Innovation, Sciences et
I*I Développement économique Canada

Office de la Propriété Intellectuelle du Canada

Innovation, Science and CA 2934065 C 2023/05/09

S oMo, Canada anen 2 934 065
¢12) BREVET CANADIEN

CANADIAN PATENT

13 C

(86) Date de dépo6t PCT/PCT Filing Date: 2014/10/27

(51) CLInt./Int.Cl. A67K 38/18(2006.01),

(87) Date publication PCT/PCT Publication Date: 2015/04/30 A6TK 31/745(2006.01), AGTK 45/08 (2006.01),

(45) Date de délivrance/lssue Date: 2023/05/09

A61P 1/16(2006.01), A67P 1/18(2006.01),
A61P 19/02(2006.01), A61P 21/00(2006.01),

A61P 35/00(2006.01), A61P 9/00(2006.01),

),
(85) Entrée phase nationale/National Entry: 2016/04/22 AGTP 25/00 (2006.01;, A61P 3/04(2006.01),
)

(86) N° demande PCT/PCT Application No.: US 2014/062400 C12N 5/071(2010.01
(87) N° publication PCT/PCT Publication No.: 2015/061779 (72) Inventeurs/Inventors:

(30) Priorité/Priority: 2013/10/25 (US61/895,562)

WANG, JIANJUN, US;
LI, QIANQIAN, US;
CHOPP, MICHAEL, US;
JIANG, FENG, US;
WU, GUOJUN, US

(73) Propriétaires/Owners:

(54) Titre : PROCEDES, SYSTEMES ET COMPOSITIONS ASSOCIES A UNE CONVERSION DE CELLULES PAR
L'INTERMEDIAIRE D'UNE REPROGRAMMATION CELLULAIRE IN-VIVO INDUITE PAR PROTEINES
(54) Title: METHODS, SYSTEMS AND COMPOSITIONS RELATING TO CELL CONVERSION VIA PROTEIN-INDUCED

IN-VIVO CELL REPROGRAMMING

(57) Abrégé/Abstract:

Methods for treating a subject in need thereof are provided which include administering a pharmaceutical composition comprising
a protein transduction reagent-modified reprogramming protein to the subject, wherein the protein transduction reagent is non-
covalently bound to the reprogramming protein and wherein the protein transduction reagent comprises a cation reagent and a
lipid. According to aspects, such methods provide delivery of protein-transduction reagent- modified reprogramming proteins to
cancer cells, such as tumor cells, as well as diseased cells of diseased tissues and provide in vivo conversion of diseased cells into
normal cells via protein- induced in situ cell reprogramming without administration of nucleic acids to the subject.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




CA 2934065 C 2023/05/09

anen 2 934 065
13 C

(73) Propriétaires(suite)/Owners(continued): QURGEN, INC., US; WAYNE STATE UNIVERSITY, US
(74) Agent: RIDOUT & MAYBEE LLP



2015/061779 A1 |1 000 0010 O 0

<

W

(43) International Publication Date

CA 02934065 2016-04-22

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

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

=

\

(10) International Publication Number

WO 2015/061779 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

30 April 2015 (30.04.2015) WIPO I PCT
International Patent Classification:
A61K 38/18 (2006.01) A61P 19/02 (2006.01)
A61K 31/745 (2006.01) A61P 25/00 (2006.01) 81
AGIK 45/08 (2006.01)  AGIP 1/16 (2006.01) 81
CI2N 5/071 (2010.01) A61P 1/18 (2006.01)
A61P 35/00 (2006.01) A61P 3/04 (2006.01)
A61P 9/00 (2006.01) A61P 21/00 (2006.01)
International Application Number:
PCT/US2014/062400
International Filing Date:
27 October 2014 (27.10.2014)
Filing Language: English
Publication Language: English (84
Priority Data:
61/895,562 25 October 2013 (25.10.2013) US

Applicants: WAYNE STATE UNIVERSITY [US/US];
5057 Woodward, Suite 6306, Detroit, MI 48202 (US).
HENRY FORD HEALTH SYSTEM [US/US]; 1 Ford
Place, Detroit, MI 48202 (US).

Inventors: WANG, Jianjun; 246 Candace Court, Troy,
MI 48098 (US). LI, Qiangian; 246 Candace Court, Troy,
MI 48098 (US). CHOPP, Michael; 28415 Brooks Lane,
Southfield, MI 48034 (US). JIANG, Feng; 4895 Somerton
Dr., Troy, MI 48085 (US). WU, Guejun; 17126 Orchard
Ridge Road, Northville, MI 48168 (US).

Agents: STAPLE, Julie, K. et al; Gifford, Krass,
Sprinkle, Anderson & Citkowski,P.C., 2701 Troy Center

Drive, Suite 330, Post Office Box 7021, Troy, MI 48007-
7021 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))
with sequence listing part of description (Rule 5.2(a))

(54) Title: METHODS, SYSTEMS AND COMPOSITIONS RELATING TO CELL CONVERSION VIA PROTEIN INDUCED
IN-VIVO CELL REPROGRAMMING

(57) Abstract: Methods for treating a subject in need thereof are provided which include administering a pharmaceutical composi-
tion comprising a protein transduction reagent-modified reprogramming protein to the subject, wherein the protein transduction re-
agent is non-covalently bound to the reprogramming protein and wherein the protein transduction reagent comprises a cation reagent
and a lipid. According to aspects, such methods provide delivery of protein-transduction reagent- moditied reprogramming proteins
to cancer cells, such as tumor cells, as well as diseased cells of diseased tissues and provide in vivo conversion of diseased cells into
normal cells via protein- induced in situ cell reprogramming without administration of nucleic acids to the subject.



10

20

25

METHODS, SYSTEMS AND COMPOSITIONS RELATING
TO CELL CONVERSION VIA PROTEIN-INDUCED IN-VIVO CELL REPROGRAMMING

{0001]

FIELD OF THE INVENTION ‘
[0002] The present invention rclates gcnerél]y to methods, systems and compositions for
treatment of a pathological condition in a subject in need thereof. In specific aspects, the present
invention relates to methods, systcms and compositions for protein-induction of ccll conversion in

vivo for treatment of a pathological condition in a subject in need thereof.

BACKGROUND OF THE INVENTION
[0003] Despite recent medical progress, there is a continuing need for methods and

compositions for treatment of disease and injury.

SUMMARY OF THE INVENTION

[0004] Methods of treating a subject in need thereof are provided according to aspects of the
present invention which include administering a pharmaceutical composition comprising a protein
transduction reagent-modified reprogramming protein to the subject, whercin the protein
transduction reagent is non-covalently bound to the reprogramming protein and wherein the
protein transduction reagent comprises a cation reagent and a lipid.

[0005] Mecthods of treating a subject in need thereof are provided according to aspects of the
present invention which include administering a pharmaceutical composition comprising a protein
transduction reagent-modified reprogramming protein to the subject, wherein the protein
transduction reagent is non-covalently bound to the reprogramming protein and wherein the
protein transduction reagent comprises a cation reagent and a lipid, wherein the subject has a
diseasc selected from the group consisting of* cancer; pancreatic disease or injury; heart disease or
heart injury such as acute myocardial infarction, chronic myocardial infarction and heart failurc;
liver injury or liver disease such as familial hyper-cholesterolaemia (FH), Crigler-Najjar syndrome

and hereditary tryosinemia I; atherosclerosis; neurological disease or injury such as spinal cord
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injury, traumatic brain injury, amyotrophic lateral sclerosis, spinal muscular atrophy and
Parkinson’s discase; arthritis; joint disease or injury; blood disease; diabetes; obesity; muscle
disease or injury; cartilage disease or jury; breast disease or injury; and vascular disease or
injury.

[0006] Methods of treating a subject having a condition characterized by damaged and/or
defective cells are provided according to aspects of the present invention including: administering
a pharmaceutical composition including a protein transduction reagent-modified reprogramming
protein to the subject, wherein the protein transduction reagent is non-covalently bound to the
reprogramming protein and wherein the protein transduction reagent comprises a cation reagent
and a lipid.

[0007] Methods of treating a subject having cancer including: administering a pharmaceutical
composition including a protein transduction reagent-modified reprogramming protein to the
subject, wherein the protein transduction reagent is non-covalently bound to the reprogramming
protein and wherein the protein transduction reagent comprises a cation reagent and a lipid.

[0008] Mcthods of treating a subject having cancer arc provided according to aspects of the
present invention which include administering a pharmaceutical composition including a protein
transduction reagent-modified reprogramming protein selected from the group consisting of:
protein transduction reagent-modified Sox2, protein transduction reagent-modified Oct4 and
protein transduction reagent-modified Nanog.

[0009] Methods of treating a subject having cancer are provided according to aspects of the
present invention which include administering a pharmaceutical composition including protein
transduction reagent-modified Sox2, protein transduction reagent-modified Oct4 and protein
transduction reagent-modified Nanog.

[0010] Methods of treating a subject having a brain tumor or breast cancer and are provided
according to aspects of the present invention which include administering a pharmaceutical
composition including a protein transduction reagent-modified reprogramming protein selected
from the group consisting of: protein transduction reagent-modified Sox2, protein transduction
reagent-modified Oct4 and protein transduction reagent-modified Nanog.

[0011] Methods of treating a subject having a brain tumor or breast cancer and are provided
according to aspects of the present invention which include administering a pharmaceutical
composition including protein transduction reagent-modified Sox2, protein transduction reagent-

modified Oct4 and protein transduction reagent-modified Nanog.
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[0012] Methods of treating a subject having a condition characterized by damaged and/or
defective cells are provided according to aspects of the present invention including: administering
a pharmaceutical composition including a protein transduction reagent-modified reprogramming
protein to the subject, wherein the protein transduction reagent is non-covalently bound to the
reprogramming protein and wherein the protein transduction reagent comprises a cation rcagent
and a lipid, wherein the condition is a heart disease or heart damage and the pharmaceutical
composition comprises one or more of: protein transduction reagent-modified Gatad, protein
transduction reagent-modified Hand2, protein transduction reagent-modified MEF2¢ and protein
transduction reagent-modified Thox5; wherein the condition is a liver disease or liver damage and
the pharmaccutical composition compriscs one or morc of: protein transduction rcagent-modificd
Hnfla, protein transduction reagent-modified Foxal, protein transduction reagent-modified Foxa2
and protein transduction reagent-modified Foxa3; wherein the condition is a liver disease or liver
damage and the pharmaceutical composition comprises one or more of: protein transduction
reagent-modified Gatad, protein transduction reagent-modified Hnfla and protein transduction
rcagent-modificd Foxa3; wherein the condition i3 athcrosclerosis and the pharmaccutical
composition comprises one or more of: protein transduction reagent-modified CEBPa, protein
transduction reagent-modified CEBPJ and protein transduction reagent-modified PU.1; wherein
the condition is a neurodegenerative disease or neuronal tissue damage and the pharmaceutical
composition comprises ong or more of: protein transduction reagent-modified Brn2, protein
transduction reagent-modified Sox2 and protein transduction reagent-modified Foxgl; one or more
of: protein transduction reagent-modified Ascl, protein transduction reagent-modified Lmx1a,
protein transduction reagent-modified Nurrl, protein transduction reagent-modified Brn2 and
protein transduction reagent-modified Mytll; one or more of: protein transduction reagent-
modified Ascl, protein transduction reagent-modified Brn2, protein transduction reagent-modified
Mytll and protein transduction reagent-modified NeuroD1; protein transduction reagent-modified
Ngn2; one or both of protein transduction reagent-modified Sox2 and protein transduction
reagent-modified NeuroD1; one or more of: protein transduction reagent-modified Brn2, protein
transduction reagent-modified Ascll, protein transduction reagent-modified Mytll, protein
transduction reagent-modified Lhx3 and protein transduction reagent-modified Hb9; one or more
of: protein transduction reagent-modified Brn2, protein transduction reagent-modified Ascll,
protein transduction reagent-modified Mytl1, protein transduction reagent-modified Lhx3, protein
transduction reagent-modified Hb9, protein transduction reagent-modified Lsll and protein

transduction reagent-modified Ngn2; protein transduction reagent-modified DIx2; protein
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transduction reagent-modified DIx2 and protein transduction reagent-modified Ascll; one or more
of: protein transduction reagent-modified Ascl, protein transduction reagent-modified Brn2,
protein transduction reagent-modified Mytll, protein transduction reagent-modified Lmxla and
protein transduction reagent-modified Foxa2; or one or more of: protein transduction reagent-
modified Ascl, protein transduction reagent-modified Lmx1la and protein transduction rcagent-
modified Nurrl; wherein the condition is a disease or disorder of the blood and the pharmaceutical
composition comprises: protein transduction reagent-modified Oct4; wherein the condition is
diabetes, a pancreatic disease or pancreatic tissue damage and the pharmaceutical composition
comprises one or more of: protein transduction reagent-modified Ngn3, protein transduction
rcagent-modified Pdx1 and protein transduction rcagent-modificd Pax4 or onc or morc of: protein
transduction reagent-modified Ngn3, protein transduction reagent-modified Pdx1 and protein
transduction reagent-modified MafA; wherein the condition is obesity and the pharmaceutical
composition comprises one or more of: protein transduction reagent-modified Prdm16 and protein
transduction reagent-modified C/EBPb; wherein the condition is a muscle disease or muscle
damage and thce pharmaccutical composition comprises protein transduction rcagent-modificd
MyoD; wherein the condition is arthritis or joint disease or injury and the pharmaceutical
composition comprises or one or more of: protein transduction reagent-modified Sox9, protein
transduction reagent-modified Runx2, protein transduction reagent-modified Sox5 and protein
transduction reagent-modified Sox6; wherein the condition is a breast disease or breast tissue
damage and the pharmaceutical composition comprises one or more of: protein transduction
reagent-modified Sox9, protein transduction reagent-modified Slug, protein transduction reagent-
modified Stat5a, protein transduction reagent-modified Gata3 and protein transduction reagent-
modified Brea-11; wherein the condition is a vascular disease or blood vessel damage and the
pharmaccutical composition comprises one or more of: protein transduction reagent-modified
Ergl, protein transduction reagent-modified Er71, protein transduction reagent-modified Flil and
protein transduction reagent-modified Gata2 or one or more of: protein transduction reagent-
modified Heyl, protein transduction reagent-modified Hey?2, protein transduction reagent-modified
FoxCl1 and protein transduction reagent-modified FoxC2 or one or both of: protein transduction
reagent-modified Sox7 and protein transduction reagent-modified Sox18.

[0013] Pharmaceutical compositions are provided according to aspects of the present
invention which include one or more protein transduction reagent-reprogramming proteins selected
from the group consisting of: protein transduction reagent-modified Gatad, protein transduction

reagent-modified Hand2, protein transduction reagent-modified MEF2¢, protein transduction
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reagent-modified Tbox, protein transduction reagent-modified Hnfla, protein transduction reagent-
modified Foxal, protein transduction reagent-modified Foxa2 and protein transduction reagent-
modified Foxa3, protein transduction reagent-modified Hnfla, protein transduction reagent-
modified CEBPa, protein transduction reagent-modified CEBPp, protein transduction reagent-
modified PU.1, protein transduction reagent-modified Brn2, protein transduction reagent-modified
Sox2 and protein transduction reagent-modified Foxgl, protein transduction reagent-modified
Ascl, protein transduction reagent-modified Lmx1a, protein transduction reagent-modified Nurrl,
protein transduction reagent-modified Mytll, protein transduction reagent-modified NeuroDI,
protein transduction reagent-modified Ngn2, protein transduction reagent-modified Lhx3, protein
transduction rcagent-modified Hb9, protcin transduction rcagent-modificd Lsll, protein
transduction reagent-modified DIx2, protein transduction reagent-modified Ascl, protein
transduction reagent-modified Octd4, protein transduction reagent-modified Ngn3, protein
transduction reagent-modified Pdx1, protein transduction reagent-modified Pax4, protein
transduction reagent-modified MafA, protein transduction reagent-modified Prdm16, protein
transduction rcagent-modificd MyoD, protcin transduction rcagent-modified Sox9, protein
transduction reagent-modified Runx2, protein transduction reagent-modified Sox5 and protein
transduction reagent-modified Sox6, protein transduction reagent-modified Slug, protein
transduction reagent-modified Stat5a, protein transduction reagent-modified Gata3, protein
transduction reagent-modified Brca-11, protein transduction reagent-modified Ergl, protein
transduction reagent-modified FEr71, protein transduction reagent-modified Flil, protein
transduction reagent-modified Gata2 protein transduction reagent-modified Heyl, protein
transduction reagent-modified Hey2, protein transduction reagent-modified FoxCl and protein
transduction reagent-modified FoxC2, protein transduction reagent-modified Sox7 and protein
transduction reagent-modified Sox18.

[0014] Pharmaceutical compositions are provided according to aspects of the present
invention which include two or more protein transduction reagent-modified reprogramming
proteins selected from the group consisting of: protein transduction reagent-modified Gata4,
protein transduction reagent-modified Hand2, protein transduction reagent-modified MEF2c and
protein transduction reagent-modified Tbox5; two or more of: protein transduction reagent-
modified Hnfla, protein transduction reagent-modified Foxal, protein transduction reagent-
modified Foxa2 and protein transduction reagent-modified Foxa3; two or more of protein
transduction reagent-modified Gatad, protein transduction reagent-modified Hnfla and protein

transduction reagent-modified Foxa3; protein transduction reagent-modified CEBPa, protein
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transduction reagent-modified CEBPJ, and protein transduction reagent-modified PU.1; two or
more of: protein transduction reagent-modified Brn2, protein transduction reagent-modified Sox2
and protein transduction reagent-modified Foxgl; two or more of: protein transduction reagent-
modified Ascl, protein transduction reagent-modified Lmxla, protein transduction reagent-
modified Nurrl, protein transduction reagent-modified Bm?2 and protein transduction rcagent-
modified Mytll; two or more of: protein transduction reagent-modified Ascl, protein transduction
reagent-modified Brn2, protein transduction reagent-modified Mytll and protein transduction
reagent-modified NeuroD1; protein transduction reagent-modified Ngn2; protein transduction
reagent-modified Sox2 and protein transduction reagent-modified NeuroD1; two or more of:
protein transduction rcagent-modified Bm2, protein transduction reagent-modificd Ascll, protein
transduction reagent-modified Mytll, protein transduction reagent-modified Lhx3 and protein
transduction reagent-modified Hb9; two or more of: protein transduction reagent-modified Brn2,
protein transduction reagent-modified Ascll, protein transduction reagent-modified Mytl1, protein
transduction reagent-modified Lhx3, protein transduction reagent-modified Hb9, protein
transduction rcagent-modificd Lsll and protein transduction rcagent-modificd Ngn2; protein
transduction reagent-modified DIx2; protein transduction reagent-modified DIx2 and protein
transduction reagent-modified Ascll; two or more of: protein transduction reagent-modified Ascl,
protein transduction reagent-modified Brn2, protein transduction reagent-modified Mytl1, protein
transduction reagent-modified Lmxla and protein transduction reagent-modified Foxa2; two or
more of: protein transduction reagent-modified Ascl, protein transduction reagent-modified
Lmxla and protein transduction reagent-modified Nurrl; protein transduction reagent-modified
Ngn3, protein transduction reagent-modified Pdx1 and protein transduction reagent-modified
Pax4; two or more of: protein transduction reagent-modified Ngn3, protein transduction reagent-
modified Pdx1 and protein transduction reagent-modified MafA; protein transduction rcagent-
modified Prdm16 and protein transduction reagent-modified C/EBPB; two or more of: protein
transduction reagent-modified Sox9, protein transduction reagent-modified Runx2, protein
transduction reagent-modified Sox3 and protein transduction reagent-modified Sox6; two or more
of: protein transduction reagent-modified Sox9, protein transduction reagent-modified Shg,
protein transduction reagent-modified Stat5a, protein transduction reagent-modified Gata3 and
protein transduction reagent-modified Breca-11; two or more of: protein transduction reagent-
modified Ergl, protein transduction reagent-modified Er71, protein transduction reagent-modified
Flil and protein transduction reagent-modified Gata2; two or more of: protein transduction

reagent-modified Heyl, protein transduction reagent-modified Hey?2, protein transduction reagent-
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modified FoxCl and protein transduction reagent-modified FoxC2; or protein transduction
reagent-modified Sox7 and protein transduction reagent-modified Sox18.

[0015] Methods according to the present invention allow of delivery of protein-transduction
reagent-modified reprogramming proteins to cancer cells, such as tumor cells, as well as diseased
cells of diseased tissues.

[0016] Methods according to aspects of the present invention provide in vivo conversion of
diseased cells into normal cells via protein-induced in situ cell reprogramming. Methods according
to aspects of the present invention provide in vivo conversion of cancer cells into normal cells via
protein-induced in situ cell reprogramming,.

[0017] Usc of protein-transduction rcagent-modificd reprogramming proteins to reprogram
cancer cells or diseased cells in situ into stem cells or transient protein-induced multipotent stem
cells that are then induced to differentiate into normal cells in the tissue where the cancer cells or
diseased cells were located is provided according to aspects of the present invention.

[0018] Methods of treating cancer are provided according to aspects of the present invention
which treat the cancer in vivo not by killing the cancer cells but instcad by converting the cancer
cells into non-cancerous cells by administration, such as systemic or local administration, of one or

more protein transduction reagent-modified reprogramming proteins.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Figure 1A is a representative MRI image of a 9L-intracranial tumor bearing rat brain
showing enhanced permeability and retention effect in a 9L brain tumor for QQ-ferritin showing
that the intravenous (i.v.) injected QQ-ferritin was delivered into 9L brain tumor via enhanced
permeability and retention effect, causing an enhanced negative MRI image of brain tumor in the
9L-brain tumor bearing rat;
[0020] Figure 1B is a representative MRI image of a 9L-intracranial tumor bearing rat brain
showing no enhanced permeability and retention effect in a 9L brain tumor for ferritin without QQ
modification showing that the i.v. injected ferritin did not reach into 9L brain tumor and no
enhanced negative MRI image of brain tumor was observed in the 9L-brain tumor bearing rat;
[0021] Figure 2A is a representative MRI image of a mouse bearing a 4T1 breast tumor prior
to a tail-vein injection of QQ-ferritin;
[0022] Figure 2B is a representative MRI image of a mouse bearing a 4T1 breast tumor 0.5
hours after a tail-vein injection of QQ-ferritin;

[0023] Figure 2C is a representative MRI image of a mouse bearing a 4T1 breast tumor 2
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hours after a tail-vein injection of QQ-ferritin;

[0024] Figure 2D is a representative MRI image of a mouse bearing a 4T1 breast tumor 3.5
hours after a tail-vein injection of QQ-ferritin;

[0025] Figure 2E is a representative MRI image of a mouse bearing a 4T1 breast tumor 8
hours after a tail-vein injection of QQ-ferritin;

[0026] Figure 2F is a representative MRI image of a mouse bearing a 4T1 breast tumor 18
hours after a tail-vein injection of QQ-ferritin;

[0027] Figure 3A is a graph showing proliferation of U251 cells and U251-piPSCs monitored
by Ki67 assay;

[0028] Figurc 3B is a graph showing dosc-dependent chemotherapeutic drug sensitivity of
patient-derived primary human GBM (12-14) cells (squares) and GBM (12-14)-piPSCs (circles)
against the alkylating agent temozolomide;

[0029] Figure 3C is a graph showing dose-dependent chemotherapeutic drug sensitivity of
9L-cells (squares) and 9L-piPSCs (circles) against carboplatin;

[0030] Figure 4A is an image showing Western blots of several epithelial and mesenchymal
markers of U251 cells and U251-piPSCs, including E-cadherin (E-cad), B-catenin (B-cat), vimentin
(VMT), indicating a mesenchymal-to-epithelial transition (MET) during cell reprogramming. In
addition, cell reprogramming of 9L-cells into 9L-piPSCs also caused an enhanced expression of
glial fibrillary acidic protein (GFAP), a marker for astrocytes;

[0031] Figure 4B is a graph showing that the tumorigenicity reduction of U251 cells after cell
reprogramming according to aspects of the present invention is confirmed by in vitro assays for
cell migration of U251-cells and U251-piPSCs, indicating significantly reduced migration of
U251-piPSCs (p <0.01) in vitro;

[0032] Figure 4C is a graph showing that the tumorigenicity reduction of U251 cells after cell
reprogramming according to aspects of the present invention is confirmed by in vitro assays for
invasion of U251-cells and U251-piPSCs, indicating significantly reduced invasion by U251-
piPSCs (p <0.01) in vitro;

[0033] Figure 4D is a graph showing reduced proliferation of 4T1-piPSCs and 67NR-piPSCs
as compared to those properties of the parental 4T1 cells and 67NR cells, indicating a significantly
reduced tumorigenicity of 4T1 cells and 67NR cells after cell reprogramming into 4T1-piPSCs and
67NR-piPSCs in vitro;

[0034] Figure 4E is a graph showing reduced mammary sphere formation of 4T1-piPSCs as

compared to those properties of the parental 4T1 cells, indicating a significantly reduced
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tumorigenicity of 4T1 cells after cell reprogramming into 4T1-piPSCs in vitro;

[0035] Figure 4F is a graph showing reduced migration of 4T1-piPSCs as compared to those
properties of the parental 4T1 cells, indicating a significantly reduced tumorigenicity of 4T1 cells
after cell reprogramming into 4T 1-piPSCs in vitro;

[0036] Figure 4G is a graph showing reduced invasion of 4T1-piPSCs as compared to those
properties of the parental 4T1 cells, indicating a significantly reduced tumorigenicity of 4T1 cells
after cell reprogramming into 4T1-piPSCs in vitro;

[0037] Figure 5A is an image showing cell morphology of U251 cells;

[0038] Figure 5B is an image showing changes in cell morphology of U251 cells indirectly
co-cultured with U251-piPSCs for 40-64 hours, indicative of mesenchymal-to-cpithelial transition
and demonstrating a bystander effect of the U251-piPSCs on U251 cells;

[0039] Figure 5C is a graph showing significantly reduced proliferation of U251-piPSCs and
U251 cells indirectly co-cultured with U251-piPSCs at a 1:1 ratio of the U251-piPSCs and U251
cells, indicating a significantly reduced tumorigenicity of the co-cultured U251 cells and
supporting the observation of a bystander effect;

[0040] Figure 5D is a graph showing significantly reduced migration of U251-piPSCs and
U251 cells indirectly co-cultured with U251-piPSCs at 1:1 and 8:1 ratios (U251:U251-piPSCs), (p
< 0.005), indicating a significantly reduced tumorigenicity of the co-cultured U251 cells and
supporting the observation of a bystander effect;

[0041] Figure 5E is a graph showing significantly reduced invasion of U251-piPSCs and
U251 cells indirectly co-cultured with U251-piPSCs at 1:1 and 8:1 ratios (U251:U251-piPSCs), (p
< 0.005), indicating a significantly reduced tumorigenicity of the co-cultured U251 cells and
supporting the observation of a bystander effect;

[0042] Figure SF is a graph showing significantly reduced proliferation of 4T1 cells co-
cultured with 4T1-piPSCs for 40 hours, indicating a significantly reduced tumorigenicity of the co-
cultured 4T1 cells and supporting the observation of a bystander effect;

[0043] Figure 5G is a graph showing significantly reduced migration of 4T1 cells co-cultured
with 4T1-piPSCs for 40 hours, indicating a significantly reduced tumorigenicity of the co-cultured
4TI cells and supporting the observation of a bystander cffect;

[0044] Figure SH is a graph showing significantly reduced invasion of 4T1 cells co-cultured
with 4T1-piPSCs for 40 hours, indicating a significantly reduced tumorigenicity of the co-cultured
4T1 cells and supporting the observation of a bystander effect;

[0045] Figure 6A is a graph showing tumor volume (mm3) in rats intracranially-implanted
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with either 9L cells or 9L-piPSCs (n = 10) at day 14 and showing significantly reduced volume of
the intracranial 9L-piPSC tumors as compared with those of 9L-tumors, indicating a significantly
reduced tumorigenicity of 9L-cells after cell reprogramming into 9L-piPSCs in vivo;

[0046] Figure 6B is a graph showing tumor weight (grams) in rats subcutaneously-implanted
with 9L cells and 9L-piPSCs at day 25 after implantation (n = 6) and showing significantly
reduced weight of the subcutancous 9L-piPSC tumors as compared with those of 9L-tumors,
indicating a significantly reduced in vivo tumorigenicity of 9L-cells after cell reprogramming into
9L-piPSCs in vivo;

[0047] Figure 6C is a graph showing 4T1- and 4T1-piPSC tumor growth curve as measured
using tumor volume over 25 days after 4T1- and 4T 1-piPSC implantation, indicating a significant
in vivo tumor stasis of 4T1 cells after cell reprogrammed into 4T1-piPSCs in vivo;

[0048] Figure 6D is a graph showing 4T1- and 4T1-piPSC tumor growth curve as measured
using tumor weight at day 25 after 4T1- and 4T1-piPSC implantation, indicating a significant in
vivo tumor stasis of 4T1 cells after cell reprogrammed into 4T1-piPSCs in vivo;

[0049] Figurc 6E is a graph showing lung mectastascs in mice implanted with 4T1 cells or
4T1-piPSCs at day 25 after cell implantation, indicating a major in vivo metastasis inhibition
caused by cell reprogramming of 4T1 cells into 4T1-piPSCs in vivo; the lung was divided into 200
fields and number of metastases was counted and reported in the y-axis;

[0050] Figure 6F is a Kaplan-Meier survival curve of mice implanted with 4T1 cells and 4T1-
piPSCs in the #4 fat pads, demonstrating a significantly prolonged survival of the 4T1-piPSCs
during this 250-day survival experiment, indicating that cell reprogramming of malignant cancer
cells into piPSCs significantly reduces tumorigenicity and metastatic properties of the parental
cancer cells;

[0051] Figure 7A is a graph showing dose-dependent 9L tumor growth curves measured by
tumor volume in rats treated with QQ-reagent in PBS buffer (n = 10), QQ-SON proteins 1 ug/day
(n=135), QQ-SON proteins 5 ug/day (n = 35), and QQ-SON proteins 10 ug/day (n = 10) for 18 daily
treatments where the treatment started at day 5 after 9L cell implantation and the rats were
sacrificed at day 23;

[0052] Figure 7B is a graph showing 9L tumor weight in rats treated with QQ-reagent in PBS
buffer (n = 10), QQ-SON proteins 1 ug/day (n = 5), QQ-SON proteins 5 pg/day (n = 5), and QQ-
SON proteins 10 pg/day (n = 10) for 18 daily treatments where the treatment started at day 5 after
9L cell implantation and the rats were sacrificed at day 23;

[0053] Figure 7C is a Kaplan—Meier survival curve (130-days) of rats having subcutaneous
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9L tumors treated with QQ-reagents in PBS (solid line, n = 6; median survival = 21 days) or QQ-
SON proteins (dashed line, 10ug/day, n = 8; median survival = 127 days) for 30 daily treatments,
the endpoint is when tumor volume reaches 12 cm®;

[0054] Figure 7D is a graph showing effects of various QQ-SON protein dosages on 4T1-
tumor growth monitored by tumor volume in the breast over a 25-day time course;

[0055] Figure 7E is a graph showing effects of various QQ-SON protein dosages on 4T1-
tumor weight in the breast at day 25;

[0056] Figure 7F is a graph showing changes of tumor volumes at different time points,
determined by MRI imaging, of 4T 1-tumor bearing mice treated either with QQ-SON proteins (n =
8) or QQ-PBS as a control (n = 8), showing major tumor stasis without primary tumor removal;
[0057] Figure 7G is a graph showing tumor weight of 4T1-tumor bearing mice treated either
with QQ-SON proteins (n = 8) or QQ-PBS as the control (n = 8) at day 35, showing major tumor
stasis without primary tumor removal;

[0058] Figure 7H is a Kaplan-Meier survival curve of 4T1-breast cancer bearing mice treated
with QQ-PBS (Control, dotted linc) and QQ-SON proteins (Treatment, solid line) during a 60-day
survival experiment without primary 4T1 breast cancer removed as shown in Figure 7H. The
treatment started at day 5 after 4T1-cell implantation. Mice that met the endpoint, including tumor
size burden, labored breath, uncontrollable pain, etc. were sacrificed,;

[0059] Figure 71 is a graph showing the percentage of QQ-SON or QQ-PBS treated 4T1
tumor-bearing mice having metastatic lesions in the lung, without primary tumor removal, as
observed by MRI at indicated days, indicating a major metastasis inhibition in the 4T1-bearing
mice caused by QQ-SON protein treatment without primary tumor removal;

[0060] Figure 7J is a graph showing the percentage of QQ-SON or QQ-PBS treated 4T1
tumor-bearing mice having metastatic lesions in lymph nodes, without primary tumor removal, as
observed by MRI at indicated days, indicating a major metastasis inhibition in the 4T1-bearing
mice caused by QQ-SON protein treatment without primary tumor removal;

[0061] Figure 7K is a graph showing the percentage of QQ-SON or QQ-PBS treated 4T1
tumor-bearing mice having metastatic lesions in the liver, without primary tumor removal, as
observed by MRI at indicated days, indicating a major metastasis inhibition in the 4T1-bearing
mice caused by QQ-SON protein treatment without primary tumor removal;

[0062] Figure 7L is a graph showing the percentage of QQ-SON or QQ-PBS treated 4T1
tumor-bearing mice having metastatic lesions in the spleen, without primary tumor removal, as

observed by MRI at indicated days, indicating a major metastasis inhibition in the 4T1-bearing
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mice caused by QQ-SON protein treatment without primary tumor removal;
[0063] Figure 7M is a graph showing the average number per mouse of QQ-SON or QQ-PBS
treated 4T1 tumor -bearing mice having metastatic lesions in the lung, without primary tumor
removal, as observed by MRI at indicated days, indicating a major metastasis inhibition in the 4T1-
bearing mice caused by QQ-SON protein treatment without primary tumor removal;
[0064] Figure 7N is a graph showing the average number per mouse of QQ-SON or QQ-PBS
treated 4T1 tumor-bearing mice having metastatic lesions in the lymph nodes, without primary
tumor removal, as observed by MRI at indicated days, indicating a major metastasis inhibition in
the 4T1-bearing mice caused by QQ-SON protein treatment without primary tumor removal;
[0065] Figure 70 is a graph showing the average number per mouse of QQ-SON or QQ-PBS
treated 4T1 tumor-bearing mice having metastatic lesions in the liver, without primary tumor
removal, as observed by MRI at indicated days, indicating a major metastasis inhibition in the 4T1-
bearing mice caused by QQ-SON protein treatment without primary tumor removal;
[0066] Figure 7P is a graph showing the average number per mouse of QQ-SON or QQ-PBS
trecated 4T1 tumor-bearing mice having mctastatic Icsions in the spleen, without primary tumor
removal, as observed by MRI at indicated days, indicating a major metastasis inhibition in the 4T1-
bearing mice caused by QQ-SON protein treatment without primary tumor removal; and
[0067] Figure 8 is a Kaplan-Meier survival curve (250-day survival) of 4T1-breast cancer
bearing mice after surgical removal of the primary 4T1-breast cancer at day 18 and QQ-SON
protein treatment started at day ©.

DETAILED DESCRIPTION
[0068] Scientific and technical terms used herein are intended to have the meanings
commonly understood by those of ordinary skill in the art. Such terms are found defined and used
in context in various standard references illustratively including J. Sambrook and D.W. Russell,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press; 3rd Ed., 2001;
F.M. Ausubel, Ed., Short Protocols in Molecular Biology, Current Protocols; 5th Ed., 2002; B.
Alberts et al., Molecular Biology of the Cell, 4th Ed., Garland, 2002; D.L. Nelson and M.M. Cox,
Lehninger Principles of Biochemistry, 4th Ed., W.H. Freeman & Company, 2004; Engelke, D.R.,
RNA Interference (RNA1): Nuts and Bolts of RNAi Technology, DNA Press LLC, Eagleville, PA,
2003; Herdewijn, P. (Ed.), Oligonucleotide Synthesis: Methods and Applications, Methods in
Molecular Biology, Humana Press, 2004; A. Nagy, M. Gertsenstein, K. Vintersten, R. Behringer,
Manipulating the Mouse Embryo: A Laboratory Manual, 3rd edition, Cold Spring Harbor
Laboratory Press; December 15, 2002, ISBN-10: 0879695919; Kursad Turksen (Ed.), Embryonic
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stem cells: methods and protocols in Methods Mol Biol. 2002;185, Humana Press; Current
Protocols in Stem Cell Biology, ISBN: 9780470151808.

[0069] The singular terms "a," "an," and "the" are not intended to be limiting and include
plural referents unless explicitly stated otherwise or the context clearly indicates otherwise.

[0070] Methods, systems and compositions according to aspects of the present invention
provide protein-induced cell reprogramming in vivo to treat a subject in need thereof.

[0071] Methods, systems and compositions according to aspects of the present invention
provide for conversion of diseased or injured cells into normal cells by introducing one or more
QQ-modified reprogramming proteins into the diseased or injured cells in vivo without
introduction of nuclcic acids encoding the onc or morc reprogramming proteins.

[0072] Methods, systems and compositions according to aspects of the present invention
provide for conversion of cancer cells into non-cancerous cells by introducing one or more QQ-
modified reprogramming proteins into the cancer cells in vivo without introduction of nucleic acids
encoding the one or more reprogramming proteins.

[0073] Mcthods of trcating a subject in need thercof are provided according to aspects of the
present invention which include systemically and/or locally administering a pharmaceutical
composition comprising a protein transduction reagent-modified reprogramming protein to the
subject, wherein the protein transduction reagent is non-covalently bound to the reprogramming
protein and wherein the protein transduction reagent comprises a cation reagent and a lipid.

[0074] Pharmaceutical compositions which include a protein transduction reagent-modified
reprogramming protein are provided according to aspects of the present invention.

[0075] A "protein transduction reagent-modified reprogramming protein” is a reprogramming
protein that has been treated with the protein transduction reagent, also termed a “QQ reagent”
herein. The term “protein transduction reagent” refers to a composition cffective to cnable a
protein non-covalently bound to the protein transduction reagent to be delivered into mammalian
cells and once present in mammalian cells, to dissociate from the protein to allow proper delivery
of the protein to its proper subcellular location. The protein transduction reagent, also termed a
“QQ reagent” herein, includes at least one cation reagent, at least one lipid, and optionally an
enhancer. The term “QQ modified reprogramming protein™ and grammatical variants thereof as
used herein is equivalent to “protein transduction reagent-modified reprogramming protein” and
grammatical variants thercof as used herein. Similarly, one or more proteins termed “QQ” protein
signifies that the proteins is modified by treatment with a protein transduction reagent and is a

“protein transduction reagent-modified reprogramming protein. For example, the term “QQ-SON”
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refers to a mixture of Sox2, Oct4 and Nanog proteins modified by treatment with a protein
transduction reagent as described herein to produce protein transduction reagent-modified
reprogramming Sox2, Oct4 and Nanog proteins.

[0076] One example of an appropriate cation reagent is polyethylenimine (PEI), such as, but
not limited to, PEI Mw 1,200 (PEI 1.2K), PEI Mw 2000 (PEI 2K), PEI Mw 4000 (PEI 4K) and
PEI Mw 8000 (PEI 8K). The lipid can be any lipid known to those of skill in the art to have the
same general properties as those listed herein. Examples of such lipids include, but are not limited
to, DOTMA (N-1(~(2,3-dioleyloxy)propyl-N,N,N-trimethyl-ammonium chloride;
DOGS (dioctadecylamido-glycylspermine); DOTAP, 1,2-dioleoyl-3-trimethylammonium-propane;
DOPE, 1,2-diolcoyl-sn-glycero-3-phosphocthanolamine; POPC, 1-palmitoyl-2-olcoyl-sn-glyccero-
3-phosphocholine; and DMPE 1,2-dimyristoyl-s#-glycero-3-phosphocholine.

[0077] Optionally, the protein transduction reagent includes polyethylenimine as a cation
reagent and the lipid is DOTAP or DOTMA and DOPE or DOGS; POPC and DMPE; or DOTAP
or DOTMA, DOPE or DOGS, POPC and DMPE. Optionally, the protein transduction reagent is
QQla, QQ2a, QQ3a, QQ4a, QQ5a, QQ6a, QQ7a, QQ8a, QQYa as described in Table 1.

[0078] The optional enhancer can be any enhancer that significantly enhances cell loading of
cationized proteins. Examples of such enhancers in cell cultures include, but are not limited to
MG132, protease inhibitor, CaCl,, DMSO and growth factors. Other enhancers can also be used,
including, but not limited to, cell membrane surfactants. The reagent can also include stabilizers
and other inert carriers that do not affect the function of the reagent. As shown in Table 1, the
concentrations and specific compounds utilized can vary.

[0079] The term “reprogramming protein” as used herein refers to a DNA binding
transcription factor protein, or effective portion thereof, which affects transcription of a gene and
which induces a change from a first differentiated cell type to a second, different, differentiated cell
type. The change from a first differentiated cell type to a second, different, differentiated cell type
typically proceeds through an intermediate, less differentiated, cell type, such as a transient stem
cell including protein-induced pluripotent stem cells. Reprogramming proteins and nucleic acids
that encode them have been isolated from humans and other species. Reprogramming proteins
include, but are not limited to, Ascl, Ascll, Brca-11, B2, C/EBPa, CEBPB , ¢-MYC, DIx2,
EKLF, Ergl, Er71, Flil, Foxal, Foxa2, Foxa3, FoxCl, FoxC2, FOXG1, FOXP3, Gatal, Gata2,
Gata3, Gatad4, Gata6, GFI1, Hand2, Hb9, Heyl, Hey2, HNF4A, Hnfla, Kif4, Lhx3, LIN28A,
Lmxla, Lsll, MafA, MEF2c, Mytll, MYF5, MyoD, NAB2, Nanog, NeuroD1, NEUROG?2,
NEURGGS, Nurrl, Getd, Pdx1, Pax4, PAXS, Pax6, Prdml16, PU.1, ROR gamma, Runx?2,
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SLC7A10, Slug, Sox2, Sox5, Sox6, Sox7, Sox9, Sox18, Stat5a, T-bet and Tbox5. Amino acid
sequences for such reprogramming proteins are known, as exemplified by the sequences shown
herein as SEQ ID NOs:1-63, along with nucleic acids encoding them shown herein as SEQ ID
NOs: 65-127.

[0080] A reprogramming protein to be QQ-modified is obtained by methods such as isolation,
synthesis, or recombinant expression of a nucleic acid encoding the reprogramming protein. Such
proteins may also be obtained commercially.

[0081] The term “nucleic acid” refers to RNA or DNA molecules having more than one
nucleotide in any form including single-stranded, double-stranded, oligonucleotide or
polynucleotide. The term “nucleotide sequence” refers to the ordering of nucleotides in an
oligonucleotide or polynucleotide in a single-stranded form of nucleic acid.

[0082] Recombinant expression of a reprogramming protein to be QQ-modified includes
expression of a nucleic acid encoding the protein wherein the nucleic acid is included in an
expression construct.

[0083] A host ccll may be transfected with the cxpression construct encoding the desired
reprogramming protein such that the reprogramming protein is expressed in the cell.

[0084] The terms “expression construct” and “expression cassette” are used herein to refer to
a double-stranded recombinant DNA molecule containing a desired nucleic acid coding sequence
for a reprogramming factor to be expressed and containing one or more regulatory elements
necessary or desirable for the expression of the operably linked coding sequence.

[0085] Expression constructs operable to express a desired protein include, for example, in
operable linkage: a promoter, a DNA sequence encoding a desired protein and a transcription
termination site.

[0086] The term “regulatory element” as used herein refers to a nucleotide sequence which
controls some aspect of the expression of nucleic acid sequences. Exemplary regulatory elements
illustratively include an enhancer, an internal ribosome entry site (IRES), an intron; an origin of
replication, a polyadenylation signal (polyA), a promoter, a transcription termination sequence, and
an upstream regulatory domain, which contribute to the replication, transcription, post-
transcriptional processing of a nucleic acid sequence. Those of ordinary skill in the art are capable
of selecting and using these and other regulatory elements in an expression construct with no more
than routine experimentation. Expression constructs can be generated recombinantly or

synthetically using well-known methodology.
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[0087] The term “operably linked” as used herein refers to a nucleic acid in functional
relationship with a second nucleic acid.
[0088] A regulatory element included in an expression cassette is a promoter in particular
aspects.
[0089] The term “promoter” is well-known in the art and refers to one or more DNA

sequences operably linked to a nucleic acid sequence to be transcribed and which bind an RNA
polymerase and allow for initiation of transcription. A promoter is typically positioned upstream
(57) of a nucleic acid encoding a peptide or protein to be expressed.

[0090] An included promoter can be a constitutive promoter or can provide inducible
cxpression. One of skill in the art is familiar with various well-known promoters and is able to
select a promoter suitable for use in expressing a peptide or protein in a particular environment,
such ag in a specified cell type.

[0091] For expression in a yeast host cell, suitable promoters include, but are not limited to,
an ADH1 promoter, a PGK1 promoter, an ENO promoter, a PYK1 promoter and the like; or a
rcgulatable promoter such as a GAL1 promoter, a GAL 10 promoter, an ADH2 promoter, a PHOS
promoter, a CUP1 promoter, a GAL7 promoter, a MET25 promoter, a MET3 promoter, a CYC1
promoter, a HIS 3 promoter, an ADHI promoter, a PGK promoter, a GAPDH promoter, an ADCI
promoter, a TRP1 promoter, a URA3 promoter, a LEU2 promoter, an ENO promoter, a TP1
promoter, and AOX1.

[0092] For expression in a prokaryotic host cell include, suitable promoters include, but are
not limited to, a bacteriophage T7 RNA polymerase promoter; a trp promoter; a lac operon
promoter; a trc promoter; a tac promoter,; an araBAD promoter; an ssaG promoter; a pagC
promoter, a sigma70 promoter, a dps promoter, an spv promoter, an SPI-2 promoter; an actA
promoter, an tps M promoter; a tetracycline promoter, an SP6 promoter, a bacteriophage T3
promoter, a gpt promoter and a bacteriophage lambda P promoter.

[0093] Additional suitable bacterial and eukaryotic promoters are well-known, for example as
described in Sambrook et al., Molecular Cloning, A Laboratory Manual, 2nd ed. 1989; and 3rd ed.,
2001; Kriegler, Gene Transfer and Expression: A Laboratory Manual (1990); and Ausubel et al.,
Current Protocols in Molecular Biology, 2014.

[0094] For expression in an eukaryotic cell, promoters that can be included in an expression
construct include, but are not limited to, cytomegalovirus immediate early promoter; herpes
simplex virus thymidine kinase promoter; early and late SV40 promoters; a phosphoglycerate

kinase (PGK) promoter; a promoter present in long terminal repeats from a retrovirus; and a mouse
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metallothionein-I promoter, a beta-actin promoter, a ROSA26 promoter, a heat shock protein 70
(Hsp70) promoter, an EF-1 alpha gene encoding elongation factor 1 alpha (EF1) promoter, an
eukaryotic initiation factor 4A (elF-4Al) promoter, a chloramphenicol acetyltransferase (CAT)
promoter and the long terminal repeat region of Rous Sarcoma virus (RSV promoter).

[0095] In addition to a promoter, one or more enhancer sequences may be included such as,
but not limited to, cytomegalovirus (CMV) early enhancer element and an SV40 enhancer element.
[0096] Additional included sequences include an intron sequence such as the beta globin
intron or a generic intron, a transcription termination sequence, and an mRNA polyadenylation
(pA) sequence such as, but not limited to SV40-pA, beta-globin-pA and SCF-pA.

[0097] An cxpression construct may include sequences nccessary for amplification in
bacterial cells, such as a selection marker (e.g. kanamycin or ampicillin resistance gene) and a
replicon.

[0098] An internal ribosome entry site (IRES) is an optionally included nucleic acid sequence
that permits translation initiation at an internal site in an mRNA. IRES are well-known in the art,
for example as described in Pelletier, J. et al., Nature, 334:320-325, 1988; Vagner, S. ct al., EMBO
Rep., 2:893-898, 2001; and Hellen, C. U. et al, Genes Dev. 15:1593-1612, 2001.

[0099] The term “transcription termination site” refers to a DNA sequence operable to
terminate transcription by an RNA polymerase. A transcription termination site is generally
positioned downstream (3”) of a nucleic acid encoding a peptide or protein to be expressed.

[00100] A leader sequence is optionally included in an expression construct.

[00101] Codon optimization of a nucleic acid encoding a desired protein may be used to
improve expression in a particular expression system, for example by improving the efficiency of
translation. A selected nucleic acid encoding a desired protein may be codon optimized for
expression in any designated host cell, prokaryotic or eukaryotic, such as, but not limited to,
bacteria, insect cells, yeast, fungus, bird eggs and mammalian cells.

[00102] An expressed protein optionally includes an N-terminal element such as a leader
sequence and/or N-terminal methionine.

[00103] In addition to one or more nucleic acids encoding a desired reprogramming protein,
one or more nucleic acid sequences encoding additional proteins can be included in an expression
vector. For example, a nucleic acid sequence encoding a reporter, including, but not limited to,
beta-galactosidase, green fluorescent protein and antibiotic resistance reporters is optionally

included. In a further example, a his-tag, GST-tag or MBP-tag is optionally included.
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[00104] A nucleic acid encoding a reprogramming protein can be cloned into an expression
vector for transformation into prokaryotic or eukaryotic cells and expression of the encoded
peptides and/or protein(s). As used herein, "expression vectors” are defined as polynucleotides
which, when introduced into an appropriate host cell, an expression system, can be transcribed and
translated, producing the encoded polypeptide(s).

[00105] Expression vectors are known in the art and include plasmids, cosmids, viruses and
bacteriophages, for example. Expression vectors can be prokaryotic vectors, insect vectors, or
cukaryotic vectors, for example.

[00106] For example, an expression construct including, in operable linkage: a promoter, a
DNA sequence encoding a desired protein and a transcription termination site, is included in a
plasmid, cosmid, virus or bacteriophage expression vector.

[00107] Particular vectors are known in the art and one of skill in the art will recognize an
appropriate vector for a specific purpose.

[00108] Any suitable expression vector/host cell system can be used for expression of a
transcription factor for administration to a subject according to aspects of the present invention.
[00109]  Expression of a reprogramming protein using a recombinant expression vector is
accomplished by introduction of the expression vector into an eukaryotic or prokaryotic host cell
expression system such as an insect cell, mammalian cell, yeast cell, fungus, bird egg, bacterial cell
or any other single or multicellular organism recognized in the art.

[00110] Host cells containing the recombinant expression vector are maintained under
conditions wherein the desired protein is produced. Host cells may be cultured and maintained
using known cell culture techniques such as described in Celis, Julio, ed., 1994, Cell Biology
Laboratory Handbook, Academic Press, N.Y. Various culturing conditions for these cells,
including media formulations with regard to specific nutrients, oxygen, tension, carbon dioxide and
reduced serum levels, can be selected and optimized by one of skill in the art.

[00111]  Bacterial cells can be used as the host cells to produce reprogramming proteins.
Recombinant protein expression in bacterial cells and purification of the produced protein may be
performed using known protocols, such as described in Paulina Balbas, Argelia Lorence ed., 2004,
Recombinant Gene Expression: Reviews and Protocols, Humana Press, New Jersey; Peter E.
Vaillancourt, 2003, E. Coli Gene Expression Protocols, Springer Science & Business Media.
[00112]  Optionally, recombinantly produced reprogramming proteins are purified to remove

endotoxin when an endotoxin producing host cell type is used. For example, an additional washing
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step can be added during protein purification stage using 10 column volume of 0.2% of Triton
X114 to remove endotoxin from bacterially expressed recombinant reprogramming proteins.
[00113]  Alternatively, in order to produce recombinant reprogramming proteins which do not
trigger endotoxic response in human cells, a genetically modified bacterial strain, ClearColi™
BL21(DE3) can be used as host cells such that no endotoxin removal is required.

[00114]  For expression in a host cell, any of the well-known procedures for introducing
recombinant nucleic acids into host cells may be used, such as calcium phosphate transfection,
polybrene, protoplast fusion, electroporation, sonoporation, liposomes and microinjection,
examples of which are described in Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Laboratory Press, 2001; and Ausubel, F. ¢t al., (Eds.), Current Protocols in
Molecular Biology, 2014.

[00115]  Cell free expression systems is optionally used to express a reprogramming protein,
such as described in Ausubel, F. et al., (Eds.), Current Protocols in Molecular Biology, 2014.
[0001] Human reprogramming proteins shown herein as SEQ ID NOs: 1-63, and encoded by
the nucleic acid scquences of SEQ ID NOs:65-127, and variants thercof, can be used in methods
according to aspects described herein.

[00116]  As used herein, the term "variant” refers to a variation of a nucleic acid sequence
encoding a reprogramming protein or a variation of a reprogramming protein in which one or more
nucleotides or amino acid residues have been modified by nucleotide or amino acid substitution,
addition, or deletion while retaining the function of the reference nucleic acid sequence or
reprogramming protein. Variants of a nucleic acid sequence or reprogramming protein described
herein are characterized by conserved functional properties compared to the corresponding nucleic
acid sequence or reprogramming protein.

[00117] Mutations can be introduced using standard molecular biology techniques, such as
chemical synthesis, site-directed mutagenesis and PCR-mediated mutagenesis.

[00118] One of skill in the art will recognize that one or more amino acid mutations can be
introduced without altering the functional properties of a desired reprogramming protein. For
example, one or more amino acid substitutions, additions, or deletions can be made without
altering the functional properties of a desired reprogramming protein.

[00119]  Biological activity of a reprogramming protein variant is readily determined by one of
skill in the art, for instance using any of the functional assays described herein or other functional
assays known in the art.

[00120]  Variants of a reprogramming protein described herein are characterized by conserved
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functional properties compared to the corresponding reprogramming protein and have 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99% or greater identity to the amino acid sequence of a
reference reprogramming protein.

[00121]  When comparing a reference reprogramming protein to a variant, amino acid similarity
may be considered in addition to identity of amino acids at corresponding positions in an amino
acid sequence. “Amino acid similarity” refers to amino acid identity and conservative amino acid
substitutions in a putative homologue compared to the corresponding amino acid positions in a
reference protein.

[00122]  Variants of a reprogramming protein described herein are characterized by conserved
functional propertics compared to the corresponding reprogramming protein and have 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99% or greater similarity to the amino acid sequence of a
reference reprogramming protein.

[00123]  Conservative amino acid substitutions can be made in reference proteins to produce
variants.

[00124] Conscrvative amino acid substitutions are art recognized substitutions of one amino
acid for another amino acid having similar characteristics. For example, each amino acid may be
described as having one or more of the following characteristics: electropositive, electronegative,
aliphatic, aromatic, polar, hydrophobic and hydrophilic. A conservative substitution is a
substitution of one amino acid having a specified structural or functional characteristic for another
amino acid having the same characteristic. Acidic amino acids include aspartate, glutamate; basic
amino acids include histidine, lysine, arginine; aliphatic amino acids include isoleucine, leucine
and valine; aromatic amino acids include phenylalanine, glycine, tyrosine and tryptophan; polar
amino acids include aspartate, glutamate, histidine, lysine, asparagine, glutamine, arginine, serine,
threonine and tyrosine; and hydrophobic amino acids include alanine, cysteine, phenylalanine,
glycine, isoleucine, leucine, methionine, proline, valine and tryptophan; and conservative
substitutions include substitution among amino acids within each group. Amino acids may also be
described in terms of relative size, alanine, cysteine, aspartate, glycine, asparagine, proline,
threonine, serine, valine, all typically considered to be small.

[00125] A variant can include synthetic amino acid analogs, amino acid derivatives and/or non-
standard amino acids, illustratively including, without limitation, alpha-aminobutyric acid,
citrulline, canavanine, cyanoalanine, diaminobutyric acid, diaminopimelic acid, dihydroxy-

phenylalanine, djenkolic acid, homoarginine, hydroxyproline, norleucine, norvaline, 3-
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phosphoserine, homoserine, 5-hydroxytryptophan, 1-methylhistidine, 3-methylhistidine, and
ornithine.

[00126]  Percent identity is determined by comparison of amino acid or nucleic acid sequences,
including a reference amino acid or nucleic acid sequence and a putative homologue amino acid or
nucleic acid sequence. To determine the percent identity of two amino acid sequences or of two
nucleic acid sequences, the sequences are aligned for optimal comparison purposes (e.g., gaps can
be introduced in the sequence of a first amino acid or nucleic acid sequence for optimal alignment
with a second amino acid or nucleic acid sequence). The amino acid residues or nucleotides at
corresponding amino acid positions or nucleotide positions are then compared. When a position in
the first sequence is occupicd by the same amino acid residue or nucleotide as the corresponding
position in the second sequence, then the molecules are identical at that position. The percent
identity between the two sequences is a function of the number of identical positions shared by the
sequences (i.e., % identity=number of identical overlapping positions/total number of positions X
100%). The two sequences compared are generally the same length or nearly the same length.
[00127] The determination of percent identity between two sequences can also be
accomplished using a mathematical algorithm. Algorithms used for determination of percent
identity illustratively include the algorithms of S. Karlin and S. Altshul, PNAS, 90:5873-5877,
1993; T. Smith and M. Waterman, Adv. Appl. Math. 2:482-489, 1981, S. Needleman and C.
Waunsch, J. Mol. Biol., 48:443-453, 1970, W. Pearson and D. Lipman, PNAS, 85:2444-2448, 1988
and others incorporated into computerized implementations such as, but not limited to, GAP,
BESTFIT, FASTA, TFASTA; and BLAST, for example incorporated in the Wisconsin Genetics
Software Package, Genetics Computer Group, 575 Science Drive, Madison, Wis.) and publicly
available from the National Center for Biotechnology Information.

[00128] A non-limiting example of a mathematical algorithm utilized for the comparison of
two sequences is the algorithm of Karlin and Altschul, 1990, PNAS 87:2264-2268, modified as in
Karlin and Altschul, 1993, PNAS. 90:5873-5877. Such an algorithm is incorporated into the
NBLAST and XBLAST programs of Altschul et al, 1990, J. Mol. Biol. 215:403. BLAST
nucleotide searches are performed with the NBLAST nucleotide program parameters set, ¢.g., for
score=100, word length=12 to obtain nucleotide sequences homologous to a nucleic acid
molecules of the present invention. BLAST protein searches are performed with the XBLAST
program parameters set, e.g., to score 50, word length=3 to obtain amino acid sequences
homologous to a protein molecule of the present invention. To obtain gapped alignments for

comparison purposes, Gapped BLAST are utilized as described in Altschul et al., 1997, Nucleic
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Acids Res. 25:3389-3402. Alternatively, PSI BLAST is used to perform an iterated search which
detects distant relationships between molecules. When utilizing BLAST, Gapped BLAST, and PSI
Blast programs, the default parameters of the respective programs (e.g., of XBLAST and
NBLAST) are used. Another preferred, non-limiting example of a mathematical algorithm utilized
for the comparison of sequences is the algorithm of Myers and Miller, 1988, CABIOS 4:11-17.
Such an algorithm is incorporated in the ALIGN program (version 2.0) which is part of the GCG
sequence alignment software package. When utilizing the ALIGN program for comparing amino
acid sequences, a PAM120 weight residue table, a gap length penalty of 12, and a gap penalty of 4
is used.

[00129]  The percent identity between two sequences is determined using techniques similar to
those described above, with or without allowing gaps. In calculating percent identity, typically only
exact matches are counted.

[00130] One of skill in the art will recognize that one or more nucleic acid or amino acid
mutations can be introduced without altering the functional properties of a given nucleic acid or
protein, respectively.

[00131]  As noted, human reprogramming proteins shown herein as SEQ ID NOs: 1-63, are
encoded by the nucleic acid sequences of SEQ ID NOs:65-127. It is appreciated that due to the
degenerate nature of the genetic code, alternate nucleic acid sequences encode a particular
reprogramming protein, and that such alternate nucleic acids may be expressed to produce the
desired reprogramming protein.

[00132] The term “complementary” refers to Watson-Crick base pairing between nucleotides
and specifically refers to nucleotides hydrogen bonded to one another with thymine or uracil
residues linked to adenine residues by two hydrogen bonds and cytosine and guanine residues
linked by three hydrogen bonds. In general, a nucleic acid includes a nucleotide sequence
described as having a “percent complementarity” to a specified second nucleotide sequence. For
example, a nucleotide sequence may have 80%, 90%, or 100% complementarity to a specified
second nucleotide sequence, indicating that 8 of 10, 9 of 10 or 10 of 10 nucleotides of a sequence
are complementary to the specified second nucleotide sequence. For instance, the nucleotide
sequence 3’-TCGA-5" 18 100% complementary to the nucleotide sequence 5°-AGCT-3". Further,
the nucleotide sequence 3’-TCGA-5" is 100% complementary to a region of the nucleotide
sequence 5’-TTAGCTGG-3’.

[00133] The terms “hybridization” and “hybridizes” refer to pairing and binding of

complementary nucleic acids. Hybridization occurs to varying extents between two nucleic acids
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depending on factors such as the degree of complementarity of the nucleic acids, the melting
temperature, Tm, of the nucleic acids and the stringency of hybridization conditions, as is well
known in the art. The term “stringency of hybridization conditions™ refers to conditions of
temperature, ionic strength, and composition of a hybridization medium with respect to particular
common additives such as formamide and Denhardt’s solution. Determination of particular
hybridization conditions relating to a specified nucleic acid is routine and is well known in the art,
for instance, as described in J. Sambrook and D.W. Russell, Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press; 3rd Ed., 2001; and F.M. Ausubel, Ed., Short
Protocols in Molecular Biology, Current Protocols; 5th Ed., 2002. High stringency hybridization
conditions arc those which only allow hybridization of substantially complementary nucleic acids.
Typically, nucleic acids having about 85-100% complementarity are considered highly
complementary and hybridize under high stringency conditions. Intermediate stringency conditions
are exemplified by conditions under which nucleic acids having intermediate complementarity,
about 50-84% complementarity, as well as those having a high degree of complementarity,
hybridize. In contrast, low stringency hybridization conditions arc thosc in which nuclcic acids
having a low degree of complementarity hybridize.

[00134]  The terms “specific hybridization™ and “specifically hybridizes” refer to hybridization
of a particular nucleic acid to a target nucleic acid without substantial hybridization to nucleic acids
other than the target nucleic acid in a sample.

[00135]  Stringency of hybridization and washing conditions depends on several factors,
including the Tm of the probe and target and ionic strength of the hybridization and wash
conditions, as is well-known to the skilled artisan. Hybridization and conditions to achieve a
desired hybridization stringency are described, for example, in Sambrook et al, Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 2001; and Ausubel, F. et al.,
(Eds.), Short Protocols in Molecular Biology, Wiley, 2002.

[00136] An example of high stringency hybridization conditions is hybridization of nucleic
acids over about 100 nucleotides in length in a solution containing 6X SSC, 5X Denhardt’s
solution, 30% formamide, and 100 micrograms/ml denatured salmon sperm at 37°C overnight
followed by washing in a solution of 0.1X SSC and 0.1% SDS at 60°C for 15 minutes. SSC is
0.15M NaCl/0.015M Na citrate. Denhardt’s solution is 0.02% bovine serum albumin/0.02%
FICOLL/0.02% polyvinylpyrrolidone.

[00137] A reprogramming protein modified by QQ is an isolated protein according to aspects

of the present invention. The term “isolated protein” indicates that the protein has been separated
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from biological materials, such as cells, cellular debris and other proteins, which may be present in
the system in which the protein is produced. The term “isolated protein” may, but does not
necessarily, indicate that the protein is purified. Purified protein included in methods and
compositions of the present invention contains least about 1 — 100% of the mass, by weight, such
as about 25%, 50%, 75%, 85%, 95%, 99% or greater than about 99% of the mass, by weight, of the
protein included.

[00138] The term “subject” refers to an individual in need of treatment for a disease or injury
responsive to the beneficial effects of cell reprogramming, and generally includes mammals and
birds, such as, but not limited to, humans, other primates, cats, dogs, sheep, cows, goats, horses,
pigs, poultry, rabbits and rodents, such as rats, mice and guinca pigs. According to aspects of the
present invention, the subject is human.

[00139] Condition characterized by damaged, and/or defective cells.

[00140] The terms ‘“treating” and “treatment” used to refer to treatment of a condition
characterized by damaged, and/or defective cells such as a disease or injury of a subject include:
inhibiting or ameliorating the discasc or injury in the subjcct, such as slowing progression of the
disease and/or reducing or ameliorating a sign or symptom of the disease or injury.

[00141] Conditions characterized by angiogenesis are treated according to aspects of methods
of the present invention and are characterized by effective delivery of QQ-modified
reprogramming proteins via the enhanced permeability and retention effect (EPR effect) of the
angiogenic blood vessels.

[00142] Conditions characterized by damaged, and/or defective cells treated according to
aspects of the present invention are various human conditions, including, but not limited to, cancer;
cardiovascular disease or injury such as acute and chronic myocardial infarction, ischemia, heart
injury, coronary artery discase, congenital heart discase, cardiomyopathies such as alcoholic
cardiomyopathy, arrhythmogenic right ventricular cardiomyopathy, hypertensive cardiomyopathy,
dilated cardiomyopathy, hypertrophic cardiomyopathy, inflammatory cardiomyopathy, ischemic
cardiomyopathy, cardiomyopathy secondary to a systemic metabolic disease, myocardiodystrophy,
noncompaction cardiomyopathy, restrictive cardiomyopathy, and valvular cardiomyopathy;
vascular disease or blood vessel damage; anemias; ischemic and hemorrhagic stroke; metabolic
diseases or conditions, such as diabetes, type I and type II, and obesity; neurological diseases and
injuries such as spinal cord injury, traumatic brain injury, Huntington's disease, schizophrenia,
Alzheimer's disease, amyotrophic lateral sclerosis, ataxias, autism, Lyme disease, meningitis,

migraine, motor neuron diseases, movement disorders such as Parkinson's disease, neuropathy,
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pain, neuropathic pain, spinal cord disorders, peripheral and central nerve disorders, autonomic
nervous system disorders, seizure disorders such as epilepsy, sleep disorders, dementias such as
Alzheimer's disease, muscular dystrophy, Charcot-Marie-Tooth Neuropathy Type 1A and
demyelinating diseases such as acute disseminated encephalomyelitis, adrenoleukodystrophy,
adrenomyecloneuropathy, multiple sclerosis, neuromyelitis optica, optic neuritis, and transverse
myelitis; wounds; inflammatory conditions; liver diseases and injuries such as liver disease such as
familial hyper-cholesterolaemia (FH), Crigler-Najjar syndrome, hereditary tryosinemia I, fulminant
hepatic failure, viral hepatitis, drug-induced liver injury, cirrhosis, inherited hepatic insufficiency
such as due to Wilson's disease, Gilbert's syndrome, or al-antitrypsin deficiency, hepatobiliary
carcinoma, autoimmunc liver discase, such as autoimmunc chronic hepatitis or primary biliary
cirrhosis; autoimmune diseases; osteoarthritis; rheumatoid arthritis; cartilage disease or injury such
as due to joint disorder, osteoarthritis, cartilage injury, traumatic rupture or detachment,
achondroplasia, costochondritis, spinal disc herniation, relapsing polychonritis, tumor, chondroma,
chondrosarcoma, and pleomorphic adenoma; Crohn's disease and genetic abnormalities.

[00143] Particular cancers treated using mecthods and compositions described herein are
characterized by abnormal cell proliferation including, but not limited to, pre-ncoplastic
hyperproliferation, cancer in-situ, neoplasms and metastasis. The terms “treating” and “treatment”
used to refer to treatment of a cancer in a subject include: inhibiting or ameliorating the cancer in
the subject, such as slowing progression of the cancer and/or reducing or ameliorating a sign or
symptom of the cancer.

[00144] A therapeutically effective amount of a composition including an anti-cancer
composition of the present invention is an amount which has a beneficial effect in a subject being
treated. In subjects having cancer, such as a condition characterized by abnormal cell proliferation
including, but not limited to, pre-neoplastic hyperproliferation, cancer in-situ, neoplasms,
metastasis, a tumor, a benign growth or other condition responsive to an inventive composition, a
therapeutically effective amount of a QQ-modified protein is effective to ameliorate one or more
signs and/or symptoms of the cancer. For example, a therapeutically effective amount of a
composition is effective to detectably decrease proliferation of cells of a cancer characterized by
abnormal cell proliferation including, but not limited to, pre-neoplastic hyperproliferation, cancer
in-situ, neoplasms, metastasis, a tumor, a benign growth or other condition responsive to an
administered QQ-modified protein.

[00145]  Such cancers include solid and non-solid cancers such as cancer of the bladder; breast;

colorectal; cervical; esophagus; head and neck; kidney; lung; cancers of the nervous system such as
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glioblastoma, astrocytoma, ependymoma, neuroblastoma, retinoblastoma, meningiomas, granular
cell tumors and nerve sheath tumors; ovary; pancreas; prostate; skin; stomach; testicle; throat
cancer; urachus; or vagina.

[00146] A pharmaceutical composition according to aspects of the present invention includes a
QQ-modified reprogramming protein and a pharmaceutically acceptable carrier.

[00147] The term “pharmaceutically acceptable carrier” as used herein refers to a carrier or
diluent that is generally non-toxic to an intended recipient and which does not significantly inhibit
activity of a QQ-modified protein or other active agent included in the composition.

[00148] A composition according to the present invention generally includes about 0.1-99% of
a QQ-modificd reprogramming protein.

[00149] Pharmaceutical compositions suitable for delivery to a subject may be prepared in
various forms illustratively including physiologically acceptable sterile aqueous or nonaqueous
solutions, dispersions, suspensions or emulsions, and sterile powders for reconstitution into sterile
injectable solutions or dispersions,

[00150] Pharmaccutical compositions optionally include a buffer, a solvent, or a diluent.

[00151] Examples of suitable aqueous and nonaqueous carriers include water, ethanol, polyols
such as propylene glycol, polyethylene glycol and glycerol; vegetable oils such as olive oil; and
injectable organic esters such as ethyloleate; and suitable mixtures of any two or more thereof.
[00152] Such formulations are administered by a suitable route including parenteral
administration. Optionally, administration includes systemic or local administration.

[00153] These compositions may also contain adjuvants such as preserving, wetting,
emulsifying, and dispensing agents. Prevention of the action of microorganisms can be ensured by
various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic
acid, and the like. One or more isotonic agents is optionally included, for example, sugars and or
salts such as sodium chloride.

[00154] In particular aspects, QQ-modified proteins are administered by topical application.
[00155] A topical formulation can be an ointment, lotion, cream or gel in particular aspects.
Topical dosage forms such as ointment, lotion, cream or gel bases are described in Remington: The
Science and Practice of Pharmacy, 21* Ed., Lippincott Williams & Wilkins, 2006, p.880-882 and
p.886-888; and in Allen, L. V. et al., Ansel’s Pharmaceutical Dosage Forms and Drug Delivery
Systems, 8 Ed., Lippincott Williams & Wilkins, 2005, p.277-297.

[00156] Pharmaceutically acceptable carriers and formulation of pharmaceutical compositions

are known in the art, illustratively including, but not limited to, as described in Remington: The
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Science and Practice of Pharmacy, 21% Ed., Lippincott, Williams & Wilkins, Philadelphia, PA,
2006; and Allen, L.V. et al., Ansel’s Pharmaceutical Dosage Forms and Drug Delivery Systems,
8" Ed., Lippincott, Williams & Wilkins, Philadelphia, PA, 2005.

[00157] A pharmaceutical composition including a QQ-modified protein is suitable for
administration to a subject by a variety of systemic and/or local routes including, but not limited to,
parenteral, oral, rectal, nasal, pulmonary, epidural, ocular, otic, intraarterial, intracardiac,
intracerebroventricular, intracranial, intradermal, intravenous, intramuscular, intraperitoneal,
intraosseous, intrathecal, intratumoral, intravesical, subcutaneous, topical, transdermal, and
transmucosal, such as by sublingual, buccal, vaginal, and inhalational routes of administration.
[00158]  Administration of pharmaccutical composition

[00159] An inventive composition may be administered acutely or chronically. For example, a
composition as described herein may be administered as a unitary dose or in multiple doses over a
relatively limited period of time, such as seconds — hours. In a further embodiment, administration
may include multiple doses administered over a period of days — years, such as for chronic
treatment of cancer.

[00160] A therapeutically effective amount of a QQ-modified protein will vary depending on
the route of administration and form of the composition being administered and the particular
composition administered, the severity and type of condition being treated in the subject, the
species of the subject, the age and sex of the subject and the general physical characteristics of the
subject to be treated. One of skill in the art could determine a therapeutically effective amount in
view of these and other considerations typical in medical practice without undue experimentation
in view of the present disclosure and what is known in the art. In general it is contemplated that a
therapeutically effective amount would be in the range of about 0.001 ng/kg — 100 mg/kg body
weight, optionally in the range of about 0.01 ng/kg — 1 mg/kg, and further optionally in the range
of about 0.1 ng/kg — 0.1 mg/kg. Further, dosage may be adjusted depending on whether treatment
is to be acute or continuing.

[00161] Usually between 1 and 100 doses of a QQ-modified protein are administered to treat a
subject in need thereof, although more doses can be given. A QQ-modified protein can be
administered twice a day, daily, biweekly, weekly, every other week, monthly or at some other
interval, for a treatment course extending one day, 1 week, 2 weeks, 4 weeks, 1 month, 2 months,
3-6 months or longer. A course of treatment is optionally repeated and may extend to chronic

treatment if necessary.
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[00162] Administration of a QQ-modified protein according to aspects of a method of the
present invention includes administration according to a dosage regimen to produce a desired
response. A suitable schedule for administration of doses depends on several factors including age,
weight, gender, medical history and health status of the subject, type of composition used and route
of administration, for example. One of skill in the art is able to readily determine a dose and
schedule of administration for a particular subject.

[00163] Methods according to embodiments of the present invention include administration of
a QQ-modified protein as a pharmaceutical formulation, such as by systemic or local
administration. Exemplary routes of administration include, but are not limited to, parenteral, oral,
rectal, nasal, pulmonary, epidural, ocular, otic, intraarterial, intracardiac, intracerebroventricular,
intracranial, intradermal, intravenous, intramuscular, intraperitoneal, intraosseous, intrathecal,
intratumoral, intravesical, subcutaneous, topical, transdermal, and transmucosal, such as by
sublingual, buccal, vaginal, and inhalational routes of administration.

[00164] The QQ-modified protein may be administered parenterally, for example, by injection
such as intravenous injection, intramuscular injection, intraperitoncal injection, subcutancous
injection, transdermal injection, intrathecal injection, intracranial injection, intracerebrospinal
injection, and/or continuous infusion such as by an intravenous or intracerebrospinal continuous
infusion device.

[00165]  According to aspects, a protein transduction reagent-modified reprogramming protein
is a DNA binding transcription factor. Administration of a protein transduction reagent-modified
reprogramming protein is effective to reprogram one or more cell types in situ at the site of disease
or damage to treat the disease or damage in vivo according to aspects described herein.
Administration of a protein transduction reagent-modified reprogramming protein is effective to
reprogram one or more cell types in situ at the site of discase or damage, generating transient stem
cells which then differentiate into normal cells in situ at the site of disease or damage in vivo to
treat the disease or damage according to aspects described herein.

[00166] Methods of treating cancer according to aspects of the present invention include
administering one or more of: protein transduction reagent-modified Sox2, protein transduction
reagent-modified Oct4 and protein transduction reagent-modified Nanog. Methods of treating
cancer according to aspects of the present invention include administering two or more of: protein
transduction reagent-modified Sox2, protein transduction reagent-modified Oct4 and protein
transduction reagent-modified Nanog. Methods of treating cancer according to aspects of the

present invention include administering: protein transduction reagent-modified Sox2, protein
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transduction reagent-modified Oct4 and protein transduction reagent-modified Nanog. Such
methods produce new normal cells at the site of the cancer by reprogramming cancer cells at the
site.

[00167] Methods of treating brain tumor according to aspects of the present invention include
administering one or more of: protein transduction reagent-modified Sox2, protein transduction
reagent-modified Oct4 and protein transduction reagent-modified Nanog. Methods of treating brain
tumor according to aspects of the present invention include administering two or more of: protein
transduction reagent-modified Sox2, protemn transduction reagent-modified Oct4 and protein
transduction reagent-modified Nanog. Methods of treating brain tumor according to aspects of the
present invention include administering: protein transduction rcagent-modified Sox2, protein
transduction reagent-modified Oct4 and protein transduction reagent-modified Nanog. Such
methods produce new normal cells at the site of the brain tumor by reprogramming brain tumor
cells at the site.

[00168] Methods of treating brain tumor according to aspects of the present nvention
including administrating onc or morc of: protcin transduction rcagent-modified Sox2 and protein
transduction reagent-modified NeuroD. Methods of treating pancreatic cancer according to aspects
of the present invention including administrating: protein transduction reagent-modified Sox2 and
protein transduction reagent-modified NeuroD. Such methods produce new normal cells at the site
of pancreatic cancer by reprogramming brain tumor cells at the site.

[00169]  Methods of treating breast cancer according to aspects of the present invention include
administering one or more of: protein transduction rcagent-modified Sox2, protein transduction
reagent-modified Oct4 and protein transduction reagent-modified Nanog. Methods of treating
breast cancer according to aspects of the present invention include administering two or more of:
protein transduction reagent-modified Sox2, protein transduction reagent-modified Oct4 and
protein transduction reagent-modified Nanog. Methods of treating breast cancer according to
aspects of the present invention include administering: protein transduction reagent-modified Sox2,
protein transduction reagent-modified Oct4 and protein transduction reagent-modified Nanog.
Such methods produce new normal cells at the site of the breast cancer by reprogramming breast
cancer cells at the site.

[00170] Methods of treating breast cancer according to aspects of the present invention
including administrating one or more of: protein transduction reagent-modified Sox9, protein
transduction reagent-modified Slug, protein transduction reagent-modified Gata3, protein

transduction reagent-modified Brca-1 and protein transduction reagent-modified StateSa. Methods
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of treating breast cancer according to aspects of the present invention including administrating two
or more of: protein transduction reagent-modified Sox9, protein transduction reagent-modified
Slug, protein transduction reagent-modified Gata3, protein transduction reagent-modified Brca-1
and protein transduction reagent-modified State5a. Methods of treating breast cancer according to
aspects of the present invention including administrating three or more of: protein transduction
reagent-modified Sox9, protein transduction reagent-modified Slug, protein transduction reagent-
modified Gata3, protein transduction reagent-modified Brca-1 and protein transduction reagent-
modified StateSa. Methods of treating breast cancer according to aspects of the present invention
including administrating four or more of: protein transduction reagent-modified Sox9, protein
transduction rcagent-modified Slug, protein transduction reagent-modified Gata3, protein
transduction reagent-modified Brca-1 and protein transduction reagent-modified State5a. Methods
of treating breast cancer according to aspects of the present invention including administrating:
protein transduction reagent-modified Sox9, protein transduction reagent-modified Slug, protein
transduction reagent-modified Gata3, protein transduction reagent-modified Brca-1 and protein
transduction recagent-modified State5a. Such methods produce new normal cells at the site of breast
cancer by reprogramming breast cancer cells at the site.

[00171] Methods of treating pancreatic cancer according to aspects of the present invention
including administrating one or more of: protein transduction reagent-modified Sox2, protein
transduction reagent-modified Oct4 and protein transduction reagent-modified Nanog. Methods of
treating pancreatic cancer according to aspects of the present invention including administrating
two or more of: protein transduction reagent-modified Sox2, protein transduction reagent-modified
Oct4 and protein transduction reagent-modified Nanog. Methods of treating pancreatic cancer
according to aspects of the present invention including administrating: protein transduction
rcagent-modified Sox2, protein transduction rcagent-modified Octd and protein transduction
reagent-modified Nanog. Such methods produce new normal cells at the site of pancreatic cancer
by reprogramming pancreatic cancer cells at the site.

[00172] Methods of treating pancreatic cancer according to aspects of the present invention
including administrating one or more of: protein transduction reagent-modified PDX1, protein
transduction reagent-modificd PAX4, protein transduction reagent-modified MafA and protein
transduction reagent-modified Ngn3. Methods of treating pancreatic cancer according to aspects of
the present invention including administrating two or more of: protein transduction reagent-
modified PDXI1, protein transduction reagent-modified PAX4, protein transduction reagent-

modifiecd MafA and protein transduction reagent-modified Ngn3. Methods of treating pancreatic
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cancer according to aspects of the present invention including administrating three or more of:
protein transduction reagent-modified PDX1, protein transduction reagent-modified PAX4, protein
transduction reagent-modified MafA and protein transduction reagent-modified Ngn3. Methods of
treating pancreatic cancer according to aspects of the present invention including administrating:
protein transduction reagent-modified PDX1, protein transduction reagent-modified PAX4, protein
transduction reagent-modified MafA and protein transduction reagent-modified Ngn3. Such
methods produce new normal cells at the site of pancreatic cancer by reprogramming pancreatic
cancer cells at the site.

[00173] Methods of treating a heart disease or heart damage, such as damage due to acute or
chronic myocardial infarction, according to aspects of the present invention include administering
one or more of: protein transduction reagent-modified Gatad, protein transduction reagent-
modified Hand2, protein transduction reagent-modified MEF2¢ and protein transduction reagent-
modified Thox5. Methods of treating a heart disease or heart damage according to aspects of the
present invention include administering two or more of: protein transduction reagent-modified
Gatad, protein transduction reagent-modified Hand2, protein transduction reagent-modified
MEF2¢ and protein transduction reagent-modified TboxS. Methods of treating a heart disease or
heart damage according to aspects of the present invention include administering three or more of:
protein transduction reagent-modified Gata4, protein transduction reagent-modified Hand2, protein
transduction reagent-modified MEF2¢ and protein transduction reagent-modified Tbox5. Methods
of treating a heart disease or heart damage according to aspects of the present invention include
administering: protein transduction reagent-modified Gatad, protein transduction reagent-modified
Hand2, protein transduction reagent-modified MEF2¢ and protein transduction reagent-modified
Tbox5. Such methods produce new cardiomyocytes, smooth muscle cells and endothelial cells at
the site of the discase or damage by reprogramming fibroblasts at the site.

[00174] Methods of treating a liver disease or liver damage according to aspects of the present
invention include administering one or more of: protein transduction reagent-modified Gatad,
protein transduction reagent-modified Hnfla and protein transduction reagent-modified Foxa3.
Methods of treating a liver disease or liver damage according to aspects of the present invention
include administering two or morc of: protcin transduction rcagent-modificd Gatad, protein
transduction reagent-modified Hnfla and protein transduction reagent-modified Foxa3. Methods of
treating a liver disease or liver damage according to aspects of the present invention include
administering: protein transduction reagent-modified Gatad, protein transduction reagent-modified

Hnfla and protein transduction reagent-modified Foxa3. Such methods produce new hepatocytes
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at the site of the disease or damage by reprogramming fibroblasts at the site. Examples of such
liver disecase or liver damage include familial hyper-cholesterolaemia (FH), Crigler-Najjar
syndrome and hereditary tryosinaemica 1.

[00175]  Methods of treating a liver disease or liver damage according to aspects of the present
invention include administering one or more of: protein transduction reagent-modified Hnfla,
protein transduction reagent-modified Foxal, protein transduction reagent-modified Foxa2 and
protein transduction reagent-modified Foxa3. Methods of treating a liver disease or liver damage
according to aspects of the present invention include administering two or more of: protein
transduction reagent-modified Hnfla, protein transduction reagent-modified Foxal, protein
transduction rcagent-modified Foxa2 and protein transduction reagent-modificd Foxa3. Mcthods of
treating a liver disease or liver damage according to aspects of the present invention include
administering: protein transduction reagent-modified Hnfla, protein transduction reagent-modified
Foxal, protein transduction reagent-modified Foxa2 and protein transduction reagent-modified
Foxa3. Such methods produce new hepatocytes at the site of the disecase or damage by
reprogramming fibroblasts at the sitc. Examples of such liver discasc or liver damage include
familial hyper-cholesterolaemia (FH), Crigler-Najjar syndrome and hereditary tryosinaemica L
[00176] Methods of treating atherosclerosis according to aspects of the present invention
include administering one or more of: protein transduction reagent-modified CEBP/o/B and protein
transduction reagent-modified PU.1. Methods of treating atherosclerosis according to aspects of
the present invention include administering both of: CEBP/o/P and protein transduction reagent-
modified PU.1. Such methods produce new foam cells and macrophages at the site of the
atherosclosis by reprogramming fibroblasts at the site.

[00177]  Methods of treating a neurodegenerative disease or neuronal tissue damage according
to aspects of the present invention include administering one or more of: protein transduction
reagent-modified Brn2, protein transduction reagent-modified Sox2 and protein transduction
reagent-modified Foxgl. Methods of treating a neurodegenerative disease or neuronal tissue
damage according to aspects of the present invention include administering two or more of: protein
transduction reagent-modified Brn2, protein transduction reagent-modified Sox2 and protein
transduction reagent-modified Foxgl. Methods of treating neurodegenerative discase or neuronal
tissue damage according to aspects of the present invention include administering: protein
transduction reagent-modified Brn2, protein transduction reagent-modified Sox2 and protein
transduction reagent-modified Foxgl. Such methods produce new neurons at the site of the disease

or damage by reprogramming fibroblasts at the site.
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[00178]  Methods of treating a neurodegenerative disease or neuronal tissue damage according
to aspects of the present invention include administering one or more of: protein transduction
reagent-modified Ascl, protein transduction reagent-modified Lmxla, protein transduction
reagent-modified Nurrl, protein transduction reagent-modified Bm2 and protein transduction
reagent-modified Mytll. Methods of treating neurodegenerative discase or neuronal tissuc damage
according to aspects of the present invention include administering two or more of: protein
transduction reagent-modified Ascl, protein transduction reagent-modified Lmxla, protein
transduction reagent-modified Nurrl, protein transduction reagent-modified Bm?2 and protein
transduction reagent-modified Mytll. Methods of treating neurodegenerative disease or neuronal
tissuc damage according to aspects of the present invention include administering three or more of:
protein transduction reagent-modified Ascl, protein transduction reagent-modified Lmx1a, protein
transduction reagent-modified Nurrl, protein transduction reagent-modified Brn2 and protein
transduction reagent-modified Mytll. Methods of treating neurodegenerative disease or neuronal
tissue damage according to aspects of the present invention include administering four or more of:
protein transduction reagent-modificd Ascl, protein transduction rcagent-modificd Lmx1a, protein
transduction reagent-modified Nurrl, protein transduction reagent-modified B2 and protein
transduction reagent-modified Mytll. Methods of treating neurodegenerative disease or neuronal
tissue damage according to aspects of the present invention include administering: protein
transduction reagent-modified Ascl, protein transduction reagent-modified Lmxla, protein
transduction reagent-modified Nurrl, protein transduction reagent-modified Bm2 and protein
transduction reagent-modified Mytll. Such methods produce new glutamatergic neurons at the site
of the disease or damage by reprogramming fibroblasts at the site.

[00179] Methods of treating a neurodegenerative disease or neuronal tissue damage according
to aspects of the present invention include administering one or more of: protein transduction
reagent-modified Ascl, protein transduction reagent-modified Brn2, protein transduction reagent-
modified Mytll and protein transduction reagent-modified NeuroD1. Methods of treating
neurodegenerative disease or neuronal tissue damage according to aspects of the present invention
include administering two or more of: protein transduction reagent-modified Ascl, protein
transduction reagent-modified Brn2, protein transduction reagent-modified Mytll and protein
transduction reagent-modified NeuroD1. Methods of treating neurodegenerative disease or
neuronal tissue damage according to aspects of the present invention include administering three or
more of: protein transduction reagent-modified Ascl, protein transduction reagent-modified Brn2,

protein transduction reagent-modified Mytl1 and protein transduction reagent-modified NeuroD1.
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Methods of treating neurodegenerative disease or neuronal tissue damage according to aspects of
the present invention include administering: protein transduction reagent-modified Ascl, protein
transduction reagent-modified Brm2 , protein transduction reagent-modified Mytll and protein
transduction reagent-modified NeuroD1. Such methods produce new glutamatergic neurons at the
site of the discase or damage by reprogramming fibroblasts at the site.

[00180] Methods of treating a neurodegenerative disease or neuronal tissue damage according
to aspects of the present invention include administering: protein transduction reagent-modified
Ngn2. Such methods produce new glutamatergic neurons at the site of the disease or damage by
reprogramming astrocytes at the site.

[00181]  Mecthods of treating a ncurodegencrative discase or neuronal tissuc damage according
to aspects of the present invention include administering one or more of: protein transduction
reagent-modified Sox2 and protein transduction reagent-modified NeuroD1. Methods of treating
neurodegenerative disease or neuronal tissue damage according to aspects of the present invention
include administering: protein transduction reagent-modified Sox2 and protein transduction
rcagent-modificd NeuroD1. Such methods produce new ncural stem cells at the site of the discasc
or damage.

[00182]  Methods of treating a neurological disease or neuronal tissue damage according to
aspects of the present invention include administering one or more of: protein transduction reagent-
modified Brn2, protein transduction reagent-modified Ascll, protein transduction reagent-modified
Mytll, protein transduction reagent-modified Lhx3 and protein transduction reagent-modified Hb9.
Methods of treating neurological disease or neuronal tissue damage according to aspects of the
present invention include administering two or more of: protein transduction reagent-modified
Brn2, protein transduction reagent-modified Ascll, protein transduction reagent-modified Mytl1,
protein transduction reagent-modified Lhx3 and protein transduction reagent-modified HDbY.
Methods of treating neurological discase or neuronal tissue damage according to aspects of the
present invention include administering three or more of: protein transduction reagent-modified
Brn2, protein transduction reagent-modified Ascll, protein transduction reagent-modified Mytl1,
protein transduction reagent-modified Lhx3 and protein transduction reagent-modified HD9.
Methods of treating neurological disease or neuronal tissue damage according to aspects of the
present invention include administering four or more of: protein transduction reagent-modified
Brn2, protein transduction reagent-modified Ascll, protein transduction reagent-modified Mytll,
protein transduction reagent-modified Lhx3 and protein transduction reagent-modified HD9.

Methods of treating neurological disease or neuronal tissue damage according to aspects of the
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present invention include administering: protein transduction reagent-modified Bm2, protein
transduction reagent-modified Ascll, protein transduction reagent-modified Mytll, protein
transduction reagent-modified Lhx3 and protein transduction reagent-modified Hb9. Such methods
produce new motor neurons at the site of the disease or damage by reprogramming fibroblasts at
the site. Examples of such neurological diseases include amyotrophic lateral sclerosis (ALS).

[00183] Methods of treating a neurological disease or neuronal tissue damage according to
aspects of the present invention include administering one or more of: protein transduction reagent-
modified Brn2, protein transduction reagent-modified Ascll, protein transduction reagent-modified
Mytll, protein transduction reagent-modified Lhx3, protein transduction reagent-modified Hb9,
protcin transduction rcagent-modificd Lsll and protein transduction rcagent-modificd Ngn2.
Methods of treating neurological disease or neuronal tissue damage according to aspects of the
present invention include administering two or more of: protein transduction reagent-modified
Brn2, protein transduction reagent-modified Ascll, protein transduction reagent-modified Mytll,
protein transduction reagent-modified Lhx3, protein transduction reagent-modified Hb9, protein
transduction rcagent-modificd Lsll and protein transduction rcagent-modificd Ngn2. Mcthods of
treating neurological disease or neuronal tissue damage according to aspects of the present
invention include administering three or more of: protein transduction reagent-modified Bm2,
protein transduction reagent-modified Ascll, protein transduction reagent-modified Mytl1, protein
transduction reagent-modified Lhx3, protein transduction reagent-modified Hb9, protein
transduction reagent-modified Lsll and protein transduction reagent-modified Ngn2. Methods of
treating neurological disease or neuronal tissue damage according to aspects of the present
invention include administering four or more of: protein transduction reagent-modified Brn2,
protein transduction reagent-modified Ascll, protein transduction reagent-modified Mytl1, protein
transduction reagent-modified Lhx3, protein transduction reagent-modified HbY, protein
transduction reagent-modified Lsll and protein transduction reagent-modified Ngn2. Methods of
treating neurological disease or ncuronal tissue damage according to aspects of the present
invention include administering five or more of: protein transduction reagent-modified Bm2,
protein transduction reagent-modified Ascll, protein transduction reagent-modified Mytl1, protein
transduction reagent-modified Lhx3, protein transduction reagent-modified HbY, protein
transduction reagent-modified Lsll and protein transduction reagent-modified Ngn2. Methods of
treating neurological disease or ncuronal tissue damage according to aspects of the present
invention include administering six or more of: protein transduction reagent-modified Brn2,

protein transduction reagent-modified Ascll, protein transduction reagent-modified Mytl1, protein
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transduction reagent-modified Lhx3, protein transduction reagent-modified HbY, protein
transduction reagent-modified Lsll and protein transduction reagent-modified Ngn2. Methods of
treating neurological disease or neuronal tissue damage according to aspects of the present
invention include administering: protein transduction reagent-modified Brn2, protein transduction
reagent-modified Ascll, protein transduction reagent-modified Mytll, protein transduction
reagent-modified Lhx3, protein transduction reagent-modified Hb9, protein transduction reagent-
modified Lsl1 and protein transduction reagent-modified Ngn2. Such methods produce new motor
neurons at the site of the disease or damage by reprogramming fibroblasts at the site. Examples of
such neurological diseases include amyotrophic lateral sclerosis (ALS).

[00184]  Mcthods of treating a ncurological discasc or ncuronal tissuc damage according to
aspects of the present invention include administering: protein transduction reagent-modified. Such
methods produce new GABA neurons at the site of the disease or damage by reprogramming
fibroblasts at the site. Examples of such neurological diseases include spinal muscular atrophy
(SMA).

[00185]  Mcthods of treating a ncurological discasc or ncuronal tissuc damage according to
aspects of the present invention include administering: protein transduction reagent-modified DIx2.
Such methods produce new GABA neurons at the site of the disease or damage by reprogramming
fibroblasts at the site. Examples of such neurological diseases include amyotrophic lateral sclerosis
(ALS), spinal muscular atrophy (SMA) and Parkinson’s disease.

[00186] Methods of treating a neurological disease or neuronal tissue damage according to
aspects of the present invention include administering: protein transduction reagent-modified DIx2
and protein transduction reagent-modified Ascll. Such methods produce new GABA neurons at
the site of the disease or damage by reprogramming astrocytes at the site. Examples of such
neurological discases include spinal muscular atrophy (SMA).

[00187] Methods of treating a neurological disease or neuronal tissue damage according to
aspects of the present invention include administering one or more of: protein transduction reagent-
modified Ascl, protein transduction reagent-modified B2, protein transduction reagent-modified
Mytll, protein transduction reagent-modified Lmxla and protein transduction reagent-modified
Foxa2. Methods of treating neurological disease or neuronal tissue damage according to aspects of
the present invention include administering two or more of: protein transduction reagent-modified
Ascl, protein transduction reagent-modified Brn2, protein transduction reagent-modified Mytll,
protein transduction reagent-modified Lmx1la and protein transduction reagent-modified Foxa2.

Methods of treating neurological disease or neuronal tissue damage according to aspects of the
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present invention include administering three or more of: protein transduction reagent-modified
Ascl, protein transduction reagent-modified Brn2, protein transduction reagent-modified Mytll,
protein transduction reagent-modified Lmx1la and protein transduction reagent-modified Foxa2.
Methods of treating neurological disease or neuronal tissue damage according to aspects of the
present invention include administering four or more of: protein transduction reagent-modified
Ascl, protein transduction reagent-modified Brn2, protein transduction reagent-modified Mytll,
protein transduction reagent-modified Lmx1a and protein transduction reagent-modified Foxa2.
Methods of treating neurological disease or neuronal tissue damage according to aspects of the
present invention include administering: protein transduction reagent-modified Ascl, protein
transduction rcagent-modificd Bm2, protein transduction rcagent-modificd Mytll, protein
transduction reagent-modified Lmxla and protein transduction reagent-modified Foxa2. Such
methods produce new dopamine neurons at the site of the disease or damage by reprogramming
fibroblasts at the site. Examples of such neurological diseases include Parkinson’s disease.

[00188] Methods of treating a neurological disease or neuronal tissue damage according to
aspects of the present invention include administering one or more of: protein transduction reagent-
modified Ascl, protein transduction reagent-modified Lmx1la and protein transduction reagent-
modified Nurrl. Methods of treating a neurological disease or neuronal tissue damage according to
aspects of the present invention include administering two or more of: protein transduction
reagent-modified Ascl, protein transduction reagent-modified Lmxla and protein transduction
reagent-modified Nurrl. Methods of treating neurological disease or neuronal tissue damage
according to aspects of the present invention include administering: protein transduction reagent-
modified Ascl, protein transduction reagent-modified Lmx1la and protein transduction reagent-
modified Nurrl. Such methods produce new neurons at the site of the disease or damage by
reprogramming fibroblasts at the site. Examples of such neurological diseases include Parkinson’s
disease.

[00189] Methods of treating a disease or disorder of the blood according to aspects of the
present invention include administering: protein transduction reagent-modified Oct4. Such
methods produce new hematopoietic cells at the site of the discase or damage by reprogramming
fibroblasts at the site.

[00190] Methods of treating diabetes, a pancreatic disease or pancreatic tissue damage
according to aspects of the present invention include administering one or more of: protein
transduction reagent-modified Ngn3, protein transduction reagent-modified Pdx1 and protein

transduction reagent-modified Pax4. Methods of treating diabetes, a pancreatic disease or
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pancreatic tissue damage according to aspects of the present invention include administering two
or more of: protein transduction reagent-modified Ngn3, protein transduction reagent-modified
Pdx1 and protein transduction reagent-modified Pax4. Methods of treating diabetes, a pancreatic
disease or pancreatic tissue damage according to aspects of the present invention include
administering: protein transduction reagent-modified Ngn3, protein transduction reagent-modified
Pdx1 and protein transduction reagent-modified Pax4. Such methods produce new pancreatic beta-
cells at the site of the disease or damage by reprogramming fibroblasts at the site.

[00191] Methods of treating diabetes, a pancreatic disease or pancreatic tissue damage
according to aspects of the present invention include administering one or more of: protein
transduction rcagent-modificd Ngn3, protein transduction rcagent-modified Pdx1 and protein
transduction reagent-modified MafA. Methods of treating diabetes, a pancreatic disease or
pancreatic tissue damage according to aspects of the present invention include administering two
or more of: protein transduction reagent-modified Ngn3, protein transduction reagent-modified
Pdx1 and protein transduction reagent-modified MafA. Methods of treating diabetes, a pancreatic
discase or pancreatic tissuc damage according to aspects of the present invention include
administering: protein transduction reagent-modified Ngn3, protein transduction reagent-modified
Pdx1 and protein transduction reagent-modified MafA. Such methods produce new pancreatic
beta-cells at the site of the disease or damage by reprogramming pancreatic exocrine cells at the
site.

[00192] Methods of treating obesity according to aspects of the present invention include
administering one or both of: protein transduction reagent-modified Prdml6 and protein
transduction reagent-modified C/EBPb. Methods of treating obesity according to aspects of the
present invention include administering both: protein transduction reagent-modified Prdm16 and
protein transduction reagent-modified C/EBPb. Such methods produce new brown adipocytes at
the site of the disease or damage by reprogramming white adipocytes at the site.

[00193] Methods of treating a muscle disease or muscle damage according to aspects of the
present invention include administering: protein transduction reagent-modified MyoD. Such
methods produce new muscle cells at the site of the discase or damage by reprogramming
fibroblasts at the site.

[00194] Methods of treating arthritis, osteoarthritis, cartilage degeneration and/or cartilage
injury according to aspects of the present invention include administering one or more of: protein
transduction reagent-modified Sox9, protein transduction reagent-modified Runx2, protein

transduction reagent-modified Sox5 and protein transduction reagent-modified Sox6. Methods of
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treating arthritis, osteoarthritis, cartilage degeneration and/or cartilage injury according to aspects
of the present invention include administering two or more of: protein transduction reagent-
modified Sox9, protein transduction reagent-modified Runx2, protein transduction reagent-
modified Sox5 and protein transduction reagent-modified Sox6. Methods of treating arthritis,
osteoarthritis, cartilage degeneration and/or cartilage injury according to aspects of the present
invention include administering three or more of: protein transduction reagent-modified Sox9,
protein transduction reagent-modified Runx2, protein transduction reagent-modified Sox5 and
protein transduction reagent-modified Sox6. Methods of treating arthritis, osteoarthritis, cartilage
degeneration and/or cartilage injury according to aspects of the present invention include
administering: protcin transduction rcagent-modified Sox9, protein transduction rcagent-modificd
Runx2, protein transduction reagent-modified Sox5 and protein transduction reagent-modified
Sox6. Such methods produce new chondrocytes at the site of the disecase or damage by
reprogramming fibroblasts at the site.

[00195]  Methods of treating a breast disease or breast tissue damage according to aspects of the
present invention include administering one or more of: protein transduction rcagent-modificd
Sox9, protein transduction reagent-modified Slug, protein transduction reagent-modified StatSa,
protein transduction reagent-modified Gata3 and protein transduction reagent-modified Brca-1.
Methods of treating a breast disease or breast tissue damage according to aspects of the present
invention include administering protein transduction reagent-modified Brca-1. Methods of treating
a breast disease or breast tissue damage according to aspects of the present invention include
administering two or more of: protein transduction reagent-modified Sox9, protein transduction
reagent-modified Slug, protein transduction reagent-modified StatSa, protein transduction reagent-
modified Gata3 and protein transduction reagent-modified Brca-1. Methods of treating a breast
disease or breast tissue damage according to aspects of the present invention include administering
both: protein transduction reagent-modified Sox9 and protein transduction reagent-modified Slug,
Methods of treating a breast disease or breast tissue damage according to aspects of the present
invention include administering both: protein transduction reagent-modified Stat5a and protein
transduction reagent-modified Gata3. Methods of treating a breast disease or breast tissue damage
according to aspects of the present invention include administering three or more of: protein
transduction reagent-modified Sox9, protein transduction reagent-modified Slug, protein
transduction reagent-modified Stat5a, protein transduction reagent-modified Gata3 and protein
transduction reagent-modified Brca-1. Methods of treating a breast disease or breast tissue damage

according to aspects of the present invention include administering four or more of: protein
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transduction reagent-modified Sox9, protein transduction reagent-modified Slug, protein
transduction reagent-modified Stat5a, protein transduction reagent-modified Gata3 and protein
transduction reagent-modified Brca-1. Methods of treating a breast disease or breast tissue damage
according to aspects of the present invention include administering: protein transduction reagent-
modified Sox9, protein transduction reagent-modified Slug, protein transduction reagent-modified
Stat5a, protein transduction reagent-modified Gata3 and protein transduction reagent-modified
Brca-1. Such methods produce new mammary duct cells at the site of the disease or damage by
reprogramming fibroblasts at the site.

[00196]  Methods of treating a vascular disease or blood vessel damage according to aspects of
the present invention include administering onc or morc of: protein transduction rcagent-modificd
Ergl, protein transduction reagent-modified Er71, protein transduction reagent-modified Flil and
protein transduction reagent-modified Gata2. Methods of treating a vascular disease or blood
vessel damage according to aspects of the present invention include administering two or more of:
protein transduction reagent-modified Ergl, protein transduction reagent-modified Er71, protein
transduction rcagent-modificd Flil and protein transduction rcagent-modificd Gata2. Mcthods of
treating a vascular disease or blood vessel damage according to aspects of the present invention
include administering three or more of: protein transduction reagent-modified Ergl, protein
transduction reagent-modified Er71, protein transduction reagent-modified Flil and protein
transduction reagent-modified Gata2. Methods of treating a vascular disease or blood vessel
damage according to aspects of the present invention include administering: protein transduction
reagent-modified Ergl, protein transduction reagent-modified Er71, protein transduction reagent-
modified Flil and protein transduction reagent-modified Gata2. Such methods produce new
endothelial cells at the site of the disease or damage by reprogramming cells at the site.

[00197] Methods of treating a vascular disease or blood vessel damage according to aspects of
the present invention include administering one or more of: protein transduction reagent-modified
Heyl, protein transduction reagent-modified Hey?2, protein transduction reagent-modified FoxCl1
and protein transduction reagent-modified FoxC2. Methods of treating a vascular disease or blood
vessel damage according to aspects of the present invention include administering two or more of:
protein transduction reagent-modified Heyl, protein transduction reagent-modified Hey?2, protein
transduction reagent-modified FoxC1 and protein transduction reagent-modified FoxC2. Methods
of treating a vascular disease or blood vessel damage according to aspects of the present invention
include administering three or more of: protein transduction reagent-modified Heyl, protein

transduction reagent-modified Hey2, protein transduction reagent-modified FoxC1 and protein
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transduction reagent-modified FoxC2. Methods of treating a vascular disecase or blood vessel
damage according to aspects of the present invention include administering: protein transduction
reagent-modified Heyl, protein transduction reagent-modified Hey?2, protein transduction reagent-
modified FoxCl and protein transduction reagent-modified FoxC2. Such methods produce new
arterial endothelial cells at the site of the disease or damage by reprogramming cells at the site.
[00198]  Methods of treating a vascular disease or blood vessel damage according to aspects of
the present invention include administering one or both of: protein transduction reagent-modified
Sox7 and protein transduction reagent-modified Sox18. Methods of treating a vascular disease or
blood vessel damage according to aspects of the present invention include administering both:
protcin transduction rcagent-modificd Sox7 and protein transduction rcagent-modificd Sox18.
Such methods produce new venous endothelial cells at the site of the disease or damage by
reprogramming cells at the site.

[00199] Combination Treatments

[00200] Combinations of therapeutic agents are administered according to aspects of the present
invention.

[00201] In some aspects, two or more QQ-modified proteins are administered to a subject to
treat a disorder in a subject in need thereof.

[00202] In further aspects, at least one QQ-modified protein and at least one additional
therapeutic agent are administered to a subject to treat a disorder in a subject in need thereof.
[00203] In still further aspects, at least one QQ-modified protein and at least two additional
therapeutic agents are administered to a subject to treat a disorder in a subject in need thereof.
[00204] In some aspects, two or more QQ-modified proteins are administered to a subject to
treat cancer in a subject in need thereof. In further aspects, at least one QQ-modified protein and at
least one additional therapeutic agent are administered to a subject to treat cancer in a subject in
need thereof. In still further aspects, at least one QQ-modified protein and at least two additional
therapeutic agents are administered to a subject to treat cancer in a subject in need thereof.

[00205] The term “additional therapeutic agent” is used herein to denote a chemical compound,
a mixture of chemical compounds, a biological macromolecule (such as a nucleic acid, an
antibody, a protein or portion thereof, ¢.g., a peptide), or an extract made from biological materials
such as bacteria, plants, fungi, or animal (particularly mammalian) cells or tissues which is a
biologically, physiologically, or pharmacologically active substance (or substances) that acts

locally or systemically in a subject.



10

15

20

25

30

CA 02934065 2016-04-22

WO 2015/061779 PCT/US2014/062400

42

[00206] Additional therapeutic agents included in aspects of methods and compositions of the
present invention include, but are not limited to, antibiotics, antivirals, antineoplastic agents,
analgesics, antipyretics, antidepressants, antipsychotics, anti-cancer agents, antihistamines, anti-
osteoporosis  agents, anti-osteonecrosis agents, antiinflammatory agents, anxiolytics,
chemotherapeutic agents, diuretics, growth factors, hormones, non-steroidal anti-inflammatory
agents, steroids and vasoactive agents.

[00207] Combination therapies utilizing one or more QQ-modified proteins and one or more
additional therapeutic agents may show synergistic effects, e.g., a greater therapeutic effect than
would be observed using either the one or more QQ-modified proteins or one or more additional
therapcutic agents alone as a monotherapy.

[00208] According to aspects, combination therapies include: (1) pharmaceutical compositions
that include one or more QQ-modified proteins in combination with one or more additional
therapeutic agents; and (2) co-administration of one or more QQ-modified proteins with one or
more additional therapeutic agents wherein the one or more QQ-modified proteins and the one or
more additional therapeutic agents have not been formulated in the same composition. When using
separate formulations, the one or more QQ-modified proteins may be administercd at the same
time, intermittent times, staggered times, prior to, subsequent to, or combinations thereof, with
reference to the administration of the one or more additional therapeutic agents.

[00209] Combination treatments can allow for reduced effective dosage and increased
therapeutic index of the one or more QQ-modified proteins and the one or more additional
therapeutic agents used in methods of the present invention.

[00210] Optionally, a method of treating a subject having cancer or at risk of having cancer
further includes an adjunct anti-cancer treatment. An adjunct anti-cancer treatment can be
administration of an anti-cancer agent.

[00211] Anti-cancer agents are described, for example, in Goodman et al., Goodman and
Gilman's The Pharmacological Basis of Therapeutics, 8th Ed., Macmillan Publishing Co., 1990.
[00212] Anti-cancer agents illustratively include acivicin, aclarubicin, acodazole, acronine,
adozelesin, aldesleukin, alitretinoin, allopurinol, altretamine, ambomycin, ametantrone, amifostine,
aminoglutethimide, amsacrine, anastrozole, anthramycin, arsenic trioxide, asparaginase, asperlin,
azacitidine, azetepa, azotomycin, batimastat, benzodepa, bicalutamide, bisantrene, bisnafide
dimesylate, bizelesin, bleomycin, brequinar, bropirimine, busulfan, cactinomycin, calusterone,
capecitabine, caracemide, carbetimer, carboplatin, carmustine, carubicin, carzelesin, cedefingol,

celecoxib, chlorambucil, cirolemycin, cisplatin, cladribine, crisnatol mesylate, cyclophosphamide,



10

15

20

25

30

CA 02934065 2016-04-22

WO 2015/061779 PCT/US2014/062400

43

cytarabine, dacarbazine, dactinomycin, daunorubicin, decitabine, dexormaplatin, dezaguanine,
dezaguanine mesylate, diaziquone, docetaxel, doxorubicin, droloxifene, dromostanolone,
duazomycin, edatrexate, eflomithine, elsamitrucin, enloplatin, enpromate, epipropidine, epirubicin,
erbulozole, esorubicin, estramustine, etanidazole, etoposide, etoprine, fadrozole, fazarabine,
fenretinide, floxuridine, fludarabine, fluorouracil, flurocitabine, fosquidone, fostriecin, fulvestrant,
gemcitabine, hydroxyurea, idarubicin, ifosfamide, ilmofosine, interleukin II (IL-2, including
recombinant interleukin II or rIL2), interferon alfa-2a, interferon alfa-2b, interferon alfa-nl,
interferon alfa-n3, interferon beta-la, interferon gamma-lb, iproplatin, irinotecan, lanreotide,
letrozole, leuprolide, liarozole, lometrexol, lomustine, losoxantrone, masoprocol, maytansine,
mechlorcthamine  hydrochlride, megestrol, meclengestrol acctate, mclphalan, mcnogaril,
mercaptopurine, methotrexate, metoprine, meturedepa, mitindomide, mitocarcin, mitocromin,
mitogillin, mitomalcin, mitomycin, mitosper, mitotane, mitoxantrone, mycophenolic acid,
nelarabine, nocodazole, nogalamycin, ormnaplatin, oxisuran, paclitaxel, pegaspargase, peliomycin,
pentamusting, peplomycin, perfosfamide, pipobroman, piposulfan, piroxantrone hydrochloride,
plicamycin, plomestanc, porfimer, porfiromycin, prednimustine, procarbazine, puromycin,
pyrazofurin, riboprine, rogletimide, safingol, semustine, simtrazene, sparfosate, sparsomycin,
spirogermanium, spiromustine, spiroplatin, streptonigrin, streptozocin, sulofenur, talisomycin,
tamoxifen, tecogalan, tegafur, teloxantrone, temoporfin, teniposide, teroxirone, testolactone,
thiamiprine, thioguanine, thiotepa, tiazofurin, tirapazamine, topotecan, toremifene, trestolone,
triciribine, trimetrexate, triptorelin, tubulozole, uracil mustard, uredepa, vapreotide, verteporfin,
vinblastine, vincristine sulfate, vindesine, vinepidine, vinglycinate, vinleurosine, vinorelbine,
vinrosidine, vinzolidine, vorozole, zeniplatin, zinostatin, zoledronate, and zorubicin.

[00213] An adjunct anti-cancer treatment can be a radiation treatment of a subject or an affected
area of a subject’s body.

[00214] Embodiments of inventive compositions and methods are illustrated in the following
examples. These examples are provided for illustrative purposes and are not considered limitations
on the scope of inventive compositions and methods.

[00215] Examples

[00216] Example 1

[00217]  Reprogramming protein expression and preparation

[00218] Plasmid construction

[00219] DNA encoding each of Octd, Sox2, KIf4, and c-Myc, Nanog, GATA4, Hand2, Mef2c

and Tbox5 reprogramming proteins were separately subcloned into an sHT-pET30a bacterial
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expression vector, in which a short his-tag: ‘HHHHHHSS’ (SEQ ID NO:64) replaced the long his-
tag in the pET30a expression vector from Novagen. A factor Xa (IEGR) cleavage site is placed
between the short his-tag and the coding genes. The sequences of the bacterial expression vectors
were confirmed by DNA sequencing.

[00220]  Protein expression and purification

[00221] The DNA constructs of reprogramming proteins wete transformed into E.Coli strain
BL-21(DE3) or ClearColi™ BL21(DE3) bacterial cells individually. The ClearColi™ BL21(DE3)
bacterial cells were used for production of recombinant reprogramming proteins which are
endotoxin-free. A single colony was selected for bacterial protein expression. After brief
optimization, protcin cxpression was induced by 0.5-1.2 mM PTG depending on different proteins
and continued to culture at 18 C° for 12-16 hours. The cells were harvested in the binding buffer
containing 6M urea and sonicated several times to extract proteins. The recombinant
reprogramming proteins were purified using a His-Bind Resin column (Novagen) according to the
manual with modifications. Usually the protein extraction supernatant was loaded on the column
twice, washed with 5 x column volume of the binding buffers. When using regular bacterial strain,
BL21(DE3) to produce recombinant reprogramming proteins, an additional washing step can be
added during protein purification stage using 10 column volume of 0.2% of Triton X-114 to
remove endotoxin from bacterially expressed recombinant reprogramming proteins. The column
loaded with recombinant proteins is washed again using 10 x column volume washing buffer
containing 15-50 mM imidazole. The purified proteins were eluted from the column using elusion
buffer containing 500 mM imidazole. The purified proteins were dialyzed extensively against
water and lyophilized into protein powders.

[00222]  Example 2

[00223] QQ-modification: Modification of expressed reprogramming proteins with protein
transduction reagent to produce protein transduction reagent-modified reprogramming proteins
[00224]  The protein transduction reagent (QQ reagent) can be adjusted by altering the
composition to include reagents as shown in Table 1 to obtain the best protein transduction
efficiency for the particular reprogramming protein and cell type.

[00225] For in vivo applications, to make total volume 1ml:

Table 1

Protein

wansduction |PEI | PEI  |PEl  |pEr | DUTAP | DOPE

reagent (QQ | L2K | 2K 4K 8K or or POPC | DMPE
' DOTMA | DOGS

reagent)
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The polyethylenimine (PET) concentration for the stock solution:

1.2K 2K 4K 8K
Smg/ml  2mg/ml 2mg/ml 2mg/ml

Lipid concentration for the stock solution:

DOTAP DOTMA DOPE DOGS POPC DMPE
Img/ml Img/ml Img/ml Img/ml Img/ml Img/ml

PBS buffer containing reprogramming proteins in 1-6 M urea and specified PEL lipids is used to
make 1 ml total volume.

[00226]  The reprogramming protein(s) is first dissolved in sodium phosphate buffer (pH?7.0,
NaCl 50 mM) at concentrations of 0.5-10 mg/ml, depending on protein solubility. Protein
solubility was found to influence cationization efficiency. To completely dissolve proteins, an
overnight stir of the protein solution at room temperature is performed (with or without DTT at 3
mM for overnight, depending on if the reprogramming protein has cysteine residues). Proteins can
also be dissolved in 1-6 M urea to improve protein solubility.

[00227] A lipid DOTAP/DOPE (1:1) emulsion was prepared using a method as the following;:
1 mg of DOTAP/DOPE (0.5 mg:0.5 mg=1:1) mixture was dissolved in chloroform and dried under
N2 gas. The dried lipid film was then dissolved in PBS buffer, pH7.0 and the lipid solution was
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sonicated for 3x30 seconds using a power of 7-8 on a sonicator from Fisher Scientific (Sonic
Dismembrator, Model 100) with micro probe. The lipid solution was further incubated at 37°C for
2 hours until the suspension becomes semi-clear. The prepared emulsion was stored at 4°C and is
stable for one month.

[00228]  The other ingredients of the QQ reagents (not including the lipid emulsion or the
optional Ca or DMSO) were mixed in a tube, according to the recipe described above. The QQ
reagent is then titrated into the protein solution very slowly, drop by drop, while stirring and then
add the lipid emulsion. Once this is completed, the resulting protein solution is left at room
temperature for 4 hours before use. During this period, gentle stirring is necessary to mix the QQ
rcagent with protein solution and also to allow the protcin modification rcaction to complete. 1f
precipitation is observed, the protein solution can be centrifuged at 14,000 rpm for 15 minutes to
remove the precipitate. If the precipitate occurs, a BCA protein assay will be carried out using the
supernatant to check the amount of protein remaining in solution. To ensure the efficiency of
protein transfer into the cells, the concentration of modified protein has to be high enough at >0.1
mg/ml.

[00229] Typically, QQ-modified proteins are prepared at 0.5-1.5 mg/ml concentration,
depending on protein solubility, for in vivo administration.

[00230] QQ modification may be performed on each protein individually or on a mixture of
proteins to be administered together to a subject.

[00231] Optionally, the QQ modification i1s performed on ecach protein individually, the QQ-
modified proteins mixed together for several hours and then aliquoted into small tubes at 1ml/tube
and stored at -20°C where they are stable for several months.

[00232]  If the majority of the reprogramming protein is precipitated, another QQ reagent can
be used for protein modification. The QQ scrics reagents cover a wide range of cationization
reagents along with different lipids and enhancers, thus any precipitation problem is solved. The
above procedure can be repeated to prepare higher concentrations of protein transduction reagent-
modified reprogramming protein.

[00233]  The protein transduction reagent-modified reprogramming protein is passed through a
desalting column to separate the protein transduction reagent-modified reprogramming protein
from remaining unreacted materials. The purified proteins are passed through a filter (0.22 pm
cutoff, for sterilization before in vivo administration. The purified protein fractions can be
concentrated before or after sterilization, such as by using a spin column, and are stable and can be

stored at -20°C for between a few weeks to a few months.
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[00234] Different QQ reagents can also be used for the best efficiency of protein transfer as
well as the least cell toxicity. In addition, different proteins are modified with different QQ
reagents for best efficiency of protein transfer into cells. In general, for better in vivo delivery
efficiency, QQ5a-QQ9a are used. However, this may cause larger in vivo toxicity. When using
QQ5a-QQYa, use of lower concentrations of larger PEI and lipids is emphasized.

[00235]  For good in vivo delivery efficiency, QQ1a-QQ4a is used with less in vivo toxicity.
QQ1-QQ4 can be used with higher lipid concentrations.

[00236] Example 3

[00237] The reprogramming proteins were dissolved in 50 mM sodium phosphate pH 7.4 with
2 M urca. Protein transduction reagents (QQ-reagents) were freshly prepared based on the recipe.
QQ-reagent used in this example is a cocktail of polyethylenimine (PEI) 1,200 (1.2K, 0.05-1.0
mg/ml) and DOTAP/DOPE (25-100pg/ml). The QQ-modification of reprogramming proteins was
performed by mixing the QQ-reagent with one or more reprogramming proteins, such as
Oct4/Sox2/Nanog: 1 mg/ml, for 4-hours at room temperature or overnight in a cold room.

[00238] Example 4

[00239] QQ-Protein delivery into brain tumors in rats by an intravenous injection

[00240]  Ferritin is a ubiquitous iron-containing protein useful as a negative contrast reagent for
magnetic resonance imaging (MRI).

[00241]  In this example, ferritin or ferritin treated with QQ reagent to produce QQ-ferritin is
intravenously injected into rats having brain tumors generated by implantation of rat gliosarcoma
cell line 9L cells.

[00242]  Cells of a rat gliosarcoma cell line 9L were freshly prepared and adjusted to 1x10°
cells/ml before implantation. The intracranial xenografts were performed according to standard
protocols. Fisher rats were anesthetized and placed in a stereotactic frame, and the skull was
exposed. A hole was made 3 mm to the right and I mm anterior of the bregma, and 9L cells (5 x
10* cells in 5 pl) were injected using a 10-ul Hamilton syringe with a 26s-gauge needle mounted in
a stereotactic holder (Bonaduz, GR, Switzerland). The syringe was lowered to a depth of 3.5 mm
and then raised to a depth of 3.0 mm. The tumor cells were injected at a rate of 0.5 ul/10 s, and the
craniotomy covered with Horsley's bone wax. 12-days after 9L-cell implantation, QQ-modified
ferritin or ferritin alone, 100ug/100ul/rat, was injected via the rat tail vein. Four hours after
injection, the rats were anesthetized and the rat brains were imaged by MRI. After MRI, the
animals were sacrificed. The extracted brains were fixed in 4% paraformaldehyde overnight and

then embedded in paraffin for further analysis. Six micrometer thin sections were cut from each of
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the blocks and were stained with hematoxylin and eosin. The sizes of brain tumors were
microscopically determined.

[00243]  Figures 1A and 1B show MRI evidence of targeted delivery of QQ-ferritin into 9L-
brain tumor in rats and no detectable ferritin in 9L-brain tumor of rats injected with ferritin alone.
Figure 1A is a representative MRI image of a rat with 9L-brain tumor injected with QQ-ferritin via
tail-vein. The arrow points to a 9L-brain tumor and the black color is indicative of ferritin delivered
to the tumor. Figure 1B: A representative MRI image of a rat with 9L-brain tumor injected with
ferritin without QQ modification. No ferritin is observed in the brain tumor in this case although
the rat was sacrificed and confirmed to have a large 9L-brain tumor.

[00244] Double immunostains of the QQ-ferritin injected 9L-brain tumor tissue scctions were
performed using an antibody for a blood vessel marker, CD31, and an antibody for ferritin. The
nuclei of the 91L-cancer cells in the sections were stained with DAPI. Overlapping immunostaining
for the CD31 and ferritin were observed in blood vessels of the brain tumors, indicating that QQ-
ferritin leaked out from the blood vessels by the enhanced permeability and retention effect (EPR
cffect) of the angiogenic blood vesscls associated with brain tumor. In the QQ-ferritin treated
animal, immunostaining for ferritin was observed inside the cytosol of the tumor cells near or next
to the blood vessels, indicating that the QQ-ferritin penetrated into tumor cells. In contrast, ferritin
immunostaining in the 9L-tumor sections treated with ferritin without QQ-modification showed
that the ferritin without QQ modification did not penetrate into tumor cells, although
immunostaining indicated that this unmodified ferritin also leaked out of the tumor-associated
angiogenic blood vessels. These unmodified ferritin nanoparticles were observed between cells and
likely did not accumulate due to the fluid between cells inside the tissues so that no tumor was
observed by MRI without QQ-modification of the ferritin.

[00245]  These data provide MRI evidence of the targeted delivery of ferritin to brain tumor in
rats by the QQ-protein delivery technology, which is confirmed by histology analysis and
immunostaining of the brain tissue sections.

[00246] Example 5

[00247] QQ-protein delivery into breast cancer in mice by an intravenous injection.

[00248] In this example, ferritin or ferritin treated with QQ reagent to produce QQ-ferritin is
intravenously injected into mice having orthotopic breast tumors generated by implantation of
mouse metastatic breast cancer cell line 4T1 cells. Implantation of mouse metastatic breast cancer

cell line 4T1 cells in mice is a mouse model for spontaneous metastatic breast cancer.
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[00249] 4T1 cells were implanted into the breast (#4 fat pad) of 2 month old female BALB/c
mice (20,000 4T1 cells in 50 ul/mouse). At day 18 after 4T1 cell implantation, 4T1 tumors had
grown in the mouse breast to a size of ~1.0-1.5 c¢m in diameter. QQ-modified ferritin
(100pg/50ul/mouse) was injected via tail-vein. The mice were anesthetized and subjected to MRI
imaging before injection of the QQ-modified ferritin and at 0.5 hours, 2 hours, 3.5 hours, 8 hours
and 18 hours following the injection.

[00250]  Figures 2A-F are representative MRI images from this time course showing QQ-
delivered ferritin in the primary tumor of breast cancer bearing mouse as darkened areas in the
primary tumor. This primary tumor darkness was time-dependent and reached a maximum at 8-
hours, then started to decrease in intensity.

[00251] MRI results were confirmed by histology analysis using Prussian blue stain and ferritin
immunostaining. Immunohistochemical stain and Prussian blue stain of the primary tumor tissue
sections of 4T 1-breast cancer bearing mouse at 18-hour after QQ-ferritin injection showed positive
ferritin and Prussian blue stains inside the primary tumor. This histological result confirmed the
MRI observation of QQ-delivered ferritin inside the primary tumor of 4T1-tumor bearing mice.
[00252] Example 6

[00253] QQ-protein delivery of Oct4 and K14 protein into the nuclei of 4T 1-breast cancer cells
of the primary tumor of 4T1 breast cancer bearing mice

[00254] 4TI cells (2 x 10* cells/50ul/mouse) were implanted into female BALB/c mice. 15-
days after tumor cell implantation Alexa Fluor594 labeled Klf4 was prepared. QQ-modified
unlabeled Oct4 (QQ-Oct4) and QQ-modified Alexa Fluor594 labeled Klf4 were then prepared.
Intra-tumoral injection of 50 ng QQ-Octd and QQ-Alexa Fluor594 labeled Kif4 proteins was
performed. The mice were sacrificed 5 hours after injection and tumor tissue sections were
prepared for immunostaining and fluorescence microscopy. Immunostaining for Octd4 in the
primary 4T1-breast cancer tissue sections demonstrated nuclear localization of Oct4 in the 4T1-
cancer cells and co-localization with DAPI. Fluorescence microscopic imaging also showed
nuclear localization of KIf4 in the primary 4T1-breast cancer tissue sections and co-localization
with DAPI.

[00255] Example 7

[00256] QQ-protein delivery of GATA4, OCT4 and SOX2 to the injured hearts of rats after

acute myocardial infarction



10

15

20

25

30

CA 02934065 2016-04-22

WO 2015/061779 PCT/US2014/062400

50

[00257] QQ-modified and fluorescence labeled GATA4, Sox2 and Oct4 are administered by an
intraperitoneal injection to rats after myocardial infarction and the QQ-modified proteins and
fluorescence labeled were delivered to injured heart tissues in the animals.

[00258] GATA4, Sox2 and Oct4 are each labeled with Alexa Fluor483 according to methods
specitied by the manufacturer. The labeled GATA4, Sox2 and Oct4 proteins were purified with
small spin columns. The Alexa Fluord88-GATA4, Alexa Fluor488-Sox2 and Alexa Fluor4838-Oct4
are then QQ-modified to generate QQ-modified Alexa Fluord88-GATA4, QQ-modified Alexa
Fluord88-Sox2 and QQ-modified Alexa Fluord88-Oct4.

[00259]  Lewis rats were anesthetized and coronary artery ligation surgery was performed to
create myocardial infarction in the Lewis rats. 24-hours after coronary artery ligation surgery, QQ-
modified Alexa Fluor488-labeled GATA4, QQ-modified Alexa Fluord88-labeled Sox2 and QQ-
modified Alexa Fluor488-labeled Oct4 (200 ng/100 pl/rat) were intraperitoneally injected into
Lewis rats. 7-hours after fluorescence labeled protein injections, the rats were sacrificed and heart
tissue sections were prepared for either Trichrome staining for infarction sizes or for
immunostaining with an a-actinin antibody, which is a heart muscle marker indicative of maturce
cardiomyocytes.

[00260]  Fluorescence microscopic analysis showed colocalization of Alexa Fluord83-GATA4
protein with o-actinin immunofluorescence, indicating that intraperitoneal injection of QQ-
fluorescence labeled GATA4 resulted in delivery of the GATA4 protein into the scar zone of the
injured heart tissue after coronary artery ligation. Similarly, fluorescence microscopic analysis of
Alexa Fluor488-Sox2 and a-actinin immunofluorescence indicated that intraperitoneal injection of
QQ- modified Alexa Fluor488 labeled-Sox2 resulted in location of the Sox2 protein in the border
zone of the injured heart tissue after coronary artery ligation. Finally, fluorescence images of Alexa
Fluord88-Oct4 showed localization of injected QQ-modified Alexa Fluor488-Oct4 in the remote
normal heart tissue zone. These results indicate that fluorescence labeled and QQ-modified
GATA4, Sox2 and Oct4 administered by intraperitoneal injection reached injured heart tissues in
the scar zone, the border zone and the normal heart tissue zones. These data demonstrate that QQ-
protein delivery targeted deliver these proteins into the injured heart tissues.

[00261] Example 8

[00262] Malignant glioma cells including 9L-, U251-, U87- and a primary GBM cell line from
a patient were reprogrammed into protein induced pluripotent stem cells (piPSCs) using QQ-
modified Sox2, Oct4 and Nanog (SON) proteins as follows: At day 0, glioma cells were seeded for
24-hours to allow them to grow in a 50 mm petri dish. At day 2, QQ-SON proteins were added to
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the culture medium at 0.5-2.0 pg/ml and cultured for 24 hours. Next day, fresh QQ-SON proteins
were added into new culture medium and cultured for 24 hours. Such cycles were repeated for 5-7
cycles depending on glioma cells used for cell reprogramming. At the end of cell reprogramming,
the culture media were changed to maintaining medium for 2 days. During cell reprogramming,
piPSC colonies appeared. At day 8, whole dish passage was performed to expand the generated
piPSCs. Immunostaining of the whole dish passaged glioma-piPSCs including both monolayer and
colony of the 9L-piPSCs using pluripotency markers including nuclear markers Octd, Nanog, Rex-
1 and surface markers ALP, Tral-60, and Tral-81 showed nearly all cells were positive for these
pluripotency markers. In contrast, immunostains of 9L-cells showed negative stains for these
markers. These data indicate high conversion cfficiency of cell reprogramming of 9L-cells into 9L-
piPSCs using the QQ-SON proteins.

[00263]  This is confirmed by immunostaining of whole well (96-well) of 9L-piPSCs using
Nanog and Octd. When counting positive 9L-piPSC clones compared with negative clones, an
average of 96+2% conversion efficiency is found, see Table 2. A control immunostaining of 9L
cells showed negative stains for these two pluripotency markers Nanog and Octd. The conversion
efficiency of 9L-piPSCs from 9L cells was calculated by positively stained colonies and monolayer
9L-piPSCs versus total colonies and monolayer cells as stained with DAPI using the software
provided by EVOS Auto fluorescence microscope. Immunostaining of the 9L-piPSCs of

duplicated 96-wells were used to calculate average conversion efficiency and standard deviation.

Table 2: Conversion efficiency of QQ-SON protein-induced
cell reprogramming of 9L-gliosacoma cells

Marker Oct4 Nanog Average

Whole Wells Counted 2 2 2

Conversion

Efficiency (%) 94.0£1.0 | 98.00.1 96.0+2.0

Cell reprogramming of 9L cells to generate 9L-piPSCs using the QQ-SON proteins (0.5ug/ml.
Sox2:0ct4:Nanog=1:1:1, 5 continuc cyclcs).

[00264]  Using a similar cell reprogramming protocol, 4T1-piPSCs were generated from 4T1
mouse breast cancer cells. The reprogramming conversion efficiency of 4T1 cells into 4T1-piPSCs

is 96+1.3% using the same whole well counting method (96-wells), see Table 3.

Table 3: Conversion efficiency of QQ-SON protein-induced cell
reprogramming of 4T 1-breast cancer cells




10

15

20

25

CA 02934065 2016-04-22

WO 2015/061779 PCT/US2014/062400

52
Pluripotent Number of Wells Number of Conversion
Marker Colonies/Well Efficiency (%)
Nanog 2 1344200 98+1
Rex 1 2 1943+£234 96+1
Sox 2 2 1862198 94+2
Average 96+1.3

[00265] Example 9

[00266]  Cells of human glioblastoma cell line U251 are reprogrammed into U251-piPSCs
using QQ-modified Sox2, Oct4 and Nanog (SON) proteins as follows: At day 0, U251 glioblastoma
cells were seeded for 24-hours to allow them to grow in a 50 mm petri dish. At day 2, QQ-SON
proteins were added to the culture medium at 0.5-2.0 pg/ml and cultured for 24 hours. Next day,
fresh QQ-SON proteins were added into new culture medium and cultured for 24 hours. Such
cycles were repeated for 5-7 cycles. At the end of cell reprogramming, the culture media were
changed to maintaining medium for 2 days. During cell reprogramming, U251-piPSCs colonies
appeared. At day 8, whole dish passage was performed to expand the generated U251-piPSCs.
[00267]  Proliferative activity of U251 and U251-piPSCs was assayed by determining the
number of Ki67-positive cells. Figure 3A is a graph showing results of this assay indicating that
cell reprogramming of glioma cells into piPSCs significantly reduces their proliferation, error Bar
represents standard etror of three independent experiments.

[00268] Example 10

[00269]  Cells of a patient-derived primary human glioblastoma multiforme (GBM) cell line,
GBM (12-14), is reprogrammed into GBM-piPSCs using QQ-modified Sox2, Oct4 and Nanog
(SON) proteins as follows: At day 0, GBM cells were secded for 24-hours to allow them to grow in
a 50 mm petri dish. At day 2, QQ-SON proteins were added to the culture medium at 0.5-2.0 pug/ml
and cultured for 24 hours. Next day, fresh QQ-SON proteins were added into new culture medium
and cultured for 24 hours. Such cycles were repeated for 5-7 cycles. At the end of cell
reprogramming, the culture media were changed to maintaining medium for 2 days. During cell
reprogramming, GBM1-piPSCs colonics appcared. At day 8, whole dish passage was performed to
expand the generated GBM-piPSCs.

[00270]  Dose-dependent chemotherapeutic drug sensitivity of patient-derived primary human
GBM (12-14) cells (squares) and GBM (12-14)-piPSCs (circles) against the alkylating agent

temozolomide was determined and results are shown in Figure 3B. Experiments were done in
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triplicate, mean + SD, p < 0.01. Drug sensitivity of the GBM-piPSCs was significantly enhanced to
temozolomide as compared with the parental glioblastoma cells.

[00271] Example 11

[00272]  Cells of rat gliosarcoma cell line 9L are reprogrammed into 9L-piPSCs using QQ-
modified Sox2, Oct4 and Nanog (SON) proteins as follows: At day 0, 9L glioma cells were seeded
for 24-hours to allow them to grow in a 50 mm petri dish. At day 2, QQ-SON proteins were added
to the culture medium at 0.5-2.0 pg/ml and cultured for 24 hours. Next day, fresh QQ-SON
proteins were added into new culture medium and cultured for 24 hours. Such cycles were repeated
for 5-7 cycles. At the end of cell reprogramming, the culture media were changed to maintaining
medium for 2 days. During ccll reprogramming, 9L-piPSCs colonics appearcd. At day &, whole
dish passage was performed to expand the generated 9L-piPSCs.

[00273] Dose-dependent chemotherapeutic drug sensitivity of 9L-cells (squares) and 9L-
piPSCs (circles) against carboplatin was determined by an MTT assay and results are shown in
Figure 3C. Experiments were done in triplicate, mean + SD, p < 0.01. Drug sensitivity of the 9L-
piPSCs was significantly cnhanced to carboplatin as comparcd with the parcntal 9L cells.

[00274] Example 12

[00275]  Cells of mouse mammary tumor cell line 4T1 are reprogrammed into 4T1-piPSCs
using QQ-modified Sox2, Octd and Nanog (SON) proteins as follows: At day 0, 4T1 cells were
seeded for 24-hours to allow them to grow in a 50 mm petri dish. At day 2, QQ-SON proteins were
added to the culture medium at 0.5-2.0 pg/ml and cultured for 24 hours. Next day, fresh QQ-SON
proteins were added into new culture medium and cultured for 24 hours. Such cycles were repeated
for 5-7 cycles. At the end of cell reprogramming, the culture media were changed to maintaining
medium for 2 days. During cell reprogramming, 4T1-piPSCs colonies appeared. At day 8, whole
dish passage was performed to expand the generated 4T1-piPSCs.

[00276] Proliferative activity of 4T1-cells and 4T1-piPSCs was assayed by determining the
number of Ki67-positive cells and it was found that cell reprogramming of 4T1 mammary tumor
cells into 4T 1-piPSCs significantly reduces their proliferation.

[00277] Mammary sphere formation of 4T1-piPSCs was reduced as compared with that of
4T1-cells.

[00278] Dose-dependent chemotherapeutic drug sensitivity of 4T1-cells and 4T1-piPSCs
against doxorubicin and paclitaxel was determined using an MTT assay. Drug sensitivity of the
4T1-piPSCs was significantly enhanced to doxorubicin and paclitaxel as compared with the

parental 4T1 cells.
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[00279] Example 13

[00280]  Glioma cell-derived piPSC differentiation into three germ layers in vitro

[00281] Embryonic bodies (EBs) were prepared for glioma-piPSCs using the hanging-drop
method. The glioma-piPSCs EBs were placed into a spontaneous differentiation medium for 10-
days, followed by immunostaining with markers of ectoderm, mesoderm and endoderm, showing
positive immunostains of PAX6 for ectoderm, positive immunostains of desmin for mesoderm and
positive immunostains of a-fetoprotein (AFP) for endoderm. Immunostaining of control 9L cells
was negative for these markers. Similar results have been also obtained for 4T1-piPSCs, indicating
that the 4T 1-piPSCs also differentiated into three germ layers.

[00282] Examplc 14

[00283]  Glioma cell-derived piPSC differentiation into neural-lineage in vitro

[00284]  Glioma-piPSCs EBs were placed into a specific neural-lineage inducing differentiation
medium for 14-days, followed by immunostaining with neural lineage markers, showing positive
immunostains of Tuj I for neurons, positive immunostains of GFAP for astrocytes and positive
immunostains of nestin for necural stem cells. These neural-specifically differentiated cells also
displayed neural cell morphology. Immunostaining of control 9L cells was negative for these
markers.

[00285] Example 15

[00286]  Cell reprogramming causes a mesenchymal-to-epithelial transition (MET) and
reduction of tumorigenicity in vitro.

[00287] Results of Western blot analysis of several epithelial and mesenchymal markers of
U251 cells and U251-piPSCs, including E-cadherin (E-cad), B-catenin (B-cat), vimentin (VMT),
see Figure 4A, indicate an MET during cell reprogramming which is confirmed by cell
morphology changes and gqRT-PCR results. GFAP protein level is also significantly enhanced after
cell reprogramming into U251-piPSCs from U251 cells, indicating that cell reprogramming caused
a significant reduction of tumorigenicity of U251 cells in vitro during cell reprogramming, Actin
protein expression was used as an internal control. Immunostaining of U251 cells and U251-
piPSCs using an anti-GFAP antibody, confirmed up-regulated protein expression of GFAP in
U251-piPSCs as shown in Western blot. In addition, the GFAP-expressing cells displayed
morphologies of neural cells.

[00288] The tumorigenicity reduction of U251 cells after cell reprogramming has been

confirmed by in vitro assays for cell migration, Figure 4B, and invasion, Figure 4C, of U251-cells
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and U251-piPSCs, indicating significantly reduced migration and invasion of U251-piPSCs (p <
0.01).

[00289]  Similarly, immunostainings of 41-piPSCs and 4T1 cells using an epithelial marker: E-
cadherin and a mesenchymal marker fibronectin were compared and showed that while 4T1 cells
display positive E-cadherin immunostaining, 4T1-piPSCs showed much stronger E-cadherin
immunostaining. In contrast, 4T1 cells displayed stronger fibronectin immunostaining and 4T1-
piPSCs exhibited nearly negative fibronectin immunostaining. This results confirm a MET of 4T1
cells during cell reprogramming into 4T1-piPSCs. In addition, 4T1-piPSCs also exhibited reduced
proliferation, Figure 4D, reduced mammary sphere formation, Figure 4E, reduced migration,
Figure 4F, and reduced invasion, Figurc 4G, as comparcd to thosc propertics of the parental 4T1
cells, indicating a significantly reduced tumorigenicity of 4T1 cells after cell reprogramming into
4T1-piPSCs in vitro.

[00290] Example 16

[00291]  Co-culture between glioma cells and glioma-piPSCs indicated that glioma-piPSCs
displaycd a bystander cffect to change the phenotypes of their surrounding glioma cells and
reduced tumorigenicity in vitro.

[00292]  Cell morphology changes of U251 cells indirectly co-cultured with U251-piPSCs for
40-64 hours are observed indicating a mesenchymal-to-epithelial transition (MET) of the co-
cultured glioma cells. Figure 5A is an image showing cell morphology of U251 cells and Figure
5B is an image showing changes in cell morphology of U251 cells indirectly co-cultured with
U251-piPSCs for 40-64 hours.

[00293]  This MET was confirmed by immunostaining of U251 cells, U251-piPSCs, first (1*)
co-cultured U251 cells and second (2") co-cultured U251 cells using an anti-pan-cadherin
antibody, showing cytosol/nuclear localization of pan-cadherin in U251 cells and
membrane/nuclear localization of U251-piPSCs and 1%/2™ co-cultured U251 cells, suggesting a
major enhancement of cell-cell adhesion among U251-piPSCs as well as among the 1872°¢ co-
cultured U251 cells. This is an indication of MET during cell reprogramming and the 152" co-
cultured U251 cells. A 2™ co-culture is the indirect co-culture experiment that places the 1% co-
cultured cells into the transwell insert and fresh U251 cells in the basolateral chamber. Double
immunostains of the U251 cells and indirectly co-cultured U251 cells using distinctly labeled anti-
GFAP and anti-Tujl antibodies, showing significant GFAP protein expression in the co-cultured
U251 cells with neural morphology whereas U251 cells (spindle morphology) do not express
GFAP.
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[00294]  Results of proliferation assay of U251 cells, U251-piPSCs and indirectly co-cultured
U251 cells by Ki-67 immunostaining show significantly reduced proliferation of U251-piPSCs and
the co-cultured U251 cells, Figure SC. Results of migration assays, Figure 5D, and invasion assays,
Figure SE, of U251 cells, U251-piPSCs, directly co-cultured U251 cells at 1:1 and 8:1 ratios
(U251:U251-piPSCs), show significantly reduced migration and invasion of the U251 cells after
co-cultures with U251-piPSCs (p < 0.005).

[00295] Following a similar co-culture experiment, MET of co-cultured 4T1 cells with 4T1-
piPSCs was observed. Immunostains of co-cultured 4T1 cells and 4T1-piPSCs showed that both
cells had high protein expression of E-cadherin and lower protein expression of fibronectin,
confirming a MET of the co-cultured 4T1 cclls. In addition, the co-culturcd 4T1 cells also
displayed a significantly reduced proliferation, Figure SF, migration, Figure 5G, and invasion,
Figure 5H, indicating a significantly reduced tumorigenicity of the 4T1 cells after co-cultured with
4T1-piPSCs for 40-hours.

[00296]  Co-culture of patient-derived primary brain tumor cells, GBM (12-14), with U251-
piPSCs also causcs a mesenchymal-to-cpithelial transition and reduced tumorigenicity of the co-
cultured patient-derived primary brain tumor cells — a bystander effect of U251-piPSCs.

[00297]  These results indicate that a bystander effect of piPSCs changes the phenotypes of
surrounding cancer cells for tumorigenicity and malignancy reduction. This bystander effect
indicates that a smaller number of piPSCs can change malignant phenotype of a large numbers of
surrounding tumor cells via this bystander effect, serving a cellular mechanism of a cell-converting
cancer therapy.

[00298] Example 17

[00299]  Significantly reduced tumorigenicity and metastasis/infiltration inhibition in vivo of
piPSCs generated from malignant cancer cells.

[00300] In a first set of animals, equal numbers of 9L cells or 9L-piPSCs ( 5x10* cells/5ul)
were implanted into Fisher rats intracranially. In a second set of animals, equal numbers of 9L cells
or 9L-piPSCs (1x10° cells/100ul) were implanted into Fisher rats subcutaneously.

[00301]  Tumor volume (mm?) of intracranial-implanted rats with either 9L cells or 9L-piPSCs,
n = 10 was measured at day 14, see Figure 6A. Tumor weight in grams of subcutancously-
implanted rats with 9L cells and 9L-piPSCs was measured at day 25 after 4T 1-cell implantation, n
= 6, see Figure 6B. Results showed a significantly reduced volume of the intracranial 9L-piPSC
tumors and a significantly reduced weight of the subcutaneous 9L-piPSC tumors as compared with

those of 9L-tumors, indicating a significantly reduced tumorigenicity of 9L-cells after cell
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reprogramming into 9L-piPSCs. This result is also confirmed by hematoxylin and cosin (H&E)
staining of the tumors from 9L-cell and 9L-piPSC implanted animals, indicating a major inhibition
of 9L-cell infiltration, since the 9L-piPSC intracranial tumor showed a clear intact border, whereas
9L-intracranial tumor showed a broken border with a major infiltration of the 9L-tumor cells into
normal brain tissues.

[00302] Example 18

[00303]  Significantly reduced tumorigenicity and metastasis/infiltration inhibition in vivo of
piPSCs generated from malignant breast cancer cells.

[00304]  Equal numbers of 4T1 cells and 4T1-piPSCs (2 x 10* cells/S0ul) were implanted into
the #4 fat pads of 2-3 month old female BALB/c mice (20 grams). 4T1 breast tumors were
observed at day 5-7 after cell implantation. The tumor volume and body weight of the mice were
monitored every day. At day 25, the mice were sacrificed and the tumors were weighed. For the
survival experiment, animals were sacrificed once they reached tumor burden.

[00305]  4T1 and 4T1-piPSC tumor growth were measured by tumor volume, Figure 6C, and
tumor weight, Figure 6D, at day 25 aftcr 4T1- and 4T1-piPSC implantation, indicating a significant
tumor stasis of 4T 1 cells after cell reprogrammed into 4T1-piPSCs.

[00306] Lung metastases of the mice that were implanted with 4T1 cells and 4T 1-piPSCs were
analyzed at day 25 after cell implantation. While all the mice implanted with 4T1 cells displayed
many metastatic lesions, no lung metastases were observed in the mice implanted with 4T 1-piPSCs
at day 25 after cell implantation, Figure 6E, indicating a major metastasis inhibition caused by cell
reprogramming of 4T1 cells into 4T1-piPSCs. This result was confirmed by H&E stain of the lung
tissue sections of 4T1-bearing mice and 4T1-piPSC bearing mice, showing no lung metastasis in
the mice implanted with 4T 1-piPSCs.

[00307] A Kaplan-Meier survival curve of the mice implanted with 4T1 cells and 4T1-piPSCs
in the #4 fat pads, Figure 6F, demonstrates a significantly prolonged survival of the 4T1-piPSC
bearing mice during this 250-day survival experiment. These results demonstrate that cell
preprogramming of malignant cancer cells into piPSCs significantly reduces tumorigenicity and
metastatic property of the parental cancer cells, thus significantly prolonging the survival of the
mice implanted with 4T 1-piPSCs.

[00308] Example 19

[00309] Tumor cell derived piPSCs differentiate into different normal tissues in vivo

depending on different differentiating tissue environments.
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[00310] H&E stains of the brain tissue sections of 9L-intracranial implanted rats showed major
glioma angiogenesis into normal brain tissues and severe bleeding inside brain tumors, whereas
much less angiogenesis and bleeding were observed in the 9L-piPSC-intracranial implanted rats. In
addition, 9L-piPSC-intracranial implanted rats also showed newly differentiated neural rosettes
near the tumors in the brain. Further, H&E stain of the tumor tissue slides of subcutaneously-
implanted rats with 9L-piPSCs, showed immature sweat glands with cuboidal and low columnar
epithelial cells and melanocytes with brown color of melanin within the tumors. H&E stains of
tumor tissue slides of rats subcutancously implanted with 9L-piPSCs also showed skin epithelium
with two layers of epidermis and early simple columnar epithelial cells with longer shape and
nuclei in the base of the cells.

[00311]  Similarly, H&E staining of the tumor masses of the 4T1-piPSC-bearing mice showed
in vivo differentiation of the implanted 4T 1-piPSCs into normal breast tissues including adipocytes
including both brown and white adipocytes and mature and immature mammary ducts.

[00312] These results indicate that tumor cell derived-piPSCs differentiate into different
normal tissuc cclls in vivo depending on different differentiating tissuc environments.

[00313] Example 20

[00314]  Lineage tracing shows tumor cell derived piPSCs differentiate into normal tissues.
[00315] To ensure that tumor cell derived piPSCs differentiate into normal tissues, GFP-
expressing 9L- and 4T1-cells were prepared.

[00316] GFP-9L-piPSCs and GFP-4T1-piPSCs were prepared.

[00317] Lineage-tracing experiments were performed using both cell types. For GFP-9L-
piPSCs, the cells were subcutaneously implanted into left flanks of Fisher rats. For GFP-4T1-
piPSCs, the cells were implanted into the #4 fat pad of female BALB/c mice. Small tumor mass
were observed at day 10-15 for GFP-9L-piPSC-implanted rats and at day 20-25 days for GFP-4T1-
piPSC-implanted mice. The animals were sacrificed at different days after cell implantation and
tumor masses were collected and used to make tissue sections for H&E stains and immunostaining,
Immunostaining with Tuj I and Nestin neural marker antibodies, adiponectin (an adipocytes
marker), cytokeratin 8, 14, 18 (CKS8, 14, 18) or cytokeratin 5,8 (CK35,8) (mammary duct markers)
were performed using differentially detectable labels.

[00318] H&E stain of both the center and edges of tumor mass of the 4T 1-piPSC-bearing mice
showed appearance of potential adipocytes and immature mammary ducts in the tumor mass.
[00319] Immunostains of the tissue section of the GFP-9L-piPSCs tumor mass obtained from

the lineage tracing experiment using an anti-Tuj [ antibody showed positive Tuj I immunostaining
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that overlapped with GFP fluorescence of GFP-expressing cells of the same tissue sections. Only
overlapping Tuj I and GFP fluorescence images were observed in the tissue sections, indicating
that these Tuj I-positive cells originated from the GFP-expressing 9L-piPSCs. The Tuj I/GFP-
positive cells displayed neuronal cell morphology. This data demonstrates that the GFP-expressing
9L-piPSCs differentiated in vivo into Tuj I-positive neuronal lincage cells.

[00320] Immunostains of the tissue section of the GFP-9L-piPSCs tumor mass obtained from
the lineage tracing experiment using an anti-nestin antibody showed positive nestin
immunostaining that overlapped with GFP fluorescence of GFP-expressing cells of the same tissue
sections. Only overlapping nestin and GFP fluorescence images were observed in the tissue
scctions, indicating that these nestin-positive cells originated from the GFP-cxpressing 9L-piPSCs.
This data demonstrates that the GFP-expressing 9L-piPSCs differentiated in vivo into nestin-
positive neural lineage cells.

[00321] Immunostains of the tumor tissue sections of the 4T1-piPSC-bearing mice with an
anti-adiponectin antibody showed adiponectin-positive immunostaining that overlapped with green
fluorescence from the GFP-expressing cells. Only overlapping adiponectin and GFP fluorescence
were observed in the tissue sections in cells with adipocyte morphology, indicating presence of
adipocytes in the middle of the tumor mass of the 4T1-piPSC-bearing mice and these adipocytes
originated from differentiation of the implanted GFP-4T1-piPSCs, since these adipocytes
expressed GFP.

[00322] Immunostains of the tumor tissue sections of the 4T1-piPSC-bearing mice with anti-
CKR,18,14 and anti-CK5,8 antibodies showed CKZX,1814- and anti-CK5,8-positive
immunostaining that overlapped with green fluorescence from the GFP-expressing cells. Only
overlapping CK8,18,14- or anti-CK5,8-positive and GFP fluorescence were observed in the tissue
sections in cells with morphology of mammary ducts, indicating presence of immature mammary
ducts that originated from differentiation of the implanted GFP-4T1-piPSCs, since these mammary
ducts expressed GFP.

[00323] Example 21

[00324]  QQ-SON protein-induced cell reprogramming treatment of tumors in vivo

[00325]  To generate 9L-tumor bearing rats, 9L cells (1 x 10° cells/100pl) were implanted into
Fisher rats subcutaneously. 5-days after 9L-implantation, QQ-SON protein was administered by
intra-tumor injection every day at 1 pg/day (n = 5), 5 pg/day (n =5), or 10 pug/day (n = 10) for 18

daily treatments. QQ-reagent in PBS buffer was administered by intra-tumor injection to control
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rats (n = 10). The tumor volume and body weight of the rats were monitored every day. At day 23,
the rats were sacrificed and the tumors were weighed.

[00326]  Tumor growth was measured by volume, see Figure 7A and tumor weight in grams,
see Figure 7B. The rats were sacrificed at day 23 and tumors were weighed. This data indicates
that QQ-SON treatment induced in situ cell reprogramming that results in tumor stasis.

[00327] To determine the effect of QQ-SON protein treatment on the survival of the rats
subcutaneously implanted with 9L-cells, at day 5 after 9L cell implantation rats were treated with
QQ-reagents in PBS (n = 8; median survival = 21 days) or QQ-SON proteins (10pg/day, n = §;
median survival = 127 days) for 30 daily treatments. Animals were sacrificed once they reached
tumor burden (< 12 ecm?). Kaplan—Meier survival curve (130-days) is shown in Figurc 7C. This
data indicated that QQ-SON protein treatment significantly prolonged the survival of 9L-tumor
bearing rats.

[00328] Example 22

[00329] QQ-SON protein-induced cell reprogramming treatment of tumors in vivo

[00330]  To generate orthotopic 4T1 breast cancer-bearing mice, 4T1 cells (2 x 10* cells/50ul)
were implanted into the #4 fat pads of 2-3 month old female BALB/c mice (20 grams). 4T1 breast
tumors were observed at day 5-7 after cell implantation. The tumor volume and body weight of the
mice were monitored every day. At day 25, the mice were sacrificed and the tumors were weighed.
For the survival experiment, animals were sacrificed once they reached endpoints including tumor
burden (< 2 gram), metastasis causing labored breath, uncontrollable pain, etc.

[00331] Various dosages of QQ-SON proteins were administered, 0.5 pg QQ-modified SON
proteins/mouse, 1.25 pg QQ-modified SON proteins/mouse, or 2.5 ug QQ-modified SON
proteins/mouse, and compared with QQ-PBS control. Efficacy was determined by measurement of
tumor volume over a 25-day time course, Figure 7D, and measurement of tumor weight in grams,
Figure 7E, at day 25.

[00332] In a further experiment, tumor volume of the mice treated either with QQ-SON
proteins (n = 8) or QQ-PBS as the control (n = 8) during a 35-day time course was determined by
MRI, see Figure 7F, and tumor weights of both groups were determined by weighing at day 35, see
Figure 7G. QQ-SON protein treatment caused major tumor stasis without primary tumor removal.
[00333] Mice were analyzed to determine number and percentage of metastases in the lung,
Figures 71 and 7M, lymph nodes, Figures 7J and 7N, liver, Figures 7K and 70, and spleen, Figures
7L and 7P, of the QQ-SON and QQ-PBS treated 4T 1-bearing mice without primary tumor removal
as observed by MRI at indicated days. These results demonstrate that, as compared to QQ-PBS
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treated mice, QQ-SON treated mice displayed metastasis at much later dates after 4T1-cell
implantation and much less metastatic lesions in the lung, lymph nodes and no metastasis lesion
was observed in the liver and spleen. This data indicates a major metastasis inhibition in the 4T1-
bearing mice caused by QQ-SON protein treatment without primary tumor removal.

[00334] Example 23

[00335] Histological analysis of the tumor tissue sections treated with QQ-PBS and QQ-SON
proteins without primary tumor removed.

[00336] H&E stains of a 9L-tumor tissue slides of a rat treated with QQ-reagents in PBS buffer
for 18 daily treatments, showing uniform tumor cells with extensive angiogenesis. Immunostains
of a ncarby tissuc slide with anti-VE-cadherin antibody confirmed angiogencsis. This rat was
sacrificed at day 26 after subcutaneous 9L cell implantation with a tumor of 13.5 cm® (around 15.5
g). In contrast, H&E stains of a tumor tissue slide of a rat treated with QQ-SON protein for 18
daily treatments showed different cell zones including tumor cell zone, connective tissue zone and
fibroblast zone. This rat was sacrificed at day 49 after subcutaneous 9L cell implantation and its
tumor was significantly reduced in size to 0.2 cm® (around 0.6 g). Immunostain of the fibroblast
zone of a nearby tumor tissue slide of the same rat using an anti-a-procollagen, a fibroblast marker,
antibody, confirmed the fibroblast zoon (positively stained) and tumor cell zone (negatively
stained). Immunostains of the tumor tissue slides of the same rat treated with QQ-SON proteins for
18 daily treatments using anti-GFAP and anti-Tujl antibodies showed positive stains of both
markers with neuronal cell morphology and neural rosette formation. This data indicates that the
injected QQ-SON proteins induced in situ generation of transient 9L-piPSCs that differentiate into
non-cancerous cells including neuronal lineage cells.

[00337]  Similarly, H&E stains of 4T1-tumor tissue slides of the mice treated with QQ-SON
protein also showed adipocytes and mammary duct, which were immunostained positive with
adiponectin and cytokaratin 5/8/14, indicating that the injected QQ-SON protein also induced in
situ 4T1-tumor cell reprogramming inside the primary tumor into 4T1-piPSCs that differentiate
into breast tissue.

[00338] Example 24

[00339] QQ-SON treatment significantly enhances the genome stability of the treated 9L-cells
in vivo.

[00340] SKY genome analysis of explanted cells of two subcutaneous 9L-tumor-bearing rats,
both treated with QQ-SON protein for 18-days was performed. One rat (#12) displayed major

response to the QQ-SON treatment and tumor started to shrink. Before the tumor disappeared, this
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rat was sacrificed and the tumor collected for both explants and tumor tissue slides. Another rat
(#15) displayed no response to the QQ-SON protein treatment and tumor continued to grow to
reach the ending point (> 12 cm®). This rat was also sacrificed and explants and tumor tissue slides
were prepared.

[00341]  The cells from the explant of #15 rat grew rapidly and reached confluency in 3-days.
The cells displayed typical 9L-cell spindle morphology. However, the cells from the explant of #12
rat grew very slowly and only two-weeks later some cells with neural morphology with some
colonies were observed. Immunostains of the tumor tissue slides with GFAP and Tuj 1 showed
positive stains for both markers for those cells that displayed neural morphology in #12 rat, but
negative stains for these two markers for #15 rat. Additional immunostains with B-catenin, CK5/6,
E-cadherin, Lefty, Nodal and Cripto-1 showed opposite results for #12 and #15 rats. While the
tumor tissue slides of #12 rat showed positive stains of CK5/6, E-cadherin, Lefty and pB-catenin, a
negative stain was observed in the tumor tissue slides of #15 rat. Interestingly, Lefty and E-
cadherin co-stained in the same areas of the tumor tissue sections as well as CK5/6 and E-cadherin,
In contrast, the tumor tissue slides of #15 rat showed positive stains for Nodal and Cripto-1, but
those tissue sections of #12 showed negative stains for these two markers. These results indicate
tumor cell conversion into non-cancerous cells in the tissue section of #12 rat, whereas the tissue
sections of #15 rat remained 9L-tumor cells.

[00342] To assess genome stability of the explant cells, molecular cytogenetic analyses were
performed. 20 mitotic images were collected for each explant of rat #15 and rat #12 and the
average number of chromosomes for rat #15 and for rat #12 were analyzed. Table 4 shows a
comparison of chromosomal aberrations of rat #15 and rat #12. Molecular cytogenetic analyses
indicated 35% non-clonal chromosomal aberrations (NCCAs) and 20% of clonal chromosomal
aberrations (CCAs) for rat #12 and 70% NCCAs and 15% CCAs for rat #15 (Table 4). Since the
frequencies of NCCAs represent the level of genome instability while CCAs represent relative
stability, these data suggest that the tumor that did not respond to QQ-SON protein treatment (rat
#15) displayed higher levels of genome heterogeneity than those of the tumor (rat #12) that showed
a good response to the QQ-SON treatment. This result indicates that the protein-induced in siru cell
reprogramming significantly enhances genome stability of the treated cancer cells, indicating cell

conversion of malignant cancer cells into non-cancerous cells.

Table 4: tumors that respond to the QQ-SON protein treatment (#12) display higher
genome stability than a tumor that did not respond (#15); NCCA: non-clonal chromosomal
aberrations; CCA: clonal chromosomal aberrations
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Rat | mitotic 4 chromosomes | #NCCAs | % NCCAs | # CCAs | 70
1mages CCAs
#12 |20 64 7 35 4 20
#15 |20 60 14 70 3 15

[00343] Example 25

[00344] QQ-SON induced cell-converting cancer therapy mediated by protein-induced in situ
cell reprogramming caused cancer cure of subcutaneous 9L-tumor bearing rats and late stage 4T 1-
bearing mice after surgical removal of primary tumors.

[00345]  Subcutancous implantation of 9L-cells into Fisher rats was performed to gencrate
tumor-bearing rats. Five days after tumor cell implantation, daily intratumor injections of QQ-
modified SON (QQ-SON) proteins were performed. A proper control of QQ-reagents in PBS (QQ-
PBS) was also performed. A 90-day survival experiment was performed following a 18 daily
intratumoral treatment regimen using QQ-SON proteins at 10 pg/mouse/day. During treatments,
significantly reduced tumor growth in all treated rats was observed. After 18 daily treatments, 50%
of the treated rats displayed diminished tumor volume over time, and no palpable tumor was
present in these animals. The remaining treated rats displayed significantly slower tumor growth.
The median survival of the treated group was 49+20 days (n = 8) whereas survival in the control
group was 214 days (n = 6). Tumor recurrence was observed in three treated rats at day 32, 43
and 62, with a median recurrence of 45+13 days. The recurrent tumors grew very aggressively and
reached a volume of > 12 cm?® in 5-7 days (Table 5, Treatment 1). The fourth glioma-cured rat
remained tumor-free for more than 30 months without evidence of teratoma formation.

[00346] When the daily intratumor treatment regimen was expanded to 30 days, 100% glioma-
cured rats within the first 73 days during a 400-day survival experiment (n = 8) were obtained.
Again, tumor recurrence for three treated rats at day 73, 78, and 92 (median recurrence: 81+8 days)
was observed, which was much later than the tumor recurrence observed in rats treated for only 18
days. The remaining 5 rats remained tumor-free for 400-days. The three rats with recurrent tumors
were treated for an additional 30 days (daily intra-tumor injection, 10ug/day QQ-SON). Of the
three rats, two had very slow progression and survived for an additional 66 days (tumor occurrence
on day 78) or 68 days (tumor reoccurrence on day 92). Only one rat displayed slow tumor growth
and was sacrificed at day 109 (36 days after tumor recurrence was identified) when the tumor
reached 12 cm® in volume. The median survival of the treated rats was 280+155 days (n = 8)

compared to 2144 days for the control group (n = 6) (Table 5, Treatment 2).
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[00347]  To ensure that this result was reproducible, the above 30 daily treatment experiment
was repeated and achieved 80% glioma-cured rats within the first 79-days. Two rats displayed
slow tumor growth but had reached a tumor volume of 12 cm® at day 29 and 48, respectively
(Table 5, Treatment 3). However, two glioma-cured rats displayed tumor recurrence at day 79 and
111 (median recurrence: 95416 days). These two rats were treated with the QQ-SON proteins (10
ug/day) for an additional 30 days. One of the two rats displayed a slow tumor growth and reached
a volume of 12 cm® in 30 days after the tumor recurred on day 79. The other rat survived for an
additional 69-days. The median survival of the treated rats was 276+156 days (n = 10), whereas the
control rats treated with QQ-PBS only survived for 23+3 days after tumor implantation (n = 6).
The tumor-curcd rats from both trcatments 2 and 3 survived for morc than 15-months so far

without tumor recurrence and without teratoma formation.

Table 5
Grou #of # iniections 9L-Glioma Mecan Survival ?gj:nf EZZEZEZZ Recurrence
FOUP 1 Rats ve Cured (%) (Day) Y % day
[
18 or 30
Control 6 0 2144 - -
(QQ-PBS)
13
Trea;mem P ng o) (90 day 49220 45137375 32/42/62
survival)
Treatment 30 70
q 8 SON) (400 day 280+155 81+8/30 72/78/92
2 (QQ- suryival)
Treatment 30 60
10 (400 day 276x156 95+16/20 79/111
3 (QQ-SON) .
survival)

[00348] A similar result was observed for late stage of 4T 1-breast cancer bearing mice after
surgical removal of the primary tumors at day 18 after 4T1-cell implantation for both QQ-PBS and
QQ-SON treated mice. The daily intra-tumor QQ-SON protein treatment was performed at day 5
and continued for 40-days. Previously, it was shown that lung metastasis started at day 7. At day
18, MRI observable lung metastatic lesions for every mouse were observed. A 250-day survival
experiment was performed. The resultant data, Table 6, indicated that while the QQ-PBS control
mice died between days 25-47, the QQ-SON treated mice survived much longer and 61% (n=11)
of QQ-SON treated mice survived entire 250-days without tumor recurrence and teratoma
formation (n=18), sce Figure 8. MRI results showed disappearance of lung metastatic lesions.
These data demonstrate high treatment efficacy of this QQ-SON-induced cell-converting cancer

therapy.
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Table 6
T}lmor Primary Day Day qf lung . Alive
. size at detecting lesions Survival
Mice Group Tumor . 10-23-
SUPEETY | o irrence lung disappeared or Day 2014)
(mm?) lesion cause of death
Red 1 Control 114 No 16 Metastasis 46
Red 2 Control 125 No 16 Metastasis 46
Red 3 Control 60.5 No 16 Metastasis 44
Red 4 Control 255 No 16 Metastasis 44
Blue 1 Treatment 6.5 No 16 Inflammation 47
Blue 2 Treatment 205 No 16 Stasis 110
Blue 3 Treatment 35 No 16 74 267
Blue 4 Treatment 60.5 No 16 Metastasis 49
Blue 5 Treatment 335 No 16 59 267
Green 1 Treatment 20 No 16 60 267
Green 2 Treatment 18.5 No 16 Inflammation 75
Green 3 Treatment 15.5 No 16 60 267
Green 4 Treatment 54 No 16 Meta.sFams 45
position
Green 5 Treatment 53 No 16 Inflammation 54

[00349]  Figure § is a Kaplan-Meier survival curve (250-day survival) of 4T1-breast cancer
bearing mice after surgical removal of the primary 4T 1-breast cancer at day 18. These 4T1 breast
cancer bearing mice were treated with QQ-PBS (Control) and QQ-SON proteins (Treatment) at
day 6 after 4T I-cell implantation into the #4 fat pad of female BALB/c mice. The primary tumors
were palpable around day 5 and surgically removed at day 18. The QQ-PBS/QQ-SON treatment
was performed daily by both intra-tumoral (Spg/mouse/day) and intraperitoneal injections

(25pg/mouse/day).
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[00350] Day 0 in the Kaplan-Meier survival curve of Figure 8 is the day when the surgery was
performed at day 18. A small population of mice displayed tumor recurrence due to incomplete
tumor removal. These mice were treated with QQ-SON protein or QQ-PBS via intra-tumoral
injections and their survival were also compared (dotted survival curves). For those mice without
tumor recurrence, their survival curves are shown in solid lines. Mice that survived for this entire
250-day survival experiment without tumor recurrence are considered tumor-cured mice. Tumor-
cure has been achieved in 61% of population of treated mice.

[00351] Thus, QQ-SON-induced in situ cell reprogramming of the cancer cells inside the
tumor to generate transient piPSCs that differentiate into different non-cancerous cells within that
tissuc is demonstrated. The types of the differentiated non-cancerous cells depend on specific
tissue environment. This inter-play between QQ-SON-induced in situ cell reprogramming and
tissue environment induced differentiation precisely regulates generation of transient piPSCs inside
tumor and induced differentiation, preventing tumor and teratoma formation. This safe protein-
induced in situ cell reprogramming technology in situ generates stem cells and which then
differentiate into normal cells induced by tissue environment to replace discased cells for treatment
of many diseases and injuries.

[00352] Sequences

[80353]  Homo sapicns SRY {scx determining region Y)-box 2 (SOXZ) (NM._003106) SEQ ID
NO:1 (protein) and SEQ ID NO:65 (DNA)

MYNMMETELKPPGPQQOT SGGGGGNSTAAAAGGNQKNSPDRVKRPMNAFMVIWSRGORRKMAQENPK
MHNSETISKRLGAEWKLLSETEKRPFIDEAKRLRATLHMKEHPDYKYRPRRKTKTLMKKDKYTLPGG
LLAPGGNSMASGVGVGAGLGAGVNQORMDSYAHMNGWSNGSY SMMODOLGYPQHPGLNAHGAAQMO
PMHRYDVSALQYNSMTSSQTYMNGSPTYSMSYSQOGTPGMALGSMGSVVKSEASSSPPVVTSSSH
SRAPCQAGDLRDMISMYLPGAEVPEPAAPSRLHMSQHYQSGPVPGTAINGTLPLSHM (SEQ 1ID
NO:1)
atgtacaacatgatggagacggagctgaagccgccgggeccgecageaaacttcggggggeggcegyg
cggcaactccaccgcggeggeggecggecggcaaccagaaaaacageccggaccgegtcaagegge
ccatgaatgcecttcatggtgtggtceccecgegggcageggecgcaagatggecccaggagaaccccaag
atgcacaactcggagatcagcaagcgcectgggcegcecgagtggaaacttttgtcggagacggagaa
gcggccgttcatcgacgaggctaageggcectgcgagcgcetgcacatgaaggagcaccceggattata
aataccggccceccggcggaaaaccaagacgctcatgaagaaggataagtacacgetgeccggeggyg
ctgctggececcggeggeaatagecatggecgageggggtcecggggtgggegecggectgggegeggyg
cgtgaaccagcgcatggacagttacgcecgcacatgaacggectggagecaacggcecagcectacageatga
tgcaggaccagctgggcectacccecgeageacccgggectcaatgegecacggegeagegeagatgeag
cccatgecaccgetacgacgtgagcegecctgcagtacaactceccatgaccagetegecagacctacat
gaacggctcgceccacctacagecatgtectactecgecagcagggcacccecctggecatggetettgget
ccatgggttcggtggtcaagtccgaggccagcectceccageccceccctgtggttacetettectececcac
tccagggecgececctgceccaggeccggggaccteccgggacatgatcagecatgtatetececeggegecga
ggtgccggaaccecgecgeccceccagcagacttcacatgteccagecactaccagageggeeccggtge
ccggcacggcecattaacggcacactgeccctcetcacacatgtga (SEQ ID NO:65)
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[00354] Homo sapiens POU class 5 homeobox | (POUSF1) also known as Octd (NM_002701)
SEQ ID NO:2 (protein) and SEQ ID NO:66 (DNA)
MAGHLASDFAFSPPPGGGGDGPGGPEPGWVDPRTWLSFQGPPGGPGIGPGVGPGSEVWGIPPCPP
PYEFCGGMAYCGPQVGVGLVPQGGLETSQPEGEAGVGVESNSDGASPEPCTVTPGAVKLEKEKLE
QNPEESQDIKALQKELEQFAKLLKQKRITLGYTQADVGLTLGVLEFGKVEFSQTTICRFEALQLSFK
NMCKLRPLLOKWVEEADNNENLOETCKAETLVQARKRKRTSTENRVRGNLENLFLQCPKPTLOQOT
SHIAQQLGLEKDVVRVWFCNRRQKGKRSSSDYAQREDFEAAGSPFSGGPVSFPLAPGPHFGTPGY
GSPHFTALYSSVPFPEGEAFPPVSVITLGSPMHSN (SEQ ID NO:2)
atggcgggacacctggcttcggatttcecgecttectegecececteccaggtggtggaggtgatgggec
aggggggccggagceccgggctgggttgatcecctecggacctggetaagettceccaaggecctectggayg
ggccaggaatcgggccgggggttgggeccaggcectectgaggtgtgggggattcceccccatgececcececyg
ccgtatgagttetgtggggggatggegtactgtgggecccaggttggagtggggetagtgeecca
aggcggcttggagacctcectcagectgagggcecgaagcaggagtcggggtggagagcaactecgatyg
gggcctcceccecggagecctgecaccgtecacceectggtgecgtgaagetggagaaggagaagetggag
caaaacccggaggagtcccaggacatcaaagctctgcagaaagaactcgagcecaatttgceccaaget
cctgaagcagaagaggatcaccctgggatatacacaggccgatgtggggcectcaccctgggggtte
tatttgggaaggtattcagccaaacgaccatctgecgetttgaggetctgecagettagettcaag
aacatgtgtaagctgcggececcttgectgcagaagtgggtggaggaagctgacaacaatgaaaatcet
tcaggagatatgcaaagcagaaaccctegtgecaggeccgaaagagaaagcecgaaccagtatecgaga
accgagtgagaggcaacctggagaatttgttcectgcagtgecccgaaacccacactgecageagatce
agccacatcgceccagcagettgggetecgagaaggatgtggtecgagtgtggttectgtaaccggeg
ccagaagggcaagcgatcaagcagcegactatgcacaacgagaggattttgaggetgetgggtete
ctttctcagggggaccagtgtectttectetggeccceccagggecccattttggtacceccaggetat
gggagccctcacttcactgcactgtactcecteggtecctttecectgagggggaagecttteceee
tgtctcegtcaccactctgggetecteccatgecattcaaactga (SEQ ID NO:66)

[00355] Homo sapiens Nanog homeobox (NANOG) (NM 024865) SEQ ID NO:3 (protein)
and SEQ ID NO:67 (DNA)
MSVDPACPQSLPCFEASDCKESSPMPVICGPEENYPSLOMSSAEMPHTETVSPLPSSMDLLIQDS
PDSSTSPKGKQPTSAEKSVAKKEDKVPVKKOKTRTVESSTQLCVLNDRFQROKYLSTOQOMOELSN
TINLSYKQVKTWFQNQRMK SKRWOKNNWPKNSNGVTQKASAPTYPSTLYSSYHQGCLVNPTGNLPM
WSNQTWNNSTWSNQTONIQSWSNHSWNTQTWCTQSWNNQAWNSPEFYNCGEESLQOSCMOFQPNSPA
SDLEAALEAAGEGLNVIQQTTRYFSTPQTMDLFLNYSMNMQPEDV (SEQ ID NO:3)
atgagtgtggatccagcttgtceccccaaagettgecttgetttgaagcatecgactgtaaagaatce
ttcacctatgcectgtgatttgtgggectgaagaaaactatceccatecttgcaaatgtettetgetyg
agatgcctcacacggagactgtctctectettecttectecatggatectgettattcaggacage
cctgattcttccaccagtcecccaaaggcaaacaacccacttectgcagagaagagtgtcgcaaaaaa
ggaagacaaggtcccggtcaagaaacagaagaccagaactgtgttetettecacccagetgtgtyg
tactcaatgatagatttcagagacagaaatacctcagectceccagcagatgcaagaactcetecaac
atcctgaacctcagctacaaacaggtgaagacctggttceccagaaccagagaatgaaatctaagag
gtggcagaaaaacaactggccgaagaatagcaatggtgtgacgcagaaggcctcageacctacct
accccagcectttactcettectaccaccagggatgectggtgaacccecgactgggaaccttcecaatyg
tggagcaaccagacctggaacaattcaacctggagcaaccagacccagaacatccagtcctggag
caaccactcctggaacactcagacctggtgcacccaatcctggaacaatcaggectggaacagtce
ccttectataactgtggagaggaatctectgcagtectgecatgecagttceccageccaaattetectgece
agtgacttggaggctgceccttggaagectgectggggaaggecttaatgtaatacagcagaccactag
gtattttagtactccacaaaccatggatttattcctaaactactceccatgaacatgcaacctgaag
acgtgtga (SEQ ID NO:67)

[00356] Homo sapicns lin-28 homolog A (C. clegans) (LIN28A) (NM_024674) SEQ ID NO:4
(protein) and SEQ ID NO:68 (DNA)
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MGSVSNQQFAGGCAKAAEEAPEEAPEDAARAADEPQLLHGAGICKWENVRMGEGELSMTARAGVA
LDPPVDVEFVHOSKLHMEGFRSLKEGEAVEFTFEKKSAKGLESIRVTGPGGVEFCIGSERRPKGKSMO
KRRSKGDRCYNCGGLDHHAKECKLPPOQPKKCHFCQOSISHMVASCPLKAQOGPSAQGKPTYFREEE
EETHSPTLLPEAQN (SEQ ID NO:4)
atgggctccgtgtccaaccagecagtttgecaggtggcectgegecaaggcggcagaagaggecgeccga
ggaggcgccggaggacgeggeccgggeggeggacgagectecagetgetgecacggtgegggeatet
gtaagtggttcaacgtgcgcatggggttcecggettectgtecatgaccgeccgegecggggtegeg
ctcgaccccecccagtggatgtetttgtgecaccagagtaagetgecacatggaagggttecggagett
gaaggagggtgaggcagtggagttcacctttaagaagtcagccaagggtctggaatcecatecgtyg
tcaccggacctggtggagtattctgtattgggagtgagaggcggccaaaaggaaagagcatgecag
aagcgcagatcaaaaggagacaggtgctacaactgtggaggtctagatcatcatgccaaggaatyg
caagctgccaccccagceccaagaagtgcecacttetgecagagecatcagecatatggtagecteat
gtccgctgaaggceccagecagggeectagtgcacagggaaagecaacctactttecgagaggaagaa
gaagaaatccacagccctaccctgeteccggaggcacagaattga (SEQ ID NO:68)
(883577  Homo sapiens Krueppel-like factor 4 (KIf4) (NP_004226) SEQ ID NO:5 (protein) and
SEQ ID NO:69 (DNA)
MRQPPGESDMAVSDALLPSFSTFASGPAGREKTLRQAGAPNNRWREELSHMKRLPPVLPGRPYDL
AAATVATDLESGGAGAACGGSNLAPLPRRETEEFNDLLDLDFILSNSLTHPPESVAATVSSSASA
SSSSSPSSSGPASAPSTCSFTYPIRAGNDPGVAPGGTGGGLLYGRESAPPPTAPFNLADINDVSP
SGGFVAELLRPELDPVYIPPQQPOPPGGGLMGKFVLKASLSAPGSEYGSPSVISVSKGSPDGSHP
VVVAPYNGGPPRTCPKIKQEAVSSCTHLGAGPPLSNGHRPAAHDFPLGROLPSRTTPTLGLEEVL
SSRDCHPALPLPPGFHPHPGPNYPSFLPDOMOPOVPPLHYQEIMPPGSCMPEEPKPKRGRRSWPR
KRTATHTCDYAGCGKTYTKSSHLKAHLRTHTGEKPYHCDWDGCGWKFARSDELTRHEYRKHTGHRP
FOQCQKCDRAFSRSDHLALHMKRHF (SEQ ID NO:5)
atgaggcagccacctggecgagtctgacatggctgtcagecgacgegetgeteccatcectttetecac
gttcgcecgtctggeccggegggaagggagaagacactgegtcaagcaggtgececcgaataacecget
ggcgggaggagctctceccacatgaagegacttecceccagtgetteccggecgecectatgaccetyg
gcggcggcgaccgtggcecacagacctggagagcecggcggagecggtgeggettgeggeggtageaa
cctggcgceccctacctecggagagagaccgaggagttcaacgatcetectggacctggactttatte
tctceccaattcegetgacccecatectecggagtcagtggecgecacegtgtectegtcagegtcagece
tcetettegtegtegecgtecgagecageggeecctgecagegegecctecacctgecagettecaccta
tccgatceccgggcecgggaacgaccegggegtggegecgggeggecacgggeggaggectectetatg
gcagggagtccgcetccecceccectecgacggeteccttcaacctggeggacatcaacgacgtgageccee
tcgggcggcttcecgtggecgagetectgeggecagaattggacccggtgtacatteecgecgeagea
gccgcagcecgcecaggtggegggcectgatgggcaagttegtgetgaaggegtegetgagegeccectyg
gcagcgagtacggcagcecccgtcecggtcatcagegtcagcaaaggcagcecctgacggecageccacccyg
gtggtggtggcgccctacaacggcgggecgecgecgcacgtgecccaagatcaagcaggaggeggt
ctcttegtgecacccacttgggegetggaccceccectcetecagecaatggecaccggecggetgecacacy
acttcccecectggggceggeagetececcagecaggactaccececgaccctgggtettgaggaagtgetyg
agcagcagggactgtcaccctgceccectgecgettecteececggettecateccecaceccggggeccaa
ttacccatccttectgeccgatcagatgecagecgecaagteccgecgcetecattaccaagagcetea
tgccacccggttcecctgecatgeccagaggageccaagceccaaagaggggaagacgatecgtggececcgyg
aaaaggaccgccacccacacttgtgattacgcgggctgcecggcaaaacctacacaaagagttccca
tctcaaggcacacctgcgaacccacacaggtgagaaaccttaccactgtgactgggacggetgtg
gatggaaattcgcccecgectcagatgaactgaccaggcactaccgtaaacacacggggecaccgeccyg
ttccagtgccaaaaatgegaccgagecattttecaggteggaccaccetegecttacacatgaagag
gcatttttaa (SEQ ID NO:69)

[00358] Homo sapiens ¢-MYC (NP _002458) SEQ ID NO:6 (protein) and SEQ ID NO:70
(DNA)
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MDEFFRVVENQOPPATMPLNVSEFTNRNYDLDYDSVQOPYFYCDEEENFYQQOQOQOSELOPPAPSEDIW
KKFELLPTPPLSPSRRSGLCSPSYVAVTPFSLRGDNDGGGGSFSTADQLEMVTELLGGDMVNQSE
ICDPDDETFIKNITTQODCMWSGESAAAKLVSEKLASYQAARKDSGSPNPARGHSVCSTSSLYLOD
LSAAASECIDPSVVEFPYPLNDSSSPKSCASQDSSAFSPSSDSLLSSTESSPQGSPEPLVLHEETP
PTTSSDSEEEQEDEEEIDVVSVEKRQAPGKRSESGSPSAGGHSKPPHSPLVLKRCHVSTHQHNYA
APPSTRKDYPAAKRVKLDSVRVLRQISNNRKCTSPRSSDTEENVKRRTHNVLERQRRNELKRSFF
ATRDQIPELENNEKAPKVVILKKATAYILSVQAEEQKLISEEDLLRKRREQLKHKLEQLRNSCA
(SEQ ID NO:6)
atggatttttttcgggtagtggaaaaccagcagcecctececgegacgatgeecctcaacgttagett
caccaacaggaactatgacctcgactacgactcecggtgcagecgtatttctactgecgacgaggagg
agaacttctaccagcagcagcagcagagcgagcectgcagecceccggegeccagcgaggatatetgg
aagaaattcgagctgctgceccacccececgecccetgtecectagecgecgetecgggetetgetegece
ctcctacgttgcggtcacacccecttecteccttcggggagacaacgacggeggtggegggagettet
ccacggceccgaccagctggagatggtgaccgagectgcectgggaggagacatggtgaaccagagttte
atctgcgacccggacgacgagaccttcatcaaaaacatcatcatccaggactgtatgtggagegyg
cttectcecggececgececgecaagctegtetcagagaagetggectectaccaggetgegegecaaagaca
gcggcagcccgaaccceccgececgeggecacagegtetgetecacctecagettgtacetgeaggat
ctgagcgceccgceccgcectcagagtgcatcecgaccecteggtggtetteceectacccectetcaacgacag
cagctcgcccaagtcectgegectegcecaagactecagegecttetetecgtecteggattetetge
tctectcecgacggagtectecccgcagggecagecccgageccctggtgeteccatgaggagacaccyg
cccaccaccagcagcgactctgaggaggaacaagaagatgaggaagaaatcgatgttgtttetgt
ggaaaagaggcaggctcctggcaaaaggtcagagtctggatcaccttetgetggaggccacagea
aacctcctcacageccactggtcectcaagaggtgecacgtetceccacacatcagecacaactacgea
gcgcctecectecactecggaaggactatectgetgecaagagggtcaagttggacagtgtecagagt
cctgagacagatcagcaacaaccgaaaatgcaccagcecccaggtectecggacaccgaggagaatg
tcaagaggcgaacacacaacgtcttggagcgccagaggaggaacgagctaaaacggagetttttt
gccecctgecgtgaccagatcecccggagttggaaaacaatgaaaaggcccccaaggtagttatecttaa
aaaagccacagcatacatcctgtccecgtccaagcagaggagcaaaagctecatttcectgaagaggact
tgttgcggaaacgacgagaacagttgaaacacaaacttgaacagctacggaactcecttgtgegtaa
(SEQ ID NO:70

[00359] Homo sapiens GATA binding protein 4 (GATA4) (NM_002052) SEQ ID NO:7
(protein) and SEQ ID NO:71 (DNA)
MYQOSLAMAANHGPPPGAYEAGGPGAFMHGAGAASSPVYVPTPRVPSSVLGLSYLOGGGAGSASGG
ASGGSSGGAASGAGPGTOOGSPGWSQAGADGAAYTPPPVSPRFSFPGTTGSLAAAAAAAAAREAA
AYSSGGGAAGAGLAGREQYGRAGFAGSYSSPYPAYMADVGASWAAAAAASAGPFDSPVLHSLPGR
ANPAARHPNLDMFDDFSEGRECVNCGAMSTPLWRRDGTGHY LCNACGLYHKMNGINRPLIKPORR
LSASRRVGLSCANCQTTTTTLWRRNAEGEPVCNACGLYMKLHGVPRPLAMRKEGIQTRKRKPKNL
NKSKTPAAPSGSESLPPASGASSNSSNATTSSSEEMRPIKTEPGLSSHYGHSSSVSQTESVSAMS
GHGPSIHPVLSALKLSPOGYASPVSQOSPOTSSKODSWNSLVLADSHGDIITA (SEQ ID
NO:7)
atgtatcagagcttggccatggccgccaaccacgggecgeccecececggtgectacgaggegggegyg
ccceccggegecttecatgecacggegegggegecgegtectegecagtectacgtgeccacaccgeggyg
tgcceccectectecgtgetgggectgtectacetecagggeggaggegegggetetgegtecggagge
gcctcecgggcggcagcetecggtggggecgegtetggtgeggggeccgggacccecagcagggeagece
gggatggagccaggcgggagcecgacggagecgcettacaccececgecgecggtgtegeegegettet
cctteccggggaccaccgggtecctggcggecgecgecgecgetgecgeggeccgggaagetgeg
gcctacagecagtggeggeggageggegggtgegggectggegggecgegageagtacgggegege
cggcttcgcecgggcectcectactceccagecectacceggettacatggeccgacgtgggegegtectggyg
ccgcagecgecgecgectecgecggecececttecgacagececggtectgecacagectgeeccggecygyg
gccaacccggcecgceccgacacceccaatetegatatgtttgacgacttetecagaaggecagagagtyg



10

15

20

25

35

40

45

50

CA 02934065 2016-04-22

WO 2015/061779 PCT/US2014/062400

70

tgtcaactgtggggctatgtccaccecegetetggaggegagatgggacgggtcactatetgtgea
acgcctgcecggectctaccacaagatgaacggcatcaaccggcecgcectcecatcaagectecagegecgg
ctgtccgcecteccecgecgagtgggectetectgtgecaactgccagaccaccaccaccacgetgtyg
gcgceccgcaatgcggagggegagectgtgtgcaatgectgeggectcetacatgaagctecacgggyg
tcececaggectettgecaatgeggaaagaggggatccaaaccagaaaacggaagceccaagaacctyg
aataaatctaagacaccagcagctecttecaggcagtgagagecttectececgecageggtgette
cagcaactccagcaacgcecaccaccagcagcagcgaggagatgegteccatcaagacggagectg
gcctgtcatcectcactacgggecacagcecagetecgtgteccagacgttetecagtcagtgegatgtet
ggccatgggcecctcecatceccaccectgtecteteggecctgaagetectecccacaaggetatgegte
tccecegtcagecagtetcecacagaccagcetceccaagcaggactecttggaacagectggtettggecyg
acagtcacggggacataatcactgcgtaa (SEQ ID NO:71)

[88360]  Homo sapiens heart and neural crest derivatives expressed 2 (HAND2) (NM_021973)
SEQ ID NO:R (protein) and SEQ ID NO:72 (DNA)
MSLVGGFPHHPVVHHEGYPFAAAAAAAAAAAASRCSHEENPYFHGWLIGHPEMSPPDYSMALSY S
PEYASGAAGLDHSHYGGVPPGAGPPGLGGPRPVKRRGTANRKERRRTOSINSAFAELRECIPNVP
ADTKLSKIKTLRLATSYIAYLMDLLAKDDONGEAEAFKAETIKKTDVKEEKRKKELNEILKSTVSS
NDKKTKGRTGWPQHVWATLELKQ (SEQ ID NO:8)
atgagtctggtaggtggttttccccaccaccecggtggtgecaccacgagggetacecgtttgeege
cgccgccgceegecagetgecgecgecgecgecagceccegcectgecagecatgaggagaaccectacttee
atggctggctcatcggeccaccceccgagatgtecgecceccecgactacagecatggecctgtectacage
cccgagtatgecagceggegecgecggectggaccacteccattacgggggggtgecgecgggege
cgggcccececgggcectgggggggccgecgeccggtgaagegecgaggecaccgecaaccgecaaggage
ggcgcaggactcagagcatcaacagecgceccttcecgceccecgaactgecgegagtgcatecccaacgtaccece
gccgacaccaaactctceccaaaatcaagaccctgcecgectggecaccagetacatcegectaccecteat
ggacctgctggccaaggacgaccagaatggcgaggcggaggecttcaaggcagagatcaagaaga
ccgacgtgaaagaggagaagaggaagaaggagctgaacgaaatcttgaaaagcacagtgagecage
aacgacaagaaaaccaaaggccggacgggcectggccecgcagecacgtcetgggecctggagetcecaagea
gtga (SEQ ID NO:72)

[00361] Homo sapiens myocyte enhancer factor 2C (MEF2C) (NM_001193350) SEQ ID
NO:9 (protein) and SEQ ID NO:73 (DNA)
MGRKKIQITRIMDERNRQVTFTKRKFGLMKKAYELSVLCDCEIALIIFNSTNKLFQYASTDMDKYV
LLKYTEYNEPHESRTNSDIVETLRKKGLNGCDSPDPDADDSVGHSPESEDKYRKINEDIDLMISR
QRLCAVPPPNFEMPVSIPVSSHNSLVYSNPVSSLGNPNLLPLAHPSTLORNSMSPGVTHRPPSAGN
TGGLMGGDLTSGAGTSAGNGYGNPRNSPGLLVSPGNLNKNMOAKSPPPMNLGMNNRKPDLRVLIP
PGSKNTMPSVSEDVDLLLNQRINNSOSAQSLATPVVSVATPTLPGOCMGGYPSATSTTYGTEYSL
SSADLSSLSGENTASALHLGSVTGWOQOOHTLHNMPPSALSQLGACTSTHLSQSSNLSLPSTQSLNT
KSEPVSPPRDRTTTPSRYPQHTRHEAGRSPVDSLSSCS3SYDGSDREDHRNEFHSPIGLTRP3PD
ERESPSVERMRLSEGWAT (SEQ ID NO:9)
atggggagaaaaaagattcagattacgaggattatggatgaacgtaacagacaggtgacatttac
aaagaggaaatttgggttgatgaagaaggcttatgagctgagegtgetgtgtgactgtgagattyg
cgctgatcatcttcaacagcaccaacaagcetgttceccagtatgecagecaccgacatggacaaagtyg
cttctcaagtacacggagtacaacgagccgcatgagagccggacaaactcagacatcgtggagac
gttgagaaagaagggccttaatggctgtgacagcccagaccceccgatgecggacgattecgtaggte
acagccctgagtctgaggacaagtacaggaaaattaacgaagatattgatctaatgatcagcagyg
caaagattgtgtgctgttceccacctceccecaacttegagatgecagtcectecateccagtgtecageca
caacagtttggtgtacagcaaccctgtcagctcactgggaaaccccaacctattgceccactggete
acccttcectcectgcagaggaatagtatgtetcectggtgtaacacatecgacctecaagtgcaggtaac
acaggtggtctgatgggtggagacctcacgtctggtgcaggcaccagtgcagggaacgggtatgg
caatccccgaaactcaccaggtectgctggtctcacctggtaacttgaacaagaatatgcaagcaa
aatctcctccecccaatgaatttaggaatgaataaccgtaaaccagatctceccgagttettattceca
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ccaggcagcaagaatacgatgceccatcagtgtectgaggatgtcgacctgettttgaatcaaaggat
aaataactcccagtcecggcetcagtcattggcectaccceccagtggtttecegtagecaactectactttac
caggacaaggaatgggaggatatccatcagccatttcaacaacatatggtaccgagtactctcectyg
agtagtgcagacctgtcatctctgtctgggtttaacaccgeccagcecgetettcaccttggttcagt
aactggctggcaacagcaacacctacataacatgceccaccatctgeccectcagtcagttgggagett
gcactagcactcatttatctcagagttcaaatctcetececcetgecttetactecaaagectecaacate
aagtcagaacctgtttctectectagagaccgtaccaccacccecttcgagatacccacaacacac
gcgccacgaggcggggagatcetectgttgacagcecttgagecagetgtagcagttegtacgacggga
gcgaccgagaggatcaccggaacgaattceccactceccecccattggactcaccagaccttegecggac
gaaagggaaagtccctcagtcaagcgcatgcgactttctgaaggatgggcaacatga (SEQ ID
NO:73)

[00362] Human transcription factor TBXS (U80987) SEQ ID NO:10 (protein) and SEQ ID
NO:74 (DNA)
MADADEGFGLAHTPLEPDAKDLPCDSKPESALGAPSKSPSSPOAAFTQQGMEGIKVEFLHERELWL
KFHEVGTEMITITKAGRRMFPSYKVKVTGLNPKTKYILIMDIVPADDHRYKFADNKWSVTGKAEPA
MPGRLYVHPDSPATGAHWMRQLVSFOKLKLTNNHLDPFGHITILNSMHKYQPRLHIVKADENNGEG
SKNTAFCTHVFPETAFTAVTSYQNHKITQTLKTIENNPFAKGFRGSDDMELHRMSRMQSKEYPVVPR
STVRQKVASNHSPFSSESRALSTSSNLGSQYQCENGVSGPSQDLLPPPNPYPLPQEHSQIYHCTK
RKGECDHPWSICFLSYLFLSLGWG (SEQ ID NO:10)
atggccgacgcagacgagggctttggectggegcacacgectetggagectgacgcaaaagaccet
gccectgecgattcgaaacccgagagegegetecggggecceccagcecaagteeccecgtegteceegeagg
ccgcecttcacccagcagggcatggagggaatcaaagtgtttecteccatgaaagagaactgtggeta
aaattccacgaagtgggcacggaaatgatcataaccaaggctggaaggcecggatgtttceccagtta
caaagtgaaggtgacgggccttaatcccaaaacgaagtacattcettetcatggacattgtacctyg
ccgacgatcacagatacaaattcgcagataataaatggtctgtgacgggcaaagctgagecegec
atgcctggccegcectgtacgtgecacccagactceccecgecaccggggcecgeattggatgaggecaget
cgtctcecttceccagaaactcaagcetcaccaacaaccacctggacccatttgggecatattattctaa
attccatgcacaaataccagcectagattacacatcecgtgaaagcecggatgaaaataatggatttgge
tcaaaaaatacagcgttctgcactcacgtcectttcctgagactgegtttatagcagtgacttcecta
ccagaaccacaagatcacgcaattaaagattgagaataatccctttgccaaaggatttcggggea
gtgatgacatggagctgcacagaatgtcaagaatgcaaagtaaagaatatcccecgtggtcecceccagg
agcaccgtgaggcaaaaagtggcecctceccaaccacagtectttcagcagegagtetcecgagetetete
cacctcatccaatttggggtcccaataccagtgtgagaatggtgtttecggececteccaggace
tcctgectceccacccaacccataccecactgecccaggageatagecaaatttaccattgtaccaag
aggaaaggtgagtgtgatcacccctggtcaatttgetttetttettacecttttectttecttggyg
ttgggggtga (SEQ ID NO:74)

[00363]  Homo sapicns neurogenin 3 (NEUROG3) (NM_2099%.3) SEQ ID NO:11 (protein)
and SEQ ID NO:75 (DNA)
MTPQOPSGAPTVQVTRETERSFPRASEDEVTCPTSAPPSPTRTRGNCAEAEEGGCRGAPRKLRARR
GGRSRPKSELALSKQRRSRRKKANDRERNRMHNLNSALDALRGVLPTFPDDAKLTKIETLRFAHN
YIWALTQTLRIADHSLYALEPPAPHCGELGSPGGSPGDWGSLYSPVSQAGSLSPAASLEERPGLL
GATFSACLSPGSLAFSDFL (SEQ ID NO:11)
atgacgcctcaaccctecgggtgcgeccactgtceccaagtgacccgtgagacggageggtecttece
cagagcctcggaagacgaagtgacctgccecccacgtececgecccgeccagecceccactecgecacacggyg
ggaactgcgcagaggcggaagagggaggcetgecgaggggecccgaggaagetecgggecacggege
gggggacgcagccggcectaagagecgagttggecactgagcaagcagegacggagtcecggegaaagaa
ggccaacgaccgcgagcegcaatcgaatgecacaacctecaacteggecactggacgecctgegeggtyg
tcetgceccacctteccagacgacgcecgaagcetcaccaagatcgagacgetgegettegeccacaac
tacatctgggcgctgactcaaacgctgcgcatagcecggaccacagcttgtacgcgectggagecgec
ggcgccgcactgcecggggagctgggcageccaggcggtteccececggggactgggggtecctetact
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ccccagteteccaggetggecagectgagtecegeegegtegetggaggagegaccecgggetgetyg
ggggccaccttttcegectgettgageccaggecagtectggetttctcagattttectgtga (SEQ
ID NO:75)

[00364] Homo sapiens paired box 4 (PAX4) (M 3361932y SEQ ID NO:12 (protein) and
SEQ ID NO:76 (DNA)
MNQTLGGLFVNGRPLPLDTROQQOIVRLAVSGMRPCDTISRITKVSNGCVSKILGRYYRTGVLEPKGTG
GSKPRLATPPVVARIAQLKGECPALFAWEIQRQLCAEGLCTQDKTPSVSSINRVLRALQEDQGLP
CTRLRSPAVLAPAVLTPHSGSETPRGTHPGTGHRNRTIFSPSQAEALEKEFQRGQYPDSVARGKL
ATATSLPEDTVRVWESNRRAKWRROEKLKWEMOLPGASQGLTVPRVAPGIISAQQOSPGSVPTAAL
PALEPLGPSCYQLCWATAPERCLSDTPPKACLKPCWGHLPPOQPNSLDSGLLCLPCPSSHCHLASL
SGSOALLWPGCPLLYGLE (SEQ ID NO:12)
atgaaccagcettggggggetcetttgtgaatggecggecectgectetggataceccggecageagat
tgtgcggctagcagtcagtggaatgcggecctgtgacatcectcacggatecttaaggtatctaatyg
gctgtgtgagcaagatcctagggegttactaccgecacaggtgtettggageccaaagggecattggg
ggaagcaagccacggctggctacaccccectgtggtggetcgaattgcecccagectgaagggtgagtyg
tccagccecctetttgectgggaaatccaacgecagetttgtgetgaagggetttgcacccaggaca
agactcccagtgtctecctceccatcaaccgagtcectgegggecattacaggaggaccagggactaccyg
tgcacacggctcaggtcaccagctgttttggcectccagetgtectcacteccecatagtggetcetga
gactccccggggtacccacccagggaccggecaccggaatcggactatetteteccecaagecaag
cagaggcactggagaaagagttccagcgtgggcagtatcctgattcagtggececgtggaaagetg
gctactgccacctcetetgectgaggacacggtgagggtcectggttttccaacagaagagecaaatyg
gcgtcggcaagagaagctcaagtgggaaatgcagcetgecaggtgetteccaggggectgactgtac
caagggttgccccaggaatcatctctgcacagcagtceccecctggcagtgtgeccacagecagecctyg
cctgeccecctggaaccactgggtecctectgetatcagetgtgctgggecaacagecaccagaaaggtyg
tctgagtgacaccccacctaaagectgtectcaagecctgetggggecacttgececcacagecga
attccctggactcaggactgetttgecttecttgececttecteccactgtecacectggecagtett
agtggctctcaggceccctgetetggectggetgeccactactgtatggettggaatga (SEQ ID
NO:76)

[00365] Homo sapiens pancreatic and duodenal homeobox 1 (PDX1) (NM_000209.3) SEQ ID
NO:13 (protein) and SEQ ID NO:77 (DNA)
MNGEEQYYAATQLYKDPCAFQRGPAPEFSASPPACLYMGRQPPPPPPHPFPGALGALEQGSPPDI
SPYEVPPLADDPAVAHLHHHLPAQLALPHPPAGPFPEGAEPGVLEEPNRVQLPFPRMKSTKAHAW
KGOWAGGAYAAEPEENKRTRTAYTRAQLLELEKEFLFNKYISRPRRVELAVMLNLTERHTIKIWFQ
NRRMKWKKEEDKKRGGGTAVGGGGVAEPEQDCAVTSGEELLALPPPPPPGGAVPPAAPVAAREGR
LPPGLSASPQPSSVAPRRPQEPR (SEQ ID NO:13)
atgaacggcgaggagcagtactacgcggccacgcagctttacaaggacccatgegegttceccageg
aggcccggcgcecggagttcagegecagecccectgegtgectgtacatgggecgeccageccceccge
cgccgcecegecgeaccegttecectggegeccectgggegegectggagcagggcagecceccecggacatce
tcececgtacgaggtgecceecectegecgacgaccecgeggtggegeacctteaccaccacctecece
ggctcagctcgcecgcetecceccaccegeccgecgggecctteccggagggagecgagceecgggegtee
tggaggagcccaaccgcegtccagetgecttteccatggatgaagtcectaccaaagetcacgegtgg
aaaggccagtgggcaggcggcegectacgctgecggageccggaggagaacaagcggacgegcacggce
ctacacgcgcgcacagctgctagagctggagaaggagttectattcaacaagtacatctcacgge
cgcgccgggtggagcetggetgtecatgttgaacttgaccgagagacacatcaagatctggttecaa
aaccgccgcatgaagtggaaaaaggaggaggacaagaagcegceggeggegggacagetgteggggyg
tggcggggtcgcggagectgagcaggactgecgecgtgacctecggegaggagettetggegetge
cgccgecgceegecccececcggaggtgetgtgecgecegetgecceecgttgecgeccgagagggecge
ctgccgectggecttagegegtcecgecacagcecctecagegtegegecteggeggecgecaggaace
acgatga (SEQ ID NO:77)
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[00366] Human SOX9 protein (1-509) (Z46629.1) SEQ ID NO:14 (protein) and SEQ ID
NO:78 (DNA)
MNLLDPFMKMTDEQEKGLSGAPSPTMSEDSAGSPCPSGSGSDTENTRPQENTFPKGEPDLKKESE
EDKFPVCIREAVSQVLKGYDWTLVPMPVRVNGSSKNKPHVKRPMNAFMVWAQAARRKLADQYPHL
HNAELSKTLGKLWRLLNESEKRPFVEEAERLRVQHKKDHPDYKYQPRRRKSVKNGQAEAEEATEQ
THISPNATFKALQADSPHSSSGMSEVHSPGEHSGQSQGPPTPPTTPKTDVQPGKADLKREGRPLP
EGGRQPPIDFRDVDIGELSSDVISNIETFDVNEFDQYLPPNGHPGVPATHGOVTYTGSYGISSTA
ATPASAGHVWMSKQQAPPPPPOOPPQAPPAPQAPPOPOAAPPOOPAAPPOOPOAHTLTTLSSEPG
QOSORTHIKTEQLSPSHY SEQQOHSPOOTAYSPEFNLPHYSPSYPPITRSQYDYTDHONSSSYYSHA
AGQGTGLYSTFTYMNPAQRPMYTPIADTSGVPSIPQTHSPQHWEQPVYTQLTRP (SEQ ID
NO:14)
atgaatctcctggacccecttecatgaagatgaccgacgagcaggagaagggcectgtecggegececee
cagccccaccatgtceccgaggactcececgegggcetegecctgeccgtecgggetecggeteggacaceg
agaacacgcggcceccaggagaacacgttecccaagggecgageccgatctgaagaaggagagegayg
gaggacaagttccccegtgtgcatceccgcecgaggecggtcagecaggtgetcaaaggcetacgactggac
gctggtgcccatgccggtgecgegtcaacggectceccagcaagaacaagceccgcacgtcaagecggececa
tgaacgccttcatggtgtgggcgcaggecggecgcegecaggaagcectcegeggaccagtaceecgecacttyg
cacaacgccgagctcagcecaagacgcectgggcaagctcetggagacttctgaacgagagcgagaageyg
gcececttegtggaggaggceggagecggetgegegtgecagecacaagaaggaccacccggattacaagt
accagccgcggcggaggaagtceggtgaagaacgggcaggecggaggecagaggaggecacggageag
acgcacatctcccccaacgceccecatcettcaaggegetgecaggecgactegecacactectectecgg
catgagcgaggtgcactcceccceccggegagecactecggggecaatcecccagggeccaccgaccceaccca
ccacccccaaaaccgacgtgecagccgggcaaggctgacctgaagcgagaggggcegcecccttgeca
gaggggggcagacagccccctatcgacttcecgegacgtggacatcecggegagetgagecagegacgt
catctccaacatcgagaccttcgatgtcaacgagtttgaccagtacctgececgeccaacggececace
cgggggtgccecggccacgcecacggcecaggtcacctacacgggecagetacggecatcagcagcaccgeg
gccaccceccggecgagcecgegggecacgtgtggatgtceccaagcagcaggcecgecgecgecacceccgea
gcagccceccacaggcecccgecggeccegecaggegecceecgcagecgecaggeggegececcecacage
agccggcecggeacccccgeageagecacaggcgcacacgctgaccacgectgagcagegagecggge
cagtcccagcgaacgcacatcaagacggagcagctgagececcagccactacagecgagcagcagea
gcactcgceccccaacagatcecgectacageccecttcaacctececcacactacageccectectacecege
ccatcacccgctcecacagtacgactacaccgaccaccagaactceccagetectactacagceccacgeg
gcaggccagggcaccggectcectactceccaccttecacctacatgaaccecceccgetecagegecceatgta
cacccccecatcegecgacacctetggggteccttecatcececcgecagacccacageccccagecactggg
aacaacccgtctacacacagctcactcgaccttga (SEQ ID NO:78)

[00367] Homo sapicns zine finger protein SLUG (SLUG) gene (AFO842435.1) SEQ ID NO:15
(protein) and SEQ ID NO:79 (DNA)
MPRSFLVKKHFNASKKPNYSELDTHTVIISPYLYESYSMPVIPQPEILSSGAYSPITVWITAAPFE
HAQLPNGLSPLSGYSSSLGRVSPPPPSDTSSKDHSGSESPISDEEERLQSKLSDPHAIEAEKFQC
NLCNKTYSTFSGLAKHKQLHCDAQSRKSFSCKYCDKEYVSLGATKMHIRTHTLPCVCKICGKAFS
RPWLLOGHIRTHTGEKPFSCPHCNRAFADRSNLRAHIQTHSDVKKYQCKNCSKTFSRMSLLHKHE
ESGCCVAH (SEQ ID NO:15)
atgccgcegectecttectggtcaagaagcatttcaacgectccaaaaagccaaactacagcecgaact
ggacacacatacagtgattatttccccecgtatctctatgagagttacteccatgectgtecataccac
aaccagagatcctcecagcectcaggagcatacagecccecatcactgtgtggactacegetgetecatte
cacgcccagcetacccaatggectcetetectetttecggatactectecatetttggggegagtgag
tcccecectectecatetgacacctecteccaaggaccacagtggetcagaaageccecattagtgatyg
aagaggaaagactacagtccaagctttcagacccceccatgecattgaagetgaaaagtttcagtge
aatttatgcaataagacctattcaactttttctgggctggccaaacataagcagctgcactgcga
tgcccagtctagaaaatctttcagectgtaaatactgtgacaaggaatatgtgagcecctgggegecce
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tgaagatgcatattcggacccacacattaccttgtgtttgecaagatctgeggcaaggegttttee
agaccctggttgcttcaaggacacattagaactcacacgggggagaagectttttcettgecectea
ctgcaacagagcatttgcagacaggtcaaatctgagggctcatctgcagacccattctgatgtaa
agaaataccagtgcaaaaactgctccaaaaccttcteccagaatgtectctectgcacaaacatgag
gaatctggctgectgtgtagcacactga (SEQ ID NO:79)

[00368] Homo sapiens v-maf avian musculoaponeurotic fibrosarcoma oncogene homolog A
(MafA) (NM_201589.3) SEQ ID NO:16 (protein) and SEQ ID NO:80 (DNA)
MAAELAMGAELPSSPLAIEYVNDFDILMKFEVKKEPPEAERFCHRLPPGSLSSTPLSTPCSSVPSS
PSFCAPSPGTGGGGGAGGGGGSSQAGGAPGPPSGGPGAVGGTSGKPALEDLYWMSGYQHHLNPEA
LNLTPEDAVEALIGSGHHGAHHGAHHPAAAAAYEAFRGPGFAGGGGADDMGAGHHHGAHHAAHHH
HAAHHHHHHHHHHGGAGHGGGAGHHVRLEERFSDDQLVSMSVRELNROLRGFSKEEVIRLKQOKRR
TLKNRGYAQSCRFKRVQORHITESEKCQLOSQVEQLKLEVGRLAKERDLYKEKYEKLAGRGGPGS
AGGAGFPREPSPPQAGPGGAKGTADFFL (SEQ ID NO:16)
atggccgcecggagctggecgatgggcegecgagetgcecccagcageccgetggecatcecgagtacgteaa
cgacttcgacctgatgaagttcgaggtgaagaaggagcectcecccgaggceccgagegettetgecace
gcctgccgceccaggcectegetgtectcgacgecgectcagcacgecctgetectecgtgecctecteg
cccagcecttcectgecgegeccageccgggcaccggecggeggeggeggegeggggggeggeggeggete
gtctcaggcecgggggegecceccgggecgecgagecgggggecccggegeegtecgggggeacctegyg
ggaagccggcegctggaggatcectgtactggatgageggetaccageatcacctcaaceccgaggeg
ctcaacctgacgcccgaggacgcggtggaggegctecatecggcagecggecaccacggegecgeacca
cggcgcgcecaccacccggeggecgecgeagectacgaggetttecgeggeccgggettegegggeg
gcggcggagcggacgacatgggcgecggecaccaccacggcgegeaccacgecgececacecatceac
cacgccgeccaccaccaccaccaccaccaccaccaccatggecggecgegggacacggeggtggege
gggccaccacgtgcecgcecctggaggagegettectecgacgaccagetggtgtceccatgteggtgegeg
agctgaaccyggcagctcecegeggcettecagecaaggaggaggtecatecggetcaagcagaageggege
acgctcaagaaccgcggctacgcecgecagtectgecgettcaagegggtgecagecagecggeacattet
ggagagcgagaagtgccaactceccagagecaggtggagecagcectgaagetggaggtggggegectgg
ccaaagagcgggacctgtacaaggagaaatacgagaagctggcecgggceccggggcggceccgggage
gcgggcggggcecggttteccgegggagecttecgeecgecgecaggecggteccggeggggecaaggyg
cacggccgacttcttcectgtag (SEQ ID NO:80)

[00369] Homo sapiens neuronal differentiation 1 (NEUROD1)NM_002500.4) SEQ 1D NO:17
(protein) and SEQ 1D NO:81 (DNA)
MTKSYSESGLMGEPQPOGPPSWIDECLSSQDEEHEADKKEDDLEAMNAEEDSLRNGGEEEDEDED
LEEEEEEEEEDDDQKPKRRGPKKKKMTKARLERFKLRRMKANARERNRMHGLNAALDNLRKVVPC
YSKTQKLSKIETLRLAKNY IWALSEILRSGKSPDLVSEFVQTLCKGLSQPTTNLVAGCLOLNPRTF
LPEQNQDMPPHLPTASASFPVHPYSYQSPGLPSPPYGTMDSSHVFHVKPPPHAYSAALEPFFESP
LTDCTSPSEFDGPLSPPLSINGNFSFKHEPSAEFEKNYAFTMHYPAATLAGAQSHGSIFSGTAAPR
CEIPIDNIMSEFDSHSHHERVMSAQLNAIFHD (SEQ ID NO:17)
atgaccaaatcgtacagcgagagtgggctgatgggcgagcectcagecccaaggtecteccaagetyg
gacagacgagtgtctcagttctcaggacgaggagcacgaggcagacaagaaggaggacgacctcyg
aagccatgaacgcagaggaggactcactgaggaacgggggagaggaggaggacgaagatgaggac
ctggaagaggaggaagaagaggaagaggaggatgacgatcaaaagcccaagagacgcggccccaa
aaagaagaagatgactaaggctcgcecctggagcegttttaaattgagacgcatgaaggctaacgcecce
gggagcggaaccgcatgcacggactgaacgcggcecgcetagacaacctgegcaaggtggtgecttge
tattctaagacgcagaagctgtccaaaatcgagactetgegettggecaagaactacatetggge
tctgtcggagatcectgegetcaggcaaaageccagacctggtetecttegttcagacgetttgea
agggcttatcccaacccaccaccaacctggttgecgggetgectgecaactcaatecteggactttt
ctgcctgagcagaaccaggacatgcecceccccacctgecgacggecagcgettecttecectgtaca
cccecctactectaccagtcegectgggcetgeccagtecgecttacggtaccatggacagetececatyg
tcttccacgttaagectecgecgecacgectacagegecagegectggageccttetttgaaageect
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ctgactgattgcaccageecttectttgatggaccectecageececgecgetecageatcaatggceaa
cttctctttcaaacacgaaccgtecgecgagtttgagaaaaattatgectttaccatgcactate
ctgcagcgacactggcaggggcccaaagcecacggatcaatcttcectcaggcacecgetgecectege
tgcgagatccccatagacaatattatgteccttcecgatagcecattcacatcatgagcecgagtcatgag
tgcccagctcaatgeccatatttecatgattag (SEQ ID NO:81)

[00370] Homo sapiens myogenic factor 5 (MYF5) (NM_005593.2) SEQ ID NO:18 (protein)
and SEQ ID NO:82 (DNA)
MDVMDGCQFSPSEYFYDGSCIPSPEGEFGDEFVPRVAAFGAHKAELQGSDEDEHVRAPTGHHQAG
HCIMWACKACKRKSTTMDRRKAATMRERRRLKKVNQAFETLKRCTTTNPNORLPKVEILRNAIRY
TESLOELLREQVENYYSLPGQSCSEPTSPTSNCSDGMPECNSPVWSRKSSTFDSIYCPDVSNVYA
TDKNSLSSLDCLSNIVDRITSSEQPGLPLODLASLSPVASTDSQPATPGASSSRLIYHVL (SEQ
ID NO:18)
atggacgtgatggatggctgccagttcectcaccttetgagtacttetacgacggetectgeatacce
gtcceccececcgagggtgaatttggggacgagtttgtgecgegagtggetgecttecggagegecacaaaqg
cagagctgcagggctcagatgaggacgagcacgtgcgagecgcectaccggecaccaccaggetggt
cactgcctcatgtgggcctgcaaagcctgcaagaggaagtccaccaccatggatcggcggaaggce
agccactatgcgcgagcecggaggcgectgaagaaggtcaaccaggcectttecgaaaccecctcaagaggt
gtaccacgaccaaccccaaccagaggctgceccaaggtggagatectcaggaatgecateegetac
atcgagagcctgcaggagttgetgagagagcaggtggagaactactatagectgecgggacagag
ctgctcggageccaccagecccacctecaactgetetgatggecatgeccgaatgtaacagtectg
tctggtccagaaagagcagtacttttgacagcatctactgtectgatgtatcaaatgtatatgec
acagataaaaactccttatccagcettggattgettatceccaacatagtggaccggatcacctecte
agagcaacctgggttgcecctctccaggatctggettcectetetecteccagttgecagecaccgattecac
agcctgcaactccaggggettctagtteccaggettatetatcatgtgetatga (SEQ ID
NO:82)
[00371] Homo sapiens PR-domain-containing protein 16 (PRDM16)(AF294278.1) SEQ ID
NO:19 (protein) and SEQ ID NO:83 (DNA)
MRSKARARKLAKSDGDVVNNMYEPNRDLLASHSAEDEAEDSAMSPIPVGSPPPFPTSEDFTPKEG
SPYEAPVYIPEDIPIPADFELRESSIPGAGLGVWAKRKMEAGERLGPCVVVPRAAAKETDEGWEQ
ILTDVEVSPOQEGCITKISEDLGSEKFCVDANQAGAGSWLKYIRVACSCDDONLTMCQISEQVIYY
KVIKDIEPGEELLVHVKEGVY PLGTVPPGLDEEPTFRCDECDELFQSKLDLRRHKKYTCGSVGAA
LYEGLAEELKPEGLGGGSGQAHECKDCERMEFPNKYSLEQHMVIHTEEREYKCDQCPKAFNWKSNE
IRHOQMSHDSGKRFECENCVKVETDPSNLORHIRSQHVGARAHACPDCGKTFATSSGLKQHKHIES
TVKPFICEVCHKSYTQFSNLCRHKRMHADCRTQIKCKDCGOMEFSTTSSLNKHRRFCEGKNHYTPG
GIFAPGLPLTPSPMMDKAKPSPSLNHASLGFNEYFPYRPHPGSLPFSTAPPTFPALTPGFPGIFP
PSLYPRPPLLPPTSLLKSPLNHTQODAKLPSPLGNPALPLVSAVINSSQGTTAAAGPEEKFESRLE
DSCVEKLKTRSSDMSDGSDEFEDVNTTTGTDLDTTTGTGSDLDSDVDSDPDKDKGKGKSAEGQPKE
GGGLAPPGAPNSVAEVPVEFYSQHSFFPPPDEQLLTATGAAGDSIKAIASTAEKYFGPGFMGMQEK
KLGSLPYHSAFPFQFLPNFPHSLYPFTDRALAHNLLVKAEPKSPRDALKVGGPSAECPFDLTTKP
KDVKPILPMPKGPSAPASGEEQPLDLSIGSRARASQNGGGREPRKNHVYGERKLGAGEGLPQVCP
ARMPQOPPLHYAKPSPFFMDPIYRVEKRKVIDPVGALKEKYLRPSPLLFHPOMSATIETMTEKLES
FAAMRKADSGSSLOPLPHHPFNFRSPPPTLSDPILRKGKERYTCRYCGKIFPRSANLTRHLRTHTG
EQPYRCKYCDRSFSISSNLORHVRNIHNKEKPFKCHLCNRCEFGQOTNLDRHLKKHEHENAPVSQH
PGVLTNHLGTSASSPTSESDNHALLDEKEDSYFSETIRNFTANSEMNQASTRTEKRADMQIVDGSA
QCPGLASERQEDVEEEDDDDLEEDDEDSLAGKSQDDTVSPAPEPQAAYEDEEDEEPAASTAVGED
HTRRCAEDHEGGLLALEPMPTFGKGLDLRRAAEEAFEVKDVLNSTLDSEATLKHTLCRQAKNQAYA
MMLSLSEDTPLHTPSQGSLDAWLKVTGATSESGAFHPINHL (SEQ ID NO:19)
atgcgatccaaggcgagggcgaggaagctagccaaaagtgacggtgacgttgtaaataatatgta
tgagcccaaccgggacctgcectggccageccacagcgcggaggacgaggecgaggacagtgecatgt
cgcccatceccececcgtggggtcaccgeccceccttecccecaccagecgaggacttcacececccaaggagggce
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tcgececgtacgaggeccectgtetacattectgaagacattecgateccagecagacttegagetecyg
agagtcctccatcecccaggggetggectgggggtctgggecaagaggaagatggaagecggggaga
ggctgggcccectgegtggtggtgeccecgggcggcggcaaaggagacagacttcggatgggagcaa
atactgacggacgtggaagtgtcgccceccaggaaggctgcatcacaaagatctceccgaagacctggg
cagtgagaagttctgcgtggatgcaaatcaggcecgggggcectggcagetggetcaagtacateegtyg
tggcgtgctectgegatgaccagaacctecaccatgtgtecagatcagtgagcaggtaatttactat
aaagtcattaaggacattgagccaggtgaggagctgctggtgcacgtgaaggaaggegtcetaccece
cctgggecacagtgcecgceccggectggacgaggageccacgttecgetgtgacgagtgtgacgaac
tcttceccagtceccaagcectggacctgeggegecataagaagtacacgtgtggetcagtgggggetgeg
ctctacgagggcctggctgaggagctcaagceccgagggecttggecggtggcagecggecaagecea
cgagtgcaaggactgcgagcggatgttccceccaacaagtacagectggagcagcacatggtcecatece
acacggaggagcgcgagtacaaatgcgaccagtgtceccaaggecttcaactggaagteccaactte
atccgceccaccagatgtcecccacgacageggcaaacgcttecgaatgtgaaaactgegtgaaggtgtt
cacggaccccagcaaccttcageggecacatceccecgctegecagcacgtgggegetegggeccacgect
gccceccgactgegggaagaccttcegecacgtecteeggectcaagcagecacaagecatatecacage
acggtgaagcctttcatatgtgaggtctgccacaagtectacacgcagttectceccaacctgtgecg
gcacaagcggatgcacgccgactgceccgcacgcagatcaagtgcaaggactgtggceccagatgttcea
gcactacctcctecctecaacaagcaccecggegettetgecgagggcaagaaccattacacgcececggge
ggcatctttgcceccecgggectgeccttgaccecceccageeccatgatggacaaggcaaaacceteecce
cagcctcaatcacgcecagectgggcettcaacgagtactttecctacaggecgecacceggggaged
tgcceccettetecacggegecteccacgttecececgecactecacceccggettececgggeatetteeet
ccatccttgtacccceccecggecgectetgectacctececcacategetgetcaagageccectgaaccea
cacccaggacgccaagctcecccagteccctggggaacccagcecctgecectggtetecgecgtea
gcaacagcagccagggcacgacggcagctgcggggcccgaggagaagttcgagageegectggayg
gactcectgtgtggagaagctgaagaccaggagecagcgacatgtcggacggcagtgactttgagga
cgtcaacaccaccacggggaccgacctggacacgaccacggggacgggcetceggacctggacageg
acgtggacagcgaccctgacaaggacaagggcaagggcaagtceccgecgagggecageccaagttte
gggggcggcttggcgceccccgggggecccgaacagcegtggecgaggtgectgtettetatteccea
gcactcattcttcecceccgecaccecgacgagecagetgetgactgcaacgggegecgecggggactececa
tcaaggccatcgcatccattgceccgagaagtactttggecceggettcatggggatgcaggagaag
aagctgggctcgctcecceccecctaccactcecggegtteccecttecagttectgeccaacttececceccacte
cctttaccccttcacggaccgagcecctegeccacaacttgectggtcaaggecgageccaaagteac
cccgggacgcecctcecaaggtgggeggecccagtgececgagtgecectttgatetcaccaccaagcece
aaagacgtgaagcccatcectgeccatgeccaagggcecccteggececccgecatecggegaggagea
gccgctggacctgagcecatcggecagecgggeccgtgecagecaaaacggeggegggegggagecee
gcaagaaccacgtctatggggaacgcaagctgggcgecggecgaggggetgecccaggtgtgeccyg
gcgcggatgccccagcageccccgcetceccactacgceccaagecctegeecttettcatggaccceeat
ctacagggtagaaaagcggaaggtcacagaccceccgtgggagceccctgaaggagaagtacctgegge
cgtcccegetgetettecacceccagatgtcageccatagagaccatgacagagaagectggagage
tttgcagccatgaaggcggactcgggecagetecctgecageccctecccecacecaccectteaactt
ccggtcceccacccececcaacgctetecgaccececcateccetcaggaagggecaaggagegatacacgtgea
ggtactgtgggaagatcttccccagatcagccaatctcaccagacacctgaggacgcacactggg
gagcagccgtacaggtgtaagtactgcgaccgcetecttcageatcectettecgaacctecageggea
cgtccggaacatccacaacaaggagaagcctttcaagtgecacctgtgcaaccgetgettecggge
agcagaccaacctggaccggcacctcaagaagcacgagcacgagaacgcaccagtgagccageac
cccggggtectcacgaaccacctggggaccagegegtecteteccacctcagagtecggacaacea
cgcacttttagacgagaaagaagactcecttatttcteggaaatcagaaactttattgecaatagtyg
agatgaaccaagcatcaacgcgaacagagaaacgggcggacatgcagatcgtggacggcagtgec
cagtgtccaggcectagccagtgagaagcaggaggacgtggaggaggaggacgacgatgacctgga
ggaggacgatgaggacagcctggceccgggaagtcgcaggatgacaccgtgtcecceccecgecaccecgagce
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cccaggecgectacgaggatgaggaggatgaggagecagecgectecctggeecgtgggetttgac
cacacccgaaggtgtgctgaggaccacgaaggcggtcetgttagetttggageecgatgecgacttt
tgggaaggggctggacctccgcagagcagctgaggaagcatttgaagttaaagatgtgecttaatt
ccaccttagattctgaggctttaaaacatacactgtgcaggcaggctaagaaccaggcatatgcea
atgatgctgtccctttcecgaagacactectetecacaccececteccagggttetetggacgettyg
gttgaaggtcactggagccacgtcggagtctggagecatttcacccececatcaaccacctetga
(SEQ ID NO:83)

[00372] Homo sapiens paired box 6 (PAX6) (NM_001604.5) SEQ ID NO:20 (protein) and
SEQ ID NO:84 (DNA)
MONSHSGVNQLGGVEVNGRPLPDSTRQKIVELAHSGARPCDISRILQTHADAKVQVLDNQONVSNG
CVSKILGRYYETGSIRPRAIGGSKPRVATPEVVSKIAQYKRECPSIFAWEIRDRLLSEGVCTNDN
IPSVSSINRVLRNLASEKQOMGADGMYDKLRMLNGQTGSWGTRPGWYPGTSVPGQOPTQODGCQOOOE
GGGENTNSISSNGEDSDEAQMRLOLKRKLORNRTSFTQEQIEALEKEFERTHY PDVFARERLAAK
IDLPEARIQVWESNRRAKWRREEKLRNQRROASNTPSHIPISSSEFSTSVYQPIPQPTTPVSSETS
GSMLGRTDTALTNTYSALPPMPSFTMANNLPMOPPVPSQTSSYSCMLPTSPSVNGRSYDTYTPPH
MOTHMNSQPMGTSGTTSTGLISPGVSVPVQVPGSEPDMSQYWPRLO (SEQ ID NO:20)
atgcagaacagtcacagcggagtgaatcagcectcecggtggtgtetttgtcaacgggecggecactgec
ggactccacccggcagaagattgtagagetagetcacageggggececcggceegtgegacatttecce
gaattctgcagacccatgcagatgcaaaagtccaagtgetggacaatcaaaacgtgtceccaacgga
tgtgtgagtaaaattctgggcaggtattacgagactggctccatcagacccagggcaateggtgg
tagtaaaccgagagtagcgactccagaagttgtaagcaaaatagcecccagtataagegggagtgcece
cgtccatctttgcttgggaaatccgagacagattactgtecgagggggtectgtaccaacgataac
ataccaagcgtgtcatcaataaacagagttcttcgcaacctggctagcgaaaagcaacagatggg
cgcagacggcatgtatgataaactaaggatgttgaacgggcagaccggaagctggggcacccgec
ctggttggtatccggggacttcggtgeccagggecaacctacgcaagatggctgecagcaacaggaa
ggagggggagagaataccaactccatcagttccaacggagaagattcagatgaggctcaaatgeg
acttcagctgaagcggaagctgcaaagaaatagaacatcecctttacccaagagcaaattgaggecc
tggagaaagagtttgagagaacccattatccagatgtgtttgecccgagaaagactagcagccaaa
atagatctacctgaagcaagaatacaggtatggttttctaatcgaagggccaaatggagaagaga
agaaaaactgaggaatcagagaagacaggccagcaacacacctagtcatattcctatcagcagta
gtttcagcaccagtgtctaccaaccaattccacaacccaccacaccggtttectecttcacatet
ggctccatgttgggceccgaacagacacagecctcacaaacacctacagegetetgecgectatgece
cagcttcaccatggcaaataacctgcectatgcaacccceccagtecccagecagacctecteatact
cctgcatgcectgeccaccagceectteggtgaatgggeggagttatgatacctacacceccceccacat
atgcagacacacatgaacagtcagccaatgggcacctcegggecaccacttcaacaggactecattte
ccctggtgtgtcagttceccagttcaagttcccggaagtgaacctgatatgtectcaatactggecaa
gattacagtaa (SEQ ID NO:84)

[00373] SEQ ID NO:21: Homo sapiens HNF1 homeobox A (HNF1A) (NM_000545.5) SEQ
ID NO:21 (protein) and SEQ ID NO:85 (DNA)
MVSKLSQLOQTELLAALLESGLSKEALIQALGEPGPYLLAGEGPLDKGESCGGGRGELAELPNGLG
ETRGSEDETDDDGEDFTPPITKELENLSPEEAAHQKAVVETLLOQEDPWRVAKMVKSYLOQHNI PO
REVVDTTGLNQSHLSQHINKGTPMKTQKRAALYTWYVREKQREVAQQFTHAGOGGLIEEPTGDELP
TKKGRRNRFKWGPASQQILFQAYERQKNPSKEERETLVEECNRAECIQRGVSPSQAQGLGSNLVT
EVRVYNWFANRRKEEAFRHKTLAMDTYSGPPPGPGPGPATLPAHSSPGLPPPALSPSKVHGVRYGQP
ATSETAEVPSSSGGPLVTVSTPLHQVSPTGLEPSHSLLSTEAKLVSAAGGPLPPVSTLTALHSLE
QTSPGLNQQPONLIMASLPGVMTIGPGEPASLGPTFTNTGASTLVIGLASTQAQSVPVINSMGS S
LTTLOPVQEFSQPLHPSYQQPLMPPVQSHVTQSPFMATMAQLOSPHALYSHKPEVAQYTHTGLLPQ
TMLITDTTNLSALASLTPTKQVFTSDTEASSESGLHTPASQATTLHVPSQDPAGIQHLOPAHRLS
ASPTVSSSSLVLYQOSSDSSNGOSHLLPSNHSVIETFISTOMASSSO (SEQ ID NO:21)



10

15

20

30

35

40

45

50

CA 02934065 2016-04-22

WO 2015/061779 PCT/US2014/062400

78

atggtttctaaactgagccagetgcagacggagetectggeggecctgetecgagtcagggetgag
caaagaggcactgatccaggcactgggtgagceccggggecctacctectggetggagaaggeccce
tggacaagggggagtcctgcggcggcggtcgaggggagctggctgagetgeccaatgggetgggy
gagactcggggctccgaggacgagacggacgacgatggggaagacttcacgceccaccecatcectcecaa
agagctggagaacctcagceccecctgaggaggceggeccaccagaaageccegtggtggagacecttetge
aggaggaccegtggcegtgtggegaagatggtcaagtectacctgecagcagecacaacatceccecacag
cgggaggtggtcgataccactggcctcaaccagtceccacctgteccaacacctcaacaagggeac
tcceccatgaagacgcagaagcgggcecgecctgtacacctggtacgtecgecaagcagegagaggtgg
cgcagcagttcacccatgcagggcagggagggctgattgaagagcccacaggtgatgagcectacca
accaagaaggggcggaggaaccgtttcaagtggggcccagcatcccagcagatcectgttceccagge
ctatgagaggcagaagaaccctagcaaggaggagcgagagacgctagtggaggagtgcaataggg
cggaatgcatccagagaggggtgtccccatcacaggcacaggggctgggetcecaacctegteacyg
gaggtgcgtgtctacaactggtttgccaaccggcgcaaagaagaagceccttececggcacaagetgge
catggacacgtacagcgggccccceccccagggecaggeccgggacctgegetgeecgetcacaget
cccecectggectgectecaccetgeccteteccccagtaaggtecacggtgtgegetatggacagect
gcgaccagtgagactgcagaagtaccctcaagcagcggecggteccttagtgacagtgtctacacce
cctccaccaagtgtceccceccacgggectggageccagcecacagectgetgagtacagaagecaage
tggtctcagcagctgggggececccecctceeccectgtecagecaccecectgacageactgcacagettggag
cagacatccccaggcectcaaccagecagcecccagaacctecatcatggectecacttectggggteat
gaccatcgggcectggtgagcctgectecctgggtectacgttcaccaacacaggtgectecacce
tggtcatcggcectggectecacgecaggcacagagtgtgecggtcatcaacagecatgggcagecage
ctgaccaccctgcageccegtceccagtteteccagecegetgecacceectectaccagecagecgeteat
gccacctgtgcagagccatgtgacccagagecccttecatggeccaccatggectcagectgcagagec
cccacgcecctectacagccacaagcecccgaggtggeccagtacacccacacgggectgetecececgeag
actatgctcatcaccgacaccaccaacctgagegecctggecagectcecacgeccaccaagcaggt
cttcacctcagacactgaggcectceccagtgagtecgggettcacacgecggeatetcaggecacca
cccetcecacgtecccagcecaggaccecctgecggeateccagecacctgcagecggececaceggcetecage
gccagccccacagtgtectcecagecagectggtgetgtaccagagetcagacteccagecaatggeca
gagccacctgcectgcecatccaaccacagegtcatcgagaccttcecatcetecacccagatggectett
cctcccagtaa (SEQ ID NO:85)

[00374]  Homo sapiens forkhead box A3 (FOXA3) (NM_004497.2) SEQ ID NO:22 (protein)
and SEQ ID NO:86 (DNA)

MLGSVKMEAHDLAEWSYYPEAGEVY SPVTPVPTMAPLNSYMTLNPLSSPYPPGGLPASPLPSGPL
APPAPAAPLGPTFPGLGVSGGSSSSGYGAPGPGLVHGKEMPKGYRRPLAHAKPPYSYISLITMAT
QOAPGKMLTLSEIYQWIMDLEFPYYRENQOQRWONSTRHSLSFNDCEVKVARSPDKPGKGSYWALHP
SSGNMFENGCYLRROKRFKLEEKVKKGGSGAATTTRNGTGSAASTTTPAATVISPPOPPPPAPEP
EAQGGEDVGALDCGSPASSTPYFTGLELPGELKLDAPYNFNHPFSINNLMSEQTPAPPKLDVGEG
GYGAEGGEPGVYYQGLYSRSLLNAS (SEQ ID NO:22)
atgctgggctcagtgaagatggaggcccatgacctggecgagtggagectactaccecggaggegygyg
cgaggtctactcgceccggtgaccccagtgeccaccatggececcectcecaactectacatgacectga
atcctcectaagcectcetcecectateccectggggggetecctgectecccactgeectecaggaceectyg
gcacccccagcacctgcagcececcececctggggeccacttteccaggectgggtgtcageggtggeayg
cagcagctccecgggtacggggecccgggtectgggectggtgcacgggaaggagatgccgaaggggt
atcggcggcceccecctggcecacacgccaagecaccgtattectatatectcactcecatcaccatggecatce
cagcaggcgcecgggcaagatgetgaccttgagtgaaatctaccagtggatcatggacctettecece
ttactaccgggagaatcagcagecgcectggcagaactecattegecactegetgtetttecaacgact
gcttegtcaaggtggegegttecccagacaagectggecaagggetectactgggecctacacece
agctcagggaacatgtttgagaatggcectgctacctgcgecgecagaaacgcttcaagetggagga
gaaggtgaaaaaagggggcagcggggctgcecaccaccaccaggaacgggacagggtetgetgect
cgaccaccaccccecgeggecacagtcecacctecceccgecccagceccccgcectecagecectgagect
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gaggcccagggcggggaagatgtgggggetectggactgtggetcaccecgettectececacacecta
tttcactggcecctggagetceccaggggagetgaagetggacgecgecctacaacttcaaccaccecett
tctccatcaacaacctaatgtcagaacagacaccagecacctcecccaaactggacgtggggtttggg
ggctacggggctgaaggtggggagcecctggagtctactaccagggcecctcectattcecececgetetttget
taatgcatcctag (SEQ ID NO:86)

[00375] Homo sapiens forkhead box Al (FOXAT) (NM_004496.3) SEQ ID NO:23 (protein)
and SEQ ID NO:87 (DNA)
MLGTVKMEGHETSDWNSYYADTQEAYSSVPVSNMNSGLGSMNSMNTYMTMNTMTTSGNMTPASEN
MSYANPGLGAGLSPGAVAGMPGGSAGAMNSMTAAGVTAMGTALSPSGMGAMGAQQAASMNGLGPY
AAAMNPCMSPMAYAPSNLGRSRAGGGGDAKTFKRSYPHAKPPYSYISLITMATIQQAPSKMLTLSE
IYOWIMDLFPYYRONQORWONSIRHSLSFNDCFVKVARSPDKPGKGSYWTLHPDSGNMFENGCY L
RROKRFKCEKQPGAGGGGGSGSGGSGAKGGPESRKDPSGASNPSADSPLHRGVHGKTGOLEGAPA
PGPAASPQTLDHSGATATGGASELKTPASSTAPPISSGPGALASVPASHPAHGLAPHESQLHLKG
DPHYSFNHPFSINNLMSSSEQQHKLDFKAYEQALQYSPYGSTLPASLPLGSASVITRSPIEPSAL
EPAYYQGVYSRPVLNTS (SEQ ID NO:23)
atgctgggctcagtgaagatggaggcccatgacctggceccgagtggagctactaccecggaggcecggyg
cgaggtctactcgceccggtgaccccagtgceccaccatggecccececctcecaactectacatgacectga
atcctctaagetcectecctateccectggggggetecctgectecccactgecctecaggaccecectyg
gcacccccagcacctgecagcececcectggggeccacttteccaggectgggtgtecageggtggeag
cagcagctcecgggtacggggecccgggtectgggetggtgcacgggaaggagatgecgaaggggt
atcggcggcececctggecacacgcecaagcecaccgtattectatatetcecactecatcaccatggecate
cagcaggcgcecgggcaagatgcectgaccttgagtgaaatctaccagtggatcatggacctettecce
ttactaccgggagaatcagcagcgctggcagaactcecattcecgecactegetgtetttcaacgact
gcttegtcaaggtggcecgegttececcagacaagectggcaagggetectactgggecctacaccece
agctcagggaacatgtttgagaatggctgctacctgegeecgecagaaacgettcaagetggagga
gaaggtgaaaaaagggggcagcggggcetgceccaccaccaccaggaacgggacagggtetgetgecet
cgaccaccaccccecgceggecacagtcecaccteeccgecccagecccegectecagecectgagect
gaggcccagggcggggaagatgtgggggetctggactgtggectecaccegettectecacacccta
tttcactggcctggagctcecccaggggagcectgaagcectggacgecgecctacaacttcaaccaccectt
tctcececatcaacaacctaatgtcagaacagacaccagecacctcecceccaaactggacgtggggtttggg
ggctacggggctgaaggtggggagcectggagtctactaccagggectetattecegetetttget
taatgcatcctag (SEQ ID NO:87)

[00376] Homo sapiens forkhead box A2 (FOXA2) (NM 021784.4) SEQ ID NO:24 (protein)
and SEQ ID NO:88 (DNA)

MHSASSMLGAVKMEGHEPSDWSSYYAEPEGY SSVSNMNAGLGMNGMNTYMSMSAAAMGSGSGNMS
AGSMNMSSYVGAGMSPSLAGMSPGAGAMAGMGGSAGAAGVAGMGPHLSPSLSPLGGQAAGAMGGL
APYANMNSMSPMYGQAGLSRARDPKTYRRSYTHAKPPYSYISLITMATQQOSPNKMLTLSEIYQWT
MDLEFPFYRONQORWQONSIRHSLSFNDCFLKVPRSPDKPGKGSFWTLHPDSGNMFENGCYLRROKR
FKCEKQLALKEAAGAAGSGKKAAAGAQASQAQLGEAAGPASETPAGTESPHSSASPCQEHKRGGL
GELKGTPAAALSPPEPAPSPGOQOOAAAHLLGPPHHPGLPPEAHLKPEHHYAFNHPFSINNLMS S
EQQOHHHSHHHHQPHKMDLKAYEQVMHYPGYGSPMPGSLAMGPVTNKTGLDASPLAADTSYYQGVY
SRPIMNSS (SEQ ID NO:24)
atgcactcggcttccagtatgctgggageggtgaagatggaagggcacgagcecgtceccecgactggag
cagctactatgcagagcccgagggcetactectecgtgagecaacatgaacgecggectggggatga
acggcatgaacacgtacatgagcatgtcecggecggcecegecatgggcagceggetegggecaacatgage
gcgggctccatgaacatgtcgtegtacgtgggegetggecatgageccgtecectggeggggatgte
ccceggegegggegecatggegggeatgggeggecteggecggggeggecggegtggegggeatag

ggccgcacttgagtcecccagectgageccgetcggggggcaggeggecggggecatgggeggectyg
gcccecectacgcecaacatgaactceccatgageccecatgtacgggcaggcgggectgagecgecgeccyg

cgaccccaagacctacaggcgcagcetacacgcecacgcaaagcecgecctactegtacatetegetea
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tcaccatggecatccagecagageeccaacaagatgetgacgetgagegagatetaccagtggate
atggacctcttcceccececttcectaccggcagaaccagcagegcetggcagaactecatecgecacteget
ctccttcaacgactgtttcectgaaggtgeccecgectcgeccgacaageccggcaagggetecttet
ggaccctgcaccctgactcecgggcaacatgttcgagaacggectgectacctgecgecgccagaagege
ttcaagtgcgagaagcagctggecgcectgaaggaggecgcaggecgecgecggecagecggecaagaagge
ggccgccggagceccaggectecacaggcetcecaactecggggaggecgecgggecggectecgagacte
cggcgggcaccgagtcegectcecactcecgagegectececcgtgecaggagcacaagcgagggggectg
ggagagctgaaggggacgccggctgeggegetgagecceccagagecggegeccteteececgggea
gcagcagcaggccgcggeccacctgetgggeccgeccecaccaccecgggectgeecgectgaggecce
acctgaagccggaacaccactacgccttcaaccaccegttctcecatcaacaacctcatgtecteg
gagcagcagcaccaccacageccaccaccaccaccaaccccacaaaatggacctcaaggectacga
acaggtgatgcactaccccggctacggttcecccecccecatgectggcecagettggecatgggeccggtea
cgaacaaaacgggcctggacgectcegceccectggecegcagatacctectactaccagggggtgtac
tceeggeccattatgaactecectettaa (SEQ ID NO:88)

[00377] SEQ ID NO:25: Homo sapiens CCAAT/enhancer binding protein (C/EBP), alpha
(CEBPA) (NM 001287435.1) SEQ ID NO:25 (protein) and SEQ ID NO:89 (DNA)
MSSHLOSPPHAPSSAAFGFPRGAGPAQPPAPPAAPEPLGGICEHETSIDISAYIDPAAFNDEFLA
DLFQHSRQQEKAKAAVGPTGGGGGGDFDYPGAPAGPGGAVMPGGAHGPPPGYGCAAAGYLDGRLE
PLYERVGAPALRPLVIKQEPREEDEAKQLALAGLFPYQPPPPPPPSHPHPHPPPAHLAAPHLQFQ
TAHCGQTTMHLOPGHPT PPPTPVPSPHPAPALGAAGLPGPGSALKGLGAAHPDLRASGGSGAGKA
KKSVDKNSNEYRVRRERNNIAVRKSRDKAKQRNVETQOKVLELTSDNDRLRKRVEQLSRELDTLR
GIFRQLPESSLVKAMGNCA (SEQ ID NO:25)
atgagcagccacctgcagagcccceccecgcacgcecgcececcagcagegecgectteggetttececgggyg
cgcgggcecccecgegeagecteececgecceccacctgecgecececggagecgetgggeggeatetgegage
acgagacgtccatcgacatcagcgcectacatcgacceggecgecttcaacgacgagttectggece
gacctgttccagcacagcecggecagcaggagaaggceccaaggcggceegtgggecccacgggeggegyg
cggcggcggcgactttgactacccgggegegeccgegggeccecggeggegecgtecatgececgggg
gagcgcacgggcccceccgeccggcetacggetgegeggecgecggcetacctggacggcaggetggag
cccectgtacgagcegcegtceggggegecggegetgecggecgectggtgatcaagcaggagecccgega
ggaggatgaagccaagcagctggcgctggceccggcectetteccttaccageccgecgecgecgecge
cgccctcecgecacccecgeaccececgeacccgecgeccgegecacctggecgeccegeacctgeagttecag
atcgcgcecactgcggecagaccaccatgcacctgcageccggtcecacceccacgecgecgeccacgec
cgtgcccageccgecacccecgegeccgegeteggtgecgecggectgecgggecctggecagegege
tcaaggggctgggcgcecgecgeacceccgacctecgegecgagtggeggcageggegegggecaaggec
aagaagtcggtggacaagaacagcaacgagtaccgggtgcggcgcgagegcaacaacategeggt
gcgcaagagccgcgacaaggccaagcagcecgcaacgtggagacgcagcagaaggtgetggagetga
ccagtgacaatgaccgcctgcgcaagcgggtggaacagectgagceccgecgaactggacacgcectgegg
ggcatcttcecgeccagetgeccagagagetecttggtcaaggeccatgggecaactgegegtga  (SEQ
ID NO:89)
[00378] Homo sapiens Spi-1 proto-oncogene (SPI1) (PU.1) (NM_001080547.1) SEQ ID
NO:26 (protein) and SEQ ID NO:90 (DNA)
MLOACKMEGFPLVPPQPSEDLVPYDTDLYQRQTHEYYPYLSSDGESHSDHYWDFHPHHVHSEFES
FAENNFTELQSVQPPQLOQLYRHMELEQMHVLDT PMVPPHPSLGHQVSYLPRMCLOYPSLSPAQP
SSDEEEGERQSPPLEVSDGEADGLEPGPGLLPGETGSKKKIRLYQFLLDLLRSGDMKDS IWWVDK
DKGTFQFSSKHKEALAHRWGIQKGNRKKMTYQKMARATLRNYGKTGEVKKVKKKLTYQFSGEVLGR
GGLAERRHPPH (SEQ ID NO:26)
atgttacaggcgtgcaaaatggaagggtttcccecctegtecceccectecagecatcagaagacctggt
gccectatgacacggatctataccaacgccaaacgcacgagtattaccectatetcagecagtgatyg
gggagagccatagcgaccattactgggacttccacccceccaccacgtgecacagcgagttecgagage
ttcgeccgagaacaacttcacggagcectceccagagegtgecageccececgecagetgcagecagetectaccyg
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ccacatggagctggagcagatgcacgtcctcecgatacccecceccatggtgecacecccateecagtettyg
gccaccaggtctcectacctgecccecggatgtgectcecagtacccecatececctgtecceccageccagecce
agctcagatgaggaggagggcgagcggcagagcecccccactggaggtgtctgacggegaggcgga
tggcctggageccgggcectgggetectgectggggagacaggcagcaagaagaagateccgectgt
accagttcctgttggacctgectceccecgecageggegacatgaaggacagcecatctggtgggtggacaag
gacaagggcaccttccagttetegtceccaagcacaaggaggcegetggegeaccgetggggeatcecea
gaagggcaaccgcaagaagatgacctaccagaagatggcecgcgegegcectgegeaactacggcaaga
cgggcgaggtcaagaaggtgaagaagaagctcacctaccagttcageggcgaagtgetgggecge
gggggcctggccgagcecggcgecacccegecccactga (SEQ ID NO:90)

[00379] Homo sapiens POU class 3 homeobox 2 (POUSF2) (Brn2) (NM_005604.3) SEQ ID
NO:27 (protein) and SEQ ID NO:91 (DNA)

MATAASNHYSLLTSSAS IVHAEPPGGMOQOGAGGYREAQSLVQGDYGALQSNGHPLSHAHQWITATL
SHGGGGGGGGGGGEEGEGEEEGGEEEDGESPWSTSPLGOPDIKPSVVVOQGGRGDELHGPGALQQOHQO
QOO0OOOQOOOOOOOOQOORPPHLVHHAANHHPGPGAWRSAAAAAHL PPSMGASNGGLLYSQPSE
TVNGMLGAGGOPAGLHHEGLRDAHDEPHHADHHPHPHSHPHQOPPPPPPPOGPPGHPGAHHDPHS
DEDTPTSDDLEQFAKQFKQRRIKLGFTQADVGLALGTLYGNVESQTTICRFEALQLSFKNMCKLK
PLLNKWLEEADSSSGSPTSTIDKTAAQGRKRKKRTSTEVSVKGALESHFLKCPKPSAQETTSLADS
LOLEKEVVRVWEFCNRRQKEKRMT PPGGTLPGAEDVYGGSRDTPPHHGVQTPVQ (SEQ ID
NO:27)
atggcgaccgcagcgtctaaccactacagcectgctcacctecagegcectecatecgtgecacgecga
gccgceccggeggcecatgecagcagggcgeggggggctaccgegaagegcecagagectggtgecagggeg
actacggcgctctgcagagcaacggacacccgctcecagecacgcetcecaccagtggatcaccgegetg
tececacggeggeggeggegggggcggtggegygeggecgygggggggcgggggcyggcggcggggycgy
cggcgacggctcceccegtggtceccaccagcececccecctgggecagecggacatcaageccteggtggtgyg
tgcagcagggcecggcecgcggagacgagetgecacgggceccaggcegecctgecagecagcecageatcecageag
cagcaacagcaacagcagcagcaacagcagcaacagcagecagecagecagcagcaacageggecgee
gcatctggtgcaccacgcecgctaaccaccacccgggacccggggecatggeggagegeggeggetyg
cagcgcacctceccaccectecatgggagcegtcecaacggeggettgetetactegecageccagette
acggtgaacggcatgctgggcgccggcgggcagceccggecggtcetgeaccaccacggectgeggga
cgcgcacgacgagccacaccatgccgaccaccacccgcacccgecactecgecacccacaccagecage
cgccgccccegecgeccecgeagggtecgectggecacccaggecgegecaccacgacceecgeacteg
gacgaggacacgccgacctcggacgacctggagcagttecgecaagecagttcaagcageggeggat
caaactgggatttacccaagcggacgtggggcetggetcectgggecaccectgtatggcaacgtgttcet
cgcagaccaccatctgcaggtttgaggcecctgecagetgagettcaagaacatgtgcaagectgaag
cctttgttgaacaagtggttggaggaggcecggactegtectegggcagecccacgageatagacaa
gatcgcagcgcaagggcgcaagcggaaaaagcggacctcecatcgaggtgagegtcaagggggcete
tggagagccatttcctcaaatgccccaagceccctecggeccaggagatcacctecctegeggacage
ttacagctggagaaggaggtggtgagagtttggttttgtaacaggagacagaaagagaaaaggat
gaccccteceggagggactcectgeecgggegecgaggatgtgtacggggggagtagggacacteeac
cacaccacggggtgcagacgceccgtcecagtga (SEQ ID NO:91)

[00380] Homo sapiens forkhead box G1 (FOXGI1) (NM_005249.4) SEQ ID NO:28 (protein)
and SEQ ID NO:92 (DNA)
MLDMGDRKEVKMIPKSSFSINSLVPEAVONDNHHASHGHHNSHHPOHHHHHHHHHHHPPPPAPQP
PPPPQQQQPPPPPPPAPQPPQTRGAPAADDDKGPQQLLLPPPPPPPPAAATDGAKADGLGGKGEP
GGGPGELAPVGPDEKEKGAGAGGEEKKGAGEGGKDGEGGKEGEKKNGKYEKPPFSYNALTMMATR
QSPEKRLTLNGIYEFIMKNFPYYRENKOQGWONSIRHNLSLNKCEFVKVPRHY DDPGKGNYWMLDPS
SDDVFIGGTTGKLRRRSTTSRAKLAFKRGARLTSTGLTFMDRAGSLYWPMSPFLSLHHPRASSTL
SYNGTTSAYPSHPMPYSSVLTONSLGNNHSFSTANGLSVDRLVNGETITPYATHHLTAAALAASVPC
GLSVPCSGTYSLNPCSVNLLAGQOTSYFFPHVPHPSMTSQOSSTSMSARAASSSTSPOQAPSTLPCES
LRPSLPSFTTGLSGGLSDYFTHQONQGSSSNPLIH (SEQ ID NO:28)
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atgctggacatgggagataggaaagaggtgaaaatgatccccaagtectegttcageatcaacag
cctggtgeccgaggcecggtceccagaacgacaaccaccacgcgagecacggcecaccacaacagecace
acccccagcaccaccaccaccaccaccaccatcaccaccacccgecgeccgeccgecccgecaaccyg
ccgcecgecgecgcagcagecagecagecgecgeecgceccgecgecceccggecaccgecageceeccccagac
gcggggcgccccggocgecgacgacgacaagggeccccagcecagetgetgeteccgeegecgecac
cgccaccaccggcecgcecgecctggacggggctaaagecggacgggctgggeggecaagggegagecyg
ggcggcgggecgggggagetggegeccgtegggeeggacgagaaggagaagggegecggegeegg
gggggaggagaagaagggggcgggcgagggcggcaaggacggggaggggggcaaggagggcegaga
agaagaacggcaagtacgagaagccgcecgttcagcetacaacgegcectecatcatgatggecatecgg
cagagccccgagaagcggcetcacgcectcaacggcecatctacgagttcatcatgaagaacttecctta
ctaccgcgagaacaagcagggctggcagaactccatccgceccacaatcectgteccctcaacaagtget
tcgtgaaggtgceccgegecactacgacgacccgggcecaagggcecaactactggatgectggacecegteg
agcgacgacgtgttcatcggeggecaccacgggcaagetgeggegecgetecacecaccectegeggge
caagctggccttcaagcgecggtgegegectcacctecacecggectecaccttcecatggaccgegecyg
gctceccectcetactggeccatgtegeccttectgteectgcaccaccceccgegecagcagecactttyg
agttacaacggcaccacgtcggcctaccccagecacceccatgecctacageteecgtgttgactea
gaactcgctgggcaacaaccactcecttcectceccaccgccaacggectgagegtggaccggetggtea
acggggagatcccgtacgceccacgcaccacctcacggcececgecgegcetagecgecteggtgecctge
ggcctgtecggtgecctgetcectgggacctactecctcaacccecctgeteecgtecaacctgetegeggyg
ccagaccagttactttttecceccacgtceccgeaccecegtcaatgacttegcagagcagecacgteca
tgagcgccagggcecgegtectecteccacgtegecgecaggeccectegacectgecctgtgagtet
ttaagaccctcectttgeccaagttttacgacgggactgtectgggggactgtcectgattatttcacaca
tcaaaatcaggggtcttcecttccaaccctttaatacattaa (SEQ ID NO:92)

[00381] Homo sapiens mRNA for ASCI protein (SLC7A10 gene) (AJ277731.1) SEQ ID
NO:29 (protein) and SEQ ID NO:93 (DNA)
MAGHTQQPSGRGNPRPAPSPSPVPGTVPGASERVALKKEIGLLSACTIIIGNIIGSGIFISPKGV
LEHSGSVGLALFVWVLGGGVTALGSLCYAELGVATPKSGGDYAYVTE IFGGLAGFLLLWSAVLIM
YPTSLAVISMTFSNYVLOPVFPNCIPPTTASRVLSMACLMLLTWVNSSSVRWATRIQDMEFTGGKL
LALSLITIGVGLLOIFQGHFEELRPSNAFAFWMTPSVGHLALAFLOGSFAFSGWNFLNYVTEEMVD
ARKNLPRAIFISIPLVTEVYTFTNIAYFTAMSPOELLSSNAVAVTFGEKLLGYFSWVMPV3SVALS
TFGGINGYLFTYSRLCFSGAREGHL.PSLTLAMTHVRHCTPTPALLVCCGATAVIMLVGDTYTLINY
VSFINYLCYGVTILGLLLLRWRRPALHRPIKVNLLIPVAYLVFWAFLLVEFSFISEPMVCGVGVIT
ILTGVPIFFLGVFWRSKPKCVHRLTESMTHWGQELCEFVVYPODAPEEEENGPCPPSLLPATDKPS
KPQ (SEQ ID NO:29)
atggccggccacacgcagcagcecgagegggecgecgggaaccccaggectgegecetegecctecece
agtcccagggaccgtcecccggegectecggagegggtggegetcaagaaggagatecgggetgetga
gcgcctgcaccatcatcatcgggaacatcatcecggetcgggcatcecttecatetecgeccaagggggte
ctggagcactcaggcectcecegtgggtcetggecctgttegtetgggtectgggtgggggegtgacgge
tctgggetcectetgetatgecagagetgggagtecgecatecccaagtetggeggggactacgect
acgtcacagagatcttcecgggggcectggetggetttetgetgetectggagegecgtectecatecatyg
taccccaccagcecttgetgteatcteccatgaccttetecaactacgtgetgecageeegtgttecece
caactgcatcccceccecccaccacagecteccgggtgetgteccatggectgectgatgectectgacat
gggtgaacagctccagtgtgcgctgggccacgegcecateccaggacatgttcacaggegggaagetyg
ctggccttgtecctcecatcatcecggegtgggectteteccagatcecttceccaaggacacttcgaggaget
gaggcccagcaatgectttgetttetggatgacgecctecgtgggacacctggeectggecttece
tccagggcetecttegecttcagtggetggaacttectcecaactatgtcaccgaggagatggttgac
gcccgaaagaacctacctecgegecatettecatetecateccactggtgaccttegtgtacacgtt
caccaacattgcecctacttcacggccatgteccecccaggagetgetetectecaatgeggtggetg
tgaccttcggggagaagcectgcectgggcectacttttcttgggtcatgectgtetecgtggetetgtea
accttcggagggatcaatggttacctgttcacctactceccaggctgtgettectcectggageccgega
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ggggcacctgccecagectgectggecatgatccacgtecagacactgecacecccatececgecectee
tcgtetgttgecggggecacagecgtecatcatgetegtgggecgacacgtacacgcetcatcaactat
gtgtccttcatcaactacctctgctacggcgtcaccatectgggectgetgetgetgegetggag
gcggcectgcactceccacaggcceccatcaaggtgaaccttetecatceeccegtggegtacttggtettet
gggccttceccectgetggtettecagettecatctecagagectatggtetgtggggteggegtecatecatce
atccttacgggggtgceccattttetttetgggagtgttetggagaagcaaaccaaagtgtgtgea
cagactcacagagtccatgacacactggggccaggagctgtgtttegtggtctacceccaggacg
cccceccgaagaggaggagaatggeccctgeccacccetecctgetgectgecacagacaageccteg
aagccacaatga (SEQ ID NO:93)

[00382] Homo sapiens achaete-scute family bHLH transcription factor 1 (ASCLI1)
(NM_004316.3) SEQ ID NO:30 (protein) and SEQ ID NO:94 (DNA)
MESSAKMESGGAGQQOPOPOPQOPFLPPAACFFATAAAAAAAAAARAALRQSAQQOOQOQQQOQQQAPQ
LRPAADGQPSGGGHKSAPKQVKRORSSSPELMRCKRRLNFSGFGYSLPQOOPAAVARRNERERNR
VKLVNLGFATLREHVPNGAANKKMSKVETLRSAVEY IRALQQLLDEHDAVSAAFQAGVLSPTISP
NYSNDLNSMAGSPVSSYSSDEGSYDPLSPEEQELLDETNWE (SEQ ID NO:30)
atggaaagctctgccaagatggagagcggcggcgcecggecagcagecccagecgcagecccagea
gcecttectgecgececgeagectgtttetttgecacggecgcagececgecggeggecgecagecgecyg
cagcggceagcegcagagcgegecagcagcagcagcagcagcagcagcagcecageageaggegecocgeaqg
ctgagaccggcggcecgacggecagecctcagggggeggtcacaagtcagegeccaagecaagtcecaa
gcgacagcgcetcgtcecttegeccgaactgatgegectgcaaacgecggcetecaacttcageggetttyg
gctacagcctgceccecgcageageagecggecgecgtggegegecgcaacgagcgegagegcaaccge
gtcaagttggtcaacctgggctttgccacccttcgggagecacgtccccaacggecgecggecaacaa
gaagatgagtaaggtggagacactgcgctcggcecggtecgagtacatceccgegegetgcagcagetge
tggacgagcatgacgcggtgagcgecgecttceccaggecaggegtectgtegeccaccateteceee
aactactccaacgacttgaactccatggecggctegecggtectecatectactegtcggacgaggg
ctcttacgacccgetcageccecgaggagecaggagettcetegacttecaccaactggttetga
(SEQ ID NO:94)

[00383] Homo sapiens Nurrl gene (AB017586) SEQ ID NO:31 (protein) and SEQ ID NO:95
(DNA)
MPCVQAQYGSSPOGASPASQSYSYHSSGEYSSDELTPEFVKESMDLTNTEITATTSLPSFSTEFMD
NYSTGYDVKPPCLYQMPLSGQQSSIKVEDIQOMHNYQQOHSHLPPQSEEMMPHSGSVYYKPSSPPTP
TTPGFQVQHSPMWDDPGSLHNFHONYVATTHMIEQRKTPVSRLSLFSFKQSPPGTPVSSCOMRED
GPLHVPMNPEPAGSHHVVDGQTFAVPNPTRKPASMGFPGLQIGHASQLLDTQVPSPPSRGSPSNE
GLCAVCGDNAACQHYGVRTCEGCKGFFKRTVOKNAKYVCLANKNCPVDKRRRNRCQYCRFQKCLA
VGMVKEVVRTDSLKGRRGRLPSKPKSPOEPSPPSPPVSLISALVRAHVDSNPAMTSLDYSREQAN
PDYQOMSGDDTQHIQQOFYDLLTGSMETI IRGWAEKTI PGFADLPKADODLLFESAFLELFVLRLAYRS
NPVEGKLIFCNGVVLHRLQCVRGFGEWIDSIVEFSSNLONMNIDISAFSCIAALAMVTERHGLKE
PKRVEELQNKIVNCLKDHVTFNNGGLNRPNYLSKLLGKLPELRTLCTQGLORIFYLKLEDLVPPP
ATIIDKLFLDTLPF (SEQ ID NO:31)
atgccttgtgttcaggecgcagtatgggtectegectcaaggagceccageeccgettetecagageta
cagttaccactcttcgggagaatacagctceccgatttettaactceccagagtttgtcaagtttagea
tggacctcaccaacactgaaatcactgccaccacttctcectceccccagettcagtacctttatggac
aactacagcacaggctacgacgtcaagccaccttgcttgtaccaaatgeccctgtecggacagea
gtcctecattaaggtagaagacattcagatgcacaactaccagcaacacagceccacctgeccecce
agtctgaggagatgatgcecgecactecgggteggtttactacaageectectegeccecgacgecce
accaccccgggcettceccaggtgcagcacagecccatgtgggacgacceccgggatetetecacaactt
ccaccagaactacgtggceccactacgcacatgatcgagcagaggaaaacgecagteteccgectet
ccctettetectttaagecaatcegecccectggeaccececcggtgtetagttgecagatgegettegac
gggcccecctgcacgtcecccatgaaccecggageccgecggcagecaccacgtggtggacgggcagac
cttcgctgtgcecccaacccecattegcaageccgegtecatgggetteccgggectgcagatecggec
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acgcgtcectcagetgetegacacgecaggtgececctecacecgecgtegeggggeteccectecaacgag
gggctgtgcgctgtgtgtggggacaacgcecggcectgccaacactacggegtgegecacctgtgaggg
ctgcaaaggcttctttaagcgcacagtgcaaaaaaatgcaaaatacgtgtgtttagcaaataaaa
actgcccagtggacaagcecgtcecgceccggaatcecgcectgtcagtactgecgatttcagaagtgectgget
gttgggatggtcaaagaagtggttcgcacagacagtttaaaaggccggagaggtegtttgeccte
gaaaccgaagagcccacaggagcececteteccecttegececececggtgagtetgatcagtgeccteg
tcagggcccatgtcgacteccaaccecggetatgaccagectggactattecaggttecaggegaac
cctgactatcaaatgagtggagatgacacccagcatatccagecaattctatgatcetectgactygg
ctccatggagatcatccggggctgggcagagaagatcecectggettegcagacctgcecccaaagecyg
accaagacctgctttttgaatcagctttcttagaactgtttgteccttecgattagcatacaggtcece
aacccagtggagggtaaactcatcttttgcaatggggtggtcttgcacaggttgcaatgegttcg
tggctttggggaatggattgattccattgttgaattcectectccaacttgcagaatatgaacateg
acatttctgecttcetectgcattgetgecctggectatggtcacagagagacacgggcetcaaggaa
cccaagagagtggaagaactgcaaaacaagattgtaaattgtctcaaagaccacgtgactttcaa
caatggggggttgaaccgcecccaattatttgtceccaaactgttggggaagetcecccagaacttegta
ccctttgcacacaggggctacagcegcecattttcectacctgaaattggaagacttggtgecacecgeca
gcaataattgacaaacttttcctggacactttacctttctaa (SEQ ID NO:95)

[00384] SEQ ID NO:32: Homo sapiens neurogenin 2 (NEUROG2) (NM_024019) SEQ ID
NO:32 (protein) and SEQ ID NO:96 (DNA)
MEVKSETLELKEEEDVLVLLGSASPALAALTPLSSSADEEEEEEPGASGGARRQRGAEAGQGARG
GVAAGAEGCRPARLLGLVHDCKRRPSRARAVSRGAKTAETVQRIKKTRRLKANNRERNRMHNTNA
ALDALREVLPTFPEDAKLTKIETLRFAENYIWALTETLRLADHCGGGGGGLPGALFSEAVLLSPG
GASAALSSSGDSPSPASTWSCTNSPAPSSSVSSNSTSPYSCTLSPASPAGSDMDYWQPPPPDKHR
YAPHLPTARDCT (SEQ ID NO:32)
atgttcgtcaaatccgagaccttggagttgaaggaggaagaggacgtgttagtgetgeteggate
ggcctcecececegecttggeggecctgaceeecgetgtecateccagegecgacgaagaagaggaggagqg
agccgggcegegtceaggeggggegegteggeagegeggggetgaggecgggcagggggegegggge
ggcgtggctgcgggtgcggagggctgecggeccgecacggetgetgggtetggtacacgattgeaa
acggcgcececttcecceccgggegecgggecgtceteccgaggegcecaagacggecgagacggtgecagegea
tcaagaagacccgtagactgaaggccaacaaccgcgagcgaaaccgecatgcecacaacctcaacgeg
gcactggacgcgctgcecgegaggtgetecccacgttececcecgaggacgeccaagetcaccaagatega
gaccctgcecgettegeccacaactacatcectgggecactcecaccgagacectgegectggeggatcecact
gcgggggcggcggegggggceetgecgggggcgetettetecgaggeagtgttgetgageeccggga
ggagccagcgcecgecctgagecagecageggagacagceccctegececgectecacgtggagttgeac
caacagccccgegecgtectectecgtgtectecaattecaccteeccctacagetgeactttat
cgcccgcecageccggecgggtcagacatggactattggcageccccaccteccgacaagecaccge
tatgcacctcacctceccccatageccagggattgtatcectag (SEQ ID NO:96)

[00385] Homo sapiens LIM homeobox transcription factor 1, alpha (LMX1A) (NM_177398)
SEQ ID NO:33 (protein) and SEQ ID NO:97 (DNA)

MLDGLKMEENFQSATDT SASFSSLLGRAVSPKSVCEGCOQRVILDRFLLRLNDSFWHEQCVQCASC
KEPLETTCEFYRDKKLYCKYDYEKLFAVKCGGCFEATAPNEFVMRAQKSVYHLSCEFCCCVCERQLO
KGDEFVLKEGOLLCKGDYEKERELLSLVSPAASDSGKSDDEESLCKSAHGAGKGTAEEGKDHKRP
KRPRTILTTQORRAFKASFEVSSKPCRKVRETLAAETGLSVRVVQVWEFQNOQRAKMKKLARROQQOQ
QODOONTQRLSSAQTNGGGSAGMEGIMNPYTALPTPQQLLATEQSVYSSDPFROGLTPPOMPGDH
MHPYGAEPLFHDLDSDDTSLSNLGDCFLATSEAGPLQSRVGNPIDHLYSMONSYFETS (SEQ
ID NO:33)
atgctggacggcctaaagatggaggagaacttccaaagegecgatcegacaccteggectecttete
ctcgcectgectgggcagageggtgagecccaagtetgtetgegagggetgtcagegggtecatettgg
acaggtttctgctgcggctcaacgacagcecttctggcatgagcagtgecgtgcagtgecgectectge
aaagagcccctggagaccacctgcecttctaccgggacaagaagctgtactgcaagtatgactacga
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gaagctgtttgectgttaaatgtgggggetgettcgaggecategeteeccaatgagtttgttatge
gggcccagaagagtgtataccacctgagetgettcetgetgetgtgtectgegagegacagettecag
aagggtgatgagtttgtcctgaaggaggggcagctgctctgcaaaggggactatgagaaggagcyg
ggagctgctcagcectggtgageccagecagectcagactcaggtaaaagtgatgatgaagaaagtce
tctgcaagtcagceccatggggcagggaaaggaactgctgaggaaggcaaggaccataagegeccce
aaacgtccgagaaccatcttgacaactcaacagaggcgagecattcaaggectecatttgaagtate
ctccaagcecectgcaggaaggtgagagagactcetggctgcagagacagggetgagtgteecgtgteg
tccaggtgtggttccaaaaccagagagcgaagatgaagaagetggecaggegacageagecageag
cagcaagatcagcagaacacccagaggctgagcectcectgetcagacaaacggtggtgggagtgetgg
gatggaaggaatcatgaacccctacacggctctgceccaccccacagcagcetectggecatcecgage
agagtgtctacagctcagatcccecttceccgacagggtctcaccccaccccagatgectggagaccac
atgcacccttatggtgccgageccecttttccatgacctggatagecgacgacacctcecectcecagtaa
cctgggtgattgtttectagcaacctcecagaagetgggectetgcagteccagagtgggaaacceca
ttgaccatctgtactccatgcagaattettacttcacatcttga (SEQ ID NO:97)

[00386] Homo sapiens HB9 homeobox gene, (U07663) SEQ ID NO:34 (protein) and SEQ 1D
NO:98 (DNA)
MEKSKNFRIEPCWRWTPHEPPLAERATAKVTSPPVPASGTGGGGGGGGASGGTSGSCSPASSEPP
AAPADRLRAESPSPPRLLAAHCALLPKPGFLGAGGGGGGTGGGHGGPHHHAHPGAAAAAAARAARA
AAAAAGGLALGLHPGGAQGGAGLPAQAALYGHPVYGYSAAAAAAATAGQHPALSYSYPQVQGAHP
AHPADPIKLGAGTFQLDOWLRATAGMILPKMPDFNSQAQSNLLGKCRRPRTAFTSQOQLLELEHQF
KFNKYLSRPKRFEVATSIMLTETOQVKIWFONRRMKWKRSKKAKEQAAQEAEKQKGGGGGAGKGGA
EEPGAEELLGPPAPRDKGSGPPADLRDSDPEEDEDEDDEDHFPYSNGASVHAASSDCSSEDDSPP
PRPSHOPAPO (SEQ ID NO:34)
atggaaaaatccaaaaatttccgecatcgageccecctgetggeggtggaccceccceccacgagecgectet
cgcagagcgcgcegcetggecaaggtcacgtegecgecegtgecegeatcetggecaccggaggtggeg
gcggcggceggcggggcgageggecgggactageggecagetgecagecccgegtecteggagecgecyg
gctgcgececgeccgaccegectgegegecgagageccgtegecgecgegectgetggeegegecactg
cgcgetgetgeccaageegggetteetgggegegggeggeggeggeggeggeacgggeggeggge
acggggggccccaccaccacgegeatceccgggegcageggecgetgecgecgecgecgecgeccgec
gccgecgecgecgcetgggggectggegetggggetgcaceectgggggegegecagggeggcgegay
cctececcggegcecaggceggegetcetacggceccacceggtetacggetactecegeggeggeggeggegyg
ctgcgctggecgggecageacceggegetectectactegtaccegecaggtgcaaggegegeacecc
gcgcacccecgcecgaccccecatcaagetgggegecggecaccttecagetggaccagtggetgegege
gtccaccgecgggcatgatectgectaagatgeccgacttcaact (SEQ ID NO:98)

[00387] Homo sapiens LIM homeobox 3 (LHX3) (NM_178138) SEQ ID NO:35 (protein) and
SEQ ID NO:99 (DNA)
MLLETGLERDRARPGAAAVCTLGGTREIPLCAGCDQHILDRFILKALDRHWHSKCLKCSDCHTPL
AERCFSRGESVYCKDDFFKRFGTKCAACQLGIPPTQVVRRAQDEFVYHLHCFACVVCKRQLATGDE
FYLMEDSRLVCKADYETAKQREAEATAKRPRTTITAKQLETLKSAYNTSPKPARHVREQLSSETG
LDMRVVOVWFONRRAKEKRLKKDAGRORWGQYFRNMKRSRGGSKSDKDSVOEGQDSDAEVSFPDE
PSLAEMGPANGLYGSLGEPTQALGRPSGALGNFSLEHGGLAGPEQYRELRPGSPYGVPPSPAAPQ
SLPGPOPLLSSLVYPDTSLGLVPSGAPGGPPPMRVLAGNGPSSDLSTGSSGGYPDFPASPASWLD
EVDHAQF (SEQ ID NO:35)
atgctgctggaaacggggctcgagecgcgaccgagcgaggeccggggecgecgecgtetgeaccett
gggcgggactcgggagatcecccgetgtgegetggetgtgaccagecacatectggaccgetteatece
tcaaggctctggaccgccactggcacagcaagtgtetcaagtgcagegactgcecacacgecactyg
gccgagegcetgettecagecgaggggagagegtttactgecaaggacgactttttcaagegettegyg
gaccaagtgcgccgcegtgcecagcectgggcateccgeccacgcaggtggtgegecgegeccaggact
tcgtgtaccacctgcecactgetttgectgegtecgtgtgcaagecggcagetggecacgggecgacgayg
ttctacctcatggaggacagceccggcectegtgtgcaaggcggactacgaaaccgccaagcagcgaga
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ggccgaggccacggcecaagecggeegegeacgaccatcacegecaagcagetggagacgetgaaga
gcgcttacaacacctcecgeccaagcecggcgegecacgtgegegagecagetetegtecgagacggge
ctggacatgcgcgtggtgcaggtttggttccagaaccgccgggccaaggagaagaggctgaagaa
ggacgccggcecggcagegetgggggecagtatttcegecaacatgaagegetececgeggeggeteca
agtcggacaaggacagcgttcaggaggggcaggacagcgacgctgaggtcetecttececcgatgag
ccttecttggecggaaatgggeccggecaatggectetacgggagettgggggaaccecacccagge
cttgggccggcecctcecgggagecctgggcaacttectecctggagecatggaggectggecaggeccag
agcagtaccgagagctgegtceccggecageccctacggtgteccecccecateccecgecgececcgeag
agcctceccecectggecceccageccectectetecagectggtgtacccagacaccagettgggeettgt
gcccectecgggagceccceccggcecgggceccecacccatgagggtgetggcagggaacggaccecagttcetyg
acctatccacggggagcagcgggggttaccccgacttcecectgecagececegectectggetggat
gaggtagaccacgctcagttctga (SEQ ID NO:99)

[00388] Homo sapiens distal-less homeobox 2 (DLX2) (NM 004405) SEQ ID NO:36 (protein)
and SEQ ID NO:100 (DNA)
MTGVFDSLVADMHSTQIAASSTYHQHOOPPSGGGAGPGGNSSSSSSLHKPQESPTLPVSTATDSS
YYTNQOHPAGGGGGGGSPYAHMGSYQYQASGLNNVPYSAKSSYDLGYTAAYTSYAPYGTSSSPAN
NEPEKEDLEPETRIVNGKPKKVRKPRTTIYSSFQLAATQRRFOKTQYTLALPERAELAASTLGLTQTQ
VKIWFQNRRSKFKKMWKSGEIPSEQHPGASASPPCASPPVSAPASWDFGVPQRMAGGGGPGSGGS
GAGSSGSSPSSAASAFLGNYPWYHQOTSGSASHLQATAPLLHPTQTPQPHHHHHHHGGGGAPVSAG
TIF (SEQ ID NO:36)
atgactggagtctttgacagtctagtggctgatatgcactcgacccagatecgecgectecageac
gtaccaccagcaccagcagcccccecgageggeggecggegecggeccgggtggecaacagcageagea
gcagcagcctccacaagcecccaggagtcgeccacecttecggtgtceccaccgecaccgacagecage
tactacaccaaccagcagcacccggecgggecggeggceggeggecgggggetegecctacgegecacat
gggttcctaccagtaccaagceccagcecggcectcaacaacgteccttactecgecaagagcagetatyg
acctgggctacaccgcecgcectacacctectacgetecctatggaaccagttegteccecagecaac
aacgagcctgagaaggaggaccttgagectgaaattcggatagtgaacgggaagccaaagaaagt
ccggaaaccccgcaccatcetactecagtttecagetggeggetettecageggegtttecaaaaga
ctcaatacttggccttgceccggagcgagccgagetggeggectectcectgggectcacccagactecag
gtcaaaatctggttccagaaccgccecggtceccaagttcaagaagatgtggaaaagtggtgagatcecce
ctcggagcagcaccctggggecagegettetecaccttgtgettecgecgecagtetecagegecgyg
cctectgggactttggtgtgecgcageggatggecgggeggeggtggtececgggecagtggeggeage
ggcgccggcagctegggcetccageccgagcagegeggecteggettttetgggecaactaccectyg
gtaccaccagacctcgggatccgectcecacacctgecaggecacggegecgetgetgeaccecacte
agaccccgcagccecgcatcaccaccaccaccatcacggeggcgggggegecceggtgagegegggayg
acgattttctaa (SEQ ID NO:100)

[00389] Homo sapiens runt-related transcription factor 2 (RUNX2)(NM_001024630) SEQ ID
NO:37 (protein) and SEQ ID NO:101 (DNA)
MASNSLFSTVTPCQONFFWDPSTSRRFSPPSSSLOPGKMSDVSPVVAAQQQOOOOQOQQ0000000
QOOQOQOEAAAAAAAAAAAAAAAAAVPRLRPPHDNRTMVET TADHPAELVRTDSPNFLCSVLPSHW
RCNKTLPVAFKVVALGEVPDGTVVTVMAGNDENY SAETLRNASAVMKNQVARFNDLRFVGRSGRGK
SFTLTITVFTNPPQVATYHRAIKVTVDGPREPRRHROKLDDSKPSLEFSDRLSDLGRIPHPSMRVG
VPPONPRPSLNSAPSPFNPQGQSQITDPRQAQSSPPWIYDQSYPSYLSQMTSPSIHSTTPLSSTR
GTGLPAITDVPRRISDDDTATSDFCLWPSTLSKKSQAGASELGPFSDPRQFPSISSLTESRFSNP
RMHYPATFTYTPPVTSGMSLGMSATTHYHTYLPPPYPGSSQSQSGPFQTSSTPYLYYGTSSGSYQ
FPMVPGGDRSPSRMLPPCTTTSNGSTLLNPNLPNONDGVDADGSHSSSPTVLNSSGRMDESVWRP
Y (SEQ ID NO:37)
atggcatcaaacagcctcecttcagcacagtgacaccatgtcagcaaaacttettttgggatecgag
caccagccggcecgcttcageccceccectecagcagectgecageccggcaaaatgagecgacgtgagec
cggtggtggctgcgcaacagcagcagcaacagcagcagcagcaacagcagecagecagecagcagcaa
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cagcagcagcagcagcaggaggeggeggeggeggetgeggeggeggeggeggetgcggeggegge
agctgcagtgceccccecggttgcggecgecccacgacaaccgeaccatggtggagatcategecgacce
acccggccgaactcecgtcecgecaccgacagecccaacttectgtgeteggtgetgecctegecactgg
cgctgcaacaagaccctgeccgtggecttcaaggtggtagecctcecggagaggtaccagatgggac
tgtggttactgtcatggcgggtaacgatgaaaattattctgectgagctecggaatgectetgetyg
ttatgaaaaaccaagtagcaaggttcaacgatctgagatttgtgggecggagtggacgaggcaag
agtttcaccttgaccataaccgtcttcacaaatcctecccaagtagcectacctatcacagagecaat
taaagttacagtagatggacctcgggaacccagaaggcacagacagaagcttgatgactctaaac
ctagtttgttctctgaccgcecctcagtgatttagggegeattectcatcecccagtatgagagtaggt
gtcccgcectcagaacccacggecctecctgaactcetgecaccaagtecttttaatceccacaaggaca
gagtcagattacagaccccaggcaggcacagtcttccecececgecgtggtectatgaccagtettacce
cctectacctgagecagatgacgteccecgtecatecactetaccaccecegetgtettecacacgg
ggcactgggcttcectgceccatcaccgatgtgectaggegeatttcagatgatgacactgecaccte
tgacttctgectcetggecttecactetecagtaagaagagecaggcaggtgettcagaactgggec
ctttttcagaccccaggcecagtteccaagecatttcatecctecactgagagecgettctcecaaccca
cgaatgcactatccagccacctttacttacacccegecagtcacctcaggecatgtcececteggtat
gtccgccaccactcactaccacacctacctgcecaccaccctaccceccggetcectteccaaagecaga
gtggacccttccagaccagcagcactcecatatcetetactatggcacttegtcaggatectatecag
tttececatggtgeccggggggagaccggtetecttecagaatgettecgecatgecaccacecaccte
gaatggcagcacgctattaaatccaaatttgcectaaccagaatgatggtgttgacgetgatggaa
gccacagcagttcecccaactgttttgaattcectagtggcagaatggatgaatctgtttggegacceca
tattga (SEQ ID NO:101)

[00390] Homo sapiens SRY (sex determining region Y)-box 5 (SOX5) (NM_006940) SEQ ID
NO:38 (protein) and SEQ ID NO:102 (DNA)

MLTDPDLPQEFERMSSKRPASPYGEADGEVAMVT SROKVEEEESDGLPAFHLPLHVSEFPNKPHSE
EFQPVSLLTQETCGHRT PTSQHNTMEVDGNKVMS SFAPHNSSTSPQKAEEGGRQSGESLSSTALG
TPERRKGSLADVVDTLKQRKMEELTIKNEPEETPSTEKLLSKDWKDKLLAMGSGNFGEIKGTPESL
AEKERQILMGMINQLTSLREQLLAAHDEQKKLAASQIEKQROOMELAKQQQOEQIARQQQQOLLOQOH
KINLLOQOQIOVQOGOLPPIMIPVFPPDORTLAAAAQQGFLLPPGEFSYKAGCSDPYPVQLIPTTMAA
AAAATPGLGPLOLOOLYAAQLAAMOVSPGGKLPGIPQGNLGAAVIPTSIHTDKSTNSPPPKSKDE
VAQPLNLSAKPKTSDGKSPTSPTSPHMPALRINSGAGPLKASVPAATLASPSARVSTIGYLNDHDA
VTKATQEARQMKEQLRREQQVLDGKVAVVNSLGLNNCRTEKEKTTLESLTQQLAVKONEEGKFSH
AMMDFNLSGDSDGSAGVSESRIYRESRGRGSNEPHIKRPMNAFMVWAKDERRKILOAFPDMHNSN
ISKILGSRWKAMTNLEKQPYYEEQARLSKQHLEKYPDYKYKPRPKRTCLVDGKKLRIGEYKAIMR
NRROEMRQYFNVGQOQAQIPIATAGVVYPGAIAMAGMPSPHLPSEHSSVSSSPEPGMPVIQSTYGV
KGEEPHIKEEIQAEDINGEIYDEYDEEEDDPDVDYGSDSENHIAGQAN  (SEQ ID NO:38)
atgcttactgaccctgatttacctcaggagtttgaaaggatgtcttccaagegaccagectetee
gtatggggaagcagatggagaggtagccatggtgacaagcagacagaaagtggaagaagaggaga
gtgacgggctcecccagectttecacctteccttgecatgtgagtttteccaacaagectecactetgag
gaatttcagccagtttctcectgetgacgcaagagacttgtggecataggacteccacttetcagea
caatacaatggaagttgatggcaataaagttatgtcttcatttgccccacacaactecatcectacct
cacctcagaaggcagaagaaggtgggcgacagagtggcgagtceccttgtctagtacageccctggga
actcctgaacggcgcaagggcagtttagectgatgttgttgacaccttgaagcagaggaaaatgga
agagctcatcaaaaacgagccggaagaaacccecccagtattgaaaaactactcectcaaaggactgga
aagacaagcttcttgcaatgggatcggggaactttggcgaaataaaagggactcecccecgagagetta
gctgagaaagaaaggcaactcatgggtatgatcaaccagcetgaccagcectecgagagcagetgtt
ggctgcccacgatgagcagaagaaactagcectgectetecagattgagaaacagegtcagecaaatgg
agctggccaagcagcaacaagaacaaattgcaagacagcagcagcagcttetacageaacaacac
aaaatcaatttgctccagcaacagatccaggttcaaggtcagcectgecgecattaatgattecegt
attccctectgatcaacggacactggctgcagectgcecccagcaaggattectectecctecagget
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tcagctataaggectggatgtagtgaccecttaccctgttcagetgateccaactaccatggecaget
gctgccgcecagcaacaccaggcettaggeccactceccaactgecagcagttatatgetgececagetage
tgcaatgcaggtatctccaggagggaagctgccaggcataccccaaggcaaccttggtgetgetyg
tatctcctaccagcattcacacagacaagagcacaaacagcccaccacccaaaagcaaggatgaa
gtggcacagccactgaacctatcagctaaacccaagacctctgatggcaaatcacccacatcacce
cacctctecccatatgceccagetetgagaataaacagtggggcaggecccectcecaaagectetgtee
cagcagcgttagctagtcecttcagecagagttagecacaataggttacttaaatgaccatgatget
gtcaccaaggcaatccaagaagctcecggcaaatgaaggagcaactccgacgggaacaacaggtget
tgatgggaaggtggctgttgtgaatagtctgggtctcaataactgceccgaacagaaaaggaaaaaa
caacactggagagtctgactcagcaactggcagttaaacagaatgaagaaggaaaatttagceccat
gcaatgatggatttcaatctgagtggagattctgatggaagtgctggagtctcagagtcaagaat
ttatagggaatcccgagggcgtggtagcaatgaacceccacataaagegtccaatgaatgecttea
tggtgtgggctaaagatgaacggagaaagatccttcaagectttectgacatgcacaactceccaac
atcagcaagatattgggatctcgectggaaagctatgacaaacctagagaaacagccatattatga
ggagcaagcccgtctcagcaagcagecacctggagaagtaccctgactataagtacaageccaggce
caaagcgcacctgcctggtggatggcaaaaagctgcgecattggtgaatacaaggcaatcatgege
aacaggcggcaggaaatgcggcagtacttcaatgttgggcaacaagcacagatcccecattgecac
tgctggtgttgtgtaccctggagecatcgecatggectgggatgecctecectecacctgeecectegyg
agcactcaagcgtgtctagcagcccagagcectgggatgectgttatccagagecacttacggtgtyg
aaaggagaggagccacatatcaaagaagagatacaggccgaggacatcaatggagaaatttatga
tgagtacgacgaggaagaggatgatccagatgtagattatgggagtgacagtgaaaaccatattyg
caggacaagccaactga (SEQ ID N0:102)

[00391] Homo sapiens SOX6 mRNA (AF309034) SEQ ID NO:39 (protein) and SEQ ID
NO:103 (DNA)
MSSKQATSPFACAADGEDAMTQDLTSREKEEGSDQHVASHLPLHPIMHNKPHSEELPTLVSTIQQ
DADWDSVLSSQORMESENNKLCSLY SFRNTSTSPHKPDEGSRDREIMTSVTFGTPERRKGSLADV
VDTLKQKKLEEMTRTEQEDSSCMEKLLSKDWKEKMERLNTSELLGEIKGTPESLAEKERQLSTMT
TQLISLREQLLAAHDEQKKLAASQIEKQROOMDLARQOOEQIARQOCOLLOQQHKINLLOQQIQV
QGHMPPLMIPIFPHDORTLAAAAAAQQOGFLEFPPGITYKPGDNYPVOFIPSTMAAAAASGLSPLOL
QKGHASHPQINQRLKGLSDRFGRNLDTFEHGGGHSYNHKQIEQLYAAQLASMOVSPGAKMPSTPQ
PPNTAGTVSPTGIKNEKRGTSPVTQVKDEAAAQPINLSSRPKTAEPVKSPTSPTONLFPASKTSP
VNLPNKSSIPSPIGGSLGRGSSLDILSSLNSPALFGDQODTVMKATIQEARKMREQIQREQOQQQPH
GVDGKLSSINNMGLNSCRNEKERTRFENLGPQLTGKSNEDGKLGPGVIDLTRPEDAEGGATVAEA
RVYRDARGRASSEPHIKRPMNAFMVWAKDERRKI LQAFPDMHNSNISKILGSRWKSMSNQEKQPY
YEEQARLSKIHLEKYPNYKYKPRPKRTCIVDGKKLRIGEYKQIMRSRROEMROFFTVGQQPQIPT
TTGTGVVYPGAITMATTTPSPOMTSDCSSTSASPEPSLPVIQSTYGMKTDGGSLAGNEMINGEDE
MEMYDDYEDDPKSDYSSENEAPEAVSAN  (SEQ ID NO:39)
atgtcttccaagcaagccacctcectececatttgectgtgecagetgatggagaggatgcaatgaccea
ggatttaacctcaagggaaaaggaagagggcagtgatcaacatgtggcectceccatetgectetge
accccataatgcacaacaaacctcecactectgaggagcectaccaacacttgtcagtaccattcaacaa
gatgctgactgggacagcgttcectgtcatctcagcaaagaatggaatcagagaataataagttatyg
ttccctatattecttceccgaaatacctctacctcaccacataagectgacgaagggagtcgggacc
gtgagataatgaccagtgttacttttggaaccccagagcecgecgcaaagggagtettgecgatgtyg
gtggacacactgaaacagaagaagcttgaggaaatgactcggactgaacaagaggattcctcecectg
catggaaaaactactttcaaaagattggaaggaaaaaatggaaagactaaataccagtgaacttc
ttggagaaattaaaggtacacctgagagcectggcagaaaaagaacggcagcetcetceccaccatgatt
acccagctgatcagtttacgggagcagetactggcagegcatgatgaacagaaaaaactggecage
gtcacaaattgagaaacaacggcagcaaatggaccttgctcgeccaacagcaagaacagattgega
gacaacagcagcaacttctgcaacagcagcacaaaattaatctcectgcagcaacagatceccaggtt
cagggtcacatgcctceccgetcatgatcccaatttttccacatgaccageggactcectggcagecage
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tgctgctgceccaacagggattectettecccectggaataacatacaaaccaggtgataactacce
ccgtacagttcattceccatcaacaatggcagctgcectgetgettcectggactcagecctttacagete
cagaagggtcatgcctcccacccacaaattaaccaaaggctaaagggcctaagtgaccgttttgg
caggaatttggacacctttgaacatggtggtggccactcttacaaccacaaacagattgagcage
tctatgccecgetcagectggecagcatgcecaggtgtcacctggagcaaagatgecatcaactecacag
ccaccaaacacagcagggacggtctcecacctactgggataaaaaatgaaaagagagggaccagcece
tgtaactcaagttaaggatgaagcagcagcacagcectctgaatctetecateeccgaceccaagacag
cagagcctgtaaagtceccccaacgtceteccacccagaacctetteccagecagecaaaaccagecct
gtcaatctgccaaacaaaagcagcatccctagecccattggaggaagectgggaagaggatecte
tttagatatcctatctagtctcaactceccectgecctttttggggatcaggatacagtgatgaaag
ccattcaggaggcgcggaagatgcgagagcagatccagecgggagcaacagcagcaacagecacat
ggtgttgacgggaaactgtcctccataaataatatggggectgaacagectgcaggaatgaaaagga
aagaacgcgcetttgagaatttggggceccccagttaacgggaaagtcaaatgaagatggaaaactgg
gcccaggtgtcatcgaccttacteggecagaagatgcagagggaggtgecactgtggetgaagea
cgagtctacagggacgcccgeggecgtgecagecagecgagecacacattaagegaccaatgaatge
attcatggtttgggcaaaggatgagaggagaaaaatccttcaggcecttecccgacatgcataact
ccaacattagcaaaatcttaggatctcgctggaaatcaatgtccaaccaggagaagcaaccttat
tatgaagagcaggcccggctaagcaagatceccacttagagaagtacccaaactataaatacaaacc
ccgaccgaaacgcacctgeattgttgatggcaaaaagettceggattggggagtataagcaactga
tgaggtctcggagacaggagatgaggcagttctttactgtggggcaacagcecctcagattcecaate
accacaggaacaggtgttgtgtatcctggtgctatcactatggcaactaccacaccatcgecteca
gatgacatctgactgctctagcacctcggceccagcecceccggageccagectececggtecatecagagea
cttatggtatgaagacagatggcggaagcctagctggaaatgaaatgatcaatggagaggatgaa
atggaaatgtatgatgactatgaagatgaccccaaatcagactatagcagtgaaaatgaagcccce
ggaggctgtcagtgccaactga (SEQ ID NO:103)

[00392] Homo sapiens GATA binding protein 6 (GATA6) (NM_005257) SEQ ID NO:40
(protein) and SEQ ID NO:104 (DNA)
MATLTDGGWCLPKRFGAAGADASDSRAFPAREPSTPPSPISSSSSSCSRGCERGPGGASNCGTPQL
DTEAAAGPPARSLLLSSYASHPFGAPHGPSAPGVAGPGGNLSSWEDLLLFTDLDOAATASKLIWS
SRGAKLSPFAPEQPEEMYQTLAALSSQGPAAYDGAPGGFVHSAAAAAAAARAAASSPVYVPTTRVG
SMLPGLPYHILQGSGSGPANHAGGAGAHPGWPQASADSPPYGSGGGAAGGGAAGPGGAGSAAAHVS
ARFPYSPSPPMANGAAREPGGYAAAGSGGAGGVSGGGSSLAAMGGREPQYSSLSAARPLNGTYHH
HHHHHHHHPSPYSPYVGAPLTPAWPAGPFETPVLHSLQSRAGAPLPVPRGPSADLLEDLSESREC
VNCGSIQTPLWRRDGTGHYLCNACGLYSKMNGLSRPLIKPQKRVPSSRRLGLSCANCHTTTTTLW
RRNAEGEPVCNACGLYMKLHGVPRPLAMKKEGIQTRKRKPKNINKSKTCSGNSNNSIPMTPTSTS
SNSDDCSENTSPTTOQPTASGAGAPVMTGAGESTNPENSELKYSGODGLYIGVSLASPAEVTSSVR
PDSWCALALA (SEQ ID NO:40)
atggccttgactgacggeggcetggtgettgecgaagegettcecggggeegegggtgeggacgeecag
cgactccagagectttceccagegegggageectecacgecgecttececeeccatetettectegtect
cctectgeteccggggcggagagcggggecccecggeggegecagcaactgegggacgectecagete
gacacggaggcggcggccggaccceccggeccgetegetgetgetcagttectacgettegeatece
cttcggggctceccccacggaccttcggegectggggtcgecgggeccecgggggcaacctgtecgaget
gggaggacttgctgctgttcactgacctcgaccaagecgecgaccgecagcaagetgetgtggtece
agccgcggcgcecaagcectgagecccecttegecacccecgagecagecggaggagatgtaccagacectege
cgctcecteteccageccagggtecggecgectacgacggegegeccggeggettegtgecactetgegg
ccgcggceggcecagcagcecgeggeggeggecagetececeggtetacgtgeccaccacceecgegtgggt
tccatgcetgececggectaccgtaccacectgecaggggtegggecagtgggecagecaaccacgeggyg
cggcgcgggcegegecacccecggetggectcaggecteggecgacagecctecatacggecageggag
gcggcegeggetggeggeggggecgeggggectggeggegetggetcagecgeggegeacgteteg
gcgcgcttcecececctacteteccageccgeccatggceccaacggecgecgcgegggagecgggaggeta
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cgcggeggcgggceagtoggggegegggaggegtgageggegcocggeagtagectggeggecatgg
gcggcecgcgagceccecagtacagcetegetgteggeecgegeggecgctgaacgggacgtacecaccecac
caccaccaccaccaccaccaccatccgageccctactegecctacgtgggggegecactgacgec
tgcctggcececgecggaccecttecgagaccececggtgetgecacagectgcagagecgecgecggagece
cgctcecceggtgeccecggggteccagtgcagacctgetggaggacctgtecgagageecgegagtge
gtgaactgcggctecatceccagacgecgetgtggcggecgggacggecaccggecactacetgtgeaa
cgcctgcecgggcectcectacagcaagatgaacggcectcagecggeccctecatcaagecgcagaagegeg
tgccttcatcacggeggettggattgtectgtgccaactgtcacaccacaactaccaccttatgg
cgcagaaacgccgagggtgaacccgtgtgcaatgettgtggactctacatgaaactcecatggggt
gcccagaccacttgctatgaaaaaagagggaattcaaaccaggaaacgaaaacctaagaacataa
ataaatcaaagacttgctctggtaatagcaataattccattcccatgactccaacttceccacctet
tctaactcagatgattgcagcaaaaatacttcccccacaacacaacctacagectcaggggecggyg
tgcccececggtgatgactggtgegggagagagcaccaateccgagaacagegagctcaagtattegyg
gtcaagatgggctctacataggcgtcagtcectegectecgecggecgaagtecacgtectecgtgega
ccggattcctggtgegeectggecctggectga (SEQ ID NO:104)

[00393] Homo sapiens GATA binding protcin 1(GATAIL) (NM_002049) SEQ ID NO:41
(protein) and SEQ ID NO:105 (DNA)
MEFPGLGSLGTSEPLPQFVDPALVSSTPESGVFFPSGPEGLDAAASSTAPSTATAAAAALAYYRD
AEAYRHSPVFQVYPLLNCMEGIPGGSPYAGWAYGKTGLYPASTVCPTREDSPPOAVEDLDGKGST
SFLETLKTERLSPDLLTLGPALPSSLPVPNSAYGGPDFSSTFFSPTGSPLNSAAYSSPKLRGTLP
LPPCEARECVNCGATATPLWRRDRTGHYLCNACGLYHKMNGONRPLTRPKKRLIVSKRAGTQCTN
COTTTTTLWRRNASGDPVCNACGLYYKLHQVNRPLTMRKDGIQTRNRKASGKGKKKRGSSLGGTG
AAFRGPAGGFMVVAGGSGSGNCGEVASGLTLGPPGTAHLYQGLGPVVL3GPVSHIMPFPGPLLGSP
TGSFPTGPMPPTTSTTVVAPLSS (SEQ ID NO:41)
atggagttccctggectggggtcecectggggacctcagageccectceececcagtttgtggatectge
tctggtgtcecectceccacaccagaatcaggggttttetteceectetgggectgagggettggatgeag
cagcttcectcecactgcecccgagcacagecaccgctgecagetgeggeactggectactacagggac
gctgaggcectacagacactcceccagtetttcaggtgtacccattgetecaactgtatggaggggat
cccagggggcetcaccatatgecggetgggectacggcaagacggggetctacectgectcecaactyg
tgtgtcccacccecgecgaggactcetectecccaggececgtggaagatctggatggaaaaggcagecacce
agcttcecctggagactttgaagacagagcggetgagcecccagacctectgaccectgggacctgeact
gccttecatcactecctgtecccaatagtgettatgggggecctgacttttecagtaccttetttt
ctceccaccgggagecccectcaattcagecagectattecteteccaagettegtggaacteteccee
ctgcctecectgtgaggccagggagtgtgtgaactgecggagcaacagecactcecactgtggeggag
ggacaggacaggccactacctatgcaacgcectgcecggectcectatcacaagatgaatgggcagaaca
ggcccectcecateccggceccaagaagcegcectgattgtcagtaaacgggcaggtactcagtgcaccaac
tgccagacgaccaccacgacactgtggcecggagaaatgccagtggggatcecccgtgtgecaatgectyg
cggcctcectactacaagctacaccaggtgaaccggcecactgaccatgeggaaggatggtattcaga
ctcgaaaccgcaaggcatcectggaaaagggaaaaagaaacggggcetceccagtetgggaggecacagga
gcagccgaaggaccagctggtggetttatggtggtggetgggggecagecggtagegggaattgtgg
ggaggtggcttcaggcctgacactgggecccccaggtactgeccatcectetaccaaggectgggec
ctgtggtgctgtcagggcecctgttageccacctecatgectttecctggaccectactgggetcacce
acgggctccttccecccacaggeccecatgecccceccaccaccagecactactgtggtggetecgeteag
ctcatga (SEQ ID NO:105)

[00394] Homo sapiens Fli-1 proto-oncogene, ETS transcription factor (FLI1) (NM_002017)
SEQ ID NO:42 (protein) and SEQ ID NO:106 (DNA)
MDGTIKEALSVVSDDOSLFDSAYGAAAHTL.PKADMTASGSPDYGQPHKINPLPPOOQEWINQPVRVN
VKREYDHMNGSRESPVDCSVSKCSKLVGGGESNPMNYNSYMDEKNGPPPPNMTTNERRVIVPADP
TLWTQEHVROWLEWAIKEYSIMEIDTSFFONMDGKELCKMNKEDFLRATTLYNTEVLLSHLSYLR
ESSLLAYNTTSHTDQOSSRLSVKEDPSYDSVRRGAWGNNMNSGLNKSPPLGGAQTISKNTEQRPOP
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DPYQILGPTSSRLANPGSGQIQLWOFLLELLSDSANASCITWEGTNGEFKMTDPDEVARRWGERK
SKPNMNYDKLSRALRYYYDKNIMTKVHGKRYAYKFDFHGIAQALQPHPTESSMYKYPSDISYMPS
YHAHQOKVNEVPPHPSSMPVTSSSFFGAASQYWT SPTGGIYPNPNVPRHPNTHVPSHLGSYY
(SEQ ID NO:42)
atggacgggactattaaggaggctctgtcggtggtgagcecgacgaccagtcecctetttgactcecage
gtacggagcggcagcccatctecccaaggecgacatgactgecteggggagtectgactacggge
agccccacaagatcaaccceccteccaccacagcaggagtggatcaatcagecagtgagggtcecaac
gtcaagcgggagtatgaccacatgaatggatccagggagtctcecggtggactgecagegttageaa
atgcagcaagctggtgggcggaggcgagtccaaccccatgaactacaacagcectatatggacgaga
agaatggcccccctectceccaacatgaccaccaacgagaggagagtcatcecgtecceccgcagaccecce
acactgtggacacaggagcatgtgaggcaatggctggagtgggccataaaggagtacagettgat
ggagatcgacacatcctttttccagaacatggatggcaaggaactgtgtaaaatgaacaaggagg
acttcctcecgegecaccacccectetacaacacggaagtgetgttgtecacacctcagttacctecagg
gaaagttcactgctggcctataatacaacctceccacaccgaccaatcectecacgattgagtgtcaa
agaagacccttcttatgactcagtcagaagaggagcttggggcaataacatgaattcetggectceca
acaaaagtcctcceccecttggaggggcacaaacgatcagtaagaatacagagcaacggecccageca
gatccgtatcagatcctgggceccgaccagcagtcgcectagceccaaccctggaagecgggcagatceca
gctgtggcaattcectectggagcectgetecteccgacagegecaacgecagetgtatcacctgggagg
ggaccaacggggagttcaaaatgacggaccccgatgaggtggceccaggegetggggecgagceggaaa
agcaagcccaacatgaattacgacaagcectgagccgggecctecgttattactatgataaaaacat
tatgaccaaagtgcacggcaaaagatatgcttacaaatttgacttccacggcattgeccaggetce
tgcagccacatccgaccgagtegtceccatgtacaagtaccecttcectgacatcectectacatgecttece
taccatgcccaccagcagaaggtgaactttgtcecctecccatceccatectecatgectgtecactte
ctccagcecttctttggagcecgecatcacaatactggacctecececccacggggggaatctaccccaace
ccaacgtcccecceccecgecatcectaacacccacgtgecttecacacttaggecagectactactag (SEQ
ID NO:106)

[00395] Human erythroid Kruppel-like factor EKLF gene (U37106) SEQ ID NO:43 (protein)
and SEQ ID NO:107 (DNA)
MATAETALPSISTLTALGPFPDTODDFLKWWRSEEAQDMGPGPPDPTEPPLHVKSEDQPGEEEDD
ERGADATWDLDLLLTNEFSGPEPGGAPQTCALAPSEASGAQYPPPPETLGAYAGGPGLVAGLLGSE
DHSGWVRPALRARAPDAFVGPALAPAPAPEPKALALQPVYPGPGAGSSGGYFPRTGLSVPAASGA
PYGLLSGYPAMYPAPQYQGHFQLFRGLOGPAPGPATSPSFLSCLGPGTVGTGLGGTAEDPGVIAE
TAPSKRGRRSWARKRQAAHTCAHPGCGKSYTKSSHLKAHIRTHTGEKPYACTWEGCGWRFARSDE
LTRHYRKHTGQRPFRCQLCPRAFSRSDHLALHMKRHL  (SEQ ID NO:43)
atggccacagceccgagaccgcecttgecctecatcagcacactgaccgecctgggeccettececgga
cacacaggatgacttcecctcaagtggtggecgctceccgaagaggcgcaggacatgggececgggtecte
ctgaccccacggagcecgceccctceccacgtgaagtcectgaggaccagecccggggaggaagaggacgat
gagaggggcgcggacgccacctgggacctggatcectectectcaccaacttetecgggeccggagece
cggtggcecgcgcecccagacctgegetetggegeccagecgaggectececggggegeaatateegecge
cgcccgagactcectgggcegeatatgetggeggeccggggetggtggetgggettttgggtteggag
gatcactcgggttgggtgcgecctgeectgecgageccgggeteccgacgecttegtgggeccage
cctggctccagceccceccecggeccceccgageccaaggecgcectggegetgcaaccggtgtaccecggggeccyg
gcgceccggcetectegggtggectactteccgeggacecgggetttcagtgectgeggegtecgggegec
ccctacgggcetactgtceccecgggtaccceegegatgtaccecggegectcecagtaccaagggeactteca
gctcetteccgegggetcecagggaccecgegeccggtececgecacgtececectecttectgagttgtt
tgggacccgggacggtgggcactggactecggggggactgcagaggatccaggtgtgatagecgag
accgcgcecatccaagegaggecgacgttegtgggegegecaagaggecaggecagegeacacgtgege
gcacccgggttgcggcaagagctacaccaagagcteccacctgaaggcecgeatectgegecacgeaca
caggggagaagccatacgcectgcacgtgggaaggcetgeggetggagattcgegegecteggacgag
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ctgacccecgcecactaccggaaacacacggggcagcegeccctteegetgecagetetgeccacgtge
tttttcgegetctgaccacctggecttgcacatgaagecgeccacctttga (SEQ ID NO:107)
[00396] Human MyoD (X56677) SEQ 1D NO:44 (protein) and SEQ ID NO:108 (DNA)
MELLSPPLRDVDLTAPDGSLCSFATTDDFYDDPCFDSPDLRFFEDLDPRLMHVGALLKPEEHSHF
PAAVHPAPGAREDEHVRAPSGHHQAGRCLLWACKACKRKTTNADRRKAATMRERRRLSKVNEAFE
TLKRCTSSNPNQRLPKVEILRNAIRYIEGLOALLRDODAAPPGARAFYAPGPLPPGRGGEHYSGD
SDASSPRSNCSDGMMDY SGPPSGARRRNCYEGAYYNEAPSEPRPGKSAAVSSLDYLSSIVERIST
ESPAAPALLLADVPSESPPRROQEAAAPSEGESSGDPTQSPDAAPQCPAGANPNPIYQVL (SEQ
ID NO:44)
atggagctactgtcgccaccgcectcecgcecgacgtagacctgacggeccccgacggetcetetetgete
ctttgccacaacggacgacttctatgacgaccecgtgtttcgactececececggacctgegettetteg
aagacctggacccegegectgatgecacgtgggcegegetectgaaacccgaagagecactegeactte
cccecgcggceggtgcacccggcececcgggegecacgtgaggacgageatgtgegegegeccagegggea
ccaccaggcgggcecgcetgectactgtgggectgcaaggecgtgcaagegcaagaccaccaacgcecg
accgccgcaaggcecgcecaccatgegcecgageggegecgectgagcaaagtaaatgaggectttgag
acactcaagcgctgcacgtcgagcaatccaaaccageggttgeccaaggtggagatectgcegeaa
cgccatccgcectatatcgagggectgcaggetcectgetgegegaccaggacgecgcecgeccecctgygeg
cagccgcecttcectatgegecgggeccgetgecceccgggecgeggeggecgageactacageggegac
tccgacgcegtecagceccgegeteccaactgetecgacggeatgatggactacageggecceccgaqg
cggcgcccggcggcggaactgcetacgaaggcegectactacaacgaggcgeccagcgaacccagge
ccgggaagagtgcggcggtgtcecgagectagactacctgtecagecategtggagegcatectecace
gagagccctgcggcegceccgecectectgetggeggacgtgecttetgagtegectecgegecaggea
agaggctgccgcceccccagcgagggagagagcagcggcgaccccacccagtcaccggacgecgecce
cgcagtgccctgcgggtgcecgaaccccaacccgatataccaggtgetetga (SEQ ID
NO:108)

[00397] Homo sapiens NGFI-A binding protein 2 (EGR1 binding protein 2)(NAB2)
(NM_005967) SEQ ID NO:45 (protein) and SEQ ID NO:109 (DNA)
MHRAPSPTAEQPPGGGDSARRTLOPRIKPSARAMATLPRTLCGELQLYRVLORANLLSYYETFIQQOG
GDDVQOLCEAGEEEFLEIMALVGMATKPLHVRRLOKALREWATNPGLEFSQPVPAVPVSSIPLFKI
SETAGTREKGSMSNGHGS PGEKAGSARSFSPKSPLELGEKLSPLPGGPGAGDPRIWPGRSTPESDV
GAGGEEEAGSPPFSPPAGGGVPEGTGAGGLAAGGTGGGPDRLEPEMVRMVVESVERIFRSFPRGD
AGEVTSLLKLNKKLARSVGHIFEMDDNDSQKEEEIRKYSITYGRFDSKRREGKQLSLHELTINEA
AAQFCMRDNTLLLRRVELFSLSRQVARESTYLSSLKGSRLHPEELGGPPLKKLKQEVGEQSHPET
QOPPPGPESYVPPYRPSLEEDSASLSGESLDGHLQAVGSCPRLTPPPADLPLALPAHGLWSRHIL
QOTIMDEGLRLARLVSHDRVGRLSPCVPAKPPLAEFEEGLLDRCPAPGPHPALVEGRRSSVKVEA
EASRQ (SEQ ID NO:45)
atgcacagagcgccttcecccccacageccgagcageccgeccgggecggaggggacagcgeccgecggac
cctgcagcecccagactcaagceccagtgeccgagecatggecactgecteggacgetgggggagetge
agctgtaccgggtcecctgecagegegecaacctectttectactatgagaccttecatecageaggga
ggggacgacgtgcagcagctgtgtgaggecgggtgaggaggagtttectggagatcatggcacttgt
gggcatggccaccaagceccctecatgtecggegectgecagaaggcactgagagagtgggecaccea
atccagggctcttcagtcaaccagtgecctgctgttcececgtecteccagecatececcgetecttcaagatce
tctgagactgcgggtacccggaaagggagcatgagcaatgggcatggcageccaggggaaaaggce
aggcagtgcccgcagttttagecccaagagececcccttgaacttggagagaagctatcacecactge
ctgggggacctggggcaggggacccceccggatcectggeccaggecggagecacteccagagteggacgtt
ggggcaggaggagaagaggaggctggcetcgecccectteteccceceectgecagggggaggagtece
tgaggggactggggctggggggctggeageaggtgggactgggggtggtccagaccgactggage
cagagatggtacgcatggtggtggaaagtgtggagaggatcttceccggagetteccaaggggggat
gctggggaggtcacatccectgctaaagctgaataagaagcectggcacggagegttgggcacatcett
tgagatggatgataatgacagccagaaggaagaggagatccgcaaatacagcatcatctatggece
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gtttcgactctaagcggegggagggcaagcagcectcagectgecacgagetcaccatcaacgagget
gctgcccagttcectgecatgagggacaacacgcectcettattacggagagtggagetettetetttgte
ccgccaagtagcecccgagagagcacctacttgtectecttgaagggetccaggettcaccctgaag
aactgggaggccctccactgaagaagctgaaacaagaggttggagaacagagtcaccectgaaatce
cagcagcctceccececceccaggecctgagtectatgtaccecceccataccecgecccagectggaggaggacayg
cgccagectgtetggggagagtetggatggacatttgecaggectgtggggtecatgteccaaggetga
cgccgcecceccectgcetgacctgectetggecattgecageccatgggectatggagecgacacatectg
cagcagacactgatggacgaggggctgcggctcegeccgectegtecteccacgaccgegtgggecg
cctcageccecctgtgtgectgegaagcecacctetegcagagttcgaggaagggetgctggacagat
gtcctgceccecccaggaccceccatceccgegetggtggagggtcgcaggagcagcecgtgaaagtggagget
gaggccagcceggecagtga (SEQ ID NO:109)

[00398] Homo sapiens early growth response 1 (EGR1) (NM 001964) SEQ ID NO:46
(protein) and SEQ ID NO:110 (DNA)
MAAAKAEMQIMSPLOISDPFGSFPHSPTMDNYPKLEEMMLLSNGAPQFLGAAGAPEGSGSNSSSS
SSGGGGGGGGGSNSSSSSSTEFNPOQADTGEQPYEHLTAESFPDISLNNEKVLVETSYPSQTTRLPP
ITYTGRFSLEPAPNSGNTLWPEPLFSLVSGLVSMTNPPASSSSAPSPAASSASASQSPPLSCAVP
SNDSSPIYSAAPTFPTPNTDIFPEPQOSQAFPGSAGTALQYPPPAYPAAKGGFQVPMIPDYLEPQQ
QGDLGLGTPDQKPFQGLESRTQQOPSLTPLSTIKAFATQSGSQDLKATLNTSYQSQLIKPSRMRKY P
NRPSKTPPHERPYACPVESCDRRFSRSDELTRHIRIHTGOKPFQCRICMRNFSRSDHLTTHIRTH
TGEKPFACDICGRKFARSDERKRHTKIHLROQKDKKADKSVVASSATSSLSSYPSPVATSYPSPVT
TSYPSPATTSYPSPVPTSFSSPGCSSTYPSPVHSGFPSPSVATTYSSVPPAFPAQVSSEFPSSAVTN
SFSASTGLSDMTATEFSPRTIEIC (SEQ ID NO:46)
atggccgcggceccaaggccgagatgcagectgatgteceegetgcagatectetgaccececgtteggate
ctttecctecactecgeccaccatggacaactaccectaagetggaggagatgatgetgcectgagcaacy
gggctccccagttectecggecgecgecggggecccagagggcagcggcageaacagecagcagcecage
agcagcgggggcggtggaggceggcegggggcggcagcaacagcagecagcagcagecageacctteaa
cccectcaggcggacacgggcgagcagecctacgagcecacctgacecgcagagtettttectgacatet
ctctgaacaacgagaaggtgctggtggagaccagttaccccagceccaaaccactecgactgececcece
atcacctatactggceccgettttcectggagectgcacccaacagtggcaacaccttgtggeccga
gccceetcettecagettggtcagtggectagtgagcatgaccaacccaccggectectegtecteag
caccatctccagcecggectectecgectecgectececcagageccacceectgagetgegecagtgeca
tccaacgacagcagtcceccatttactcageggecacccaccttcececccacgecgaacactgacatttt
cccectgagcecacaaagccaggecttececcgggceteggcagggacagecgetcecagtaccegectectg
cctaccctgecgceccaagggtggettcecaggtteccatgatecccgactacetgtttecacageag
cagggggatctgggcctgggcecaccccagaccagaagecctteccagggcectggagagecgeaccca
gcagccttcgcectaaccectectgtctactattaaggectttgecactcagtecgggeteccaggace
tgaaggccctcaataccagctaccagtceccagctcecatcaaacccagecgeatgecgecaagtacceece
aaccggceccagcaagacgceccccccacgaacgeccttacgettgeccagtggagtectgtgateg
ccgcettetcececgetcecgacgagetcecacccecgecacateegeatecacacaggcecagaagececttee
agtgccgcatctgcatgegcaacttcagecgecagecgaccacctcaccacccacatcegecacceeac
acaggcgaaaagcccttegectgegacatetgtggaagaaagtttgeccaggagcgatgaacgeaa
gaggcataccaagatccacttgcggcagaaggacaagaaagcagacaaaagtgttgtggectett
cggccacctectetetetettectacecgtececcggttgetacctettaccecgteceecggttact
acctcttatccatccecceccggccaccacctecataccecatecccetgtgeccacctecttetectetece
cggctccectecgacctacceatceccecectgtgecacagtggettececcectecececgteggtggecaccacgt
actcctetgttcececceccecectgetttececggeccaggtecagecagettecettectecagetgtecaccaac
tceccttecagegectcecacagggettteggacatgacageaacctttteteccaggacaattgaaat
ttgctaa (SEQ ID NO:110)

[00399] Homo sapicns growth factor indcpendent 1 transcription repressor(GFIL)
(NM_005263) SEQ ID NO:47 (protein) and SEQ ID NO:111 (DNA)
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MPRSFLVKSKKAHSYHQPRSPGPDYSTLRLENVPAPSRADSTSNAGGAKAEPRDRLSPESQLTEAP
DRASASPDSCEGSVCERSSEFEDFWRPPSPSASPASEKSMCPSLDEAQPFPLPFKPYSWSGLAGS
DLRHLVQSYRPCGALERGAGLGLFCEPAPEPGHPAALYGPKRAAGGAGAGAPGSCSAGAGATAGP
GLGLYGDFGSAAAGLYERPTAAAGLLYPERGHGLHADKGAGVKVESELLCTRLLLGGGSYKCIKC
SKVFSTPHGLEVHVRRSHSGTRPFACEMCGKTFGHAVSLEQHKAVHSQERSFDCKICGKSFKRSS
TLSTHLLIHSDTRPYPCQYCGKRFHQKSDMKKHT FTHTGEKPHKCQVCGKAFSQSSNLITHSRKH
TGFKPFGCDLCGKGFQRKVDLRRHRETQHGLK  (SEQ ID NO:47)
atgccgcegcectcecatttcetegtcaaaagcaagaaggcetcacagetaccaccagecgegeteeccagg
accagactattccctecgtttagagaatgtaccggcecgectagecgagcagacageacttcaaatg
caggcggggcgaaggcggagcecccgggaccgtttgtecceccgaatecgcagectgaccgaageccca
gacagagcctceccecgcatccecccagacagectgcecgaaggcagegtectgecgaacggagectecggagtttga
ggacttctggaggcccecegtcecacccectecgegtetecagectecggagaagtcaatgtgeccatege
tggacgaagcccagcecectteeccctgectttecaaacegtactecatggageggectggegggttet
gacctgcggecacctggtgcagagcetaccgaccgtgtggggecctggagegtggegetggectggyg
cctettetgegaacccegecccecggagectggecaccecggecgegetgtacggeccgaagegggetyg
ccggcggegcgggggccggggcgccagggagetgecagegecaggggecggtgecaccgetggecct
ggcctagggctctacggecgacttcecgggtctgecggcagecgggctgtatgagaggeccacggecage
ggcgggcttgectgtaccceccgagecgtggeccacgggetgecacgcagacaagggegetggegtecaagyg
tggagtcggagctgcectgtgcaccegectgcectgetgggeggeggetectacaagtgcatcaagtge
agcaaggtgttctccacgecgcacgggectecgaggtgcacgtgegecaggteccacageggtaceag
accctttgceccectgecgagatgtgceggcaagaccttcecgggecacgeggtgagectggagecagcacaaag
ccgtgcactcecgcaggaacggagetttgactgtaagatcetgtgggaagagcettcaagaggtecatee
acactgtccacacacctgcttatccactcagacactcecggecctacccecctgtcagtactgtggceaa
gaggttccaccagaagtcagacatgaagaaacacactttcatccacactggtgagaagcctcaca
agtgccaggtgtgcggcaaggcattcagecagagctecaacctcatcacccacagcececgcecaaacac
acaggcttcaagcecectteggetgegacctetgtgggaagggtttecagaggaaggtggacctecg
aaggcaccgggagacgcagcatgggctcaaatga (SEQ ID NO:111)

[00400] Homo sapiens paired box 5 (PAX5) (NM_016734) SEQ ID NO:48 (protein) and SEQ
ID NO:112(DNA)
MDLEKNYPTPRTSRTGHGGVNQLGGVEFVNGRPLPDVVRQRIVELAHQGVRPCDISRQLRVSHGCV
SKILGRYYETGSTIKPGVIGGSKPKVATPKVVEKTIAEYKRONPTMFAWETRDRLLAERVCDNDTVP
SVSSINRIIRTKVQQPPNQPVPASSHSIVSTGSVITQVSSVSTDSAGSSYSISGILGITSPSADTN
KRKRDEGIQESPVPNGHSLPGRDFLRKOMRGDLFTQQOQOLEVLDRVFERQHYSDIFTTTEPIKPEQ
TTEYSAMASLAGGLDDMKANLASPTPADIGSSVPGPOSYPIVIGRDLASTTLPGYPPHVPPAGQG
SYSAPTLTGMVPGSEFSGSPYSHPQYSSYNDSWRFPNPGLLGSPYYYSAAARGAAPPAAATAYDR
H (SEQ ID NO:48)
atggatttagagaaaaattatccgactcctcggaccagcaggacaggacatggaggagtgaatca
gcttgggggggtttttgtgaatggacggecactcececggatgtagtecgecagaggatagtggaac
ttgctcatcaaggtgtcaggeectgecgacatcetcececaggecagettegggteagecatggttgtgte
agcaaaattcttggcaggtattatgagacaggaagcatcaagcectggggtaattggaggatccaa
accaaaggtcgccacacccaaagtggtggaaaaaatcgectgaatataaacgccaaaatccecacceca
tgtttgcctgggagatcagggaccggctgctggcagagegggtgtgtgacaatgacaccgtgect
agcgtcagttccatcaacaggatcatccggacaaaagtacagcagecacccaaccaaccagtecce
agcttccagtcacagcatagtgtccactggctceccgtgacgecaggtgtectecggtgagcacggatt
cggccggctegtegtactecatcecageggecatceccectgggecatcacgtcececceccagegecgacaccaac
aagcgcaagagagacgaaggtattcaggagtcetceceggtgecgaacggcecactegettecgggeag
agacttcctecggaagcagatgeggggagacttgttcacacagcagcagetggaggtgetggacce
gcgtgtttgagaggcagcactactcagacatcttcaccaccacagagceccatcaageccgageag
accacagagtattcagccatggcectcegetggcetggtgggectggacgacatgaaggccaatcetgge
cagccccacccectgcectgacatcgggagcagtgtgecaggeccgcagtcectacceccattgtgacaqg
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gccgtgacttggegagecacgacccecteccecgggtaceectecacacgtececcecgetggacaggge
agctactcagcaccgacgctgacagggatggtgecctgggagtgagttttecgggagtecctacag
ccaccctcagtattcectcegtacaacgactcectggaggttecccaacccggggetgecttggetecce
cctactattatagcgetgeccgeccgaggageccgecccacctgecagecgecactgectatgacegt
cactga (SEQ ID NO:112)

[00401] Homo sapiens T-cell-specific T-box transcription factor T-bet mRNA (AF241243)
SEQ ID NO:49 (protein) and SEQ ID NO:113 (DNA)
MGIVEPGCGDMLTGTEPMPGSDEGRAPGADPQHRYFYPEPGAQDADERRGGGSLGSPYPGGALVP
APPSRFLGAYAYPPRPOAAGFPGAGESFPPPADAEGYQPGEGYAAPDPRAGLYPGPREDYALPAG
LEVSGKLRVALNNHLLWSKFNQHQTEMI ITKQGRRMFPFLSFTVAGLEPTSHYRMEVDVVLVDQOH
HWRYQSGKWVQCGKAEGSMPGNRLYVHPDSPNTGAHWMRQEVSFGKLKLTNNKGASNNVTOMIVL
QSLHKYQPRLHIVEVNDGEPEAACNASNTHIFTFQETQFIAVTAYQONAEITQLKIDNNPFAKGEFR
ENFESMYTSVDTSIPSPPGPNCQFLGGDHYSPLLPNQYPVPSRFYPDLPGOAKDVVPQAYWLGAP
RDHSYEAEFRAVSMKPAFLPSAPGPTMSYYRGQEVLAPGAGWPVAPQYPPKMGPASWEFRPMRTLP
MEPGPGGSEGRGPEDQGPPLVWTEIAPIRPESSDSGLGEGDSKRRRVSPYPSSGDSSSPAGAPSP
FDKEAEGQFYNYFPN (SEQ ID NO:49)
atgggcatcgtggagccgggttgcecggagacatgctgacgggcaccgagecgatgecggggagega
Cgagggccgggcgectggegecgaccegecageacegctacttetacccggagecgggegegeagy
acgcggacgagcgtcgegggggeggcagectggggtetecctaceccggggggegecttggtgece
gceccecgecgagcecgcettecttggagectacgectacecegecgegaccececaggeggecggetteec
cggcgcgggcgagtcectteccgecgeccgeggacgecgagggctaccagecgggcgagggetacyg
ccgcecccecggacccegcegcegecgggetetacececggggecgegtgaggactacgegetacceccgeggga
ctggaggtgtcggggaaactgagggtcgecgctcaacaaccacctgttgtggtceccaagtttaatca
gcaccagacagagatgatcatcaccaagcagggacggceggatgtteccattectgtecatttactyg
tggccgggctggageccaccagcecactacaggatgtttgtggacgtggtettggtggaccageac
cactggcggtaccagagceggcaagtgggtgcagtgtggaaaggceccgagggecageatgeccaggaaa
ccgectgtacgtcecacccecggacteccccaacacaggagegecactggatgegecaggaagttteat
ttgggaaactaaagctcacaaacaacaagggggcgtceccaacaatgtgacccagatgattgtgete
cagtccctceccataagtaccagecccggctgcatategttgaggtgaacgacggagagecagaggce
agcctgcaacgcttccaacacgcatatctttactttceccaagaaacccagttcattgecgtgactyg
cctaccagaatgccgagattactcagetgaaaattgataataaccectttgeccaaaggattecgg
gagaactttgagtccatgtacacatctgttgacaccagcatccececteccececgectggacccaactyg
tcaattccttgggggagatcactactcectectetectacccaaccagtatectgttececcagecget
tctaccceccgaccttectggceccaggcgaaggatgtggttecccaggettactggetgggggecece
cgggaccacagctatgaggctgagtttcgagcagtcagcatgaagectgecattettgecctetge
ccctgggeccaccatgtectactaccgaggcecaggaggtectggcacctggagetggetggectyg
tggcaccccagtaccctceccaagatgggeccggceccagetggttceecgecctatgecggactcetgecce
atggaacccggceccctggaggcectcagagggacggggaccagaggaccagggtecceeettggtgtyg
gactgagattgcccecccatecggecggaatcecagtgattcaggactgggecgaaggagactcetaaga
ggaggcgcgtgtcecccectatectteccagtggtgacagetectecectgetggggeeectteteet
tttgataaggaagctgaaggacagttttataactattttcccaactga (SEQ ID NO:113)
[00402] Homo sapiens GATA binding protein 3 (GATA3) (NM_001002295) SEQ ID NO:50
(protein) and SEQ ID NO:114 (DNA)
MEVTADQPRWVSHHHPAVILNGQHPDTHHPGLSHSYMDAAQYPLPEEVDVLFNIDGQGNHVPPYYG
NSVRATVQRYPPTHHGSQVCRPPLLHGSLPWLDGGKALGSHHTASPWNLSPFSKTSIHHGSPGPL
SVYPPASSSSLSGGHASPHLFTFPPTPPKDVSPDPSLSTPGSAGSARQDEKECLKYQVPLPDSMK
LESSHSRGSMTALGGASSSTHHPITTYPPYVPEY SSGLEFPPSSLLGGSPTGFGCKSRPKARSSTE
GRECVNCGATSTPLWRRDGTGHY LCNACGLYHKMNGONRPLIKPKRRLSAARRAGTSCANCQTTT
TTLWRRNANGDPVCNACGLYYKLHNINRPLTMKKEGIQTRNRKMSSKSKKCKKVHDSLEDEFPKNS
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SEFNPAALSRHMSSLSHISPEFSHSSHMLTTPTPMHPPSSLSEFGPHHPSSMVTAMG (SEQ ID
NO:50)
atggaggtgacggcggaccagccgcecgctgggtgagccaccaccaccccgecgtgetcaacgggea
gcacccggacacgcaccacccecgggcectcageccactectacatggacgecggegecagtaccegetge
cggaggaggtggatgtgetttttaacatcgacggtcaaggcaaccacgteccecgecctactacgga
aactcggtcagggceccacggtgcagaggtaccctececgacccaccacgggagcecaggtgtgecgeece
gcctcetgcettecatggatcececctacectggetggacggecggcaaagecctgggeagecaccacaceyg
cctcececcectggaatcetcageccectteteccaagacgtecateccaccacggeteeeccggggeccecte
tcegtcectaccececcceceggectegtectectecttgtecggggggecacgecageccgeacctetteac
cttcccgceccacceccgeccgaaggacgtceteccecggaccecatecgetgtcecacceeccaggeteggecyg
gctcecggeccggcaggacgagaaagagtgectcaagtaccaggtgcececccectgeccgacagecatgaag
ctggagtcgtcccactecceecgtggecagecatgaccecgecctgggtggagectectegtcecgacceccacca
ccccatcaccacctacccegceectacgtgeccgagtacagetcececggactettececcecageagee
tgctgggcggctceccccaccggetteggatgecaagteccaggeccaaggeccggtecagecacagaa
ggcagggagtgtgtgaactgtggggcaacctcgaccceccactgtggeggecgagatggecacgggaca
ctacctgtgcaacgcctgegggetctatcacaaaatgaacggacagaaccggeccctcecattaage
ccaagcgaaggctgtctgcagccaggagagcagggacgtcecctgtgcgaactgtcagaccaccaca
accacactctggaggaggaatgccaatggggaccctgtectgecaatgectgtgggetectactacaa
gcttcacaatattaacagacccectgactatgaagaaggaaggcatccagaccagaaaccgaaaaa
tgtctagcaaatccaaaaagtgcaaaaaagtgcatgactcactggaggacttcececccaagaacage
tcgtttaacccggecgeccteteccagacacatgtecteectgagecacatetegececctteagececa
ctccagceccacatgctgaccacgeccacgecgatgeacceecgecatcecagectgtectttggaccac
accacccctccagcatggtcaccgecatgggttag (SEQ ID NO:114)

[00403] Homo sapiens FOXP3 (EF534714) SEQ ID NO:51 (protein) and SEQ ID NO:115
(DNA)
MPNPRPGKPSAPSLALGPSPGASPSWRAAPKASDLLGARGPGGTFQGRDLRGGAHASSSSLNPMP
PSQIQLPTLPLVMVAPSGARLGPLPHLOALLODRPHFMHQLSTVDAHARTPVLQVHPLESPAMI S
LTPPTTATGVEFSLKARPGLPPGINVASLEWVSREPALLCTFPNPSAPRKDSTLSAVPQSSYPLLA
NGVCKWPGCEKVFEEPEDFLKHCOADHLLDEKGRAQCLLOREMVQOSTEQQLVLEKEKLSAMOAHL
AGKMALTKASSVASSDKGSCCIVAAGSQGPVVPAWSGPREAPDSLFAVRRHLWGSHGNSTFPEFL
HNMDYFKFHNMRPPFTYATLIRWATLEAPEKQRTILNEIYHWFTRMFAFFRNHPATWKNATRHNTS
LEHKCFVRVESEKGAVWTVDELEFRKKRSQRPSRCSNPTPGP (SEQ ID NO:51)
atgcccaaccccaggcectggecaageccteggecccttecttggeccttggeccateeccaggage
ctcgcecccagetggagggctgcecacccaaagectecagaccectgetgggggeccggggeccagggggaa
ccttceccagggecgagatcecttecgaggeggggeccatgectectettettecttgaaccccatgececa
ccatcgcecagcectgcagetgeccacactgceccectagtcatggtggecacccteccggggcacggcetggyg
ccececttgecccacttacaggcactcectccaggacaggccacatttcatgcaccagctectcaacgg
tggatgcccacgcecccggaccectgtgetgecaggtgcacceccctggagageccagecatgatcage
ctcacaccacccaccaccgceccactggggtettetecectcaaggeceggectggecteccacetgg
gatcaacgtggccagcectggaatgggtgtccagggagecggecactgetetgeacctteccaaate
ccagtgcacccaggaaggacagcaccctttceggcectgtgecccagagetectaceccactgetggea
aatggtgtctgcaagtggcccggatgtgagaaggtcttcgaagageccagaggacttcectcaagea
ctgccaggcggaccatcttectggatgagaagggcagggcacaatgtectecteccagagagagatgg
tacagtctctggagcagcagcectggtgcectggagaaggagaagctgagtgeccatgcaggeccacctg
gctgggaaaatggcactgaccaaggcttcatctgtggecatcatcecgacaagggeteectgetgeat
cgtagctgctggcagccaaggecctgtegteccagectggtetggececcecgggaggeccctgaca
gectgtttgetgtecggaggecacctgtggggtagecatggaaacagcacatteccagagttecte
cacaacatggactacttcaagttccacaacatgcgacccectttcacctacgecacgetecatecg
ctgggccatcctggaggcectccagagaagcageggacactcaatgagatctaccactggttecacac
gcatgtttgccttcttcagaaaccatcecctgccacctggaagaacgecatceccgccacaacctgagt
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ctgcacaagtgectttgtgegggtggagagecgagaagggggcectgtgtggaccgtggatgagetgga
gttccgcaagaaacggagccagaggceccagcaggtgttcecaaccectacacctggecectga
(SEQ ID NO:115)

[00404] Human orphan receptor ROR gamma (U16997) SEQ ID NO:52 (protein) and SEQ 1D
NO:116 (DNA)
MDRAPQRQHRASRELLAAKKTHTSQIEVIPCKICGDKSSGIHYGVITCEGCKGFFRRSQRCNAAY
SCTRQOONCPIDRTSRNRCOHCRLOKCLALGMSRDAVKFGRMSKKQRDSLHAEVOKQLOOROOQOO
EPVVKTPPAGAQGADTLTYTLGLPDGQLPLGSSPDLPEASACPPGLLKASGSGPSYSNNLAKAGL
NGASCHLEYSPERGKAEGRESFYSTGSQLTPDRCGLRFEEHRHPGLGELGOGPDSYGSPSFRSTP
EAPYASLTEIEHLVQOSVCKSYRETCQLRLEDLLRORSNIFSREEVTGYQRKSMWEMWERCAHHLT
EATQYVVEFAKRLSGFMELCONDQIVLLKAGAMEVVLVRMCRAYNADNRTVFFEGKYGGMELFRA
LGCSELISSIFDFSHSLSALHFSEDEIALYTALVLINAHRPGLQEKRKVEQLQYNLELAFHHHLC
KTHRQSTILAKLPPKGKLRSLCSQHVERLQIFQHLHPIVVQAAFPPLYKELFSTETESPVGCPSDL
EEGLLASPYGLLATSLDPVPPSPFSFPMNPGGWSPPALWK  (SEQ ID NO:52)
atggacagggccccacagagacagcaccgagcectcacgggagetgetggcetgcaaagaagaccca
cacctcacaaattgaagtgatcccttgcaaaatctgtggggacaagtcgtctgggatceccactacyg
gggttatcacctgtgaggggtgcaagggcttcttecgecggagecagegetgtaacgeggectac
tcctgecaccegtcagcagaactgecccecatcgaccgcecaccageccgaaaccgatgecagecactgeceyg
cctgcagaaatgcectggegctggggatgteccgagatgetgtcaagtteggecgeatgtcecaaga
agcagagggacagcctgcecatgcagaagtgcagaaacagctgcagcagcggcaacagecageaacag
gaaccagtggtcaagacccctccagcaggggceccaaggagcagatacccectcecacctacacettggg
gctcecceccagacgggcagetgeecctgggetectegectgacctgectgaggettetgectgtecce
ctggcctcectgaaagectcaggectcectgggecctcatatteccaacaacttggeccaaggcagggete
aatggggcctcatgceccaccttgaatacagceccctgageggggcaaggcetgagggcagagagagett
ctatagcacaggcagceccagctgaccectgaccgatgtggacttegttttgaggaacacaggeatce
ctgggcttggggaactgggacagggcccagacagetacggcagecccagtttecgeagcacacecg
gaggcaccctatgectececctgacagagatagagcacctggtgcagagegtetgcaagtectacag
ggagacatgccagctgcecggctggaggacctgctgeggcagegcetccaacatetteteccgggagg
aagtgactggctaccagaggaagtccatgtgggagatgtgggaacggtgtgcccaccacctcacc
gaggccattcagtacgtggtggagttcgccaagaggctctcaggectttatggagectetgeccagaa
tgaccagattgtgcttctcaaagcaggagcaatggaagtggtgctggttaggatgtgeccgggect
acaatgctgacaaccgcacggtcttttttgaaggcaaatacggtggcatggagetgtteccgagece
ttgggctgcagcgagcectcatcagetceccatetttgactteteccactecctaagtgecttgeactt
ttccgaggatgagattgecctcetacacageccttgttetecatcaatgeccateggececagggetcee
aagagaaaaggaaagtagaacagctgcagtacaatctggagectggectttecatcatcatetcetge
aagactcatcgccaaagcatcecctggcaaagetgccacccaaggggaagettcggagectgtgtag
ccagcatgtggaaaggctgcagatcttccagcacctccaccccatecgtggtccaagecgetttee
ctccactctacaaggagcectcecttcagcactgaaaccgagtcacctgtgggetgtccaagtgacctyg
gaagagggactccttgcectctecctatggectgectggecacctececctggacceecegttecaccecte
acccttttecttteccatgaacccectggagggtggtcecccaccagetetttggaagtga (SEQ
ID NO:116)
[00405] Homo sapiens hepatocyte nuclear factor 4, alpha (HNF4A), (NM_178849) SEQ ID
NO:53 (protein) and SEQ ID NO:117 (DNA)
MRLSKTLVDMDMADYSAALDPAYTTLEFENVQVLTMGNDTSPSEGTNLNAPNSLGVSALCAICGD
RATGKHYGASSCDGCKGFFRRSVRKNHMY SCRFSRQCVVDKDKRNQCRYCRLKKCFRAGMKKEAV
ONERDRISTRRSSYEDSSLPSINALLQAEVLSROITSPVSGINGDIRAKKIASIADVCESMKEQL
IVLVEWAKYTIPAFCELPLDDOQVALLRAHAGEHLLLGATKRSMVEFKDVLLLGNDYIVPRHCPELAE
MSRVSIRILDELVLPFQELQIDDNEYAYLKATIIFFDPDAKGLSDPGKIKRLRSQVQVSLEDYIND
ROYDSRGRFGELLLLLPTLOSITWOMIEQIQFIKLFGMAKIDNLLOQEMLLGGSPSDAPHAHHPLH
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PHILMOQEHMGTNVIVANTMPTHLSNGOMSTPETPOPSPPGGSGSEPYKLLPGAVATIVKPLSAIPQ
PTITKQEVI (SEQ ID NO:53)
atgcgactctccaaaaccctcegtcgacatggacatggceccgactacagtgctgcactggacccage
ctacaccaccctggaatttgagaatgtgcaggtgttgacgatgggcaatgacacgtccccatcecaqg
aaggcaccaacctcaacgcgceccaacagectgggtgtcecagegececctgtgtgecatcectgeggggac
cgggccacgggcaaacactacggtgectecgagetgtgacggctgcaagggettettecggaggag
cgtgcggaagaaccacatgtactcecctgcagatttagecggecagtgegtggtggacaaagacaaga
ggaaccagtgccgctactgcaggctcaagaaatgcettecgggetggcatgaagaaggaagecgte
cagaatgagcgggaccggatcagcactcgaaggtcaagctatgaggacagcagectgecctececat
caatgcgctcctgcaggcggaggtcecctgteccgacagatcaccteccececcecegtetecgggatcaacy
gcgacattcgggcgaagaagattgccagecatcecgcagatgtgtgtgagtccatgaaggagecagetyg
ctggttctecgttgagtgggccaagtacatcecccagetttetgegageteccectggacgaccaggt
ggccctgcetcagagceccatgetggegageacctgetgeteggagecaccaagagatecatggtgte
tcaaggacgtgctgctcectaggcaatgactacattgteccteggecactgeccggagetggeggayg
atgagccgggtgtccatacgcatcecttgacgagcectggtgetgeccttecaggagetgcagatcega
tgacaatgagtatgcctacctcaaagccatcatcttetttgacccagatgeccaaggggectgageg
atccagggaagatcaagcggctgcegttcccaggtgcaggtgagettggaggactacatcaacgac
cgccagtatgactcgegtggecgetttggagagetgetgetgetgetgeccaccttgecagageat
cacctggcagatgatcgagcagatccagttcatcaagetcecttecggecatggeccaagattgacaacc
tgttgcaggagatgctgcectgggagggtececccagegatgecacccecatgeccacecaceccctgeac
cctcacctgatgcaggaacatatgggaaccaacgtcatcgttgeccaacacaatgeccactcecacct
cagcaacggacagatgtccacccctgagaccccacagecctecaccgecaggtggetcagggtetyg
agccctataagctcecctgecgggagcecgtecgecacaategtcaageccctetetgecatecececag
ccgaccatcaccaagcaggaagttatctag (SEQ ID NO:117)

[00406] Human signal transducer and activator of transcription Stat5SA (U43185) SEQ ID
NO:54 (protein) and SEQ ID NO:118 (DNA)
MAGWIQAQOLOGDALROMOVLYGQHFPTEVRHYLAQWIESQPWDAIDLDNPQDRAQATQLLEGLV
QELOKKAEHQVGEDGFLLKIKLRHYATOLOKTYDRCPLELVRCIRHILYNEQRLVREANNCSSPA
GILVDAMSQKHLOINQTFEELRLVTODTENELKKLOQTOEYFITQYQESTRIQAQFAQLAQLSPQ
ERLSRETALOQKOVSLEAWLOREAQTLOQOYRVELAEKHOKTLOLLRKQOTITLDDELIQWKRRQO
LAGNGGPPEGSLDVLQSWCEKLAET TWONRQQTRRAEHLCQQLPTIPGPVEEMLAEVNATITDITS
ALVTSTFIIEKQPPOVLKTQTKFAATVRLLVGGKLNVHMNPPOQVKATIISEQQAKSLLKNENTRN
ECSGEILNNCCVMEYHQATGTLSAHFRNMSLKRIKRADRRGAESVIEEKFTVLFESQFSVGSNEL
VFQVKTLSLPVVVIVHGSQDHNATATVLWDNAFAEPGRVPFAVPDKVLWPQLCEALNMKEFKAEVQ
SNRGLTKENLVEFLAQKLFNNSSSHLEDYSGLSVSWSQFNRENLPGWNYTFWQWEFDGVMEVLKKHHE
KPHWNDGAILGFVNKOOAHDLLINKPDGTFLLRFSDSEIGGITIAWKFDSPERNLWNLKPFTTRD
FSIRSLADRLGDLSYLIYVFPDRPKDEVFSKYYTPVLAKAVDGYVKPQIKQVVPEFVNASADAGG
SSATYMDQAPSPAVCPQAPYNMYPONPDHVLDODGEFDLDETMDVARHVEELLRRPMDSLDSRLS
PPAGLFTSARGSLS (SEQ ID NO:54)
atggcgggctggatccaggcccagcagetgcagggagacgcgetgegecagatgcaggtgetgta
cggccagcacttcecccatcecgaggtecggecactacttggeccagtggattgagagecagecatggg
atgccattgacttggacaatccccaggacagagcccaagccacccagcetectggagggectggtyg
caggagctgcagaagaaggcggagcaccaggtgggggaagatgggtttttactgaagatcaaget
gaggcactacgccacgcagctccagaaaacatatgaccgectgeccectggagetggtecgetgea
tcecggecacattcectgtacaatgaacagaggcectggtceccgagaagceccaacaattgcagectetecgget
gggatcctggttgacgccatgtceccagaagcaccttcagatcaaccagacatttgaggagetgeg
actggtcacgcaggacacagagaatgagctgaagaaactgcagcagactcaggagtacttcatceca
tccagtaccaggagagcecctgaggatccaagetcagtttgeccagetggeccagetgageececeag
gagcgtctgagccgggagacggcecctcecagcagaagecaggtgtetetggaggectggttgecageg
tgaggcacagacactgcagcagtaccgcgtggagctggccgagaagcaccagaagaccctgecage
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tgctgcggaagcagcagaccatcatectggatgacgagetgatceccagtggaagecggeggeageaqg
ctggccgggaacggcgggceccceccgagggecagectggacgtgectacagtectggtgtgagaagtt
ggccgagatcatctggcagaaccggcagcagatccecgcagggctgagcacctectgecagecagetge
ccatcccecceggeccagtggaggagatgetggeccgaggtcaacgecaccatcacggacattatectea
gcectggtgaccagcecacattcatcattgagaagcagectectcaggtectgaagacccagaccaa
gtttgcagccaccgtacgectgetggtgggecgggaagectgaacgtgecacatgaatceecceccagg
tgaaggccaccatcatcagtgagcagcaggccaagtcectetgettaaaaatgagaacaccegcecaac
gagtgcagtggtgagatcctgaacaactgctgcegtgatggagtaccaccaagccacgggecaccect
cagtgcccacttcaggaacatgtcactgaagaggatcaagcegtgctgaccggeggggtgcagagt
ccgtgacagaggagaagttcacagtectgtttgagtctcagttcagtgttggcagcaatgagett
gtgttccaggtgaagactctgtcececctacctgtggttgtcatcgtccacggcageccaggaccacaa
tgccacggctactgtgetgtgggacaatgectttgctgageccgggecagggtgeccatttgeegtge
ctgacaaagtgctgtggcecgcagctgtgtgaggcgetcaacatgaaattcaaggecgaagtgecag
agcaaccggggcctgaccaaggagaacctegtgttectggecgcagaaactgttcaacaacageag
cagccacctggaggactacagtggcectgtecgtgtectggteccagttcaacagggagaacttge
cgggctggaactacaccttctggcagtggtttgacggggtgatggaggtgttgaagaagecaccac
aagccccactggaatgatggggccatcectaggttttgtgaataagcaacaggcccacgacctget
catcaacaagcccgacgggaccttettgttgegetttagtgactcagaaatcgggggeatcacca
tcgectggaagtttgattcccecggaacgecaacctgtggaacctgaaaccattcecaccacgegggat
ttctccatcaggtecctggctgaccggetgggggacctgagetatetcatectatgtgtttectga
ccgcecccaaggatgaggtettetcecaagtactacactectgtgetggetaaagetgttgatggat
atgtgaaaccacagatcaagcaagtggtccecctgagtttgtgaatgecatcectgecagatgetggggge
agcagcgccacgtacatggaccaggcecccctcecccagetgtgtgecceccaggetecctataacat
gtacccacagaaccctgaccatgtactcgatcaggatggagaattcgacctggatgagaccatgg
atgtggccaggcacgtggaggaactcttacgceccgaccaatggacagtettgacteccegectceteg
cccectgecggtettttcacectetgecagaggetecctetecatga (SEQ ID NO:118)
[00407] Homo sapiens squalene epoxidase (ERG1) mRNA,(AF098865) SEQ ID NO:55
(protein) and SEQ ID NO:119 (DNA)
MWTFLGIATFTYFYKKFGDFITLANREVLLCVILVFLSLGLVLSYRCRHRNGGLLGROOSGSQFAL
FSDILSGLPFIGFFWAKSPPESENKEQLEARRRRKGTNISETSLIGTAACTSTSSONDPEVIIVG
AGVLGSALAAVLSRDGRKVTVIERDLKEPDRIVGEFLOPGGYHVLKDLGLGDTVEGLDAQVVNGY
MIHDQESKSEVQIPYPLSENNQVQSGRAFHHGRE IMSLRKAAMAEPNAKFIEGVVLQLLEEDDVV
MGVQYKDKETGDIKELHAPLTVVADGLESKFRKSLVSNKVSVSSHFVGFLMKNAPQFKANHAELT
LANPSPVLIYQISSSETRVLVDIRGEMPRNLREYMVEKIYPQIPDHLKEPFLEATDNSHLRSMPA
SFLPPSSVKKRGVLLLGDAYNMRHPLTGGGMTVAFKDIKILWRKLLKGIPDLYDDAATIFEAKKSEY
WARKTSHSEVVNILAQALYELFSATDDSLHOLRKACFLYFKLGGECVAGPVGLLSVLSPNPLVLIT
GHFFAVAIYAVYFCFKSEPWITKPRALLSSGAVLYKACSVIFPLIYSEMKYMVH (SEQ 1ID
NO:55)
atgtggacttttctgggecattgccactttecacctatttttataagaagttecggggactteateac
tttggccaacagggaggtectgttgtgegtgetggtgttectetegetgggectggtgeteteet
accgctgtcgceccaccgaaacgggggtcetectegggcecgecagcagagcggeteccagttegeecte
ttctcggatattctctcaggectgectttcattggettecttctgggeccaaatcececececctgaatce
agaaaataaggagcagctcgaggccaggaggcgcagaaaaggaaccaatatttcagaaacaaget
taataggaacagctgcctgtacatcaacatcttctcagaatgacccagaagttatcatcgtggga
gctggcgtgettggetcectgetttggecagetgtgettteccagagatggaagaaaggtgacagteat
tgagagagacttaaaagagcctgacagaatagttggagaattectgecagecgggtggttatcecatyg
ttctcaaagaccttggtcettggagatacagtggaaggtecttgatgeccaggttgtaaatggttac
atgattcatgatcaggaaagcaaatcagaggttcagattecttacectcetgtcagaaaacaatea
agtgcagagtggaagagctttccatcacggaagattcatcatgagtctecggaaagecagetatgg
cagagcccaatgcaaagtttattgaaggtgttgtgttacagttattagaggaagatgatgttgtyg
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atgggagttcagtacaaggataaagagactggagatatcaaggaactccatgcectceccactgactgt
tgttgcagatgggcttttctccaagttcaggaaaagectggtctccaataaagtttetgtateat
ctcattttgttggctttcttatgaagaatgcaccacagtttaaagcaaatcatgctgaacttatt
ttagctaacccgagtceccagttctcatctaccagatttcecatccagtgaaactcgagtacttgttga
cattagaggagaaatgccaaggaatttaagagaatacatggttgaaaaaatttacccacaaatac
ctgatcacctgaaagaaccattcecttagaagccactgacaattcetcatetgaggtecatgecagea
agcttccttectecttecatcagtgaagaaacgaggtgttettcettttgggagacgcatataatat
gaggcatccacttactggtggaggaatgactgttgcttttaaagatataaaactatggagaaaac
tgctaaagggtatccctgacctttatgatgatgcagetattttcgaggceccaaaaaatcattttac
tgggcaagaaaaacatctcattcctttgtcgtgaatatccttgectcaggctetttatgaattatt
ttctgccacagatgattccctgecatcaactaagaaaagectgttttectttatttcaaacttggtyg
gcgaatgtgttgcgggtcecctgttgggectgetttetgtattgtctectaaccctectagttttaatt
ggacacttctttgectgttgcaatctatgecgtgtatttttgetttaagtcagaaccttggattac
aaaacctcgagccecttetcagtagtggtgetgtattgtacaaagegtgttetgtaatatttecte
taatttactcagaaatgaagtatatggttcattaa (SEQ ID NO:119)

[00408] Homo sapicns cts variant 2 (ETV2/ER71), (NM_014209) SEQ ID NO:56 (protcin)
and SEQ ID NO:120 (DNA)
MDLWNWDEASPQEVPPGNKLAGLEGAKLGFCFPDLALQGDTPTATAETCWKGTSSSLASFPQLDW
GSALLHPEVPWGAEPDSQALPWSGDWTDMACTAWDSWSGASQTLGPAPLGPGPIPAAGSEGAAGQO
NCVPVAGEATSWSRAQAAGSNTSWDCSVGPDGDTYWGSGLGGEPRTDCTISWGGPAGPDCTTSWN
PGLHAGGTTSLKRYQSSALTVCSEPSPOSDRASLARCPKTNHRGPIQLWQFLLELLHDGARSSCT
RWTGNSREFQOLCDPKEVARLWGERKRKPGMNYEKLSRGLRYYYRRDIVRKSGGRKYTYRFGGRVP
SLAYPDCAGGGRGAETQ (SEQ ID NO:506)
atggacctgtggaactgggatgaggcatccccacaggaagtgectceccagggaacaagetggcagyg
gcttgaaggagccaaattaggettetgttteccecctgatetggecacteccaaggggacacgecgacayg
cgacagcagagacatgctggaaaggtacaagctcatcecctggcaagetteccacagetggactgg
ggctccgcegttactgcacccagaagttecatggggggecggageccgactetecaggetettecgtyg
gtccggggactggacagacatggegtgcacagectgggactecttggageggegectegecagacce
tgggccccecgecccectetecggeccgggeccecateccegecgecggetecgaaggegecgegggecag
aactgcgtccecccecgtggcecgggagaggcecacctegtggtecgegegeccaggecgecgggagcaacac
cagctgggactgttctgtggggecccgacggegatacctactggggecagtggectgggeggggage
cgcgcacggactgtaccatttecgtggggcgggececgegggeccggactgtaccacctectggaac
ccggggctgcecatgecgggtggeaccacctetttgaageggtaccagagetcagetetecacegtttg
ctccgaaccgagceccgcagtecggaccgtgecagtttggetecgatgecccaaaactaaccaccgag
gtcccecattcagectgtggecagttcectectggagetgetecacgacggggegegtagcagetgeate
cgttggactggcaacagcecgecgagttecagetgtgcecgaccccaaagaggtggeteggetgtgggyg
cgagcgcaagagaaagccgggcatgaattacgagaagctgagecggggcecttecgectactactate
gcecgcegacatcecgtgegecaagagecggggggcegaaagtacacgtaccgettcecgggggeegegtgece
agcectagectatceccggactgtgecgggaggecggacggggagcagagacacaataa (SEQ ID
NO:120)

[00409] Homo sapiens GATA binding protein 2 (GATA2) (NM_001145661) SEQ ID NO:57
(protein) and SEQ ID NO:121 (DNA)
MEVAPEQPRWMAHPAVLNAQHPDSHHPGLAHNYMEPAQLLPPDEVDVEFNHLDSQGNPYYANPAH
ARARVSYSPAHARLTGGOMCRPHLLHSPGLPWLDGGKAALSAAAAHHHANPWTVSPFSKTPLHPSA
AGGPGGPLSVYPGAGGGSGGGSGSSVASLTPTAAHSGSHLFGFPPTPPKEVSPDPSTTGAASPAS
SSAGGSAARGEDKDGVKYQVSLTESMKMESGSPLRPGLATMGTQPATHHPIPTYPSYVPAAAHDY
SSGLFHPGGFLGGPASSFTPKORSKARSCSEGRECVNCGATATPLWRRDGTGHY LCNACGLYHKM
NGONRPLIKPKRRLSAARRAGTCCANCOTTTTTLWRRNANGDPVCNACGLY YKLHNVNRPLTMKK
EGIQTRNRKMSNKSKKSKKGAECFEELSKCMOEKSSPEFSAAALAGHMAPVGHLPPESHSGHILPT
PTPIHPSSSLSFGHPHPSSMVTAMG (SEQ ID NO:57)
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atggaggtggcgeccgagcagecgegetggatggegecaceccggecgtgetgaatgegecageacce
cgactcacaccacccgggectggcegecacaactacatggaacccgcecgecagetgetgectceccagacg
aggtggacgtcttcttcaatcacctcgactcgcagggcaacccctactatgecaacceccgetceac
gcgcgggcegegegtcetectacageccegegecacgeccgectgaccggaggecagatgtgecgecce
acacttgttgcacagccecgggtttgecectggetggacgggggcaaagcagecectetetgecgetg
cggeccaccaccacaaccectggacegtgagecccettetecaagacgecactgeaccececteaget
gctggaggccectggaggeccactetetgtgtacccaggggetgggggtgggagecgggggaggeayg
cgggagctcagtggcectcecctcecaccectacagecageccactetggeteccacetttteggettee
cacccacgccacccaaagaagtgtcetectgaccctagecaccacgggggetgegtcetecagectea
tctteccgecggggggtagtgcagecccgaggagaggacaaggacggcgtcaagtaccaggtgtcact
gacggagagcatgaagatggaaagtggcagtccceccectgecgeccaggectagetactatgggecaccce
agcctgcectacacaccaccccatcecccecacctacccectectatgtgeeggeggetgeccacgactac
agcagcggactcttccaceccecggaggettectggggggaccggecteccagettecaceectaagea
gcgcagcaaggcetcegttectgttecagaaggecgggagtgtgtcaactgtggggecacagecaccece
ctctctggecggecgggacggcaccggcecactacctgtgecaatgectgtggectetaccacaagatg
aatgggcagaaccgaccactcatcaagcccaagcgaagactgtcecggecgeccagaagagecggeac
ctgttgtgcaaattgtcagacgacaaccaccaccttatggcgccgaaacgeccaacggggacectyg
tctgcaacgectgtggectectactacaagcectgcacaatgttaacaggecactgaccatgaagaag
gaagggatccagactcggaaccggaagatgtccaacaagtccaagaagagcaagaaaggggcecgga
gtgcttcgaggagctgtcaaagtgcatgcaggagaagtcatcecceccecttecagtgecagetgecctgg
ctggacacatggcacctgtgggceccacctceccgeccttecagecactecggacacatcectgececact
ccgacgceccatceccaccecctectecagectetectteggecaccececcacceecgtecageatggtgac
cgccatgggetag (SEQ ID NO:121)

[00410] Homo sapiens hes-related family bHLH transcription factor with YRPW motif 1
(HEY1) (NM_012258) SEQ ID NO:58 (protein) and SEQ ID NO:122 (DNA)
MKRAHPEYSSSDSELDETIEVEKESADENGNLSSALGSMSPTTSSQILARKRRRGITEKRRRDRI
NNSLSELRRLVPSAFEKQOGSAKLEKAEILOMTVDHLKMLHTAGGKGYFDAHALAMDYRSLGFREC
LAEVARYLSITEGLDASDPLRVRLVSHLNNYASQREAASGAHAGLGHIPWGTVFGHHPHIAHPLL
LPONGHGNAGTTASPTEPHHOGRLGSAHPEAPALRAPPSGSLGPVLPVVTSASKLSPPLLSSVAS
LSAFPFSFGSFHLLSPNALSPSAPTQAANLGKPYRPWGTEIGAEF  (SEQ ID NO:58)
atgaagcgagctcaccccecgagtacagcetcecctecggacagecgagetggacgagaccategaggtgga
gaaggagagtgcggacgagaatggaaacttgagttcggctctaggttccatgtccecccaactacat
cttcccagattttggceccagaaaaagacggagaggaataattgagaagcgecgacgagaccggate
aataacagtttgtctgagctgagaaggctggtacccagtgcettttgagaagcagggatcectgetaa
gctagaaaaagccgagatcecctgcagatgaccgtggatcacctgaaaatgctgcatacggcaggag
ggaaaggttactttgacgcgcacgcecceccttgetatggactatecggagtttgggatttegggaatge
ctggcagaagttgcgcgttatctgagcatcattgaaggactagatgectctgacccgettecgagt
tcgactggtttcgecatctcaacaactacgcettcecccagegggaagecgegageggegeccacgegyg
gcctcecggacacattceccectgggggaccgtetteggacatcaccegecacategegeaceecgetgttyg
ctgccccagaacggceccacgggaacgcgggeaccacggectcacccacggaaccgecaccaccaggg
caggctgggctcggcacatccggaggcegectgetttgecgagegecceectageggecagecteggac
cggtgctccctgtggtcacctcecgectccaaactgtecgecgectectgetetectcagtggectee
ctgtcggcecttececccttetetttecggetecttecacttactgteteccaatgecactgageectte
agcacccacgcaggctgcaaaccttggcaagceccctatagaccttgggggacggagatcggagett
ftttaa (SEQ ID NO:122)

[00411] Homo sapiens Hey2 (AB044755) SEQ ID NO:59 (protein) and SEQ ID NO:123
(DNA)

MKRPCEETTSESDMDET IDVGSENNYSGQSTSSVIRINSPTTTSQIMARKKRRGITEKRRRDRIN
NSLSELRRLVPTAFEKQGSAKLEKAETILOMTVDHIKMLOATGGKGYFDAHALAMDEFMSIGFRECL
TEVARYLSSVEGLDSSDPLRVRLVSHLSTCATQREAAAMTSSMAHHHHPLHPHHWAAAFHHLPAA
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LLOPNGLHASESTPCRLSTTSEVPPAHGSALLTATFAHADSALRMPSTGSVAPCVPPLSTSLLSL
SATVHAAAAAATAAAHSFPLSFAGAFPMLPPNAAAAVAAATAISPPLSVSATSSPOOTSSGTNNK
PYRPWGTEVGAF (SEQ ID NO:59)
atgaagcgcceccecctgcgaggagacgaccteccgagagcgacatggacgagaccatcgacgtggggag
cgagaacaattactcggggcaaagtactagctctgtgattagattgaattctceccaacaacaacat
ctcagattatggcaagaaagaaaaggagagggattatagagaaaaggcgtecgggatcecggataaat
aacagtttatctgagttgagaagacttgtgccaactgcttttgaaaaacaaggatctgcaaagtt
agaaaaagctgaaatattgcaaatgacagtggatcatttgaagatgcttcaggcaacagggggta
aaggctactttgacgcacacgctcttgceccatggacttcatgagcataggattccgagagtgecta
acagaagttgcgcggtacctgagctceccgtggaaggcctggactectcecggatecgetgecgggtgeg
gcttgtgtctcatctcagecacttgecgeccacccagegggaggcggecggecatgacatectecatgg
cccaccaccatcatcecegetecacccegeatcactgggecgecgecttcecaccacctgeccgecagec
ctgctccageccaacggectecatgectcagagtcaaccececttgtegectetecacaacttecaga
agtgcctcectgceccacggetcetgetetectcacggecacgtttgeccatgeggatteagecctece
gaatgccatccacgggcagcecgtcegecccectgegtgecacctetetecacctetetettgteccte
tctgccaccgtccacgecgcagcecgecagecagecaccgeggetgecacacagettecectetgtectt
cgcgggggcattceccccatgctteccceccaaacgcagcagcagcagtggececgeggecacagcecatca
gcccecgeccttgtecagtatcagecacgtceccagtectecagecagaccagcagtggaacaaacaataaa
ccttaccgaccctgggggacagaagttggagetttttaa (SEQ ID NO:123)

[00412] Homo sapiens forkhead box C1 (FOXC1) (NM_001453) SEQ ID NO:60 (protein) and
SEQ ID NO:124 (DNA)
MOARYSVSSPNSLGVVPYLGGEQSYYRAAAAAAGGGYTAMPAPMSVYSHPAHAEQYPGGMARAY G
PYTPOQPOPKDMVKPPYSYIALITMATIQONAPDKKITLNGIYQFIMDRFPFYRDNKQGWONSTIRHNL
SLNECFVEVPRDDKKPGKGSYWTLDPDSYNMFENGSFLRRRRRFKKKDAVKDKEEKDRLHLKEPP
PPGRQPPPAPPEQADGNAPGPQPPPVRIQDIKTENGTCPSPPQPLSPAAALGSGSAAAVPKIESP
DSSSSSLSSGSSPPGSLPSARPLSLDGADSAPPPPAPSAPPPHHSQGEFSVDNIMTSLRGSPOSAA
AELSSGLLASAAASSRAGIAPPLALGAYSPGOSSLYSSPCSQTSSAGSSGGGGGGAGAAGGAGGA
GCTYHCNLQAMSLYAAGERGGHLOGAPGGAGGSAVDDPLPDYSLPPVTSSSSSSLSHGGGGGGGGEG
GOEAGHHPAAHQGRLTSWYLNQAGGDLGHLASAAAARAAAAGY PGOOONFHSVREMFESQRIGLNN
SPVNGNSSCOMAFPSSQSLYRTSGAEVYDCSKE  (SEQ ID NO:60)
atgcaggcgcegctactcecegtgtccagecccecaactecctgggagtggtgecctacecteggeggega
gcagagctactaccgcgeggeggecgeggeggecgggggeggcetacaccgecatgeeggeccceca
tgagcgtgtactcgcacccectgegeacgecgagcagtacccgggeggecatggececgegectacggg
ccctacacgcecgcagcecgeageccaaggacatggtgaagecgecctatagetacategegeteat
caccatggccatccagaacgcecccggacaagaagatcaccctgaacggeatcectaccagtteatea
tggaccgcttcecceccttectaccgggacaacaagcagggcetggcagaacagcateccgeccacaaccte
tcgctcaacgagtgcttcegtcaaggtgeccgecgcgacgacaagaagecgggcaagggeagetactyg
gacgctggacccggactcecctacaacatgttcgagaacggecagettectgeggeggecggeggeget
tcaagaagaaggacgcggtgaaggacaaggaggagaaggacaggctgcacctcaaggagecgecce
ccgceccggceegecagcecceeccgeccgegecgecggagecaggecgacggeaacgegeceggtecgea
gccgcecgceccegtgegeatceccaggacatcaagaccgagaacggtacgtgecectegeecgeeccage
cccectgtcececcecggecgecgecctgggcagecggecagcgecgececgeggtgeccaagatcgagagecce
gacagcagcagcagcagcectgtccagegggagcagcceccccgggecagectgecgtcggegeggec
gctcagcectggacggtgeggattceccgegecgecgecgeccgecgecctecgeccecgecgecgeaccae
atagccagggcecttcagecgtggacaacatcatgacgtecgetgecgggggtegecgcagagecgeggec
gcggagctcagcetecggecttetggecteggeggecgegtectegegegeggggategecaccecc
gctggegeteggegectactegeeccggecagagetcecectetacageteecectgecagecagacct
ccagcgcegggcagetegggceggeggeggcggeggegegggggecgeggggggegegggeggegee
gggacctaccactgcaacctgcaagceccatgagectgtacgeggecggegagegegggggecactt
gcagggcgcgceccgggggcgegggcecggetecggecgtggacgaccccectgeccgactactetetge
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ctcecggtcecaccagcagecagctegtegtecctgagtecacggeggeggeggeggcggeggeggggaa
ggccaggaggccggcecaccaccectgeggeccaccaaggecgectecacctegtggtacctgaacca
ggcgggcggagacctgggecacttggcgagcgeggcggcggcggcggcggecgecaggectacccgy
gccagcagcagaacttceccactecggtgegggagatgttecgagtcacagaggatcggcttgaacaac
tcteccagtgaacgggaatagtagetgtcaaatggectteccttecagecagtetetgtacegeac
gtccggagcectttegtctacgactgtagcaagttttga (SEQ ID NO:124)

[00413] Homo sapiens forkhead box C2 (MFH-1, mesenchyme forkhead 1)FOXC2)
(NM_005251) SEQ ID NO:61 (protein) and SEQ 1D NO:125 (DNA)
MOARYSVSDPNALGVVPYLSEQNYYRAAGSYGGMASPMGVYSGHPEQYSAGMGRSYAPYHHHOPA
APKDLVKPPYSYIALITMAIQNAPEKKITLNGIYQFIMDRFPFYRENKQGWONSIRHNLSLNECE
VKVPRDDKKPGKGSYWTLDPDSYNMFENGSFLRRRRRFKKKDVSKEKEERAHLKEPPPAASKGAP
ATPHLADAPKEAEKKVVIKSEAASPALPVITKVETLSPESALQGSPRSAASTPAGSPDGSLPEHH
AAAPNGLPGFSVENIMTLRTSPPGGELSPGAGRAGLVVPPLALPYAAAPPAAYGQPCAQGLEAGA
AGGYQCSMRAMSLYTGAERPAHMCVPPALDEALSDHPSGPTSPLSATINLAAGQEGALAATGHHHQ
HEGHHHPQAPPPPPAPQPOPTPOPGAAAAQAASWYLNHSGDLNHLPGHTFAAQQQTFPNVREMEN
SHRLGIENSTLGESQVSGNASCQLPYRSTPPLYRHAAPYSYDCTKY (SEQ ID NO:61)
atgcaggcgcgctactcecegtgtcecgaccceccaacgecctgggagtggtgecctacctgagecgagea
gaattactaccgggctgcecgggecagcectacggcecggcatggceccagecccatgggegtetattecggece
acccggagcagtacagcgcecggggatgggcecgetectacgegecctaccaccaccaccageccgeg
gcgcctaaggacctggtgaagecgecctacagcetacategegetcatcaccatggecatecagaa
cgcgceccgagaagaagatcaccttgaacggcatctaccagttecatcatggaccgetteceettet
accgggagaacaagcagggctggcagaacagcatceccgcecacaacctcetegetcaacgagtgette
gtcaaggtgccccecgegacgacaagaagcceccggcaagggcagttactggacecctggaccecggactce
ctacaacatgttcgagaacggcagecttcecctgeggegecggeggegettcaaaaagaaggacgtgt
ccaaggagaaggaggagcgggcccacctcaaggagecgecceceggeggegtecaagggegeeecg
gccaccceccacctagcggacgeccceccaaggaggcecgagaagaaggtggtgatcaagagegagge
ggcgtccececggcgetgccggtecatcaccaaggtggagacgetgagecccgagagegegetgcagg
gcagcccgcegcagegeggectecacgeccgecggceteccececgacggetegetgecggageacceac
gccgcecggcegceccaacgggcetgectggettcagegtggagaacatcatgaccctgegaacgtegec
gccgggcggagagctgagceccgggggecggacgegegggectggtggtgecgeegetggegetge
cctacgceccgecgegecgeeccgecgectacggecagecgtgegetcagggectggaggecggggec
gccgggggctaccagtgecagecatgecgagegatgagectgtacaccggggcecgageggecggegea
catgtgcgtceccgececgecctggacgaggeccteteggaccacecgageggecccacgtegeece
tgagcgctctcaacctecgecgecggecaggagggcgegetegecgecacgggcecacecacecaceag
caccacggccaccaccacccgcaggegecgecgecceecgecggeteeccagecccagecgacgece
gcagcccggggcecgcecgeggegcaggeggectectggtatectcaaccacageggggacctgaacce
acctccceccecggcecacacgttcecgeggceccagcagcaaactttecccaacgtgcgggagatgttcaac
tcececaccggectggggattgagaactecgacccteggggagteccaggtgagtggcaatgecagetyg
ccagcectgecectacagatcecacgeegectetetategecacgecagecececctactectacgactgea
cgaaatactga (SEQ ID NO:125)

[00414] SEQ ID NO:62: Homo sapiens SRY (sex determining region Y)-box 7 (SOX7)
NM 031439 SEQ ID NO:62 (protein) and SEQ ID NO:126 (DNA)
MASLLGAYPWPEGLECPALDAELSDGQSPPAVPRPPGDKGSESRIRRPMNAFMVWAKDERKRLAV
QNPDLHNAELSKMLGKSWKALTLSQKRPYVDEAERLRLOHMODYPNYKYRPRRKKQAKRLCKRVD
PGFLLSSLSRDONALPEKRSGSRGALGEKEDRGEYSPGTALPSLRGCYHEGPAGGGGGGTPSSVD
TYPYGLPTPPEMSPLDVLEPEQTFFSSPCQEEHGHPRRIPHLPGHPYSPEYAPSPLHCSHPLGSL
ALGQSPGVSMMSPVPGCPPSPAYYSPATYHPLHSNLOAHLGOLSPPPEHPGFDALDQLSQVELLG
DMDRNEFDQYLNTPGHPDSATGAMALSGHVPVSQVTPTGPTETSLISVLADATATYYNSYSVS
(SEQ ID NO:62)



104

atggcttcgctgctgggagcectacccttggececgagggtetecgagtgececggeectggacgecga
gctgtcggatggacaatcgecgecggecgtececceggeccecgggggacaagggctecgagagec
gtatccggcggcccatgaacgecttcatggtttgggccaaggacgagaggaaacggctggeagtyg
cagaacccggacctgcacaacgccgagctcagcaagatgetgggaaagtecgtggaaggegetgac
gctgtcecccagaagaggccgtacgtggacgaggceggageggetgegectgcagecacatgcaggact
accccaactacaagtaccggceccgcgcaggaagaagcaggccaagcggectgtgcaagegegtggac
ccgggcttecttetgageteecteteccgggaccagaacgecctgeccggagaagagaageggcag
ccggggggcgctgggggagaaggaggacaggggtgagtactceeecggecactgeccctgeccagece
tccggggcetgetaccacgaggggecggetggtggtggeggeggeggcaccecgageagtgtggac
acgtacccgtacgggctgcecccacacctcectgaaatgtetececctggacgtgctggagecggagea
gaccttcttectectececcecctgecaggaggagecatggeccateccecgecgecateecececacctgecag
ggcacccgtactcaccggagtacgcecccaagecctetecactgtagecaccceectgggetecectg
gcecttggecagtcececcececggegtetecatgatgtececcctgtacceggetgtecececatetectge
ctattactccccggceccacctaccacccactccactceccaaccteccaagcecccacctgggecagettt
ccecegcectectgagecacccectggettecgacgcectggatcaactgagecaggtggaactectgggg
gacatggatcgcaatgaattcgaccagtatttgaacactcctggccacccagactceccgeccacagg
ggccatggceccectcecagtgggeatgttccggtcteccaggtgacaccaacgggtcccacagagaccea
gcctecatcteecgtectggetgatgecacggecacgtactacaacagectacagtgtgteatag
(SEQ ID NO:126)

[00415]  Homo sapiens SOX18 (AB033888) SEQ ID NO:63 (protein) and SEQ ID NO:127
(DNA)
MORSPPGYGAQDDPPARRDCAWAPGHGAAADTRGLAAGPAALAAPAAPASPPSPQRSPPRSPEPG
RYGLSPAGRGERQAADESRIRRPMNAFMVWAKDERKRLAQQONPDLHNAVLSKMLGKAWKELNAAE
KRPFVEEAERLRVQHLRDHPNYKYRPRRKKQARKARRLEPGLLLPGLAPPQPPPEPFPAASGSAR
AFRELPPLGAEFDGLGLPTPERSPLDGLEPGEAAFFPPPAAPEDCALRPFRAPYAPTELSRDPGG
CYGAPLAEALRTAPPAAPLAGLYYGTLGTPGPYPGPLSPPPEAPPLESAEPLGPAADLWADVDLT
EFDQYLNCSRTRPDAPGLPYHVALAKLGPRAMSCPEESSLISALSDASSAVYYSACISG (SEQ
ID NO:63)
atgcagagatcgccgececggetacggegecacaggacgacccgeccgeecgecgegactgtgeatyg
ggccecegggacacggggecgecegetgacacgcgeggectegeegecggeccecgecgeectegecy

cgcccgeegegeccgectegecgeccageeccgecagegecagtecceegegcagecccgagecgggyg

CA 2934065 2019-04-30



105

cgctatggectcageceggccggecgeggggaacgecaggeggecagacgagtegegecateeggeg
gcccatgaacgcecttcatggtgtgggcaaaggacgagegcaageggcetggctcagecagaacccgg
acctgcacaacgcggtgctcagcaagatgctgggcaaagegtggaaggagctgaacgeggeggag
aagcggcccttecgtggaggaagcegaacggctgegegtgcagecacttgecgegaccaccccaacta
caagtaccggccgcgecgcaagaagcaggcgcgcaaggcccggeggetggageceggectectge
tccecgggattagegcecccececgecagcecaccgeccgagecttteececegeggegtetggeteggetege
gccttecgegagctgeccecegetgggcgecgagttegacggectggggctgeccacgeccgageyg
ctcgeccectcectggacggectggagcecccggecgaggetgecttetteccacecgececgeggegeccgagy
actgcgecgetgeggeccttceecgegegecctacgegeccaccgagttgtcgegggaccecggeggt
tgctacggggctcececcctggecggaggcegetcaggaccgegececececgeggegeecgetegetggecet
gtactacggcaccctgggcacgccceggceccgtacceccececggeccgetgtegecgeegeccgaggece
cgccgctggagagcgccgagecgctggggeccgceegeegatetgtgggecgacgtggacctceacce
gagttcgaccagtacctcaactgcagccggactcggececcgacgeccecgggeteccecgtaccacgt
ggcactggccaaactgggcecccgegcecgcecatgtectgeccagaggagagcagectgatcectecegege
tgtcggacgccagcagegeggtctattacagegegtgecatectecggetag (SEQ ID NO:127)
[00416] The compositions and methods described herein are presently representative of
preferred embodiments, exemplary, and not intended as limitations on the scope of the invention.
Changes therein and other uses will occur to those skilled in the art. Such changes and other uses

can be made without departing from the scope of the invention as set forth in the claims.

CA 2934065 2019-04-30
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CLAIMS

1. A pharmaceutical composition for use in treating cancer by in vivo administration of the
pharmaceutical composition to a subject in need thereof, comprising:
protein transduction reagent-modified reprogramming proteins,-Sox2, Oct4 and Nanog,
wherein the protein transduction reagent is non-covalently bound to the reprogramming
proteins and wherein the protein transduction reagent comprises polyethylenimine and a
lipid, wherein the lipid is selected from the group consisting of: N-1 (-(2,3-
dioleyloxy)propyl-N,N,N-trimethyl-ammonium chloride (DOTMA), dioctadecylamido-
glycylspermine (DOGS), 1,2-dioleoyl-3-trimethylammonium-propane (DOTAP), 1,2-
dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC), and 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPE).

2. The pharmaceutical composition for use in treating cancer of claim 1, wherein the subject

has a brain tumor or breast cancer.

3. Use of protein transduction reagent-modified reprogramming proteins, Sox2, Oct4 and
Nanog, to treat cancer in a subject in need thereof by in vivo administration of the protein
transduction reagent-modified reprogramming proteins, wherein the protein transduction
reagent is non-covalently bound to the reprogramming proteins, wherein the protein
transduction reagent comprises polyethylenimine and a lipid, wherein the lipid is selected
from the group consisting of: N-1(-(2,3-dioleyloxy)propyl-N,N,N-trimethyl-ammonium
chloride (DOTMA), dioctadecylamido-glycylspermine (DOGS), 1,2-dioleoyl-3-
trimethylammonium-propane (DOTAP), 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine
(DOPE), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), and 1,2-
dimyristoyl-sn-glycero-3-phosphocholine (DMPE).

4, The use of claim 3, wherein the subject has a brain tumor or breast.

Date Recue/Date Received 2022-07-21
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5. The pharmaceutical composition for use in treating cancer of any one of claims 1 or 2
wherein the protein transduction reagent is selected from the group consisting of: QQ 1 a,
QQ2a, QQ3a, QQ4a, QQS5a, QQ6a, QQ7a, QQ8a and QQ9a as shown in Table A:

Table A

Protein transduction PEIMw1,200 PEIMw2000 | PEIMw4000 | PEIMw8000 | DOTAP or | DOPE or | POPC DMPE
reagent (QQ reagent) DOTMA DOGS

QQla 50-1000pg/ml | - - - 25-100pg/ml 25-100pg/ml | - -

QQ2a 50-1000pg/ml | - 20-200pg/ml | - 25-100pg/ml 25-100pg/ml | - B

QQ3a 50-1000pg/ml | - 20-200pg/ml | 20-200pg/ml | 25-100pg/ml 25-100pg/ml | - -

QQda 50-1000pg/ml | 20-200pg/ml | - 20-200pg/ml | 25-100pg/mi 25-100pg/ml | - -

QQ5z 50-1000pg/ml | 20-200pg/ml | 20-200pg/ml | 20-200pg/ml | 25-100pg/ml 25-100pg/ml | - -

QQ6a 50-1000pg/ml | 20-200pg/ml | 20-200pg/ml | 20-200pg/ml | - - 25-100pg/ml | 25-100pg/ml
QQ7a 50-1000pg/ml | 20-200pg/ml | 20-200pg/ml | 20-200pg/ml | 25-100pg/ml 25-100pg/ml | 25-100pg/ml | 25-100pg/ml
QQ8z 50-1000pg/ml | - - 20-200pg/ml | 25-100pg/ml 25-100pg/ml | 25-100pg/ml | 25-100pg/ml
QQYa 50-1000pg/ml | - 20-200pg/ml | 20-200pg/ml | - - 25.100pg/ml | 25-100pg/ml

6. The use of any one of claims 3 or 4, wherein the protein transduction reagent-modified
reprogramming protein is a reprogramming protein non-covalently bound to a protein
transduction reagent selected from the group consisting of: QQla, QQ2a, QQ3a, QQ4a,
QQ5a, QQ6a, QQ7a, QQ8a and QQ9a as shown in Table A:

Table A

Protein transduction PEIMw1,200 PEI Mw2000 | PEIMw4000 | PEIMw8000 | DOTAP or | DOPE or | POPC DMPE
reagent (QQ reagent) DOTMA DOGS

QQlz 50-1000pg/ml | - - . 25-100pg/ml 25-100pg/ml | - -

QQ2a 50-1000pg/ml | - 20200pg/ml | - 25-100pg/ml 25-100pg/ml | - N

QQ3a 50-1000pg/ml | - 20-200pg/ml | 20-200pg/ml | 25-100pg/ml 25-100pg/ml | - -

QQ4z 50-1000pg/ml | 20-200pg/ml | - 20-200pg/ml | 25-100pg/ml 25-100pg/ml | - -

QQ5a 50-1000pg/ml | 20-200pg/ml | 20-200pg/ml | 20-200pg/ml | 25-100pg/ml 25-100pg/ml | - B

QQ6a 50-1000pg/ml | 20-200pg/ml | 20-200pg/ml | 20-200pg/ml | - - 25-100pg/ml | 25-100pg/ml
QQTz 50-1000pg/ml | 20-200pg/ml | 20-200pg/ml | 20-200pg/ml | 25-100pg/ml 25-100pg/ml | 25-100pg/ml | 25-100pg/ml
QQ8a 50-1000pg/ml | - . 20-200pg/ml | 25-100pg/ml 25.100pg/ml | 25-100pg/ml | 25-100pg/ml
QQ9a 50-1000pg/ml | - 20-200pg/ml | 20-200pg/ml | - - 25-100pg/ml | 25-100pg/ml

Date Recue/Date Received 2022-07-21
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7. The pharmaceutical composition according to any one of claims 1, 2 and 5, wherein the

pharmaceutical composition is for systemic administration.

8. The pharmaceutical composition according to claim 7, wherein the systemic

administration is intravenous injection.

9. The pharmaceutical composition according to any one of claims 1, 2 and 5, wherein the

pharmaceutical composition is for local administration.

10.  The pharmaceutical composition according to any one of claims 1,2, 5 and 7, further

comprising an additional therapeutic agent.

11.  The pharmaceutical composition according to claim 10, wherein the additional
therapeutic agent is a chemical compound, a biological macromolecule, an antibody, or a

combination thereof.

12.  The use according to any one of claims 3, 4 and 6, wherein the protein transduction

reagent-modified reprogramming protein is for systemic administration.

13.  The use according to claim 12, wherein the systemic administration is intravenous
injection.
14.  The use according to any one of claims 3, 4 and 6, wherein the protein transduction

reagent-modified reprogramming protein is for local administration.

15.  The use according to any one of claims 3, 4, 6 and 12-14, further comprising an

additional therapeutic agent.

16.  The use according to claim 15, wherein the additional therapeutic agent is a chemical

compound, a biological macromolecule, an antibody, or a combination thereof.

Date Recue/Date Received 2022-07-21
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17.  The pharmaceutical composition or use according to any one of claims 1-16, wherein one

or more of Sox2, Oct4 and Nanog is an undenatured protein.

18.  The pharmaceutical composition or use according to any one of claims 1-16, wherein one

or more of Sox2, Oct4 and Nanog is a denatured protein.

Date Recue/Date Received 2022-07-21
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