAAGCTTCCCCG
AGCAGCGCACTTTGGAGACGTGTCCGGTCTACTCCGGACTCGCATCTCATTCCACTCGGC
CATAGCCTTGGCTTCCCGGCGACCTCAGCGTGGTCACAGGGGCCCCCCTGTGCCCAGGGA
AATGTTTCAAGCTTTTCCCGGAGACTACGACTCCGGCTCCCGGTGTAGCTCATCACCCTC
CGCCGAGTCTCAGTACCTGTCTTCGGTGGACTCCTTCGGCAGTCCACCCACCGCCGCCGT
CTCCCAGGAGTGCGCCGETCTCGGGGAAATGCCCGGCTCCTTCGTGCCAACGGTCACCGT
AATCACAACCAGCCAGGATCTTCAGTGGCTCGTGCAACCCACCCTCATCTCTTCCATGGC
CCAGTCCCAGGGGCAGCCACTGGCCTCCCAGCCTCCAGCTGTTGACCCTTATGACATGCC
AGGAACCAGCTACTCAACCCCAGGCCTGAGTGCCTACAGCACTGGCGGGGCAAGCGGAAG
TGETGGEGCCTTCAACCAGCACAACCACCAGTGGACCTGTGTCTGCCCGTCCAGCCAGAGC
CAGGCCTAGAAGACCCCGAGAAGAGACACTTACCCCAGAAGAAGAAGAAAAGCGAAGGGT
TCGCAGAGAGCGGAACAAGCTGGECTGCAGCTAAGTGCAGGAACCGTCGGAGGGAGCTGAC
AGATCGACTTCAGGCGGAAACTGATCAGCTTGAAGAGGAAAAGGCAGAGCTGGAGTCGGA
GATCGCCGAGCTGCAAAAAGAGAAGGAACGCCTGGAGTTTGTCCTGGTGGCCCACAAACC
GGGCTGCAAGATCCCCTACGAAGAGGGGCCGGGGCCAGGCCCGCTGGCCGAGGTGAGAGA
TTTGCCAGGGETCAACATCCGECTAAGGAAGACGGCTTCGGCTGGCTGCTGCCGCCCCCTCC
ACCACCCCCCCTGCCCTTCCAGAGCAGCCGAGACGCACCCCCCAACCTGACGGCTTCTCT
CTTTACACACAGTGAAGTTCAAGTCCTCGGCGACCCCTTCCCCGTTGTTAGCCCTTCGTA
CACTTCCTCGTTTGTCCTCACCTGCCCGGAGGTCTCCGCGTTCGCCGGCGCCCAACGCAC
CAGCGGCAGCGAGCAGCCGTCCGACCCGCTGAACTCGCCCTCCCTTCTTGCTCTGTAAAC
TCTTTAGACAAACAAAACAAACAAACCCGCAAGGAACAAGGAGGAGGAAGATGAGGAGGA
GAGGGGAGGAAGCAGTCCGGGEETGTGTGTGTGGACCCTTTGACTCTTCTGTCTGACCAC
CTGCCGCCTCTGCCATCGGACATGACGGAAGGACCTCCTTTGTGTTTTGTGCTCCGTCTC
TGETTTTCTGTGCCCCEECEAGACCEGAGAGCTGGETGACTTTGGGGACAGGGGETGGGGEC
GGGGATGGACACCCCTCCTGCATATCTTTGTCCTGTTACTTCAACCCAACTTCTGGGGAT
AGATGGCTGGCTGGETGGEETAGGGETGGGGTGCAACGCCCACCTTTGGCGTCTTGCGTGAG
GCTGGAGGGGAMAGGGTGCTGAGTGTGGGGTGCAGGGTGGGTTGAGGTCGAGCTGGCATG
CACCTCCAGAGAGACCCAACGAGGAAATGACAGCACCGTCCTGTCCTTCTTTTCCCCCAC
CCACCCATCCACCCTCAAGGGTGCAGGGTGACCAAGATAGCTCTGTTTTGCTCCCTCGGG
CCTTAGCTGATTAACTTAACATTTCCAAGAGGTTACAACCTCCTCCTGGACGAATTGAGC
CCCCGACTGAGGGAAGTCGATGCCCCCTTTGGGAGTCTGCTAACCCCACTTCCCGCTGAT
TCCAAAATGTGAACCCCTATCTGACTGCTCAGTCTTTCCCTCCTGGGAMAACTGGCTCAG
GTTGGATTTTTTTCCTCGTCTGCTACAGAGCCCCCTCCCAACTCAGGCCCGCTCCCACCC
CTGTGCAGTATTATGCTATGTCCCTCTCACCCTCACCCCCACCCCAGGCGCCCTTGGCCG
TCCTCETTGGEGECCTTACTGETTTTGEGCAGCAGGGGGECGECTGCGACGCCCATCTTGCTGE
AGCGCTTTATACTGTGAATGAGTGGTCGGATTGCTGGGTGCGCCGGATGGGATTGACCCC
CAGCCCTCCAAAACTTTCCCTGGGCCTCCCCTTCTTCCACTTGCTTCCTCCCTCCCCTTG
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ACAGGGAGTTAGACTCGAAAGGATGACCACGACGCATCCCGGTGGCCTTCTTGCTCAGGC
CCCAGACTTTTTCTCTTTAAGTCCTTCGCCTTCCCCAGCCTAGGACGCCAACTTCTCCCC
ACCCTGGGAGCCCCGCATCCTCTCACAGAGGTCGAGGCAATTTTCAGAGAAGTTTTCAGG
GCTGAGGCTTTGGCTCCCCTATCCTCGATATTTGAATCCCCAAATATTTTTGGACTAGCA
TACTTAAGAGGGGGCTGAGTTCCCACTATCCCACTCCATCCAATTCCTTCAGTCCCAAAG
ACGAGTTCTGTCCCTTCCCTCCAGCTTTCACCTCGTGAGAATCCCACGAGTCAGATTTCT
ATTTTTTAATATTGGGGAGATGGGCCCTACCGCCCGTCCCCCGTGCTGCATGGAACATTC
CATACCCTGTCCTGGGCCCTAGGTTCCAAACCTAATCCCAAACCCCACCCCCAGCTATTT
ATCCCTTTCCTGGTTCCCAAAAAGCACTTATATCTATTATGTATAAATAAATATATTATA
TATGAGTGTGCGTGTGTGTGCGTGTGCGTGCGTGCGTGCGTGCGTGCGAGCTTCCTTGTT
TTCAAGTGTGCTGTGGAGTTCAAAATCGCTTCTGGGGATTTGAGTCAGACTTTCTGGCTG
TCCCTTTTTGTCACCTTTTTGTTGTTGTCTCGGCTCCTCTGGCTGTTGGAGACAGTCCCG
GCCTCTCCCTTTATCCTTTCTCAAGTCTGTCTCGCTCAGACCACTTCCAACATGTCTCCA
CTCTCAATGACTCTGATCTCCGGTNTGTCTGTTAATTCTGGATTTGTCGGGGACATGCAA
TTTTACTTCTGTAAGTAAGTGTGACTGGGTGGTAGATTTTTTACAATCTATATCGTTGAG

AATTC

FOSB Mouse Protein

MFQAFPGDYDSGSRCSSSPSAESQYLSSVDSFGSPPTARASQECAGLGEMPGSFVPTVTA
ITTSQODLOWLVQPTLISSMAQSQOGOPLASOPPAVDPYDMPGTSYSTPGLSAYSTGGASGS
GGPSTSTTTSGPVSARPARARPRRPREETLTPEEEEKRRVRRERNKLAAAKCRNRRRELT
DRLOAETDOLEEEKAELESEIAELQKEKERLEFVLVAHKPGCKI PYEEGPGPGPLAEVRD
LPGSTSAKEDGFGWLLPPPPPPPLPFQSSRDAPPNLTASLFTHSEVOVLGDPFPVVSPSY

TSSFVLTCPEVSAFAGAQRTSGSEQPSDPLNSPSLLAL

Duspl Human DNA

TTTGGGCTGTGTGTGCGACGCGGGTCGGAGGGGCAGT CGGGGGARCCGCGAAGAAGCCGA
GGAGCCCGGAGCCCCGCGTGACGCTCCTCTCTCAGTCCARAAGCGGCTTTTGGTTCGGCG
CAGAGAGACCCGGGGGT CTAGCTTTTCCTCGAARAGCGCCGCCCTGCCCTTGGCCCCGAG
AACAGACAAAGAGCACCGCAGGGCCGATCACGCTGGGGGCGCTGAGGCCGGCCATGGTCA
TGGAAGTGGGCACCCTGGACGCTGGAGGCCTGCGGGCGCTGCTGGGGGAGCGAGCGGCGC
AATGCCTGCTGCTGGACTGCCGCTCCTTCTTCGCTTTCAACGCCGGCCACATCGCCGGCT
CTGTCAACGTGCGCTTCAGCACCATCGTGCGGCGCCGGGCCARGGGCGCCATGGGCCTGG
AGCACATCGTGCCCAACGCCGAGCTCCGCGGCCGCCTGCTGGCCGGCGCCTACCACGCCG
TGGTGTTGCTGGACGAGCGCAGCGCCGCCCTGGACGGCGCCARGCGCGACGGCACCCTGG
CCCTGGCGGCCGGCGCGCTCTGCCGCGAGGCGCGCGCCGCGCAAGTCTTCTTCCTCARAG
GAGGATACGAAGCGTTTTCGGCTTCCTGCCCGGAGCTGTGCAGCAAACAGTCGACCCCCA
TGGGGCTCAGCCTTCCCCTGAGTACTAGCGTCCCTGACAGCGCGGAATCTGGGTGCAGTT
CCTGCAGTACCCCACTCTACGATCAGGGTGGCCCGGTGGARATCCTGCCCTTTCTGTACC
TGGGCAGTGCGTATCACGCTTCCCGCAAGGACATGCT GGATGCCTTGGGCATAACTGCCT
TGATCAACGTCTCAGCCAATTGTCCCAACCATTTTGAGGGTCACTACCAGTACAAGAGCA
TCCCTGTGGAGGACAACCACAAGGCAGACATCAGCTCCTGGTTCAACGAGGCCATTGACT
TCATAGACTCCATCAAGAATGCTGGAGGAAGGGTGTTTGTCCACTGCCAGGCAGGCATTT
CCCGGTCAGCCACCATCTGCCTTGCTTACCTTATGAGGACTAATCGAGTCAAGCTGGACG
AGGCCTTTGAGTTTGTGAAGCAGAGGCGAAGCATCATCTCTCCCAACTTCAGCTTCATGG
GCCAGCTGCTGCAGTTTGAGTCCCAGGTGCTGGCTCCGCACTGTTCGGCAGAGGCTGGGA
GCCCCGCCATGGCTGTGCTCGACCGAGGCACCTCCACCACCACCGTGTTCAACTTCCCCG
TCTCCATCCCTGTCCACTCCACGAACAGTGCGCTGAGCTACCTTCAGAGCCCCATTACGA
CCTCTCCCAGCTGCTGARAGGCCACGGGAGGT GAGGCTCTTCACATCCCATTGGGACTCC
ATGCTCCTTGAGAGGAGAAAT GCAATAACTCTGGGAGGGGCTCGAGAGGGCTGGTCCTTA
TTTATTTAACTTCACCCGAGTTCCTCTGGGTTTCTAAGCAGT TATGGTGATGACTTAGCG
TCAAGACATTTGCTGAACTCAGCACATTCGGGACCAATATATAGTGGGTACAT CAAGTCC
ATCTGACAAAATGGGGCAGAAGAGAAAGGACT CAGTGTGTGATCCGGTTTCTTTTTGCTC
GCCCCTGTTTTTTGTAGAATCTCTTCATGCTTGACATACCTACCAGTATTATTCCCGACG
ACACATATACATATGAGAATATACCTTATTTATTTTTGTGTAGGTGTCTGCCTTCACAAR
TGTCATTGTCTACTCCTAGAAGAACCAAATACCTCAATTTTTGTTTTTGAGTACT GTACT
ATCCTGTAAATATATCTTAAGCAGGTTTGTTTTCAGCACTGATGGAAAATACCAGTGTTG
GGTTTTTTTTTAGTTGCCAACAGTTGTATGTTTGCTGATTATTTATGACCTGARATAATA
TATTTCTTCTTCTAAGAAGACATTTTGTTACATAAGGATGACTTTTTTATACAAT GGAAT

AAATTATGGCATTTCTATTG

Duspl Mouse DNA
CGGCGGGAGGARAGCGCGGTGAAGCCAGATTAGGAGCAGCGAGCACTTGGGGACTTAGGG
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CCACAGGACACCGCACAAGATCGACCGACTTTTTCTGGAGAACCGCAGAACGGGCACGCT
GGGGTCGCTGGGGCTGGCCATGGTGATGGAGGTGGGCATCCTGGACGCCGGGGGGCTGCG
CGCGCTGCTGCGAGAGGGCGCCGCGCAGTGCCTGTTGTTGGATTGTCGCTCCTTCTTCGC
TTTCAACGCCGGCCACATCGCGGGCTCAGTGAACGTGCGCTTCAGCACCATCGTGCGGCG
CCGCGCCAAGGGCGCCATGGGCCTGGAGCATATCGTGCCCAACGCTGAACTGCGTGGCCG
CCTGCTGGCCGGAGCCTACCACGCCGTGGTGCTGCTGGACGAGCGCAGCGCCTCCCTGGA
CGGCGCCAAGCGCGACGGCACCCTGGCCCTGGCCGCGEGGCGCGCTCTGCCGAGAGGCGCG
CTCCACTCAAGTCTTCTTTCTCCAAGGAGGATATGAAGCGTTTTCGGCTTCCTGCCCTGA
GCTGTGCAGCAAACAGTCCACCCCCACGGGGCTCAGCCTCCCCCTGAGTACTAGTGTGCC
TGACAGTGCAGAATCCGGATGCAGCTCCTGTAGTACCCCTCTCTACGATCAGGGGGGCCC
AGTGGAGATCCTGTCCTTCCTGTACCTGGGCAGTGCCTATCACGCTTCTCGGAAGGATAT
GCTTGACGCCTTGGGCATCACCGCCTTGATCAACGTCTCAGCCAATTGTCCTAACCACTT
TGAGGGTCACTACCAGTACAAGAGCATCCCTGTGGAGGACAACCACAAGGCAGACATCAG
CTCCTGGTTCAACGAGGCTATTGACTTCATAGACTCCATCAAGGATGCTGGAGGGAGAGT
GTTTGTTCATTGCCAGGCCGGCATCTCCCGGTCAGCCACCATCTGCCTTGCTTACCTCAT
GAGGACTAACCGGGTAAAGCTGGACGAGGCCTTTGAGTTTGTGAAGCAGAGGCGGAGTAT
CATCTCCCCGAACTTCAGCTTCATGGGCCAGCTGCTGCAGTTTGAGTCCCAAGTGCTAGC
CCCTCACTGCTCTGCTGAAGCTGGGAGCCCTGCCATGGCTGTCCTTGACCGGGGCACCTC
TACTACCACAGTCTTCAACTTCCCTGTTTCCATCCCCGTCCACCCCACGAACAGTGCCCT
GAACTACCTTAAAAGCCCCATCACCACCTCTCCAAGCTGCTGAAGGGCAAGGGGAGGTGT
GGAGTTTCACTTGCCACCGGGTCGCCACTCCTCCTGTGGGAGGAGCAATGCAATAACTCT
GGGAGAGGCTCATGGGAGCTGGTCCTTATTTATTTAACACCCCCCTCACCCCCCAACTCC
TCCTGAGTTCCACTGAGTTCCTAAGCAGTCACAACAATGACTTGACCGCAAGACATTTGC
TGAACTCGGCACATTCGGGACCAATATATTGTGGGTACATCAAGTCCCTCTGACAAAACA
GGGCAGAAGAGAAAGGACTCTGTTTGAGGCAGTTTCTTCGCTTGCCTGTTTTTTTTTTCT
AGAAACTTCATGCTTGACACACCCACCAGTATTAACCATTCCCGATGACATGCGCGTATG
AGAGTTTTTACCTTTATTTATTTTTGTGTAGGTCGGTGGTTTCTGCCTTCACAAATGTCA
TTGTCTACTCATAGAAGAACCAAATACCTCAATTTTGTGTTTGCGTACTGTACTATCTTG
TAAATAGACCCAGAGCAGGTTTGCTTTCGGCACTGACAGACAAAGCCAGTGTAGGTTTGT
AGCTTTCAGTTATCGACAGTTGTATGTTTGTTTATTTATGATCTGAAGTAATATATTTCT
TCTTCTGTGAAGACATTTTGTTACTGGGATGACTTTTTTTATACAACAGAATAAATTATG

ACGTTTCTATTGA

Duspl Mouse Protein

MVMEVGILDAGGLRALLREGAAQCLLLDCRSFFAFNAGHTAGSVNVRFST IVRRRAKGAM
GLEHIVPNAELRGRLLAGAYHAVVLLDERSASLDGAKRDGT LALAAGALCREARSTQVFF
LQGGYEAFSASCPELCSKQSTPTGLSLPLSTSVPDSAESGCSSCSTPLYDQGGPVEILSF
LYLGSAYHASRKDMLDALGITALINVSANCPNHFEGHYQYKSI PVEDNHKADT SSWENEA
IDFIDSIKDAGGRVFVHCQAGT SRSATICLAYLMRTNRVKLDEAFEFVKQRRSTISPNFS
FMGQLLQFESQVLAPHCSAEAGS PAMAVLDRGT STTTVENFPVST PVHPTNSALNYLKSP

ITTSPSC

Jun Human DNA

ATGACTGCAAAGATGGAAACGACCTTCTATGACGATGCCCTCAACGCCTCGTTCCTCCCE
TCCGAGAGCGGACCTTATGGCTACAGTAACCCCAAGATCCTGAAACAGAGCATGACCCTE
AACCTGGCCCACCCAGTGEEECAGCCTGAAGCCGCACCTCCGCGCCAAGAACTCGGACCTC
CTCACCTCGCCCGACGTEEGGCTGCTCAAGCTGGCETCGCCCGAGCTGGAGCECCTGATA
ATCCAGTCCAGCAACGGGCACATCACCACCACGCCGACCCCCACCCAGTTCCTETGCCCC
AAGAACGTGACAGATGAGCAGGAGGCECTTCGCCGAGEGCTTCETECGCGCCCTGGCCGAR
CTGCACAGCCAGAACACGCTGCCCAGCETCACGTCEECGGCGCAGCCGGTCAACGGGGCA
GGCATGGTGGCTCCCGCEETAGCCTCEETGTCAGEGEGCAGCEECAGCGGCEECTTCAGC
GCCAGCCTGCACAGCGAGCCGCCGETCTACGCAAACCTCAGCAACTTCAACCCAGGCGCE
CTGAGCAGCGECGGCGEEECGCCCTCCTACGGCGCEECCGGCCTEECCTTTCCCGCGCAR
CCCCAGCAGCAGCAGCAGCCGCCGCACCACCTGCCCCAGCAGATGCCCGTGCAGCACCCE
CGGCTGCAGGCCCTGAAGCAGGAGCCTCAGACAGTGCCCGAGATCCCCGGCGAGACACCE
CCCCTGTCCCCCATCGACATGGAGTCCCAGGAGCGEGATCAAGGCCCAGAGGAAGCGCATG
AGGAACCGCATCGCTGCCTCCAAGTCCCCARAAAGCGAAGCTGGACAGAATCGCCCGGCTG
GAGGAAAAAGTGAAAACCTTGAAAGCTCAGAACTCGCAGCTGGCETCCACGGCCAACATG
CTCAGGGAACAGGTGGCACAGCTTAAACAGAAAGTCATGAACCACGTTAACAGTGGGTGEC

CAACTCATGCTAACGCAGCAGTTGCAAACATTTTGA

Jun Mouse DNA
GTGACGACTGETCAGCACCGCCGGACAGCCGCTGTTEGCTGGGACTGEGTCTGCEGGCTCCA



10

15

20

25

30

35

40

45

50

55

60

WO 2017/147610 -93- PCT/US2017/019778

AGGAACCGCTGCTCCCCGAGAGCGCTCCGTGAGTGACCGCGACTTTTCAAAGCTCGGCAT
CGCGCGGGAGCCTACCAACGTGAGTGCTAGCGGAGTCTTAACCCTGCGCTCCCTGGAGCA
ACTGGGGAGGAGGGCTCAGGGGGAAGCACTGCCGTCTGGAGCGCACGCTCTAAACAAACT
TTGTTACAGAAGCGGGGACGCGCGGGTATCCCCCCGCTTCCCGGCGCGCTGTTGCGGCCC
CGAAACTTCTGCGCACAGCCCAGGCTAACCCCGCGTGAAGTGACGGACCGTTCTATGACT
GCAAAGATGGAAACGACCTTCTACGACGATGCCCTCAACGCCTCGTTCCTCCAGTCCGAG
AGCGGTGCCTACGGCTACAGTAACCCTAAGATCCTAAAACAGAGCATGACCTTGAACCTG
GCCGACCCGGTGGGCAGTCTGAAGCCGCACCTCCGCGCCAAGAACTCGGACCTTCTCACG
TCGCCCGACGTCGGGCTGCTCAAGCTGGCGTCGCCGGAGCTGGAGCGCCTGATCATCCAG
TCCAGCAATGGGCACATCACCACTACACCGACCCCCACCCAGTTCTTGTGCCCCAAGAAC
GTGACCGACGAGCAGGAGGGCTTCGCCGAGGGCTTCGTGCGCGCCCTGGCTGAACTGCAT
AGCCAGAACACGCTTCCCAGTGTCACCTCCGCGGCACAGCCGGTCAGCGGGGCGGGCATG
GTGGCTCCCGCGGTGGCCTCAGTAGCAGGCGCTGGCGGCGGETGGTGGCTACAGCGCCAGC
CTGCACAGTGAGCCTCCGGTCTACGCCAACCTCAGCAACTTCAACCCGGGTGCGCTGAGC
TGCGGCGGTGGGGCGCCCTCCTATGGCGCGGCCGGGCTGGCCTTTCCCTCGCAGCCGCAG
CAGCAGCAGCAGCCGCCTCAGCCGCCGCACCACTTGCCCCAACAGATCCCGGTGCAGCAC
CCGCGGCTGCAAGCCCTGAAGGAAGAGCCGCAGACCGTGCCGGAGATGCCGGGAGAGACG
CCGCCCCTGTCCCCTATCGACATGGAGT CTCAGGAGCGGAT CAAGGCAGAGAGGAAGCGC
ATGAGGAACCGCATTGCCGCCTCCAAGTGCCGGAAAAGGAAGCTGGAGCGGATCGCTCGG
CTAGAGGAAAAAGTGAAAACCTTGAAAGCGCAAAACTCCGAGCTGGCATCCACGGCCAAC
ATGCTCAGGGAACAGGTGGCACAGCTTAAGCAGAAAGTCATGAACCACGTTAACAGTGGG
TGCCAACTCATGCTAACGCAGCAGTTGCAAACGTTTTGAGAACAGACTGTCAGGGCTGAG
GGGCAATGGAAGAAAAAAAATAACAGAGACAAACTTGAGAACTTGACTGGAAGCGACAGA
GAAAAAAAAAGTGTCCGAGTACTGAAGCCAAGGGTACACAAGATGGACTGGGTTGCGACC
TGACGGCGCCCCCAGTGTGCTGGAGTGGGAAGGACGTGGCGCGCCTGGCTTTGGCGTGGA
GCCAGAGAGCAGAGGCCTATTGGCCGGCAGACTTTGCGGACGGGCTGTGCCCGCGCGALCC
AGAACGATGGACTTTTCGTTAACATTGACCAAGAACTGCATGGACCTAACATTCGATCTC
ATTCAGTATTAAAGGGGGGTGGGAGGGGTTACAAACTGCAATAGAGACTGTAGATTGCTT
CTGTAGTGCTCCTTAACACAAAGCAGGGAGGGCTGGGAAGGGGGGGGAGGCTTGTAAGT G
CCAGGCTAGACTGCAGATGAACTCCCCTGGCCTGCCTCTCTCAACTGTGTATGTACATAT
ATTTTTTTTTTTAATTTGATGAAAGCTGATTACTGTCAATAAACAGCTTCCGCCTTTGTA
AGTTATTCCATGTTTGTTTGGGTGTCCTGCCCAGTGTTTGTAAATAAGAGATTTGAAGCA
TTCTGAGTTTACCATTTGTAATAAAGTATATAATTTTTTTATGTTTTGTTTCTGAAAATT
TCCAGAAAGGATATTTAAGAAAAATACAATAAACTATTGAAAAGTAGCCCCCAACCTCTT
TGCTGCATTATCCATAGATAATGATAGCTAGATGAAGTGACAGCTGAGTGCCCAATATAC
TAGGGTGAAAGCTGTGTCCCCTGTCTGATTGTAGGAATAGATACCCTGCATGCTATCATT
GGCTCATACTCTCTCCCCCGGCAACACACAAGTCCAGACTGTACACCAGAAGATGGTGTG
GTGTTTCTTAAGGCTGGAAGAAGGGCTGTTGCAAGGGGAGAGGGTCAGCCCGCTGGAAAG
CAGACACTTTGGTTGAAAGCTGTATGAAGTGGCATGTGCTGTGATCATTTATAATCATAG
GAAAGATTTAGTAATTAGCTGTTGATTCTCAAAGCAGGGACCCATGGAAGTTTTTAACAA
AAGGTGTCTCCTTCCAACTTTGAATCTGACAACTCCTAGAAAAAGATGACCTTTGCTTGT

GCATATTTATAATAGCGTTCGTTATCACAATAAATGTATTCAAAT

Jun Mouse Protein

MTAKMETTFYDDALNASFLOSESGAYGYSNPKILKQSMTLNLADPVGSLKPHLRAKNSDL
LTSPDVGLLKLASPELERLIIQSSNGHITTTPTPTQFLCPKNVTDEQEGFAEGFVRALAE
LHSONTLPSVTSAAQPVSGAGMVAPAVASVAGAGGGGGYSASLHSEPPVYANLSNFNPGA
LSSGGGAPSYGAAGLAFPSQOPOOOOOPPQPPHHLPQQI PVOHPRLOALKEEPQTVPEMPG
ETPPLSPIDMESQERIKAERKRMRNRIAASKCRKRKLERIARLEEKVKTLKAQNSELAST

ANMLREQVAQLKQKVMNHVNSGCQLMLTQQLQTF

Dusp6 Human DNA

CCAGCCTCGGAGGGAGGGATTAGAAGCCGCTAGACTTTTTTTCCTCCCCTCTCAGTAGCA
CGGAGTCCGAATTAATTGGATTTCATTCACTGGGGAGGAACARAAACTATCTGGGCAGCT
TCATTGAGAGAGATTCATTGACACTAAGAGCCAGCGCTGCAGCTGGTGCAGAGAGAACCT
CCGGCTTTGACTTCTGTCTCGTCTGCCCCARGGCCGCTAGCCTCGGCTTGGGARGGCGAG
GCGGAATTAAACCCCGCTCCGAGAGCGCACGTTCGCGCGCGGTGCGTCGGCCATTGCCTG
CCCCGAGGGGCGTCTGGTAGGCACCCCGCCCTCTCCCGCAGCTCGACCCCCATGATAGAT
ACGCTCAGACCCGTGCCCTTCGCGTCGGAAAT GGCGATCAGCAAGACGGT GGCGTGGCTC
AACGAGCAGCTGGAGCTGGGCAACGAGCGGCTGCTGCTGATGGACTGCCGGCCGCAGGAG
CTATACGAGTCGTCGCACATCGAGTCGGCCATCAACGTGGCCATCCCGGGCATCATGCTG
CGGCGCCTGCAGAAGGGTAACCTGCCGGTGCGCGCGCTCTTCACGCGCGGCGAGGACCGG
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GACCGCTTCACCCGGCGCTGTGGCACCGACACAGTGGTGCTCTACGACGAGAGCAGCAGC
GACTGGAACGAGAATACGGGCGGCGAGTCGTTGCTCGGGCTGCTGCTCAAGAAGCTCAAG
GACGAGGGCTGCCGGGCGTTCTACCTGGAAGGTGGCTTCAGTAAGTTCCAAGCCGAGTTC
TCCCTGCATTGCGAGACCAATCTAGACGGCTCGTGTAGCAGCAGCTCGCCGCCGTTGCCA
GTGCTGGGGCTCGGGGGCCTGCGGATCAGCTCTGACTCTTCCTCGGACATCGAGTCTGAC
CTTGACCGAGACCCCAATAGTGCAACAGACTCGGATGGTAGTCCGCTGTCCAACAGCCAG
CCTTCCTTCCCAGTGGAGATCTTGCCCTTCCTCTACTTGGGCTGTGCCAAAGACTCCACC
AACTTGGACGTGTTGGAGGAATTCGGCATCAAGTACATCTTGAACGTCACCCCCAATTTG
CCGAATCTCTTTGAGAACGCAGGAGAGTTTAAATACAAGCAAATCCCCATCTCGGATCAC
TGGAGCCAAAACCTGTCCCAGTTTTTCCCTGAGGCCATTTCTTTCATAGATGAAGCCCGG
GGCAAGAACTGTGGTGTCTTGGTACATTGCTTGGCTGGCATTAGCCGCTCAGTCACTGTG
ACTGTGGCTTACCTTATGCAGAAGCTCAATCTGTCGATGAACGATGCCTATGACATTGTC
AAAATGAAAAAATCCAACATATCCCCTAACTTCAACTTCATGGGTCAGCTGCTGGACTTC
GAGAGGACGCTGGGACTCAGCAGCCCATGTGACAACAGGGTTCCAGCACAGCAGCTGTAT
TTTACCACCCCTTCCAACCAGAATGTATACCAGGTGGACTCTCTGCAATCTACGTGAAAG
ACCCCACACCCCTCCTTGCTGGAATGTGTCTGGCCCTTCAGCAGTTTCTCTTGGCAGCAT
CAGCTGGGCTGCTTTCTTTGTGTGTGGCCCCAGGTGTCAAAATGACACCAGCTGTCTGTA
CTAGACAAGGTTACCAAGTGCGGAATTGGTTAATACTAACAGAGAGATTTGCTCCATTCT
CTTTGGAATAACAGGACATGCTGTATAGATACAGGCAGTAGGTTTGCTCTGTACCCATGT
GTACAGCCTACCCATGCAGGGACTGGGATTCGAGGACTTCCAGGCGCATAGGGTAGAACC
ARAATGATAGGGTAGGAGCATGTGTTCTTTAGGGCCTTGTAAGGCTGTTTCCTTTTGCATC
TGGAACTGACTATATAATTGTCTTCAATGAAGACTAATTCAATTTTGCATATAGAGGAGC
CAAAGAGAGATTTCAGCTCTGTATTTGTGGTATCAGTTTGGAAAAAAAAATCTGATACTC
CATTTGATTATTGTAAATATTTGATCTTGAATCACTTGACAGTGTTTGTTTGAATTGTGT
TTGTTTTTTCCTTTGATGGGCTTAAAAGAAATTATCCAAAGGGAGAAAGAGCAGTATGCC
ACTTCTTAA

Dusp6 Mouse DNA

GATCCATTGAGGAGCTGCCTCGCACAGGGGGTGTGCTCTCGCGGAGTCCTAGGGACTGTG
AGCAAACCCAGTCTTGAATAATCCGGCGAGAAACACCGGGTTGGATCCGAGGTGCAGCCT
CAGAGGGAAGGATTAAGAGCCGCTAGACTTTTTTTCTTTTCCCTTTTTCTCCTCTCAGTG
GCACGGAGTCCGAATTAATTGGATTTCATT CACTGGGTAGGAACAAAACT GGGCACCTTC
ATTCAGAGAGAGAGATTCATTGACTCGGAGAGTGATCTGGTGCAGAGGGACCACCGACTT
GACTTCTGTGTCGCTTTCCCTAACCGCTAGCCTCGGCTTGGGARAGGCGAGGCGGAATCA
AACCCCGCTCCGAGAGCGGGAGCTTCGCGCAGCGTGCTCGGCCTATGCCTGCCTCGAGGE
GCGTCTGCTAGGCACCCCGCCTTCTCCTGCAGCTCGACCCCCATGATAGATACGCTCAGA
CCCGTGCCCTTCGCGTCGGARAT GGCGATCTGCAAGACGGT GTCGTGGCTCAACGAGCAG
CTGGAGCTGGGCAACGAACGGCTTCTGCTGAT GGACTGCCGACCACAGGAGCTGTACGAG
TCGTCACACATCGAATCTGCCATTAATGTGGCCATCCCCGGCATCATGCTGCGGCGTCTG
CAGAAGGGCAACCTGCCCGTGCGTGCGCTCTTCACGCGCTGCCAGGACCGGGACCGCTTT
ACCAGGCGCTGCGGCACCGACACCETGGTGCTGTACGACGAGAATAGCAGCGACTGGAAT
GAGAACACTGGTGGAGAGTCGGT CCTCGGGCTGCTGCTCAAGAAACT CARAGACGAGGGC
TGCCGGGCGTTCTACCTGGAAGGTGGCTTCAGTAAGTTCCAGGCCGAGTTCGCCCTGCAC
TGCGAGACCAATCTAGACGGCTCGTGCAGCAGCAGTTCCCCGCCTTTGCCAGTGCTGGGG
CTCGGGGGCCTGCGGATCAGCTCGGACT CTTCCTCGGACATTGAGTCTGACCTTGACCGA
GACCCCAATAGT GCAACGGACTCTGATGGCAGCCCGCTGTCCAACAGCCAGCCTTCCTTC
CCGGTGGAGATTTTGCCCTTCCTTTACCTGGGCTGTGCCAAGGACTCGACCAACTTGGAC
GTGTTGGAAGAGTTTGGCATCAAGTACATCTTGAATGTCACCCCCAATTTGCCCAATCTG
TTTGAGAATGCGGGCGAGTTCARATACAAGCAAATT CCTATCTCGGATCACTGGAGCCAA
AACCTGTCCCAGTTTTTCCCTGAGGCCATTTCTTTCATAGATGAAGCCCGAGGCAAAAAC
TGTGGTGTCCTGGTGCATTGCTTGGCAGGTAT CAGCCGCTCTGTCACCETGACAGTGGCG
TACCTCATGCAGAAGCTCAACCTGTCCATGAACGATGCTTACGACATTGTTAAGATGAAG
AAGTCCAACATCTCCCCCAACTTCAACTTCATGGGCCAGCTGCTTGACTTCGARAGGACC
CTGGGACTGAGCAGCCCTTGTGACAACCGTGTCCCCACTCCGCAGCTGTACTTCACCACG
CCCTCCAACCAGAACGTCTACCAGGTGGACTCCCTGCAGTCTACCTGAAAGGCACCCACC
TCTCCTAGCCGGGAGTTGTCCCCATTCCTTCAGTTCCTCTTGAGCAGCATCGACCAGGCT
GCTTTCTTTCTGTGTGTGGCCCCGGGTGTCAAAAGTGTCACCAGCTGTCTGTGTTAGACA
AGGTTGCCAAGTGCAAAATTGGT TATTACGGAGGGAGAGATTTGCTCCATTCATTGTTTT
TTTGGAAGGACAGGACATGCTGTCTCTAGATCCAGCAATAGGTTTGCTTCTGTACCCCAG
CCTACCCAAGCAGGGACTGGACATCCATCCAGATAGAGGGTAGCATAGGAATAGGGACAG
GAGCATCTGTTCTTTAAGGCCTTGTATGGCTGTTTCCTGTTGCATCTGGAACTAACTATA
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TATATTGTCTTCAGTGAAGACTGATTCAACTTTGGGTATAGTGGAGCCAAAGAGATTTTT
AGCTCTGTATTTGCGGTATCGGTTTAGAAGACAAAAAAAATTAAAACCTGATACTTTTAT
CTGATTATTGTAAATATTTGATCTTCAATCACTTGACAGTGTTTGTTTGGCTTGTATTTG
TTTTTTATCTTTGGGCTTAAAAGAGATCCAAAGAGAGAAAGAGCAGTATGCCACTTCTTA
GAACAAAAGTATAAGGAAAAAAATGTTCTTTTTAATCCAAAGGGTATATTTGCAGCATGC
TTGACCTTGATGTACCAATTCTGACGGCATTTTCGTGGATATTATTATCACTAAGACTTT
GTTATGATGAGGTCTTCAGTCTCTTTCATATATCTTCCTTGTAACTTTTTTTTTCCTCTT
AATGTAGTTTTGACTCTGCCTTACCTTTGTAAATATTTGGCTTACAGTGTCTCAAGGGGT
ATTTTGGAAAGACACCAAAATTGTGGGTTCACTTTTTTTTTTTTTTTAAATAACTTCAGC
TGTGCTAAACAGCATATTACCTCTGTACAAAATTCTTCAGGGAGTGTCACCTCAAATGCA
ATACTTTGGGTTGGTTTCTTTCCTTTTAAAAAAAAAATACGAAACTGGAAGTGTGTGTAT
GTGTGCGAGTATGAGCGCCCATTTGGTGGATGCAACAGGTTGAGAGGAAGGGAGAATTAA
CTTGCTCCATGATGTTCGTGGTGTAAAGTTTTGAGCTGGAATTTATTATAAGAATGTAAA

ACCTTAAATTATTAATAAATAACTATTTTGGCT

Dusp6 Mouse Protein

MIDTLRPVPFASEMAT CKTVSWLNEQLELGNERLLLMDCRPQELYESSHIESATNVAIPG
IMLRRLQKGNLPVRALFTRCEDRDRFTRRCGTDTVVLYDENS SDWNENTGGESVLGLLLK
KLKDEGCRAFYLEGGFSKFQAEFALHCETNLDGSCSSSSPPLPVLGLGGLRISSDSSSDI
ESDLDRDPNSATDSDGSPLSNSQPSFPVEI LPFLYLGCAKDSTNLDVLEEFGTIKYTLNVT
PNLPNLFENAGEFKYKQIPTSDHWSQNLSQFFPEAT SFTDEARGKNCGVLVHCLAGI SRS
VTVTVAYLMQKLNLSMNDAYDIVKMKKSNI SPNFNFMGQLLDFERTLGLSSPCDNRVPTP

QLYFTTPSNQNVYQVDSLQST

Cdk1 Human DNA

GGGGGEGEEEGEEGECACTTGGCTTCAMAGCTGGCTCTTGEGAMATTGAGCGGAGACGAGCEGE
TTGTTGTAGCTGCCETGCEGECCECCECGGAATAATAAGCCGGGATCTACCATACCATTGA
CTAACTATGGAAGATTATACCAAAATAGAGAAAATTGGAGAAGGTACCTATGGAGTTGTG
TATAAGGGTAGACACAARACTACAGETCAAGTGGTAGCCATGAARAAAATCAGACTAGAA
AGTGAAGAGGAAGGGGTTCCTAGTACTGCAATTCGGGARATTTCTCTATTAAAGGAACTT
CGTCATCCARATATAGTCAGTCTTCAGGATGTGCTTATGCAGGATTCCAGGTTATATCTC
ATCTTTGAGTTTCTTTCCATGGATCTGAAGAAATACTTGGATTCTATCCCTCCTGETCAG
TACATGGATTCTTCACTTGTTAAGAGTTATTTATACCAAATCCTACAGGGGATTGTGTTT
TGTCACTCTAGAAGAGTTCTTCACAGAGACTTAAAACCTCARAATCTCTTGATTGATGAC
ABAGGAACAATTAAACTGGCTGATTTTGGCCTTGCCAGAGCTTTTGGAATACCTATCAGA
GTATATACACATGAGGTAGTAACACTCTGETACAGATCTCCAGAAGTATTGCTGGGGTCA
GCTCGTTACTCAACTCCAGTTGACATTTGGAGTATAGGCACCATATTTGCTGAACTAGCA
ACTAAGAAACCACTTTTCCATGGGGATTCAGARATTGATCAACTCTTCAGGATTTTCAGA
GCTTTGGGCACTCCCAATAATGAAGTGTGGCCAGAAGT GGAATCTTTACAGGACTATAAG
AATACATTTCCCAAATGGAAACCAGGAAGCCTAGCATCCCATGTCARAAACTTGGATGAA
AATGGCTTGGATTTGCTCTCGAARATGTTAATCTATGATCCAGCCARACGAATTTCTGGE
AAAATGGCACTGAATCATCCATATTTTAATGATTTGGACAATCAGATTAAGAAGATGTAG

CTTTCTGACAAAAAGTTTCCATATGTTATG

Cdk1 Mouse DNA

TCCGTCETAACCTGTTGAGTAACTATGGAAGACTATATCAAAATAGAGARAATTGGAGAA
GGTACTTACGGTGTGETGTATAAGGGTAGACACAGAGT CACTGGCCAGATAGTGGCCATG
AAGAAGATCAGACTTGAAAGCGAGGAAGAAGGAGTGCCCAGTACTGCAATTCGGGAAATC
TCTCTATTARAAGAACTTCGACATCCARATATAGTCAGCCTGCAGGATGTGCTCATGCAG
GACTCCAGGCTGTATCTCATCTTTGAGTTCCTGTCCATGGACCTCAAGAAGTACCTGGAC
TCCATCCCTCCTGGGCAGTTCATGGATTCTTCACTCGTTAAGAGTTACTTACACCAAATC
CTCCAGGGAATTGTGTTTTGCCACTCCCGECGAGTTCTTCACAGAGACTTGARACCTCAA
AATCTATTGATTGATGACAAAGGAACAATCAAACTGGCTGATTTCGGCCTTGCCAGAGCG
TTTGGAATACCGATACGAGTGTACACACACGAGGTAGTGACGCTGTGETACCGATCTCCA
GAAGTGTTGCTGEGCTCGGCTCETTACTCCACTCCGETTGACATCTGGAGTATAGGGACC
ATATTTGCAGAACTGGCCACCAAGAAGCCGCTTTTCCACGGCGACTCAGAGATTGACCAG
CTCTTCAGGATCTTCAGAGCTCTGGGCACTCCTAACAACGAAGTGTGGCCAGAAGTCGAG
TCCCTGCAGGACTACAAGAACACCTTTCCCAAGTGGAAGCCGEGGGAGCCTCGCATCCCAC
GTCAAGAACCTGGACGAGAACGGCTTGGATTTGCTCTCAAAAATGCTAGTCTATGATCCT
GCCARACGAATCTCTGGCARAAT GGCCCTGAAGCACCCETACTTTGATGACTTGGACAAT
CAGATTAAGAAGATGTAGCCCTCTGGATGGATGTCCCTETCTGCTGETCGTAGGGGAAGA

TCG
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Cdk1 Mouse Protein

MEDYIKIEKIGEGTYGVVYKGRHRVTGQIVAMKKIRLESEEEGVPSTATIREI SLLKELRH
PNIVSLODVIMQODSRLYLIFEFLSMDLKKYLDSIPPGQFMDSSLVKSYLHOI LOGIVFCH
SRRVLHRDLKPONLLIDDKGTIKLADFGLARAFGI PTRVYTHEVVTLWYRSPEVLLGSAR
YSTPVDIWSIGTIFAELATKKPLFHGDSEIDQLFRIFRALGTPNNEVWPEVESLODYKNT

FPKWKPGSLASHVKNLDENGLDLLSKMLVYDPAKRISGKMALKHPYFDDLD

NQIKKM

Fignll Human DNA

GTCAGTCCCCGCGCTTTTCGGAGGCTGCCAGCGTCCCACACCAGCCGCAGGTGARRACCG
GCAGAAAGACATTAAGAGATTTTCCTGCAGTCACTGCTGGCAGATGATAGAGCCAGGATT
TGARAGCAGGCAGCCTGGCTCCAGACCCTGTGCTCTTAACTCCCGTTTTGCATCAAGAAC
AGAATCCTATGAAAGGCTTGTACAGTGCTTGGATAGCAGCATCAAGGAGCATTGTGTACA
TGCAGAAGT GCACAGTACCTGGAGTGAAACTGCTTGTGTTCGATTTCTGATACCATTCAT
AACTGGCTGTGTGATCTCAAAACCTCTAAAATGCAGACCTCCAGCTCTAGATCTGTGCAC
CTGAGTGAATGGCAGAAGAATTACTTCGCAATTACATCTGGCATATGTACCGGACCGAAG
GCAGATGCATACCGTGCACAGATATTACGCATTCAGTATGCATGGGCAAACT CTGAGATT
TCCCAGGTCTGTGCTACCAAACT GTTCAAAAAATATGCAGAGAAATATTCTGCAATTATT
GATTCTGACAATGTTGAATCTGGGTTGAATAATTATGCAGAAAACATTTTAACTTTGGCA
GGATCTCAACAAACAGATAGTGACAAGTGGCAGTCTGGATTGTCAATAAATAATGTTTTC
AAAATGAGTAGTGTACAGAAGATGATGCAAGCT GGCAAAAAATTCAAAGACTCTCTGTTG
GAACCTGCTCTTGCATCAGTGGTAATCCATAAGGAGGCCACTGTCTTTGATCTTCCTAAA
TTTAGTGTTTGTGGTAGTTCTCAAGAGAGTGACT CATTACCTAACT CAGCTCATGATCGA
GACCGGACCCAAGACTTCCCGGAGAGCAATCGTTTGAAACTCCTTCAGAATGCCCAGCCA
CCTATGGTGACTAACACTGCTAGGACTTGTCCTACATTCTCAGCACCTGTAGGTGAGTCA
GCTACTGCAAAATTCCATGTCACACCATTGTTTGGAAATGT CAAAAAGGAAAATCACAGC
TCTGCAAAAGAAAACATAGGACTTAATGTGTTCTTATCTAACCAGTCTTGTTTTCCTGCT
GCCTGTGAARATCCACAGAGGAAGTCTTTTTATGGTTCTGGCACCATTGATGCACTTTCC
AATCCAATACTGAATAAGGCTTGTAGTAAAACAGAAGATAATGGCCCAAAGGAGGATAGC
AGCCTGCCTACATTTAAAACTGCAAAAGAACAATTATGGGTAGATCAGCAAAAAAAGTAC
CACCAACCTCAGCGTGCATCAGGGTCTTCATATGGTGGTGTAAAAAAGTCTCTAGGAGCT
AGTAGATCCCGAGGGATACTTGGAAAGTTTGTTCCTCCTATACCCAAGCAAGATGGGGGA
GAGCAGAATGGAGGAATGCAATGTAAGCCTTATGGGGCAGGACCTACAGAACCAGCACAT
CCAGTTGATGAGCGTCTGAAGAACTTGGAGCCAAAGATGATTGAACTTATTATGAATGAG
ATTATGGATCATGGACCTCCAGTAAATTGGGAAGATATTGCAGGAGTAGAATTTGCTARA
GCCACCATAAAGGAAATAGTTGTGTGGCCCATGTTGAGGCCAGACATCTTTACTGGTTTA
AGGGGACCCCCTAAAGGAATTTTGCTCTTTGGTCCTCCTGGGACTGGTARAACTCTAATT
GGCAAGTGCATTGCTAGT CAGTCTGGGGCAACATTCTTTAGCATCTCTGCTTCATCCTTA
ACTTCTAAATGGGTAGGTGAGGGGGAGAAAATGGTCCGTGCATTGTTTGCTGTTGCAAGG
TGTCAGCAACCAGCTGTGATATTTATTGACGAAATTGATTCCTTGTTAT CTCAACGGGGA
GATGGTGAGCATGAATCTTCTAGAAGGATAAAAACAGAATTTTTAGTTCAATTAGATGGA
GCAACAACATCTTCTGAAGATCGTATCCTAGTGGT GGGAGCAACAAATCGGCCACAAGAA
ATTGATGAGGCTGCCCGGAGAAGATTGGT GAAAAGGCTTTATATTCCCCTCCCAGAAGCT
TCAGCCAGGAAACAGATAGTAATTAATCTAATGTCCARAGAGCAGT GTTGCCTCAGTGAA
GAAGAAATTGAACAGATTGTACAGCAGTCTGATGCGTTTTCAGGAGCAGACATGACACAG
CTTTGCAGGGGGGCTTCTCTTGGTCCTATTCGCAGTTTACAAACTGCTGACATTGCTACC
ATAACACCGGATCAAGTTCGACCCATAGCTTACATTGATTTTGAAAATGCTTTTAGAACT
GTGCGACCTAGTGTTTCTCCAAAAGATTTAGAGCTTTATGAAAACTGGAACAAAACTTTT
GGTTGTGGARAGTAAGTGGGATACTTGGAATCAAGGCATCTCTGTATTACAGTCTTCTTT
ATTTTTTAGCATAGAAAGTTGGGGATGTGTTAATTGTATTTTTAAGAATATATTCTAAAT

TCTGTACTTCAAATAATAGCACAGATTTTACATCTG

Fignl1 Mouse DNA

CATCGAGAAGTGTTCAGTGCCTGGTAAAGTACATAGACCTTGCTTCACTTGGAACTCGGC
CTTGATTTCTGCCGTTGGTCATAATCAGCAGAGTTCTCTCTAAACCTTTGACATGGAGAC
GTCCAGCTCCATGTCTGTGGAGACGACTAGGTCTGTGCAGGTGGACGAATGGCAGAAGAA
TTACTGTGTGGTTACATCCAGCATATGTACACCAAAGCAGAAGGCCGATGCATACCGTGC
ACTACTACTGCATATTCAGTATGCATATGCCAACTCCGAGATCTCTCAGGTCTTTGCTAC
CAACCTGTTCAAAAGGTATACAGAAAAATACTCTGCAATTATTGATTCTGACAAT GTTGT
AACTGGCTTGAATAACTATGCAGAGAGCATTTTTGCTTTGGCAGGAT CTCGACAGGCTGA
CAGTAACAAGTGGCAGTCTGGATTGTCAATAGATAATGTTTTCAAAATGAGTTGTGTACA
GGAGATGATGCAGGCTGGCAAGARATTTGAAGAGT CTCTGTTGGAACCTGCTGATGCATC
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AGTAGTCCTGTGTAAAGAGCCCACCGCCTTTGAGGTTCCTCAGCTTAGTGTTTGTGGAGG
TTCTGAAGACGCTGACATATTATCCAGTTCAGGTCATGACACAGATAAGACCCAAGCCAT
TCCAGGGAGCAGTCTGAGATGTTCCCCTTTTCAGAGTGCTCGGCTGCCTAAGGAAACTAA
TACCACTAAGACATGCCTCACCTCCTCAACATCTTTAGGTGAGTCAGCCACTGCAGCATT
TCACATGACACCATTATTTGGAAACACCGAAAAGGACACTCAAAGCTTTCCTAAAACCAG
CACAGGACTAAATATGTTCTTATCTAATCTGTCTTGTGTTCCTTCTGGCTGTGAAAACCC
TCAAGAAAGGAAGGCTTTTAATGACTCTGACATCATTGACATACTTTCCAATCCAACACT
GAACAAGGCTCCTAGTAAAACAGAAGACAGAGGCCGAAGGGAAGATAATAGCCTGCCTAC
CTTTAAAACTGCAAAAGAACAATTATGGGTAGATCAAAAGAAAAAGGGCCATCAATCCCA
GCATACATCTAAATCTTCTAATGGTGTTATGAAAAAGTCTCTGGGAGCTGGGAGGTCGAG
AGGGATATTTGGCAAGTTTGTTCCTCCTGTATCTAATAAGCAAGACGGAAGTGAGCAGCA
TGCCAAGAAGCACAAGTCTAGTAGGGCAGGGTCTGCAGAACCAGCACACCTCACTGATGA
TTGTCTGAAGAACGTGGAGCCAAGGATGGTTGAACTTGTTATGAATGAAATTATGGACCA
TGGGCCTCCAGTACATTGGGACGATATTGCTGGAGTAGAATTTGCCAAAGCCACAATAAA
GGAAATCGTTGTGTGGCCCATGATGAGGCCAGATATCTTTACTGGATTGCGAGGGCCCCC
TAAAGGAATTCTACTCTTTGGCCCTCCAGGGACTGGTAAAACTCTGATTGGCAAGTGCAT
TGCTAGCCAGTCTGGAGCAACATTCTTCAGCATCTCTGCTTCATCGCTGACTTCTAAGTG
GGTAGGTGAGGGAGAAAAAATGGTCCGTGCACTGTTTGCTGTTGCCAGGTGTCAGCAGCC
AGCTGTCATATTTATTGATGAAATTGATTCTTTATTGTCTCAACGAGGAGATGGTGAACA
TGAATCTTCAAGAAGGATAAAAACGGAATTTTTAGTTCAGTTAGATGGAGCAACCACATC
TTCTGAAGACCGGATTCTTGTGGTGGGAGCTACAAATCGGCCCCAAGAGATTGATGAAGC
TGCCCGGAGAAGATTGGTGAAAAGACTTTATATTCCCCTCCCAGAAGCTTCAGCCAGGAA
ACAGATAGTAGGTAATCTAATGTCTAAGGAGCAATGTTGTCTCAGTGATGAAGAAACTGA
TCTGGTAGTGCAGCAGTCTGATGGGTTTTCTGGCGCAGATATGACACAGCTTTGCAGAGA
GGCTTCTCTTGGTCCTATTCGCAGTTTGCACGCTGCTGACATTGCTACCATAAGTCCAGA
TCAAGTTCGACCAATAGCTTATATTGATTTTGAAAATGCTTTTAAAACTGTGCGACCTAC
TGTATCTCCAAAAGACTTGGAGCTTTATGAAAACTGGAATGAAACATTTGGTTGTGGAAA
GTGAATATAGCGATTGAAAGGAGAAGCTGTTATCTAGTAGTCGTCTTTACCTTTAGCCTC
GGAAGCTTGCTGTGCTACTTGTATTGTTTTGGAGTATATCCTGAATTCTGTGCCTCAGAT

TAGAATGATAACAGCTTGACTACTGACTGATATATTAGTATGTTGTATTTG

CC

Fignl1 Mouse Protein

METSSSMSVETTRSVQVDEWQKNYCVVTSSICTPKQKADAYRALLLHIQYAYANSEISQV
FATNLFKRYTEKYSAIIDSDNVVTGLNNYAEST FALAGSRQADSNKWQSGLSIDNVFKMS
CVQEMMQAGKKFEESLLEPADASVVLCKEPTAFEVPQLSVCGGSEDADILSSSGHDTDKT
QATIPGSSLRCSPFQSARLPKETNTTKTCLTSSTSLGESATAAFHMT PLFGNTEKDTQSFP
KTSTGLNMFLSNLSCVPSGCENPQERKAFNDSDIIDILSNPTLNKAPSKTEDRGRREDNS
LPTFKTAKEQLWVDOKKKGHQSQHTSKS SNGVMKKSLGAGRSRGI FGKFVPPVSNKQDGS
EQHAKKHKSSRAGSAEPAHLTDDCLKNVEPRMVELIMNEIMDHGP PVHWDDIAGVEFAKA
TIKEIVVWPMMRPDIFTGLRGPPKGILLFGPPGTGKTLIGKCIASQSGATFFSISASSLT
SKWVGEGEKMVRALFAVARCQQPAVIFIDEIDSLLSQRGDGEHES SRRIKTEFLVQLDGA
TTSSEDRILVVGATNRPQEI DEAARRRLVKRLYIPLPEASARKQIVGNLMSKEQCCLSDE
ETDLVVQQSDGFSGADMTQLCREASLGPIRSLHAADIATISPDQVRPIAYIDFENAFKTV

RPTVSPKDLELYENWNETFGCGK

Plk2 Human DNA

GCGCGCGGECTCCGATGGEEAAGCATGACCCGGETGGCGGGACAAGACTTGCTTCCCGGCCA
CGCGCGCTCGGCCEGECCETGGEGEGECEEEGECATAGGCGTGACGTGGTGTCGCGTATCGAGTC
TCCGCCCCCTTCCCGECCTCCCCETATATAAGACTTCGCCGAGCACTCTCACTCGCACAAG
TGGACCGGGEETETTGEETGCTAGTCGGCACCAGAGGCAAGGGETGCGAGGACCACGGCCGE
CTCGGACGTGTGACCGCGCCTAGGGGETGGCAGCGGGCAGTGCGGGGCGGCAAGGCGACT
ATGGARCTTTTGCGGACTATCACCTACCAGCCAGCCGCCAGCACCAAAATGTGCGAGCAG
GCGCTGGGCAAGGETTGCGGAGGGGACTCGAAGAAGAAGCGGCCGCCGCAGCCCCCCGAG
GAATCGCAGCCACCTCAGTCCCAGGCGCAAGTGCCCCCGGCGGCCCCTCACCACCATCAC
CACCATTCGCACTCGGGGCCGGAGATCTCGCGGATTATCGTCGACCCCACGACTGGGAAG
CGCTACTGCCGGGGECAMAGTGCTGGEEAAAGGGTGGCTTTGCAAAATGTTACGAGATGACA
GATTTGACAAATAACAAAGTCTACGCCGCAAAAATTATTCCTCACAGCAGAGTAGCTAAA
CCTCATCAAAGGGAAAAGATTGACARAGAAATAGAGCTTCACAGAATTCTTCATCATAAG
CATGTAGTGCAGTTTTACCACTACTTCGAGGACAAAGAAAACATTTACATTCTCTTGGAA
TACTGCAGTAGAAGGTCAATGGCTCATATTTTGAAAGCAAGAAAGGTGTTGACAGAGCCA
GAAGTTCGATACTACCTCAGGCAGATTGTGTCTGGACTGAAATACCTTCATGAACAAGAA
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ATCTTGCACAGAGATCTCAAACTAGGGAACTTTTTTATTAATGAAGCCATGGAACTAAAA
GTTGGGGACTTCGGTCTGGCAGCCAGGCTAGAACCCYTGGAACACAGAAGGAGAACGATA
TGTGGTACCCCAAATTATCTCTCTCCTGAAGTCCTCAACAAACAAGGACATGGCTGTGAA
TCAGACATTTGGGCCCTGGGCTGTGTAATGTATACAATGTTACTAGGGAGGCCCCCATTT
GAAACTACAAATCTCAAAGAAACTTATAGGTGCATAAGGGAAGCAAGGTATACAATGCCG
TCCTCATTGCTGGCTCCTGCCAAGCACTTAATTGCTAGTATGTTGTCCAAAAACCCAGAG
GATCGTCCCAGTTTGGATGACATCATTCGACATGACTTTTTTTTGCAGGGCTTCACTCCG
GACAGACTGTCTTCTAGCTGTTGTCATACAGTTCCAGATTTCCACTTATCAAGCCCAGCT
AAGAATTTCTTTAAGAAAGCAGCTGCTGCTCTTTTTGGTGGCAAAAAAGACAAAGCAAGA
TATATTGACACACATAATAGAGTGTCTAAAGAAGATGAAGACATCTACAAGCTTAGGCAT
GATTTGAAAAAGACTTCAATAACTCAGCAACCCAGCAAACACAGGACAGATGAGGAGCTC
CAGCCACCTACCACCACAGTTGCCAGGTCTGGAACACCCGCAGTAGAAAACAAGCAGCAG
ATTGGGGATGCTATTCGGATGATAGTCAGAGGGACT CTTGGCAGCTGTAGCAGCAGCAGT
GAATGCCTTGAAGACAGTACCATGGGAAGTGTTGCAGACACAGTGGCAAGGGTTCTTCGG
GGATGTCTGGAAAACATGCCGGAAGCTGATTGCATTCCCAAAGAGCAGCTGAGCACATCA
TTTCAGTGGGTCACCAAATGGGTTGATTACTCTAACAAATATGGCTTTGGGTACCAGCTC
TCAGACCACACCGTCGGTGTCCTTTTCAACAATGGTGCTCACATGAGCCTCCTTCCAGAC
AAAAAAACAGTTCACTATTACGCAGAGCTTGGCCAATGCTCAGTTTTCCCAGCAACAGAT
GCTCCTGAGCAATTTATTAGTCAAGTGACGGTGCTGAAATACTTTTCTCATTACATGGAG
GAGAACCTCATGGATGGTGGAGATCTGCCTAGTGTTACTGATATTCGAAGACCTCGGCTC
TACCTCCTTCAGTGGCTAAAATCTGATAAGGCCCTAATGATGCTCTTTAATGATGGCACC
TTTCAGGTGAATTTCTACCATGATCATACAAAAATCATCATCTGTAGCCAAAATGAAGAA
TACCTTCTCACCTACATCAATGAGGATAGGATATCTACAACTTTCAGGCTGACAACTCTG
CTGATGTCTGGCTGTTCATCAGAATTAAAAAAT CGAATGGAATATGCCCTGAACATGCTC
TTACAAAGATGTAACTGAAAGACTTTTCGAATGGACCCTATGGGACTCCTCTTTTCCACT
GTGAGATCTACAGGGAAGCCAAAAGAATGATCTAGAGTATGTTGAAGAAGATGGACATGT
GGTGGTACGAAAACAATTCCCCTGTGGCCTGCTGGACTGGGTGGAACCCAGAACCAGGCT
AAGGCATACAGTTCTTGACTTTGGACAATCCCAAGAGTGAACCAGAATGCAGTTTTCCTT
GAGATACCTGTTTTAAAAGGTTTTTCAGACAATTTTGCAGAAAGGTGCATTGATTCTTAA
ATTCTCTCTGTTGAGAGCATTTCAGCCAGAGGACTTTGGAACTGTGAATATACTTCCTGA
AGGGGAGGGAGAAGGGAGGAAGCTCCCATGTTGTTTAAAGGCTGTAATTGGAGCAGCTTT
TGGCTGCGTAACTGTGAACTATGGCCATATATAATTTTTTTTCATTAATTTTTGAAGATA
CTTGTGGCTGGAAAAGTGCATTCCTTGTTAATAAACTTTTTATTTATTACAGCCCAAAGA
GCAGTATTTATTATCAAAATGTCTTTTTTTTTATGTTGACCATTTTAAACCGTTGGCAAT

AAAGAGTATGAAAACGCAAAAAAAAAAAAAAA

Plk2 Mouse DNA

CGTAGGGAGAGAGACTGGTGCTCGAGGGACAGGGCTAGCCCGGACGCGTGTCCGCGCCTC
GGAGGTGGCAAGTAGGCAGTGTCGGETGGCGAGGCAACGATGGAGCTCCTGCGGACTATC
ACCTACCAGCCGGCCGCCGGCACCAAGATGTGCGAGCAGGCTCTGGGCAAAGCTTGCGGC
GGGGACTCAAAGAAGAAGCGACCACAGCAGCCTTCTGAAGATGGGCAGCCCCAAGCCCAG
GTGACCCCGGCGGCCCCGECACCACCATCACCACCATTCCCACTCGGGACCCGAGATCTCG
CGGATTATAGTCGACCCCACGACGGGGAAGCGCTACTGCCGGGGCAAAGTGCTGGGCAAG
GGTGGATTTGCAAAGTGTTACGAAATGACAGATCTGACAAACAACAAAGTCTACGCTGCA
AAAATTATTCCTCACAGCAGAGTAGCTAAACCTCATCAGAGGGAAAAGATCGACAAAGAA
ATCGAGCTTCACAGACTACTGCACCATAAGCATGTCGTGCAGTTTTACCACTACTTTGAA
GACAAAGAAAACATTTACATTCTCTTGGAATACTGCAGTAGAAGGTCCATGGCTCACATC
TTGAAAGCAAGAAAGGTGTTGACAGAGCCAGAAGTCCGATACTACCTCAGGCAGATTGTG
TCAGGACTCAAGTATCTTCACGAACAAGAAATCTTGCACAGGGATCTCAAGCTAGGGAAC
TTTTTTATTAATGAAGCCATGGAGCTGAAGGTGGGAGACTTTGETTTGGCAGCCAGACTG
GAACCACTGGAACACAGAAGGAGAACAATATGTGGAACCCCAAATTATCTCTCCCCCGAA
GTCCTCAACAAACAAGGACACGGCTGTGAATCAGACATCTGGGCCTTAGGCTGTGTAATG
TATACGATGCTGCTAGGAAGACCTCCATTCGAAACCACAAATCTGAAAGAAACGTACAGGE
TGCATAAGGGAAGCAAGGTATACCATGCCGTCCTCATTGCTGGCCCCTGCTAAGCACTTG
ATAGCTAGCATGCTGTCCAAAAACCCAGAGGACCGCCCCAGTTTGGATGACATCATTCGG
CATGACTTCTTCCTGCAGGGTTTCACTCCGGACAGACTCTCTTCCAGCTGTTGCCACACA
GTTCCAGATTTCCACTTGTCAAGCCCAGCCAAGAATTTCTTTAAGAAAGCCGCAGCCGCT
CTTTTTGGTGGCAAGAAGGACAAAGCAAGATATAACGACACACACAATAAGGTGTCTAAG
GAAGATGAAGACATTTACAAGCTTCGGCATGATTTGAAGAAAGTGTCGATAACCCAGCAG
CCTAGCAAACACAGAGCAGACGAGGAGCCCCAGCCGCCTCCCACTACTGTTGCCAGATCT
GGAACGTCCGCAGTGGAAAACAAACAGCAGATTGGGGATGCAATCCGGATGATAGTCAGG
GGGACTCTCGGCAGCTGCAGCAGCAGCAGCGAATGCCTTGAAGACAGCACCATGGGAAGT
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GTTGCAGACACAGTGGCAAGAGTCCTTCGAGGATGTCTAGAAAACATGCCGGAAGCTGAC
TGTATCCCCAAAGAGCAGCTGAGCACGTCCTTTCAGTGGGTCACCAAGTGGGTCGACTAC
TCCAACAAATATGGCTTTGGGTACCAGCTCTCGGACCACACTGTTGGCGTCCTTTTCAAC
AACGGGGCTCACATGAGCCTCCTTCCGGACAAAAAGACAGTTCACTATTATGCGGAACTT
GGCCAATGCTCTGTTTTCCCAGCAACAGATGCCCCTGAACAATTTATTAGTCAAGTGACG
GTGCTGAAATACTTTTCTCATTACATGGAGGAGAACCTCATGGATGGTGGTGATCTCCCG
AGTGTTACTGACATTCGAAGACCTCGGCTCTACCTCCTGCAGTGGTTAAAGTCTGATAAA
GCCTTAATGATGCTCTTCAATGACGGCACATTTCAGGTGAATTTCTACCACGATCATACA
AAAATCATCATCTGTAACCAGAGTGAAGAATACCTTCTCACCTACATCAATGAGGACAGG
ATCTCTACAACTTTCAGACTGACGACTCTGCTGATGTCTGGCTGTTCGTTAGAATTGAAA
AATCGAATGGAATATGCCCTGAACATGCTCTTACAGAGATGTAACTGAAAACATTATTAT
TATTATTATTATAATTATTTCGAGCGGACCTCATGGGACTCTTTTCCACTGTGAGATCAA
CAGGGAAGCCAGCGGAAAGATACAGAGCATGTTAGAGAAGT CGGACAGGTGGTGGTACGA
ATACAATTCCTCTGTGGCCTGCTGGACTGCTGGAACCAGACCAGCCTAAGGTGTAGAGTT
GACTTTGGACAATCCTGAGTGTGGAGCCGAGTGCAGTTTTCCCTGAGATACCTGTCGTGA
ARAAGGTTTATGGGACAGTTTTTCAGAAAGATGCATTGACTCTGAAGTTCTCTCTGTTGAG
AGCGTCTTCAGTTGGAAGACTTGGAACTGTGAATACACTTCCTGAAGGGGAGGGAGAAGG
GAGGTTGCTCCCTTGCTGTTTAAAGGCTACAATCAGAGCAGCTTTTGGCTGCTTAACTGT
GAACTATGGCCATACATTTTTTTTTTTTTTGGTTATTTTTGAATACACTTGTGGTTGGAA
AAGTGCATTCCTTGTTAATAAACTTTTTATTTATTACAGCCCCAAGAGCAGTATTTATTA
TCAAGATGTTCTCTTTTTTTATGTTGACCATTTCAAACTCTTGGCAATAAAGAGTATGAC

ATAGAAAAAAAA

P1k2 Mouse Protein

MELLRTITYQPAAGTKMCEQALGKACGGDSKKKRPQOPSEDGQPOAQVT PAAPHHHHHHES
HSGPEISRIIVDPTTGKRYCRGKVLGKGGFAKCYEMTDLTNNKVYAAKT T PHSRVAKPHO
REKIDKEIELHRLLHHKHVVQFYHYFEDKENIYILLEYCSRRSMAHI LKARKVLTEPEVR
YYLROIVSGLKYLHEQETI LHRDLKLGNFFINEAMELKVGDFGLAARLEPLEHRRRTICGT
PNYLSPEVLNKQGHGCESDIWALGCVMYTMLLGRPPFETTNLKETYRCIREARYTMPSST,
LAPAKHLIASMLSKNPEDRPSLDDI IRHDFFLOGFTPDRLSSSCCHTVPDFHLS SPAKNF
FKKAAAALFGGKKDKARYNDTHNKVSKEDEDT YKLREDLKKVS ITQOPSKHRADEEPQPP
PTTVARSGTSAVENKQOQIGDATRMIVRGTLGSCSSSSECLEDSTMGSVADTVARVLRGCL
ENMPEADCIPKEQLSTS FQWVTKWVDYSNKYGFGYQLSDHTVGVLENNGAHMS LLPDKKT
VHYYAELGQOCSVFPATDAPEQFI SQVTVLKYFSHYMEENLMDGGDLPSVTDI RRPRLYLL
OWLKSDKALMMLENDGTFQVNFYHDHTKIIICNQSEEYLLTYINEDRI STTFRLTTLLMS

GCSLELKNRMEYALNMLLQRCN

Rsad2 Human DNA

CAGGAAGGGCCATGARGATTAATAMAGATTTGGACTCAGGGCAAATATTTACTTAGTAGE
AATAACTCAAAGAATTACTGTTGAATAAATAAGCCAATTAAGCAGCCAATCACGTACTAT
GCGGATGCACACAAATGARACCCTCACTTCAACCTGAAGACATTCGCACATGAGTTACGT
AGAGGGACCTGCAGGAAGCGGTAGAGAAAACATAAGGCTTATGCGTTTAATTTCCACACE
AATTTCAGGATCTTTGTCACTGACAGCAGCACTAAGACTTGTTAACTTTATATAGTTAAG
AAGAACAAGGCTGAGCGCGATGACTCACGCCTGTAAGCCTAGAACTTTGGGAGGCCAAAG
CAGGCAGACTGCTTGAGCCCAGGAGTTCCAGACCAGCCTGGGCAACATGGCAACACCCCA
TCTCTACAAAAAAATACAAGAATCAGCTGGGCETGGTGATCTGTTCCTCTAATCTCAGCT
ACTCGGGAGGCAGAGGCAGGAGGATTGCTTGAACCCGEEAGGCAGAGETTGTAGTTAGCC
GAGATCTCGCCACTGCACTCCAGTCTGGACGACAGAGTGAGACTCAGTCTCAAATAAATA
AATAAATACATAAATATAAGGAAAAAAATARAGCTGCTTTCTCCTCTTCCTCCTCTTTGG
TCTCATCTGGCTCTGCTCCAGGCATCTGCCACAATGTGGETGCTTACACCTGCTGCTTTT
GCTGGGAAGTTCTTGAGTGTGTTCAGGCAACCTCTGAGCTCTCTGTGGAGGAGCCTGETC
CCGCTETTCTGCTGGCTGAGGGCAACCTTCTGECTGCTAGCTACCAAGAGGAGAAAGCAG
CAGCTGGTCCTGAGAGGGCCAGATGAGACCAAAGAGGAGGAAGAGGACCCTCCTCTGCCC
ACCACCCCAACCAGCGTCAACTATCACTTCACTCGCCAGTGCAACTACARATGCGGCTTC
TGTTTCCACACAGCCAARACATCCTTTGTGCTGCCCCTTGAGGAAGCAAAGAGAGGATTG
CTTTTGCTTAAGGAAGCTGGTAT GGAGAAGATCAACTTTTCAGGTGGAGAGCCATTTCTT
CAAGACCGGGGAGAATACCTGGGCAAGTTGETGAGGTTCTGCAAAGTAGAGTTGCGGCTG
CCCAGCGTGAGCATCETGAGCAATGGAAGCCTGATCCGGEAGAGGTGETTCCAGAATTAT
GGTGAGTATTTGGACATTCTCGCTATCTCCTGTGACAGCTTTGACGAGGAAGTCAATGTC
CTTATTGGCCGTGGCCAAGGARAGAAGAACCATGTGGAARACCTTCARAAGCTGAGGAGG
TGGETGTAGGGATTATAGAATCCCTTTCAAGATARATTCTGTCATTAATCGTTTCAACGTG
GAAGAGGACATGACGGAACAGATCAMAGCACTARACCCTGTCCGCTGEARAGTGTTCCAG
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TGCCTCTTAATTGAAGGTGAGAATTGTGGAGAAGATGCTCTAAGAGAAGCAGAAAGATTT
GTTATTGGTGATGAAGAATTTGAAAGATTCTTGGAGCGCCACAAAGAAGTGTCCTGCTTG
GTGCCTGAATCTAACCAGAAGATGAAAGACTCCTACCTTATTCTGGATGAATATATGCGC
TTTCTGAACTGTAGAAAGGGACGGAAGGACCCTTCCAAGTCCATCCTGGATGTTGGTGTA
GAAGAAGCTATAAAATTCAGTGGATTTGATGAAAAGATGTTTCTGAAGCGAGGAGGAAAA
TACATATGGAGTAAGGCTGATCTGAAGCTGGATTGGTAGAGCGGAAAGTGGAACGAGACT
TCAACACACCAGTGGGAAAACTCCTAGAGTAACTGCCATTGTCTGCAATACTATCCCGTT
GGTATTTCCCAGTGGCTGAAAACCTGATTTTCTGCTGCACGTGGCATCTGATTACCTGTG
GTCACTGAACACACGAATAACTTGGATAGCAAATCCTGAGACAATGGAAAACCATTAACT
TTACTTCATTGGCTTATAACCTTGTTGTTATTGAAACAGCACTTCTGTTTTTGAGTTTGT
TTTAGCTAAAAAGAAGGAATACACACAGGAATAATGACCCCAAAAATGCTTAGATAAGGC
CCCTATACACAGGACCTGACATTTAGCTCAATGATGCGTTTGTAAGAAATAAGCTCTAGT
GATATCTGTGGGGGCAATATTTAATTTGGATTTGATTTTTTAAAACAATGTTTACTGCGA
TTTCTATATTTCCATTTTGAAACTATTTCTTGTTCCAGGTTTGTTCATTTGACAGAGTCA
GTATTTTTTGCCAAATATCCAGATAACCAGTTTTCACATCTGAGACATTACAAAGTATCT
GCCTCAATTATTTCTGCTGGTTATAATGCTTTTTTTTTTTTTTGCTTTTATGCCATTGCA
GTCTTGTACTTTTTACTGTGATGTACAGAAATAGTCAACAGATGTTTCCAAGAACATATG
ATATGATAATCCTACCAATTTTCAAGAAGTCTCTAGAAAGAGATAACACATGGAAAGACG
GCGTGGTGCAGCCCAGCCCACGGTGCCTGTTCCATGAATGCTGGCTACCTATGTGTGTGG
TACCTGTTGTGTCCCTTTCTCTTCAAAGATCCCTGAGCAAAACAAAGATACGCTTTCCAT
TTGATGATGGAGTTGACATGGAGGCAGTGCTTGCATTGCTTTGTTCGCCTATCATCTGGC
CACATGAGGCTGTCAAGCAAAAGAATAGGAGTGTAGTTGAGTAGCTGGTTGGCCCTACAT
TTCTGAGAAGTGACGTTACACTGGGTTGGCATAAGATATCCTAAAATCACGCTGGAACCT
TGGGCAAGGAAGAATGTGAGCAAGAGTAGAGAGAGTGCCTGGATTTCATGTCAGTGAAGC
CATGTCACCATATCATATTTTTGAATGAACTCTGAGTCAGTTGAAATAGGGTACCATCTA
GGTCAGTTTAAGAAGAGTCAGCTCAGAGAAAGCAAGCATAAGGGAAAATGTCACGTAAAC
TAGATCAGGGAACAAAATCCTCTCCTTGTGGAAATATCCCATGCAGTTTGTTGATACAAC
TTAGTATCTTATTGCCTAAAAAAAAATTTCTTATCATTGTTTCAAAAAAGCAAAATCATG
GAAAATTTTTGTTGTCCAGGCAAATAAAAGGTCATTTTAATTTAAAAAAAAANANARAAAR

AAAAAAAAAAAAAAAGGCCA

Rsad2 Mouse DNA

CCTATCACCATGGGGATGCTGETGCCCACTGCTCTAGCTGCTCGGCTGCTGAGCCTGTTC
CAGCAGCAGCTGEETTCCCTCTGEAGTGGCCTGGCCATCCTGTTCTGCTGGCTGAGAATA
GCATTAGGGTGGCTAGATCCCGGEAAGGAACAGCCACAGGETCCGGEETGAGCTGGAGGAG
ACCCAGGAGACCCAGGAAGATGGGAACAGCACTCAGCGCACAACCCCCETGAGTGTCAAC
TACCACTTCACTCGTCAGTGCAACTACAAATGTGGCTTCTGCTTCCACACAGCCAAGACA
TCCTTCETGCTGCCCCTGGEAGGAGGCCAAGCEAGGACTGCTTCTGCTCARACAGGCTGGET
TTGGAGAAGATCAACTTTTCTGGAGGAGAACCCTTCCTTCAGGACAGGGETGAATACTTG
GGCAAGCTTGTGAGATTCTGCAAGGAGGAGCTAGCCCTGCCCTCTGTGAGCATAGTGAGE
AATGGCAGCCTTATCCAGGAGAGATGGTTCAAGGACTATGGGGAGTATTTGGACATTCTT
GCTATCTCCTGCGACAGCTTCGATGAGCAGGTTAATGCTCTGATTGGCCGTGETCAAGGA
AAAAAGAACCACGTGGAABACCTTCAAAAGCTGAGGAGCTGGTGCAGGGATTACAAGGTG
GCTTTCAAGATCAACTCTGTCATTAATCGCTTCAACGTGGACGAAGACATGAAT GAACAC
ATCAAGGCCCTGAGCCCTGTGCGCTGGAAGGTTTTCCAGTGCCTCCTAATTGAGGGETGAG
AACTCAGGAGAAGATGCCCTGAGGGAAGCAGARAGATTTCTTATAAGCAATGAAGAATTT
GAAACATTCTTGGAGCGTCACAAAGAGGTGTCCTGTTTGETGCCTGAATCTAACCAGAAG
ATGAAAGACTCCTACCTTATCCTAGATGAATATATGCGCTTTCTGAACTGTACCGGETGGE
CGGAAGGACCCTTCCAAGTCTATTCTGGATCTTGGCGT GEGAAGAAGCAATARAGTTCAGT
GGATTTGATGAGAAGATGTTTCTGAAGCGTGGCGGAAAGTATGTGTGGAGTARAAGCTGAC
CTGAAGCTGGACTGGETGAGGCTGAGATGGGAAGGAAACTCCGACCAGCTACAGGGACATT

CACGCCCAGCTATCCTTCAACAAGCTACATCTTCTGGCTGTCTACAGACTG

TTGTT

Rsad2 Mouse Protein

MGMLVPTALAARLLSLFQQQOLGSLWSGLAT LECWLRIALGWLDPGKEQPQVRGEPEDTQE
TOEDGNSTQPTTPVSVNYHFTRQOCNYKCGFCFHTAKTS FVLPLEEAKRGLLLLKQOAGLEK
INFSGGEPFLODRGEYLGKLVRFCKEELALPSVSIVSNGSLIRERWFKDYGEYLDILATS
CDSFDEQVNALIGRGOGKKNHVENLOKLRRWCRDYKVAFKINSVINRFNVDEDMNEHT KA
LSPVRWKVFQCLLIEGENSGEDALREAERFLISNEEFETFLERHKEVSCLVPESNQKMKD
SYLILDEYMRFLNCTGGRKDPSKSILDVGVEEATKFSGFDEKMFLKRGGKYVWSKADLKL

DW
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Sgkl Human DNA

CACGAGGGAGCGCTAACGTCTTTCTGTCTCCCCGCGGTGGTGATGACGGTGAAAACTGAG
GCTGCTAAGGGCACCCTCACTTACTCCAGGATGAGGGGCATGGTGGCAATTCTCATCGCT
TTCATGAAGCAGAGGAGGATGGGTCTGAACGACTTTAT TCAGAAGATTGCCAATAACTCC
TATGCATGCAAACACCCTGAAGTTCAGTCCATCTTGAAGATCTCCCAACCTCAGGAGCCT
GAGCTTATGAATGCCAACCCTTCTCCTCCACCAAGTCCTTCTCAGCARAT CAACCTTGGC
CCGTCGTCCAATCCTCATGCTAAACCATCTGACTTTCACTTCTTGAAAGTGATCGGARAG
GGCAGTTTTGGAAAGGTTCTTCTAGCAAGACACAAGGCAGAAGAAGT GTTCTATGCAGTC
AAAGTTTTACAGAAGAAAGCAATCCTGAAAAAGAAAGAGGAGAAGCATATTATGTCGGAG
CGGAATGTTCTGTTGAAGAAT GTGAAGCACCCTTTCCTGGTGGGCCTTCACTTCTCTTTC
CAGACTGCTGACAAATTGTACTTTGTCCTAGACTACATTAATGGTGGAGAGTTGTTCTAC
CATCTCCAGAGGGAACGCTGCTTCCTGGAACCACGGGCTCGTTTCTATGCTGCTGARATA
GCCAGTGCCTTGGGCTACCTGCATT CACTGAACATCGTTTATAGAGACTTAAAACCAGAG
AATATTTTGCTAGATTCACAGGGACACATTGTCCTTACTGATTTCGGACTCTGCAAGGAG
AACATTGAACACAACAGCACAACATCCACCTTCTGTGGCACGCCGGAGTATCTCGCACCT
GAGGTGCTTCATAAGCAGCCTTATGACAGGACTGTGGACTGGTGCTGCCTGGGAGCTGTC
TTGTATGAGATGCTGTAT GGCCTGCCGCCTTTTTATAGCCGARACACAGCTGARATGTAC
GACAACATTCTGAACAAGCCTCTCCAGCTGAAACCAAATATTACAAATTCCGCAAGACAC
CTCCTGGAGGGCCTCCTGCAGAAGGACAGGACAAAGCGGCT CGGGGCCAAGGATGACTTC
ATGGAGATTAAGAGTCATGTCTTCTTCTCCTTAATTAACTGGGATGATCTCATTAATAAG
AAGATTACTCCCCCTTTTAACCCAAATGTGAGTGGGCCCAACCGAGCTACGGCACTTTGAC
CCCGAGTTTACCGAAGAGCCTGTCCCCAACTCCATTGGCAAGTCCCCTGACAGCGTCCTC
GTCACAGCCAGCGTCAAGGAAGCTGCCGAGGCTTTCCTAGGCTTTTCCTATGCGCCTCCC
ACGGACTCTTTCCTCTGAACCCTGTTAGGGCTTGGTTTTAAAGGATTTTATGTGTGTTTC
CGAATGTTTTAGTTAGCCTTTTGGTGGAGCCGCCAGCTGACAGGACATCTTACAAGAGAA
TTTGCACATCTCTGGAAGCTTAGCAATCTTATTGCACACTGTTCGCTGGAATTTTTTGAA
GAGCACATTCTCCTCAGTGAGCTCATGAGGTTTTCATTTTTATTCTTCCTTCCAACGTGG
TGCTATCTCTGAAACGAGCGTTAGAGT GCCGCCTTAGACGGAGGCAGGAGT TTCGTTAGA
AAGCGGACCTGTTCTAAAAAAGGTCTCCTGCAGATCT GTCTGGGCTGTGATGACGAATAT
TATGAAATGTGCCTTTTCTGAAGAGATTGTGTTAGCTCCARAGCTTTTCCTATCGCAGTG
TTTCAGTTCTTTATTTTCCCTTGTGGATATGCTGTGTGAACCGTCGTGTGAGTGTGGTAT
GCCTGATCACAGATGGATTTTGTTATAAGCATCAATGTGACACTTGCAGGACACTACAAC
GTGGGACATTGTTTGTTTCTTCCATATTTGGAAGATAAATTTATGTGTAGACTTTTTTGT
AAGATACGGTTAATAACTAAAATTTATTGAAATGGTCTTGCAATGACT CGTATTCAGATG
CCTAAAGAAAGCATTGCTGCTACAAATATTTCTATTTTTAGAAAGGGTTTTTATGGACCA
ATGCCCCAGTTGTCAGTCAGAGCCGTTGGTGTTTTTCATTGTTTAAAATGTCACCTGTAA
AATGGGCATTATTTATGTTTTTTTTTTTGCATTCCTGATAATTGTATGTATTGTATARAG
AACGTCTGTACATTGGGTTATAACACTAGTATATTTAAACTTACAGGCTTATTTGTAATG
TAAACCACCATTTTAATGTACTGTAATTAACATGGTTATAATACGTACAATCCTTCCCTC
ATCCCATCACACAACTTTTTTTGTGTGTGATAAACTGATTTTGGTTTGCAATAAAACCTT

GAAAAATAAAAAAAAAAAAAAAAAAAAAAA

Sgkl Mouse DNA

ACCCACGCGTCCGGCCGGTTTCACTGCTCCCCTCAGTCTCTTTTGGGCTCTTTCCGGGCA
TCGGGACGATGACCGTCAAAGCCGAGGCTGCTCGAAGCACCCTTACCTACTCCAGAATGA
GGGGAATGGTAGCGATTCTCATCGCTTTTATGAAACAGAGAAGGATGGGCCTGAACGATT
TTATTCAGAAGATTGCCAGCAACACCTAT GCATGCAAACACGCTGAAGTTCAGT CCATTT
TGAAAATGTCCCATCCTCAGGAGCCGGAGCTTATGAACGCTAACCCCTCTCCTCCGCCAA
GTCCCTCTCAACAAATCAACCTGGGTCCGTCCTCCAACCCT CACGCCAAACCCTCCGACT
TTCACTTCTTGAAAGTGATCGGAAAGGGCAGTTTTGGAAAGGT TCTTCTGGCTAGGCACA
AGGCAGAAGAAGTATTCTATGCAGTCAAAGTTTTACAGAAGAAAGCCATCCTGAAGAAGA
AAGAGGAGAAGCATATTATGT CAGAGCGGAATGTTCTGTTGAAGAATGTGAAGCACCCTT
TCCTGGTGGGCCTTCACTTCTCATTCCAGACCGCTGACAAACT CTACTTTGTCCTGGACT
ACATTAATGGTGGAGAGCTGTTCTACCATCTCCAGAGGGAGCGCTGCTTCCTGGAACCAC
GGGCTCGATTCTACGCAGCTGAAATAGCCAGTGCCTTGGGCTATCTGCACTCCCTAAACA
TCGTTTATAGAGACTTAAAACCT GAGAATATTCTCCTAGACTCCCAGGGGCACATCGTCC
TCACTGACTTTGGGCTCTGCAAAGAGAATATTGAGCATAACGGGACAACATCTACCTTCT
GTGGCACGCCTGAGTATCTGGCTCCTGAGGTCCTCCATAAGCAGCCGTATGACCGGACGE
TGGACTGGTGGTGTCTTGGGGCTGTCCTGTAT GAGATGCT CTACGGCCTGCCCCCETTTT
ATAGCCGGAACACGGCTGAGATGTACGACAATATTCTGAACAAGCCTCTCCAGTTGAAAC
CAAATATTACAAACT CGGCAAGGCACCTCCTGGAAGGCCTCCTGCAGAAGGACCGGACCA
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AGAGGCTGGGTGCCAAGGATGACTTTATGGAGATTAAGAGTCATATTTTCTTCTCTTTAA
TTAACTGGGATGATCTCATCAATAAGAAGATTACACCCCCATTTAACCCAAATGTGAGTG
GGCCCAGTGACCTTCGGCACTTTGATCCCGAGTTTACCGAGGAGCCGGTCCCCAGCTCCA
TCGGCAGGTCCCCTGACAGCATCCTTGTCACGGCCAGTGTGAAGGAAGCAGCAGAAGCCT
TCCTCGGCTTCTCCTATGCACCTCCTGTGGATTCCTTCCTCTGAGTGCTCCCGGGATGGT
TCTGAAGGACTTCCTCAGCGTTTCCTAAAGTGTTTTCCTTACCCTTTGGTGGAGGTTGCC
AGCTGACAGAACATTTTAAAAGAATTTGCACACCTGGAAGCTTGGCAGTCTCGCCTGCCC
GGCGTGGCGCGACGCAGCGCGCGCTGCTTGATGGGAGCTTTCCGAAGAGCACACCCTCCT
CTCAATGAGCTTGTGAGGTCTTCTTTTCTTCTCTTCCTTCCAACGTGGTGCTAGCTCCAG
GCGAGCGAGCGTGAGAGTGCCGCCTGAGACAGACACCTTGGTCTCAGTTAGAAGGAAGAT
GCAGGTCTAAGAGGAATCCCCGCAGTCTGTCTGAGCTGTGATCAAGAATATTCTGCAATG
TGCCTTTTCTGAGATCGTGTTAGCTCCAAAGCTTTTTCCTATCGCAGAGTGTTCAGTTTG
TGTTTGTTTGTTTTTGTTTTGTTTTGTTTTTCCCTTGGCGGATTTCCCGTGTGTGCAGTG
GCGTGAGTGTGCTATGCCTGATCACAGACGGTTTTGTTGTGAGCATCAATGTGACACTTG
CAGGACACTACAATGTGGGACATTGTTTGTTTCTTCCACATTTGGAAGATAAATTTATGT
GTAGACTGTTTTGTAAGATATAGTTAATAACTAAAACCTATTGAAACGGTCTTGCAATGA
CGAGCATTCAGATGCTTAAGGAAAGCATTGCTGCTACAAATATTTCTATTTTTAGAAAGG
GTTTTTATGGACCAATGCCCCAGTTGTCAGTCAAAGCCGTTGGTGTTTTCATTGTTTAAA
ATGTCACCTATAAAACGGGCATTATTTATGTTTTTTTTCCCTTTGTTCATATTCTTTTGC
ATTCCTGATTATTGTATGTATCGTGTAAAGGAAGTCTGTACATTGGGTTATAACACTAGA
TATTTAAACTTACAGGCTTATTTGTAAACCATCATTTTAATGTACTGTAATTAACATGGG
TTATAATATGTACAATTCCTCCTCCTTACCACACAACTTTTTTTGTGTGCGATAAACCAA

TTTTGGTTTGCAATAAAATCTTGAAACCT

Sgk1 Mouse Protein

MTVKAEAARSTLTYSRMRGMVATLTAFMKQRRMGLNDFIQKIASNTYACKHAEVQSTLKM
SHPQEPELMNANPSPPPSPSQQINLGPSSNPHAKPSDFHFLKVIGKGS FGKVLLARHKAE
EVFYAVKVLQKKAT LKKKEEKHIMSERNVLLKNVKHPFLVGLHFSFQTADKLYFVLDYIN
GGELFYHLQRERCFLEPRARFYAAETASALGYLHSLNIVYRDLKPENILLDSQGHIVLTD
FGLCKENTEHNGTTSTFCGTPEYLAPEVLHKQPYDRTVDWWCLGAVLYEMLYGLPPFYSR
NTAEMYDNTLNKPLQLKPNITNSARHLLEGLLOKDRTKRLGAKDDFMEIKSHI FFSLINW
DDLINKKITPPFNPNVSGPSDLRHFDPEFTEEPVPSSIGRSPDSILVTASVKEAAEAFLG

FSYAPPVDSFL

Sdcl Human DNA

ATGAGACGCGCGGECECTCTGECTCTGECTCTGCGCECTEECECTGAGCCTGCAGCCGGCT
CTGCCGCAAATTGTGGCTACTAATTTGCCCCCTGAAGATCAAGAT GEGCTCTGGGGATGAC
TCTGACAACTTCTCCGGCTCAGGTGCAGGTGCTTTGCAAGATATCACCTTGTCACAGCAG
ACCCCCTCCACTTGGAAGGACACGCAGCTCCTGACGGCTATTCCCACGTCTCCAGAACCE
ACCGGCCTGGAAGCTACAGCTGCCTCCACCTCCACCCTGCCGGCTGEAGAGGGGCCCAAG
GAGGGAGAGGCTGTAGTCCTGCCAGAAGT GEAGCCTGGCCTCACCGCCCGEGGAGCAGGAG
GCCACCCCCCGACCCAGGGAGACCACACAGCTCCCGACCACTCATCAGGCCTCAACGACT
ACAGCCACCACGGCCCAGGAGCCCGECCACCTCCCACCCCCACAGGGACATGCAGCCTGGEE
CACCATGAGACCTCARCCCCTGCAGGACCCAGCCAAGCTGACCTTCACACTCCCCACACA
GAGGATGGAGGTCCTTCTGCCACCGAGAGGGCTGCTGAGGATGGAGCCTCCAGTCAGCTC
CCAGCAGCAGAGGGCTCTGGGGAGCAGGACTTCACCTTTGARACCTCGGGGGAGAATACG
GCTGTAGTGGCCETGEAGCCTGACCGCCGEAACCAGTCCCCAGTGGATCAGGGGGCCACG
GGGGCCTCACAGGGCCTCCTGGACAGGAAAGAGGTGCTCGGAGGGETCATTGCCEGAGGE
CTCGTGGEGEGECTCATCTTTGCTGTETGCCTGETGGGTTTCATGCTGTACCGCATGAAGAAG
AAGGACGAAGGCAGCTACTCCTTGGAGGAGCCGAAACAAGCCAACGGECGETGCCTACCAG

AAACCCACCAAGCAGGAGGAGTTCTACGCC

Sdcl Mouse DNA

ACTCCGCGGGAGAGETGCGGECCAGAGGAGACAGAGCCTAACGCAGAGGAAGGGACCTGG
CAGTCGGGAGCTGACTCCAGCCGECGARACCTACAGCCCTCGCTCGAGAGAGCAGCGAGE
TGGGCAGGAGCCTGGGACAGCAAAGCGCAGAGCAATCAGCAGAGCCGGCCCGGAGCTCCE
TGCAACCGGCAACTCGGATCCACGARAGCCCACCGAGCTCCCGECCGCCEETCTGGGCAGCA
TGAGACGCGECEGCGCTCTEECTCTGECTCTGCECECTGECECTGCGCCTGCAGCCTGCCC
TCCCGCAAATTGTGGCTGTARATGTTCCTCCTGAAGAT CAGGATGGCTCTGGGGATGACT
CTGACAACTTCTCTGGCTCTGGCACAGETGCTTTGCCAGATACTTTGTCACGGCAGACAC
CTTCCACTTGGAAGGACGTGTGGCTGTTGACAGCCACGCCCACAGCTCCAGAGCCCACCA
GCAGCAACACCGAGACTGCTTTTACCTCTGTCCTGCCAGCCGGAGAGAAGCCCGAGGAGG
GAGAGCCTGTGCTCCATGTAGAAGCAGAGCCTGGCTTCACTGCTCGGEACAAGGAARAGG
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AGGTCACCACCAGGCCCAGGGAGACCGTGCAGCTCCCCATCACCCAACGGGCCTCAACAG
TCAGAGTCACCACAGCCCAGGCAGCTGTCACATCTCATCCGCACGGGGGCATGCAACCTG
GCCTCCATGAGACCTCGGCTCCCACAGCACCTGGTCAACCTGACCATCAGCCTCCACGTG
TGGAGGGTGGCGGCACTTCTGTCATCAAAGAGGTTGTCGAGGATGGAACTGCCAATCAGC
TTCCCGCAGGAGAGGGCTCTGGAGAACAAGACTTCACCTTTGAAACATCTGGGGAGAACA
CAGCTGTGGCTGCCGTAGAGCCCGGCCTGCGGAATCAGCCCCCGGTGGACGAAGGAGCCA
CAGGTGCTTCTCAGAGCCTTTTGGACAGGAAGGAAGTGCTGGGAGGTGTCATTGCCGGAG
GCCTAGTGGGCCTCATCTTTGCTGTGTGCCTGGTGGCTTTCATGCTGTACCGGATGAAGA
AGAAGGACGAAGGCAGCTACTCCTTGGAGGAGCCCAAACAAGCCAATGGCGGTGCCTACC
AGAAACCCACCAAGCAGGAGGAGTTCTACGCCTGATGGGGAAATAGTTCTTTCTCCCCCC
CACAGCCCCTGCCACTCACTAGGCTCCCACTTGCCTCTTCTGTGAAAAACTTCAAGCCCT
GGCCTCCCCACCACTGGGTCATGTCCTCTGCACCCAGGCCCTTCCAGCTGTTCCTGCCCG
AGCGGTCCCAGGGTGTGCTGGGAACTGATTCCCCTCCTTTGACTTCTGCCTAGAAGCTTG
GGTGCAAAGGGTTTCTTGCATCTGATCTTTCTACCACAACCACACCTGTCGTCCACTCTT
CTGACTTGGTTTCTCCAAATGGGAGGAGACCCAGCTCTGGACAGAAAGGGGACCCGACTG
CTTTGGACCTAGATGGCCTATTGCGGCTGGAGGAT CCTGAGGACAGGAGAGGGGCTTCGG
CTGACCAGCCATAGCACTTACCCATAGAGACCGCTAGGGTTGGCCGTGCTGTGGTGGGGG
ATGGAGGCCTGAGCTCCTTGGAATCCACTTTTCATTGTGGGGAGGTCTACTTTAGACAAC
TTGGTTTTGCACATATTTTCTCTAATTTCTCTGTTCAGAGCCCCAGCAGACCTTATTACT
GGGGTAAGGCAAGTCTGTTGACTGGTGTCCCTCACCTCGCTTCCCTAATCTACATTCAGG
AGACCGAATCGGGGGTTAATAAGACTTTTTTTGTTTTTTGTTTTTGTTTTTAACCTAGAA
GAACCAAATCTGGACGCCAAAACGTAGGCTTAGTTTGTGTGTTGTCTCTGAGTTTGTGCT
CATGCGTACAACAGGGTATGGACTATCTGTATGGTGCCCCATTTTTGGCGGCCCGTAAGT
AGGCTAGGCTAGTCCAGGATACTGTGGAATAGCCACCTCTTGACCAGTCATGCCTGTGTG
CATGGACTCAGGGCCACGGCCTTGGCCTGGGCCACCGTGACATTGGAAGAGCCTGTGTGA
GAACTTACTCGAAGTTCACAGTCTAGGAGTGGAGGGGAGGAGACTGTAGAGTTTTGGGGG
AGGGGTAGCAAGGGTGCCCAAGCGTCTCCCACCTTTGGTACCATCTCTAGTCATCCTTCC
TCCCGGAAGTTGACAAGACACATCTTGAGTATGGCTGGCACTGGTTCCTCCATCAAGAAC
CAAGTTCACCTTCAGCTCCTGTGGCCCCGCCCCCAGGCTGGAGTCAGAAATGTTTCCCAA
AGAGTGAGTCTTTTGCTTTTGGCAAAACGCTACTTAATCCAATGGGTTCTGTACAGTAGA

TTTTGCAGATGTAATAAACTTTAATATAAAGG

Sdcl Mouse Protein

MRRAATLWLWLCALALRLOPALPQIVAVNVPPEDQDGSGDDSDNFSGSGTGALPDTLSROT
PSTWKDVWLLTATPTAPEPTSSNTETAFTSVLPAGEKPEEGEPVLHVEAEPGFTARDKEK
EVTTRPRETVQLPITQRASTVRVTTAQAAVT SHPHGGMOPGLHETSAPTAPGOPDHQPPR
VEGGGTSVIKEVVEDGTANQLPAGEGS GEQDFTFETSGENTAVAAVEPGLRNQPPVDEGA
TGASQSLLDRKEVLGGVIAGGLVGLI FAVCLVAFMLYRMKKKDEGS YSLEEPKQANGGAY

QKPTKQEEFYA

Serpine2 Human DNA

ATGAACTGGCATCTCCCCCTCTTCCTCTTGGCCTCTGTGACGCTGCCTTCCATCTGCTCC
CACTTCAATCCTCTGTCTCTCGAGGAACTAGGCTCCAACACGGGGATCCAGGTTTTCAAT
CAGATTGTGAAGTCGAGGCCTCATGACAACATCGTGATCTCTCCCCATGGGATTGCGTCG
GTCCTGGGGATGCTTCAGCTGGCGGCGGACGGCAGGACCAAGAAGCAGCTCGCCATGGTG
ATGAGATACGGCGTAAATGGAGTTGCTAAAATATTAAAGAAGAT CAACAAGGCCATCGTC
TCCAAGAAGAATAAAGACATTGTGACAGT GGCTAACGCCGTGTTTGTTAAGAAT GCCTCT
GAAATTGAAGTGCCTTTTGTTACAAGGAACAAAGATGTGTTCCAGTGTGAGGTCCGGAAT
GTGAACTTTGAGGAT CCAGCCTCTGCCTGTGATTCCAT CAATGCATGGGTTAAARACGAA
ACCAGGGATATGATTGACAATCTGCTGTCCCCAGATCTTATTGATGGTGTGCTCACCAGA
CTGGTCCTCGTCAACGCAGTGTATTTCAAGGGTCTGTGGAAATCACGGTTCCAACCCGAG
AACACAAAGAAACGCACTTTCGTGGCAGCCGACGGGAAATCCTATCAAGTGCCAATGCTG
GCCCAGCTCTCCGTGTTCCGGTGTGGGTCGACAAGTGCCCCCAATGATTTAT GGTACAAC
TTCATTGAACTGCCCTACCACGGGGAAAGCAT CAGCATGCTGATTGCACTGCCGACTGAG
AGCTCCACTCCGCTGTCTGCCATCATCCCACACATCAGCACCAAGACCATAGACAGCT GG
ATGAGCATCATGGTCCCCAAGAGGGTGCAGGTGATCCTGCCCAAGTTCACAGCTGTAGCA
CAAACAGATTTGAAGGAGCCGCTGAAAGTTCTTGGCATTACTGACATGTTTGATTCATCA
AAGGCAAATTTTGCAAAAATAACAAGGTCAGAAAACCTCCATGTTTCTCATATCTTGCAA
AAAGCAAAAATTGAAGTCAGT GAAGAT GGAACCAAAGCTTCAGCAGCAACAACTGCAATT
CTCATTGCAAGATCATCGCCTCCCTGGTTTATAGTAGACAGACCTTTTCTGTTTTTCATC

CGACATAATCCTACAGGTGCTGTGTTATTCATGGGGCAGATAAACAAACC

C
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Serpine2 Mouse DNA

AGTGCAGTGGTTGCACGGGAGTGCGEGCTGCACGCGTCACCGTCACCGCCGCCTGTCCCC
CACCGCCGCGCAGCGCCGATCTCCCTCCCGGTTTCGGCCGCCACCTGGGGAT CCAAGCGA
GGACGGGCTGTCCTTGTTGGAAGGAACCATGAATTGGCATTTTCCTTTCTTCATCTTGAC
CACAGTGACTTTATACTCTGTGCACTCCCAGTTCAACTCTCTGT CACTGGAGGAACTAGG
CTCCAACACAGGGATCCAGGTCTTCAATCAGATCATCAAGT CACGGCCT CATGAGAACGT
TGTTGTCTCCCCACATGGGATCGCGTCCATCTTGGGCATGCTGCAGCTCGGGGCTGACGE
CAAGACAAAGAAGCAGCTCTCCACGGT GATGCGATATAATGTARACGGAGTTGGTAAAGT
GCTGAAGAAGAT CAACAAGGCTATTGTCTCCAAGAAAAATAAAGACATTGTGACCGTGGC
CAATGCTGTGTTTCTCAGGAATGGCTTTAAAATGGAAGTGCCTTTTGCAGTAAGGAACAA
AGATGTGTTTCAGTGTGAAGT GCAGAATGT GAACTTCCAGGACCCAGCCTCTGCCTCTGA
GTCCATCAATTTTTGGGT CARAAATGAGACCAGGGGCATGATTGATAAT CTGCTTTCCCC
AAATCTGATCGATGGTGCCCTTACCAGGCT GGTCCTCGTTAATGCAGTGTATTTCAAGGG
TTTGTGGAAGTCTCGGTTTCAACCAGAGAGCACARAGAAACGGACATTCGTGGCAGGTGA
TGGGAAATCCTACCAAGTACCCATGTTGGCTCAGCTCTCTGTGTTCCGCTCAGGGTCTAC
CAGGACCCCGAATGGCTTATGGTACAACTTCATTGAGCTGCCCTACCATGGT GAGAGCAT
CAGCATGCTGATCGCCCTGCCAACAGAGAGCTCCACCCCACTGTCTGCCATCATCCCTCA
CATCACTACCAAGACCATTGATAGCTGGATGAACACCATGGTACCCAAGAGGATGCAGCT
GGTCCTACCCAAGTTCACAGCTGTGGCACAAACAGATCTGAAGGAGCCACTGAAAGCCCT
TGGCATTACTGAGATGTTTGAGCCATCAAAGGCARATTTTACAAAAATAACAAGGTCAGA
GAGCCTTCATGTCTCTCACATCTTGCAAARAGCAAAAATTGAAGT CAGT GAAGATGGAAC
CAAAGCTTCAGCAGCAACAACTGCAAT CCTAATTGCAAGGT CATCACCTCCCTGGTTTAT
AGTAGACAGGCCTTTCCTGTTTTCCATCCGACACAATCCCACAGGTGCCATCTTGTTCCT
GGGCCAGGTGAACAAGCCCTGAAGGACAGACARAGGARAGCCACGCAAAGCCAAGACGAC
TTGGCTCTGAAGAGAGACTCCCTCCCCACATCTTTCATAGTTCTGTTAAATATTTTTATA
TACTGCTTTCTTTTTTGAAACTGGTTCATAGCAGCAGTTAAGT GACGCAAGTGTTTCTGG
TCGGGGCTGTGTCAGAAGARAGGGCTGGATGCCTGGGATGCTGGAT GCCTGGGATGCTGG
ATGCCTGGGATGCTGGATGCCTGGGATGCT GGATGCCTGGGATGCTGGATGCCTGGGATG
CTGTAGTGAAGGATGAGCAGGCCGGTTTCACGATGTCTAGAAGATTTCTTTAAACTACTG
ATCAGTTATCTAGGTTAACAACCCTCTCGAGTATTTGCTGTCTGTCAAGTTCAGCATCTT
TGTTTCATTCCTGTTGATATGTGTGACTTTCCAGGAGAGGATTAAT CAGTGTGGCAGGAG
AGGTTAAAAAAAAAAAAGACATTTTATAGTAGTTTTTATGTTTTTAT GGAAAACAATATC
ATTTGCCTTTTTAATTCTTTTTCCTCTCACTTCCACCCAAAGGCTTGAGGGTGGCAAGGE
ATGGAGCTAGCAARAAGCCGTAGCCTCTTCGTGTGTTGTTTCTGTTGCTGTTGCTCTTGTT

GTTTTATATACTGCATGTGTTCACTAAAATAAAGTTGGAAAACT

Serpine2 Mouse Protein

MNWHFPFFILTTVTLYSVHSQFNSLSLEELGSNTGIQVFNQI TKSRPHENVVVSPHGIAS
ILGMLQLGADGKTKKQLSTVMRYNVNGVGKVLKKINKATVSKKNKDIVIVANAVFLRNGF
KMEVPFAVRNKDVFQCEVQNVNFQDPASASES INFWVKNETRGMI DNLLSPNLIDGALTR
LVLVNAVYFKGLWKSRFQPESTKKRT FVAGDGKS YQVPMLAQLSVFRSGSTRTPNGLWYN
FIELPYHGESTSMLIALPTESSTPLSATIPHITTKTIDSWMNTMVPKRMQLVL,PKFTAVA
QTDLKEPLKALGITEMFEPSKANFTKITRSESLHVSHI LQKAKTEVSEDGTKASAATTAT

LIARSSPPWFIVDRPFLFSIRHNPTGAILFLGQVNKP

Sppl Human DNA

GACCAGACTCGTCTCAGGCCAGTTGCAGCCTTCTCAGCCAAACGCCGACCAAGGAARACT
CACTACCATGAGAATTGCAGTGATTTGCTTTTGCCTCCTAGGCATCACCT GTGCCATACC
AGTTAAACAGGCTGATTCTGGAAGT TCT GAGGAAARAGCAGCTTTACAACAAATACCCAGA
TGCTGTGGCCACATGGCTAAACCCTGACCCATCT CAGAAGCAGAATCTCCTAGCCCCACA
GAATGCTGTGTCCTCTGAAGAAACCAATGACTTTAAACAAGAGACCCTTCCAAGTAAGTC
CAACGAAAGCCATGACCACATGGATGATAT GGATGATGAAGATGATGATGACCATGTGGA
CAGCCAGGACTCCATTGACTCGAACGACTCTGATGATGTAGATGACACTGATGATTCTCA
CCAGTCTGATGAGTCTCACCATTCTGATGAATCTGATGAACTGGTCACTGATTTTCCCAC
GGACCTGCCAGCAACCGAAGTTTTCACTCCAGTTGTCCCCACAGTAGACACATATGATGG
CCGAGGTGATAGTGTGGTTTATGGACT GAGGT CAAAATCTAAGAAGTTTCGCAGACCTGA
CATCCAGTACCCTGATGCTACAGACGAGGACATCACCTCACACATGGAAAGCGAGGAGTT
GAATGGTGCATACAAGGCCATCCCCGTTGCCCAGGACCTGAACGCGCCTTCTGATTGGGA
CAGCCGTGGGAAGGACAGTTATGAAACGAGTCAGCTGGATGACCAGAGT GCTGARACCCA
CAGCCACAAGCAGTCCAGATTATATAAGCGGAAAGCCAATGATGAGAGCAAT GAGCATTC
CGATGTGATTGATAGTCAGGAACTTTCCAAAGTCAGCCGTGAATTCCACAGCCATGAATT
TCACAGCCATGAAGATAT GCTGGTTGTAGACCCCAAAAGTAAGGAAGAAGATARACACCT
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GAAATTTCGTATTTCTCATGAATTAGATAGTGCATCTTCTGAGGTCAATTAAAAGGAGAA
AAAATACAATTTCTCACTTTGCATTTAGTCAAAAGAAAAAATGCTTTATAGCAAAATGAA
AGAGAACATGAAATGCTTCTTTCTCAGTTTATTGGTTGAATGTGTATCTATTTGAGTCTG
GAAATAACTAATGTGTTTGATAATTAGTTTAGTTTGTGGCTTCATGGAAACTCCCTGTAA
ACTAAAAGCTTCAGGGTTATGTCTATGTTCATTCTATAGAAGAAATGCAAACTATCACTG
TATTTTAATATTTGTTATTCTCTCATGAATAGAAATTTATGTAGAAGCAAACAAAATACT
TTTACCCACTTAAAAAGAGAATATAACATTTTATGTCACTATAATCTTTTGTTTTTTAAG

TTAGTGTATATTTTGTTGTGATTATCTTTTTGTGGTGTGAATAA

Sppl Mouse DNA

CTTGCTTGGGTTTGCAGTCTTCTGCGGCAGGCATTCTCGGAGGAAACCAGCCAAGGACTA
ACTACGACCATGAGATTGGCAGTGATTTGCTTTTGCCTGTTTGGCATTGCCTCCTCCCTC
CCGGTGAAAGTGACTGATTCTGGCAGCT CAGAGGAGAAGCTTTACAGCCTGCACCCAGAT
CCTATAGCCACATGGCTGGTGCCTGACCCATCTCAGAAGCAGAATCTCCTTGCGCCACAG
AATGCTGTGTCCTCTGAAGAAAAGGATGACTTTAAGCAAGAAACTCTTCCAAGCAATTCC
AATGAAAGCCATGACCACATGGACGACGATGATGACGAT GATGATGACGATGGAGACCAT
GCAGGGAGCGAGGATTCTGTGGACT CGGAT GAATCTGACGAAT CTCACCATTCGGATGAG
TCTGATGAGACCGTCACT GCTAGTACACAAGCAGACACTTTCACTCCAATCGTCCCTACA
GTCGATGTCCCCAACGGCCGAGGTGATAGCTTGGCTTATGGACTGAGGT CARAGTCTAGG
AGTTTCCAGGTTTCTGATGAACAGTATCCTGATGCCACAGATGAGGACCT CACCTCTCAC
ATGAAGAGCGGTGAGTCTAAGGAGTCCCTCGATGTCATCCCTGTTGCCCAGCTTCTGAGC
ATGCCCTCTGATCAGGACAACAACGGAAAGGGCAGCCAT GAGTCAAGT CAGCTGGATGAA
CCAAGTCTGGAAACACACAGACTTGAGCATTCCARAGAGAGCCAGGAGAGTGCCGATCAG
TCGGATGTGATCGATAGT CAAGCAAGTTCCAAAGCCAGCCTGGAACATCAGAGCCACAAG
TTTCACAGCCACAAGGACAAGCTAGTCCTAGACCCTAAGAGTAAGGAAGATGATAGGTAT
CTGAAATTCCGAATTTCTCATGAAT TAGAGAGTTCATCTTCTGAGGT CAACTAAAGAAGA
GGCAAAAACACAGTTCCTTACTTTGCATTTAGTAAAAACAAGAAAAAGT GTTAGTGAGGA
TTAAGCAGGAATACTAACTGCTCATTTCTCAGTTCAGTGGATATATGTATGTAGAGAAAG
AGAGGTAATATTTTGGGCTCTTAGCTTAGTCTGTTGTTT CATGCARACAACCGTTGTAAC
CAAAAGCTTCTGCACTTTGCTTCTGTTCTTCCTGTACAAGAAATGCARACGGCCACTGCA
TTTTAATGATTGTTATTCTTTTATGAATAAAATGTATGTAGARACAAGCAAATTTACT GA
AACAAGCAGAATTAAAAGAGAAACTGTAACAGTCTATAT CACTATACCCTTTTAGTTTTA
TAATTAGCATATATTTTGTTGTGATTATTTTTTTTGTTGGTGT GAATAAATCTTGTAACG

AATGT

Spp1 Mouse Protein

MRLAVICFCLFGIASSLPVKVTDSGSSEEKLYSLHPDPIATWLVPDPSQKQONLLAPQNAYV
SSEEKDDFKQETLPSNSNESHDHMDDDDDDDDDDGDHAESEDSVDSDESDESHHSDESDE
TVTASTQADTFTPIVPTVDVPNGRGDSLAYGLRSKSRSFQVSDEQYPDATDEDLTSHMKS
GESKESLDVIPVAQLLSMPSDQODNNGKGSHESSQLDEPSLETHRLEHSKESQESADQSDV

IDSQASSKASLEHQSHKFHSHKDKLVLDPKSKEDDRYLKFRISHELESSSSEVN

Cdca8 Human DNA

GGTTGACTGTAGAGCCGCTCTCTCTCACTGGCACAGCGAGETTTTGCTCAGCCCTTETCT
CGGGACCGCAGGTACGTGETCTGGCEACTTCTTCGGETGETCCCCETCCECCCTCCTCETC
CCTACCCAGTTTCTTGCTTCCCTGCCCCATCTCCGCCECTCCCCGCAGCCTCCGCCGAGE
GCCATGGCTCCTAGGAAGGGCAGTAGTCGGETGGCCAAGACCAACTCCTTACGGAGGCEG
AAGCTCGCCTCCTTTCTGAAAGACTTCGACCGTGAAGTGGARATACGAATCAAGCAAATT
GAGTCAGACAGGCAGAACCTCCTCAAGGAGGETGGATAACCTCTACAACATCGAGATCCTG
CGGCTCCCCAAGGCTCTGCGCGAGATGAACTGGCTTGACTACTTCGCCCTTGGAGGARAC
ABACAGGCCCTGGAAGAGGCGGCAACAGCTGACCTGGATATCACCGAMATAAACARACTA
ACAGCAGAAGCTATTCAGACACCCCTGAAATCTGCCAARACACGAARGGTAATACAGGTA
GATGAAATGATAGT GGAAGAGGGAAGAAGGCAGAAGGAARATTTACGTAAGAATCTTCARA
CTGCAAGAGTCAAAAGGTGTCCTCCATCCARGAAGAGAACTCAGTCCATACAAGGCAAAG
GAAAAGGGAAAAGGTCAAGCCGETGCTAACACTGTTACCCCAGCCETGEGCCGATTGGAGG
TGTCCATGGETCARACCARCTCCAGGCCTGACACCCAGETTTGACTCAAGGGTCTTCARAGA
CCCTGGCCTGCGTACTCCAGCAGCAGGAGAGCGGATTTACAACATCTCAGGGAATGGCAG
CCCTCTTGCTGACAGCAAAGAGATCTTCCTCACTGTGCCAGTGGGCGGCGGAGAGAGCCT
GCGATTATTGGCCAGTGACTTGCAGAGGCACAGTATTGCCCAGCTGGATCCAGAGGCCTT
GGGAAACATTAAGAAGCTCTCCAACCGTCTCGCCCARATCTGCAGCAGCATACGGACCCA
CAAATGAGACACCAARAGTTGACAGGATGGACTTTTAAT GGGCACTTCTGGGACCCTGAAG
AGACTTCTTCCCTTCAGGCTTATTGTTTGAGTGTGAAGTTCCAGAGCAAGGAGCCATGTT
CCTCTAAGGGAATTCAGGAATTCAGACGTGCTAGTCCCACACCAGTTAGGTAGAGCTGTC
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TGTTCACCCTCCCATCCCAGCTGATCCCAGTCACTGCTTGCTGGGGCCATGCCATGGAAG
CTTCCCATCAGTCTCCCAGCTGAATCCTCCCTGCTCTCTGAGCTGCTGCCTTTTGCCTCC
TGCAACTCAACATCCTCTTCACCCTGCCCTGCCTGCAGTTGAGGGGGCGAAGAAGAACCC
TGTGTTCTCAGGAAGACTGCCTCCACCACCGCTACCCAGAGAACCTCTGCATCTGGCATT
TCTGCTCTCTATGCTTGAGACCGGGAGGTTTAGGCTCAGATAAGTGAGCTCTGGGCCATG
AGAGGGTAGGTCCAGAAGGTGGGGGGAACTGTACAGATCAGCAGAGCAGGACAGTTGGCA
GCAGTGACCTCAGTAGGGAACATGTCCGTCTACCCTCTCGCACTCATGACACCTCCCCCT
ACCAGCCTCTCTCTCTCTCACCTCCTCTGTGGGAGGTGGTCAGTGGGACTTAGGGATCTT
TCACCTGCTGTGCCCAGTAGTTCTGAAGTCTGCTTGTGGAGCAGTGTTTTATGTTTATCC
CTGTTTACTGAAGACCAAATACTGGTTTGGAGACAACTTCCATGTCTTGCTCTTCTACCT
CCCTAGTTAGTGGAAATTTGGATAAGGGAACTGTAGGGCCCAGATTCTGGAGGTTTTATG
TCATTGGCCACAGAATAACTGTCTCTAAGCTATCCATGGTCCAGTGGTCCCTGCCAAGTC
TGTAGACTTCAGAGAGCACTTCTCTCTTATGGGGTTCATGGGAACAGGGGCGGGTGTGAC
TTGCTTGGTGGCCTCATTCCATGTGTGCCTGTGCCTGGGGCATGGACTTTGTTAAGCAGA
GTCAGCAGTGAGGTCCTCATTCTCCAGCCAGCCTCTCTGCCCTGGAGAATCATGTGCTAT
GTTCTAAGAATTTGAGAACTAGAGTCCTCATCCCCAGGCTTGAAGGCACATGGCTTTCTC
ATGTAGGGCTCTCTGTGGTATTTGTTATTATTTTGCAACAAGACCATTTTAGTAAAACAG
TCCTGTTCAAGTTGTATTCTTTTAAGTTCTTTTATTCTCCTTTCCCTGAGATTTTTGTAT
ATATTGTTCTGAGTAATGGTATCTTTGAGCTGATTGTTCTAATCAGAGCTGGTACCTACT

TTCAATAAATTCTGGTTTTGTGTTTTCTTTTGT

Cdca8 Mouse DNA

GGAATTGAATTGGGETGGCGGTTAACCGAGGAGCCGCCCETCCCTTAGTTGGAGCTCTGAG
GGTTCCTCAGACTGTGTTTTGGGACCTGCAGGTAGETTTCGGCAGAGTTCTGGAAACCTA
GACTCCAACGACTGAACTTTCTCAGCTCTCCGACCGCTCACACCCTCTCCCCGTCTCAGT
CGCGGAGCCGGCTGCTTGGCCCCTCECTCEACGCAGCCAGGCGCCATGGCTCCCARGARA
CGCAGCAGCCGCGGARCCAGGACCAACACGCTGCGGAGCCGGAAGCTCGCCTCCTTCCTG
AAGGACTTCGACCGCGAGGTGCARGTTCGAACCAAGCARATTGAGTCCGACAGACAGACT
CTCCTCARAGGAGGTGGAARATCTGTACAACATCGAGATCCTTCGGCTCCCCAAGGCGCTG
CAAGGGATGAAGTGGCTTGACTACTTCGCCCTAGGAGGARACAAGCAGGCCCTGGARGAG
GCAGCAARMAGCTGATCGAGACATCACAGAAATARACAATTTAACAGCTGAAGCTATTCAG
ACACCTTTGAAATCTGTTAAAAAGCGARAGGTAATCGAGGTGGAGGAATCGATAAAGGAA
GAAGAAGAAGAGGAAGAAGAAGGAGGAGGAGAAGGAGGAAGAACAAARAAGAGCCATAAG
AATCTTCGATCTGCAMAAGTCAARAGATGCCTTCCATCCAAGAAGAGAACCCAGTCCATA
CAAGGAAGAGGCAGAAGTAAAAGGCTTAAGCCATGACTTTGTGACGCCAGCTATGAGCAGG
CTGGAGCCGTCTCTGETGAAACCAACCCCAGGCATGACACCTAGETTTGACTCCCGGETC
TTCAAGACTCCAGGGCTACGCACTCCAGCAGCCARMAGAGCAAGTTTACAACATCTCCATC
AACGGCAGCCCTCTCGCAGACAGCARAGAGATCTCCCTCAGTGTGCCCATAGETGGCGGT
GCGAGCTTGCGGTTATTGGCCAGTGACTTGCARAGGATTGATATTGCTCAGCTGAATCCA
GAGGCCCTGGGARACATTAGAAAGCTCTCGAGCCGCCTCGCCCAGATCTGCAGCAGCATA
CGGACGGGCCGATGAGAGGACAACAGGACACACAGT GGCAGCAGGGACTGTGETAGCAGA
GTGCACACATCTGTCCTTCTTCTGTGGGETCCTTCACTGCCAACACCTGCAACGETGCTT
TGTCTCTCTGACAGCTATGETGTCTTGCTGCACACTTCTAGTTAGTGGGARTTTTAGACG
GGGAACACAGGGCTAGTCAGGGCCTTTGTGTGCTTGGTGTGGAGTGACTGAGAACCETCT
ATGGTTCAAGGTCCCACTGGGGATARACTGCTTAGAGCACTGTCCTAGAGGGCAAGTGTA
GCCTTCGCCTCCGEECCCAGGCAGGCTATGCAGTCAGCAGTAGGGTCTGTGCTCCATGCG
GGTCCAGGCGCACGECTCTCCTATTCTGTTGTCATTTGTGCCCTCTATGGGCAGETETGT
TTCAAGTTGETTTTCTGTTGCTGAGGCTTTCATACACATCAGTTACCATCTCAGCTGATT

TGTCTACTGAAAGCTTGCTGTTTTCAATAAATCTTAGTTTGCCATGGTTTTA

AGTC

Cdca8 Mouse Protein

MAPKKRSSRGTRTNTLRSRKLASFLKDFDREVOVRTKQIESDRQTLLKEVENLYNIETLR
LPKALQGMKWLDYFALGGNKQALEEAAKADRDI TEINNLTAEATQTPLKSVKKRKVIEVE
ESIKEEEEEEEEGGGGGGRTKKSHKNLRSAKVKRCLPSKKRTQS IQGRGRSKRLSHDFVT
PAMSRLEPSLVKPTPGMTPRFDSRVFKTPGLRTPAAKEQVYNISINGSPLADSKEISLSV

PIGGGASLRLLASDLQRIDIAQLNPEALGNIRKLSSRLAQICSSIRTGR

Nrpl Human DNA

ATGGAGAGGGGGCTGCCGCTCCTCTGCGCCGTGCTCGCCCTCGTCCTCGCCCCGGCCGGE
GCTTTTCGCAACGATGAAT GTGGCGATACTATAAARATTGAAAGCCCCGGGTACCTTACA
TCTCCTGGTTATCCTCATTCTTATCACCCAAGTGAAAAATGCGAAT GGCTGATTCAGGCT
CCGGACCCATACCAGAGAATTATGATCAACTTCAACCCTCACTTCGATTT GGAGGACAGA
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GACTGCAAGTATGACTACGTGGAAGTCTTCGATGGAGAAAATGAAAATGGACATTTTAGG
GGAAAGTTCTGTGGAAAGATAGCCCCTCCTCCTGTTGTGTCTTCAGGGCCATTTCTTTTT
ATCAAATTTGTCTCTGACTACGAAACACATGGTGCAGGATTTTCCATACGTTATGAAATT
TTCAAGAGAGGTCCTGAATGTTCCCAGAACTACACAACACCTAGTGGAGTGATAAAGTCC
CCCGGATTCCCTGAAAAATATCCCAACAGCCTTGAATGCACTTATATTGTCTTTGCGCCA
AAGATGTCAGAGATTATCCTGGAATTTGAAAGCTTTGACCTGGAGCCTGACTCAAATCCT
CCAGGGGGGATGTTCTGTCGCTACGACCGGCTAGAAATCTGGGATGGATTCCCTGATGTT
GGCCCTCACATTGGGCGTTACTGTGGACAGAAAACACCAGGTCGAATCCGATCCTCATCG
GGCATTCTCTCCATGGTTTTTTACACCGACAGCGCGATAGCAAAAGAAGGTTTCTCAGCA
AACTACAGTGTCTTGCAGAGCAGTGTCTCAGAAGATTTCAAATGTATGGAAGCTCTGGGC
ATGGAATCAGGAGAAATTCATTCTGACCAGATCACAGCTTCTTCCCAGTATAGCACCAAC
TGGTCTGCAGAGCGCTCCCGCCTGAACTACCCTGAGAATGGGTGGACTCCCGGAGAGGAT
TCCTACCGAGAGTGGATACAGGTAGACTTGGGCCTTCTGCGCTTTGTCACGGCTGTCGGG
ACACAGGGCGCCATTTCAAAAGAAACCAAGAAGAAATATTATGTCAAGACTTACAAGATC
GACGTTAGCTCCAACGGGGAAGACTGGATCACCATAAAAGAAGGAAACAAACCTGTTCTC
TTTCAGGGAAACACCAACCCCACAGATGTTGTGGTTGCAGTATTCCCCAAACCACTGATA
ACTCGATTTGTCCGAATCAAGCCTGCAACTTGGGAAACTGGCATATCTATGAGATTTGAA
GTATACGGTTGCAAGATAACAGATTATCCTTGCTCTGGAATGTTGGGTATGGTGTCTGGA
CTTATTTCTGACTCCCAGATCACATCATCCAACCAAGGAGACAGAAACTGGATGCCTGAA
AACATCCGCCTGGTAACCAGTCGCTCTGGCTGGGCACTTCCACCCGCACCTCATTCCTAC
ATCAATGAGTGGCTCCAAATAGACCTGGGGGAGGAGAAGATCGTGAGGGGCATCATCATT
CAGGGTGGGAAGCACCGAGAGAACAAGGTGTTCATGAGGAAGTTCAAGATCGGGTACAGC
AACAACGGCTCGGACTGGAAGATGATCATGGATGACAGCAAACGCAAGGCGAAGTCTTTT
GAGGGCAACAACAACTATGATACACCTGAGCTGCGGACTTTTCCAGCTCTCTCCACGCGA
TTCATCAGGATCTACCCCGAGAGAGCCACTCATGGCGGACTGGGGCTCAGAATGGAGCTG
CTGGGCTGTGAAGTGGAAGCCCCTACAGCTGGACCGACCACTCCCAACGGGAACTTGGTG
GATGAATGTGATGACGACCAGGCCAACTGCCACAGTGGAACAGGTGATGACTTCCAGCTC
ACAGGTGGCACCACTGTGCTGGCCACAGAAAAGCCCACGGTCATAGACAGCACCATACAA
TCAGAGTTTCCAACATATGGTTTTAACTGTGAATTTGGCTGGGGCTCTCACAAGACCTTC
TGCCACTGGGAACATGACAATCACGTGCAGCTCAAGTGGAGTGTGTTGACCAGCAAGACG
GGACCCATTCAGGATCACACAGGAGATGGCAACTTCATCTATTCCCAAGCTGACGAAAAT
CAGAAGGGCAAAGTGGCTCGCCTGGTGAGCCCTGTGGTTTATTCCCAGAACTCTGCCCAC
TGCATGACCTTCTGGTATCACATGTCTGGGTCCCACGTCGGCACACTCAGGGTCAAACTG
CGCTACCAGAAGCCAGAGGAGTACGATCAGCTGGTCTGGATGGCCATTGGACACCAAGGT
GACCACTGGAAGGAAGGGCGTGTCTTGCTCCACAAGTCTCTGAAACTTTATCAGGTGATT
TTCGAGGGCGAAATCGGAAAAGGAAACCTTGGTGGGATTGCTGTGGATGACATTAGTATT
AATAACCACATTTCACAAGAAGATTGTGCAAAACCAGCAGACCTGGATAAAAAGAACCCA
GAAATTAAAATTGATGAAACAGGGAGCACGCCAGGATACGAAGGTGAAGGAGAAGGTGAC
AAGAACATCTCCAGGAAGCCAGGCAATGTGTTGAAGACCTTAGAACCCATCCTCATCACC
ATCATAGCCATGAGCGCCCTGGGGGTCCTCCTGGGGGCTGTCTGTGGGGTCGTGCTGTAC
TGTGCCTGTTGGCATAATGGGATGTCAGAAAGAAACTTGTCTGCCCTGGAGAACTATAAC
TTTGAACTTGTGGATGGTGTGAAGTTGAAAAAAGACAAACTGAATACACAGAGTACTTAT

TCGGAGGCATGA

Nrpl Mouse DNA

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTCCTCCTTCTTCTTCTTCCTGAGACA
TGGCCCGGGCAGTGGCTCCTGGAAGAGGAACAAGT GTGGCAARAGGGAGAGGARATCGGA
GCTAAATGACAGGATGCAGGCGACTTGAGACACARAAAGAGAAGCGCTTCTCGCGAATTC
AGGCATTGCCTCGCCGCTAGCCTTCCCCGCCAAGACCCGCTGAGGATTTTATGGTTCTTA
GGCGGACTTAAGAGCGTTTCGGATTGTTAAGATTATCGTTTGCTGGTTTTTCGTCCGCGC
AATCGTGTTCTCCTGCGGCTGCCTGGGGACTGGCTTGGCGAAGGAGGATGGAGAGGGGGC
TGCCGTTGCTGTGCGCCACGCTCGCCCTTGCCCTCGCCCTGGCGGGCGCTTTCCGCAGCG
ACAAATGTGGCGGGACCATAAAAATCGAAAACCCAGGGTACCTCACATCTCCCGGTTACC
CTCATTCTTACCATCCAAGTGAGAAGTGTGAATGGCTAATCCAAGCTCCGGAACCCTACC
AGAGAATCATAATCAACTTCAACCCACATTTCGATTT GGAGGACAGAGACTGCAAGTATG
ACTACGTGGAAGTAATTGATGGGGAGAATGAAGGCGGCCGCCTGTGGGGGAAGTTCTGTG
GGAAGATTGCACCTTCTCCTGTGGTGTCTTCAGGGCCCTTTCTCTTCATCARAATTTGTCT
CTGACTATGAGACACATGGGGCAGGGTTTT CCATCCGCTAT GAAATCTTCAAGAGAGGGC
CCGAATGTTCTCAGAACTATACAGCACCTACT GGAGTGATAAAGTCCCCTGGGTTCCCTG
AAAAATACCCCAACTGCTTGGAGTGCACCTACATCATCTTTGCACCARAGAT GTCTGAGA
TAATCCTGGAGTTTGAAAGT TTTGACCTGGAGCAAGACTCGAATCCTCCCGGAGGAATGT
TCTGTCGCTATGACCGGCTGGAGATCTGGGAT GGATTCCCTGAAGTTGGCCCTCACATTG
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GGCGTTATTGTGGGCAGAAAACT CCTGGCCGGATCCGCTCCTCTTCAGGCGTTCTATCCA
TGGTCTTTTACACTGACAGCGCAATAGCAAAAGAAGGTTTCTCAGCCAACTACAGTGTGC
TACAGAGCAGCATCTCTGAAGATTTTAAGTGTATGGAGGCTCTGGGCATGGAATCTGGAG
AGATCCATTCTGATCAGATCACTGCATCTTCACAGTATGGTACCAACTGGTCTGTAGAGC
GCTCCCGCCTGAACTACCCTGAAAATGGGTGGACT CCAGGAGAAGACTCCTACAAGGAGT
GGATCCAGGTGGACTTGGGCCTCCTGCGATTCGTTACTGCTGTAGGGACACAGGGTGCCA
TTTCCAAGGAAACCAAGAAGAAATATTATGTCAAGACTTACAGAGTAGACATCAGCTCCA
ACGGAGAGGACTGGATCTCCCTGAAAGAGGGAAATAAAGCCATTATCTTTCAGGGAAACA
CCAACCCCACAGATGTTGTCTTAGGAGTTTTCTCCAAACCACTGATAACTCGATTTGTCC
GAATCAAACCTGTATCCTGGGAAACTGGTATATCTATGAGATTTGAAGTTTATGGCTGCA
AGATAACAGATTATCCTTGCTCTGGAATGTTGGGCATGGTGTCTGGACTTATTTCAGACT
CCCAGATTACAGCATCCAATCAAGCCGACAGGAATTGGATGCCAGAAAACATCCGTCTGG
TGACCAGTCGTACCGGCTGGGCACTGCCACCCTCACCCCACCCATACACCAATGAATGGC
TCCAAGTGGACCTGGGAGATGAGAAGATAGTAAGAGGTGTCATCATTCAGGGTGGGAAGC
ACCGAGAAAACAAGGTGTTCATGAGGAAGTTCAAGATCGCCTATAGTAACAATGGCTCTG
ACTGGAAAACTATCATGGATGACAGCAAGCGCAAGGCTAAGTCGTTCGAAGGCAACAACA
ACTATGACACACCTGAGCTTCGGACGTTTTCACCTCTCTCCACAAGGTTCATCAGGATCT
ACCCTGAGAGAGCCACACACAGTGGGCTTGGGCTGAGGATGGAGCTACTGGGCTGTGAAG
TGGAAGCACCTACAGCTGGACCAACCACACCCAATGGGAACCCAGTGCATGAGTGTGACG
ACGACCAGGCCAACTGCCACAGTGGCACAGGTGATGACTTCCAGCTCACAGGAGGCACCA
CTGTCCTGGCCACAGAGAAGCCAACCATTATAGACAGCACCATCCAATCAGAGTTCCCGA
CATACGGTTTTAACTGCGAGTTTGGCTGGGGCTCTCACAAGACATTCTGCCACTGGGAGC
ATGACAGCCATGCACAGCTCAGGTGGAGTGTGCTGACCAGCAAGACAGGGCCGATTCAGG
ACCATACAGGAGATGGCAACTTCATCTATTCCCAAGCTGATGAAAATCAGAAAGGCAAAG
TAGCCCGCCTGGTGAGCCCTGTGGTCTATTCCCAGAGCTCTGCCCACTGTATGACCTTCT
GGTATCACATGTCCGGCTCTCATGTGGGTACACTGAGGGTCAAACTACGCTACCAGAAGC
CAGAGGAATATGATCAACTGGTCTGGATGGTGGTTGGGCACCAAGGAGACCACTGGAAAG
AAGGACGTGTCTTGCTGCACAAATCTCTGAAACTATATCAGGTTATTTTTGAAGGTGAAA
TCGGAAAAGGAAACCTTGGTGGAATTGCTGTGGATGATATCAGTATTAACAACCATATTT
CTCAGGAAGACTGTGCAAAACCAACAGACCTAGATAAAAAGAACACAGAAATTAAAATTG
ATGAAACAGGGAGCACTCCAGGATATGAAGGAGAAGGGGAAGGTGACAAGAACATCTCCA
GGAAGCCAGGCAATGTGCTTAAGACCCTGGATCCCATCCTGATCACCATCATAGCCATGA
GTGCCCTGGGAGTACTCCTGGGTGCAGTCTGTGGAGTTGTGCTGTACTGTGCCTGTTGGC
ACAATGGGATGTCAGAAAGGAACCTATCTGCCCTGGAGAACTATAACTTTGAACTTGT GG
ATGGTGTAAAGTTGAAAAAAGATAAACTGAACCCACAGAGTAATTACTCAGAGGCGTGAA
GGCACGGAGCTGGAGGGAACAAGGGAGGAGCACGGCAGGAGAACAGGTGGAGGCATGGGG
ACTCTGTTACTCTGCTTTCACTGTAAGCTGGGAAGGGCGGGGACTCTGTTACTCCGCTTT
CACTGTAAGCTCGGAAGGGCATCCACGATGCCATGCCAGGCTTTTCTCAGGAGCTTCAAT
GAGCGTCACCTACAGACACAAGCAGGTGACTGCGGTAACAACAGGAATCATGTACAAGCC
TGCTTTCTTCTCTTGGTTTCATTTGGGTAATCAGAAGCCATTTGAGACCAAGTGTGACTG
ACTTCATGGTTCATCCTACTAGCCCCCTTTTTTCCTCTCTTTCTCCTTACCCTGTGGTGG
ATTCTTCTCGGAAACTGCAAAATCCAAGATGCTGGCACTAGGCGTTATTCAGTGGGCCCT
TTTGATGGACATGTGACCTGTAGCCCAGTGCCCAGAGCATATTATCATAACCACATTTCA

GGGGACGCCAACGTCCATCCACCTTTGCATCGCTACCTGCAGCGAGCACA

GG

Nrpl Mouse Protein

MERGLPLLCATLALALALAGAFRSDKCGGTIKIENPGYLTSPGYPHSYHPSEKCEWLIQA
PEPYQRIMINFNPHFDLEDRDCKYDYVEVIDGENEGGRLWGKFCGKIAPSPVVSSGPFLF
IKFVSDYETHGAGFSIRYEI FKRGPECSQNYTAPTGVIKSPGFPEKYPNSLECTYIIFAP
KMSEIILEFESFDLEQDSNPPGGMFCRYDRLEIWDGFPEVGPHIGRYCGQKTPGRIRSSS
GVLSMVFYTDSATIAKEGFSANYSVLQSSISEDFKCMEALGMESGETHSDQITASSQYGTN
WSVERSRLNYPENGWTPGEDSYKEWIQVDLGLLRFVTAVGTQGAT SKETKKKY YVKTYRV
DISSNGEDWISLKEGNKATIFQGNTNPTDVVLGVFSKPLITRFVRIKPVSWETGT SMRFE
VYGCKITDYPCSGMLGMVSGLISDSQITASNQADRNWMPENTRLVT SRTGWALPPSPHPY
TNEWLQVDLGDEKIVRGVIIQGGKHRENKVFMRKFKIAYSNNGSDWKTIMDDSKRKAKS F
EGNNNYDTPELRTFSPLSTRFIRIYPERATHSGLGLRMELLGCEVEAPTAGPTTPNGNPV
DECDDDQANCHSGTGDDFQLTGGTTVLATEKPTI IDSTIQSEFPTYGFNCEFGWGSHKTF
CHWEHDSHAQLRWSVLTSKTGPIQDHTGDGNFIYSQADENQKGKVARLVSPVVYSQSSAH
CMTFWYHMSGSHVGTLRVKLRYQKPEEYDQLVWMVVGHQGDHWKEGRVLLHKS LKLYQVT
FEGEIGKGNLGGIAVDDISINNHISQEDCAKPTDLDKKNTEIKIDETGSTPGYEGEGEGD
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KNISRKPGNVLKTLDPILITIIAMSALGVLLGAVCGVVLYCACWHNGMSERNLSALENYN
FELVDGVKLKKDKLNPQSNYSEA

Mcam Human DNA

GGGAAGCATGEGGCTTCCCAGGCTGETCTGCGCCTTCTTGCTCGCCEGCCTGCTGCTGCTGE
TCCTCGCETCGCGGETETGCCCECACAGGCTGAGCAGCCTGCECCTGAGCTGGTGGAGET
GGAAGTGGGCAGCACAGCCCTTCTGAAGTGCGGCCTCTCCCAGTCCCAAGGCAACCTCAG
CCATGTCGACTGGTTTTCTGTCCACAAGCAGAAGCCEACGCTCATCTTCCGTETGCGCCA
GGGCCAGGGCCAGAGCGAACCTGGGEACGTACGAGCAGCGGCTCAGCCTCCAGCACAGAGE
GGCTACTCTGGECCCTGACTCAAGTCACCCCCCAAGACCAGCGCATCTTCTTGTGCCAGGE
CAAGCGCCCTCGGTCCCAGGAGTACCGCATCCAGCTCCGCGTCTACARAGCTCCGGAGGA
GCCAAACATCCAGGTCAACCCCCTGEGECATCCCTGTCAACAGTAAGGAGCCTCAGGAGGT
CGCTACCTGTCTAGGGAGCAACGGGTACCCCATTCCTCAAGTCATCTGGTACAAGAATGE
CCGGCCTCTCAAGGAGGAGAAGAACCEGEETCCACATTCAGTCETCCCAGACTETGGAGTC
GAGTGGTTTCTACACCTTGCAGAGTATTCTGAAGGCACAGCTGCTTAAAGAAGACAAAGA
TGCCCAGTTTTACTGTGAGCTCAACTACCGGCTGCCCAGTGGCAACCACATCAAGGAGTC
CAGGGAAGTCACCGTCCCTGTTTTCTACCCGACAGAAAAAGTCTCGGCTGGAACTGGAGCC
CGTGGGAATGCTGAAGCAAGGGGACCECETGGARAATCAGGTGTTTGGCTGATGGCAACCC
TCCACCACACTTCAGCATCAGCAAGCAGAACCCCAGCACCAGCCAGGCAGAGGAAGAGAC
AACCAACGACAACGGGETCCTGGTGCTCCAGCCTGCCCGGAAGCAACACAGTCGGCGCTA
TGAATGTCAGGCCTGCAACTTGCACACCATGATATCGCTGCTCGAGTGAACCACAGGAACT
ACTGGTGAACTATGTGTCTGACGTCCGAGTGAGTCCCECAGCCCCTGAGAGACAGGAAGE
CAGCAGCCTCACCCTGACCTGTGAGCCACAGAGTAGCCAGGACCTCGAGTTCCAGTGGCT
GAGAGAAGAGACAGACCAGGTGCTGCARAGGGGGCCTEGTGCTTCAGTTGCATCACCTGAR
ACGGGAGGCAGGAGGCGECTATCGCTGCETGGCETCTEGTGCCCAGCATACCCEGCCTGAR
CCGCACACAGCTGGTCAAGCTGGCCATTTTTGGCCCCCCTTGGATCGCATTCAAGGAGAG
GAAGGTGTGGETGAAAGAGAATATGCTCTTGAATCTCGTCTTGTCAAGCGTCAGGGCACCC
CCGGCCCACCATCTCCTGEAACGTCAACGGCACGGCAAGTGAACAAGACCAAGATCCACA
GCGAGTCCTCGAGCACCCTGAATGTCCTCETGACCCCEGAGCTGTTGCGAGACAGGTGTTGA
ATGCACGGCCTCCAACGACCTGGGCAAAAACACCAGCATCCTCTTCCTGGAGCTGGTCAR
TTTAACCACCCTCACACCAGACTCCAACACAACCACTGGCCTCAGCACTTCCACTGCCAG
TCCTCATACCAGAGCCAACAGCACCTCCACAGACGAGAAAGCTGCCGGAGCCEGAGAGCCE
GGGCGTGETCATCGTGECTGTGATTCTCTGCATCCTEGETCCTGECEGTGCTCEGCGCTET
CCTCTATTTCCTCTATAAGAAGGGCAAGCTGCCGTCCAGGCGCTCAGGGAAGCAGGAGAT
CACGCTGCCCCCGTCTCETAAGACCCAACTTGTAGTTGAAGTTAAGTCAGATAAGCTCCC
AGAAGAGATGGGCCTCCTGCAGGGCAGCAGCGGTGACAAGAGGGCTCCGGGACACCAGGE
AGAGAAATACATCGATCTCAGGCATTAGCCCCGAATCACTTCAGCTCCCTTCCCTGCCTG
GACCATTCCCAGCTCCCTGCTCACTCTTCTCTCAGCCARAGCTCAAAGGGACTAGAGAGA
AGCCTCCTGCTCCCCTCECCTGCACACCCCCTTTCAGAGGGCCACTGGGTTAGGACCTGA
GGACCTCACTTGGCCCTGCAAGGCCCECTTTTCAGGGACCAGTCCACCACCATCTCCTCC
ACGTTGAGTCGAAGCTCATCCCAAGCAAGCAGCCCCAGTCTCCCCAGCGGGTAGGAGAGTT
TCTTGCAGAACGTGTTTTTTCTTTACACACATTATGCTGTAAATACGCTCETCCTGCCAG
CAGCTGAGCTGGGTAGCCTCTCTGAGCTGGTTTCCTGCCCCAAAGGCTGGCATTCCACCA
TCCAGGTGCACCACTCAAGTGAGCACACACCGGAGCCAGGCECCTGCTCATCTTGAAGTG
CGCTGTTCACACCCGCTCCGGAGAGCACCCCAGCAGCATCCAGAAGCAGCTGCAGTGCAR
GCTTGCATGCCTGCGTGTTGCTGCACCACCCTCCTETCTGCCTCTTCARAGTCTCCTGTG
ACATTTTTTCTTTGGTCAGAGGCCAGGAACTGTGTCATTCCTTARAGATACGTGCCGGGE
CCAGGTGTGGCTCACGCCTGTAATCCCAGCACTTTCEGAGGCCCAGGCGGCECATCACAR
AGTCAGACGAGACCATCCTGGCTAACACGGTGAAACCCTGTCTCTACTAAARAATACAALR
ARAAATTAGCTAGGCGTAGTGGTTGGCACCTATAGTCCCAGCTACTCGGAAGGCTGAAGC
AGGAGAATGCTATGAATCCAGGAGGETGCAGCTTGCACTGAGCCCAGACCGTCCCACTGCA
CTCCAGCCTGEGCAACACAGCGAGACTCCETCTCGAGCCGGCCEETTGCGCGEEECCCTCE
GACCCTCAGAGAGGCGAGGETTCGAGGGECACGAGTTCCAGGCCAACCTGGTCCACATGGE

TTG

Mcam Mouse DNA

CGCCCTCCGTCGGGEEAAGCATGGGGCTGCCCAAACTGGTGTGCGTCTTCTTGTTCGCTGC
CTGCTGCTGCTGTCGCCETGCCGCGEETGTGCCAGGAGAGGAAAAGCAGCCAGTACCCAC
GCCCGACCTGGTGGAGGCAGAAGTGGGCAGCACAGCCCTTCTCAAGTGTGGCCCCTCACG
GGCCTCAGGCAACTTCAGCCAAGTGGACTGGTTTTTGATTCACAAGGAGAGGCAGATACT
GATTTTCCGTGTGCACCAAGGCAAGGGCCAGCGGGAACCTGGTGAATATGAGCACCGCCT
TAGCCTCCAAGACTCGGETGGECTACTCTGGCCCTGAGTCACGTCACTCCCCATGATGAGCGE



10

15

20

25

30

35

40

45

50

55

60

WO 2017/147610 -110- PCT/US2017/019778

AATGTTCCTGTGTAAGAGCAAGCGACCACGGCTCCAGGATCACTACGTTGAGCTTCAGGT
CTTCAAAGCCCCAGAGGAACCAACTATTCAAGCCAATGTCGTGGGCATCCATGTGGACAG
GCAAGAGCTCAGGGAGGTTGCTACCTGTGTGGGGAGAAACGGCTACCCCATTCCTCAAGT
CCTATGGTACAAGAACAGTCTGCCCTTGCAAGAGGAGGAGAACCGAGTTCATATCCAGTC
ATCACAGATTGTCGAGTCCAGTGGCTTGTACACCTTGAAGAGTGTTCTGAGTGCACGCCT
AGTTAAGGAAGACAAAGATGCCCAGTTTTACTGTGAACTCAGCTACCGGCTACCCAGTGG
GAACCACATGAAGGAATCTAAGGAGGTCACTGTCCCTGTTTTCTACCCTGCAGAAAAAGT
GTGGGTGGAGGTAGAGCCTGTGGGGCTGCTGAAGGAAGGGGATCATGTGACAATCAGGTG
TCTGACAGATGGCAACCCTCAACCCCACTTCACTATCAACAAGAAGGACCCCAGCACTGG
GGAGATGGAAGAGGAGAGCACCGATGAAAATGGGCTCCTGTCCTTGGAGCCTGCCGAAAA
GCACCATAGCGGGCTCTACCAGTGTCAGAGTCTGGACCTGGAAACTACCATCACACTGTC
AAGTGACCCCCTGGAGCTGCTGGTGAACTATGTGTCTGATGTTCAAGTGAATCCAACTGC
CCCTGAAGTCCAGGAAGGTGAGAGCCTCACGCTGACCTGCGAGGCAGAAAGTAACCAGGA
CCTTGAGTTTGAGTGGCTGAGAGACAAGACAGGCCAGCTGCTGGGAAAGGGTCCCGTCCT
CCAGCTAAACAACGTGAGACGGGAAGCAGGGGGACGGTATCTCTGCATGGCATCTGTCCC
CAGAGTTCCTGGCTTGAATCGTACCCAGCTGGTCAGCGTGGGCATTTTTGGGTCCCCATG
GATGGCATTAAAGGAGAGGAAGGTGTGGGTGCAAGAGAATGCAGTGCTGAATCTGTCTTG
TGAGGCTTCAGGACATCCTCAGCCCACCATCTCCTGGAATGTCAATGGTTCGGCAACTGA
ATGGAACCCAGATCCACAGACAGTAGTGAGCACCTTGAATGTCCTTGTGACGCCAGAGCT
TCTGGAGACAGGTGCAGAGTGTACAGCCTCCAACTCCCTGGGCTCAAACACCACCACCAT
TGTTCTGAAGCTGGTCACTTTAACCACCCTCATACCTGACTCCAGCCAAACCACTGGCCT
CAGCACCCTCACAGTCAGTCCTCACACCAGAGCCAACAGCACCTCCACAGAGAAAAAGCT
GCCACAGCCAGAGAGCAAAGGTGTGGTCATCGTGGCTGTGATAGTGTGTACCTTGGTGCT
TGCTGTGCTGGGTGCTGCTCTCTATTTCCTCTACAAGAAGGGCAAGCTGCCATGTGGACG
CTCGGGAAAACAGGAGATCACGCTGCCCCCGACTCGTAAGAGTGAATTTGTAGTTGAAGT
TAAGTCAGATAAGCTCCCAGAAGAGATGGCTCTCCTTCAGGGCAGCAACGGTGACAAGAG
GGCTCCAGGAGACCAGGGAGAGAAATACATCGATCTGAGGCATTAGATGGCTCCCATTGC
ACTGCTCGCAGCTCCCTGCTCAGACTTCACCCCAAGCTGAAGCCTCCAGAGGGACAGCAG
GGACGAGCCACACTCAACCCCCCCCCTGCACATCAGGTCTGAGAGCTAGGAGCTGGGACA
GGAGTCGTCTGCAGGAGCTCAGTTGGCCACAGAGGCCTGGTTTTAGAGACCAAGCCCTCC
TCTGTGTCCAGTAAATAATGCTTATCCCAAGGGGCCCGTCTCCCAGGGCATTTCCCCCTC
CCGTGCACAGCCATTGGTGGCAAATCCTTCTGCCATCAGCTGTGTGGGCTTGCCTCTTTG
AGCTCATCTCCCCTCACAGGCTGTCTTCATGATGCAGGACCTGGGCACATGGTCACATTA
TTCCGTTCACATTGGTCCTTGTGAGAACCTCACAGTCTGGAGGCGGCTGCTTTTGTACCT
TCCTGCCTGCTACTAATTCAGGGTCTCATTTGGAACATTTTTCCTTTGGGTAGTGGTCAG
GAACTGGTGTAAGTCCTCCAGACACATCCCTGTGTAAGGAAGCCAGGGCACTGTTTCTCT
GAGTTTTGTTGTTTTGTTTTCTTTGAAGGCTACTGAGCCCAAGCTTCCCGCATTCCCTTA
GTAACAAGAGACAGGACAGAGAGAAGGTCTACTGTTCATGGGGATTAGGCTTATAGGAAT
GTTAGTACCAAATTTCTACATGTGAGCTTTGGGGGCCAGGTCCTAGAGAGCCCAAGTGGG
AGAATGGTATTTAGGAGATGAAAAACCTGGCCTAGCAAGAGCTTTTGAGGTGTGTGTGTG
TGTGTGTGTATACATATATGTGTGTATATATATATATATATATATAGGTTTTGTCTGTAA
ATTTGCAAATTTTTCCTTTTATATGTGTGTTAGAAAAATAAAGTGTTATTGTCCCAAAAA

AAAAAAAAAA

Mcam Mouse Protein

MGLPKLVCVFLFAACCCCRRAAGVPGEEKQPVPTPDLVEAEVGSTALLKCGPSRASGNES
QVDWFLIHKERQILIFRVHQOGKGOREPGEYEHRLSLODSVATLALSHVTPHDERMFLCKS
KRPRLODHYVELQVFKAPEEPTIQANVVGIHVDROELREVATCVGRNGYPTPOQVLWYKNS
LPLOEEENRVHIQSSQIVESSGLYTLKSVLSARLVKEDKDAQFYCELSYRLPSGNHMKES
KEVTVPVFYPAEKVWVEVEPVGLLKEGDHVTIRCLTDGNPOPHFTINKKDPSTGEMEEES
TDENGLLSLEPAEKHHS GLYQCQSLDLETTITLS SDPLELLVNYVSDVQVNPTAPEVQEG
ESLTLTCEAESNQDLEFEWLRDKTGOLLGKGPVLOLNNVRREAGGRYLCMASVPRVPGLN
RTOLVSVGIFGSPWMALKERKVWVOENAVILNLSCEASGHPQPTI SWNVNGSATEWNPDPQ
TVVSTLNVLVTPELLETGAECTASNSLGSNTTTIVLKLVTLTTLIPDSSQTTGLSTLTVS
PHTRANSTSTEKKLPQPESKGVVIVAVIVCTLVLAVLGAALYFFYKKGKLPCGRSGKQET

TLPPTRKSEFVVEVKSDKLPEEMALLQGSNGDKRAPGDQGEKYIDLRH

Pbk Human DNA

GTAAGAAAGCCAGGAGGGTTCGAATTGCAACGGCAGCTGCCGGGCGTATGTGTTGGTGCT
AGAGGCAGCTGCAGGGTCTCGCTGGGGGCCGCTCGGGACCAATTTTGAAGAGGTACTTGG
CCACGACTTATTTTCACCTCCGACCTTTCCTTCCAGGCGGTGAGACTCTGGACTGAGAGT
GGCTTTCACAATGGAAGGGATCAGTAATTTCAAGACACCAAGCAAATTATCAGAAAAAAA
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GAAATCTGTATTATGTTCAACTCCAACTATAAATATCCCGGCCTCTCCGTTTATGCAGAA
GCTTGGCTTTGGTACTGGGGTAAATGTGTACCTAATGAAAAGATCTCCAAGAGGTTTGTC
TCATTCTCCTTGGGCTGTAAAAAAGATTAATCCTATATGTAATGATCATTATCGAAGTGT
GTATCAAAAGAGACTAATGGATGAAGCTAAGATTTTGAAAAGCCTTCATCATCCAAACAT
TGTTGGTTATCGTGCTTTTACTGAAGCCAATGATGGCAGTCTGTGTCTTGCTATGGAATA
TGGAGGTGAAAAGTCTCTAAATGACTTAATAGAAGAACGATATAAAGCCAGCCAAGATCC
TTTTCCAGCAGCCATAATTTTAAAAGTTGCTTTGAATATGGCAAGAGGGTTAAAGTATCT
GCACCAAGAAAAGAAACTGCTTCATGGAGACATAAAGTCTTCAAATGTTGTAATTAAAGG
CGATTTTGAAACAATTAAAATCTGTGATGTAGGAGTCTCTCTACCACTGGATGAAAATAT
GACTGTGACTGACCCTGAGGCTTGTTACATTGGCACAGAGCCATGGAAACCCAAAGAAGC
TGTGGAGGAGAATGGTGTTATTACTGACAAGGCAGACATATTTGCCTTTGGCCTTACTTT
GTGGGAAATGATGACTTTATCGATTCCACACATTAATCTTTCAAATGATGATGATGATGA
AGATAAAACTTTTGATGAAAGTGATTTTGATGATGAAGCATACTATGCAGCCTTGGGAAC
TAGGCCACCTATTAATATGGAAGAACTGGATGAATCATACCAGAAAGTAATTGAACTCTT
CTCTGTATGCACTAATGAAGACCCTAAAGATCGTCCTTCTGCTGCACACATTGTTGAAGC
TCTGGAAACAGATGTCTAGTGATCATCTCAGCTGAAGTGTGGCTTGCGTAAATAACTGTT
TATTCCAAAATATTTACATAGTTACTATCAGTAGTTATTAGACTCTAAAATTGGCATATT
TGAGGACCATAGTTTCTTGTTAACATATGGATAACTATTTCTAATATGAAATATGCTTAT
ATTGGCTATAAGCACTTGGAATTGTACTGGGTTTTCTGTAAAGTTTTAGAAACTAGCTAC
ATAAGTACTTTGATACTGCTCATGCTGACTTAAAACACTAGCAGTAAAACGCTGTAAACT
GTAACATTAAATTGAATGACCATTACTTTTATTAATGATCTTTCTTAAATATTCTATATT
TTAATGGATCTACTGACATTAGCACTTTGTACAGTACAAAATAAAGTCTACATTTGTTTA

AAACAAAAAAAAAAAAAAAAAA

Pbk Mouse DNA

GAGGGGAGCTGTTCCTGCATTTTCTGGAGCGAGTCTTCTGACTGCTTTTAGT TAGAACTC
CAGTGCCCCTCGGCGEGEGECCECEECCTTTGAAAATGCGCGCGCCCTAAACGCTGCGGCGGET
TACGCTGTTGGCGEGEEAGGEAGCTGAGCCTGCACTTTCCGGACTAGGTGTCCAGACAGCTT
TGAGCCAGCCCGETCACTTTCACCTTTTTACCCGAGCGTGCGAGCGTGGACCTAACGTGAT
TGCTACAATGGAAGGAATTAATAATTTCAAGACGCCAAACAAATCTGAAAAAAGGAAATC
TGTATTATGTTCCACTCCATGTGTAAATATCCCTGCCTCTCCATTTATGCAGAAGCTTGGE
CTTTGGGACTGGGGETCAGCGTTTACCTAATGAAAAGATCTCCAAGAGGGTTGTCTCATTC
TCCTTGGGCCETGAAAAAGATAAGTCTTTTATGCGATGATCATTATCGAACTGTGTATCA
GAAGAGACTAACTGATGAAGCTAAGATTTTAAAAAACCTTAATCACCCAAACATTATAGG
ATATCGTGCTTTTACTGAAGCCAGTGATGGTAGTCTGTGCCTTGCTATGGAGTATGGAGG
TGAAAAGTCTCTGAATGACTTAATAGAAGAGCGGAACAAAGACAGTGGAAGTCCTTTTCC
AGCAGCTGTAATTCTCAGAGTTGCTTTGCACATGGCCAGAGGGCTAAAGTACCTGCACCA
AGAAAAGAAGCTGCTTCATGGAGACATAAAGT CTTCAAATGTTGTAATTAAAGGTGATTT
TGAAACAATTAAAATCTGTGATGTAGGAGTCTCTCTGCCATTGGATGAAAATATGACTGT
GACTGATCCTGAGGCCTGTTATATTGGTACTGAGCCATGGAAACCCAAGGAAGCGTTGGA
AGAAAATGGCATCATTACTGACAAGGCAGATGTGTTTGCTTTTGGCCTTACTCTGTGGGA
AATGATGACTTTATGTATTCCACACGTCAATCTTCCAGATGATGATGTTGATGAAGATGC
AACCTTTGATGAGAGTGACTTCGATGATGAAGCATATTATGCAGCTCTGGGGACAAGGCC
ATCCATCAACATGGAAGAGCTGGATGACTCCTACCAGAAGGCCATTGAACTCTTCTGTGT
GTGCACTAATGAGGATCCTAAAGATCGCCCGTCTGCTGCACACATCGTTGAAGCTTTGGA
ACTAGATGGCCAATGTTGTGGTCTAAGCTCAAAGCATTAACTTGTATGGGAACTGTTAAC
TAGATATATGTAGTTAATATAACTTATGGTAGCTAGATTCTAGAAGTAGCTTTAACACTA
GTGACCCCTGTCTAAGATGACTTAAGAAT CAAGGGACCATTGCTTTGTTACAGATCTTTT
TAGATATTCTTGCTTCTTTAGTGGETTACTAAAAATTTCACTACGTACATGTGGTACAGA
TATCTGTCTGCTCATAGTGTCAGTCCTTCAGCTGGCCTGTCAGCCCATGCGCCCTGGGAC
TTGAGAAGAGTTCATAAACGTAGCTCCTAGGGTGTCTTGCCTCTCTACACTTAGCTTCTA
ATTTATTACTTTGTTTCTACTGATTGTGTCTTAAGTCTTTTAAAATAAATGTAAGAATAA

ACAATAAAAGACAGTTTTAGTACCAGGCAAAAAAAAAAAAAAAAAA

Pbk Mouse Protein

MEGINNFKTPNKSEKRKSVLCSTPCVNTIPASPFMOKLGFGTGVSVYLMKRS PRGLSHS PW
AVKKISLLCDDHYRTVYQKRLTDEAKI LKNLNHPNIIGYRAFTEASDGSLCLAMEYGGEK
SLNDLIEERNKDSGSPFPAAVI LRVALEHMARGLKYLHQEKKLLHGDIKS SNVVIKGDFET
IKICDVGVSLPLDENMTVTDPEACYIGTEPWKPKEALEENGI ITDKADVFAFGLTLWEMM
TLCIPHVNLPDDDVDEDATFDESDFDDEAYYAALGTRPS INMEELDDSYOKATELFCVCT

NEDPKDRPSAAHIVEALELDGQCCGLSSKH
Akrlcl Human DNA
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CCAGAAATGGATTCGAAATATCAGTGTGTGAAGCTGAATGATGGTCACTTCATGCCTGTC
CTGGGATTTGGCACCTATGCGCCTGCAGAGGTTCCTAAAAGTAAAGCTTTAGAGGCCACC
ARAATTGGCAATTGAAGCTGGCTTCCGCCATATTGATTCTGCTCATTTATACAATAATGAG
GAGCAGGTTGGACTGGCCATCCGAAGCAAGATTGCAGATGGCAGTGTGAAGAGAGAAGAC
ATATTCTACACTTCAAAGCTTTGGTGCAATTCCCATCGACCAGAGTTGGTCCGACCAGCC
TTGGAAAGGTCACTGAAAAATCTTCAATTGGATTATGTTGACCTCTACCTTATTCATTTT
CCAGTGTCTGTAAAGCCAGGTGAGGAAGTGATCCCAAAAGATGAAAATGGAAAAATACTA
TTTGACACAGTGGATCTCTGTGCCACGTGGGAGGCCGTGGAGAAGTGTAAAGATGCAGGA
TTGGCCAAGTCCATCGGGGTGTCCAACTTCAACCGCAGGCAGCTGGAGATGATCCTCAAC
AAGCCAGGGCTCAAGTACAAGCCTGTCTGCAACCAGGTGGAATGTCATCCTTACTTCAAC
CAGAGAAAACTGCTGGATTTCTGCAAGTCAAAAGACATTGTTCTGGTTGCCTATAGTGCT
CTGGGATCCCACCGAGAAGAACCATGGGTGGACCCGAACTCCCCGGTGCTCTTGGAGGAC
CCAGTCCTTTGTGCCTTGGCAAAAAAGCACAAGCGAACCCCAGCCCTGATTGCCCTGCGC
TACCAGCTACAGCGTGGGGTTGTGGTCCTGGCCAAGAGCTACAATGAGCAGCGCATCAGA
CAGAACGTGCAGGTGTTTGAATTCCAGTTGACTTCAGAGGAGATGAAAGCCATAGATGGC
CTAAACAGAAATGTGCGATATTTGACCCTTGATATTTTTGCTGGCCCCCCTAATTATCCA
TTTTCTGATGAATATTAACATGGAGGGCATTGCATGAGGTCTGCCAGAAGGCCCTGCGTG
TGGATGGTGACACAGAGGATGGCTCTATGCTGGTGACTGGACACATCGCCTCTGGTTAAA
TCTCTCCTGCTTGGTGATTTCAGCAAGCTACAGCAAAGCCCATTGGCCAGAAAGGAAAGA
CAATAATTTTGTTTTTTCATTTTGAAAAAATTAAATGCTCTCTCCTAAAGATTCTTCACC

TAAAAAA

Akrlcl Human Protein

MDSKYQCVKLNDGHFMPVLGFGTYAPAEVPKSKALEATKLAI EAGFRHIDSAHLYNNEEQ
VGLAIRSKIADGSVKREDIFYTSKLWCNSHRPELVRPALERSLKNLQLDYVDLYLIHFPV
SVKPGEEVIPKDENGKILFDTVDLCATWEAVEKCKDAGLAKSIGVSNENRRQLEMI LNKP
GLKYKPVCNQVECHPYFNQORKLLDFCKSKDIVLVAYSALGSHREEPWVDPNSPVLLEDPV
LCALAKKHKRTPALIALRYQLORGVVVLAKSYNEQRIRONVQVFEFQLTSEEMKAI DGLN

RNVRYLTLDIFAGPPNYPFSDEY

Akrlcl Mouse DNA

TTGTCCTGACTCTGTTCTGCAGCCCTGATTGATTAGTAGCAGCTTGGTTACAATACATTT
TTGTCATCTGCATTGACCTGETCTTTAAGTTATATTGGATTTATGTTGGATTTAAGTGGA
CCCACAACACTTTGAGGAAGAAGAAGACACTCTTCTTACTTTGGAGTACCCAGTGATATC
AGGAAAGTCAGAGGCAGAGCCTGCAGATGAATCCCAAGCGCTACATGGAACTAAGTGATG
GCCACCACATTCCTGTGCTTGGCTTTGGAACCTTTGTCCCAGGAGAGGTTTCCAAGAGTA
TGETTGCAAAAGCCACCAAAATAGCTATAGATGCTGGATTCCGCCATATTGACTCAGCTT
ATTTCTACCAAAATGAGGAGGAAGTAGGGCTGGCCATCCGAAGCAAGGTTGCTGATGGCA
CTGTGAGGAGAGAAGATATATTCTACACTTCAAAGCTTCCCTGCACATGTCATAGACCAG
AGCTGGTCCAGCCTTGCTTGGAACAATCCCTGAGAAAGCTTCAGCTGGATTATGTTGATC
TGTACCTTATTCACTGCCCAGTGTCCATGAAGCCAGGCAATGATCTTATTCCAACAGATG
AAAATGGGAAATTATTATTTGACACAGTGGATCTCTGTGACACATGGGAGGCCATGGAGA
AGTGTAAGGATTCAGGGTTAGCCAAGTCCATTGGTGTGTCCAACTTTAACCGGAGGCAGC
TGGAGATGATCCTGAACAAGCCAGGGECTCAGGTACAAGCCTGTGTGCAACCAGGTAGAGT
GTCACCCTTATCTGAACCAGAGCAAGCTCCTGGACTACTGCAAGTCAAAAGACATCGTTC
TGETTGCCTATGETGCTCTTGECAGCCAACGGTGTAAGAACTGGATAGAGGAGAATGCCC
CATATCTCTTGGAAGACCCAACTCTGTGTGCCATGGCGGAAAAGCACAAGCARACTCCGG
CCCTAATTTCCCTCCGGTATCTGCTGCAGCGTGGGATTGTCATTGTCACCAAGAGTTTCA
ATGAGAAGCGGATCAAGGAGAACCTGAAGGTCTTTGAGTTCCACTTGCCAGCAGAGGACA
TGGCAGTTATAGATAGGCTGAACAGAAACTACCGATATGCTACTGCTCGTATTATTTCTG
CTCACCCCAATTATCCATTTTTGGATGAATATTAACGCGGAAGCCTTTGTTGTGACATCG
CTCAGAGGGAGCAATGTGGGAGATGCTGTGGATGTTGATCAGCATCACCTCTGGTCGACG
TCGACATCACCGTCAACCCACACTGAACTGGATGGAGAGGGGETGGCCATGGTGTTTTGTG

ATACTTTGAAGACAATAAAGTTTTGGTCTATGAGGT

Akrlcl Mouse Protein

MNPKRYMELSDGHHI PVLGFGTFVPGEVSKSMVAKATKIAT DAGFRHIDSAYFYQONEEEVY
GLATRSKVADGTVRREDIFYTSKLPCTCHRPELVOPCLEQSLRKLOLDYVDLYLIHCPVS
MKPGNDLIPTDENGKLLEDTVDLCDTWEAMEKCKDSGLAKS ITGVSNFNRRQLEMI LNKPG
LRYKPVCNQVECHPYLNQSKLLDYCKSKDIVLVAYGALGSQRCKNWIEENAPYLLEDPTL
CAMAEKHKQTPALISLRYLLORGIVIVTKS FNEKRIKENLKVFEFHLPAEDMAVIDRLNR

NYRYATARIISAHPNYPFLDEY
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Cypllal Human DNA

GGGCGCTGAAGTGGAGCAGGTACAGTCACAGCTGTGGGGACAGCATGCTGGCCAAGGGTC
TTCCCCCACGCTCAGTCCTGGT CAAAGGCTACCAGACCTTTCTGAGTGCCCCCAGGGAGG
GGCTGGGGCGTCTCAGGGTGCCCACTGGCGAGGGAGCTGGCATCTCCACCCGCAGTCCTC
GCCCCTTCAATGAGATCCCCTCTCCTGGTGACAATGGCTGGCTAAACCTGTACCATTTCT
GGAGGGAGACGGGCACACACAAAGTCCACCTTCACCATGTCCAGAATTTCCAGAAGTATG
GCCCGATTTACAGGGAGAAGCTCGGCAACGTGGAGTCGGTTTATGTCATCGACCCTGAAG
ATGTGGCCCTTCTCTTTAAGT CCGAGGGCCCCAACCCAGAACGATTCCTCATCCCGCCCT
GGGTCGCCTATCACCAGTATTACCAGAGACCCATAGGAGTCCTGTTGARGAAGTCGGCAG
CCTGGAAGARAGACCGGGTGGCCCTGAACCAGGAGGTGATGGCTCCAGAGGCCACCAAGA
ACTTTTTGCCCCTGTTGGATGCAGTGTCTCGGGACTTCGTCAGTGTCCTGCACAGGCGCA
TCAAGAAGGCGGGCTCCGGARATTACTCGGGGGACATCAGTGATGACCTGTTCCGCTTTG
CCTTTGAGTCCATCACTAACGTCATTTTTGGGGAGCGCCAGGGGATGCTGGAGGAAGTAG
TGAACCCCGAGGCCCAGCGATT CATTGATGCCATCTACCAGATGTTCCACACCAGCGTCC
CCATGCTCAACCTTCCCCCAGACCTGTTCCGTCTGTTCAGGACCAAGACCTGGAAGGACC
ATGTGGCTGCATGGGACGT GATTTTCAGTAAAGCTGACATATACACCCAGAACTTCTACT
GGGAATTGAGACAGAAAGGAAGTGTTCACCACGATTACCGT GGCATGCTCTACAGACTCC
TGGGAGACAGCAAGATGTCCTTCGAGGACATCAAGGCCAACGTCACAGAGATGCTGGCAG
GAGGGGTGGACACGACGTCCATGACCCTGCAGTGGCACTTGTATGAGATGGCACGCAACC
TGAAGGTGCAGGATATGCTGCGGGCAGAGGTCTTGGCTGCGCGGCACCAGGCCCAGGGAG
ACATGGCCACGATGCTACAGCTGGTCCCCCTCCTCAAAGCCAGCATCAAGGAGACACTAR
GACTTCACCCCATCTCCGTGACCCTGCAGAGATATCTTGTAAATGACTTGGTTCTTCGAG
ATTACATGATTCCTGCCAAGACACTGGTGCAAGTGGCCATCTATGCTCTGGGCCGAGAGC
CCACCTTCTTCTTCGACCCGGARAATTTTGACCCAACCCGATGGCTGAGCARAGACAAGA
ACATCACCTACTTCCGGAACTTGGGCTTTGGCTGGGGTGTGCGGCAGTGT CTGGGACGGC
GGATCGCTGAGCTAGAGATGACCATCTTCCTCATCAATATGCTGGAGAACTTCAGAGTTG
ARATCCAACACCTCAGCGATGTGGGCACCACATTCAACCTCATTCTGATGCCTGARAAGC
CCATCTCCTTCACCTTCTGGCCCTTTAACCAGGAAGCAACCCAGCAGTGATCAGAGAGGA
TGGCCTGCAGCCACATGGGAGGAAGGCCCAGGGGT GGGGCCCATGGGGTCTCTGCATCTT
CAGTCGTCTGTCCCAAGTCCTGCTCCTTTCTGCCCAGCCTGCTCAGCAGGTTGAATGGGT
TCTCAGTGGTCACCTTCCTCAGCTCAGCTGGGCCACTCCTCTTCACCCACCCCATGGAGA

CAATAAACAGCTGAACCATCG

Cypllal Mouse DNA

AAGTGGCAGT CGTGGGGACAGTATGCTGGCTARAGGACTTTCCCTGCGCTCAGTGCTGGT
CAAAGGCTGCCAACCTTTCCTGAGCCCTACGTGGCAGGGTCCAGTGCTGAGTACTGGARA
GGGAGCTGGTACCTCTACTAGCAGTCCTAGGTCCTTCAATGAGATCCCTTCCCCTGGCGA
CAATGGTTGGCTAAACCTGTACCACTTCTGGAGGGAGAGTGGCACACAGAAAATCCATTA
CCATCAGATGCAGAGTTTCCAAAAGTAT GGCCCCATTTACAGGGAGAAGCTGGGCACTTT
GGAGTCAGTTTACATCGTGGACCCCAAGGATGCGTCGATACTCTTCTCATGCGAGGGTCC
CAACCCGGAGCGGTTCCTTGTGCCCCCCTGGGTGGCCTATCACCAGTATTAT CAGAGGCC
CATTGGGGTCCTGTTTAAGAGTT CAGAT GCCTGGAAGAAAGACCGAATCGTCCTAAACCA
AGAGGTGATGGCGCCTGGAGCCATCAAGAACTTCGTGCCCCTGCTGGAAGGT GTAGCTCA
GGACTTCATCAAAGTCTTACACAGACGCAT CAAGCAGCAAAATTCTGGARATTTCTCAGG
GGTCATCAGTGATGACCTATTCCGCTTTTCCTTTGAGT CCATCAGCAGTGTTATATTTGG
GGAGCGCATGGGGATGCTGGAGGAGATCGT GGATCCCGAGGCCCAGCGGTTCATCAATGC
TGTCTACCAGATGTTCCACACCAGTGTCCCCATGCTCAACCTGCCTCCAGACTTCTTTCG
ACTCCTCAGAACTAAGACCTGGAAGGACCATGCAGCTGCCTGGGATGTGATTTTCAATAA
AGCTGATGAGTACACCCAGAACTTCTACTGGGACTTAAGGCAGAAGCGAGACTTCAGCCA
GTACCCTGGTGTCCTTTATAGCCTCCTGGGGGGCAACAAGCTGCCCTTCAAGAACATCCA
GGCCAACATTACCGAGATGCTGGCAGGAGGGGTGGACACGACCTCCATGACCCTGCAGTG
GAACCTTTATGAGATGGCACACAACTTGAAGGTACAGGAGATGCTGCGGGCTGAAGTCCT
GGCTGCCCGGCGCCAGGCCCAGGGAGACAT GGCCAAGAT GGTACAGTTGGTTCCACTCCT
CAAAGCCAGCATCAAGGAGACACTGAGACT CCACCCCATCTCCGTGACCTTGCAGAGGTA
CACTGTGAATGACCTGGTGCTTCGTAATTACAAGATTCCAGCCAAGACTTTGGTACAGGT
GGCTAGCTTTGCCATGGGTCGAGATCCGGGCTTCTTTCCCAATCCAAACAAGTTTGACCC
AACTCGTTGGCTGGAARAAAGCCAAARATACCACCCACTTCCGGTACTTGGGCTTTGGCTG
GGGTGTTCGGCAGTGTCTGGGCCGGCGGATTGCGGAGCT GGAGATGACCATCCTCCTTAT
CAATCTGCTGGAGAACTTCAGAATTGAAGT TCAAAAT CTCCGTGATGTGGGGACCAAGTT
CAGCCTCATCCTGATGCCTGAGAACCCCATCCTCTTCAACTTCCAGCCTCTCAAGCAGGA
CCTGGGCCCAGCCGTGACCAGARAAGACAACACTGTGAACT GAAGGCTGGAGTCACATGG
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GGAGGTGGCCCATGGGGCATTTGAGGGTGGTATCTCTGTATCTTCAGAAACAGCACTCTG
TGATTACCTGCCCAGGTTAGCTGGGCTCTCCTCTCCTTCATCCTCTTTCCCTCTTTCCCT

ACCCAGGGAGTTAATAAACACTTGAACACTGAGG

Cypllal Mouse Protein

MLAKGLSLRSVLVKGCQPFLSPTWQGPVLSTGKGAGTSTSSPRSFNET PSPGDNGWLNLY
HFWRESGTQKIHYHQMQSFQKYGPIYREKLGTLESVYIVDPKDASI LFSCEGPNPERFLV
PPWVAYHQYYQRPIGVLFKSSDAWKKDRI VLNQEVMAPGATKNFVPLLEGVAQDFTKVLH
RRIKQQONSGNFSGVISDDLFRFSFESISSVI FGERMGMLEET VDPEAQRFINAVYQMFHT
SVPMLNLPPDFFRLLRTKTWKDHAAAWDVI FNKADEYTQNFYWDLRQKRDFSQYPGVLYS
LLGGNKLPFKNIQANITEMLAGGVDTT SMTLOWNLYEMAHN LKVQEMLRAEVLAARRQAQ
GDMAKMVQLVPLLKASIKETLRLHPISVTLQRYTVNDLVLRNYKT PAKTLVQVASFAMGR
DPGFFPNPNKFDPTRWLEKSQNTTHFRYLGFGWGVRQCLGRRIAELEMTTLLINLLENFR

IEVQNLRDVGTKFSLILMPENPILFNFQPLKQDLGPAVTRKDNTVN
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CLAIMS

What is claimed is:

10.

11.

12.

An isolated, non-native highly engraftable hematopoietic stem cell (heHSC),
wherein the heHSC is Sca-1+, c-kit+ and Lin- (SKL).

The isolated heHSC of claim 1, wherein the heHSC is CD48-.

The isolated heHSC of claims 1-2, wherein the heHSC is CD150+.

The isolated heHSC of claims 1-3, wherein the heHSC is CD93+.

The isolated heHSC of claims 1-4, wherein the heHSC is CD34-.

The isolated heHSC of claims 1-5, wherein the heHSC is OPN+.

The isolated heHSC of claims 1-6, wherein the heHSC does not express an

immunophenotypic means of identifying human hematopoietic stem cells.

The isolated heHSC of claims 1-7, wherein the heHSC is prepared by
contacting hematopoietic stem cells and/or progenitor cells with at least one
CXCR2 agonist and at least one CXCR4 antagonist, VLLA-4 antagonist, aof;

antagonist, aeP; integrin/VLA-4 antagonist or combination thereof.

The 1solated heHSC of claim 8, wherein the heHSC is prepared by contacting
hematopoietic stem cells and/or progenitor cells with at least one CXCR2

agonist and at least one CXCR4 antagonist.

The 1solated heHSC of claims 1-9, wherein the contacting is performed in

Vivo.

The 1solated heHSC of claims 1-9, wherein the contacting is performed in

Vitro.

The isolated heHSC of claims 1-11, wherein the at least one CXCR2 agonist

comprises GROP or an analog or derivative thereof.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

The isolated heHSC of claims 1-11, wherein the at least one CXCR2 agonist

comprises GROB-A4 or an analog or derivative thereof.

The isolated heHSC of claims 1-13, wherein the at least one CXCR4

antagonist comprises plerixafor or an analog or derivative thereof.

The 1solated heHSC of claims 1-14, wherein the at least one CXCR2 agonist is
GROp or an analog or derivative thereof, and wherein the at least one CXCR4

antagonist is plerixafor or an analog or derivative thereof.

The 1solated heHSC of claims 1-15, wherein upon transplant of the heHSC in
a subject the heHSC demonstrates increased engrafting ability relative to
engraftment of the same quantity of hematopoietic stem cells contacted with
granulocyte colony-stimulating factor (G-CSF), a chemotherapeutic agent, or a

combination thereof.

The isolated heHSC of claim 16, wherein the engrafting ability is increased by

at least about two-fold.

The isolated heHSC of claims 1-17, wherein upon engraftment in a subject the
heHSC demonstrates increased donor chimerism relative to engraftment of the
same quantity of hematopoietic stem cells contacted with G-CSF, a

chemotherapeutic agent, or a combination thereof.

The isolated heHSC of claim 18, wherein the donor chimerism is increased by

at least about two fold.

The isolated heHSC of claim 18, wherein the donor chimerism is at least about

50%.

The 1solated heHSC of claims 1-20, wherein the heHSC is substantially pure.

The isolated heHSC of claims 1-21, wherein the heHSC is non-quiescent.

The isolated heHSC of claims 1-22, wherein the heHSC is OPN+.
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24, The isolated heHSC of claims 1-23, wherein the heHSC comprises a unique
transcriptome relative to hematopoietic stem cells contacted with granulocyte
colony-stimulating factor (G-CSF), a chemotherapeutic agent, or a

combination thereof.

25.  Theisolated heHSC of claims 1-24, wherein the heHSC differentially express
one or more of the genes selected from the group consisting of Fos, CD93,
Fosb, Duspl, Jun, Dusp6, Cdk1, Fignl1, P1k2, Rsad2, Sgk1, Sdc1, Serpine2,
Sppl, Cdca8, Nrpl, Mcam, Pbk, Akrlcl and Cypl1al, relative to one or more

genes expressed by hematopoietic stem cells mobilized using G-CSF.

26. The isolated heHSC of claims 1-25, wherein the heHSC comprises at least a
unique transcriptome or a unique phenotype as compared to a naturally

occurring HSC.

27. An isolated population of cells comprising a plurality of heHSC’s of claims 1-
26, wherein the isolated population has a unique cell surface marker

expression profile as compared to a naturally occurring population of HSC.

28. An isolated population of cells comprising a plurality of heHSC’s of claims 1-
26, wherein the isolated population has a unique transcriptome profile as

compared to a naturally occurring population of HSC.

29. The isolated heHSC of claims 1-26, wherein the heHSC is transformed to

express a polynucleotide.

30. The isolated heHSC of claims 1-27, wherein the heHSC is transformed with

an expression vector to express a polynucleotide.

31 The isolated heHSC of claim 28, wherein the expression vector comprises a
viral vector selected from the group consisting of a retrovirus, a herpes

simplex, a lentivirus, an adenovirus, and an adeno-associated virus.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

The isolated heHSC of claims 26-29, wherein the heHSC is transfected with

an expression vector that comprises the polynucleotide.

The isolated heHSC of claims 26-30, wherein the polynucleotide comprises an

exogenous polynucleotide.

The use of the isolated heHSC of claims 1-27 to deliver an exogenous

polynucleotide to a subject in need thereof.

A method of transforming the isolated heHSC of claims 1-31, wherein the
method comprises contacting the heHSC with an expression vector under

conditions sufficient for the vector to integrate into the heHSC genome.

The 1solated heHSC of claims 1-33, wherein the heHSC is genetically

modified to shut off expression of an endogenous polynucleotide.

A method of treating a stem cell or progenitor cell disorder comprising
administering a cell population comprising the isolated heHSC of claims 1-34
to a subject in need thereof, wherein the administered heHSC population
engrafts in the subject’s bone marrow compartment, thereby treating the stem

cell or progenitor cell disorder.

The method of claim 37, wherein the cell population comprises at least 40%

heHSC cells.

The method of any one of claims 37-38, further comprising assaying the cell
population to determine if the cell population is suitable for transplant into the

subject.

The method of claim 39, wherein the assay comprises determining the relative

percentage of CD93+ cells in the cell population.

The method of any one of claims 37-40, further comprising a step of enriching

the cell population for heHSC.



WO 2017/147610 -119- PCT/US2017/019778

42.

43.

44.

45.

46.

47.

48.

The method of claim 41, wherein the step of enriching comprises enriching the

cell population for CD93+ cells.

The method of any one of claims 37-42, wherein the stem cell or progenitor

cell disorder is a malignant hematologic disease.

The method of any one of claims 37-42, wherein the malignant hematologic
disease is selected from the group consisting of acute lymphoid leukemia,
acute myeloid leukemia, chronic lymphoid leukemia, chronic myeloid
leukemia, diffuse large B-cell non-Hodgkin’s lymphoma, mantle cell
lymphoma, lymphoblastic lymphoma, Burkitt’s lymphoma, follicular B-cell
non-Hodgkin’s lymphoma, lymphocyte predominant nodular Hodgkin’s

lymphoma, multiple myeloma, and juvenile myelomonocytic leukemia.

The method of any one of claims 37-42, wherein the stem cell or progenitor

cell disorder is a non-malignant disease.

The method of any one of claims 37-42, wherein the non-malignant disease is
selected from the group consisting of myelofibrosis, myelodysplastic
syndrome, amyloidosis, severe aplastic anemia, paroxysmal nocturnal
hemoglobinuria, immune cytopenias, systemic sclerosis, rheumatoid arthritis,
multiple sclerosis, systemic lupus erythematosus, Crohn’s disorder, chronic
inflammatory demyelinating polyradiculoneuropathy, human
immunodeficiency virus (HIV), Fanconi anemia, sickle cell disorder, beta
thalassemia major, Hurler’s syndrome (MPS-IH), adrenoleukodystrophy,
metachromatic leukodystrophy, familial erythrophagocytic
lymphohistiocytosis and other histiocytic disorders, severe combined

immunodeficiency (SCID), and Wiskott-Aldrich syndrome.

The method of any one of claims 37-46, wherein the subject is a human.

The method of any one of claims 37-47, wherein upon engraftment in a
subject the engrafted heHSC demonstrates enhanced hematopoietic function
relative to engraftment of the same quantity of hematopoietic stem cells

contacted with G-CSF, a chemotherapeutic agent, or a combination thereof.
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49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

The method of any one of claims 37-48, wherein upon engraftment in a
subject the engrafted heHSC demonstrates an enhanced CD34+ number
relative to engraftment of the same quantity of hematopoietic stem cells

contacted with G-CSF, a chemotherapeutic agent, or a combination thereof.

The method of any one of claims 37-49, wherein the subject is conditioned for

engraftment prior to administering the isolated heHSC.

The method of any one of claims 37-50, wherein the subject exhibits poor
mobilization in response to a conventional mobilization regimen consisting of

G-CSF.

The method of any one of claims 37-50, wherein the subject exhibits poor

mobilization in response to G-CSF.

The method of any one of claims 37-52, wherein the heHSC is substantially

pure.

The method of any one of claims 37-53, wherein the heHSC is non-quiescent.

The method of any one of claims 37-54, wherein the heHSC is OPN+.

The method of any one of claims 37-55, wherein the heHSC is CD93+.

The method of any one of claims 37-56, wherein the heHSC is CD34-.

The method of any one of claims 37-57, wherein the heHSC comprises a
unique transcriptome relative to hematopoietic stem cells contacted with
granulocyte colony-stimulating factor (G-CSF), a chemotherapeutic agent, or a

combination thereof.

The method of any one of claims 37-58, wherein the heHSC differentially
express one or more of the genes selected from the group consisting of Fos,
CD93, Fosb, Duspl, Jun, Dusp6, Cdkl, Fignl1, Plk2, Rsad2, Sgkl, Sdcl,
Serpine2, Sppl, Cdca8, Nrpl, Mcam, Pbk, Akrlcl and Cypllal, relative to
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one or more genes expressed by hematopoietic stem cells (HSCs) mobilized

using G-CSF.

60. A method of treating a stem cell or progenitor cell disorder in a subject, the
method comprising: (a) depleting an endogenous hematopoietic stem cell or
progenitor cell population in a bone marrow compartment of the subject; and
(b) administering an isolated, non-native highly engraftable hematopoietic
stem cell (heHSC) to the subject, wherein the heHSC is Sca-1+, c-kit+ and
Lin- (SKL), and wherein the administered heHSC engrafts in the bone marrow

compartment of the subject.

61. The method of claim 60, wherein the stem cell or progenitor cell disorder is a

malignant hematologic disease.

62. The method of claim 61, wherein the malignant hematologic disease is
selected from the group consisting of acute lymphoid leukemia, acute myeloid
leukemia, chronic lymphoid leukemia, chronic myeloid leukemia, diffuse
large B-cell non-Hodgkin’s lymphoma, mantle cell lymphoma, lymphoblastic
lymphoma, Burkitt’s lymphoma, follicular B-cell non-Hodgkin’s lymphoma,
lymphocyte predominant nodular Hodgkin’s lymphoma, multiple myeloma,

and juvenile myelomonocytic leukemia.

63. The method of claim 60, wherein the stem cell or progenitor cell disorder is a

non-malignant disease.

64. The method of claim 63, wherein the non-malignant disease is selected from
the group consisting of myelofibrosis, myelodysplastic syndrome,
amyloidosis, severe aplastic anemia, paroxysmal nocturnal hemoglobinuria,
immune cytopenias, systemic sclerosis, rheumatoid arthritis, multiple
sclerosis, systemic lupus erythematosus, Crohn’s disorder, chronic
inflammatory demyelinating polyradiculoneuropathy, human
immunodeficiency virus (HIV), Fanconi anemia, sickle cell disorder, beta
thalassemia major, Hurler’s syndrome (MPS-IH), adrenoleukodystrophy,

metachromatic leukodystrophy, familial erythrophagocytic
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65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

lymphohistiocytosis and other histiocytic disorders, severe combined

immunodeficiency (SCID), and Wiskott-Aldrich syndrome.

The method of claims 60-64, wherein the subject is a human.

The method of claims 60-65, wherein upon engraftment in a subject the
engrafted heHSC demonstrates enhanced hematopoietic function relative to
engraftment of the same quantity of hematopoietic stem cells contacted with
granulocyte colony-stimulating factor (G-CSF), a chemotherapeutic agent, or a

combination thereof.

The method of claims 60-66, wherein the heHSC is substantially pure.

The method of claims 60-67, wherein the heHSC is non-quiescent.

The method of claims 60-68, wherein the heHSC is OPN+.

The method of claims 60-69, wherein the heHSC is CD93+.

The method of claims 60-70, wherein the heHSC is CD34-.

The method of claims 60-71, wherein the heHSC comprises a unique
transcriptome relative to hematopoietic stem cells contacted with granulocyte
colony-stimulating factor (G-CSF), a chemotherapeutic agent, or a

combination thereof.

The methods of claims 60-72, wherein the heHSC differentially express one or
more of the genes selected from the group consisting of Fos, CD93, Fosb,
Duspl, Jun, Dusp6, Cdkl, Fignl1, P1k2, Rsad2, Sgkl, Sdcl, Serpine2, Sppl,
Cdca8, Nrpl, Mcam, Pbk, Akrlcl and Cypllal, relative to one or more genes
expressed by hematopoietic stem cells (HSCs) mobilized using G-CSF.

An isolated, non-native highly engraftable hematopoietic stem cell (heHSC),
wherein the heHSC is Sca-1+, c-kit+ and Lin- (SKL); wherein the heHSC is

prepared by mobilizing hematopoietic stem cells and/or progenitor cells from
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75.

76.

77.

78.

79.

80.

81.

82.

83.

a bone marrow compartment of a subject to a peripheral compartment of the
subject by administering at least one CXCR2 agonist and at least one CXCR4
antagonist, VL A-4 antagonist, oo} antagonist, aef}; integrin/VLA-4 antagonist
or combination thereof to the subject, and isolating the mobilized
hematopoietic stem cells and/or progenitor cells from the peripheral

compartment of the subject.

The isolated heHSC of claim 74, wherein the heHSC is prepared by
mobilizing hematopoietic stem cells and/or progenitor cells from a bone
marrow compartment of a subject to a peripheral compartment of the subject
by administering at least one CXCR2 agonist and at least one CXCR4
antagonist, and isolating the mobilized hematopoietic stem cells and/or

progenitor cells from the peripheral compartment of the subject.

The isolated heHSC of claims 74-75, wherein the heHSC is CD48-.

The isolated heHSC of claims 74-76, wherein the heHSC is CD150+.

The isolated heHSC of claims 74-77, wherein the heHSC is CD93+.

The isolated heHSC of claims 74-78, wherein the heHSC is CD34-.

The isolated heHSC of claims 74-79, wherein the at least one CXCR2 agonist

comprises GROP or an analog or derivative thereof.

The isolated heHSC of claims 74-79, wherein the at least one CXCR2 agonist

comprises GROB-A4 or an analog or derivative thereof.

The isolated heHSC of claims 74-81, wherein the at least one CXCR4

antagonist comprises plerixafor or an analog or derivative thereof.

The isolated heHSC of claims 74-79, wherein the at least one CXCR2 agonist
is GROP or an analog or derivative thereof, and wherein the CXCR4

antagonist is plerixafor or an analog or derivative thereof.
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84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

The isolated heHSC of claims 74-83, wherein upon transplant in a subject the
heHSC demonstrates increased engrafting ability relative to engraftment of the
same quantity of hematopoietic stem cells mobilized using granulocyte
colony-stimulating factor (G-CSF), a chemotherapeutic agent, or a

combination thereof.

The isolated heHSC of claim 84, wherein the engrafting ability is increased by

at least about two-fold.

The isolated heHSC of claims 74-85, wherein upon engraftment in a subject
the heHSC demonstrates increased donor chimerism relative to engraftment of
the same quantity of hematopoietic stem cells mobilized using G-CSF, a

chemotherapeutic agent, or a combination thereof.

The isolated heHSC of claim 86, wherein the donor chimerism is increased by

at least about two fold.

The isolated heHSC of claim 86, wherein the donor chimerism is at least about

50%.

The 1solated heHSC of claims 74-88, wherein the heHSC is substantially pure.

The isolated heHSC of claims 74-89, wherein the heHSC is non-quiescent.

The isolated heHSC of claims 74-90, wherein the heHSC is OPN+.

The isolated heHSC of claims 74-91, wherein the heHSC comprises a unique
transcriptome relative to hematopoietic stem cells contacted with granulocyte
colony-stimulating factor (G-CSF), a chemotherapeutic agent, or a

combination thereof.

The 1solated heHSC of claims 74-92, wherein the heHSC differentially
express one or more of the genes selected from the group consisting of Fos,
CD93, Fosb, Duspl, Jun, Dusp6, Cdkl, Fignl1, Plk2, Rsad2, Sgkl, Sdcl,
Serpine2, Sppl, Cdca8, Nrpl, Mcam, Pbk, Akrlcl and Cypllal, relative to
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94.

95.

96.

97.

98.

99.

100.

101.

102.

one or more genes expressed in hematopoietic stem cells (HSCs) mobilized

using G-CSF.

The isolated heHSC of claims 74-93, wherein the heHSC is transformed to

express a polynucleotide.

The isolated heHSC of claims 74-93, wherein the heHSC is transformed with

an expression vector to express a polynucleotide.

The isolated heHSC of claim 95, wherein the expression vector comprises a
viral vector selected from the group consisting of a retrovirus, a herpes

simplex, a lentivirus, an adenovirus, and an adeno-associated virus.

The isolated heHSC of claim 95, wherein the heHSC is transfected with an

expression vector that comprises the polynucleotide.

The isolated heHSC of claim 97, wherein the polynucleotide comprises an

exogenous polynucleotide.

The use of the isolated heHSC of claims 94-98 to deliver an exogenous

polynucleotide to a subject in need thereof.

A method of transforming the isolated heHSC of claims 74-93, wherein the
method comprises contacting the heHSC with an expression vector under

conditions sufficient for the vector to integrate into the heHSC genome.

The 1solated heHSC of claims 74-100, wherein the heHSC is genetically

modified to shut off expression of an endogenous polynucleotide.

A method of identifying an heHSC cell population comprising
a. mobilizing hematopoietic stem cells and/or progenitor cells from a
bone marrow compartment of a subject to a peripheral compartment of
the subject by administering at least one CXCR2 agonist and at least
one CXCR4 antagonist, VLA-4 antagonist, ay3; antagonist, o3,
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integrin/VLA-4 antagonist or combination thereof to the subject, and
isolating the mobilized hematopoietic stem cells and/or progenitor cells
from the peripheral compartment of the subject;

b. mobilizing hematopoietic stem cells and/or progenitor cells from a
bone marrow compartment of a subject to a peripheral compartment of
the subject by a mobilization regimen not comprising a CXCR2
agonist, and isolating the mobilized hematopoietic stem cells and/or
progenitor cells from the peripheral compartment of the subject;

c. comparing one or more immunophenotypical and/or functional
properties of the isolated cell population of step (a) to the isolated cell
population of step (b); and

d. identifying a subpopulation of the mobilized cell population of step (a)
with one or more immunophenotypical and/or functional properties

different than the isolated cell population of step (b).

103.  The method of claim 94, wherein step (a) comprises administering at least one

CXCR?2 agonist and at least one CXCR4 antagonist.

104.  The method of claims 94-95, wherein the mobilization regimen not

comprising a CXCR2 agonist consists of G-CSF.

105.  The method of claims 94-96, wherein the compared one or more
immunophenotypical and/or functional properties comprises at least one of

engraftment ability, degree of donor chimerism, and cell surface markers.

106. A method of preparing a HSC population, comprising contacting
hematopoietic stem cells and/or progenitor cells with at least one CXCR2
agonist and at least one VLA-4 antagonist, oof3; antagonist, oo} integrin/VLA-

4 antagonist or combination thereof.

107.  The method of claim 98, wherein the CXCR2 agonist is GROB, GROB-A4, or

an analog or derivative thereof.

108. A method of making an HSC product comprising: 1) contacting hematopoietic

stem cells and/or progenitor cells with at least one CXCR2 agonist and at least
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109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

one CXCR4 antagonist, VLA-4 antagonist, a9 1 antagonist, a9p1
integrin/VLA-4 antagonist or combination thereof to produce a candidate
product; i1) providing a target expression profile for an heHSC product; iii)
determining whether the candidate product meets the target expression profile
of an heHSC product; and iv) releasing the candidate product as an heHSC
product if the candidate product meets the target expression profile of an

heHSC product.

The method of claims 108, wherein the target expression profile comprises

Sca-1+, c-kit+ and Lin- (SKL) cells.

The method of claim 108-109, wherein the target expression profile comprises

CD48- cells.

The method of claims 108-110, wherein the target expression profile

comprises CD150+ cells.

The method of claims 108-111, wherein the target expression profile

comprises CD93+ cells.

The method of claims 108-112, wherein the target expression profile

comprises CD34- cells.

The method of claims 108-113, wherein the target expression profile

comprises OPN+ cells.

The method of claims 108-114, wherein the contacting is performed in vivo.

The method of claims 108-114, wherein the contacting is performed in vitro.

The method of claims 108-116, wherein the at least one CXCR2 agonist

comprises GROP or an analog or derivative thereof.

The method of claims 108-116, wherein the at least one CXCR2 agonist

comprises GROB-A4 or an analog or derivative thereof.
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119.  The method of claims 108-118, wherein the at least one CXCR4 antagonist

comprises plerixafor or an analog or derivative thereof.

120. The method of claims 108-118, wherein the at least one CXCR2 agonist is
GROB or an analog or derivative thereof, and wherein the at least one CXCR4

antagonist is plerixafor or an analog or derivative thereof.

121.  The method of claims 108-120, wherein the heHSC product, upon transplant
into a subject demonstrates increased engrafting ability relative to engraftment
of the same quantity of hematopoietic stem cells contacted with granulocyte
colony-stimulating factor (G-CSF), a chemotherapeutic agent, or a

combination thereof.

122, The method of claim 121, wherein the engrafting ability is increased by at

least about two-fold.

123, The method of claims 108-122, wherein upon engraftment in a subject the
heHSC product demonstrates increased donor chimerism relative to
engraftment of the same quantity of hematopoietic stem cells contacted with

G-CSF, a chemotherapeutic agent, or a combination thereof.

124.  The method of claim 123, wherein the donor chimerism is increased by at least

about two fold.

125.  The method of claim 123, wherein the donor chimerism is increased by at least

about 50%.

126. The method of claims 108-125, wherein the heHSC product is non-quiescent.

127.  The method of claims 108-126, wherein the method additionally comprises a
step of enriching the candidate product for one or more cell surface markers

and/or one or more gene expression profiles.

128.  The method of claims 108-127, wherein the heHSC product comprises a
unique transcriptome relative to hematopoietic stem cells contacted with
granulocyte colony-stimulating factor (G-CSF), a chemotherapeutic agent, or a

combination thereof.
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129.  The method of claims 108-128, wherein the heHSC product differentially
express one or more of the genes selected from the group consisting of Fos,
CD93, Fosb, Duspl, Jun, Dusp6, Cdkl, Fignl1, Plk2, Rsad2, Sgkl, Sdcl,
Serpine2, Sppl, Cdca8, Nrpl, Mcam, Pbk, Akrlcl and Cypllal, relative to
one or more genes expressed by hematopoietic stem cells mobilized using G-

CSF.

130. The method of claims 108-129, wherein the heHSC product comprises at least
a unique transcriptome or a unique phenotype as compared to a naturally

occurring HSC.

131.  The method of claims 108-130, wherein the heHSC product is transformed to

express a polynucleotide.

132, The method of claims 108-131, wherein the heHSC product is transformed

with an expression vector to express a polynucleotide.

133.  The method of claims 132, wherein the expression vector comprises a viral
vector selected from the group consisting of a retrovirus, a herpes simplex, a

lentivirus, an adenovirus, and an adeno-associated virus.

134.  The method of claims 131-133, wherein the heHSC product is transfected with

an expression vector that comprises the polynucleotide.

135. The method of claims 131-134, wherein the polynucleotide comprises an

exogenous polynucleotide.

136. The method of claims 108-135, wherein the heHSC product comprises at least
40% CD93+ cells.

137. The method of claims 108-136, wherein the heHSC product comprises at least
about 2 x 10° cells.

138.  The method of claims 108-137, wherein the hematopoietic stem cells and/or

progenitor cells are human or mouse cells.
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139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

A method of treating a stem cell or progenitor cell disorder comprising: 1)
contacting hematopoietic stem cells and/or progenitor cells with at least one
CXCR2 agonist and at least one CXCR4 antagonist, VLA-4 antagonist, a9p1
antagonist, a9B1 integrin/VLA-4 antagonist or combination thereof to produce
a candidate product; ii) providing a target expression profile for an heHSC
product; ii1) determining whether the candidate product meets the target
expression profile of an heHSC product; and iv) administering the candidate
product to a subject in need thereof if the candidate product meets the target

expression profile of an heHSC product.

The method of claims 139, wherein the target expression profile comprises

Sca-1+, c-kit+ and Lin- (SKL) cells.

The method of claim 139-140, wherein the target expression profile comprises

CD48- cells.

The method of claims 139-141, wherein the target expression profile

comprises CD150+ cells.

The method of claims 139-142, wherein the target expression profile

comprises CD93+ cells.

The method of claims 139-143, wherein the target expression profile

comprises CD34- cells.

The method of claims 139-144, wherein the target expression profile

comprises OPN+ cells.

The method of claims 139-145, wherein the contacting is performed in vivo.

The method of claims 139-145, wherein the contacting is performed in vitro.

The method of claims 139-147, wherein the at least one CXCR2 agonist

comprises GROP or an analog or derivative thereof.
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149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

The method of claims 139-147, wherein the at least one CXCR2 agonist

comprises GROB-A4 or an analog or derivative thereof.

The method of claims 139-149, wherein the at least one CXCR4 antagonist

comprises plerixafor or an analog or derivative thereof.

The method of claims 139-149, wherein the at least one CXCR2 agonist is
GROB or an analog or derivative thereof, and wherein the at least one CXCR4

antagonist is plerixafor or an analog or derivative thereof.

The method of claims 139-151, wherein the heHSC product, upon transplant
into a subject demonstrates increased engrafting ability relative to engraftment
of the same quantity of hematopoietic stem cells contacted with granulocyte
colony-stimulating factor (G-CSF), a chemotherapeutic agent, or a

combination thereof.

The method of claim 152, wherein the engrafting ability is increased by at

least about two-fold.

The method of claims 139-153, wherein upon engraftment in a subject the
heHSC product demonstrates increased donor chimerism relative to
engraftment of the same quantity of hematopoietic stem cells contacted with

G-CSF, a chemotherapeutic agent, or a combination thereof.

The method of claim 154, wherein the donor chimerism is increased by at least

about two fold.

The method of claim 154, wherein the donor chimerism is increased by at least

about 50%.

The method of claims 139-156, wherein the heHSC product is non-quiescent.

The method of claims 139-157, wherein the method additionally comprises a
step of enriching the candidate product for one or more cell surface markers

and/or one or more gene expression profiles.
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159. The method of claims 139-158, wherein the heHSC product comprises a
unique transcriptome relative to hematopoietic stem cells contacted with
granulocyte colony-stimulating factor (G-CSF), a chemotherapeutic agent, or a

combination thereof.

160.  The method of claims 139-159, wherein the heHSC product difterentially
express one or more of the genes selected from the group consisting of Fos,
CD93, Fosb, Duspl, Jun, Dusp6, Cdkl, Fignl1, Plk2, Rsad2, Sgkl, Sdcl,
Serpine2, Sppl, Cdca8, Nrpl, Mcam, Pbk, Akrlcl and Cypllal, relative to
one or more genes expressed by hematopoietic stem cells mobilized using G-

CSF.

161.  The method of claims 139-160, wherein the heHSC product comprises at least
a unique transcriptome or a unique phenotype as compared to a naturally

occurring HSC.

162.  The method of claims 139-161, wherein the heHSC product is transformed to

express a polynucleotide.

163.  The method of claims 139-162, wherein the heHSC product is transformed

with an expression vector to express a polynucleotide.

164.  The method of claims 163, wherein the expression vector comprises a viral
vector selected from the group consisting of a retrovirus, a herpes simplex, a

lentivirus, an adenovirus, and an adeno-associated virus.

165. The method of claims 163-164, wherein the heHSC product is transfected with

an expression vector that comprises the polynucleotide.

166. The method of claims 163-165, wherein the polynucleotide comprises an

exogenous polynucleotide.

167. The method of claims 139-166, wherein the heHSC product comprises at least
40% CD93+ cells.
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168.  The method of claims 139-167, wherein the heHSC product comprises at least
about 2 x 10° cells.

169.  The method of claims 139-168, wherein the hematopoietic stem cells and/or

progenitor cells are human or mouse cells.

170.  The method of claims 139-169, wherein the stem cell or progenitor cell

disorder is a malignant hematologic disease.

171.  The method of claim 170, wherein the malignant hematologic disease is
selected from the group consisting of acute lymphoid leukemia, acute myeloid
leukemia, chronic lymphoid leukemia, chronic myeloid leukemia, diffuse
large B-cell non-Hodgkin’s lymphoma, mantle cell lymphoma, lymphoblastic
lymphoma, Burkitt’s lymphoma, follicular B-cell non-Hodgkin’s lymphoma,
lymphocyte predominant nodular Hodgkin’s lymphoma, multiple myeloma,

and juvenile myelomonocytic leukemia.

172.  The method of claim 170, wherein the stem cell or progenitor cell disorder is a

non-malignant disease.

173.  The method of claim 172, wherein the non-malignant disease is selected from
the group consisting of myelofibrosis, myelodysplastic syndrome,
amyloidosis, severe aplastic anemia, paroxysmal nocturnal hemoglobinuria,
immune cytopenias, systemic sclerosis, rheumatoid arthritis, multiple
sclerosis, systemic lupus erythematosus, Crohn’s disorder, chronic
inflammatory demyelinating polyradiculoneuropathy, human
immunodeficiency virus (HIV), Fanconi anemia, sickle cell disorder, beta
thalassemia major, Hurler’s syndrome (MPS-IH), adrenoleukodystrophy,
metachromatic leukodystrophy, familial erythrophagocytic
lymphohistiocytosis and other histiocytic disorders, severe combined

immunodeficiency (SCID), and Wiskott-Aldrich syndrome.
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Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:] Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. [:] Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. [Xl Claims Nos.: 3-59, 65-73, 76-101, 104, 105, 110-138, 141-173
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international ap?lication, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-2 and 74-75, directed to an isolated, non-native highly engraftable hematopoietic stem cell (heHSC).
Group |l, claims 60-64 and 139-140, directed to a method of treating a stem cell or progenitor cell disorder in a subject.
Group |lI, claims 102-103 and 106-109, directed to a method of identifying or preparing an heHSC cell population.

The inventions listed as Groups I-11l do not relate to a single special technical feature under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

--continued on first extra sheet attached hereto--

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those ctaims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-2,74-75

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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--continuation of Box No Iil: Observations where unity of invention is lacking--
Special technical features:
Group | has the special technical feature of an isolated, non-native heHSC, that is not required by any other Groups.

Group Il has the special technical feature of a method of treating a stem cell or progenitor cell disorder in a subject by administering a
product that meets the target expression profile of an heHSC product, that is not required by any other Groups.

Group [l has the special technical feature of identifying an heHSC cell population by mobilizing hematopoietic stem cells and/or
progenitor cells by different mobilization regimens, and comparing one or more immunophenotypical and/or functional properties of the
isolated cell populations, and identifying a subpopulation of the mobilized cell population, that is not required by any other Groups.

Common technical features:

Groups I-1il share the common technical feature of preparing/producing a heHSC product comprising mobilizing hematopoietic stem
cells and/or progenitor cells from a bone marrow compartment of a subject to a peripheral compartment of a subject by administering at
least one CXCR2 agonist and at least one CXCR4 antagonist, VLA-4 antagonist, an alpha9beta1 antagonist, alpha9beta1 integrin/VLA-
4 antagonist or combination thereof.

Groups |-l further share the common technical feature of wherein the heHSC is Sea-I+, c-kit+ and Lin- (SKL).

Groups i and Ill further share the common technical feature of ii) providing a target expression profile for an heHSC product; and iii)
determining whether the candidate product meets the target expression profile of an heHSC product.

However, these shared technical features do not represent a contribution over prior art, because these shared technical feature are
made obvious by WO 2014/134539 A1 to President and Fellows of Harvard College et al., (hereinafter Harvard).

Harvard teaches a method of preparing/producing a HSC product comprising mobilizing hematopoietic stem cells and/or progenitor
cells from a bone marrow compartment of a subject to a peripheral compartment of the subject by administering at least one CXCR2
agonist and at least one CXCR4 antagonist to the subject (para [0127] "The disclosure relates to mobilization of stem cells and/or
progenitor cells (e.g., hematopoietic stem cells and/or progenitor cells) for use in connection with stem cell transplantations. Briefly, the
stem cell transplantation process may include any or all of injection of mobilization agents into a subject (e.g., a donor), mobilization of
the subject's stem cells into the subject's blood from the bone marrow space"; [0130] "mobilizing hematopoietic stem cells and/or
progenitor cells” are used interchangeably to refer to the act of inducing the migration of hematopoietic stem sells and/or progenitor cells
from a first location (e.g., stem cell niche, e.g., bone marrow) into a second location (e.g., tissue (e.g., peripheral blood) or organ (e.g.,
spleen”; [0131] "methods and compositions relating to mobilizing hematopoietic stem cells and/or progenitor cells using at least one
CXCR2 agonist (e.g., Gro-beta) and at least one CXCR4 antagonist (e.g., Plerixafor)"), and isolating the mobilized hematopoietic stem
cells and/or progenitor cells from the peripheral compartment of the subject (para [0127] "collection of the mobilized stem cells from the
blood (e.g., via apheresis), preparation of the collected stem cells").

Harvard further teaches providing a target expression profile for an heHSC product; and determining whether the candidate product
meets the target expression profile of an heHSC product, wherein the heHSC is Sea-I+, c-kit+ and Lin- (SKL) (para [0124] "FIGS. 9D-9F
illustrate clustering of genes differentially expressed in FACS sorted HSPCs (Lin-, cKit+, Sca1+) from PB upon GCSF (n=1) or G-CSF
plus heparin (n=2) induced mobilization showing changes in cell adhesion genes (FIG. 9D)"; [0151] "the hematopoietic progenitor cells
comprise Lin-SCA-1.sup.-c-Kit+CD34+CD16/32.sup.mid cells. In some embodiments, the hematopoietic progenitor cells comprise lin-
SCA-1-c-kit+CD34-CD16/32.sup.low cells").

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Group I-1ll inventions lack unity under PCT Rule 13 because they do not share the same or corresponding special technical
feature.
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