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METHODS OF GENERATING MATURE HEPATOCYTES

RELATED APPLICATIONS
1] The instant application claims the benefit under 35 U.S.C. § 119(e) of U.S.
Provisional Application Serial No. 63/185,735, filed May 7, 2021, entitled “METHODS OF
GENERATING MATURE HEPATOCYTES,” the entire contents of which are expressly

incorporated herein by reference.

FIELD OF THE INVENTION
[2] The present invention relates to methods of generating mature hepatocytes, and
compositions thereof.
BACKGROUND
[3] Hepatocytes are responsible for drug metabolism and control of xenobiotic

elimination from the body (Gebhardt et al., 2003, Drug Metab Rev 35, 145-213 ; and Hewitt
et al., 2007, Drug Metab Rev 39, 159-234). Due to their critical function in the detoxification
of drugs, xenobiotics as well as endogenous substrates, hepatocytes are used in drug toxicity
screening and development programs. Human primary hepatocytes, however, quickly lose
their functions when cultured in vitro. Moreover, the drug metabolic ability of human
primary hepatocytes exhibits a significant difference between different individuals (Byers ef
al., 2007, Drug Metab Lett 1, 91-95).

[4] In addition to providing new platforms for drug testing, hepatocytes offer potential
new therapies for patients with liver disease. Although liver transplantation provides an
effective treatment for end-stage liver disease, a shortage of viable donor organs limits the
patient population that can be treated with hepatocytes (Kawasaki et al., 1998, Ann Surg 227,
269-274; and Miro et al., 2006, J Hepatol 44, 5140-145). Hepatocyte transplantation and bio-
artificial liver devices developed with hepatocytes represent alternative life-saving therapies
for patients with specific types of liver disease. Given the important functional roles of
hepatocytes, and the fact that individuals can differ in their ability to metabolize a particular
drug, there is a need for access to mature and functional hepatocytes.

[5] Reproducible and efficient generation of mature hepatocytes has been challenging to
date, due to the fact that the regulatory pathways that control hepatocyte maturation are

poorly understood. Almost all approaches have attempted to recapitulate the key stages of
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liver development in differentiation cultures, including the induction of definitive endoderm,
the specification of the endoderm to a hepatic fate, and the generation of hepatic progenitors.
While these early differentiation steps are reasonably well-established, conditions that
promote the maturation of the hepatocytes are not well-understood. Further, the populations
produced with the different protocols vary considerably in their maturation status and
represent immature hepatocytes.

[6] Accordingly, there is a need in the art for simple and effective methods for producing

mature hepatocytes.

SUMMARY
[7] The present invention meets this need in the art by providing efficient and effective
methods for producing mature hepatocytes by increasing expression of at least one
transcription factor selected from the group consisting of Nuclear Factor I X (NFIX) and
Nuclear Factor I C (NFIC) in immature hepatocytes. In one aspect, the invention provides
novel and effective methods for generating mature hepatocytes by increasing expression of at
least one transcription factor selected from the group consisting of Nuclear Factor I X (NFIX)
and Nuclear Factor I C (NFIC) in immature hepatocytes.
8] The methods of the invention are both simple, efficient and effective, and result in the
production of mature hepatocytes that can be used for a variety of applications disclosed
herein, for example, treatment of liver diseases.
91 In one aspect, the invention provides a method of generating mature hepatocytes, the
method comprising increasing expression of at least one transcription factor selected from the
group consisting of Nuclear Factor I X (NFIX) and Nuclear Factor I C (NFIC), in immature
hepatocytes, thereby generating mature hepatocytes.
[10] In some embodiments, the transcription factor is NFIX.
[11] In some embodiments, the transcription factor is NFIC.
[12] In some embodiments, the transcription factor is NFIX and NFIC.
[13] In some embodiments, the NFIC is at least one alternatively spliced NFIC variant
selected from the group consisting of NFIC, transcript variant 1; NFIC, transcript variant 2;
NFIC, transcript variant 3; NFIC, transcript variant 4; and NFIC, transcript variant 5. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1. In some

embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 3. In some
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embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1 and NFIC,
transcript variant 3.

[14] In some embodiments, the method further comprises increasing expression of one or
more transcription factors selected from the group consisting of RORC, NROB2, ESR1,
THRSP, TBX15, HLF, ATOHS, NR112, CUX2, ZNF662, TSHZ2, ATF5, NFIA, NFIB,
NPAS2, FOS, ONECUT2, PROX1, NR1H4, MLXIPL, ETV1, AR, CEBPB, NR1DI1, HEY2,
ARID3C, KLF9, and DMRTALI in the immature hepatocytes.

[15] In some embodiments, the method further comprises culturing the immature
hepatocytes in a culture media comprising dexamethasone, 8-Bromoadenosine 3", 5'-cyclic
monophosphate (8-Br-cAMP), or a combination thereof. In some embodiments, the culturing
is performed for at least 2, 3, 4, 5, 6, 7, 8 or 9 days. In some embodiments, the concentration
of 8-Br-cAMP is at least 0.1 mM, 0.2 mM, 0.4 mM, 0.6 mM, 0.8 nM or 1 mM. In some
embodiments, the concentration of dexamethasone is at least 5 nM, 10 nM, 20 nM, 40 nM, 60
nM, 80 nM or 100 nM.

[16] In some embodiments, increasing the expression of the at least one transcription
factor in the immature hepatocytes comprises contacting the immature hepatocytes with the at
least one transcription factor.

[17] In some embodiments, the immature hepatocytes comprise an expression vector
comprising a nucleic acid encoding the at least one transcription factor. In some embodiments,
the expression vector is a viral vector. In some embodiments, the expression vector is a non-
viral vector. In some embodiments, the expression vector is an inducible expression vector. In
some embodiments, the expression vector comprises a promoter operably linked to a nucleic
acid encoding the at least one transcription factor. In some embodiments, the promoter is an
endogenous promoter. In some embodiments, the promoter is an artificial promoter. In some
embodiments, the promoter is an inducible promoter.

[18] In some embodiments, increasing the expression of the at least one transcription
factor in the immature hepatocytes comprises transduction of immature hepatocytes with a
viral vector encoding the at least one transcription factor.

[19] In some embodiments, increasing the expression of the at least one transcription
factor in the immature hepatocytes comprises transfection of immature hepatocytes with an
expression vector encoding the at least one transcription factor.

[20] In some embodiments, the immature hepatocytes are cultured for at least 2, 3,4 or 5

days before increasing the expression of the at least one transcription factor.
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[21] In some embodiments, the immature hepatocytes are cultured for at least 2, 3, 4, 5, 6,
7, 8 or 9 days after increasing the expression of the at least one transcription factor.

[22] In some embodiments, increasing the expression of NFIX comprises an increase of at
least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold,
200-fold, 500-fold, 1,000-fold, or 10,000-fold relative to endogenous expression levels of
NFIX in the immature hepatocytes.

[23] In some embodiments, increasing the expression of NFIC comprises an increase of at
least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold,
200-fold, 500-fold, 1000-fold, or 10,000-fold relative to endogenous expression levels of
NFIC in the immature hepatocytes.

[24] In some embodiments, the mature hepatocytes exhibit an increased expression of
albumin (ALB), cytochrome P450 enzyme 1A2 (CYP1A2), cytochrome P450 enzyme 3A4
(CYP3A4), tyrosine aminotransferase (TAT), and/or UDP-glucuronosyltransferase 1A-1
(UGT1A1) relative to immature hepatocytes. In some embodiments, the increased expression
of CYP1A2 comprises an increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-
fold, 500-fold, 1,000-fold, 2,000-fold, 5,000-fold, or 10,000-fold relative to immature
hepatocytes. In some embodiments, the increased expression of CYP3A4 comprises an
increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-fold,
2,000-fold, 5,000-fold, or 10,000-fold relative to immature hepatocytes. In some
embodiments, the increased expression of TAT comprises an increase of at least 2-fold, 5-
fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-fold, 2,000-fold, 5,000-fold, or
10,000-fold relative to immature hepatocytes. In some embodiments, the increased
expression of UGT1A1 comprises an increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-
fold, 500-fold, 1,000-fold, 2,000-fold, 5,000-fold, or 10,000-fold relative to immature
hepatocytes.

[25] In some embodiments, the mature hepatocytes exhibit a decreased expression of alpha
fetoprotein (AFP) relative to immature hepatocytes. In some embodiments, the decreased
expression of AFP comprises a decrease of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold,
3-fold, or 4-fold relative to immature hepatocytes.

[26] In some embodiments, the mature hepatocytes exhibit an increased secretion of
albumin (ALB), a decreased secretion of AFP, and/or an increased activity of CYP1A2,
relative to immature hepatocytes. In some embodiments, the increased secretion of ALB

comprises an increase of at least 5%, 10%, 15%, 20% or 25% relative to immature
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hepatocytes. In some embodiments, the decreased secretion of AFP comprises a decrease of
at least 5%, 10%, 20%, 40%, or 60% relative to immature hepatocytes. In some embodiments,
the increased activity of CYP1A2 comprises an increase of at least 2-fold, 5-fold, 10-fold,
50-fold, 100-fold, 200-fold, or 400-fold relative to immature hepatocytes.

[27] In some embodiments, increasing the expression of the at least one transcription
factor shifts the transcriptome of immature hepatocytes towards the transcriptome of mature
hepatocytes by at least 1%, 5%, 10%, 20%, 30%, 40%, or 50%.

[28] In some embodiments, the immature hepatocytes are derived from pluripotent stem
cells. In some embodiments, the pluripotent stem cells are embryonic stem cells or induced
pluripotent stem cells.

[29] In some embodiments, increasing the expression of the at least one transcription
factor in the immature hepatocytes comprises use of a gene switch construct encoding the at
least one transcription factor. In some embodiments, the gene switch construct is a
transcriptional gene switch construct or a post-transcriptional gene switch construct.

[30] In some embodiments, the expression vector further comprises a self-cleaving
sequence.

[31] In some embodiments, NFIX comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence encoded by the nucleotide sequence as set forth in SEQ ID NO: 1.

[32] In some embodiments, NFIC comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence encoded by any one of the nucleotide sequences of SEQ ID NO: 2 to SEQ ID NO: 6.
[33] In some embodiments, NFIX comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence set forth in SEQ ID NO: 40.

[34] In some embodiments, NFIC comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to any one of the
amino acid sequences set forth in SEQ ID NO: 41 — SEQ ID NO: 45.
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[35] In another aspect, the invention provides a method of generating pluripotent stem cell-
derived mature hepatocytes, the method comprising: (a) differentiating pluripotent stem cells
to immature hepatocytes, wherein the pluripotent stem cells comprise an expression vector
comprising a nucleic acid encoding the at least one transcription factor selected from the
group consisting of Nuclear Factor I X (NFIX) and Nuclear Factor I C (NFIC), and (b)
increasing expression of the at least one transcription factor from the expression vector in the
immature hepatocytes, thereby generating mature hepatocytes.

[36] In some embodiments, the pluripotent stem cells are embryonic stem cells.

[37] In some embodiments, the pluripotent stem cells are induced pluripotent stem cells.
[38] In some embodiments, the immature hepatocytes comprise hepatoblasts.

[39] In some embodiments, the immature hepatocytes comprise hepatic stem cells.

[40] In some embodiments, the transcription factor is NFIX.

[41] In some embodiments, the transcription factor is NFIC.

[42] In some embodiments, the transcription factor is NFIX and NFIC.

[43] In some embodiments, the NFIC is at least one alternatively spliced NFIC variant
selected from the group consisting of NFIC, transcript variant 1; NFIC, transcript variant 2;
NFIC, transcript variant 3; NFIC, transcript variant 4; and NFIC, transcript variant 5. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 3. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1 and NFIC,
transcript variant 3.

[44] In some embodiments, the method further comprises increasing expression of one or
more transcription factors selected from the group consisting of RORC, NROB2, ESR1,
THRSP, TBX15, HLF, ATOHS, NR112, CUX2, ZNF662, TSHZ2, ATF5, NFIA, NFIB,
NPAS2, FOS, ONECUT2, PROX1, NR1H4, MLXIPL, ETV1, AR, CEBPB, NR1DI1, HEY2,
ARID3C, KLF9, and DMRTALI in the immature hepatocytes.

[45] In some embodiments, the method further comprises culturing the immature
hepatocytes in a culture media comprising dexamethasone, 8-Bromoadenosine 3", 5'-cyclic
monophosphate (8-Br-cAMP), or a combination thereof. In some embodiments, the culturing
is performed for at least 2, 3, 4, 5, 6, 7, 8 or 9 days. In some embodiments, the concentration
of 8-Br-cAMP is at least 0.1 mM, 0.2 mM, 0.4 mM, 0.6 mM, 0.8 nM or 1 mM. In some
embodiments, the concentration of dexamethasone is at least 5 nM, 10, nM, 20 nM, 40 nM,

60 nM, 80 nM or 100 nM.
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[46] In some embodiments, the immature hepatocytes comprise the expression vector
comprising the nucleic acid encoding the at least one transcription factor.

[47] In some embodiments, the expression vector is a viral vector.

[48] In some embodiments, the expression vector is a non-viral vector.

[49] In some embodiments, the expression vector is an inducible expression vector.

[50] In some embodiments, the expression vector comprises a promoter operably linked to
a nucleic acid encoding the at least one transcription factor. In some embodiments, the
promoter is an endogenous promoter. In some embodiments, the promoter is an artificial
promoter. In some embodiments, the promoter is an inducible promoter.

[51] In some embodiments, increasing the expression of the at least one transcription
factor in the immature hepatocytes comprises inducing expression of the at least one
transcription factor in the immature hepatocytes. In some embodiments, inducing the
expression of the at least one transcription factor in the immature hepatocytes comprises use
of a gene switch construct encoding the at least one transcription factor. In some
embodiments, the gene switch construct is a transcriptional gene switch construct or a post-
transcriptional gene switch construct.

[52] In some embodiments, the expression vector further comprises a self-cleaving
sequence.

[53] In some embodiments, the pluripotent stem cells are transduced with a viral vector
encoding the at least one transcription factor.

[54] In some embodiments, the pluripotent stem cells are transfected with an expression
vector encoding the at least one transcription factor.

[S5] In some embodiments, step (a) of the method comprises culturing the pluripotent stem
cells in a first differentiation media comprising Activin A, a second differentiation media
comprising at least one of BMP4 and FGF2, and a third differentiation media comprising
HGF, thereby generating the immature hepatocytes. In some embodiments, the first
differentiation media, the second differentiation media and the third differentiation media are
each cultured for at least 5 days.

[S6] In some embodiments, the immature hepatocytes are cultured for at least 2, 3,4 or 5
days before increasing the expression of the at least one transcription factor. In some
embodiments, the immature hepatocytes are cultured in a culture media comprising

hepatocyte growth factor (HGF).
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[S7] In some embodiments, the immature hepatocytes are cultured for at least 2, 3,4, 5, 6,
7, 8 or 9 days after increasing the expression of the at least one transcription factor. In some
embodiments, the immature hepatocytes are cultured in a culture media comprising
oncostatin-M (OSM).

[58] In some embodiments, increasing the expression of NFIX comprises an increase of at
least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold,
200-fold, 500-fold, 1000-fold, or 10,000-fold relative to endogenous expression levels of
NFIX in the immature hepatocytes.

[59] In some embodiments, increasing the expression of NFIC comprises an increase of at
least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold,
200-fold, 500-fold, 1000-fold, or 10,000-fold relative to endogenous expression levels of
NFIC in the immature hepatocytes.

[60] In some embodiments, the mature hepatocytes exhibit an increased expression of
albumin (ALB), cytochrome P450 enzyme 1A2 (CYP1A2), cytochrome P450 enzyme 3A4
(CYP3A4), tyrosine aminotransferase (TAT), and/or UDP-glucuronosyltransferase 1A-1
(UGT1A1) relative to immature hepatocytes. In some embodiments, the increased expression
of CYP1A2 comprises an increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-
fold, 500-fold, 1,000-fold, 2,000-fold, 5,000-fold or 10,000-fold relative to immature
hepatocytes. In some embodiments, the increased expression of CYP3A4 comprises an
increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-fold,
2,000-fold, 5,000-fold or 10,000-fold relative to immature hepatocytes. In some embodiments,
the increased expression of TAT comprises an increase of at least 2-fold, 5-fold, 10-fold, 50-
fold, 100-fold, 200-fold, 500-fold, 1,000-fold, 2,000-fold, 5,000-fold or 10,000-fold relative
to immature hepatocytes. In some embodiments, the increased expression of UGT1A1
comprises an increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold,
1,000-fold, 2,000-fold, 5,000-fold or 10,000-fold relative to immature hepatocytes.

[61] In some embodiments, the mature hepatocytes exhibit a decreased expression of alpha
fetoprotein (AFP) relative to immature hepatocytes. In some embodiments, the decreased
expression of AFP comprises a decrease of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold,
3-fold, or 4-fold relative to immature hepatocytes.

[62] In some embodiments, the mature hepatocytes exhibit an increased secretion of
albumin (ALB), a decreased secretion of AFP, and/or an increased activity of CYP1A2,

relative to immature hepatocytes. In some embodiments, the increased secretion of ALB
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comprises an increase of at least 5%, 10%, 15%, 20% or 25% relative to immature
hepatocytes. In some embodiments, the decreased secretion of AFP comprises a decrease of
at least 5%, 10%, 20%, 40%, or 60% relative to immature hepatocytes. In some embodiments,
the increased activity of CYP1A2 comprises an increase of at least 2-fold, 5-fold, 10-fold, 50-
fold, 100-fold, 200-fold, or 400-fold relative to immature hepatocytes.

[63] In some embodiments, increasing the expression of the at least one transcription
factor shifts the transcriptome of immature hepatocytes towards the transcriptome of mature
hepatocytes by at least 1%, 5%, 10%, 20%, 30%, 40%, or 50%.

[64] In another aspect, the invention provides a composition comprising a population of
mature hepatocytes produced by any one or more of the methods disclosed herein.

[65] In another aspect, the invention provides a pharmaceutical composition comprising a
population of mature hepatocytes produced by any one or more of the methods disclosed
herein, and a pharmaceutically acceptable carrier.

[66] In some embodiments, NFIX comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence encoded by the nucleotide sequence as set forth in SEQ ID NO: 1.

[67] In some embodiments, NFIC comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence encoded by any one of the nucleotide sequences of SEQ ID NO: 2 to SEQ ID NO: 6.
[68] In some embodiments, NFIX comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence set forth in SEQ ID NO: 40.

[69] In some embodiments, NFIC comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to any one of the
amino acid sequences set forth in SEQ ID NO: 41 — SEQ ID NO: 45.

[70] In another aspect, the invention provides a composition comprising a population of
hepatocytes comprising increased expression levels of at least one transcription factor

selected from the group consisting of Nuclear Factor I X (NFIX) and Nuclear Factor I C
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(NFIC), relative to endogenous expression levels of the transcription factor in the population
of hepatocytes.

[71] In some embodiments, the transcription factor is NFIX.

[72] In some embodiments, the transcription factor is NFIC.

[73] In some embodiments, the transcription factor is NFIX and NFIC.

[74] In some embodiments, the NFIC is at least one alternatively spliced NFIC variant
selected from the group consisting of NFIC, transcript variant 1; NFIC, transcript variant 2;
NFIC, transcript variant 3; NFIC, transcript variant 4; and NFIC, transcript variant 5. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 3. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1 and NFIC,
transcript variant 3.

[75] In some embodiments, the hepatocytes further comprise increased expression levels
of one or more transcription factors selected from the group consisting of RORC, NROB2,
ESR1, THRSP, TBX15, HLF, ATOHS, NR112, CUX2, ZNF662, TSHZ2, ATFS, NFIA,
NFIB, NPAS2, FOS, ONECUT2, PROX1, NR1H4, MLXIPL, ETV1, AR, CEBPB, NR1D1,
HEY?2, ARID3C, KLF9, and DMRTALI relative to endogenous expression levels of the one or
more transcription factors in the population of hepatocytes.

[76] In some embodiments, the increased expression comprises exogenous expression of
the at least one transcription factor.

[771 In some embodiments, the hepatocytes comprise an expression vector comprising a
nucleic acid encoding the at least one transcription factor.

[78] In some embodiments, the expression vector is a viral vector. In some embodiments,
the viral vector is selected from the group consisting of an adeno-associated virus (AAV)
vector, an adenovirus vector, a lentivirus vector, a herpes simplex virus vector, a sendai virus
vector, and a retrovirus vector.

[79] In some embodiments, the expression vector is a non-viral vector. In some
embodiments, the non-viral vector is selected from the group consisting of a plasmid DNA, a
linear double-stranded DNA (dsDNA), a linear single-stranded DNA (ssDNA), a
nanoplasmid, a minicircle DNA, a single-stranded oligodeoxynucleotides (ssODN), a DDNA
oligonucleotide, a single-stranded mRNA (ssRNA), and a double-stranded mRNA (dsRNA).

In some embodiments, the non-viral vector comprises a naked nucleic acid, a liposome, a
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dendrimer, a nanoparticle, a lipid-polymer system, a solid lipid nanoparticle, and/or a
liposome protamine/DNA lipoplex (LPD).

[80] In some embodiments, the expression vector is an inducible expression vector.
[81] In some embodiments, the expression vector comprises a promoter operably linked to
a nucleic acid encoding the at least one transcription factor. In some embodiments, the
promoter is an endogenous promoter. In some embodiments, the promoter is an artificial
promoter. In some embodiments, the promoter is an inducible promoter.

[82] In some embodiments, the expression vector comprises a gene switch construct
encoding the at least one transcription factor. In some embodiments, the gene switch
construct is a transcriptional gene switch construct or a post-transcriptional gene switch
construct.

[83] In some embodiments, the expression vector further comprises a self-cleaving
sequence. In some embodiments, the self-cleaving sequence is selected from the group
consisting of T2A, P2A, E2A and F2A.

[84] In some embodiments, the increased expression of NFIX comprises an increase of at
least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold,
200-fold, 500-fold, 1000-fold, or 10,000-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes.

[85] In some embodiments, the increased expression of NFIC comprises an increase of at
least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold,
200-fold, 500-fold, 1000-fold, or 10,000-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes.

[86] In some embodiments, the population of hepatocytes is a population of immature
hepatocytes.

[87] In some embodiments, the population of hepatocytes is a population of mature
hepatocytes.

[88] In some embodiments, the composition further comprises non-hepatocyte cells.
[89] In some embodiments, the population of hepatocytes are in the form of organoids.
[90] In some embodiments, the hepatocytes are derived from pluripotent stem cells. In
some embodiments, the pluripotent stem cells are embryonic stem cells or induced
pluripotent stem cells.

[91] In some embodiments, the population of hepatocytes comprises at least 10°

hepatocytes.
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[92] In another aspect, the invention provides a pharmaceutical composition comprising
the population of hepatocytes of any one or more of the compositions described herein, and a
pharmaceutically acceptable carrier.

[93] In some embodiments, NFIX comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence encoded by the nucleotide sequence as set forth in SEQ ID NO: 1.

[94] In some embodiments, NFIC comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence encoded by any one of the nucleotide sequences of SEQ ID NO: 2 to SEQ ID NO: 6.
[95] In some embodiments, NFIX comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence set forth in SEQ ID NO: 40.

[96] In some embodiments, NFIC comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to any one of the
amino acid sequences set forth in SEQ ID NO: 41 — SEQ ID NO: 45.

[97] In another aspect, the invention provides a composition comprising a population of
pluripotent stem cells comprising an expression vector, wherein the expression vector
comprises a nucleic acid encoding at least one transcription factor selected from the group
consisting of Nuclear Factor I X (NFIX) and Nuclear Factor 1 C (NFIC).

[98] In some embodiments, the transcription factor is NFIX.

[99] In some embodiments, the transcription factor is NFIC.

[100] In some embodiments, the transcription factor is NFIX and NFIC.

[101] In some embodiments, the NFIC is at least one alternatively spliced NFIC variant
selected from the group consisting of NFIC, transcript variant 1; NFIC, transcript variant 2;
NFIC, transcript variant 3; NFIC, transcript variant 4; and NFIC, transcript variant 5. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 3. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1 and NFIC,

transcript variant 3.

12



CA 03217861 2023-10-25

WO 2022/235869 PCT/US2022/027776

[102] In some embodiments, the pluripotent stem cells further comprise an expression
vector comprising a nucleic acid encoding one or more transcription factors selected from the
group consisting of RORC, NROB2, ESR1, THRSP, TBX15, HLF, ATOHS, NR112, CUX2,
ZNF662, TSHZ2, ATFS5, NFIA, NFIB, NPAS2, FOS, ONECUT2, PROX1, NR1H4,
MLXIPL, ETV1, AR, CEBPB, NR1D1, HEY2, ARID3C, KLF9, and DMRTAI.

[103] In some embodiments, the expression vector is a viral vector. In some embodiments,
the viral vector is selected from the group consisting of an adeno-associated virus (AAV)
vector, an adenovirus vector, a lentivirus vector, a herpes simplex virus vector, a sendai virus
vector, and a retrovirus vector.

[104] In some embodiments, the expression vector is a non-viral vector. In some
embodiments, the non-viral vector is selected from the group consisting of a plasmid DNA, a
linear double-stranded DNA (dsDNA), a linear single-stranded DNA (ssDNA), a
nanoplasmid, a minicircle DNA, a single-stranded oligodeoxynucleotides (ssODN), a DDNA
oligonucleotide, a single-stranded mRNA (ssRNA), and a double-stranded mRNA (dsRNA).
In some embodiments, the non-viral vector comprises a naked nucleic acid, a liposome, a
dendrimer, a nanoparticle, a lipid-polymer system, a solid lipid nanoparticle, and/or a
liposome protamine/DNA lipoplex (LPD).

[105] In some embodiments, the expression vector is an inducible expression vector.

[106] In some embodiments, the expression vector comprises a promoter operably linked to
a nucleic acid encoding the at least one transcription factor. In some embodiments, the
promoter is an endogenous promoter. In some embodiments, the promoter is an artificial
promoter. In some embodiments, the promoter is an inducible promoter.

[107] In some embodiments, the expression vector comprises a gene switch construct
encoding the at least one transcription factor. In some embodiments, the gene switch
construct is a transcriptional gene switch construct. In some embodiments, the gene switch
construct is a post-transcriptional gene switch construct.

[108] In some embodiments, the expression vector further comprises a self-cleaving
sequence. In some embodiments, the self-cleaving sequence is selected from the group
consisting of T2A, P2A, E2A and F2A.

[109] In some embodiments, the pluripotent stem cells are embryonic stem cells or induced
pluripotent stem cells.

[110] In some embodiments, the population of pluripotent stem cells comprises at least 10°

pluripotent stem cells.
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[111] In another aspect, the invention provides a method of treating a disease in a subject in
need thereof, the method comprising administering to the subject an effective amount of the
composition or the pharmaceutical composition of the disclosure, thereby treating the disease
in the subject.

[112] In some embodiments, the disease is selected from the group consisting of fulminant
hepatic failure due to any cause, viral hepatitis, drug-induced liver injury, cirrhosis, inherited
hepatic insufficiency (such as Wilson's disease, Gilbert's syndrome, or al-antitrypsin
deficiency), hepatobiliary carcinoma, autoimmune liver disease (such as autoimmune chronic
hepatitis or primary biliary cirrhosis), urea cycle disorder, factor VII deficiency, glycogen
storage disease type 1, infantile Refsum’s disease, phenylketonuria, severe infantile oxalosis,
cirrhosis, liver injury, acute liver failure, hepatobiliary carcinoma, hepatocellular carcinoma,
genetic cholestasis (PFIC and alagille syndrome), hereditary hemochromatosis, tyrosinemia
type 1, argininosuccinic aciduria (ASL), Crigler-Najjar syndrome, familial amyloid
polyneuropathy, atypical haemolytic uremic syndrome-1, primary hyperoxaluria type 1,
maple syrup urine disease (MSUD), acute intermittent porphyria, coagulation defects, GSD
type Ia (in metabolic control), homozygous familial hypercholesterolemia, organic acidurias,
and any other condition that results in impaired hepatic function.

[113] In another aspect, the invention provides a kit comprising the composition or the
pharmaceutical composition described herein.

[114] In some embodiments, NFIX comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence encoded by the nucleotide sequence as set forth in SEQ ID NO: 1.

[115] In some embodiments, NFIC comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence encoded by any one of the nucleotide sequences of SEQ ID NO: 2 to SEQ ID NO: 6.
[116] In some embodiments, NFIX comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence set forth in SEQ ID NO: 40.

[117] In some embodiments, NFIC comprises an amino acid sequence that is at least 80%,

at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
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at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to any one of the
amino acid sequences set forth in SEQ ID NO: 41 — SEQ ID NO: 45.

[118] In another aspect, the invention provides a kit comprising an expression vector,
wherein the expression vector comprises a nucleic acid encoding at least one transcription
factor selected from the group consisting of Nuclear Factor I X (NFIX) and Nuclear Factor I
C (NFIO).

[119] In some embodiments, the transcription factor is NFIX.

[120] In some embodiments, the transcription factor is NFIC.

[121] In some embodiments, the transcription factor is NFIX and NFIC.

[122] In some embodiments, the NFIC is at least one alternatively spliced NFIC variant
selected from the group consisting of NFIC, transcript variant 1; NFIC, transcript variant 2;
NFIC, transcript variant 3; NFIC, transcript variant 4; and NFIC, transcript variant 5. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 3. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1 and NFIC,
transcript variant 3.

[123] In some embodiments, the kit further comprises an expression vector comprising a
nucleic acid encoding one or more transcription factors selected from the group consisting of
RORC, NROB2, ESR1, THRSP, TBX15, HLF, ATOHS, NR112, CUX2, ZNF662, TSHZ2,
ATFS, NFIA, NFIB, NPAS2, FOS, ONECUT2, PROX1, NR1H4, MLXIPL, ETV1, AR,
CEBPB, NR1D1, HEY2, ARID3C, KLF9, and DMRTAI.

[124] In some embodiments, NFIX comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence encoded by the nucleotide sequence as set forth in SEQ ID NO: 1.

[125] In some embodiments, NFIC comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence encoded by any one of the nucleotide sequences of SEQ ID NO: 2 to SEQ ID NO: 6.
[126] In some embodiments, NFIX comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid
sequence set forth in SEQ ID NO: 40.
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[127] In some embodiments, NFIC comprises an amino acid sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to any one of the
amino acid sequences set forth in SEQ ID NO: 41 — SEQ ID NO: 45.

[128] The present invention is further illustrated by the following detailed description and

figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[129] FIG. 1 shows a schematic representation of the selection of transcription factors (TFs)
of the invention.
[130] FIG. 2A shows a schematic representation of the ease of use versus physiological
relevance of cancer cell lines (HepG2, HuH7 and HepaRG), stem cell derived hepatocytes
(Stem Cell/ iPSC-Heps) and primary human hepatocytes (PHH).
[131] FIG. 2B shows a principal component analysis of the cells depicted in FIG. 2A. PHH-
AQL, PHH-TLY and PHH-NES are adult hepatocytes. PHH-BVI are stillborn hepatocytes.
Fetal correspond to human fetal primary hepatocytes. HuH7 cells cluster with hepatocytes
differentiated from GMP1 iPSC that were not further treated with Br-cAMP and
dexamethasone (“GMP1 control”) and that were further treated with Br-cAMP and
dexamethasone for 5 days (“GMPDex”) and therefore are used for the construction of an
HuH?7 cell line for screening of transcription factors.
[132] FIG. 2C shows a schematic representation of the construction of an HuH7 cell line
(HuH7-Tet-On3G) used for screening of transcription factors of the invention.
[133] FIG. 2D shows that the HuH7-Tet-On3G cell line is responsive to doxycycline
induction.
[134] FIG. 3 is a panel of bar-graphs showing the expression of mature hepatocyte markers
CYP1A2 (FIG. 3A) and CYP3A4 (FIG. 3B) upon increasing expression of different
transcription factors in HuH7-Tet-On3G cells. Transduction of the transcription factors was
performed at a multiplicity of infection (MOI) of 10. Arrows indicate the transcription factors
which upregulated the expression levels of CYP1A2 and CYP3A4. NFIC, transcript variants
1 and 3 (NFIC-1+3) refers to a mixture of alternatively spliced variants of transcription factor
NFIC, NFIC, transcript variant 1 (NFIC-1) (NCBI Reference Sequence No.:
NM_001245002) and NFIC, transcript variant 3 (NFIC-3) (NCBI Reference Sequence No.:
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NM_001245004), respectively, which were transduced at an MOI of 5, each for NFIC,
transcript variant 1 (NFIC-1) and NFIC, transcript variant 3 (NFIC-3).

[135] FIG. 4A is a schematic representation of alternatively spliced NFIC variants, NFIC,
transcript variant 1 (NFIC-1); and NFIC, transcript variant 3 (NFIC-3).

[136] FIG. 4B is a panel of bar-graphs showing the increase in the expression of mature
hepatocyte markers CYP1A2 and CYP3A4 upon increasing expression of alternatively
spliced NFIC variants, NFIC, transcript variant 1 (NFIC-1), NFIC, transcript variant 3
(NFIC-3), and a combination thereof (NFIC, transcript variants 1 and 3 (NFIC-1+3)) in
HuH7-Tet-On3G cells. HuH7-Tet-On3G cells were transduced with lentivirus particles for
NFIC, transcript variants 1 and 3 (NFIC-1+3), NFIC, transcript variant 1 (NFIC-1), and NFIC,
transcript variant 3 (NFIC-3) at an MOI of 5.

[137] FIG. 5 is a panel of bar-graphs showing that culturing of HuH7-Tet-On3G cells in a
culture media comprising dexamethasone and 8-Bromoadenosine 3', 5'-cyclic monophosphate
(8-Br-cAMP) further increases the expression of mature hepatocyte markers CYP1A2 (FIG.
5A), TAT (FIG. 5B) and UGT1A1 (FIG. 5C) upon increasing expression of NFIC, transcript
variant 1 (NFIC-1).

[138] FIG. 6 is a panel of bar-graphs showing the expression of immature hepatocyte
marker AFP (FIG. 6A), and mature hepatocyte markers CYP1A2 (FIG. 6B), TAT (FIG. 6C),
and CYP3A4 (FIG. 6D) upon increasing expression of different transcription factors in
HuH7-Tet-On3G cells. Cells were transduced with NFIC, transcript variant 1 (NFIC-1) (MOI
of 10), and individual lentiviruses encoding the different transcription factors at an MOI of 10.
After transduction, cells were cultured in culture media comprising 1 mM 8-Br-cAMP and
100 nM dexamethasone.

[139] FIG. 7A shows a schematic representation of a four stage, step-wise differentiation of
induced pluripotent stem cells (iPSCs) to hepatocyte-like cells. Transductions were
performed with Tet-On3G at an MOI of 5, and for each transcription factor (TF) at an MOI of
3, at day 15 of differentiation towards hepatocyte-like cells. Cells were subsequently cultured
for 5 days in a culture media in the absence or presence of 1 mM 8-Br-cAMP and 100 nM
dexamethasone.

[140] FIG. 7B is a panel of bar-graphs showing increase in the expression of mature
hepatocyte markers CYP1A2 and TAT upon increasing expression of NFIC, transcript
variant 1 (NFIC-1), NFIX and a combination thereof in iPSC derived immature hepatocytes.
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[141] FIG. 8A shows a schematic representation of a four stage, step-wise differentiation of
induced pluripotent stem cells (iPSCs) to hepatocyte-like cells. Transductions were
performed with Tet-On3G at an MOI of 5, and for each transcription factor (TF) at an MOI of
3, at day 15 of differentiation towards hepatocyte-like cells. Cells were subsequently cultured
in a culture media in the absence or presence of 1 mM 8-Br-cAMP and 100 nM
dexamethasone, and harvested at day 20 and day 24 of cell culture.

[142] FIG. 8B is a panel of bar-graphs showing decrease in the expression of immature
hepatocyte marker AFP and increase in the expression of mature hepatocyte marker CYP1A2
upon increasing expression of NFIC, transcript variant 1 (NFIC-1), NFIX and a combination
thereof in iPSC derived immature hepatocytes.

[143] FIG. 9A is graph showing a shift in the transcriptome of iPSC derived immature
hepatocytes towards the transcriptome of mature hepatocytes by 30-34% upon increasing
expression of NFIC, transcript variant 1 (NFIC-1), NFIX and a combination thereof in iPSC
derived immature hepatocytes.

[144] FIG. 9B is a graph showing an expanded view of Bracket 1 of the graph of FIG. 9A.
[145] FIG. 9C is a list of the samples presented in FIGs. 9A-B.

[146] FIG. 10 is a panel of bar-graphs showing results of functional assays for identifying
CYPI1A2 activity (FIG. 10A), albumin (ALB) secretion (FIG. 10B), alpha fetoprotein (AFP)
secretion (FIG. 10C) and urea secretion (FIG. 10D) upon increasing expression of NFIC,
transcript variant 1 (NFIC-1), NFIX and a combination thereof in iPSC derived immature
hepatocytes. Transductions were performed with Tet-On3G at an MOI of 5, and for each
transcription factor at an MOI of 3, at day 15 of differentiation. Cells were subsequently
cultured in a culture media in the absence or presence of 1 mM 8-Br-cAMP and 100 nM
dexamethasone. Functional assays were performed at day 20 (20d) and day 24 (24d) of cell
culture.

[147] FIG. 11A shows the transcription factors used in combination experiments.

[148] FIG. 11B a panel of bar-graphs showing the expression of mature hepatocyte markers
CYP1A2 and CYP3A4 upon increasing expression of different transcription factors in HuH7-
Tet-On3G cells.

[149] FIG. 12 shows a time course analysis of expression of mature hepatocyte markers
ALB (FIG. 12A), CYP3A4 (FIG. 12B) and UGT1A1 (FIG. 12C) after forced expression of
NFIC, transcript variant 1 (NFIC-1); NFIX; and a combination thereof in iPSC derived

immature hepatocytes.
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DETAILED DESCRIPTION
[150] The present invention provides efficient and effective methods of generating mature
hepatocytes. The methods include increasing expression of at least one transcription factor
selected from the group consisting of Nuclear Factor I X (NFIX) and Nuclear Factor I C
(NFIC), in immature hepatocytes, thereby generating mature hepatocytes. Compositions
generated by these methods are also provided by the present invention as are methods of
using these compositions.
[151] In one aspect, the invention provides methods for generating mature hepatocytes cells
from pluripotent stem cells, such as human embryonic stem (hES) cells, embryo-derived cells,
and induced pluripotent stem cells (iPS cells). The methods of the invention are efficient and
effective, and result in the production of mature hepatocytes that can be used for a variety of
applications disclosed herein, for example, treatment of liver diseases.
[152] The following detailed description discloses how to make and use the present
invention.
[153] In order that the present invention may be more readily understood, certain terms are
first defined. It should also be noted that whenever a value or range of values of a parameter
are recited, it is intended that values and ranges intermediate to the recited values are also
part of this invention.
[154] In the following description, for purposes of explanation, specific numbers, materials,
and configurations are set forth in order to provide a thorough understanding of the invention.
It will be apparent, however, to one having ordinary skill in the art that the invention may be
practiced without these specific details. In some instances, well-known features may be
omitted or simplified so as not to obscure the present invention. Furthermore, reference in
the specification to phrases such as “one embodiment” or “an embodiment” mean that a
particular feature, structure, or characteristic described in connection with the embodiment is
included in at least one embodiment of the invention. The appearances of phrases such as “in
one embodiment” in various places in the specification are not necessarily all referring to the

same embodiment.
Definitions

[155] Unless otherwise specified, each of the following terms have the meaning set forth in

this section.
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[156] The indefinite articles “a” and “an” refer to at least one of the associated noun, and
are used interchangeably with the terms “at least one” and “one or more.”

[157] The conjunctions “or” and “and/or” are used interchangeably as non-exclusive
disjunctions.

[158] The term “hepatocyte” as used herein refers to a parenchymal liver cell. Hepatocytes
make up the majority of the liver's cytoplasmic mass and are involved in protein synthesis
and storage, carbohydrate metabolism, cholesterol, bile salt and phospholipid synthesis, and
the detoxification, modification and excretion of exogenous and endogenous substances.
Hepatocytes include immature hepatocytes that exhibit some but not all characteristics of
mature hepatocytes, as well as mature and fully functional hepatocytes which have all
characteristics of hepatocytes as determined by morphology, marker expression, and in vitro
and in vivo functional assays.

[159] The term “primary hepatocyte” as used herein is a hepatocyte that has been taken
directly from living tissue, e.g., liver tissue. In some embodiments, the functionality

of primary hepatocytes may be indicated by, for example, albumin production, urea
production, and a variety of metabolic enzyme activities, and possess characteristics of
mature hepatocytes. In some embodiments, the primary hepatocytes are primary human
hepatocytes (“PHH”).

[160] The term “immature hepatocyte”, as used herein, refers to a hepatocyte or hepatic
progenitor cell that must undergo maturation to acquire the characteristics and/or
functionality of a mature hepatocyte. In some embodiments, an immature hepatocyte is a
hepatocyte-like cell that exhibits some but not all characteristics of a mature hepatocyte. In
some embodiments, an immature hepatocyte does not express detectable levels of one or
more of albumin (ALB), cytochrome P450 enzyme 3A4 (CYP3A4), cytochrome P450
enzyme 1A2 (CYP1A2), tyrosine aminotransferase (TAT), and UDP-glucuronosyltransferase
1A-1 (UGTI1A1). In some embodiments, an immature hepatocyte expresses detectable levels
of alpha fetoprotein (AFP). In some embodiments, an immature hepatocyte exhibits a
decreased secretion of albumin (ALB), an increased secretion of AFP, and/or a decreased
activity of CYP1A2, relative to mature hepatocytes or primary hepatocytes. In some
embodiments, immature hepatocytes comprise hepatic stem cells and/or hepatic progenitor
cells.

[161] The term “hepatic progenitor,” “hepatic progenitor cell,” “hepatoblast” or

“hepatoblast cell”, as used herein, refers to a cell which has the capacity to differentiate into
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a hepatocyte or a cholangiocyte. In some embodiments, hepatic progenitor cells are defined
by expression of at least one liver-associated marker such as Hex, HNF4, alpha-fetoprotein
(AFP), cytokeratin 19 (CK18), cytokeratin 19 (CK19), hepatocyte nuclear factor 6 (HNF6),
and albumin (ALB). In some embodiments, hepatic progenitor cells have a decreased
expression level of stem cell genes, such as Nanog, Oct4, and ckit.

[162] The term “hepatic stem cell”, as used herein, refers to a cell that is capable in vivo or
in vitro of self renewal and differentiating into hepatocytes and cholangiocytes. In an
embodiment, a hepatic stem cell expresses leucine rich repeat containing G-protein-coupled
receptor 5 (LGRS5) and/or epithelial cell adhesion molecule (EpCAM).

[163] A “mature hepatocyte”, as used herein, refers to a hepatocyte that (1) comprises a
gene expression profile that is more similar to a primary hepatocyte or a known mature
hepatocyte than a gene expression profile of an immature hepatocyte, and/or (ii) exhibits one
or more characteristics of a mature hepatocyte. Non-limiting examples of cell markers useful
in distinguishing mature hepatocytes include albumin, asialoglycoprotein receptor, al-
antitrypsin, a-fetoprotein, apoE, arginase I, apoAl, apoAll, apoB, apoClll, apoCll, aldolase B,
alcohol dehydrogenase 1, catalase, CYP3A4, glucokinase, glucose-6-phosphatase, insulin
growth factors 1 and 2, IGF-1 receptor, insulin receptor, leptin, liver-specific organic anion
transporter (LST-1), L-type fatty acid binding protein, phenylalanine hydroxylase, transferrin,
retinol binding protein, erythropoietin (EPO, albumin, a1-antitrypsin, asialoglycoprotein
receptor, cytokeratin 8 (CK8), cytokeratin 18 (CK18), CYP3A4, fumaryl acetoacetate
hydrolase (FAH), glucose-6-phosphates, tyrosine aminotransferase, phosphoenolpyruvate
carboxykinase, and tryptophan 2,3-dioxygenase.

[164] In some embodiments, mature hepatocytes exhibit an increased expression of albumin
(ALB), cytochrome P450 enzyme 1A2 (CYP1A2), cytochrome P450 enzyme 3A4 (CYP3A4),
tyrosine aminotransferase (TAT), and/or UDP-glucuronosyltransferase 1A-1 (UGT1A1)
relative to immature hepatocytes. In some embodiments, the mature hepatocytes exhibit a
decreased expression of alpha fetoprotein (AFP) relative to immature hepatocytes.

[165] In some embodiments, the mature hepatocytes exhibit an increased secretion of
albumin (ALB), a decreased secretion of AFP, and/or an increased activity of CYP1A2,
relative to immature hepatocytes.

[166] In some embodiments, the mature hepatocytes comprise increased expression of at
least 1, 2,3,4,5,6,7, 8,9, 10 or more genes or proteins selected from the group consisting

of ALB, CPS1, G6P, TDO, CYP2C9, CYP2D6, CYP7A1, CYP3A7, CYP1A2, CYP3A4,
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CYP2B6, NAT2, TAT, ASGPR-1 and UGT1A1 compared to a cell population comprising
immature hepatocytes.

[167] In yet another embodiment, mature hepatocytes display a global gene expression
profile that is indicative of hepatocyte maturation. Global gene expression profiles may be
compared to those of primary hepatocytes or known mature hepatocytes and may be obtained
by any method known in the art, for example transcriptomic analysis or microarray analysis.
[168] In an embodiment, one or more characteristics of a mature hepatocyte includes, but is
not limited to, epithelial morphology, polarization, polyploidization, gene expression, CYP
activities, transferase activities, transporter activities, bile acid synthesis, glycogen storage,
serum protein synthesis, cholesterol metabolism, lipid uptake, urea metabolism, coagulation
factors, engraftment and repopulation, restoration of liver function, and tumorigenicity. See,
e.g., Chen et al, Gastroenterology 2018;154:1258-1272, which is incorporated in its entirety
herein by reference.

[169] The term “increasing expression”, as used herein, refers to increasing the level
and/or activity of a nucleic acid, e.g., an RNA or DNA, encoding a transcription factor
disclosed herein and/or increasing the level and/or activity of a transcription factor disclosed
herein, relative to the endogenous nuclei acid levels and/or protein levels of the transcription
factor. In some embodiments, increasing expression of the at least one transcription factor
comprises contacting a cell (for example, an immature hepatocyte, a hepatic progenitor cell,
or a pluripotent stem cell, e.g., an embryonic stem cell or an induced pluripotent stem cell),
with the at least one transcription factor. In some embodiments, increasing expression of the
at least one transcription factor comprises transduction of a cell (for example, an immature
hepatocyte, a hepatic progenitor cell, or a pluripotent stem cell, e.g., an embryonic stem cell
or an induced pluripotent stem cell) with a viral vector encoding the at least one transcription
factor. In some embodiments, increasing expression of the at least one transcription factor
comprises transfection of a cell (for example, an immature hepatocyte, a hepatic progenitor
cell, or a pluripotent stem cell, e.g., an embryonic stem cell or an induced pluripotent stem
cell) with an expression vector encoding the at least one transcription factor.

[170] In some embodiments, increasing expression of the at least one transcription factor
comprises an increase of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold,
20-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-fold, or 10,000-fold relative to
endogenous expression levels of the at least one transcription factor in a cell (for example, an

immature hepatocyte, a hepatic progenitor cell, or a pluripotent stem cell, e.g., an embryonic
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stem cell or an induced pluripotent stem cell). In some embodiments, increasing expression
of the at least one transcription factor comprises an increase of at least 5%, 10%, 15%, 20%,
25%, 30%., 35%, 40%, 45%, 50%, 55%, 60%, 65%, 10%, 15%. 80%, 85%. 90%, 95%, 100%,
150%, 200%, 300%, 400%, 500%, or 1000% relative to endogenous expression levels of the
at least one transcription factor in a cell (for example, an immature hepatocyte, a hepatic
progenitor cell, or a pluripotent stem cell, e.g., an embryonic stem cell or an induced
pluripotent stem cell).

[171] The term “endogenous” as used herein refers to the native form of a nucleic acid,
polynucleotide, oligonucleotide, DNA, RNA, gene, peptide or polypeptide in its natural
location in a cell or in the genome of a cell.

[172] The term “maturation”, as used herein, refers to a process that is required for a cell,
e.g., an immature hepatocyte, to become more specialized and/or functional, for example,
similar to its functional and/or phenotypic state in vivo or similar to a functional and/or
phenotypic state of a known mature hepatocyte or primary hepatocyte. In one embodiment,
the process by which immature hepatocytes become mature hepatocytes is referred to

as maturation.

[173] As used herein, the term “pluripotent stem cells”, “PS cells”, or “PSCs” includes
embryonic stem cells, induced pluripotent stem cells, and embryo-derived pluripotent stem
cells, regardless of the method by which the pluripotent stem cells are derived. Pluripotent
stem cells are defined functionally as stem cells that: (a) are capable of inducing teratomas
when transplanted in immunodeficient (SCID) mice; (b) are capable of differentiating to cell
types of all three germ layers (e.g., can differentiate to ectodermal, mesodermal, and
endodermal cell types); (c) express one or more markers of embryonic stem cells (e.g.,
express OCT4, alkaline phosphatase, SSEA-3 surface antigen, SSEA-4 surface antigen,
NANOG, TRA-1-60, TRA-1-81, SOX2, REXI, efc.); and d) are capable of self-renewal. The
term "pluripotent” refers to the ability of a cell to form all lineages of the body or soma (i.e.,
the embryo proper). For example, embryonic stem cells and induced pluripotent stem cells
are a type of pluripotent stem cells that are able to form cells from each of the three germs
layers: the ectoderm, the mesoderm, and the endoderm. Pluripotency is a continuum of
developmental potencies ranging from the incompletely or partially pluripotent cell which is
unable to give rise to a complete organism to the more primitive, more pluripotent cell, which
is able to give rise to a complete organism (e.g., an embryonic stem cell). Exemplary

pluripotent stem cells can be generated using, for example, methods known in the art.
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Exemplary pluripotent stem cells include, but are not limited to, embryonic stem cells derived
from the inner cell mass of blastocyst stage embryos, embryonic stem cells derived from one
or more blastomeres of a cleavage stage or morula stage embryo (optionally without
destroying the remainder of the embryo), induced pluripotent stem cells produced by
reprogramming of somatic cells into a pluripotent state, and pluripotent cells produced from
embryonic germ (EG) cells (e.g., by culturing in the presence of FGF-2, LIF and SCF). Such
embryonic stem cells can be generated from embryonic material produced by fertilization or
by asexual means, including somatic cell nuclear transfer (SCNT), parthenogenesis, and
androgenesis.

In an embodiment, pluripotent stem cells may be genetically engineered or otherwise
modified, for example, to increase longevity, potency, homing, to prevent or reduce immune
responses, or to deliver a desired factor in cells that are obtained from such pluripotent cells
(for example, hepatocytes). For example, the pluripotent stem cell and therefore, the
resulting differentiated cell, can be engineered or otherwise modified to lack or have reduced
expression of beta 2 microglobulin, HLA-A, HLA-B, HLA-C, TAP1, TAP2, Tapasin, CTIIA,
RFXS, TRAC, and/or TRAB genes. As described in W02012145384 and W02013158292,
which are herein incorporated by reference in their entireties, in some embodiments, the cell,
such as a pluripotent stem cell and the resulting differentiated cell such as a hepatocyte,
comprises a genetically engineered disruption in a beta-2 microglobulin (B2M) gene. In
some embodiments, the cell further comprises a polynucleotide capable of encoding a single
chain fusion human leukocyte antigen (HLA) class I protein comprising at least a portion of
the B2M protein covalently linked, either directly or via a linker sequence, to at least a
portion of an HLA-1a chain. In some embodiments, the HLA-1a chain is selected from HLA-
A, HLA-B, HLA-C, HLA-E, HLA-F, and HLA-G. In some embodiments, the cell comprises
a genetically engineered disruption in a human leukocyte antigen (HLA) class Il-related gene.
In some embodiments, the HLA class II-related gene is selected from regulatory factor X-
associated ankyrin-containing protein (RFXANK), regulatory factor 5 (RFXS), regulatory
factor X associated protein (RFXAP), class II transactivator (CIITA), HLA-DPA (o chain),
HLA-DPB (B chain), HLA-DQA, HLA-DQB, HLA-DRA, HLA-DRB, HLA-DMA, HLA-
DMB, HLA-DOA, and HLA-DOB. In some embodiments, the cell comprises one or more
polynucleotides encoding a single chain fusion HLA class II protein or an HLA class II

protein.
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[174] The pluripotent stem cell and the resulting differentiated cell may be engineered or
otherwise modified to increase expression of a gene. In an embodiment, the pluripotent stem
cell may be engineered to express or increase expression of one or more of the transcription
factors of the invention. There are a variety of techniques for engineering cells to modulate
the expression of one or more genes (or proteins), including the use of viral vectors such as
AAYV vectors, zinc-finger nucleases (ZFNs), transcription activator-like effector nucleases
(TALENSs), and CRISPR/Cas-based methods for genome engineering, as well as the use of
transcriptional and translational inhibitors such as antisense and RNA interference (which can
be achieved using stably integrated vectors and episomal vectors).

[175] The term "embryo" or "embryonic" is meant a developing cell mass that has not
been implanted into the uterine membrane of a maternal host. An "embryonic cell" is a cell
isolated from or contained in an embryo. This also includes blastomeres, obtained as early as
the two-cell stage, or aggregated blastomeres after extraction.

[176] The term “embryo-derived cells” (EDC), as used herein, refers broadly to morula-
derived cells, blastocyst-derived cells including those of the inner cell mass, embryonic shield,
or epiblast, or other pluripotent stem cells of the early embryo, including primitive endoderm,
ectoderm, and mesoderm and their derivatives. “EDC” also including blastomeres and cell
masses from aggregated single blastomeres or embryos from varying stages of development,
but excludes human embryonic stem cells that have been passaged as cell lines.

[177] The term "embryonic stem cells", “ES cells,” or “ESCs” as used herein, refer broadly
to cells isolated from the inner cell mass of blastocysts or morulae and that have been serially
passaged as cell lines. The term also includes cells isolated from one or more blastomeres of
an embryo, preferably without destroying the remainder of the embryo (see, e.g., Chung et al.,
Cell Stem Cell. 2008 Feb 7;2(2): 1 13-7; U.S. Pub No. 20060206953; U.S. Pub No.
2008/0057041, each of which is hereby incorporated by reference in its entirety). The ES
cells may be derived from fertilization of an egg cell with sperm or DNA, nuclear transfer,
parthenogenesis, or by any means to generate ES cells with homozygosity in the HLA region.
ES cells may also refer to cells derived from a zygote, blastomeres, or blastocyst-staged
mammalian embryo produced by the fusion of a sperm and egg cell, nuclear transfer,
parthenogenesis, or the reprogramming of chromatin and subsequent incorporation of the
reprogrammed chromatin into a plasma membrane to produce a cell. In an embodiment, the
embryonic stem cell may be a human embryonic stem cell (or “hES cells”). In an

embodiment, human embryonic stem cells are not derived from embryos over 14 days from
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fertilization. In another embodiment, human embryonic stem cells are not derived from
embryos that have been developed in vivo. In another embodiment, human embryonic stem
cells are derived from preimplantation embryos produced by in vitro fertilization.

[178] “Induced pluripotent stem cells” or “iPS cells,” as used herein, generally refer to
pluripotent stem cells obtained by reprogramming a somatic cell into a less differentiated
state. An iPS cell may be generated by expressing or inducing expression of a combination of
factors ("reprogramming factors"), for example, OCT4 (sometimes referred to as OCT 3/4),
SOX2, MYC (e.g., c-MYC or any MYC variant), NANOG, LIN28, and KLF4, in a somatic
cell. In an embodiment, the reprogramming factors comprise OCT4, SOX2, c-MYC, and
KLFA4. In another embodiment, reprogramming factors comprise OCT4, SOX2, NANOG,
and LIN28. In certain embodiments, at least two reprogramming factors are expressed in a
somatic cell to successfully reprogram the somatic cell. In other embodiments, at least three
reprogramming factors are expressed in a somatic cell to successfully reprogram the somatic
cell. In other embodiments, at least four reprogramming factors are expressed in a somatic
cell to successfully reprogram the somatic cell. In another embodiment, at least five
reprogramming factors are expressed in a somatic cell to successfully reprogram the somatic
cell. In yet another embodiment, at least six reprogramming factors are expressed in the
somatic cell, for example, OCT4, SOX2, c-MYC, NANOG, LIN28, and KLF4. In other
embodiments, additional reprogramming factors are identified and used alone or in
combination with one or more known reprogramming factors to reprogram a somatic cell to a
pluripotent stem cell.

[179] 1iPS cells may be generated using fetal, postnatal, newborn, juvenile, or adult somatic
cells. Somatic cells may include, but are not limited to, fibroblasts, keratinocytes, adipocytes,
muscle cells, organ and tissue cells, and various blood cells including, but not limited to,
hematopoietic cells (e.g., hematopoietic stem cells). In an embodiment, the somatic cells are
fibroblast cells, such as a dermal fibroblast, synovial fibroblast, or lung fibroblast, or a non-
fibroblastic somatic cell.

[180] iPS cells may be obtained from a cell bank. Alternatively, iPS cells may be newly
generated by methods known in the art. iPS cells may be specifically generated using
material from a particular patient or matched donor with the goal of generating tissue-
matched cells. In an embodiment, iPS cells may be universal donor cells that are not

substantially immunogenic.
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[181] The induced pluripotent stem cell may be produced by expressing or inducing the
expression of one or more reprogramming factors in a somatic cell. Reprogramming factors
may be expressed in the somatic cell by infection using a viral vector, such as a retroviral
vector or other gene editing technologies, such as CRISPR, Talen, zinc-finger nucleases
(ZFNs). Also, reprogramming factors may be expressed in the somatic cell using a non-
integrative vector, such as an episomal plasmid, or RNA, such as synthetic mRNA or via an
RNA virus such as Sendai virus. When reprogramming factors are expressed using non-
integrative vectors, the factors may be expressed in the cells using electroporation,
transfection, or transformation of the somatic cells with the vectors. For example, in mouse
cells, expression of four factors (OCT3/4, SOX2, c-MYC, and KLF4) using integrative viral
vectors is sufficient to reprogram a somatic cell. In human cells, expression of four factors
(OCT3/4, SOX2, NANOG, and LIN28) using integrative viral vectors is sufficient to
reprogram a somatic cell.

[182] Expression of the reprogramming factors may be induced by contacting the somatic
cells with at least one agent, such as a small organic molecule agents, that induce expression
of reprogramming factors.

[183] The somatic cell may also be reprogrammed using a combinatorial approach wherein
the reprogramming factor is expressed (e.g., using a viral vector, plasmid, and the like) and
the expression of the reprogramming factor is induced (e.g., using a small organic molecule).
[184] Once the reprogramming factors are expressed or induced in the cells, the cells may
be cultured. Over time, cells with ES characteristics appear in the culture dish. The cells may
be chosen and subcultured based on, for example, ES cell morphology, or based on
expression of a selectable or detectable marker. The cells may be cultured to produce a
culture of cells that resemble ES cells.

[185] To confirm the pluripotency of the iPS cells, the cells may be tested in one or more
assays of pluripotency. For examples, the cells may be tested for expression of ES cell
markers; the cells may be evaluated for ability to produce teratomas when transplanted into
SCID mice; the cells may be evaluated for ability to differentiate to produce cell types of all
three germ layers.

[186] iPS cells may be from any species. These iPS cells have been successfully generated
using mouse and human cells. Furthermore, iPS cells have been successfully generated using
embryonic, fetal, newborn, and adult tissue. Accordingly, one may readily generate iPS cells

using a donor cell from any species. Thus, one may generate iPS cells from any species,
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including but not limited to, human, non-human primates, rodents (mice, rats), ungulates
(cows, sheep, efc.), dogs (domestic and wild dogs), cats (domestic and wild cats such as lions,
tigers, cheetahs), rabbits, hamsters, goats, elephants, panda (including giant panda), pigs,
raccoon, horse, zebra, marine mammals (dolphin, whales, etc.) and the like.

[187] The term “contacting” (e.g., contacting a cell, such as an immature hepatocyte, a
hepatic progenitor cell, or a pluripotent stem cell, e.g., an embryonic stem cell or an induced
pluripotent stem cell) with a transcription factor(s) according to the invention) is intended to
include any way of introducing into a cell a transcription factor(s) and/or incubating the
transcription factor(s) and the cell together in vitro (e.g., adding the transcription factor(s) to
cells in culture). In some embodiments, the term "contacting” is not intended to include the in
vivo exposure of the cell to the transcription factor(s) as disclosed herein that may occur
naturally in a subject. The step of contacting a cell with a transcription factor(s) as disclosed
herein can be conducted in any suitable manner. The cells may be treated in adherent culture,
or in suspension culture, and the transcription factors(s) can be added substantially
simultaneously (e.g., together in a cocktail) or sequentially (e.g., within 1 hour, 1 day or more
from an addition of a first transcription factor). It is understood that the cells contacted with a
transcription factor(s) as disclosed herein can also be simultaneously or subsequently
contacted with another agent, such as a growth factor or other differentiation agent or
environment to stabilize the cells, or to differentiate the cells further. In an embodiment,
contacting the cell with a transcription factor includes transduction of the cell with a vector
comprising a nucleic acid encoding the transcription factor(s) or transfection of the cell with
an expression vector comprising a nucleic acid encoding the transcription factor(s), and may
include culturing the cell under conditions known in the art, for example, for culturing the
pluripotent and/or differentiated cells, for example, as further described in the Examples.
[188] As used herein, the term "differentiation” is the process by which an unspecialized
("uncommitted") or less specialized cell acquires the features of a specialized cell such as, for
example, a hepatocyte. A differentiated cell is one that has taken on a more specialized
position within the lineage of a cell. For example, an hES cell can be differentiated into
various more differentiated cell types, including an hepatocyte. In certain embodiments,
differentiation of a cell is performed in vitro, and excludes in vivo differentiation.

[189] As used herein, the term "cultured” or "culturing” refers to the placing of cells in a
medium containing, among other things nutrients needed to sustain the life of the cultured

cells, any specified added substances. Cells are cultured "in the presence of" a specified

28



CA 03217861 2023-10-25

WO 2022/235869 PCT/US2022/027776

substance when the medium in which such cells are maintained contains such specified
substance. Culturing can take place in any vessel or apparatus in which the cells can be
maintained exposed to the medium, including without limitation petri dishes, culture dishes,
blood collection bags, roller bottles, flasks, test tubes, microtiter wells, hollow fiber
cartridges or any other apparatus known in the art.

[190] As used herein, the term "subculturing” or “passaging,” refers to transferring some
or all cells from a previous culture to fresh growth medium and/or plating onto a new culture
dish and further culturing the cells. Subculturing may be done, e.g., to prolong the life,
enrich for a desired cell population, and/or expand the number of cells in the culture. For
example, the term includes transferring, culturing, or plating some or all cells to a new culture
vessel at a lower cell density to allow proliferation of the cells.

[191] As used herein, “administration”, “administering” and variants thereof refers to
introducing a composition or agent into a subject and includes concurrent and sequential
introduction of a composition or agent. "Administration" can refer, e.g., to therapeutic,
pharmacokinetic, diagnostic, research, placebo, and experimental methods. “Administration”
also encompasses in vitro and ex vivo treatments. Administration includes self-administration
and the administration by another. Administration can be carried out by any suitable route.

A suitable route of administration allows the composition or the agent to perform its intended
function. For example, if a suitable route is intravenous, the composition is administered by
introducing the composition or agent into a vein of the subject.

[192] As used herein, the terms “subject”, “individual”, “host”, and “patient” are used
interchangeably herein and refer to any mammalian subject for whom diagnosis, treatment, or
therapy is desired, particularly humans. The methods described herein are applicable to both
human therapy and veterinary applications. In some embodiments, the subject is a mammal,
and in particular embodiments the subject is a human.

[193] As used herein, the terms “therapeutic amount”, "therapeutically effective
amount”, an "amount effective”, or “pharmaceutically effective amount” of an active
agent (e.g., an hepatocyte) are used interchangeably to refer to an amount that is sufficient to
provide the intended benefit of treatment. However, dosage levels are based on a variety of
factors, including the type of injury, the age, weight, sex, medical condition of the patient, the
severity of the condition, the route of administration, anticipated cell engraftment, long term
survival, and/or the particular active agent employed. Thus the dosage regimen may vary

widely, but can be determined routinely by a physician using standard methods. Additionally,
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the terms “therapeutic amount”, “therapeutically effective amounts” and “pharmaceutically
effective amounts” include prophylactic or preventative amounts of the compositions of the
described invention. In prophylactic or preventative applications of the described invention,
pharmaceutical compositions or medicaments are administered to a patient susceptible to, or
otherwise at risk of, a disease, disorder or condition in an amount sufficient to eliminate or
reduce the risk, lessen the severity, or delay the onset of the disease, disorder or condition,
including biochemical, histologic and/or behavioral symptoms of the disease, disorder or
condition, its complications, and intermediate pathological phenotypes presenting during
development of the disease, disorder or condition. It is generally preferred that a maximum
dose be used, that is, the highest safe dose according to some medical judgment. The terms
“dose” and “dosage” are used interchangeably herein.

[194] As used herein the term “therapeutic effect” refers to a consequence of treatment, the
results of which are judged to be desirable and beneficial. A therapeutic effect can include,
directly or indirectly, the arrest, reduction, or elimination of a disease manifestation. A
therapeutic effect can also include, directly or indirectly, the arrest reduction or elimination of
the progression of a disease manifestation.

[195] For the therapeutic agents described herein (e.g., hepatocytes), a therapeutically
effective amount may be initially determined from preliminary in vitro studies and/or animal
models. A therapeutically effective dose may also be determined from human data. The
applied dose may be adjusted based on the relative bioavailability and potency of the
administered compound. Adjusting the dose to achieve maximal efficacy based on the
methods described above and other well-known methods is within the capabilities of the
ordinarily skilled artisan.

[196] Pharmacokinetic principles provide a basis for modifying a dosage regimen to obtain
a desired degree of therapeutic efficacy with a minimum of unacceptable adverse effects. In
situations where the agent's plasma concentration can be measured and related to therapeutic
window, additional guidance for dosage modification can be obtained.

[197] As used herein, the terms “treat”, “treating”, and/or “treatment” include abrogating,
substantially inhibiting, slowing or reversing the progression of a condition, substantially
ameliorating clinical symptoms of a condition, or substantially preventing the appearance of
clinical symptoms of a condition (e.g., a pathological condition), obtaining beneficial or
desired clinical results. Treating further refers to accomplishing one or more of the following:

(a) reducing the severity of the disorder; (b) limiting development of symptoms characteristic
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of the disorder(s) being treated; (c) limiting worsening of symptoms characteristic of the
disorder(s) being treated; (d) limiting recurrence of the disorder(s) in patients that have
previously had the disorder(s); and (e) limiting recurrence of symptoms in patients that were
previously asymptomatic for the disorder(s).

[198] Beneficial or desired clinical results, such as pharmacologic and/or physiologic
effects include, but are not limited to, preventing the disease, disorder or condition from
occurring in a subject that may be predisposed to the disease, disorder or condition but does
not yet experience or exhibit symptoms of the disease (prophylactic treatment), alleviation of
symptoms of the disease, disorder or condition, diminishment of extent of the disease,
disorder or condition, stabilization (i.e., not worsening) of the disease, disorder or condition,
preventing spread of the disease, disorder or condition, delaying or slowing of the disease,
disorder or condition progression, amelioration or palliation of the disease, disorder or
condition, and combinations thereof, as well as prolonging survival as compared to expected

survival if not receiving treatment.

I. METHODS OF THE INVENTION

[199] The present invention is based on the discovery of methods which include increasing
expression of at least one transcription factor selected from the group consisting of NFIC and
NFIX, to promote the maturation of hepatocytes, and thereby allow the production of mature
and functional hepatocytes. The methods of the invention are efficient and effective, and
result in production of mature hepatocytes, for example, from pluripotent stem cells, that can
be used for a variety of applications disclosed herein, for example, treatment of liver diseases.
[200] In some embodiments, increasing the expression of NFIX comprises an increase of at
least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold,
200-fold, 500-fold, 1,000-fold, or 10,000-fold relative to endogenous expression levels of
NFIX in the immature hepatocytes.

[201] In some embodiments, increasing the expression of NFIC comprises an increase of at
least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold,
200-fold, 500-fold, 1000-fold, or 10,000-fold relative to endogenous expression levels of
NFIC in the immature hepatocytes.

[202] In some embodiments, the methods further comprise culturing the immature
hepatocytes in a culture media comprising dexamethasone, 8-Bromoadenosine 3", 5'-cyclic

monophosphate (8-Br-cAMP), or a combination thereof.
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[203] In some embodiments, the immature hepatocytes comprise an expression vector
comprising a nucleic acid encoding the at least one transcription factor.

[204] In some embodiments, increasing the expression of the at least one transcription
factor in the immature hepatocytes comprises inducing expression of the at least one
transcription factor in the immature hepatocytes.

[205] In some embodiments, the immature hepatocytes are derived from pluripotent stem
cells, e.g., embryonic stem cells or induced pluripotent stem cells. Any method for
differentiating pluripotent cells into immature hepatocytes may be used. For example,
immature hepatocytes may be obtained by differentiating pluripotent stem cells as described
herein.

[206] In some embodiments, the pluripotent stem cells may be engineered to comprise an
expression vector comprising a nucleic acid encoding the at least one transcription factor. In
some embodiments, the expression vector comprises a promoter, e.g., an endogenous
promoter, an artificial promoter or an inducible promoter, operably linked to a nucleic acid

encoding the at least one transcription factor.

Cells For Generating Hepatocytes

[207] In certain embodiments of the invention, there are disclosed methods and
compositions for producing mature hepatocytes by increasing expression of at least one
transcription factor selected from the group consisting of Nuclear Factor I X (NFIX) and
Nuclear Factor I C (NFIC) in immature hepatocytes. In some embodiments, the mature and
immature hepatocytes are derived from pluripotent stem cells, for example, embryonic stem
cells, induced pluripotent stem cells, fetal stem cells, and/or adult stem cells. In further

embodiments, the mature and immature hepatocytes may be derived from somatic cells.

A. Stem Cells

[208] In a developing embryo, stem cells can differentiate into all of the specialized
embryonic tissues. In adult organisms, stem cells and progenitor cells act as a repair system
for the body, replenishing specialized cells, but also maintain the normal turnover of
regenerative organs, such as blood, skin or intestinal tissues.

[209] Pluripotent stem cells, such as human embryonic stem cells (ESCs) and induced
pluripotent stem cells (iPSC) are capable of long-term proliferation in vitro, while retaining

the potential to differentiate into all cell types of the body, including immature hepatocytes.
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Thus these cells could potentially provide an unlimited supply of patient-specific functional
hepatocytes for both drug development and transplantation therapies. The differentiation of
pluripotent stem cells to hepatocytes in vitro may involve the addition of different growth
factors at different stages of differentiation, and may require about 15-20 days of
differentiation (see e.g. FIGs. 5A and 6A). One of the challenges with differentiating
pluripotent stem cells into hepatocytes in vitro is the hepatocytes appear more functionally
like fetal hepatocytes, e.g., immature hepatocytes, and do not yet exhibit the full functional
spectrum of mature hepatocytes, e.g., primary human hepatocytes (PHH). Pluripotent stem
cells, such as human ESC/iPSCs, with their unlimited proliferation ability, provide an
advantage over somatic cells as the starting cell population for hepatocyte differentiation.
[210] Pluripotent stem cells, e.g., embryonic stem (ES) cells or iPS cells, may be the
starting material of the disclosed method. In any of the embodiments herein, the pluripotent
stem cell may be human pluripotent stem cells (hPSCs). Pluripotent stem cells (PSCs) may be
cultured in any way known in the art, such as in the presence or absence of feeder cells.
Additionally, PSCs produced using any method can be used as the starting material to
produce hepatocytes. For example, the hES cells may be derived from blastocyst stage
embryos that were the product of in vitro fertilization of egg and sperm. Alternatively, the
hES cells may be derived from one or more blastomeres removed from an early cleavage
stage embryo, optionally, without destroying the remainder of the embryo. In still other
embodiments, the hES cells may be produced using nuclear transfer. In a further
embodiment, iPSCs may be used. As a starting material, previously cryopreserved PSCs may
be used. In another embodiment, PSCs that have never been cryopreserved may be used.
[211] In one aspect of the present invention, PSCs are plated onto an extracellular matrix
under feeder or feeder-free conditions. In an embodiment, the PSCs can be cultured on an
extracellular matrix, including, but not limited to, laminin, fibronectin, vitronectin, Matrigel,
CellStart, collagen, or gelatin. In some embodiments, the extracellular matrix is laminin with
or without e-cadherin. In some embodiments, laminin may be selected from the group
comprising laminin 521, laminin 511, or iMatrix511. In some embodiments, the feeder cells
are human feeder cells, such as human dermal fibroblasts (HDF). In other embodiments, the
feeder cells are mouse embryo fibroblasts (MEF).

[212] In certain embodiments, the media used when culturing the PSCs may be selected

from any media appropriate for culturing PSCs. In some embodiments, any media that is
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capable of supporting PSC cultures may be used. For example, one of skill in the art may
select amongst commercially available or proprietary media.

[213] The medium that supports pluripotency may be any such medium known in the art. In
some embodiments, the medium that supports pluripotency is Nutristem™. In some
embodiments, the medium that supports pluripotency is TeSR™. In some embodiments, the
medium that supports pluripotency is StemFit™. In other embodiments, the medium that
supports pluripotency is Knockout™ DMEM (Gibco), which may be supplemented with
Knockout™ Serum Replacement (Gibco), LIF, bFEGF, or any other factors. Each of these
exemplary media is known in the art and commercially available. In further embodiments,
the medium that supports pluripotency may be supplemented with bFGF or any other factors.
In an embodiment, bFGF may be supplemented at a low concentration (e.g., 4ng/mL). In
another embodiment, bFGF may be supplemented at a higher concentration (e.g., 100 ng/mL),
which may prime the PSCs for differentiation.

[214] The concentration of PSCs to be used in the production method of the present
invention is not particularly limited. For example, when a 10 cm dish is used, 1x10*1x108
cells per dish, preferably 5x10*-5x10° cells per dish, more preferably 1x10%-1x107 cells, per
dish are used.

[215] In some embodiments, the PSCs are plated with a cell density of about 1,000-100,000
cells/cm?. In some embodiments, the PSCs are plated with a cell density of about 5000 —
100,000 cells/cm?, about 5000 — 50,000 cells/cm?, or about 5000 — 15,000 cells/cm?. In other
embodiments, the PSCs are plated at a density of about 10,000 cells/cm?.

[216] In some embodiments, the medium that supports pluripotency, e.g., StemFit™ or
other similar medium, is replaced with a differentiation medium to differentiate the cells into
immature hepatocytes. In some embodiments, replacement of the media from the medium
that supports pluripotency to a differentiation medium may be performed at different time
points during the cell culture of PSCs and may also depend on the initial plating density of
the PSCs. In some embodiments, replacement of the media can be performed after 3-14 days
of culture of the PSCs in the pluripotency medium. In some embodiments, replacement of the
media may be performed at day 3,4, 5,6,7, 8,9, 10, 11, 12, 13, or 14.

[217] In some embodiments, the stem cells useful for the method described herein include
but not limited to embryonic stem cells, induced pluripotent stem cells, mesenchymal stem
cells, bone-marrow derived stem cells, hematopoietic stem cells, chondrocyte progenitor cells,

epidermal stem cells, gastrointestinal stem cells, neural stem cells, hepatic stem cells,
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adipose-derived mesenchymal stem cells, pancreatic progenitor cells, hair follicular stem
cells, endothelial progenitor cells and smooth muscle progenitor cells.

[218] In some embodiments, the stem cells used for the method described herein is isolated
from umbilical cord, placenta, amniotic fluid, chorion villi, blastocysts, bone marrow,
adipose tissue, brain, peripheral blood, the gastrointestinal tract, cord blood, blood vessels,
skeletal muscle, skin, liver and menstrual blood.

[219] The detailed procedures for the isolation of human stem cells from various sources are
described in Current Protocols in Stem Cell Biology (2007), which is incorporated by
reference in its entirety herein. Methods of isolating and culturing stem cells from various
sources are also described in U.S. Patent Nos. 5,486,359, 6,991,897, 7,015,037, 7,422,736,
7,410,798, 7,410,773, 7,399,632; each of which is incorporated by reference in its entirety

herein.

B. Somatic Cells

[220] In certain aspects of the invention, there may also be provided methods of
transdifferentiation, i.e., the direct conversion of one somatic cell type into another, e.g.,
deriving hepatocytes from other somatic cells. Transdifferentiation may involve the use of
hepatocyte differentiation transcription factor genes or gene products to increase expression
levels of such genes in somatic cells for production of hepatocytes.

[221] However, human somatic cells may be limited in supply, especially those from living
donors. In order to provide an unlimited supply of starting cells for hepatocyte differentiation,
somatic cells may be immortalized by introduction of immortalizing genes or proteins, such
as hTERT and/or other oncogenes. The immortalization of cells may be reversible (e.g., using
removable expression cassettes) or inducible (e.g., using inducible promoters).

[222] Somatic cells in certain aspects of the invention may be primary cells (non-
immortalized cells), such as those freshly isolated from an animal, or may be derived from a
cell line (immortalized cells). The cells may be maintained in cell culture following their
isolation from a subject. In certain embodiments the cells are passaged once or more than
once (e.g., between 2-5,5-10, 10-20, 20-50, 50-100 times, or more) prior to their use in a
method of the invention. In some embodiments the cells will have been passaged no more
than 1, 2, 5, 10, 20, or 50 times prior to their use in a method of the invention.

[223] The somatic cells used or described herein may be native somatic cells, or engineered

somatic cells, i.e., somatic cells which have been genetically altered. Somatic cells of the
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present invention are typically mammalian cells, such as, for example, human cells, primate
cells or mouse cells. They may be obtained by well-known methods and can be obtained from
any organ or tissue containing live somatic cells, e.g., blood, bone marrow, skin, lung,
pancreas, liver, stomach, intestine, heart, reproductive organs, bladder, kidney, urethra and
other urinary organs, etc.

[224] Mammalian somatic cells useful in the present invention include, but are not limited
to, Sertoli cells, endothelial cells, granulosa epithelial cells, neurons, pancreatic islet cells,
epidermal cells, epithelial cells, hepatocytes, hair follicle cells, keratinocytes, hematopoietic
cells, melanocytes, chondrocytes, lymphocytes (B and T lymphocytes), erythrocytes,
macrophages, monocytes, mononuclear cells, cardiac muscle cells, and other muscle cells, ezc.
[225] Methods described herein may be used to program one or more somatic cells, e.g.,
colonies or populations of somatic cells into hepatocytes. In some embodiments a population
of cells of the present invention is substantially uniform in that at least 90% of the cells
display a phenotype or characteristic of interest. In some embodiments at least 95%, 96%,
97%, 98%, 99%, 99.5%, 99.8%, 99.9, 99.95% or more of the cells display a phenotype or
characteristic of interest. In certain embodiments of the invention the somatic cells have the
capacity to divide, i.e., the somatic cells are not post-mitotic.

[226] Somatic cells may be partially or completely differentiated. As described herein, both
partially differentiated somatic cells and fully differentiated somatic cells can be

differentiated to produce hepatocytes.

Transcription Factors for Use in the Methods of the Invention

[227] Mature hepatocytes can be generated by increasing the expression in immature
hepatocytes of at least one transcription factor described herein. Any transcription factor
important for promoting hepatocyte differentiation, maturation or function may be used, for
example, at least one transcription factor selected from the transcription factors described in
Table 1. All the isoforms and variants of the transcription factors listed in Table 1 may be
included in this invention. Non-limiting examples of accession numbers for certain isoforms
or variants of the transcription factors of the invention are described in Table 1.

[228] Table 1. Transcription Factors for Generating Mature Hepatocytes

Transcription Factor Accession No. SEQ ID NO.
NFIX NM_002501.4 1
NFIC, transcript variant 1 (NFIC-1) NM_001245002 2
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NFIC, transcript variant 2 (NFIC-2) NM 203843 3
NFIC, transcript variant 3 (NFIC-3) NM_ 001245004 4
NFIC, transcript variant 4 (NFIC-4) NM_ 001245008 5
NFIC, transcript variant 5 (NFIC-5) N 005397 6

RORC NM_005060.3 7
NROB2 NM_021969.2 8
ESR1 NM_001291230.1 9
THRSP NM_003251.3 10
TBX15 NM_152380 11
HLF NM_002126.4 12
ATOHS NM_032827.7 13
NRI1I2 NM_003889.3 14
CUX2 NM_015267.3 15
ZNF662 NM_001134656.1 16
TSHZ2 NM_173485.5 17
ATF5 NM_001193646.1 18
NFIA NM_001134673.3 19
NFIB NM_005596.3 20
NPAS2 XM_005263953.2 21
FOS NM_005252.3 22
ONECUT2 NM_004852.2 23
PROX1, transcript variant 1 NM_001270616.2 24
PROX1, transcript variant 2 NM_002763.5 39
NR1H4 NM_001206979.1 25
MLXIPL NM_032951.2 26
ETV1 NM_001163147 27
AR NM_000044.3 28
CEBPB NM_005194.3 29
NR1D1 NM_021724 .4 30
HEY2 NM_012259.2 31
ARID3C NM_001017363.1 32
KLF9 NM_001206.2 33
DMRTALI NM_022160.2 34

[229] In some embodiments, the at least one transcription factor is selected from the group
consisting of NFIX, NFIC, RORC, NROB2, ESR1, THRSP, TBX15, HLF, ATOHS, NR112,
CUX2, ZNF662, TSHZ2, ATF5, NFIA, NFIB, NPAS2, FOS, ONECUT2, PROX1, NR1H4,
MLXIPL, ETV1, AR, CEBPB, NR1D1, HEY2, ARID3C, KLF9, and DMRTAI.

[230] In some embodiments, the transcription factor is Nuclear Factor I X (NFIX). As used

herein, “NFIX” refers to the well-known gene and protein. NFIX is also known as Nuclear

Factor I X, Nuclear Factor 1 X-Type, NF1-X, or NF-I/X. The protein encoded by the NFIX
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gene is a transcription factor that binds the palindromic sequence 5'-
TTGGCNNNNNGCCAA-3 in viral and cellular promoters and in the origin of replication of
adenovirus type 2. The NFIX protein is individually capable of activating transcription and
replication. The sequence of a human NFIX mRNA transcript can be found at National
Center for Biotechnology Information (NCBI) RefSeq accession number NM_002501.4
(SEQ ID NO: 1). Additional examples of NFIX mRNA sequences are readily available using
publicly available databases, e.g., GenBank, UniProt, and OMIM.

[231] An exemplary sequence of NFIX comprises the nucleotide sequence of SEQ ID NO:
1, or an amino acid sequence encoded therefrom. In some embodiments, NFIX comprises a
nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
or 100% identical to the nucleotide sequence of SEQ ID NO: 1. In some embodiments, NFIX
comprises an amino acid sequence that is at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% identical to the amino acid sequence encoded by the nucleotide
sequence of SEQ ID NO: 1.

[232] In some embodiments, the methods of the invention are directed to increasing the
expression of NFIX by at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-
fold, 50-fold, 100-fold, 200-fold, 500-fold, 1000-fold, or 10,000-fold relative to endogenous
expression levels of NFIX in immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 0.1-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 0.2-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 0.5-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 1-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 2-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 5-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased

expression of NFIX comprises an increase of at least 10-fold relative to endogenous
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expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 20-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 50-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 100-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 200-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 500-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 1,000-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes. In some embodiments, the increased
expression of NFIX comprises an increase of at least 10,000-fold relative to endogenous
expression levels of NFIX in the immature hepatocytes.

[233] In some embodiments, the transcription factor is Nuclear Factor I C (NFIC). As used
herein, “NFIC” refers to the well-known gene and protein. The term NFIC includes
alternatively spliced or transcript variants (e.g., NFIC transcript variants 1-5) and protein
isoforms. NFIC is also known as Nuclear Factor I C, CTF, Nuclear Factor 1 C-Type, NF1-C,
or NF-I/C. The protein encoded by the NFIC gene belongs to the CTF/NF-I family. These
are dimeric DNA-binding proteins, and function as cellular transcription factors and as
replication factors for adenovirus DNA replication. The NFIC protein recognizes and binds
the palindromic sequence 5'-TTGGCNNNNNGCCAA-3' present in viral and cellular
promoters and in the origin of replication of adenovirus type 2. The NFIC protein is
individually capable of activating transcription and replication. The NFIC gene encodes
alternatively spliced variants. In some embodiments, NFIC is NFIC, transcript variant 1. The
sequence of a human NFIC, transcript variant 1 mRNA transcript can be found at NCBI
RefSeq accession number NM_001245002 (SEQ ID NO: 2). In some embodiments, NFIC is
NFIC, transcript variant 2. The sequence of a human NFIC, transcript variant 2 mRNA
transcript can be found at NCBI RefSeq accession number NM_205843 (SEQ ID NO: 3). In
some embodiments, NFIC is NFIC, transcript variant 3. The sequence of a human NFIC,
transcript variant 3 mRNA transcript can be found at NCBI RefSeq accession number

NM_001245004 (SEQ ID NO: 4). In some embodiments, NFIC is NFIC, transcript variant 4.
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The sequence of a human NFIC, transcript variant 4 mRNA transcript can be found at NCBI
RefSeq accession number NM_001245005 (SEQ ID NO: 5). In some embodiments, NFIC is
NFIC, transcript variant 5. The sequence of a human NFIC, transcript variant 5 mRNA
transcript can be found at NCBI RefSeq accession number NM_005597 (SEQ ID NO: 6). In
some embodiments, NIFIC is any combination of NFIC, transcript variants 1-5. In some
embodiments, NFIC is NFIC, transcript variant 1 and NFIC, transcript variant 3. Additional
examples of NFIC mRNA sequences are readily available using publicly available databases,
e.g., GenBank, UniProt, and OMIM.

[234] An exemplary sequence of NFIC, transcript variant 1 comprises the nucleotide
sequence of SEQ ID NO: 2, or an amino acid sequence encoded therefrom. In some
embodiments, NFIC, transcript variant 1 comprises a nucleotide sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the nucleotide
sequence of SEQ ID NO: 2. In another embodiment, NIFC, transcript variant 1 comprises an
amino acid sequence that is at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identical to the amino acid sequence encoded by the nucleotide sequence of
SEQ ID NO: 2.

[235] An exemplary sequence of NFIC, transcript variant 2 comprises the nucleotide
sequence of SEQ ID NO: 3, or an amino acid sequence encoded therefrom. In some
embodiments, NFIC, transcript variant 2 comprises a nucleotide sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the nucleotide
sequence of SEQ ID NO: 3. In an embodiment, NFIC, transcript variant 2 comprises an
amino acid sequence that is at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identical to the amino acid sequence encoded by the nucleotide sequence of
SEQ ID NO: 3.

[236] An exemplary sequence of NFIC, transcript variant 3 comprises the nucleotide
sequence of SEQ ID NO: 4, or an amino acid sequence encoded therefrom. In some
embodiments, NFIC, transcript variant 3 comprises a nucleotide sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the nucleotide
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sequence of SEQ ID NO: 4. In an embodiment, NFIC, transcript variant 3 comprises an
amino acid sequence that is at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identical to the amino acid sequence encoded by the nucleotide sequence of
SEQ ID NO: 4.

[237] An exemplary sequence of NFIC, transcript variant 4 comprises the nucleotide
sequence of SEQ ID NO: 5, or an amino acid sequence encoded therefrom. In some
embodiments, NFIC, transcript variant 4 comprises a nucleotide sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the nucleotide
sequence of SEQ ID NO: 5. In an embodiment, NFIC, transcript variant 4 comprises an
amino acid sequence that is at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identical to the amino acid sequence encoded by the nucleotide sequence of
SEQ ID NO: 5.

[238] An exemplary sequence of NFIC, transcript variant 5 comprises the nucleotide
sequence of SEQ ID NO: 6, or an amino acid sequence encoded therefrom. In some
embodiments, NFIC, transcript variant 5 comprises a nucleotide sequence that is at least 80%,
at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the nucleotide
sequence of SEQ ID NO: 6. In an embodiment, NFIC, transcript variant 5 comprises an
amino acid sequence that is at least 80%, at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% identical to the amino acid sequence encoded by the nucleotide sequence of
SEQ ID NO: 6.

[239] In some embodiments, the methods of the invention are directed to increasing the
expression of NFIC by at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-
fold, 50-fold, 100-fold, 200-fold, 500-fold, 1000-fold, or 10,000-fold relative to endogenous
expression levels of NFIC in the immature hepatocytes. In some embodiments, the increased
expression of NFIC comprises an increase of at least 0.1-fold relative to endogenous
expression levels of NFIC in the immature hepatocytes. In some embodiments, the increased
expression of NFIC comprises an increase of at least 0.2-fold relative to endogenous

expression levels of NFIC in the immature hepatocytes. In some embodiments, the increased
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expression of NFIC comprises an increase of at least 0.5-fold relative to endogenous
expression levels of NFIC in the immature hepatocytes. In some embodiments, the increased
expression of NFIC comprises an increase of at least 1-fold relative to endogenous expression
levels of NFIC in the immature hepatocytes. In some embodiments, the increased expression
of NFIC comprises an increase of at least 2-fold relative to endogenous expression levels of
NFIC in the immature hepatocytes. In some embodiments, the increased expression of NFIC
comprises an increase of at least 5-fold relative to endogenous expression levels of NFIC in
the immature hepatocytes. In some embodiments, the increased expression of NFIC
comprises an increase of at least 10-fold relative to endogenous expression levels of NFIC in
the immature hepatocytes. In some embodiments, the increased expression of NFIC
comprises an increase of at least 20-fold relative to endogenous expression levels of NFIC in
the immature hepatocytes. In some embodiments, the increased expression of NFIC
comprises an increase of at least 50-fold relative to endogenous expression levels of NFIC in
the immature hepatocytes. In some embodiments, the increased expression of NFIC
comprises an increase of at least 100-fold relative to endogenous expression levels of NFIC
in the immature hepatocytes. In some embodiments, the increased expression of NFIC
comprises an increase of at least 200-fold relative to endogenous expression levels of NFIC
in the immature hepatocytes. In some embodiments, the increased expression of NFIC
comprises an increase of at least 500-fold relative to endogenous expression levels of NFIC
in the immature hepatocytes. In some embodiments, the increased expression of NFIC
comprises an increase of at least 1,000-fold relative to endogenous expression levels of NFIC
in the immature hepatocytes. In some embodiments, the increased expression of NFIC
comprises an increase of at least 10,000-fold relative to endogenous expression levels of
NFIC in the immature hepatocytes.

[240] In some embodiments, the transcription factor is RORC. The sequence of a human
RORC mRNA transcript can be found at NCBI RefSeq accession number NM_005060.3
(SEQ ID NO: 7). An exemplary sequence of RORC comprises the nucleotide sequence of
SEQ ID NO: 7, or an amino acid sequence encoded therefrom. In some embodiments, RORC
comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 7. In an
embodiment, RORC comprises an amino acid sequence that is at least 80%, at least 85%, at

least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
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least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence encoded
by the nucleotide sequence of SEQ ID NO: 7.

[241] In some embodiments, the transcription factor is NROB2. The sequence of a human
NROB2 mRNA transcript can be found at NCBI RefSeq accession number NM_021969.2
(SEQ ID NO: 8). An exemplary sequence of NROB2 comprises the nucleotide sequence of
SEQ ID NO: 8, or an amino acid sequence encoded therefrom. In some embodiments,
NROB2 comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 8. In an
embodiment, NROB2 comprises an amino acid sequence that is at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence encoded
by the nucleotide sequence of SEQ ID NO: 8.

[242] In some embodiments, the transcription factor is ESR1. The sequence of a human
ESR1 mRNA transcript can be found at NCBI RefSeq accession number NM_001291230.1
(SEQ ID NO: 9). An exemplary sequence of ESR1 comprises the nucleotide sequence of
SEQ ID NO: 9, or an amino acid sequence encoded therefrom. In some embodiments, ESR1
comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 9. In an
embodiment, ESR1 comprises an amino acid sequence that is at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence encoded
by the nucleotide sequence of SEQ ID NO: 9.

[243] In some embodiments, the transcription factor is THRSP. The sequence of a human
THRSP mRNA transcript can be found at NCBI RefSeq accession number NM_003251.3
(SEQ ID NO: 10). An exemplary sequence of THRSP comprises the nucleotide sequence of
SEQ ID NO: 10, or an amino acid sequence encoded therefrom. In some embodiments,
THRSP comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 10. In
an embodiment, THRSP comprises an amino acid sequence that is at least 80%, at least 85%,

at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
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at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 10.

[244] In some embodiments, the transcription factor is TBX15. The sequence of a human
TBX15 mRNA transcript can be found at NCBI RefSeq accession number NM_152380 (SEQ
ID NO: 11). An exemplary sequence of TBX15 comprises the nucleotide sequence of SEQ
ID NO: 11, or an amino acid sequence encoded therefrom. In some embodiments, TBX15
comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 11. In an
embodiment, TBX15 comprises an amino acid sequence that is at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence encoded
by the nucleotide sequence of SEQ ID NO: 11.

[245] In some embodiments, the transcription factor is HLF. The sequence of a human HLF
mRNA transcript can be found at NCBI RefSeq accession number NM_002126.4 (SEQ ID
NO: 12). An exemplary sequence of HLF comprises the nucleotide sequence of SEQ ID NO:
12, or an amino acid sequence encoded therefrom. In some embodiments, HLF comprises a
nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
or 100% identical to the nucleotide sequence of SEQ ID NO: 12. In an embodiment, HLF
comprises an amino acid sequence that is at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% identical to the amino acid sequence encoded by the nucleotide
sequence of SEQ ID NO: 12.

[246] In some embodiments, the transcription factor is ATOHS. The sequence of a human
ATOHS8 mRNA transcript can be found at NCBI RefSeq accession number NM_032827.7
(SEQ ID NO: 13). An exemplary sequence of ATOHS8 comprises the nucleotide sequence of
SEQ ID NO: 13, or an amino acid sequence encoded therefrom. In some embodiments,
ATOHS comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 13. In
an embodiment, ATOHS8 comprises an amino acid sequence that is at least 80%, at least 85%,

at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
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at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 13.

[247] In some embodiments, the transcription factor is NR112. The sequence of a human
NR1I2 mRNA transcript can be found at NCBI RefSeq accession number NM_003889.3
(SEQ ID NO: 14). An exemplary sequence of NR1I2 comprises the nucleotide sequence of
SEQ ID NO: 14, or an amino acid sequence encoded therefrom. In some embodiments,
NR1I2 comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 14. In
an embodiment, NR1I2 comprises an amino acid sequence that is at least 80%, at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 14.

[248] In some embodiments, the transcription factor is CUX2. The sequence of a human
CUX2 mRNA transcript can be found at NCBI RefSeq accession number NM_015267.3
(SEQ ID NO: 15). An exemplary sequence of CUX2 comprises the nucleotide sequence of
SEQ ID NO: 15, or an amino acid sequence encoded therefrom. In some embodiments,
CUX2 comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 15. In
an embodiment, CUX2 comprises an amino acid sequence that is at least 80%, at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 15.

[249] In some embodiments, the transcription factor is ZNF662. The sequence of a human
ZNF662 mRNA transcript can be found at NCBI RefSeq accession number
NM_001134656.1 (SEQ ID NO: 16). An exemplary sequence of ZNF662 comprises the
nucleotide sequence of SEQ ID NO: 16, or an amino acid sequence encoded therefrom. In
some embodiments, ZNF662 comprises a nucleotide sequence that is at least 80%, at least
85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identical to the nucleotide sequence of
SEQ ID NO: 16. In an embodiment, ZNF662 comprises an amino acid sequence that is at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
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least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the
amino acid sequence encoded by the nucleotide sequence of SEQ ID NO: 16.

[250] In some embodiments, the transcription factor is TSHZ2. The sequence of a human
TSHZ2 mRNA transcript can be found at NCBI RefSeq accession number NM_173485.5
(SEQ ID NO: 17). An exemplary sequence of TSHZ2 comprises the nucleotide sequence of
SEQ ID NO: 17, or an amino acid sequence encoded therefrom. In some embodiments,
TSHZ2 comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 17. In
an embodiment, TSHZ2 comprises an amino acid sequence that is at least 80%, at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 17.

[251] In some embodiments, the transcription factor is ATFS. The sequence of a human
ATF5 mRNA transcript can be found at NCBI RefSeq accession number NM_001193646.1
(SEQ ID NO: 18). An exemplary sequence of ATF5 comprises the nucleotide sequence of
SEQ ID NO: 18, or an amino acid sequence encoded therefrom. In some embodiments, ATFS
comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 18. In an
embodiment, ATF5 comprises an amino acid sequence that is at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence encoded
by the nucleotide sequence of SEQ ID NO: 18.

[252] In some embodiments, the transcription factor is NFIA. The sequence of a human
NFIA mRNA transcript can be found at NCBI RefSeq accession number NM_001134673.3
(SEQ ID NO: 19). An exemplary sequence of NFIA comprises the nucleotide sequence of
SEQ ID NO: 19, or an amino acid sequence encoded therefrom. In some embodiments, NFIA
comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 19. In an
embodiment, NFIA comprises an amino acid sequence that is at least 80%, at least 85%, at

least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
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least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence encoded
by the nucleotide sequence of SEQ ID NO: 19.

[253] In some embodiments, the transcription factor is NFIB. The sequence of a human
NFIB mRNA transcript can be found at NCBI RefSeq accession number NM_005596.3
(SEQ ID NO: 20). An exemplary sequence of NFIB comprises the nucleotide sequence of
SEQ ID NO: 20, or an amino acid sequence encoded therefrom. In some embodiments, NFIB
comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 20. In an
embodiment, NFIB comprises an amino acid sequence that is at least 80%, at least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence encoded
by the nucleotide sequence of SEQ ID NO: 20.

[254] In some embodiments, the transcription factor is NPAS2. The sequence of a human
NPAS2 mRNA transcript can be found at NCBI RefSeq accession number XM_005263953.2
(SEQ ID NO: 21). An exemplary sequence of NPAS2 comprises the nucleotide sequence of
SEQ ID NO: 21, or an amino acid sequence encoded therefrom. In some embodiments,
NPAS?2 comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 21. In
an embodiment, NPAS2 comprises an amino acid sequence that is at least 80%, at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 21.

[255] In some embodiments, the transcription factor is FOS. The sequence of a human FOS
mRNA transcript can be found at NCBI RefSeq accession number NM_005252.3 (SEQ ID
NO: 22). An exemplary sequence of FOS comprises the nucleotide sequence of SEQ ID NO:
22, or an amino acid sequence encoded therefrom. In some embodiments, FOS comprises a
nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
or 100% identical to the nucleotide sequence of SEQ ID NO: 22. In an embodiment, FOS
comprises an amino acid sequence that is at least 80%, at least 85%, at least 90%, at least

91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
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98%, at least 99% or 100% identical to the amino acid sequence encoded by the nucleotide
sequence of SEQ ID NO: 22.

[256] In some embodiments, the transcription factor is ONECUT?2. The sequence of a
human ONECUT2 mRNA transcript can be found at NCBI RefSeq accession number
NM_004852.2 (SEQ ID NO: 23). An exemplary sequence of ONECUT2 comprises the
nucleotide sequence of SEQ ID NO: 23, or an amino acid sequence encoded therefrom. In
some embodiments, ONECUT2 comprises a nucleotide sequence that is at least 80%, at least
85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identical to the nucleotide sequence of
SEQ ID NO: 23. In an embodiment, ONECUT2 comprises an amino acid sequence that is at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the
amino acid sequence encoded by the nucleotide sequence of SEQ ID NO: 23.

[257] In some embodiments, the transcription factor is PROX1. The sequence of a human
PROX1 mRNA transcript can be found at NCBI RefSeq accession number NM_001270616.2
(PROXI1, transcript variant 1; SEQ ID NO: 24) or NM_002763.5 (PROX1, transcript variant
2; SEQ ID NO: 39). An exemplary sequence of PROX1 comprises the nucleotide sequence of
SEQ ID NO: 24, or an amino acid sequence encoded therefrom. In some embodiments,
PROX1 comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 24. In
an embodiment, PROX1 comprises an amino acid sequence that is at least 80%, at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 24. An exemplary sequence of PROX1
comprises the nucleotide sequence of SEQ ID NO: 39, or an amino acid sequence encoded
therefrom. In some embodiments, PROX1 comprises a nucleotide sequence that is at least
80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the
nucleotide sequence of SEQ ID NO: 39. In an embodiment, PROX1 comprises an amino acid
sequence that is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
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100% identical to the amino acid sequence encoded by the nucleotide sequence of SEQ ID
NO: 39.

[258] In some embodiments, the transcription factor is NR1H4. The sequence of a human
NR1H4 mRNA transcript can be found at NCBI RefSeq accession number NM_001206979.1
(SEQ ID NO: 25). An exemplary sequence of NR1H4 comprises the nucleotide sequence of
SEQ ID NO: 25, or an amino acid sequence encoded therefrom. In some embodiments,
NR1H4 comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 25. In
an embodiment, NR1H4 comprises an amino acid sequence that is at least 80%, at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 25.

[259] In some embodiments, the transcription factor is MLXIPL. The sequence of a human
MLXIPL mRNA transcript can be found at NCBI RefSeq accession number NM_032951.2
(SEQ ID NO: 26). An exemplary sequence of MLXIPL comprises the nucleotide sequence of
SEQ ID NO: 26, or an amino acid sequence encoded therefrom. In some embodiments,
MLXIPL comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 26. In
an embodiment, MLXIPL comprises an amino acid sequence that is at least 80%, at least
85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 26.

[260] In some embodiments, the transcription factor is ETV1. The sequence of a human
ETV1 mRNA transcript can be found at NCBI RefSeq accession number NM_001163147
(SEQ ID NO: 27). An exemplary sequence of ETV1 comprises the nucleotide sequence of
SEQ ID NO: 27, or an amino acid sequence encoded therefrom. In some embodiments, ETV1
comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 27. In an
embodiment, ETV1 comprises an amino acid sequence that is at least 80%, at least 85%, at

least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
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least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence encoded
by the nucleotide sequence of SEQ ID NO: 27.

[261] In some embodiments, the transcription factor is AR. The sequence of a human AR
mRNA transcript can be found at NCBI RefSeq accession number NM_000044.3 (SEQ ID
NO: 28). An exemplary sequence of AR comprises the nucleotide sequence of SEQ ID NO:
28, or an amino acid sequence encoded therefrom. In some embodiments, AR comprises a
nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
or 100% identical to the nucleotide sequence of SEQ ID NO: 28. In an embodiment, AR
comprises an amino acid sequence that is at least 80%, at least 85%, at least 90%, at least
91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% identical to the amino acid sequence encoded by the nucleotide
sequence of SEQ ID NO: 28.

[262] In some embodiments, the transcription factor is CEBPB. The sequence of a human
CEBPB mRNA transcript can be found at NCBI RefSeq accession number NM_005194.3
(SEQ ID NO: 29). An exemplary sequence of CEBPB comprises the nucleotide sequence of
SEQ ID NO: 29, or an amino acid sequence encoded therefrom. In some embodiments,
CEBPB comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 29. In
an embodiment, CEBPB comprises an amino acid sequence that is at least 80%, at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 29.

[263] In some embodiments, the transcription factor is NR1D1. The sequence of a human
NR1D1 mRNA transcript can be found at NCBI RefSeq accession number NM_021724.4
(SEQ ID NO: 30). An exemplary sequence of NR1D1 comprises the nucleotide sequence of
SEQ ID NO: 30, or an amino acid sequence encoded therefrom. In some embodiments,
NR1D1 comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 30. In
an embodiment, NR1D1 comprises an amino acid sequence that is at least 80%, at least 85%,

at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
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at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 30.

[264] In some embodiments, the transcription factor is HEY?2. The sequence of a human
HEY?2 mRNA transcript can be found at NCBI RefSeq accession number NM_012259.2
(SEQ ID NO: 31). An exemplary sequence of HEY?2 comprises the nucleotide sequence of
SEQ ID NO: 31, or an amino acid sequence encoded therefrom. In some embodiments,
HEY?2 comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 31. In
an embodiment, HEY?2 comprises an amino acid sequence that is at least 80%, at least 85%,
at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 31.

[265] In some embodiments, the transcription factor is ARID3C. The sequence of a human
ARID3C mRNA transcript can be found at NCBI RefSeq accession number
NM_001017363.1 (SEQ ID NO: 32). An exemplary sequence of ARID3C comprises the
nucleotide sequence of SEQ ID NO: 32, or an amino acid sequence encoded therefrom. In
some embodiments, ARID3C comprises a nucleotide sequence that is at least 80%, at least
85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identical to the nucleotide sequence of
SEQ ID NO: 32. In an embodiment, ARID3C comprises an amino acid sequence that is at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the
amino acid sequence encoded by the nucleotide sequence of SEQ ID NO: 32.

[266] In some embodiments, the transcription factor is KLF9. The sequence of a human
KLF9 mRNA transcript can be found at NCBI RefSeq accession number NM_001206.2
(SEQ ID NO: 33). An exemplary sequence of KLF9 comprises the nucleotide sequence of
SEQ ID NO: 33, or an amino acid sequence encoded therefrom. In some embodiments, KLF9
comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%,
at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 33. In an
embodiment, KLF9 comprises an amino acid sequence that is at least 80%, at least 85%, at

least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
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least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence encoded
by the nucleotide sequence of SEQ ID NO: 33.

[267] In some embodiments, the transcription factor is DMRTA1. The sequence of a human
DMRTA1 mRNA transcript can be found at NCBI RefSeq accession number NM_022160.2
(SEQ ID NO: 34). An exemplary sequence of DMRTAT1 comprises the nucleotide sequence
of SEQ ID NO: 34, or an amino acid sequence encoded therefrom. In some embodiments,
DMRTATI comprises a nucleotide sequence that is at least 80%, at least 85%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% or 100% identical to the nucleotide sequence of SEQ ID NO: 34. In
an embodiment, DMRTA1 comprises an amino acid sequence that is at least 80%, at least
85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99% or 100% identical to the amino acid sequence
encoded by the nucleotide sequence of SEQ ID NO: 34.

Increasing Expression of Transcription Factors

[268] Vectors for delivery of nucleic acids encoding the transcription factor(s) of the
invention may be constructed to express the transcription factor(s) in the cells of the
disclosure, for example, an immature hepatocyte, a hepatic progenitor cell, or a pluripotent
stem cell, e.g., an embryonic stem cell or an induced pluripotent stem cell. In some
embodiments, the nucleic acid is DNA. In some embodiments, the nucleic acid is RNA. In
some embodiments, the nucleic acid is modified DNA. In some embodiments, the nucleic
acid is modified RNA.

[269] In addition, protein transduction compositions or methods may also be used to effect

expression of the transcription factor(s) in the methods of the invention.

A. Nucleic Acid Delivery Systems

[270] One of skill in the art would be well equipped to construct a vector through standard
recombinant techniques (see, for example, Sambrook et al., 2001; Ausubel et al., 1996;
Maniatis et al., 1988; and Ausubel et al., 1994; each of which is incorporated in its entirety
herein by reference). Vectors comprising a nucleic acid encoding the at least one transcription
factor of the disclosure include, but are not limited to, viral vectors, non-viral vectors and/or

inducible expression vectors.
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[271] Vectors can also comprise other components or functionalities that further modulate
gene delivery and/or gene expression, or that otherwise provide beneficial properties to the
targeted cells. Such other components include, for example, components that influence
binding or targeting to cells (including components that mediate cell-type or tissue-specific
binding); components that influence uptake of the vector nucleic acid by the cell; components
that influence localization of the polynucleotide within the cell after uptake (such as agents
mediating nuclear localization); and components that influence expression of the
polynucleotide.

[272] Such components also might include markers, such as detectable and/or selection
markers that can be used to detect or select for cells that have taken up and are expressing the
nucleic acid delivered by the vector. Such components can be provided as a natural feature of
the vector (such as the use of certain viral vectors which have components or functionalities
mediating binding and uptake), or vectors can be modified to provide such functionalities. A
large variety of such vectors are known in the art and are generally available. When a vector
is maintained in a host cell, the vector can either be stably replicated by the cells during
mitosis as an autonomous structure, incorporated within the genome of the host cell, or

maintained in the host cell's nucleus or cytoplasm.

1. Viral Vectors

[273] Viral vectors encoding at least one transcription factor of the invention may be
provided in certain aspects of the present disclosure. A viral vector is a kind of an expression
construct that utilizes viral sequences to introduce nucleic acid and possibly proteins into a
cell. Non- limiting examples of viral vectors that may be used to deliver a nucleic acid of
certain aspects of the present invention are described below.

[274] In some embodiments, the viral vector is a non-integrating viral vector. An exemplary
non-integrating viral vector of the disclosure is selected from the group consisting of an
adeno-associated virus (AAV) vector, e.g., AAV1 , AAV2, AAV3, AAV4, AAVS, AAV6,
AAV7T, AAVS, AAVY, AAV10, AAV3B, AAV-2i8, RhlO, Rh74 efc.; an adenovirus (Ad)
vector, including replication competent, replication deficient and gutless forms thereof, e.g.,
Ad7, Ad4, Ad2, AdS etc.; a simian virus 40 (SV-40) vector, a bovine papilloma virus vector,
an Epstein-Barr virus vector, a herpes virus vector, a vaccinia virus vector, a Harvey murine

sarcoma virus vector, a murine mammary tumor virus vector, or a Rous sarcoma virus vector.
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[275] In some embodiments, the viral vector is an integrating viral vector, e.g., a retroviral
vector. Retroviruses have promise as gene delivery vectors due to their ability to integrate
their genes into the host genome, transferring a large amount of foreign genetic material,
infecting a broad spectrum of species and cell types and of being packaged in special cell
lines.

[276] In some embodiments, integrating viral vectors are derived from retroviral vectors
(e.g., Moloney murine leukemia virus vectors (MoMLV), MSCV, SFFV, MPSV, SNV, ezc.),
lentiviral vectors (e.g. derived from HIV-1, HIV-2, SIV, BIV, FIV etc.), or vectors derived
therefrom.

[277] Recombinant vectors are also capable of infecting non-dividing cells, and can be used
in the methods of the invention for both in vive and ex vivo gene transfer and expression of
nucleic acid sequences. For example, recombinant lentiviruses capable of infecting a non-
dividing cell, wherein a suitable host cell (i.e., the virus producing cell, and not a hepatocyte
of the disclosure), is transfected with two or more vectors carrying the packaging functions,
namely gag, pol and env, as well as rev and tat is described in U.S. Patent No. 5,994,136,

incorporated in its entirety herein by reference.

2. Episomal Vectors and Other Non-viral Vectors

[278] The use of plasmid- or liposome-based extra-chromosomal (i.e., episomal) vectors
may be also provided in certain aspects of the invention. Such episomal vectors may include,
e.g., oriP-based vectors, and/or vectors encoding a derivative of EBNA-1. These vectors may
permit large fragments of DNA to be introduced to a cell and maintained extra-
chromosomally, replicated once per cell cycle, partitioned to daughter cells efficiently, and
elicit substantially no immune response.

[279] Other extra-chromosomal vectors include other lymphotrophic herpes virus-based
vectors. Exemplary lymphotrophic herpes viruses include, but are not limited to EBV,
Kaposi's sarcoma herpes virus (KSHV); Herpes virus saimiri (HS) and Marek's disease virus
(MDV). Also other sources of episome-base vectors are contemplated, such as yeast ARS,
adenovirus, SV40, or BPV.

[280] In some embodiments, the vector is a non-viral vector. In some embodiments, the
non-viral vector is selected from the group consisting of a plasmid DNA, a linear double-

stranded DNA (dsDNA), a linear single-stranded DNA (ssDNA), a nanoplasmid, a minicircle
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DNA, a single-stranded oligodeoxynucleotides (ssODN), a DDNA oligonucleotide, a single-
stranded mRNA (ssRNA), and a double-stranded mRNA (dsRNA).

[281] In some embodiments, the non-viral vector comprises a naked nucleic acid, a
liposome, a dendrimer, a nanoparticle, a lipid-polymer system, a solid lipid nanoparticle,
and/or a liposome protamine/DNA lipoplex (LPD).

[282] In some embodiments, the non-viral vector comprises an mRNA. In some
embodiments, the mRNA may be delivered as naked modified mRNA, for example, in a
sucrose-citrate buffer or saline solution. In other embodiments, a non-viral vector comprises
an mRNA complexed with a transfection reagent, such as Lipofectamine 2000, jetPEI,
RNAiIMAX, and/or Invivofectamine. To protect mRNA against degradation by nucleases and
shield its negative charge, amine-containing materials are also commonly used as non-viral
vectors. One of the most developed methods for mRNA delivery is co-formulation into lipid
nanoparticles (LNPs). LNP formulations are typically composed of (1) an ionizable or
cationic lipid or polymeric material, bearing tertiary or quaternary amines to encapsulate the
polyanionic mRNA; (2) a zwitterionic lipid (e.g., 1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine [DOPE]) that resembles the lipids in the cell membrane; (3) cholesterol
to stabilize the lipid bilayer of the LNP; and (4) a polyethylene glycol (PEG)-lipid to lend the
nanoparticle a hydrating layer, improve colloidal stability, and reduce protein absorption.
Exemplary non-viral vectors comprising an mRNA are described in Kowalksi et al., 2019,

Mol Ther.; 27(4): 710-728; incorporated in its entirety herein by reference.

3. Transposon-Based System

[283] According to a particular embodiment the introduction of nucleic acids may use a
transposon—transposase system. The used transposon—transposase system could be the well
known Sleeping Beauty, the Frog Prince transposon—transposase system (for the description
of the latter see e.g. EP1507865), or the TTAA-specific transposon piggyBac system.

[284] Transposons are sequences of DNA that can move around to different positions within
the genome of a single cell, a process called transposition. In the process, they can cause
mutations and change the amount of DNA in the genome. There are a variety of mobile
genetic elements, and they can be grouped based on their mechanism of transposition. Class I
mobile genetic elements, or retrotransposons, copy themselves by first being transcribed to

RNA, then reverse transcribed back to DNA by reverse transcriptase, and then being inserted
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at another position in the genome. Class II mobile genetic elements move directly from one

position to another using a transposase to “cut and paste” them within the genome.

4. Homologous Recombination

[285] Homologous recombination (HR) is a targeted genome modification technique that
has been the standard method for genome engineering in mammalian cells since the mid
1980s. The use of meganucleases, or homing endonucleases, such as I-Scel have been used to
increase the efficiency of HR. Both natural meganucleases as well as engineered
meganucleases with modified targeting specificities have been utilized to increase HR
efficiency. Another path toward increasing the efficiency of HR has been to engineer
chimeric endonucleases with programmable DNA specificity domains. Zinc-finger nucleases
(ZFN) are one example of such a chimeric molecule in which Zinc-finger DNA binding
domains are fused with the catalytic domain of a Type IIS restriction endonuclease such as
FokI. Another class of such specificity molecules includes Transcription Activator Like
Effector (TALE) DNA binding domains fused to the catalytic domain of a Type IIS
restriction endonuclease such as FoklI. Another class of such molecules that facilitate targeted
genome modification include the CRISPR/Cas system, for example, as described in Ran et al.,

2013; Nature Protocols 8:2281-2308; which is incorporated in its entirety herein by reference.

B. Regulatory Elements

[286] Eukaryotic expression cassettes included in the vectors preferably contain (in a 5'-to-
3" direction) a eukaryotic transcriptional promoter operably linked to a protein-coding
sequence, splice signals including intervening sequences, and a transcriptional

termination/polyadenylation sequence.

1. Promoter/Enhancers

[287] A “promoter” is a control sequence that is a region of a nucleic acid sequence at
which initiation and rate of transcription are controlled. It may contain genetic elements at
which regulatory proteins and molecules may bind, such as RNA polymerase and other
transcription factors, to initiate the specific transcription a nucleic acid sequence. The phrases
“operatively positioned,” “operatively linked,” “operably linked,” “under control,” and

“under transcriptional control” mean that a promoter is in a correct functional location and/or
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orientation in relation to a nucleic acid sequence to control transcriptional initiation and/or
expression of that sequence.

[288] A promoter generally comprises a sequence that functions to position the start site for
RNA synthesis. Additional promoter elements regulate the frequency of transcriptional
initiation. Typically, these are located in the region 30-110 by upstream of the start site,
although a number of promoters have been shown to contain functional elements downstream
of the start site as well. To bring a coding sequence “under the control of” a promoter, one
positions the 5’ end of the transcription initiation site of the transcriptional reading frame
“downstream” of (i.e., 3' of) the chosen promoter. The “upstream” promoter stimulates
transcription of the DNA and promotes expression of the encoded RNA.

[289] The spacing between promoter elements frequently is flexible, so that promoter
function is preserved when elements are inverted or moved relative to one another. In the tk
promoter, the spacing between promoter elements can be increased to 50 by apart before
activity begins to decline. Depending on the promoter, it appears that individual elements can
function either cooperatively or independently to activate transcription. A promoter may or
may not be used in conjunction with an “enhancer,” which refers to a cis-acting regulatory
sequence involved in the transcriptional activation of a nucleic acid sequence.

[290] In addition to producing nucleic acid sequences of promoters and enhancers
synthetically, sequences may be produced using recombinant cloning and/or nucleic acid
amplification technology, including PCR™, in connection with the compositions disclosed
herein (see U.S. Patent Nos. 4,683,202 and 5,928,906, each of which is incorporated herein
by reference in its entirety). Furthermore, it is contemplated the control sequences that direct
transcription and/or expression of sequences within non-nuclear organelles such as
mitochondria, chloroplasts, and the like, can be employed as well.

[291] The promoters employed may be constitutive, tissue-specific, inducible, and/or useful
under the appropriate conditions to direct high level expression of the introduced DNA
segment, such as is advantageous in the large-scale production of recombinant proteins
and/or peptides. The promoter may be artificial or endogenous.

[292] In some embodiments, the promoter is an inducible promoter. The term

“inducible promoter” is known in the art and refers to promoters that are active only in
response to a stimulus. Inducible promoters selectively express a nucleic acid molecule in
response to the presence of an endogenous or exogenous stimulus, for example a chemical

compound (a chemical inducer) or in response to environmental, hormonal, chemical, and/or
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developmental signals. Inducible promoters include, for example, promoters induced or
regulated by light, heat, stress, (e.g., salt stress, or osmotic stress), phytohormones, wounding,
or chemicals such as ethanol, abscisic acid (ABA), jasmonate, salicylic acid, or safeners. In
some embodiments, the inducible promoter is an EF1a promoter. In some embodiments, the
inducible promoter is a PGK promoter.

[293] Additionally any promoter/enhancer combination (as per, for example, the Eukaryotic
Promoter Data Base EPDB, through world wide web at epd.isb-sib.ch/) could also be used to
drive expression. Non-limiting examples of promoters include a constitutive EFlalpha
promoter; early or late viral promoters, such as, SV40 early or late promoters,
cytomegalovirus (CMV) immediate early promoters, Rous Sarcoma Virus (RSV) early
promoters; eukaryotic cell promoters, such as, e.g., beta actin promoter, GADPH promoter,
metallothionein promoter; and concatenated response element promoters, such as cyclic AMP
response element promoters (cre), serum response element promoter (sre), phorbol ester
promoter (TPA) and response element promoters (tre) near a minimal TATA box.

[294] Several enhancer sequences for liver-specific genes have been documented. For
example, PCT Publication No. W0O2009130208 describes several liver-specific regulatory
enhancer sequences, and is incorporated herein in its entirety by reference. PCT Publication
No. W0O95/011308 describes a gene therapy vector comprising a hepatocyte-specific control
region (HCR) enhancer linked to a promoter and a transgene, and is incorporated herein in its
entirety by reference. PCT Publication No. W0O01/098482 teaches a combination of specific
ApoE enhancer sequences or a truncated version thereof with hepatic promoters, which is

incorporated herein in its entirety by reference.

2. Initiation Signals, Internal Ribosome Binding Sites and Self-cleaving Sequences

[295] A specific initiation signal also may be used for efficient translation of coding
sequences. These signals include the ATG initiation codon or adjacent sequences. Exogenous
translational control signals, including the ATG initiation codon, may need to be provided.
One of ordinary skill in the art would readily be capable of determining this and providing the
necessary signals. It is well known that the initiation codon must be “in-frame” with the
reading frame of the desired coding sequence to ensure translation of the entire insert. The
exogenous translational control signals and initiation codons can be either natural or synthetic.
The efficiency of expression may be enhanced by the inclusion of appropriate transcription

enhancer elements.

58



CA 03217861 2023-10-25

WO 2022/235869 PCT/US2022/027776

[296] In certain embodiments of the invention, the use of internal ribosome entry sites
(IRES) elements are used to create multigene, or polycistronic, messages. IRES elements are
able to bypass the ribosome scanning model of 5’ methylated Cap dependent translation and
begin translation at internal sites. IRES elements can be linked to heterologous open reading
frames. Multiple open reading frames can be transcribed together, each separated by an IRES,
creating polycistronic messages. By virtue of the IRES element, each open reading frame is
accessible to ribosomes for efficient translation. Multiple genes can be efficiently expressed
using a single promoter/enhancer to transcribe a single message (see U.S. Patent Nos.
5,925,565 and 5,935,819; each of which is incorporated in its entirety herein by reference).
[297] In some embodiments, self-cleaving sequences can be used to co-express genes. The
term “self-cleaving sequence” as used herein refers to a sequence that links open reading
frames to form a single cistron, and induces ribosomal skipping during translation. Ribosomal
skipping causes the two coding sequences connected by the self-cleaving sequence to be
translated into two separate peptides. For example, 2A self-cleaving sequences can be used to
create linked- or co-expression of genes in the constructs provided in the present disclosure.
Exemplary self-cleaving sequences include, but are not limited to, T2A, P2A, E2A and F2A,
as described in Table 2.

Table 2. Exemplary 2A Sequences

T2A GSGEGRGSLLTCGDVEENPGP SEQ ID NO: 35
P2A GSGATNFSLLKQAGDVEENPGP SEQ ID NO: 36
E2ZA GSGQCTNYALLKLAGDVESNPGP SEQ ID NO: 37
F2A GSGVKQTLNFDLLKLAGDVESNPGP SEQ ID NO: 38

[298] In some embodiments, T2A comprises an amino acid sequence having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 35, or a nucleic acid encoding such amino acid sequence.

[299] In some embodiments, P2A comprises an amino acid sequence having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%, 99% or 100% identity with the amino acid
sequence of SEQ ID NO: 36, or a nucleic acid encoding such amino acid sequence.

[300] In some embodiments, E2A comprises an amino acid sequence having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%, 99% or 100% identity with the amino acid

sequence of SEQ ID NO: 37, or a nucleic acid encoding such amino acid sequence.
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[301] In some embodiments, F2A comprises an amino acid sequence having at least 90%,
91%, 92%, 93%, 94%, 95%, 96%, Y7%, 98%, 99% or 100% identity with the amino acid

sequence of SEQ ID NO: 38, or a nucleic acid encoding such amino acid sequence.

3. Origins of Replication

[302] In order to propagate a vector in a host cell, it may contain one or more origins of
replication sites (often termed “ori”), for example, a nucleic acid sequence corresponding to
oriP of EBV as described above or a genetically engineered oriP with a similar or elevated
function in programming, which is a specific nucleic acid sequence at which replication is
initiated. Alternatively, a replication origin of other extra-chromosomally replicating virus as

described above or an autonomously replicating sequence (ARS) can be employed.

4. Selection and Screenable Markers

[303] In certain embodiments of the invention, cells containing a nucleic acid construct of
the present invention may be identified in vitro or in vivo by including a marker in the
expression vector. Such markers would confer an identifiable change to the cell permitting
easy identification of cells containing the expression vector. Generally, a selection marker is
one that confers a property that allows for selection. A positive selection marker is one in
which the presence of the marker allows for its selection, while a negative selection marker is
one in which its presence prevents its selection. An example of a positive selection marker is
a drug resistance marker.

[304] Usually the inclusion of a drug selection marker aids in the cloning and identification
of transformants, for example, genes that confer resistance to neomycin, puromycin,
hygromycin, DHFR, GPT, zeocin and histidinol are useful selection markers. In addition to
markers conferring a phenotype that allows for the discrimination of transformants based on
the implementation of conditions, other types of markers including screenable markers such
as GFP, whose basis is colorimetric analysis, are also contemplated.

[305] Alternatively, screenable enzymes such as negative selection markers may be utilized.
In certain embodiments, the negative selection marker comprises one or more suicide genes,
which upon administration of a prodrug, effects transition of a gene product to a compound
which kills its host cell. Exemplary suicide genes of the disclosure include, but are not
limited to, inducible caspase 9 (or caspase 3 or 7), CD20, CD52, EGFRt, thymidine kinase,

cytosine deaminase, HER1 and any combination thereof. Further suicide genes known in the
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art that may be used in the present disclosure include purine nucleoside phosphorylase (PNP),
cytochrome p450 enzymes (CYP), carboxypeptidases (CP), carboxylesterase (CE),
nitroreductase (NTR), guanine ribosyltransferase (XGRTP), glycosidase enzymes, and
thymidine phosphorylase (TP).

[306] One of skill in the art would also know how to employ immunologic markers,
possibly in conjunction with FACS analysis. The marker used is not believed to be important,
so long as it is capable of being expressed simultaneously with the nucleic acid encoding a
gene product. Further examples of selection and screenable markers are well known to one of
skill in the art. One feature of the present invention includes using selection and screenable
markers to select for hepatocytes after the transcription factors have effected a desired change
in those cells.

[307] In certain embodiments of the invention, cells containing a nucleic acid construct of
the present invention may be identified in vitro or in vivo by including a marker in the
expression vector. Such markers would confer an identifiable change to the cell permitting
easy identification of cells containing the expression vector. Generally, a selection marker is
one that confers a property that allows for selection. A positive selection marker is one in
which the presence of the marker allows for its selection, while a negative selection marker is
one in which its presence prevents its selection. An example of a positive selection marker is
a drug resistance marker.

[308] Usually the inclusion of a drug selection marker aids in the cloning and identification
of transformants, for example, genes that confer resistance to neomycin, puromycin,
hygromycin, DHFR, GPT, zeocin and histidinol are useful selection markers. In addition to
markers conferring a phenotype that allows for the discrimination of transformants based on
the implementation of conditions, other types of markers including screenable markers such

as GFP, whose basis is colorimetric analysis, are also contemplated.

C. Nucleic Acid Delivery

[309] In certain embodiments, increasing the expression of the at least one transcription
factor in the immature hepatocytes comprises contacting a cell, e.g., a pluripotent stem cell,
an immature hepatocyte, or a hepatic progenitor cell, with the at least one transcription factor.
In some embodiments, the cell e.g., a pluripotent stem cell, an immature hepatocyte, or a
hepatic progenitor cell, comprises an expression vector comprising a nucleic acid encoding

the at least one transcription factor.
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[310] Introduction of a nucleic acid, such as DNA, RNA, modified DNA or modified RNA
into cells of the current invention, e.g., a pluripotent stem cell, an immature hepatocyte, or a
hepatic progenitor cell, may use any suitable methods for nucleic acid delivery for
transformation of a cell, as described herein or as would be known to one of ordinary skill in
the art. Such methods include, but are not limited to, direct delivery of DNA such as by ex
vivo transfection (Wilson et al., 1989, Nabel et al, 1989; each of which is incorporated in its
entirety herein by reference), by injection (U.S. Patent Nos. 5,994,624, 5,981,274, 5,945,100,
5,780,448, 5,736,524, 5,702,932, 5,656,610, 5,589,466 and 5,580,859; each of which is
incorporated in its entirety herein by reference), including microinjection (Harland and
Weintraub, 1985; U.S. Patent No. 5,789,215; each of which is incorporated in its entirety
herein by reference); by electroporation (U.S. Patent No. 5,384,253; Tur-Kaspa et al., 1986;
Potter et al., 1984; each of which is incorporated in its entirety herein by reference); by
calcium phosphate precipitation (Graham and Van Der Eb, 1973; Chen and Okayama, 1987;
Rippe et al., 1990; each of which is incorporated in its entirety herein by reference); by using
DEAE-dextran followed by polyethylene glycol; by direct sonic loading (Fechheimer et al.,
1987; which is incorporated in its entirety herein by reference); by liposome mediated
transfection (Nicolau and Sene, 1982; Fraley et al., 1979; Nicolau et al., 1987; Wong et al.,
1980; Kaneda et al., 1989; Kato et al., 1991; each of which is incorporated in its entirety
herein by reference) and receptor-mediated transfection (Wu and Wu, 1987; Wu and Wu,
1988; each of which is incorporated in its entirety herein by reference); by microprojectile
bombardment (PCT Application Nos. WO 94/09699 and 95/06128; U.S. Patent Nos.
5,610,042; 5,322,783 5,563,055, 5,550,318, 5,538,877 and 5,538,880; each of which is
incorporated in its entirety herein by reference); by agitation with silicon carbide fibers
(Kaeppler et al., 1990; U.S. Patent Nos. 5,302,523 and 5,464,765; each of which is
incorporated in its entirety herein by reference); by Agrobacterium-mediated transformation
(U.S. Patent Nos. 5,591,616 and 5,563,055; each of which is incorporated in its entirety
herein by reference); by desiccation/inhibition-mediated DNA uptake (Potrykus ez al., 1985;
which is incorporated in its entirety herein by reference), and any combination of such
methods. Through the application of techniques such as these, organelle(s), cell(s), tissue(s)
or organism(s) may be stably or transiently transformed.

[311] In a certain embodiment of the invention, a nucleic acid may be entrapped in a lipid
complex such as, for example, a liposome. Liposomes are vesicular structures characterized

by a phospholipid bilayer membrane and an inner aqueous medium. Multilamellar liposomes
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have multiple lipid layers separated by aqueous medium. They form spontaneously when
phospholipids are suspended in an excess of aqueous solution. The lipid components undergo
self-rearrangement before the formation of closed structures and entrap water and dissolved
solutes between the lipid bilayers. Also contemplated is an nucleic acid complexed with
Lipofectamine (Gibco BRL) or Superfect (Qiagen). The amount of liposomes used may vary
upon the nature of the liposome as well as the cell used, for example, about 5 to about 20 pg
vector DNA per 1 to 10 million of cells may be contemplated.

[312] In certain embodiments of the present invention, a nucleic acid is introduced into an
organelle, a cell, a tissue or an organism via electroporation. Electroporation involves the
exposure of a suspension of cells and DNA to a high-voltage electric discharge. Recipient
cells can be made more susceptible to transformation by mechanical wounding. Also the
amount of vectors used may vary upon the nature of the cells used, for example, about 5 to
about 20 pg vector DNA per 1 to 10 million of cells may be contemplated.

[313] In other embodiments of the present invention, a nucleic acid is introduced to the cells
using calcium phosphate precipitation.

[314] In another embodiment, a nucleic acid is delivered into a cell using DEAE-dextran
followed by polyethylene glycol.

[315] Additional embodiments of the present invention include the introduction of a nucleic
acid by direct sonic loading.

[316] Microprojectile bombardment techniques can also be used to introduce a nucleic acid
into at least one, organelle, cell, tissue or organism (U.S. Patent Nos. 5,550,318; 5,538,880;
5,610,042; and PCT Application WO 94/09699; each of which is incorporated herein by
reference). This method depends on the ability to accelerate DNA-coated microprojectiles to
a high velocity allowing them to pierce cell membranes and enter cells without killing them
(Klein et al., 1987; which is incorporated in its entirety herein by reference). There are a wide
variety of microprojectile bombardment techniques known in the art, which are suitable for

use in the methods of the invention.

D. Gene switches

[317] In some embodiments, the cells of the disclosure, e.g., pluripotent stem cells or
immature hepatocytes, are engineered to comprise a gene switch construct encoding the
transcription factor(s) of the invention. Gene switch constructs provide basic building blocks

for the construction of complex gene circuits that transform cells into useful cell-based
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machines for biomedical applications. Ligand-responsive gene switch constructs are cellular
sensors that are able to process specific signals to generate gene product responses. Their
involvement in complex gene circuits results in sophisticated circuit topologies that are
reminiscent of electronics and that are capable of providing engineered cells with the ability
to memorize events, oscillate protein production, and perform complex information-
processing tasks (see, Ausldnder et al., 2016; Cold Spring Harb Perspect Biol.; 8(7):
a023895; incorporated in its entirety herein by reference). Based on the gene switch construct
design strategy, the cells of the disclosure, e.g., pluripotent stem cells or immature
hepatocytes, can be engineered to comprise a gene switch construct encoding the
transcription factor of the disclosure, along with various synthetic systems to sense different
ligand inputs that in turn mediate expression of the gene switch construct encoding the

transcription factor of the disclosure.

1. Transcriptional gene switches

[318] In some embodiments, the gene switch construct is a transcriptional gene switch
construct. In some embodiments, the transcriptional gene switch construct comprises use of
prokaryotic regulator proteins fused to transcriptional regulator proteins, which bind to DNA
operator sequences to control the expression of the gene switch construct in a ligand-
responsive manner. In some embodiments, the transcriptional gene switch construct
comprises use of combining prokaryotic regulator proteins with ligand- or light-induced
dimerization systems (DSs) enables the signal dependent recruitment of transcriptional
regulator proteins. In some embodiments, the transcriptional gene switch construct comprises
use of eukaryotic cell-surface-located G protein—coupled receptors (GPCRs) that sense
extracellular signals and trigger signal transduction via signaling pathways to control
expression of the gene switch construct. In some embodiments, the transcriptional gene
switch construct comprises use of an engineered diguanylate cyclase (DGCL) that
synthesizes the second messenger cyclic-di-GMP in a red-light-responsive manner, triggering
a downstream signaling pathway and leading to the transcriptional activation of the gene
switch construct. In some embodiments, the transcriptional gene switch construct comprises
use of any of the synthetic systems described in Ausldnder et al., 2016; incorporated in its

entirety herein by reference.

64



CA 03217861 2023-10-25

WO 2022/235869 PCT/US2022/027776

2. Post-transcriptional gene switches

[319] In some embodiments, the gene switch construct is a post-transcriptional gene switch
construct. In some embodiments, the post-transcriptional gene switch construct comprises use
of aptazymes fused to primary microRNA (pri-miRNA) molecules, enabling the ligand-
responsive control of pri-miRNA processing and posttranscriptional target gene control. In
some embodiments, the post-transcriptional gene switch construct comprises use of protein
responsive aptazymes integrated into messenger RNAs (mRNAs) to regulate their stability,
depending on the presence or absence of the protein ligand. In some embodiments, the post-
transcriptional gene switch construct comprises use of protein binding to protein-binding
aptamers that are integrated into small hairpin RNAs (shRNAs) and inhibit shRNA
processing and allows for protein-controlled expression of the gene switch construct. In some
embodiments, the post-transcriptional gene switch construct comprises use of protein-binding
aptamers integrated into the 5° untranslated regions (UTRs) of mRNAs to control
translational initiation in a protein-dependent manner. In some embodiments, the post-
transcriptional gene switch construct comprises use of integration of protein-binding
aptamers into close proximity of splicing sites to allow protein-responsive alternative splicing
regulation. In some embodiments, the post-transcriptional gene switch construct comprises
use of an ATetR-binding aptamer combined with a theophylline-responsive aptamer to enable
the theophylline-dependent folding of the TetR-binding aptamer. When bound to its cognate
aptamer, the TetR protein loses its DNA operator binding ability and influences gene
expression at the transcriptional level.

[320] Integrases can also act as functional genetic switch controllers, activating the coding
sequence or the promoter switches designed to be turned on in eukaryotic cells. Integrases
show accuracy in their site recognition and recombination process, and are not cytotoxic. In
some embodiments, the gene switch construct comprises use of genetic switches controlled
by serine integrases, as described in Gomide ef al., 2020, Commun Biol.;3(1):255;

incorporated in its entirety herein by reference.

E. Protein Transduction

[321] In certain embodiments, the cells of the disclosure, e.g., immature hepatocytes, may
be contacted with transcription factor(s) comprising polypeptides at a sufficient amount for

generating mature hepatocytes. Protein transduction has been used as a method for enhancing
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the delivery of macromolecules into cells. Protein transduction domains may be used to
introduce transcription factor polypeptides or functional fragments thereof directly into cells.
[322] A “protein transduction domain” or “PTD” is an amino acid sequence that can
cross a biological membrane, particularly a cell membrane. When attached to a heterologous
polypeptide, a PTD can enhance the translocation of the heterologous polypeptide across a
biological membrane. The PTD is typically covalently attached (e.g., by a peptide bond) to
the heterologous DNA binding domain. For example, the PTD and the heterologous DNA
binding domain can be encoded by a single nucleic acid, e.g., in a common open reading
frame or in one or more exons of a common gene. An exemplary PTD can include between
10-30 amino acids and may form an amphipathic helix. Many PTD's are basic in character.
For example, a basic PTD can include at least 4, 5, 6 or 8 basic residues (e.g., arginine or
lysine). A PTD may be able to enhance the translocation of a polypeptide into a cell that lacks
a cell wall or a cell from a particular species, e.g., a mammalian cell, such as a human, simian,
murine, bovine, equine, feline, or ovine cell.

[323] A PTD can be linked to an artificial transcription factor, for example, using a flexible
linker. Flexible linkers can include one or more glycine residues to allow for free rotation.
For example, the PTD can be spaced from a DNA binding domain of the transcription factor
by at least 10, 20, or 50 amino acids. A PTD can be located N- or C-terminal relative to a
DNA binding domain. Being located N- or C-terminal to a particular domain does not require
being adjacent to that particular domain. For example, a PTD N-terminal to a DNA binding
domain can be separated from the DNA binding domain by a spacer and/or other types of
domains. A PTD can be chemically synthesized then conjugated chemically to separately
prepared DNA binding domain with or without linker peptide. An artificial transcription
factor can also include a plurality of PTD's, e.g., a plurality of different PTD's or at least two
copies of one PTD.

[324] Several proteins and small peptides have the ability to transduce or travel through
biological membranes independent of classical receptor- or endocytosis-mediated pathways.
Examples of these proteins include the HIV-1 TAT protein, the herpes simplex virus 1 (HSV-
1) DNA-binding protein VP22, and the Drosophila Antennapedia (Antp) homeotic
transcription factor. The small protein transduction domains (PTDs) from these proteins can
be fused to other macromolecules, peptides or proteins to successfully transport them into a
cell. Sequence alignments of the transduction domains from these proteins show a high basic

amino acid content (Lys and Arg) which may facilitate interaction of these regions with
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negatively charged lipids in the membrane. Secondary structure analyses show no consistent
structure between all three domains.

[325] The advantages of using fusions of these transduction domains is that protein entry is
rapid, concentration-dependent and appears to work with difficult cell types. PTDs are
further described in U.S. 2003/0082561; U.S. 2002/0102265; U.S. 2003/0040038; each of
which is incorporated in its entirety herein by reference.

[326] In addition to PTDs, cellular uptake signals can be used. Such signals include amino
acid sequences which are specifically recognized by cellular receptors or other surface
proteins. Interaction between the cellular uptake signal and the cell cause internalization of
the artificial transcription factor that includes the cellular uptake signal. Some PTDs may also

function by interaction with cellular receptors or other surface proteins.

Cell Culturing

[327] Generally, cells of the present invention are cultured in a culture medium, which is a
nutrient-rich buffered solution capable of sustaining cell growth.

[328] Hepatocytes of the invention can be made by culturing pluripotent stem cells or other
cells, e.g., immature hepatocytes in a medium under conditions that increase the intracellular
level of transcription factors described herein to be sufficient to promote generation of mature
hepatocytes. The medium may also contain one or more hepatocyte differentiation agents,
like various kinds of growth factors. These agents may either help induce cells to commit to a
more mature phenotype—or preferentially promote survival of the mature cells—or have a
combination of both these effects.

[329] Hepatocyte differentiation agents illustrated in this disclosure may include soluble
growth factors (peptide hormones, cytokines, ligand-receptor complexes, and other
compounds) that are capable of promoting the growth of cells of the hepatocyte lineage. Non-
limiting examples of such agents include but are not limited to epidermal growth factor
(EGF), insulin, TGF-a, TGF-p, fibroblast growth factor (FGF), heparin, hepatocyte growth
factor (HGF), Oncostatin M (OSM), IL-1, IL-6, insulin-like growth factors I and II (IGF-I,
IGF-2), heparin binding growth factor 1 (HBGF-1), Wnt Family Member 3A (WNT3A), A83,
CHIR, and glucagon. The skilled artisan will already appreciate that Oncostatin M is
structurally related to Leukemia inhibitory factor (LIF), Interleukin-6 (IL-6), and ciliary
neurotrophic factor (CNTF).
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[330] In some embodiments, the methods of the invention comprise increasing expression
of at least one transcription factor selected from the group consisting of Nuclear Factor I X
(NFIX) and Nuclear Factor I C (NFIC), in immature hepatocytes and culturing the immature
hepatocytes in a culture media comprising dexamethasone, 8-Bromoadenosine 3", 5'-cyclic
monophosphate (8-Br-cAMP), or a combination thereof.

[331] In some embodiments, the culturing the immature hepatocytes in a culture media
comprising dexamethasone, 8-Br-cAMP, or a combination thereof is performed for at least 1,
2,3,4,5,6,7,8,9, 10, 12, 15 or 20 days. In some embodiments, the culturing the immature
hepatocytes in a culture media comprising dexamethasone, 8-Br-cAMP, or a combination
thereof is performed for at least 1-3 days. In some embodiments, the culturing the immature
hepatocytes in a culture media comprising dexamethasone, 8-Br-cAMP, or a combination
thereof is performed for at least 2-5 days. In some embodiments, the culturing the immature
hepatocytes in a culture media comprising dexamethasone, 8-Br-cAMP, or a combination
thereof is performed for at least 3-7 days. In some embodiments, the culturing the immature
hepatocytes in a culture media comprising dexamethasone, 8-Br-cAMP, or a combination
thereof is performed for at least 5-9 days.

[332] In some embodiments, the concentration of 8-Br-cAMP is at least 0.1 mM, 0.2 mM,
0.4 mM, 0.6 mM, 0.8 nM, 1 mM, 1.5 mM, 2 mM, 3 mM, 5 mM, 10 mM, 20 mM, 30 mM, 40
mM or 50 mM. In some embodiments, the concentration of 8-Br-cAMP is about 0.1-0.5 mM,
0.2-0.7 mM, 0.3-0.9 mM, 0.5-1 mM, 1-5 mM, 5-10 mM, or 10-50 mM. In some
embodiments, the concentration of 8-Br-cAMP is at least 0.1 mM. In some embodiments, the
concentration of 8-Br-cAMP is at least 0.2 mM. In some embodiments, the concentration of
8-Br-cAMP is at least 0.5 mM. In some embodiments, the concentration of 8-Br-cAMP is at
least 1 mM. In some embodiments, the concentration of 8-Br-cAMP is at least 5 mM. In
some embodiments, the concentration of 8-Br-cAMP is at least 10 mM.

[333] In some embodiments, the concentration of dexamethasone is at least 5 nM, 10, nM,
20 nM, 40 nM, 60 nM, 80 nM, 100 nM, 200 nM, 300 nM, 500 nM, 1 mM, 5 mM or 10 mM.
In some embodiments, the concentration of dexamethasone is about 5-10 nM, 20-50 nM, 30-
90 nM, 50-100 nM, 200-500 nM, 1-3 mM, 2-5 mM or 5-10 mM. In some embodiments, the
concentration of dexamethasone is at least 5 nM. In some embodiments, the concentration of
dexamethasone is at least 10 nM. In some embodiments, the concentration of dexamethasone
is at least 20 nM. In some embodiments, the concentration of dexamethasone is at least 50

nM. In some embodiments, the concentration of dexamethasone is at least 100 nM. In some
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embodiments, the concentration of dexamethasone is at least 200 nM. In some embodiments,
the concentration of dexamethasone is at least 500 nM. In some embodiments, the
concentration of dexamethasone is at least 1 mM. In some embodiments, the concentration of
dexamethasone is at least 5 mM. In some embodiments, the concentration of dexamethasone
is at least 10 mM.

[334] In some embodiments, the immature hepatocytes are cultured for at least 1, 2, 3, 4, 5,
6,7, 8,9 or 10 days before increasing the expression of at least one transcription factor
disclosed herein. In some embodiments, the immature hepatocytes are cultured for at least 2
days before increasing the expression of the at least one transcription factor. In some
embodiments, the immature hepatocytes are cultured for at least 5 days before increasing the
expression of the at least one transcription factor. In some embodiments, the immature
hepatocytes are cultured for at least 10 days before increasing the expression of the at least
one transcription factor.

[335] In some embodiments, the immature hepatocytes are cultured for at least 1, 2, 3, 4, 5,
6,7, 8,9 or 10 days after increasing the expression of at least one transcription factor
disclosed herein. In some embodiments, the immature hepatocytes are cultured for at least 2
days after increasing the expression of the at least one transcription factor. In some
embodiments, the immature hepatocytes are cultured for at least 5 days after increasing the
expression of the at least one transcription factor. In some embodiments, the immature
hepatocytes are cultured for at least 10 days after increasing the expression of the at least one
transcription factor.

[336] In some embodiments, the immature hepatocytes are derived from pluripotent stem
cells. Culture media suitable for isolating, expanding and differentiating pluripotent stem
cells into immature hepatocytes according to the method described herein include but not
limited to high glucose Dulbecco'’s Modified Eagle's Medium (DMEM), DMEM/F-15,
Liebovitz L-15, RPMI 1640, Iscove's modified Dubelcco's media (IMDM), and Opti-MEM
SEM (Invitrogen Inc.). Chemically Defined Medium comprises a minimum essential medium
such as Iscove's Modified Dulbecco’s Medium (IMDM) (Gibco), supplemented with human
serum albumin, human Ex Cyte lipoprotein, transferrin, insulin, vitamins, essential and non
essential amino acids, sodium pyruvate, glutamine and a mitogen is also suitable. As used
herein, a mitogen refers to an agent that stimulates cell division of a cell. An agent can be a
chemical, usually some form of a protein that encourages a cell to commence cell division,

triggering mitosis. In one embodiment, serum free media (U.S. Application No. 08/464,599

69



CA 03217861 2023-10-25

WO 2022/235869 PCT/US2022/027776

and PCT Publication No. W096/39487; each of which is incorporated in its entirety herein
by reference) and complete media (U.S. Patent No. 5,486,359, incorporated in its entirety
herein by reference), are contemplated for use with the methods described herein. In some
embodiments, the culture medium is supplemented with 10% Fetal Bovine Serum (FBS),
human autologous serum, human AB serum or platelet rich plasma supplemented with
heparin (2 U/ml). Cell cultures may be maintained in a CO2 atmosphere, e.g., 5% to 12%, to
maintain pH of the culture fluid, incubated at 37° C, in a humid atmosphere and passaged to
maintain a confluence below 85%.

[337] Pluripotent stem cells to be differentiated into immature hepatocytes may be cultured
in a medium sufficient to maintain the pluripotency. Culturing of induced pluripotent stem
(iPS) cells generated in certain aspects of this invention can use various medium and
techniques developed to culture primate pluripotent stem cells, more specially, embryonic
stem cells (U.S. Patent Application No. 20070238170 and U.S. Patent Application No.
20030211603; each of which is incorporated in its entirety herein by reference). For example,
like human embryonic stem (hES) cells, iPS cells can be maintained in 80% DMEM (Gibco
#10829-018 or #11965-092), 20% defined fetal bovine serum (FBS) not heat inactivated, 1%
non-essential amino acids, 1 mM L-glutamine, and 0.1 mM .beta.-mercaptoethanol.
Alternatively, ES cells can be maintained in serum-free medium, made with 80% Knock-Out
DMEM (Gibco #10829-018), 20% serum replacement (Gibco #10828-028), 1% non-essential
amino acids, 1 mM L-glutamine, and 0.1 mM .beta.-mercaptoethanol.

[338] In some embodiments, methods of culturing pluripotent stem cells and inducing
formation of immature hepatocytes comprise culturing the pluripotent stem cells in a first
differentiation media comprising Activin A, a second differentiation media comprising at
least one of BMP4 and FGF2, and a third differentiation media comprising HGF, thereby
generating the immature hepatocytes.

[339] In some embodiments, the first differentiation media, the second differentiation media
and the third differentiation media are each cultured for at least 1, 2, 3,4, 5,6,7,8,9 or 10
days. In some embodiments, the first differentiation media is cultured for at least 1, 2, 3, 4, 5,
6,7, 8,9 or 10 days. In some embodiments, the second differentiation media is cultured for at
least 1, 2,3,4,5,6,7,8,9 or 10 days. In some embodiments, the third differentiation media
is cultured for at least 1, 2, 3,4, 5, 6,7, 8, 9 or 10 days.

[340] In some embodiments, the immature hepatocytes are cultured for at least 1, 2, 3, 4, 5,

6,7, 8,9 or 10 days before increasing the expression of at least one transcription factor
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disclosed herein. In some embodiments, the immature hepatocytes are cultured for at least 2
days before increasing the expression of the at least one transcription factor. In some
embodiments, the immature hepatocytes are cultured for at least 5 days before increasing the
expression of the at least one transcription factor. In some embodiments, the immature
hepatocytes are cultured for at least 10 days before increasing the expression of the at least
one transcription factor. In some embodiments, the immature hepatocytes are cultured in a
culture media comprising hepatocyte growth factor (HGF) before increasing the expression
of the at least one transcription factor.

[341] In some embodiments, the immature hepatocytes are cultured for at least 1, 2, 3, 4, 5,
6,7, 8,9 or 10 days after increasing the expression of at least one transcription factor
disclosed herein. In some embodiments, the immature hepatocytes are cultured for at least 2
days before increasing the expression of the at least one transcription factor. In some
embodiments, the immature hepatocytes are cultured for at least 5 days before increasing the
expression of the at least one transcription factor. In some embodiments, the immature
hepatocytes are cultured for at least 10 days before increasing the expression of the at least
one transcription factor. In some embodiments, the immature hepatocytes are cultured in a
culture media comprising hepatocyte growth factor (HGF) before increasing the expression
of the at least one transcription factor.

[342] In some embodiments, the immature hepatocytes are cultured for at least 1, 2, 3, 4, 5,
6,7, 8,9 or 10 days after increasing the expression of at least one transcription factor
disclosed herein. In some embodiments, the immature hepatocytes are cultured for at least 2
days after increasing the expression of the at least one transcription factor. In some
embodiments, the immature hepatocytes are cultured for at least 5 days after increasing the
expression of the at least one transcription factor. In some embodiments, the immature
hepatocytes are cultured for at least 10 days after increasing the expression of the at least one
transcription factor. In some embodiments, the immature hepatocytes are cultured in a culture
media comprising oncostatin-M (OSM) after increasing the expression of the at least one
transcription factor.

[343] In order to generate pluripotent stem cell derived immature hepatocytes, in some
embodiments, monolayers of pluripotent cells are harvested and plated, e.g., at a density of 2
x 10° cells/cm?. Stage 1 of the differentiation process is initiated by culturing pluripotent
stem cells for at least 1, 2 or 3 days in a culture media comprising one or more of Activin A,

BMP4, FGF-2, or B27. This is followed by culturing the cells for at least 1, 2, or 3 daysina
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culture media comprising one or more of Activin A and B27. Stage 2 of the differentiation
process comprised culturing the cells derived from stage 1 for at least 1, 2, 3,4, or 5 daysin a
culture media comprising one or more of BMP4, FGF-2 or B27. Stage 3 is initiated by
culturing the cells derived from stage 2 for at least 1, 2, 3, 4, or 5 days in a culture media
comprising one or more of HGF, or B27 (e.g., supplemented with insulin). Finally, stage 4
comprises culturing the cells derived from stage 3 for at least 1, 2, 3, 4, or 5 days in a culture
media comprising one or more of oncostatin-M, or SingleQuots (without EGF).

[344] In some embodiments, pluripotent stem cell derived hepatocytes are derived from
culture dishes using a four stage, twenty-day protocol, as previously described by Mallanna et
al., 2013 (Curr Protoc Stem Cell Biol.; 26:1G.4.1-1G.4.13; which is incorporated by

reference in its entirety herein).

Hepatocyte Characteristics

[345] Cells can be characterized according to a number of phenotypic and/or functional
criteria. The criteria include but are not limited to the detection or quantitation of expressed
cell markers, enzymatic activity, and the characterization of morphological features and
intercellular signaling.

[346] Hepatocytes, e.g., mature hepatocytes embodied in certain aspects of this invention
have morphological features characteristic of hepatocytes in the nature, such as primary
hepatocytes from organ sources. The features are readily appreciated by those skilled in the
art, and include any or all of the following: a polygonal cell shape, a binucleate phenotype,
the presence of rough endoplasmic reticulum for synthesis of secreted protein, the presence of
Golgi-endoplasmic reticulum lysosome complex for intracellular protein sorting, the presence
of peroxisomes and glycogen granules, relatively abundant mitochondria, and the ability to
form tight intercellular junctions resulting in creation of bile canalicular spaces. A number of
these features present in a single cell are consistent with the cell being a member of the
hepatocyte lineage.

[347] Mature hepatocytes of the invention can also be characterized according to whether
they express phenotypic markers characteristic of cells of the hepatocyte lineage. Non-
limiting examples of cell markers useful in distinguishing mature hepatocytes include
albumin, asialoglycoprotein receptor, al-antitrypsin, a-fetoprotein, apoE, arginase I, apoAl,
apoAll, apoB, apoClll, apoCll, aldolase B, alcohol dehydrogenase 1, catalase, CYP3A4,

glucokinase, glucose-6-phosphatase, insulin growth factors 1 and 2, IGF-1 receptor, insulin
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receptor, leptin, liver-specific organic anion transporter (LST-1), L-type fatty acid binding
protein, phenylalanine hydroxylase, transferrin, retinol binding protein, erythropoietin (EPO,
albumin, al-antitrypsin, asialoglycoprotein receptor, cytokeratin 8 (CK8), cytokeratin 18
(CK18), CYP3A4, fumaryl acetoacetate hydrolase (FAH), glucose-6-phosphates, tyrosine
aminotransferase, phosphoenolpyruvate carboxykinase, and tryptophan 2,3-dioxygenase.
[348] Mature hepatocytes may also display a global gene expression profile that is
indicative of hepatocyte maturation. Global gene expression profiles may be compared to
those of primary hepatocytes or known mature hepatocytes and may be obtained by any
method known in the art, for example transcriptomic analysis, microarray analysis, or as
described in the Examples. In some embodiments, increasing the expression of the at least
one transcription factor shifts the transcriptome of immature hepatocytes towards the
transcriptome of mature hepatocytes by at least 1%, 5%, 10%, 20%, 30%, 40%, or 50%. In
some embodiments, increasing the expression of the at least one transcription factor shifts the
transcriptome of immature hepatocytes towards the transcriptome of mature hepatocytes by at
least 1%. In some embodiments, increasing the expression of the at least one transcription
factor shifts the transcriptome of immature hepatocytes towards the transcriptome of mature
hepatocytes by at least 5%. In some embodiments, increasing the expression of the at least
one transcription factor shifts the transcriptome of immature hepatocytes towards the
transcriptome of mature hepatocytes by at least 10%. In some embodiments, increasing the
expression of the at least one transcription factor shifts the transcriptome of immature
hepatocytes towards the transcriptome of mature hepatocytes by at least 20%. In some
embodiments, increasing the expression of the at least one transcription factor shifts the
transcriptome of immature hepatocytes towards the transcriptome of mature hepatocytes by at
least 30%. In some embodiments, increasing the expression of the at least one transcription
factor shifts the transcriptome of immature hepatocytes towards the transcriptome of mature
hepatocytes by at least 40%. In some embodiments, increasing the expression of the at least
one transcription factor shifts the transcriptome of immature hepatocytes towards the
transcriptome of mature hepatocytes by at least 50%.

[349] Assessment of the level of expression of such markers in mature hepatocytes can be
determined in comparison with other cells, e.g., immature hepatocytes. Positive controls for
the markers of mature hepatocytes include adult hepatocytes of the species of interest, e.g.,

primary human hepatocytes (PHH).
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[350] Tissue-specific (e.g., hepatocyte-specific) protein and oligosaccharide determinants
listed in this disclosure can be detected using any suitable immunological technique—such as
flow immunocytochemistry for cell-surface markers, immunohistochemistry (for example, of
fixed cells or tissue sections) for intracellular or cell-surface markers, Western blot analysis
of cellular extracts, and enzyme-linked immunoassay, for cellular extracts or products
secreted into the medium. Expression of an antigen by a cell is said to be “antibody-
detectable” if a significantly detectable amount of antibody will bind to the antigen in a
standard immunocytochemistry or flow cytometry assay, optionally after fixation of the cells,
and optionally using a labeled secondary antibody or other conjugate (such as a biotin-avidin
conjugate) to amplify labeling.

[351] The expression of tissue-specific (e.g., mature hepatocyte-specific) markers can also
be detected at the mRNA level by Northern blot analysis, dot-blot hybridization analysis, or
by real time polymerase chain reaction (RT-PCR) using sequence-specific primers in
standard amplification methods (U.S. Patent No. 5,843,780). Sequence data for the particular
markers listed in this disclosure can be obtained from public databases such as GenBank.
Expression at the mRNA level is said to be “detectable” according to one of the assays
described in this disclosure if the performance of the assay on cell samples according to
standard procedures in a typical controlled experiment results in clearly discernable
hybridization or amplification product within a standard time window. Unless otherwise
required, expression of a particular marker is indicated if the corresponding mRNA is
detectable by RT-PCR. Expression of tissue-specific markers as detected at the protein or
mRNA level is considered positive if the level is at least 2-fold, and preferably more than 10-
or 50-fold above that of a control cell, such as an undifferentiated pluripotent stem cell, a
fibroblast, or other unrelated cell type.

[352] Mature hepatocytes can also be characterized according to whether they display
enzymatic activity that is characteristic of mature hepatocytes. For example, assays for
glucose-6-phosphatase activity are described by Bublitz (1991); Yasmineh ez al. (1992); and
Ockerman (1968); each of which is incorporated in its entirety herein by reference. Assays
for alkaline phosphatase (ALP) and 5-nucleotidase (5'-Nase) in liver cells are described by
Shiojiri (1981); which is incorporated in its entirety herein by reference.

[353] In other embodiments, mature hepatocytes of the invention are assayed for activity
indicative of xenobiotic detoxification. Cytochrome p450 is a key catalytic component of the

mono-oxygenase system. It constitutes a family of hemoproteins responsible for the oxidative
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metabolism of xenobiotics (administered drugs), and many endogenous compounds.
Different cytochromes present characteristic and overlapping substrate specificity. Most of
the biotransforming ability is attributable by the cytochromes designated 1A2, 2A6, 2B6,
3A4,2C 9-11, 2D6, and 2E1 (Gomes-Lechon et al., 1997); which is incorporated in its
entirety herein by reference.

[354] A number of assays are known in the art for measuring xenobiotic detoxification by
cytochrome p450 enzyme activity. Detoxification by CYP3 A4 is demonstrated using the
P450-Glo™ CYP3A4 DMSO-tolerance assay (Luciferin-PPXE) and the P450-Glo™
CYP3A4 cell-based/biochemical assay (Luciferin-PFBE) (Promega Inc, #V8911 and
#V8901). Detoxification by CYP1A1 and or CYP1BI1 is demonstrated using the P450-Glo™
assay (Luciferin-CEE) (Promega Inc., # V8762). Detoxification by CYP1A2 and or CYP4A
is demonstrated using the P450-Glo™ assay (Luciferin-ME) (Promega Inc., # V8772)
Detoxification by CYP2C9 is demonstrated using the P450-Glo™ CYP2C9 assay (Luciferin-
H) (Promega Inc., # V8791).

[355] In another aspect, the biological function of a mature hepatocyte of the invention is
evaluated, for example, by analysing glycogen storage. Glycogen storage is characterized by
assaying Periodic Acid Schiff (PAS) functional staining for glycogen granules. The cells are
first oxidized by periodic acid. The oxidative process results in the formation of aldehyde
groupings through carbon-to-carbon bond cleavage. Free hydroxyl groups should be present
for oxidation to take place. Oxidation is completed when it reaches the aldehyde stage. The
aldehyde groups are detected by the Schiff reagent. A colorless, unstable dialdehyde
compound is formed and then transformed to the colored final product by restoration of the
quinoid chromophoric grouping (Thompson, 1966; Sheehan and Hrapchak, 1987; each of
which is incorporated in its entirety herein by reference). PAS staining can be performed
according the protocol described at world wide web at jhu.edu/"iic/PDF
jrotocols/LM/Glycogen Staining pdf and
library.med.utah.edu/WebPath/HISTHTML/MANUALS/PAS.PDF with some modifications
for an in vitro culture of hepatocyte-like cells. One of ordinary skill in the art should be able
to make the appropriate modifications.

[356] In another aspect, a mature hepatocyte of the invention is characterized for urea
production. Urea production can be assayed colorimetrically using kits from Sigma

Diagnostic (Miyoshi et al, 1998; which is incorporated in its entirety herein by reference)
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based on the biochemical reaction of urease reduction to urea and ammonia and the
subsequent reaction with 2-oxoglutarate to form glutamate and NAD.

[357] In another aspect, bile secretion is analyzed. Biliary secretion can be determined by
fluorescein diacetate time lapse assay. Briefly, monolayer cultures of cells, e.g., mature
hepatocytes, are rinsed with phosphate buffered saline (PBS) three times and incubated with
serum-free hepatocyte growth media supplemented with doxycycline and fluorescein
diacetate (20 pg/ml) (Sigma-Aldrich) at 37° C. for 35 minutes. The cells are washed with
PBS three times and fluorescence imaging is carried out. Fluorescein diacetate is a non
fluorescent precursor of fluorescein. The image is evaluated to determine that the compound
had been taken up and metabolized in the hepatocyte-like cell to fluorescein. In some
embodiments, the compound is secreted into intercellular clefts of the monolayer of cells.
Alternatively, bile secretion is determined by a method using sodium fluorescein described
by Gebhart and Wang (1982); which is incorporated in its entirety herein by reference.

[358] In yet another aspect, lipid synthesis is analyzed. Lipid synthesis in the mature
hepatcytes can be determined by oil red O staining Oil Red O (Solvent Red 27, Sudan Red
5B, C.1. 26125, C26H24N40) is a lysochrome (fat-soluble dye) diazo dye used for staining of
neutral triglycerides and lipids on frozen sections and some lipoproteins on paraffin sections.
It has the appearance of a red powder with maximum absorption at 518(359) nm. Oil Red O
is one of the dyes used for Sudan staining Similar dyes include Sudan III, Sudan IV, and
Sudan Black B. The staining has to be performed on fresh samples and/or formalin fixed
samples. Hepatocyte-like cells are cultured on microscope slides, rinsed in PBS three times,
the slides are air dried for 30-60 minutes at room temperature, fixed in ice cold 10% formalin
for 5-10 minutes, and then rinse immediately in 3 changes of distilled water. The slide is then
placed in absolute propylene glycol for 2-5 minutes to avoid carrying water into Oil Red O
and stained in pre-warmed Oil Red O solution for 8 minutes in 600° C. oven. The slide is
then placed in 85% propylene glycol solution for 2-5 minutes and rinsed in 2 changes of
distilled water. Oil red O staining can also be performed according the protocol described at
library.med.utah.edu/WebPath/HISTHTML/MANUALS/OILRED.PDF with some
modifications for an in vitro culture of hepatocyte-like cell by one of ordinary skill in the art.
[359] In still another aspect, the mature hepatcytes are assayed for glycogen synthesis.
Glycogen assays are well known to one of ordinary skill in the art, for example, in
Passonneau and Lauderdale (1974). Alternatively, commercial glycogen assays can be used,

for example, from BioVision, Inc. catalog #K646-100.
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[360] Mature hepatocytes can also be evaluated by their ability to store glycogen. A suitable
assay uses Periodic Acid Schiff (PAS) stain, which does not react with mono- and
disaccharides, but stains long-chain polymers such as glycogen and dextran. PAS reaction
provides quantitative estimations of complex carbohydrates as well as soluble and
membrane-bound carbohydrate compounds. Kirkeby er al. (1992) describe a quantitative
PAS assay of carbohydrate compounds and detergents. van der Laarse et al. (1992) describe a
microdensitometric histochemical assay for glycogen using the PAS reaction. Evidence of
glycogen storage is determined if the cells are PAS-positive at a level that is at least 2-fold,
and preferably more than 10-fold above that of a control cell, such as a fibroblast The cells
can also be characterized by karyotyping according to standard methods.

[361] Assays are also available for enzymes involved in the conjugation, metabolism, or
detoxification of small molecule drugs. For example, mature hepatocytes can be
characterized by an ability to conjugate bilirubin, bile acids, and small molecule drugs, for
excretion through the urinary or biliary tract. Cells are contacted with a suitable substrate,
incubated for a suitable period, and then the medium is analyzed (by GCMS or other suitable
technique) to determine whether a conjugation product has been formed. Drug metabolizing
enzyme activities include de-ethylation, dealkylation, hydroxylation, demethylation,
oxidation, glucuroconjugation, sulfoconjugation, glutathione conjugation, and N-acetyl
transferase activity (A. Guillouzo, pp 411-431 in In vitro Methods in Pharmaceutical
Research, Academic Press, 1997; which is incorporated in its entirety herein by reference).
Assays include peenacetin de-ethylation, procainamide N-acetylation, paracetamol
sulfoconjugation, and paracetamol glucuronidation (Chesne et al., 1988; which is
incorporated in its entirety herein by reference).

[362] A further feature of certain cell populations, e.g., mature hepatcytes of this invention
is that they are susceptible under appropriate circumstances to pathogenic agents that are
tropic for primate liver cells. Such agents include hepatitis A, B, C, and delta, Epstein-Barr
virus (EBV), cytomegalovirus (CMV), tuberculosis, and malaria. For example, infectivity by
hepatitis B can be determined by combining cultured mature hepatocytes with a source of
infectious hepatitis B particles (such as serum from a human HBV carrier). The liver cells can
then be tested for synthesis of viral core antigen (HBcAg) by immunohistochemistry or RT-
PCR.

[363] In still another aspect, the mature hepatocytes can be assessed for their ability to

engraft and/or exhibit long-term survival in a subject. In an embodiment, in order to
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determine whether the hepatocytes survive and maintain their phenotype in vivo, haptocytes
are administered to an animal (such as SCID mice) at a site amenable for further observation,
such as under the kidney capsule, into the spleen, or into a liver lobule. Tissues are harvested
after a period of a few days to several weeks or more, to assess the presence and phenotype of
the administered cells, e.g., by immunohistochemistry or ELISA using human-specific
antibody, or by RT-PCR analysis. Suitable markers for assessing gene expression at the
mRNA or protein level are provided in this disclosure. Effects on hepatic function can also be
determined by evaluating markers expressed in liver tissue, e.g., cytochrome p450 activity,
and blood indicators, such as alkaline phosphatase activity, bilirubin conjugation, and
prothrombin time.

[364] Assays for determining the ability of mature hepatocytes to engraft and/or exhibit
long-term survival in a subject are described in, for example, US Patent No. 9,260,722; and
US Publication No. 2020/0216823; each of which is incorporated in its entirety herein by
reference.

[365] In some embodiments, the mature hepatocytes engraft into a target tissue of the
subject. In some embodiments, the mature hepatocytes comprise a population of mature
hepatocytes, wherein at least 0.1%, 0.2%, 0.5%, 1%, 2%, 3%, 4%, 5%, 10%, 20%, 30%, 40%,
50%, 60%, T0%, 80%, 90%, or 100% of the mature hepatocytes engraft into the target tissue
of the subject. In some embodiments, the target tissue is a liver.

[366] The skilled artisan will readily appreciate that an advantage of mature hepatocytes is
that they will be essentially free of other cell types that typically contaminate primary
hepatocyte cultures isolated from adult or fetal liver tissue. Mature hepatocytes provided
according to certain aspects of this invention can have a number of the features of the stage of
cell they are intended to represent. The more of these features that are present in a particular
cell, the more it can be characterized as a cell of the hepatocyte lineage. Cells having at least
2,3,5,7, or 9 of these features are increasingly more preferred. In reference to a particular
cell population as may be present in a culture vessel or a preparation for administration,
uniformity between cells in the expression of these features is often advantageous. In this
circumstance, populations in which at least about 10%, 20%, 30%, 40%, 60%, 80%, 90%,
95%, 98%, 99%, or 100% of the cells have the desired features are increasingly more
preferred.

[367] Other desirable features of hepatocytes provided in certain aspects of this invention

are an ability to act as target cells in drug screening assays, and an ability to reconstitute liver
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function, both in vivo, and as part of an extracorporeal device. These features are described

further in sections that follow.

II. CELLS AND COMPOSITIONS OF THE INVENTION

[368] A further aspect of the invention provides a composition comprising a population of
hepatocytes, for example, produced according to any of the methods described herein. In
some embodiments, the composition comprises an enriched, purified or isolated population of
hepatocytes, for example, produced according to any of the methods described herein. The
enriched, purified or isolated population of hepatocytes can be single cell suspensions,
aggregates, chimeric aggregates, and/or structures, including branched structures and/or cysts.
[369] In some embodiments, the population of hepatocytes comprise increased expression
levels of at least one transcription factor selected from the group consisting of Nuclear Factor
I X (NFIX) and Nuclear Factor I C (NFIC), relative to endogenous expression levels of the
transcription factor in the population of hepatocytes.

[370] In some embodiments, the increased expression of NFIX comprises an increase of at
least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold,
200-fold, 500-fold, 1000-fold, or 10,000-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 0.1-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 0.2-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 0.5-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 1-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 2-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 5-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 10-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of

NFIX comprises an increase of at least 20-fold relative to endogenous expression levels of
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NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 50-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 100-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 200-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 500-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 1,000-fold relative to endogenous expression levels of
NFIX in the population of hepatocytes. In some embodiments, the increased expression of
NFIX comprises an increase of at least 10,000-fold relative to endogenous expression levels
of NFIX in the population of hepatocytes.

[371] In some embodiments, the increased expression of NFIC comprises an increase of at
least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold,
200-fold, 500-fold, 1000-fold, or 10,000-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 0.1-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 0.2-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 0.5-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 1-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 2-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 5-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 10-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 20-fold relative to endogenous expression levels of

NFIC in the population of hepatocytes. In some embodiments, the increased expression of
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NFIC comprises an increase of at least 50-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 100-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 200-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 500-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 1,000-fold relative to endogenous expression levels of
NFIC in the population of hepatocytes. In some embodiments, the increased expression of
NFIC comprises an increase of at least 10,000-fold relative to endogenous expression levels
of NFIC in the population of hepatocytes.

[372] In some embodiments, the population of hepatocytes further comprise increased
expression levels of one or more transcription factors selected from the group consisting of
RORC, NROB2, ESR1, THRSP, TBX15, HLF, ATOHS, NR112, CUX2, ZNF662, TSHZ2,
ATFS, NFIA, NFIB, NPAS2, FOS, ONECUT2, PROX1, NR1H4, MLXIPL, ETV1, AR,
CEBPB, NR1DI1, HEY2, ARID3C, KLF9, and DMRTAI1 relative to endogenous expression
levels of the one or more transcription factors in the population of hepatocytes. In some
embodiments, the one or more transcription factor is RORC. In some embodiments, the one
or more transcription factor is NROB2. In some embodiments, the one or more transcription
factor is ESR1. In some embodiments, the one or more transcription factor is THRSP. In
some embodiments, the one or more transcription factor is TBX15. In some embodiments,
the one or more transcription factor is HLF. In some embodiments, the one or more
transcription factor is ATOHS. In some embodiments, the one or more transcription factor is
NR1I2. In some embodiments, the one or more transcription factor is CUX2. In some
embodiments, the one or more transcription factor is ZNF662. In some embodiments, the one
or more transcription factor is TSHZ2. In some embodiments, the one or more transcription
factor is ATFS. In some embodiments, the one or more transcription factor is NFIA. In some
embodiments, the one or more transcription factor is NFIB. In some embodiments, the one or
more transcription factor is NPAS2. In some embodiments, the one or more transcription
factor is FOS. In some embodiments, the one or more transcription factor is ONECUT2. In
some embodiments, the one or more transcription factor is PROXI1. In some embodiments,

the one or more transcription factor is NR1H4. In some embodiments, the one or more
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transcription factor is MLXIPL. In some embodiments, the one or more transcription factor is
ETV1. In some embodiments, the one or more transcription factor is AR. In some
embodiments, the one or more transcription factor is CEBPB. In some embodiments, the one
or more transcription factor is NR1D1. In some embodiments, the one or more transcription
factor is HEY2. In some embodiments, the one or more transcription factor is ARID3C. In
some embodiments, the one or more transcription factor is KLF9. In some embodiments, the
one or more transcription factor is DMRTAI.

[373] In some embodiments, the population of hepatocytes is a population of immature
hepatocytes. In some embodiments, the population of hepatocytes is a population of mature
hepatocytes. In some embodiments, the population of hepatocytes comprises both mature and
immature hepatocytes.

[374] In some embodiments, the mature hepatocytes exhibit an increased expression of
albumin (ALB), cytochrome P450 enzyme 1A2 (CYP1A2), cytochrome P450 enzyme 3A4
(CYP3A4), tyrosine aminotransferase (TAT), and/or UDP-glucuronosyltransferase 1A-1
(UGT1A1) relative to immature hepatocytes.

[375] In some embodiments, the increased expression of CYP1A?2 comprises an increase of
at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-fold, 2,000-fold,
5,000-fold, or 10,000-fold relative to immature hepatocytes. In some embodiments, the
increased expression of CYP3A4 comprises an increase of at least 2-fold, 5-fold, 10-fold, 50-
fold, 100-fold, 200-fold, 500-fold, 1,000-fold, 2,000-fold, 5,000-fold, or 10,000-fold relative
to immature hepatocytes. In some embodiments, the increased expression of TAT comprises
an increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-
fold, 2,000-fold, 5,000-fold, or 10,000-fold relative to immature hepatocytes. In some
embodiments, the increased expression of UGT1A1 comprises an increase of at least 2-fold,
5-fold, 10-fold, 50-fold, 100-fold, 500-fold, 1,000-fold, 2,000-fold, 5,000-fold, or 10,000-fold
relative to immature hepatocytes.

[376] In some embodiments, the mature hepatocytes exhibit a decreased expression of alpha
fetoprotein (AFP) relative to immature hepatocytes. In some embodiments, the decreased
expression of AFP comprises a decrease of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold,
3-fold, or 4-fold relative to immature hepatocytes.

[377] In some embodiments, the mature hepatocytes exhibit an increased secretion of
albumin, a decreased secretion of AFP, and/or an increased activity of CYP1A2, relative to

immature hepatocytes. In some embodiments, the increased secretion of ALB comprises an
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increase of at least 5%, 10%, 15%, 20% or 25% relative to immature hepatocytes. In some
embodiments, the decreased secretion of AFP comprises a decrease of at least 5%, 10%, 20%,
40%, or 60% relative to immature hepatocytes. In some embodiments, the increased activity
of CYP1A2 comprises an increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-
fold, or 400-fold relative to immature hepatocytes.

[378] In some embodiments, the composition of a population of hepatocytes comprises
about 1 x 10° hepatocytes to about 1 x 10'? hepatocytes. In some embodiments, the
composition of a population of hepatocytes comprises at least 1 x 10°, 1 x 10,1 x 107, 1 x
108, 1x 10%, 1 x 10'° 1 x 10", or 1 x 10'? hepatocytes.

[379] Also provided herein are pharmaceutical compositions and formulations comprising
hepatocytes, e.g., mature or immature hepatocytes, and a pharmaceutically acceptable carrier.
[380] In some embodiments, the pharmaceutical composition comprises a dose ranging
from about 1 x 10% hepatocytes to about 1 x 102 hepatocytes. In some embodiments, the dose
isabout 1 x 10°, 1 x 10%, 1 x 107, 1 x 10, 1 x 10°, 1 x 10'%, 1 x 10"}, or 1 x 102 hepatocytes.
In some embodiments, a pharmaceutical composition comprises a dose ranging from about 1
x 10° hepatocytes to about 1 x 10'? hepatocytes.

[381] A further aspect of the invention provides a composition comprising a population of
pluripotent stem cells comprising an expression vector, wherein the expression vector
comprises a nucleic acid encoding at least one transcription factor of the disclosure.

[382] In some embodiments, the transcription factor is NFIX. In some embodiments, the
transcription factor is NFIC. In some embodiments, the transcription factor is NFIX and
NFIC.

[383] In some embodiments, the population of pluripotent stem cells further comprise an
expression vector comprising a nucleic acid encoding one or more transcription factors
selected from the group consisting of RORC, NROB2, ESR1, THRSP, TBX15, HLF, ATOHS,
NR112, CUX2, ZNF662, TSHZ2, ATFS, NFIA, NFIB, NPAS2, FOS, ONECUT2, PROX1,
NR1H4, MLXIPL, ETV1, AR, CEBPB, NR1D1, HEY2, ARID3C, KLF9, and DMRTAI. In
some embodiments, the one or more transcription factor is RORC. In some embodiments, the
one or more transcription factor is NROB2. In some embodiments, the one or more
transcription factor is ESR1. In some embodiments, the one or more transcription factor is
THRSP. In some embodiments, the one or more transcription factor is TBX15. In some
embodiments, the one or more transcription factor is HLF. In some embodiments, the one or

more transcription factor is ATOHS. In some embodiments, the one or more transcription
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factor is NR1I2. In some embodiments, the one or more transcription factor is CUX2. In
some embodiments, the one or more transcription factor is ZNF662. In some embodiments,
the one or more transcription factor is TSHZ2. In some embodiments, the one or more
transcription factor is ATFS. In some embodiments, the one or more transcription factor is
NFIA. In some embodiments, the one or more transcription factor is NFIB. In some
embodiments, the one or more transcription factor is NPAS2. In some embodiments, the one
or more transcription factor is FOS. In some embodiments, the one or more transcription
factor is ONECUT?2. In some embodiments, the one or more transcription factor is PROXI.
In some embodiments, the one or more transcription factor is NR1H4. In some embodiments,
the one or more transcription factor is MLXIPL. In some embodiments, the one or more
transcription factor is ETV1. In some embodiments, the one or more transcription factor is
AR. In some embodiments, the one or more transcription factor is CEBPB. In some
embodiments, the one or more transcription factor is NR1D1. In some embodiments, the one
or more transcription factor is HEY2. In some embodiments, the one or more transcription
factor is ARID3C. In some embodiments, the one or more transcription factor is KLF9. In
some embodiments, the one or more transcription factor is DMRTAL.

[384] In some embodiments, the composition comprising a population of pluripotent stem
cells comprises about 1 x 10° pluripotent stem cells to about 1 x 10! pluripotent stem cells.
In some embodiments, the composition comprising a population of pluripotent stem cells
comprises at least 1 x 10°,1x10% 1x 107, 1 x 108, 1 x 10°, 1 x 10'°, 1 x 10", or 1 x 10'?
pluripotent stem cells.

[385] In some embodiments, the pluripotent stem cells are embryonic stem cells. In some
embodiments, the pluripotent stem cells are induced pluripotent stem cells.

[386] A further aspect of the invention provides a composition comprising a population of
immature hepatocytes comprising an expression vector, wherein the expression vector
comprises a nucleic acid encoding at least one transcription factor of the disclosure.

[387] In some embodiments, the transcription factor is NFIX. In some embodiments, the
transcription factor is NFIC. In some embodiments, the transcription factor is NFIX and
NFIC.

[388] In some embodiments, the population of immature hepatocytes further comprise an
expression vector comprising a nucleic acid encoding one or more transcription factors
selected from the group consisting of RORC, NROB2, ESR1, THRSP, TBX15, HLF, ATOHS,
NR112, CUX2, ZNF662, TSHZ2, ATFS, NFIA, NFIB, NPAS2, FOS, ONECUT2, PROX1,
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NR1H4, MLXIPL, ETV1, AR, CEBPB, NR1D1, HEY2, ARID3C, KLF9, and DMRTAI. In
some embodiments, the one or more transcription factor is RORC. In some embodiments, the
one or more transcription factor is NROB2. In some embodiments, the one or more
transcription factor is ESR1. In some embodiments, the one or more transcription factor is
THRSP. In some embodiments, the one or more transcription factor is TBX15. In some
embodiments, the one or more transcription factor is HLF. In some embodiments, the one or
more transcription factor is ATOHS. In some embodiments, the one or more transcription
factor is NR1I2. In some embodiments, the one or more transcription factor is CUX2. In
some embodiments, the one or more transcription factor is ZNF662. In some embodiments,
the one or more transcription factor is TSHZ2. In some embodiments, the one or more
transcription factor is ATFS. In some embodiments, the one or more transcription factor is
NFIA. In some embodiments, the one or more transcription factor is NFIB. In some
embodiments, the one or more transcription factor is NPAS2. In some embodiments, the one
or more transcription factor is FOS. In some embodiments, the one or more transcription
factor is ONECUT?2. In some embodiments, the one or more transcription factor is PROXI.
In some embodiments, the one or more transcription factor is NR1H4. In some embodiments,
the one or more transcription factor is MLXIPL. In some embodiments, the one or more
transcription factor is ETV1. In some embodiments, the one or more transcription factor is
AR. In some embodiments, the one or more transcription factor is CEBPB. In some
embodiments, the one or more transcription factor is NR1D1. In some embodiments, the one
or more transcription factor is HEY2. In some embodiments, the one or more transcription
factor is ARID3C. In some embodiments, the one or more transcription factor is KLF9. In
some embodiments, the one or more transcription factor is DMRTAL.

[389] In some embodiments, the composition comprising a population of immature
hepatocytes comprises about 1 x 10° immature hepatocytes to about 1 x 10'? immature
hepatocytes. In some embodiments, the composition comprising a population of immature
hepatocytes comprises at least 1 x 105, 1x10% 1 x 107, 1 x 108, 1 x 10°, 1 x 10'°, 1 x 10", or
1 x 10'? immature hepatocytes.

[390] Also provided herein are pharmaceutical compositions and formulations comprising
immature hepatocytes, and a pharmaceutically acceptable carrier.

[391] In some embodiments, the pharmaceutical composition comprises a dose ranging
from about 1 x 10% immature hepatocytes to about 1 x 10'?> immature hepatocytes. In some

embodiments, the dose is about 1 x 10°, 1 x 10%, 1 x 107, 1 x 108, 1 x 10°, 1 x 10'°, 1 x 10", or
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1 x 10'? immature hepatocytes. In some embodiments, a pharmaceutical composition
comprises a dose ranging from about 1 x 10°® immature hepatocytes to about 1 x 102
immature hepatocytes.

[392] Pharmaceutical compositions and formulations as described herein can be prepared by
mixing the cells of the disclosure, e.g., mature hepatocytes with one or more optional
pharmaceutically acceptable carriers (Remington's Pharmaceutical Sciences 22nd edition,
2012; incorporated in its entirety herein reference), in the form of aqueous solutions.
Pharmaceutically acceptable carriers are generally nontoxic to recipients at the dosages and
concentrations employed, and include, but are not limited to: buffers such as phosphate,
citrate, and other organic acids; antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl ammonium chloride; hexamethonium
chloride; benzalkonium chloride; benzethonium chloride; phenol, butyl or benzyl alcohol;
alkyl parabens such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-
pentanol; and m-cresol); low molecular weight (less than about 10 residues) polypeptides;
proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, histidine, arginine,
or lysine; monosaccharides, disaccharides, and other carbohydrates including glucose,
mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol,
trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g., Zn-
protein complexes); and/or non- ionic surfactants such as polyethylene glycol (PEG).
Exemplary pharmaceutically acceptable carriers herein further include insterstitial drug
dispersion agents such as soluble neutral-active hyaluronidase glycoproteins (sHASEGP), for
example, human soluble PH-20 hyaluronidase glycoproteins, such as rtHuPH20
(HYLENEX®, Baxter International, Inc.). Certain exemplary SsHASEGPs and methods of use,
including rHuPH20, are described in US Patent Publication Nos. 2005/0260186 and
2006/0104968; each of which is incorporated in its entirety herein reference. In one aspect, a
sHASEGP is combined with one or more additional glycosaminoglycanases such as
chondroitinases.

[393] In certain embodiments, the composition and pharmaceutical composition comprising
hepatocytes comprise a substantially purified population of hepatocytes. For example, the
composition of hepatocytes may contain less than 25%, 20%, 15%, 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2%, or less than 1% of cells other than hepatocytes. In some embodiments, the
composition of hepatocytes contains less than 25%, 20%, 15%, 10%, 9%, 8%, 1%, 6%, 5%,
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4%, 3%, 2%, or less than 1% of pluripotent stem cells. In another embodiment, the
composition of hepatocytes is devoid of or is undetectable for pluripotent stem cells. In some
embodiments, the composition comprising a substantially purified population of hepatocytes
is one in which the hepatocytes comprise at least about 75% of the cells in the composition.
In other embodiments, a substantially purified population of hepatocytes is one in which the
hepatocytes comprise at least about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, V7%,
97.5%, 98%, 99%, or even greater than 99% of the cells in the population. In any of the
embodiments, the hepatocytes may be mature hepatocytes.

[394] In another embodiment, the composition and pharmaceutical composition comprising
hepatocytes may comprise cells other than hepatocytes that may be useful in augmenting or
complementing the function of the hepatocytes, including, but not limited to mesenchymal
stem cells, endothelial cells, cholangiocytes, stellate cells, and/or Kupffer cells. In other
embodiments, the composition and pharmaceutical composition comprising hepatocytes
comprise organoids, which are three-dimensional structures of cells that are often capable of
self-organization and provide an environment for high cell-extracellular matrix and cell-cell
interactions in vivo. See e.g., Olgasi et al., International Journal of Molecular Sciences
21:6215 (2020), which is incorporated in its entirety herein by reference. The organoids
comprise hepatocytes and may further comprise other cells, such as mesenchymal stem cells,
endothelial cells, cholangiocytes, stellate cells, and Kupffer cells. In any of the embodiments,

the hepatocytes may be mature hepatocytes.

III. METHODS OF USE OF HEPATOCYTES

[395] Hepatocytes and pharmaceutical compositions produced by the methods described
herein may be used for cell-based treatments in which hepatocytes are needed or would
improve treatment. Methods of using hepatocytes provided by the present invention for
treating various conditions that may benefit from hepatocyte-based therapies are described
herein. The particular treatment regimen, route of administration, and any adjuvant therapy
will be tailored based on the particular condition, the severity of the condition, and the
patient's overall health. Additionally, in certain embodiments, administration of hepatocytes
may be effective to fully restore loss of liver function or other symptoms. In other
embodiments, administration of hepatocytes may be effective to reduce the severity of the
symptoms and/or to prevent further degeneration in the patient's condition. The invention

contemplates that administration of a composition comprising hepatocytes can be used to
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treat (including reducing the severity of the symptoms, in whole or in part) any of the
conditions described herein.

[396] The invention contemplates that hepatocytes, including compositions comprising
hepatocytes, derived using any of the methods described herein can be used in the treatment
of any of the indications described herein. Further, the invention contemplates that any of the
compositions comprising hepatocytes described herein can be used in the treatment of any of
the indications described herein. In another embodiment, the hepatocytes of the invention
may be administered with other therapeutic cells or agents. The hepatocytes may be
administered simultaneously in a combined or separate formulation, or sequentially.

[397] In an embodiment, the present invention provides a method of treating a disease or
disorder selected from the group consisting of fulminant hepatic failure due to any cause,
viral hepatitis, drug-induced liver injury, cirrhosis, inherited hepatic insufficiency (such as
Wilson's disease, Gilbert's syndrome, or al-antitrypsin deficiency), hepatobiliary carcinoma,
autoimmune liver disease (such as autoimmune chronic hepatitis or primary biliary cirrhosis),
urea cycle disorder, factor VII deficiency, glycogen storage disease type 1, infantile Refsum’s
disease, phenylketonuria, severe infantile oxalosis, cirrhosis, liver injury, acute liver failure,
hepatobiliary carcinoma, hepatocellular carcinoma, genetic cholestasis (PFIC and alagille
syndrome), hereditary hemochromatosis, tyrosinemia type 1, argininosuccinic aciduria (ASL),
Crigler-Najjar syndrome, familial amyloid polyneuropathy, atypical haemolytic uremic
syndrome-1, primary hyperoxaluria type 1, maple syrup urine disease (MSUD), acute
intermittent porphyria, coagulation defects, GSD type Ia (in metabolic control), homozygous
familial hypercholesterolemia, organic acidurias, and any other condition that results in
impaired hepatic function.

[398] The hepatocytes provided by methods and compositions of the invention can also be
used in a variety of applications. These include but are not limited to transplantation or
implantation of the hepatocytes in vivo; screening for cytotoxic compounds, carcinogens,
mutagens growth/regulatory factors, or pharmaceutical compounds in vitro; elucidating the
mechanism of liver diseases and infections; studying the mechanism by which drugs and/or
growth factors operate; diagnosing and monitoring cancer in a patient; gene therapy; and the
production of biologically active products. In some embodiments, the hepatocytes comprise

mature hepatocytes, immature hepatocytes or a combination thereof.
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Test Compound Screening

[399] The hepatocytes of the invention can be used to screen for factors (such as solvents,
small molecule drugs, peptides, and polynucleotides) or environmental conditions (such as
culture conditions or manipulation) that affect the characteristics of hepatocytes provided
herein.

[400] In some applications, stem cells (differentiated or undifferentiated) are used to screen
factors that promote maturation of cells along the hepatocyte lineage, or promote
proliferation and maintenance of such cells in long-term culture. For example, candidate
hepatocyte maturation factors or growth factors are tested by adding them to stem cells in
different wells, and then determining any phenotypic change that results, according to
desirable criteria for further culture and use of the cells.

[401] Particular screening applications of this invention relate to the testing of
pharmaceutical compounds in drug research, for example, as described in In vitro Methods in
Pharmaceutical Research, Academic Press, 1997, and U.S. Patent No. 5,030,015; each of
which is incorporated in its entirety herein by reference. In certain aspects of the invention,
hepatocytes play the role of test cells for standard drug screening and toxicity assays, as have
been previously performed on hepatocyte cell lines or primary hepatocytes in short-term
culture. Assessment of the activity of candidate pharmaceutical compounds generally
involves combining the hepatocytes provided in certain aspects of this invention with the
candidate compound, determining any change in the morphology, marker phenotype, or
metabolic activity of the cells that is attributable to the compound (compared with untreated
cells or cells treated with an inert compound), and then correlating the effect of the compound
with the observed change. The screening may be done either because the compound is
designed to have a pharmacological effect on liver cells, or because a compound designed to
have effects elsewhere may have unintended hepatic side effects. Two or more drugs can be
tested in combination (by combining with the cells either simultaneously or sequentially), to
detect possible drug-drug interaction effects.

[402] In some applications, compounds are screened initially for potential hepatotoxicity
(Castell et al., 1997; incorporated in its entirety herein by reference). Cytotoxicity can be
determined in the first instance by the effect on cell viability, survival, morphology, and
leakage of enzymes into the culture medium. More detailed analysis is conducted to
determine whether compounds affect cell function (such as gluconeogenesis, ureogenesis,

and plasma protein synthesis) without causing toxicity. Lactate dehydrogenase (LDH) is a
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good marker because the hepatic isoenzyme (type V) is stable in culture conditions, allowing
reproducible measurements in culture supernatants after 12-24 hours of incubation. Leakage
of enzymes such as mitochondrial glutamate oxaloacetate transaminase and glutamate
pyruvate transaminase can also be used. Gomez-Lechon ef al. (1996), which is incorporated
in its entirety herein by reference, describes a microassay for measuring glycogen, which can
be used to measure the effect of pharmaceutical compounds on hepatocyte gluconeogenesis.
[403] Other current methods to evaluate hepatotoxicity include determination of the
synthesis and secretion of albumin, cholesterol, and lipoproteins; transport of conjugated bile
acids and bilirubin; ureagenesis; cytochrome p450 levels and activities; glutathione levels;
release of a-glutathione s-transferase; ATP, ADP, and AMP metabolism; intracellular K+ and
Ca2+ concentrations; the release of nuclear matrix proteins or oligonucleosomes; and
induction of apoptosis (indicated by cell rounding, condensation of chromatin, and nuclear
fragmentation). DNA synthesis can be measured as [3H]-thymidine or BrdU incorporation.
Effects of a drug on DNA synthesis or structure can be determined by measuring DNA
synthesis or repair. [3H]-thymidine or BrdU incorporation, especially at unscheduled times in
the cell cycle, or above the level required for cell replication, is consistent with a drug effect.
Unwanted effects can also include unusual rates of sister chromatid exchange, determined by

metaphase spread.

Liver Therapy and Transplantation

[404] The invention also provides the use of hepatocytes described herein to restore a
degree of liver function to a subject in need thereof due to, for example, an acute, chronic, or
inherited impairment of liver function.

[405] To determine the suitability of hepatocytes provided herein for therapeutic
applications, the cells can first be tested in a suitable animal model. At one level, cells are
assessed for their ability to survive and maintain their phenotype in vivo. Hepatocytes
provided herein are administered to immunodeficient animals (such as SCID mice, or animals
rendered immunodeficient chemically or by irradiation) at a site amenable for further
observation, such as under the kidney capsule, into the spleen, or into a liver lobule. Tissues
are harvested after a period of a few days to several weeks or more, and assessed. This can be
performed by providing the administered cells with a detectable label (such as green
fluorescent protein, or B-galactosidase); or by measuring a constitutive marker specific for the

administered cells. Where hepatocytes provided herein are being tested in a rodent model, the
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presence and phenotype of the administered cells can be assessed by immunohistochemistry
or ELISA using human-specific antibody, or by RT-PCR analysis using primers and
hybridization conditions that cause amplification to be specific for human polynucleotide
sequences. Suitable markers for assessing gene expression at the mRNA or protein level are
provided herein. General descriptions for determining the fate of hepatocyte-like cells in
animal models are described by, for example, Grompe et al. (1999); Peeters et al., (1997);
and Ohashi ef al. (2000); each of which is incorporated in its entirety herein by reference.
[406] At another level, hepatocytes provided herein are assessed for their ability to restore
liver function in an animal lacking full liver function. Braun ef al. (2000), which is
incorporated in its entirety herein by reference, outline a model for toxin-induced liver
disease in mice transgenic for the HSV-tk gene. Rhim er al. (1995) and Lieber ef al. (1995),
each of which is incorporated in its entirety herein by reference, outline models for liver
disease by expression of urokinase. Mignon et al. (1998), which is incorporated in its entirety
herein by reference, outline liver disease induced by antibody to the cell-surface marker Fas.
Overturf et al. (1998), which is incorporated in its entirety herein by reference, have
developed a model for Hereditary Tyrosinemia Type I in mice by targeted disruption of the
Fah gene. The animals can be rescued from the deficiency by providing a supply of 2-(2-
nitro-4-fluoro-methyl-benzyol)-1,3-cyclohexanedione (NTBC), but they develop liver disease
when NTBC is withdrawn. Acute liver disease can be modeled by 90% hepatectomy, as
described by Kobayashi et al., 2000; which is incorporated in its entirety herein by reference.
Acute liver disease can also be modeled by treating animals with a hepatotoxin such as
galactosamine, CCl4, or thioacetamide.

[407] Chronic liver diseases such as cirrhosis can be modeled by treating animals with a
sub-lethal dose of a hepatotoxin long enough to induce fibrosis (Rudolph ef al., 2000; which
is incorporated in its entirety herein by reference). Assessing the ability of hepatocytes
provided herein to reconstitute liver function involves administering the cells to such animals,
and then determining survival over a 1 to 8 week period or more, while monitoring the
animals for progress of the condition. Effects on hepatic function can be determined by
evaluating markers expressed in liver tissue, cytochrome p450 activity, and blood indicators,
such as alkaline phosphatase activity, bilirubin conjugation, and prothrombin time), and
survival of the host. Any improvement in survival, disease progression, or maintenance of
hepatic function according to any of these criteria relates to effectiveness of the therapy, and

can lead to further optimization.
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[408] Hepatocytes (for example, mature hepatocytes) provided in certain aspects of this
invention that demonstrate desirable functional characteristics according to their profile of
metabolic enzymes, or efficacy in animal models, may also be suitable for direct
administration to human subjects with impaired liver function. For purposes of hemostasis,
the cells can be administered at any site that has adequate access to the circulation, typically
within the abdominal cavity. For some metabolic and detoxification functions, it is
advantageous for the cells to have access to the biliary tract. Accordingly, the cells are
administered near the liver (e.g., in the treatment of chronic liver disease) or the spleen (e.g.,
in the treatment of fulminant hepatic failure). In one method, the cells administered into the
hepatic circulation either through the hepatic artery, or through the portal vein, by infusion
through an in-dwelling catheter. A catheter in the portal vein can be manipulated so that the
cells flow principally into the spleen, or the liver, or a combination of both. In another
method, the cells are administered by placing a bolus in a cavity near the target organ,
typically in an excipient or matrix that will keep the bolus in place. In another method, the
cells are injected directly into a lobe of the liver or the spleen.

[409] The hepatocytes provided in certain aspects of this invention can be used for therapy
of any subject in need of having hepatic function restored or supplemented. Human
conditions that may be appropriate for such therapy include, but are not limited to, fulminant
hepatic failure due to any cause, viral hepatitis, drug-induced liver injury, cirrhosis, inherited
hepatic insufficiency (such as Wilson's disease, Gilbert's syndrome, or al-antitrypsin
deficiency), hepatobiliary carcinoma, autoimmune liver disease (such as autoimmune chronic
hepatitis or primary biliary cirrhosis), urea cycle disorder, factor VII deficiency, glycogen
storage disease type 1, infantile Refsum’s disease, phenylketonuria, severe infantile oxalosis,
cirrhosis, liver injury, acute liver failure, hepatobiliary carcinoma, hepatocellular carcinoma,
genetic cholestasis (PFIC and alagille syndrome), hereditary hemochromatosis, tyrosinemia
type 1, argininosuccinic aciduria (ASL), Crigler-Najjar syndrome, familial amyloid
polyneuropathy, atypical haemolytic uremic syndrome-1, primary hyperoxaluria type 1,
maple syrup urine disease (MSUD), acute intermittent porphyria, coagulation defects, GSD
type Ia (in metabolic control), homozygous familial hypercholesterolemia, organic acidurias,
and any other condition that results in impaired hepatic function. For human therapy, the dose
is generally between about 10° and 10'? cells, and typically between about 5x10° and 5x10'°
cells, making adjustments for the body weight of the subject, nature and severity of the

affliction, and the replicative capacity of the administered cells.
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Use in a Liver Assist Device

[410] The invention also provides methods of use of the hepatocytes disclosed herein that
are encapsulated or part of a bioartificial liver device. Various forms of encapsulation are
described in the art, for example, in Cell Encapsulation Technology and Therapeutics, 1999;
which is incorporated in its entirety herein by reference. Hepatocytes provided in certain
aspects of this invention can be encapsulated according to such methods for use either in vitro
or in vivo.

[411] Bioartificial organs for clinical use are designed to support an individual with
impaired liver function—either as a part of long-term therapy, or to bridge the time between a
fulminant hepatic failure and hepatic reconstitution or liver transplant. Bioartificial liver
devices are described by Macdonald et al., pp. 252-286 of “Cell Encapsulation Technology
and Therapeutics”, and exemplified in U.S. Patent Nos. 5,290,684, 5,624,840, 5,837,234,
5,853,717, and 5,935,849; each of which is incorporated in its entirety herein by reference.
Suspension-type bioartificial livers comprise cells suspended in plate dialysers,
microencapsulated in a suitable substrate, or attached to microcarrier beads coated with
extracellular matrix. Alternatively, hepatocytes can be placed on a solid support in a packed
bed, in a multiplate flat bed, on a microchannel screen, or surrounding hollow fiber
capillaries. The device has an inlet and outlet through which the subject’s blood is passed, and
sometimes a separate set of ports for supplying nutrients to the cells.

[412] Hepatocytes are prepared according to the methods described herein, and then plated
into the device on a suitable substrate, such as a matrix of Matrigel® or collagen. The
efficacy of the device can be assessed by comparing the composition of blood in the afferent
channel with that in the efferent channel—in terms of metabolites removed from the afferent
flow, and newly synthesized proteins in the efferent flow. Devices of this kind can be used to
detoxify a fluid such as blood, wherein the fluid comes into contact with the hepatocytes
provided in certain aspects of this invention under conditions that permit the cell to remove or
modify a toxin in the fluid. The detoxification will involve removing or altering at least one
ligand, metabolite, or other compound (either natural and synthetic) that is usually processed
by the liver. Such compounds include but are not limited to bilirubin, bile acids, urea, heme,
lipoprotein, carbohydrates, transferrin, hemopexin, asialoglycoproteins, hormones like insulin
and glucagon, and a variety of small molecule drugs. The device can also be used to enrich

the efferent fluid with synthesized proteins such as albumin, acute phase reactants, and

93



CA 03217861 2023-10-25

WO 2022/235869 PCT/US2022/027776

unloaded carrier proteins. The device can be optimized so that a variety of these functions is
performed, thereby restoring as many hepatic functions as are needed. In the context of
therapeutic care, the device processes blood flowing from a patient in hepatocyte failure, and
then the blood is returned to the patient.

[413] The invention also provides methods of use of the hepatocytes disclosed herein, for
example, in combination with other cell types, as organoids. Organoids can be established
from the hepatocytes and grown for multiple months, while retaining key morphological,
functional and gene expression features. See, e.g., Hu et al., 2018, Cell; 175(6):1591-1606;
which is incorporated in its entirety herein by reference.

[414] Further, for purposes of manufacture, distribution, and use, the hepatocytes of the
invention may be supplied in the form of a cell culture or suspension in an isotonic excipient
or culture medium, optionally frozen to facilitate transportation or storage.

[415] The invention also includes different reagent systems, comprising a set or
combination of cells that exist at any time during manufacture, distribution, or use. The cell
sets comprise any combination of two or more cell populations described in this disclosure,
e.g., mature hepatocytes, their precursors and subtypes, in combination with undifferentiated
stem cells, somatic cell-derived hepatocytes, or other differentiated cell types. The cell
populations in the set sometimes share the same genome or a genetically modified form
thereof.

[416] The invention contemplates that compositions of hepatocytes, for example, obtained
from human pluripotent stem cells (e.g., human embryonic stem cells or other pluripotent
stem cells) can be used to treat any of the foregoing diseases or conditions. These diseases
can be treated with compositions of hepatocytes comprising hepatocytes of varying levels of
maturity, as well as with compositions of hepatocytes that are enriched for mature

hepatocytes.

IV. METHODS OF ADMINISTRATION OF HEPATOCYTES

[417] The hepatocytes of the invention may be administered by any route of administration
appropriate for the disease or disorder being treated. In an embodiment, the hepatocytes of
the invention may be administered topically, systemically, or locally, such as by injection, or
as part of a device or implant (e.g., a sustained release implant). For example, the hepatocytes
of the present invention may be transplanted into the hepatocellular space by using surgery

when treating a patient with a disorder or disease, such as fulminant hepatic failure due to any
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cause, viral hepatitis, drug-induced liver injury, cirrhosis, inherited hepatic insufficiency
(such as Wilson's disease, Gilbert's syndrome, or al-antitrypsin deficiency), hepatobiliary
carcinoma, autoimmune liver disease (such as autoimmune chronic hepatitis or primary
biliary cirrhosis), urea cycle disorder, factor VII deficiency, glycogen storage disease type 1,
infantile Refsum’s disease, phenylketonuria, severe infantile oxalosis, cirrhosis, liver injury,
acute liver failure, hepatobiliary carcinoma, hepatocellular carcinoma, genetic cholestasis
(PFIC and alagille syndrome), hereditary hemochromatosis, tyrosinemia type 1,
argininosuccinic aciduria (ASL), Crigler-Najjar syndrome, familial amyloid polyneuropathy,
atypical haemolytic uremic syndrome- 1, primary hyperoxaluria type 1, maple syrup urine
disease (MSUD), acute intermittent porphyria, coagulation defects, GSD type Ia (in
metabolic control), homozygous familial hypercholesterolemia, organic acidurias, and any
other condition that results in impaired hepatic function. One skilled in the art would be able
to determine the route of administration for the disease or disorder being treated.

[418] Hepatocytes of the invention may be delivered in a pharmaceutically acceptable
formulation by injection. Concentrations for injections may be at any amount that is effective
and non-toxic, depending upon the factors described herein. In an embodiment, at least 1 x
105, 2x 10%,5x 10%, 1 x 107, 1 x 108, 0r 1 x 10'° hepatocytes may be administered to a
patient in need thereof.

[419] Products and systems, such as delivery vehicles, comprising the agents of the
invention, especially those formulated as pharmaceutical compositions, as well as kits
comprising such delivery vehicles and/or systems, are also envisioned as being part of the
present invention.

[420] In certain embodiments, a therapeutic method of the invention includes the step of
administering hepatocytes of the invention with an implant or device. In certain embodiments,
the device is bioerodible implant for treating a disease or condition described herein.

[421] The volume of composition administered according to the methods described herein is
also dependent on factors such as the mode of administration, number of hepatocytes, age of
the patient, and type and severity of the disease being treated.

[422] Hepatocytes can be delivered one or more times periodically throughout the life of a
patient. For example hepatocytes can be delivered once per year, once every 6-12 months,
once every 3-6 months, once every 1-3 months, or once every 1-4 weeks. Alternatively, more
frequent administration may be desirable for certain conditions or disorders. If administered

by an implant or device, hepatocytes can be administered one time, or one or more times
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periodically throughout the lifetime of the patient, as necessary for the particular patient and
disorder or condition being treated. Similarly contemplated is a therapeutic regimen that
changes over time. In certain embodiments, patients are also administered
immunosuppressive therapy, either before, concurrently with, or after administration of the
hepatocytes. Immunosuppressive therapy may be necessary throughout the life of the patient,
or for a shorter period of time. Examples of immunosuppressive therapy include, but are not
limited to, one or more of: anti-lymphocyte globulin (ALG) polyclonal antibody, anti-
thymocyte globulin (ATG) polyclonal antibody, azathioprine, BASILIXIMAB® (anti-I L-
2Ra receptor antibody), cyclosporin (cyclosporin A), DACLIZUMAB® (anti-1 L-2Ra
receptor antibody), everolimus, mycophenolic acid, RITUXIMAB® (anti-CD20 antibody),
sirolimus, tacrolimus (Prograf™), and mycophemolate mofetil (MMF).

[423] In certain embodiments, hepatocytes of the present invention are formulated with a
pharmaceutically acceptable carrier. For example, hepatocytes may be administered alone or
as a component of a pharmaceutical formulation. The hepatocytes may be formulated for
administration in any convenient way for use in human medicine. In certain embodiments,
pharmaceutical compositions suitable for parenteral administration may comprise the
hepatocytes, in combination with one or more pharmaceutically acceptable sterile isotonic
aqueous or nonaqueous solutions, dispersions, suspensions or emulsions, or sterile powders
which may be reconstituted into sterile injectable solutions or dispersions just prior to use,
which may contain antioxidants, buffers, bacteriostats, solutes which render the formulation
isotonic with the blood of the intended recipient or suspending or thickening agents.
Examples of suitable aqueous and nonaqueous carriers which may be employed in the
pharmaceutical compositions of the invention include water, ethanol, polyols (such as
glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof.
Proper fluidity can be maintained, for example, by the use of coating materials, such as
lecithin, by the maintenance of the required particle size in the case of dispersions, and by the

use of surfactants.

V. KITS

[424] In another aspect, the invention provides an article of manufacture or a kit comprising
a population of hepatocytes, for example, a population of pluripotent stem cells, immature

hepatocytes, mature hepatocytes, and/or a pharmaceutical composition of the disclosure.
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[425] In another aspect, the invention provides an article of manufacture or a kit comprising
an expression vector, wherein the expression vector comprises a nucleic acid encoding at
least one transcription factor selected from the group consisting of Nuclear Factor I X (NFIX)
and Nuclear Factor 1 C (NFIC).

[426] In some embodiments, the transcription factor is NFIX. In some embodiments, the
transcription factor is NFIC. In some embodiments, the transcription factor is NFIX and
NFIC.

[427] In some embodiments, the NFIC is at least one alternatively spliced NFIC variant
selected from the group consisting of NFIC, transcript variant 1; NFIC, transcript variant 2;
NFIC, transcript variant 3; NFIC, transcript variant 4; and NFIC, transcript variant 5. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 3. In some
embodiments, the alternatively spliced NFIC variant is NFIC, transcript variant 1 and NFIC,
transcript variant 3.

[428] The article of manufacture or kit can further comprise a package insert comprising
instructions for using the population of hepatocytes or the pharmaceutical composition of the
invention, for example, to treat or delay progression of any disease disclosed herein. The
article of manufacture or kit may further include other materials desirable from a commercial
and user standpoint, including other buffers, diluents, filters, needles, syringes, and package
inserts with instructions for use. In some embodiments, the article of manufacture further
includes one or more of another agent (e.g., a chemotherapeutic agent). Suitable containers

for the one or more agent include, for example, bottles, vials, bags and syringes.

[429] All publications, patent applications, patents, and other references mentioned herein
are incorporated by reference in their entirety. In case of conflict, the present specification,
including definitions, will control. In addition, the materials, methods, and examples are

illustrative only and not intended to be limiting.
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EXAMPLES

[430] Example 1: Materials and Methods

Lentivirus production:

[431] Tet-On 3G viral particles were purchased from TakaraBio (Takarabio, Cat.
#0055VCT). pLVX-TRE3G (Takarabio, Cat. #631187) was used as the lentiviral vector to
express the genes of interest under a Tet-On inducible promoter and pLVX-TRE3G-
Luciferase was used as a positive control. Lentiviral particles were produced using a series of
products developed by TakaraBio (www.takarabio.com). Packaging of viruses was performed
using a fourth-generation lentivirus packaging system consisting of the Lenti-X 293T Cells
(Takarabio, Cat. #632180) and Lenti-X Packaging Single Shots (Takarabio, Cat. #631275 &
631276). Viral concentration and quantity were determined using the Lenti-X™ Concentrator
(Takarabio, Cat. #631231 & 631232) and the Lenti-X qRT-PCR Titration Kit (Takarabio, Cat.
#631235), respectively. All procedures were performed using manufacturer recommended

protocols. Viruses were aliquoted and stored at -80 °C until use.

Viral titering by GFP limiting dilution:

[432] GFP (GeneCopoeia, Cat # Lv215) under an EFla promoter was used as a source of
GFP viral particles. Viral particles were generated as described above. To determine viral
multiplicity of infection (MOI) relationship with copy number per microliter, 1.1x10° cells
were plated in a 12 well plate. One day after plating, 1.2 mL of GFP lentiviral serial dilutions
were used for transduction. For each concentration of GFP, polybrene (6 pg/ul) (Sigma, Cat.
#H9268) and 0.5mL of viral serial dilutions were placed in duplicate wells and spin-
infections were performed for 1 hour at room temperature at 2000rpm. The media was
changed the day after transduction to 1mL of fresh media. 72 hours after transduction the
percentage of GFP positive cells was determined using Flow cytometry (Macsquant). Only

wells with 1% to 20% GFP+ were used for transforming unit calculations.

HuH7 cell culture conditions:

[433] Hepatoma cell line HuH7 was grown in low glucose DMEM (ThermoFisher, Cat.
11885-084) media containing 10% FBS, (ThermoFisher, Cat. #26140-079). HuH7 cells were
split twice a week. For dissociation, cells were first washed in PBS -/- (ThermoFisher, Cat.

#14190-144) followed with 0.25% Trypsin- 0.02% EDTA (Sigma, Cat. # 59428C), and
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incubated for 4 minutes at room temperature. Cells were collected in 9 ml of HuH7 growth
medium and centrifuged at 1000 rpm for 5 minutes. The supernatant was removed, and cells

were seeded at a 1:4 split ratio.

Development of an HuH7-Tet-On3G cell line:

[434] Hepatoma cell line HuH7 was transduced with lentiviral particles encoding the Tet-
On3G transactivator (Tet-On3G) under a constitutive EFlalpha promoter. Transductions
were performed in the presence of 6 pg/ul of polybrene using spin-infections for 1 hour at
room temperature at 2000rpm. The day after transduction, the cell media was changed. The
viruses contained a neomycin selectable marker, which allowed selection of pools containing
lentiviral integrations. Optimal neomycin (G418), (ThermoFisher, Cat. #10131027)
concentration for selection (1.1 mg/ml) was determined empirically based on the minimum
dose of neomycin that induced cell death after 4 days. For cell line validation, HuH7 cells
with a Tet-On3G integration (HuH7-Tet-On3G) were transduced with TRE-luciferase control
lentiviral particles. Media was changed in the presence or absence of doxycycline (1 pg/ml,

Sigma Cat. # D3072).

Transcription factor screen in HuH7-Tet-On3G cell line:

[435] A schematic representation of the selection of transcription factors of the invention is
depicted by FIG. 1. Transductions with lentivirus particles encoding the candidate
transcription factors were performed in HuH7-Tet-On3G cells using spin-infections for 1

hour at room temperature at 2000rpm, at an MOI of 10 in the presence of polybrene (6 pug/ul).
The day after transduction, the cell media was changed. Media changes in the presence or

absence of doxycycline (1 pg/ml), were performed every 2 days for a total of 4-5 days.

Stem cell culture:

[436] Human iPSC cells (“hiPSC-GMP1” or “GMP1 iPSC”) were maintained in mTeSR™1
media (STEMCELL Technologies, Cat. # 85850) on flasks coated with vitronectin
(ThermoFisher, Cat. #A14700) at 1/100 dilution in PBS -/-. Cells were cultured under
conditions of 20%02/5%CO:> and passaged every 3-4 days by producing small clumps using
EDTA (0.5 mM; ThermoFisher, Cat. #AM9260G).
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Hepatocvyte differentiation protocol:

[437] The pluripotent stem cell derived hepatocytes were derived from culture dishes using
a four stage, twenty-day protocol, as previously described by Mallanna et al., 2013 (Curr
Protoc Stem Cell Biol.; 26:1G.4.1-1G.4.13; which is incorporated by reference in its entirety
herein). In order to generate hepatocytes, monolayers of pluripotent cells were harvested
using accutase (STEMCELL Technologies, Cat. #07920) for 7 minutes at 37 °C and
transferred to LN521 (ThermoFisher, Cat. #A29248) pre-coated plates, at a density of 2x10°
cells/cm?. Cells were cultured using an mTeSR™ 1 media for 24 hours prior to induction.
The base medium for differentiation comprises RPMI (ThermoFisher, Cat. #22400-089)
containing 1X Pen Strep (ThermoFisher, Cat. # 15140-122) and 1% MEM-NEAA
(ThermoFisher, Cat. #11140-050). Stage 1 of the differentiation process was initiated by
culturing pluripotent stem cells for 2 days in a culture media comprising 100 ng/ml of Activin
A (R&D systems, Cat. #338-AC-010), 20 ng/ml of BMP4 (R&D, Cat. #314BP) and 10 ng/ml
of FGF-2 (ThermoFisher, Cat. ##HG0266) in an RPMI media, which may be supplemented
with 2% B27 without insulin (ThermoFisher, Cat. # A1895601). This was followed by
culturing the cells for 3 days in a culture media comprising 100 ng/ml of Activin A (R&D
systems, Cat. #338-AC-010) in an RPMI media, which may be supplemented with 2% B27
without insulin. Stage 2 of the differentiation process comprised culturing the cells derived
from stage 1 for 5 days in a culture media comprising 20 ng/ml of BMP4 (R&D, Cat.
#314BP) and 10 ng/ml of FGF-2 in an RPMI media, which may be supplemented with 2%
B27 with insulin (ThermoFisher, Cat. #A3582801). Stage 3 was initiated by culturing the
cells derived from stage 2 for 5 days in a culture media comprising 20 ng/ml of HGF
(Peprotech, Cat. #100-39) in an RPMI media, which may be supplemented with 2% B27 with
insulin. Finally, stage 4 comprised culturing the cells derived from stage 3 for 5 days in a
culture media comprising 20 ng/ml of Oncostatin-M (R&D systems, Cat. # 295-OM-010) in a
Hepatocyte Culture Media (Lonza, Cat. #CC-3198), which may be supplemented with
SingleQuots (without EGF).

Transductions of iPSC-derived hepatocvtes:

[438] Transductions with lentivirus particles encoding the transcription factors (using an
MOI of 3), and Tet-On3G (using an MOI of 5) were performed at the end of stage 3 of the
differentiation protocol (at days 15-16 of the cell culture) using spin-infections for 1 hour at

room temperature at 2000rpm, in the presence of polybrene (6 pg/ul). The day after
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transduction, the culture media was changed. Media changes during stage 4 were performed
using culture media comprising doxycycline (1 pg/ml), every day for a total of 5 or 9 days

(i.e., cells were harvested at day 20 or day 24 of cell culture).

Real time PCR analvysis of mature hepatocyte markers:

[439] Total RNA from cultured cells was isolated using the RNeasy Micro kit (Qiagen, Cat.
#74004), and cDNA was generated with High Capacity RNA-to-cDNA Transcription System
(ThermoFisher, Cat. #4387406). Real-time quantitative PCR reactions were performed on a
QuantStudio 7 Flex machine (ThermoFisher) using Tagman probes and Fast advance mix
(ThermoFisher, Cat. #A44360). cDNA levels of target genes were analyzed using

comparative Ct methods, where Ct is the cycle threshold number normalized to RPL13A.

Compounds:

[440] 8-Bromoadenosine 3', 5'-cyclic monophosphate (8-Br-cAMP) (Sigma, Cat. # B7880)
was dissolved with PBS -/- (ThermoFisher, Cat. #14190-144) to a concentration of 100 mM
(100X), and dexamethasone (sigma, Cat. #D4902) was dissolved in DMSO to a concentration
of 100 uM (1000X).

CYPIA2 functional assay:

[441] CYP1A2 activity was measured using the Promega kit (Promega, Cat. #V8422)
following the manufacturer recommendations. Primary human hepatocytes (150,000 viable
cells) were plated in each well of a Collagen I coated 48-well plate in 250 pl of InVitroGRO
CP medium (BiolIVT, Cat. #799029). Cells were maintained for 2 days in InVitroGRO CP
medium, and the medium was changed daily. CYP1A2 activity was induced in InVitroGRO
HI medium (BiolIVT, Cat. # Z99009) for 2 days using 100 uM Omeprazole, and the
InVitroGRO HI medium containing Omeprazole was changed daily. After 48-hours of
incubation with Omeprazole, cells were washed twice with plain InVitroGRO KHB medium
(BiolVT, Cat. # 299074), and were fed with 150 pul per well of fresh KHB medium
containing 6 uM Luciferin-1A2 and 3 mM Salicylamide. A CYP1A2 inhibitor, 5 uM a-
naphthoflavone, was included along with Luciferin-1A2 substrate in the inhibitor control
wells. For background luminescence control, 150 pl of KHB media containing Luciferin-1A2
and 3 mM Salicylamide was included into empty wells. 20 pl of supplied 2M D-Cysteine was
added to 10 ml reconstituted Luciferin Detection Reagent. After incubation at 37 °C for 60

minutes, 50 pl of supernatant was transferred to opaque white assay plates (Costar 3912), and
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50 pl of Luciferin detection reagent was added. After Incubation at room temperature for 20
minutes, luminescence was read using a luminometer. hiPSC-GMP1 were seeded at a density
of 2x10° cells/cm? in 48 well plates. hiPSC-GMP1 were differentiated to hepatocyte like cells
as described in detail above. Transductions with Teton, NFIC and NFIX were performed at
day 15, as described in detail above. CYP1A2 activity was measured using the manufacturer
recommendations. To measure the 20-day timepoint, day 18 hepatocyte like cells were
incubated in Hepatocyte Culture Media (Lonza) supplemented with SingleQuots (without
EGF) for 2 days with 100 uM Omeprazole. After 48-hours of incubation with Omeprazole,
cells were washed twice with plain KHB medium and CYP1A2 activity was measured as
described in detail above. For the 24-day time point, hepatocyte like cells at day 22 of
differentiation were treated as described in detail above for the 20-day timepoint. CYP1A2

activity was normalized for the number of cells.

AFP, ALB and Urea secretion in media:

[442] Primary human hepatocytes (150,000 viable cells) were plated in each well of a
Collagen I coated 48-well plate in 250 pl of InVitroGRO CP medium (BioIVT, Cat. #
799029). Cells were maintained for 2 days in InVitroGRO CP medium. hiPSC-GMP1 were
differentiated to hepatocyte like cells as described in detail above. Transductions with Teton,
NFIC and NFIX were performed at day 15, as described in detail above. Supernatants were
collected from primary human hepatocytes at day 2 after plating, or from GMP1-derived
hepatocyte-like cells at day 20 or day 24 of differentiation. These supernatants were used for
performing an ELISA assay of human alpha fetoprotein (AFP) (Abcam, Cat. # ab108838),
human albumin (ALB) (Abcam, Cat. # ab108788) or for an enzymatic assay for measuring
urea secretion (Sigma, Cat. # MAKO006). Procedures were performed following
manufacturers recommendations for each of the foregoing assays. AFP, ALB and urea

secretion in the culture media was normalized for the number of cells.

[443] Example 2: A model system to screen transcription factor candidates.

[444] A principal component analysis (PCA) was performed for cancer cell lines (HepG2,
HuH7 and HepaRG), stem cell derived hepatocytes (Stem Cell/ iPSC-Heps) and primary
human hepatocytes (PHH) (FIGs. 2A-B). PHH-AQL, PHH-TLY and PHH-NES are adult
hepatocytes. PHH-BVT are stillborn hepatocytes and Fetal correspond to human fetal primary
hepatocytes. HuH7 cells cluster with hepatocytes differentiated from GMP1 iPSC that were
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not further treated with Br-cAMP and dexamethasone (“GMP1 control”) and that were
further treated with Br-cAMP and dexamethasone for 5 days (“GMPDex”), and therefore,
were used for the construction of a HuH7-Tet-On3G cell line (FIG. 2C), as described in
Example 1, for screening of transcription factors of the invention. As depicted in FIG. 2D, the
HuH7-Tet-On3G cell line was responsive to doxycycline induction. The HuH7-Tet-On3G
cell line was transduced using lentivirus particles containing a Tet response element upstream
of luciferase (TRE-Luc), at an MOI of 0, 5 and 10. Cells were grown for 48 hours after
transduction in the presence or absence of 1 pg/ml doxycycline. Luciferase expression
relative to the house-keeping gene RPL13A was normalized to the non-infected control
sample in the absence of doxycycline. This study depicts an exemplary model system that

was used to screen transcription factor candidates of the invention.

[445] Example 3: Increasing expression of different transcription factors in immature
hepatocytes.

[446] The screening for transcription factors that promote maturation of hepatocytes was
performed in a HuH7-Tet-On3G cell line, which was generated as described above in
Example 1. The screening for the transcription factors was performed by measuring an
increase in the expression of mature hepatocyte markers, CYP1A2 (FIG. 3A) and CYP3A4
(FIG. 3B) after transduction of cells with lentivirus particles comprising the different
transcription factor candidates. Transduction of the transcription factors was performed at a
multiplicity of infection (MOI) of 10. NFIC, transcript variants 1 and 3 (NFIC-1+3) refers to
a mixture of alternatively spliced variants of transcription factor NFIC, NFIC, transcript
variant 1 (NFIC-1) (NCBI Reference Sequence No.: NM_001245002) and NFIC, transcript
variant 3 (NFIC-3) (NCBI Reference Sequence No.: NM_001245004), respectively, which
were transduced at an MOI of 5, each for NFIC, transcript variant 1 (NFIC-1), and NFIC,
transcript variant 3 (NFIC-3). After transduction, cells were cultured for 5 days using an
HuH7 media comprising 1 pg/ml of doxycycline. The expression of mature hepatocyte
markers was plotted relative to the house-keeping gene RPL13A, and was normalized to the
non-infected cells. Adult primary human hepatocytes (PHH), lots AQL and TLY, were used
as a positive control. PHH cells were obtained from BiolVT and the mRNA was extracted
from frozen vials. The arrows in FIGs. 3A-B describe the different transcription factors that

upregulated the expression levels of mature hepatocyte markers CYP1A2 and CYP3A4.
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[447] Example 4: Increasing expression of transcription factor NFIC in immature
hepatocytes increases expression of mature hepatocyte markers.

[448] The HuH7-Tet-On3G cells, generated as described above in Example 1, were
transduced with lentivirus particles comprising transcription factors NFIC, transcript variants
1 and 3 (NFIC-1+3); NFIC, transcript variant 1 (NFIC-1); or NFIC, transcript variant 3
(NFIC-3) at an MOI of 5. NFIC, transcript variants 1 and 3 (NFIC-1+3) refers to a mixture of
alternatively spliced variants of transcription factor NFIC, NFIC, transcript variant 1 (NFIC-
1) and NFIC, transcript variant 3 (NFIC-3), respectively (FIG. 4A). After transduction, the
cells were cultured for 5 days in a culture media comprising 1 ug/ml of doxycycline. The
expression levels of the mature hepatocyte markers CYP1A2 and CYP3A4 were determined
relative to the house-keeping gene RPL13A, and were normalized to the non infected (“NI")
cells. The results of the study, as depicted in FIG. 4B, demonstrate that increasing expression
of NFIC in immature hepatocytes increases expression levels of mature hepatocyte markers,

and thereby promotes the generation of mature hepatocytes.

[449] Example 5: Increasing expression of transcription factor NFIC in immature
hepatocytes cultured in presence of dexamethasone and 8-Br-cAMP increases
expression of mature hepatocyte markers.

[450] The HuH7-Tet-On3G cells, generated as described above in Example 1, were
transduced with lentivirus particles comprising transcription factor NFIC, transcript variant 1
(NFIC-1) at an MOI of 50. After transduction, the cells were cultured for 5 days in a culture
media comprising 1 pg/ml of doxycycline in the presence or absence of 1 mM 8-
Bromoadenosine 3', 5'-cyclic monophosphate (8-Br-cAMP) and 100 nM dexamethasone. The
expression levels of the mature hepatocyte markers CYP1A2 (FIG. 5A), TAT (FIG. 5B) and
UGT1A1 (FIG. 5C) were determined relative to the house-keeping gene RPL13A, and were
normalized to the non-infected negative control sample (in the absence of 8-Br-cAMP and
dexamethasone). Primary human hepatocytes (PHH) expression values correspond to an
average of the expression values of lots PHH-AQL and PHH-TLY. PHH cells were obtained
from BiolVT and the mRNA was extracted from frozen vials. The results of the study, as
depicted in FIG. 5, demonstrate that increasing expression of NFIC in immature hepatocytes
cultured in presence of dexamethasone and 8-Br-cAMP increases expression levels of mature

hepatocyte markers, and thereby promotes the generation of mature hepatocytes.

104



CA 03217861 2023-10-25

WO 2022/235869 PCT/US2022/027776

[451] Example 6: Increasing expression of different transcription factors in immature
hepatocytes.

[452] The screening for transcription factors that promote maturation of hepatocytes was
performed in a HuH7-Tet-On3G cell line, which was generated as described above in
Example 1. The screening for the transcription factors was performed by measuring an
decrease in the expression of immature hepatocyte marker AFP (FIG. 6A), and increase in
expression of mature hepatocyte markers CYP1A2 (FIG. 6B), TAT (FIG. 6C) and CYP3A4
(FIG. 6D) after transduction of cells with lentivirus particles comprising the different
transcription factor candidates. Transduction of the transcription factors was performed at a
multiplicity of infection (MOI) of 10. After transduction, cells were cultured in a culture
media comprising 1 pg/ml doxycycline, 1 mM 8-Br-cAMP and 100 nM dexamethasone.
Expression of maturation markers was measured 5 days after transduction. Relative
expression of maturation markers was normalized to transduction with NFIC, transcript
variant 1 (NFIC-1) in the presence of 1 pg/ml doxycycline as a control. Primary human
hepatocytes (PHH) expression values correspond to an average of the expression values of
lots PHH-AQL and PHH-TLY. PHH cells were obtained from BiolVT and mRNA was
extracted from frozen vials. The arrows in FIGs. 6A-D describe the different transcription
factors that downregulated the expression levels of immature hepatocyte marker AFP, and

upregulated the expression levels of mature hepatocyte markers CYP1A2, TAT and CYP3A4.

[453] Example 7: Increasing expression of transcription factors NFIC and/or NFIX in
pluripotent stem cell derived immature hepatocytes increases expression of mature
hepatocyte markers.

[454] Pluripotent stem cell derived immature hepatocytes were generated using a four stage
step-wise differentiation process, as described in detail in Example 1 (FIG. 7A). At the end of
stage 3, transductions were performed with lentivirus particles comprising Tet-On3G (MOI
of 5) or lentivirus particles comprising Tet-On3G in combination with the transcription factor
NFIC, transcript variant 1 (NFIC-1); NFIX; or NFIC, transcript variant 1 (NFIC-1) and
NFIX (MOI of 3) at day 15 of differentiation towards the hepatocyte like cells (FIG. 7A). The
cells were subsequently cultured for 5 days in stage 4 media, as described above in Example
1, comprising 1 pg/ml of doxycycline in the presence or absence of 1 mM of 8-Br-cAMP and
100 nM of dexamethasone. The expression levels of the mature hepatocyte markers CYP1A2

and TAT were determined relative to the house-keeping gene RPL13A, and were normalized
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to the non-infected negative control sample (“NI”). Primary human hepatocytes (PHH)
expression values correspond to an average of the expression values of lots PHH-AQL and
PHH-TLY. PHH cells were obtained from BioIVT and mRNA was extracted from frozen
vials. The results of the study, as depicted in FIG. 7B, demonstrate that increasing expression
of transcription factors NFIC and/or NFIX in pluripotent stem cell- derived immature
hepatocytes increases expression levels of mature hepatocyte markers, and thereby promotes

the generation of mature hepatocytes.

[455] Example 8: Time course analysis of expression of mature hepatocyte markers by
increasing expression of transcription factors NFIC and/or NFIX in pluripotent stem

cell derived immature hepatocytes.

[456] Pluripotent stem cell derived immature hepatocytes were generated using a four stage
step-wise differentiation process, as described in detail in Example 1 (FIG. 8A). At the end of
stage 3, transductions were performed with lentivirus particles comprising Tet-On3G (MOI
of 5) (“TetOn”) or lentivirus particles comprising Tet-On3G in combination with the
transcription factor NFIC, transcript variant 1 (NFIC-1); NFIX; or NFIC, transcript variant 1
(NFIC-1) and NFIX (MOI of 3) at day 15 of differentiation towards the hepatocyte like cells
(FIG. 8A). The cells were subsequently cultured for 5 days or 9 days in stage 4 media, as
described above in Example 1, comprising 1 pg/ml of doxycycline in the presence or absence
of 1 mM of 8-Br-cAMP and 100 nM of dexamethasone. The cells were harvested at day 20
and day 24 of cell culture, and the expression levels of the immature hepatocyte marker AFP
and mature hepatocyte marker CYP1A2 were determined relative to the house-keeping gene
RPL13A, and were normalized to the non-infected (“NI”) negative control sample. Primary
human hepatocytes (PHH) expression values correspond to an average of the expression
values of lots PHH-AQL and PHH-TLY. PHH cells were obtained from BiolVT and mRNA
was extracted from frozen vials. The results of the study, as depicted in FIG. 8B, demonstrate
that increasing expression of transcription factors NFIC and/or NFIX in pluripotent stem cell-
derived immature hepatocytes decreases expression levels of an immature hepatocyte marker
and increases expression levels of a mature hepatocyte marker, and thereby promotes the

generation of mature hepatocytes.
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[457] Example 9: Increasing expression of transcription factors NFIC and/or NFIX in
pluripotent stem cell derived immature hepatocytes shifts the transcriptome towards

the transcriptome of mature hepatocytes.

[458] A principal component analysis (PCA) was performed on pluripotent stem cell-
derived immature hepatocytes. The pluripotent stem cell derived immature hepatocytes were
generated using a four stage step-wise differentiation process, as described in detail in
Example 1. At the end of stage 3, transductions were performed with lentivirus particles
comprising Tet-On3G (MOI of 5) or lentivirus particles comprising Tet-On3G in
combination with the transcription factor NFIC, transcript variant 1 (NFIC-1); NFIX; or
NFIC, transcript variant 1 (NFIC-1) and NFIX (MOI of 3) at day 15 of differentiation
towards the hepatocyte like cells. The cells were subsequently cultured for 5 days or 9 days in
stage 4 media, as described above in Example 1, comprising 1 pg/ml of doxycycline in the
presence or absence of 1 mM of 8-Br-cAMP and 100 nM of dexamethasone. The cells were
harvested at day 20 and day 24 of cell culture. Ten different primary human hepatocyte
(PHH) datasets corresponding to 10 different individuals were used for the PCA analysis.
PHH cells were obtained from BioIVT and mRNA was extracted from frozen vials. The
results of the study, as depicted in FIG. 9, demonstrate that increasing expression of
transcription factors NFIC and/or NFIX in pluripotent stem cell-derived immature
hepatocytes results in a shift of 30-34% of the transcriptome towards the transcriptome of

primary human hepatocytes.

[459] Example 10: Functional assays of pluripotent stem cell derived immature
hepatocytes comprising increased expression of transcription factors NFIC and/or
NFIX.

[460] Pluripotent stem cell-derived immature hepatocytes (GMP1-Hep) were generated
using a four stage step-wise differentiation process, as described in detail in Example 1. At
the end of stage 3, transductions were performed with lentivirus particles comprising Tet-
On3G (MOI of 5) or lentivirus particles comprising Tet-On3G in combination with the
transcription factor NFIC, transcript variant 1 (NFIC); NFIX; or NFIC, transcript variant 1
(NFIC) and NFIX (MOI of 3) at day 15 of differentiation towards the hepatocyte like cells
(FIG. 8A). The cells were subsequently cultured for 5 days or 9 days in stage 4 media, as

described above in Example 1, comprising 1 pg/ml of doxycycline in the presence or absence
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of 1 mM of 8-Br-cAMP and 100 nM of dexamethasone. The cells were harvested at day 20
and day 24 of cell culture. The functional activity assays were performed, as described in
detail in Example 1, in order to determine CYP1AZ2 activity (FIG. 10A), ALB secretion (FIG.
10B), AFP secretion (FIG. 10C) and urea secretion (FIG. 10D). The results of the study, as
depicted in FIG. 10, demonstrate that increasing expression of transcription factors NFIC
and/or NFIX in pluripotent stem cell derived immature hepatocytes increases CYP1A2
activity, increases secretion of ALB, and decreases secretion of AFP, and thereby promotes

the generation of mature hepatocytes.

[461] Example 11: Increasing expression of a combination of different transcription
factors in immature hepatocytes.

[462] The HuH7-Tet-On3G cells, generated as described above in Example 1, were
transduced with lentivirus particles comprising different transcription factors, as described in
FIG. 11A, at an MOI of 10. After transduction, the cells were cultured for 5 days in a culture
media comprising 1 pg/ml of doxycycline. The expression levels of the mature hepatocyte
markers CYP1A2 and CYP3A4 (FIG. 11B) were determined relative to the house-keeping
gene RPL13A, and were normalized to the non-infected (“NI”") negative control sample. PHH
cells, of lots AQL and TLY, were obtained from BioIVT and the mRNA was extracted from
frozen vials. The results of the study, as depicted in FIG. 11B, demonstrate that increasing
expression of a combination of different transcription factors do not further increase
expression levels of mature hepatocyte markers in immature hepatocytes, relative to the

increase observed with increasing expression of NFIC alone.

[463] Example 12: Time course analysis of expression of mature hepatocyte markers
by increasing expression of transcription factors NFIC and/or NFIX in pluripotent stem
cell derived immature hepatocytes.

[464] Pluripotent stem cell derived-immature hepatocytes were generated using a four stage
step-wise differentiation process, as described in detail in Example 1 (FIG. 8A). At the end of
stage 3, transductions were performed with lentivirus particles comprising Tet-On3G (MOI
of 5) (“TetOn”) or lentivirus particles comprising Tet-On3G in combination with the
transcription factor NFIC, transcript variant 1 (NFIC); NFIX; or NFIC, transcript variant 1
(NFIC) and NFIX (MOI of 3) at day 15 of differentiation towards the hepatocyte like cells
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(FIG. 8A). The cells were subsequently cultured for 5 days or 9 days in stage 4 media, as
described above in Example 1, comprising 1 pg/ml of doxycycline in the presence or absence
of 1 mM of 8-Br-cAMP and 100 nM of dexamethasone. The cells were harvested at day 20
and day 24 of cell culture, and the expression levels of mature hepatocyte markers ALB (FIG.
12A), CYP3A4 (FIG. 12B) and UGT1A1 (FIG. 12C) were determined relative to the house-
keeping gene RPL13A, and were normalized to the non-infected (“NI”’) negative control
sample. Primary human hepatocytes (PHH) expression values correspond to an average of the
expression values of lots PHH-AQL and PHH-TLY. PHH cells were obtained from BiolVT
and mRNA was extracted from frozen vials. The results of the study, as depicted in FIGs.
12A-C, demonstrate that increasing expression of transcription factors NFIC and/or NFIX in
pluripotent stem cell derived immature hepatocytes increases expression levels of mature

hepatocyte markers, and thereby promotes the generation of mature hepatocytes.
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INFORMAL SEQUENCE LISTING

SEQ ID NO: 1 NM_002501.4 Homo sapiens nuclear factor I X (NFIX),
mRNA

GTCTAAACTTTCACTTTCACAGCGCGGCGGCTGCGGCEGCGECEGCEECEGGECGAGGETGACCGEGLLE
AGCGGCGGCGGCATGGAGTAGACGCGCGGCGGCAGCGGLCEGECGELCEGCGGACGCGAGAGGCAGLGGLE
AGCGCGGCGGCEGCEGECEGCAGCEGCEGCCCCEGAGCCEGECEGGGECCEGAGCTTGCGAGCGEGCGAGCGL
GGAGCGGCGCCGGGCCGAGCGCEGEGGCCELCEEGECCEGECEGEGCECAGCGCGGCGGAGGCCGGAGGAGC
CGAGCCGGAGCCCGAGCCCGAGCGCGGCCGECCGECCTGCCGGGECCTCCCCTCGCCGCGEGCCGEGCCGLCE
CGCTCCCGCCCGGGCGCCCAGCTATGTACTCCCCGTACTGCCTCACCCAGGATGAGTTCCACCCGTTC
ATCGAGGCACTGCTGCCTCACGTCCGCGCTTTCTCCTACACCTGGTTCAACCTGCAGGCGCGGAAGCEG
CAAGTACTTCAAGAAGCATGAAAAGCGGATGTCGAAGGACGAGGAGCGGGCGGTGAAGGACGAGCTGC
TGGGCGAGAAGCCCGAGATCAAGCAGAAGTGGGCATCCCGGCTGCTGGCCAAGCTGCGCAAGGACATC
CGGCCCGAGTTCCGCGAGGACTTCGTGCTGACCATCACGGGCAAGAAGCCCCCCTGCTGCGTIGCTCTC
CAACCCCGACCAGAAGGGCAAGATCCGGCGGATTGACTGCCTGCGCCAGGCTGACAAGGTGTGGCGEGC
TGGACCTGGTCATGGTGATTTTGTTTAAGGGGATCCCCCTGGAAAGTACTGATGGGGAGCGGCTICTAC
AAGTCGCCTCAGTGCTCGAACCCCGGCCTGTGCGTCCAGCCACATCACATTGGAGTCACAATCAAAGA
ACTGGATCTTTATCTGGCTTACTTTGTCCACACTCCGGAATCCGGACAATCAGATAGTTCAAACCAGC
AAGGAGATGCGGACATCAAACCACTGCCCAACGGGCACTTAAGTTTCCAGGACTGTTTTGTGACTTCC
GGGGTCTGGAATGTGACGGAGCTGGTGAGAGTATCACAGACTCCTGTTGCAACAGCATCAGGGCCCAA
CTTCTCCCTGGCGGACCTGGAGAGTCCCAGCTACTACAACATCAACCAGGTGACCCTGGGEGCGGLCEET
CCATCACCTCCCCTCCTTCCACCAGCACCACCAAGCGCCCCAAGTCCATCGATGACAGTGAGATGGAG
AGCCCTGTTGATGACGTGTTCTATCCCGGGACAGGCCGTTCCCCAGCAGCTGGCAGCAGCCAGTCCAG
CGGGTGGCCCAACGATGTGGATGCAGGCCCGGCTTCTCTAAAGAAGTCAGGAAAGCTGGACTTCTGCA
GTGCCCTCTCCTICTCAGGGCAGCTCCCCGCGCATGGCTTTCACCCACCACCCGCTGCCTGTGCTTGCT
GGAGTCAGACCAGGGAGCCCCCGGGCCACAGCATCAGCCCTGCACTTCCCCTCCACGTCCATCATCCA
GCAGTCGAGCCCGTATTTCACGCACCCGACCATCCGCTACCACCACCACCACGGGCAGGACTCACTGA
AGGAGTTTGTGCAGTTTGTGTGCTCGGATGGCTCGGGCCAGGCCACCGGACAGCATTCGCAACGACAG
GCGCCTCCTCTGCCAACCGGTTTGTCAGCATCGGACCCCGGGACGGCAACTTITCTGAACATCCCACAG
CAGTCTCAGTICCTGGTITCCTICTGATAAGATCGACAAAAGAAACAACAAAATGAGAAGAAGAGGTTCCT
CGAAAGGGGGGAGAAGAAATTTTGAGAATGGAAAAATCCCCCAGCCCAGCCCAGCCCCACCGAAAAGC
AAAAATTACACGTCGTCAGCCACTCAGCCCTTCTCTCCTCCAGCCCGGGGACCCCCGCGGGCCCCAGA
AGCAGCCCAGTTCTCAGAGAGCCCTTGGAAGGGGTCTCGGTGGAGCTGTGCACCAGCAGCCAAGCAGA
AAGAAACACGCGACATGGACTCTGTCAAGTAGAGGACAGAAAGCAAGAAAGGATGCAGAACTGCCTTC
CTCCCCCTGACCCCGCCCCGGCCTTCTGGGGAAGGAACAAAGTCCCCAAACAAAGCAACCAGCACAAT
TCTGAAGGGGCCTGGCCTCCACCCTCACCCCTTCCTAGGGGAACCCCACCCTCCACACAGCCGGAGCT
GCCCTAGGGAGCCTGGAGGGCCAGCTTGTAAAGATGATGGGGTTITAGATCCCTCAGGCTCTCCCCTICC
AGACTCCGCCCTTCCCTCCCTCCCTCCCTCCCTCCCTCTCTGCCAAGGCTCCAGCTTCTTCCCCCAGC
TGCTCCCGACCAGGAGGGGGAGAGCAGCCTCCACTTACCCCACCCCACCCTTGGGCTAAAAGCCCCCA
GGCGGGCAGGGGGTGACCCCTGGAGCTAGTTGCGTGTCCCAGAATGGAGGGTGTTCTGACACCCCACC
CTGAGCCGCAAGAGCAGTCCTGGGGCCCTGGACCCCTCTGTACAGTCCGTAGGAAAAAGTCGGAATGC
TCTCGACGGCCTCGTCCCAGCCTGGGACAGGCCCCCTTITCCCCICTICICTIGCAGGCCAGGAGGGCCTC
CTTCCTGCCACGAGGGAGGGGAGTCGGGCCCCAGGTCGCCCCCGCCCCCAGCCCTGCATGCAGGTGCC
CTCGCTCCGCCCCATCAGTTCCTGCCCCTGCCCCTCATGCAGACTGCCCTGCTGGGGCCGGGCCGGAG
GGTGGAGCAGAAAGGGGACCCCGGAGCCGAGCGAGGAGGACCAGGCAGCCGCCGCTGCCGCGCTAAGC
CACCACCTGCGCTTAGGTAGGCGTCCTGCTCGCCGACTTTCAGTTCCTTGGGAGGGTGTTGGGTGTCG
TCCTTTTCAAAAGTGTITTTGGAGCTTITCTGTGCCCCCCGACTTTCCCCCGCCTCCCCGCCCCCCACGT
GGCCACTTTITCICTGGATTTTAGCTGTAATGTCTTTACTICTTITATTTAGGGGTGGGGCATTCATTGTT
TGGGTCTTITTGCTGTTGGAATGGGAACTCCTCCTCCATTTIGAGCAACTTGGGAACAATTTGGTAACAC
ACCACAGGAAGTAGCTCTCCCCCCCAGCCCCCTCCTCCCTCAAGGGAGGGTTGGGGGGCCTGTCCAGA
GGGTCTTCAGAAGCCCCCCTGGGAGGGAGGGGAGGATGAGCACGCCCAGCTCCCCTICCAGGGTGTGAC
TTGGCCCCTCTGGCTTIGTICTTTICTGTGCCTITACTCCTCCTCCTGCGTCTCCCGTITCCTGGCCCCTICT
TGAGTCCTTGTGCCTCTCTCTTTCTCTCTCTTTCTTAATTGTATGAAAACACAAAGCACAGGTCAGGA
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TCCTCTGAGAGAAAATCAACATTGCACCACGTAGGGGTGGGCTATGGGCTGTATTTATTGTGAATCTA
GTTTGTGAGGCTGTGGCCCCGAGCTGGCGGAGGGAGGGAAGAGGAGGGAGTGACGGGAGGGGAGGAGE
TCAGCGACCTGGGGCCGTAGCGGCAGGCGAACGGTGCCTGCTACCCAGCTGGAAGCCACAAGGTGGCT
GGCTCCAGGGGCGGCTTTTGTTGGAAGTTGAGTGAAGCCCTCCCCCTGTCCTCAGCGTGCAGCCCTAG
AGGACCCCAGGGCTGAGGGGCAGTGGATCCTGCGGGAGTCTCCCGGGGCETGGGGAGTAAGGCCCCGE
GGGTGGGGGGCCGEETGGEGCCEGGECETGACGCGCGGTCAAAGTGCAATGATTTTITCAGTICGGTTGGC
TAAACAGGGTCAGAGCTGAGAGCGAAGCAGAAGGGGCTCCCTGTCCGGCCCACGTGCCCTTTCCCTCG
ACGACAGTCGAGGGCTCGGGCTCTGTGGGACTGTGGGAGCTAGGGTCTGCGGGGCGCCTGCCCEGGLG
AGGTCGGAAGCTGCAGGCCAGCTGGGCCCGGGCCGGAGCGTGCCCEGCGEGEGLCTGCCCGGEGCGEGCLAG
GGGGTGGGGGCTGCTCCTTTCCCAAGTGGTGTTGTGAGGGGCAATGAGGGCAACAGGAGATGTGGGGA
CGTIGTTAGGAGAGAAAAAAAAAAAAACAAAAATATATATGGGGGAAATTAACTTITTTITTTITTICATIGA
ACCAAGTGCAATGCATCAGAGAGTTTTCCTATCTTTGTATGTTAAGAGATTAAGAAAAAAAAATTCTA
TTTTTGTTGTAATGTCCTCGCGGCTCTGGGGACGCTAAAAGAACCGGGCCTGCCCCGCCCTGCGLCGEGE
GATAACGAAAGCTGAGTGTITTITTICCCTITTTITTITGTITICGTTTTTAGTTITTTITTITTITTITTAAGTCGTTT
TCCTGCGTTGACGAGGATGATCTGGGGTTTTTATTTGTTTCGTCGTTCGTTCTGTTTCGGTGGGAGGG
CTGAAGGAAACGTTCACATTTTAGAGTTTAAAAAAAACACCTCGACATTTAAAAAATCAACCAACACA
AGATCAAAAAGGAAAAGGACGAGAGAAAAATTATTTTTAAGATAATTAAACATAAAACCCTGGTGCTT
CTTACATTATAAAGTACGTTTITAAAGAACCCACAAACTATTATACATAAGTTTATGAATCAATTAAAT
ATCCTGCACTTGTTAGGAATACGCATATCCCTTCTTTGTTGAGTTTAACGGAACGGGACAGCGGCGTG
CCCCCGGCGGCTGGACTGCTCCGGCCGCGGEGTCTCCCCGGEGCGCCCCTCCCTGGGGCCCAGCACCCCT
CCTCGCCCCATCCCCGTCCGGGTACGGGGGCECEGCAGGGGTCCCCGGCCCCTCCCCCGCAGAGGTCA
ATGCCAACGAACAAACGTCCCCTCCCTCCCTCCCTCTCCGCCCCGAGCGCCCTTCTTTGAGCCAGACG
CCAACTTGACCCTCACCAGCATTATCAGGAGCGCGCTCAGCAAGTTIGGTAGTTTICCTCCCCCCTITICC
CGGCGCCCCTCCCGCCCCCATTCAACATCTCTCATCCTATCCCCGACCCCCTCCGGGGAACACCGGGA
AGGCTCGACGCTCCAGGACAGGACCAGCCACGCTGACAGGTCGATTTGCCCAGGCCCGCGCCCGLCACG
CACGCACGCACACGGCCCCGCACACAGCCCCGCCCCACCCCGCAACCAGCCCTGTCGACTGCCTTATA
CACCCGCCCCCGCGCTGGCCGGCCGACCTAGTGCCTITGTTICTCACCCCCGTGCTGGCGGAGCGGACGC
CGCGCTCTGGGTCCCAGAGGGGCCGGGTGGCTCAGACGACCCACCACTCCCCCACCCTGACCGTGCTG
AACAGACCCCCCCACACGAGAGAAAATAAAGGAGCAATAAAGTCACGAGAACTTTCGTCCCCCAATCG
AGAGCCCGAGGGGCACCCCAGCCCCGCCTCTGCTCCCCCCCACCCCACCCALCCCTCGGGGCGCCCCeC
TCCCCCCGCAAGCCAGCCTGGGCCAGCCCCGCTTCGGCCCCTCCCGGGAGATCCGTGCGCCCGACCAG
CACCAGCATCGCGGACCGCAAAGGCCGCCCGTICCCGTCAAACAAGTTICTITCTTAGGCTAAGAAACGC
AGTATATACGAGTATCTCTATATATAGTACTAATGGATTTGGTGTGCTTCCCCCTTAGCGTCCCCCTC
CCTCTGCTCCTCCTCCTTCAGCCTGGTCTCCCCCTCTTCTCTGCCCTCCACCCCCGTCTCTGCACTGA
GATACATAAGAAACAAGGGTAGTTITACTGICIGITITGTTITICTIGGGTITITCAGTGTCCTAGCGGAAT
GCAAGTAGGCAGCCAGCCCGTCTGTTCCCTICTCCGCCCCGCCCCGCCCCGCCCCCGTCACTGCGLCTTC
TGTTATACCATCTTTGCCTGACTCTCTCCGGCTTCTCCATTGAATGGCTAATGTGTATGTGAAATAAA
GAAATAAAGAAAAA

SEQ ID NO: 2 NM_001245002.2 Homo sapiens nuclear factor I C (NFIC),
transcript variant 1, mRNA
AGTAAGTTCAGCGCGCCCGCTCCGGCCGGCCCTGCGCCTCCCGCCGCGLCCGGGATGTATTICGTCCCCGC
TCTGCCTCACCCAGGATGAGTTCCACCCGTTCATCGAGGCCCTGCTGCCTCACGTCCGLCGCCTTCGLCCTA
CACCTGGTTCAACCTGCAGGCGCGGAAGCGCAAGTACTTCAAGAAGCACGAGAAGCGGATGTCGAAGGAC
GAGGAGCGTGCGGTCAAGGACGAGCTGCTGGGCGAGAAGCCCGAGGTCAAGCAGAAGTGGGCGTCGLGGC
TGCTGGCCAAGCTGCGCAAGGACATCCGGCCCGAGTGCCGCGAGGACTTCGTGCTGAGCATCACCGGCAA
GAAGGCGCCGGGCTGCGTGCTCTCCAACCCCGACCAGAAGGGCAAGATGCGGCGCATCGACTGTICTCCGG
CAGGCGGACAAGGTGTGGCGGCTGGACCTGGTCATGGTCATCCTGTTCAAGGGCATCCCGCTGGAGAGCA
CCGACGGCGAGCGCCTGGTCAAGGCTGCGCAGTGCGGTCACCCGGTCCTGTGCGTGCAGCCGCACCACAT
TGGCGTGGCCGTCAAGGAGCTGGACCTCTACCTGGCCTACTTICGTGCGTGAGCGAGATGCAGAGCAAAGC
GGCAGTCCCCGGACAGGGATGGGCTCTGACCAGGAGGACAGCAAGCCCATCACGCTGGACACGACCGACT
TCCAGGAGAGCTTTGTCACCTCCGGCGTGTTCAGCGTCACTGAGCTCATCCAAGTGTCCCGGACACCCGT
GGTGACTGGAACAGGACCCAACTTCTCCCTGGGGGAGCTGCAGGGGCACCTGGCATACGACCTGAACCCA
GCCAGCACTGGCCTCAGAAGAACGCTGCCCAGCACCTCCTCCAGTGGGAGCAAGCGGCACAAATCGGGCT
CGATGGAGGAAGACGTGGACACGAGCCCTGGCGGCGATTACTACACTTCGCCCAGCTCGCCCACGAGTAG
CAGCCGCAACTGGACGGAGGACATGGAAGGAGGCATCTCGTCCCCGGTGAAGAAGACAGAGATGGACAAG
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TCACCATTCAACAGCCCGTCCCCCCAGGACTCTCCCCGCCTCTCCAGCTTCACCCAGCACCACCGGLCCG
TCATCGCCGTGCACAGCGGGATCGCCCGGAGCCCACACCCGTCCTCCGCTCTGCATTTCCCTACGACGTC
CATCCTACCCCAGACGGCCTCCACCTACTTCCCCCACACGGCCATCCGCTACCCACCTCATCTCAACCCC
CAGGACCCGCTCAAAGATCTTGTCTCGCTGGCCTGCGACCCAGCCAGCCAGCAACCTGGACCGTTAAATG
GAAGTGGTCAGCTCAAAATGCCCAGCCACTGCCTTTCTGCTCAGATGCTGGCACCTCCGCCCCCGGGGLT
GCCACGGCTGGCGCTCCCCCCTGCCACCAAACCCGCCACCACCTCCGAGGGAGGAGCCACGTCGCCGACC
TCGCCTTCCTACTCTCCGCCCGACACGTCCCCTGCAAACCGTTCCTTTGTGGGATTAGGACCAAGGGATC
CTGCGGGCATTTATCAGGCACAGTCCTGGTATCTGGGATAGCAAAGGTCTTCTTCCCTCGCCCCTTCTCC
ATCGTCCCAGGAATCCCAGGGGGCAGCACAGCCGGCCCCCGGCCCACGTTTTCGGTGGAAAATTAGAGTG
AACAAGAACACCCCTGCCGACTCCCAGCCCGGCCAAAAAGACAAAACACATAGACGCACACACTCAGGAG
GAAAAGAAAAAACAAAGGCAGAAGAAGAAGAAGAAGAAATAAAAACCCACCCAAGCAAGAAGACAAAAGG
TAAAGACGCAACGTTTCCAACTCTCGGGACGCCAAGGCCGCAGGACTGGAGGGCCAGGCCCCGLCALCCCC
CACGGGAGACCCGGGACAGGGCGTCTTCCTAAGTTATTCATCTCCTICTCCGCCTGCTGCTCGGGAAGGAC
AGACGCCGGCCGCCCGLCLCCGCGCLCCCGGAGGCCCTGGCTCTGTCCGGAGACCAGGTGAGCACAGCCTGGA
GCCTGTGCCCAGGGCCGACAGGCGCGACACCCAGCAAGGCCACCTCTCCCCGGGLCCCCGLGLCTCTGEC
GGACACGGACCGGCCCCTCAGCCCCCACCGAGGACGCAGCCACTGGGGGGAAAGGGAGACACAGCGGACC
CCGGCCGGGCAGCGGAGACCGCAGAGGCGGGCAGGGTGGGGCAGGCGAGTGGTGTCGCGGGGGTGCGTGG
CGCTTGCGAGCCCTGGCCAGGGGAGGAAGTGAGGCCCAGGCACCTGCTGCCCCTCGAGGGGGCCCTGCCT
GCCGCGGGGCCTCCCCACAAGCCCCTCCCAAAGCGCCGGCCGACTCGCTGTCTCGCTGGGGACTCTTTICA
GCCCTCGCGCCCGCCCGTTTGGGAGGAGAAGTCTCTATGCAATTGGCCCCGGCCCCTCCACCCCCCACCC
CCGGCATAGGAGGCCCCCCCACCTCGCCCGGCTCACACCCCCAAAGGGAGGGACCCACATTGCACACACT
GTAAGAAATGCACTTTCCGAGGAAGGGGATGGGGGAGCCCGGACACCCAGAGCTCCCCGAGTTGGGGGETG
CCCGTCTGGAGCGCCCCCGTCAGCCCCTGGCGGTGGGAGGTGAGAGCGAGTGGTTTAAGTGCCTGATTAC
CACCACCCGCCCCCCCCTTTGTCCAGCTGGGACACGGAATGGCCGCGGGCCTCCTCCCCCTICCCCTCCAG
CCTCTCCACCAGCCCCTCCAGTCAACCCTCATCGCCGTGCCCCCCCAGAGCTAGAGAGATGGGGCCCCTG
CGTGGCCCGAGGGGCAGAGCTGGGCGTCACTTCGCAAGCGTCCTGCCCTGCCGGGGCGCGGGGGTGGGLT
CTGGGGAAGCCGGTGCGCCCCCCACGCCTCCGCTGCCAGTGCCTTACATTCTGGAGCGACCCCCCTCCCT
GGTGCCTCCCAGCGAAGGGGGACCGCCGTTTGCACTTTCATCGCCTACCCCGACGCGGGGCCCAGCTGCG
GGACGTGCATCACGGCTGGGCCCCCAGAGGAGAGAGGAGGCCGACGCCAGCGGTCCCCGCTCGGAACGGG
GAGGGTTTTCGGGGGGTTCGGCGTCGCACCTTGGGGCCCCCCGCAGCCGTGTAGGGGGCCTCCCATCTGC
TAAGCGTTTTTCCGTTGAGCCGCTCCAAAAACACTAAGCTGGGGACGCCAGGTGCCCCCCCACCCCGGLT
CCCTGGCCCTATCCACACCTCCACCCCCACCCCAGGATCGCCATCTTTAGGGGAGGCCTGGGAGGGGGTG
TTAGGTGTTTTAGGGCCACCGAGCTCAAACACAAGGACCCCTCCCCGGCCCACCCAGCCCAGCCCCAACT
GACCTCCATGCCTAGGGAAAAACTCCCCCCACCACTGCCCCCTCCCCCGACCCAGGCCAAAGCCAGGGLCA
GGTCTCCGGGTCTCACCTGCTCCTAGCCTCACCCCCCTGCCCCCGAAAACCAGACTCTCCTCCCAAACTA
GCCTCAGGAGCTTGGCGAACCCGCTCGCTCCTAAAGAGAAAGACCCAGGACCCTCCCCCATCACCCCCAA
GAGAGGTTCGCCATCCTCTGGCCTCGAGCCCTITGGTCCCTCCGTCCGTCTGTCCTCGGGGCCCGCTCCCC
CGGTGGCCCTTGGGGATCAAAGCGTGGGCCGCTCTCCGGGAGGGCGGGCGEGGGGAGGGGGTGGTCGGGTT
GTGCCATTGGGGTGTCCGGAAGCTTCTCAGCCAGGGTGGGGGTCGTGGAGTGGGGGAGGGAGGCCAGCCG
GGCTCCAGAGGGGTCAGGGCGCGACGAGAACCAACTCTTTACCTAACTTTGCATGGTGCTTAGTCAAGGA
CTCCTGCGACCTGGCTCCCGAGGTCAGCTGGCGGCGCTGACACACATGCATGGCAGACTATCCCTGGCTC
TATCTCCCTGTTCCTCGCCCCCTCCACCCCCCACTTCCTCTTTAAAAAAAAANAAANAAAAANAAANGATA
CAAGAAAAACCTTTAAAAAAATTCCATGTTTCCTAATTTGCACGAAATTTTCTACCACAAGATGTGCCTT
GCCTTCCGAGAATAAGTATTACCTTTAAACAATATCAGCGCACACACATAGCTGCATGTTCTGCTCGTGT
AGTTTAAAAAAAAAAAGACAAAACAGTGACATGAAATAAAAAATAAAAATTGAAAAGGGATGTATTTCTA
TTTGTAAAAAAAATAAAATAAAAAATAAGAAAGTGAGAATCTAAAAAAAAAANAANAAAAANAAANGGAA
GAAAAACCACGCTAAAAATCAAGCCACTGAAAACAATTGCCCCCAGGTCTACCCAGCCCCTGGCTGTCCT
TGGTCCTGTCTCCCCTCCTGCTGTATTCAGGGGTGCCCCCTGGTGCTCAGCCTCTACCACCCCCAACCCT
GCTCTTGGGTACCCAGAGGGGTCATTTCTGAATCCCTTGCCCAGAGGACAGACCTCCGGGGCCCATCTTG
GCCCTGGGAAAGGGCTCTCCTCTCTGATTGGTCCCTAGGCCACGGGCCGGCCCCCAGACACCATTCACCG
ACCCACTGCAGGCTGTCCTCCAACCATGGGGTGGCCACTCCACCCGCAGCCAGACTCCCCGCTCCCCACT
TTTCATGCAGGCTGGCATACCCCTGGCTCAGGGTCAAATGCTGTTCCACACCCACCTCAGAGGCACCCCC
TCTCCCCTGCCCCGTGCATCCCCACCCTTCTTGCCAAAGGACCTCTTTTCCCCTATCCAGAGACCACCCC
AGGTGGCATTCTICTCCCACCTTICTCCTTTGTCCCCCATCCCCTGTCTCTGTCTTCCAGCTGTGAATATGA
AGGGTATCCTGTATGAAACAAAAACAAAACCTGATATATGCAATATCTGTICTGTCTGTCTGTACCCATGG
GCCTGGCTCAGCCATTGGAGGCCCAGCCGAGGGTCCGGCAGGGCACAGGGACAGCCAGGTGGCACCGAGT
CACAGGCTGTGGTCCGGTIGGCTGAGCATGCTGTTGTICTTGTCCTTGATTTTATTTTCTTTTGTTCTTTTT
TTTTTTCTTTTCTTITTTGTTTTTAACTCCAGCTTCCTTTGCTTTTTACTTGACCAAAGCTAAGACAATAG
CCAGATGGTTAGTGGGGCAGCCAGGCAGGGAGGACCCAGGGCTGGGATTCTCCAACCTTAGGCCATTCCT
GCAGCCCTCACCACCTCCAGCCCCTICCAAGCATCTCGTGTAGGGACCCACGCAGATGGTCCCATTCATTC
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ACTATTGCCCCCAACCCCGGGATTTTGGGTGGTCTCCACAGCCACCATCATACACTCATCCCGTGTTTTIC
TTCCAAAAAGTCACCTCAGCAGCCTCCCCAGGCGATACAGAGGGAGAGCCCAGACCACCACAGCTGGCCA
CGACATTGCCCTTAAGTAATATGCATTGGCCAGAGAGCCCGGGCTGGCTGTGCACAGCATTCATGTAGCT
GATTTCTAGCTTTTTTTTTTTITTCTGCCCCACTCCTGAGCAAATCTGTCTTGCCAAGGAACTAGGAGCAA
CCGGAGGCAAAGGGAGTGGGTGGCCCCATCACTATTGGGACCATCGCGTCCCTGCACAGCCCACACCCGG
GGGCCCAGAGTCCTGGGCTGGACGCCACCCTTCTCACCCCGAGCTTGCCTCCTTGGCTCACTTGGCACCT
TGGCTGAGTACAGCAGGCAAAAGCCCATACCAGGCAGCATGTTGTGGATGGTTTAGTTCTCCCCGCCTCC
CTGTTTCTTGGAAAAGCTACAGGGTCCCTGTAGGGCAAAATTCCCAGGCGCCTTGCTGCAGACAGAGTAA
GACAAAAACACCAGGAAGCAGGATTCCGTGCCCATCTICTGCAGTTTGGGTTCACAAAAGGGGGTGCCGTC
ATCCCTGGGTGGAGGAGGGAGTGTTGGTTTTTTGTITTTTGTTTTTTTAACATGTATGAAACTGACATCTT
CTCAAATCTTGTTCCACCCCCCTCTGGAAGCCCCCATCACCCACCCCTGCTATGGACACCACACCTATGC
CAGGCCCCCCCCCCCACCCCAGTCTCATTCTGGGGTCTGCCCATGCTGTGGGAAAGAATAGGGAGGCCTC
CCAAATATATGCAAATTGTCCCCATTCCGTGGGGGCACCTGACAATGACCCGGGTGGAGATGGGGCATGG
AGGAGTAGGAAGACCCAGCCCTATTTGACTGGGGAGAGGAGGATCTGGAGTCCTTCATGCCCAGGTCTGG
AACCCAGGTTCTGACCCCAGGGCCCCACCCTGGGCTGGACAATCAGATCCCAAAGGAATGCCAAAGGGGA
CTCGGTTGGGAGAGCCGCTTAGGGGCCAGACCTGGGTCCCCCTGCAGGTCCCCAGGCAGCAGACAATTCC
ACCTTCCCTGCCCCAGGACCTTGAGAGACAGCAGCATTCCAGGCACAGACAGACTTGGCTGCACCCCACT
GTCCCTTGCAAGACAGGTTCTGGAGCCAGGAGCAACTGTCCAGCCCTCCAGAAGAGACAGCAAGCAGCCC
CCCTACCCACTCTGGCCTCCCCAATGGTACTTTGACCTCCAGTGTAGGGCTATACTATACATATATATAT
ATATATATATATATATATATAATTTTGGAATTTGTTTCTCATAATACAGAATATATAGTGGCTACCTTGT
ATCTTGGTCTGGATTCTCTCTCTGAGACCCCGGATTTTACTTTCTCTTTGGAGGGCGCTGGGACATACAT
CTCTCAATCCAGCTTCCTCCGCATCCTCCCATCTTGCCCCATTTCTGCCACGTCAGACACTTCCTGAGAG
TCTCACCTTCAAAATGACACCGCTGCCCATCCATTGCTCAATGGTACAGAGTGTGGGGTCAGTCCACCAC
CCTTGACCTCCCGGCAGGGCAAGGTGAGGAGGCGGACCCAAAGCAGTACCAGCAGGACTTGTTGCCAGTG
ATACCAAAACAGACTTTTCCCAAGCAGTGCCTCACATGTCTGCTGGTGTGGCTTTGGGATTCTCCTGCCC
CACCCCCCCGTCCATGGCAGCCCCCTCCCCAAGGCTTTGCTCACACCTGAGACAGGAAGGAGGAAGGGGA
TCCAATAGGAATATGGGCCCCGGAGGGGAAGTCATGCACCCCCAAGCCACCACCCCCCAGCCTTCCACGC
ACATCTCCTGGCTGGAAGAGAGCCCTCCAAAAAGGGGACACAGGCTGCCCCGGCCCCTCAACTGCATCCA
CACCCCATCCTCTCATCTTGGGTCCCAGCCAGGCCCCCCCAAAACCAAAGCCCCCTCAAGTCCTGGGGTC
CCAGCCTGTGCCCCCAGCTTCCTGCCCACCCAGCCCTGAGCATTCTCACACAGAGAAAGAACAAGCAAGG
GCTCCAGGGGGACAGGATGGGGCAGGGCATACAGTGGGGGGTGGGGGGGCAGCTGGGAGGAGGGAGGGAC
AAAACAAAACATTTTCCTTTGGGTTTTTTTTTTCTITTICTTTTTTICTCCCCTTTACTCTTTGGGTGGTGTT
GCTTTTCCTTTCCTTTTCCCTTTGAGATTTTTTTGTTGTTIGTTTCCTTTTTGTATTTTACTGATATCACC
AGGATAGTTTACTCTCCTICTAGCTTTCTGCTTACCGCACACTGGATAACACACACATACACACCCACAA
AAATGCTCATGAACCCAATCCGGAGAAGGTTCCAGCAGGTCCCCCACCCTCCCCTCCTCCTCCTACTTICT
CCTCTTGACAGCGAGGACAGGAGGGGGACAAGGGGACACCTGGGCAGACCCGLCCGGCTCTCCCCCCACCC
CACCCCGCCCCTCACATCATACTCCAATCATAACCTTIGTATATTACGCAGTCATTTTGGTTTTCGCGGAC
GCGCCTACCTAAGTACCATTTACAGAAAGTGACTCTGGCTGTCATTATTTTGTTTATTTGTTCCCTATGC
AAAAAAAAAATGAAAATGAAAAAAGGGGGATTCCATAAAAGATTCAATAAAAGACAAACAAAAAARAANG
AAAAAAGAAAAAAATGTATAAAAATTAAACAAGCTATGCTTCGACTCTT

SEQ ID NO: 3 NM_205843.3 Homo sapiens nuclear factor I C (NFIC),
transcript variant 2, mRNA
GGGGACCGAGCGCGCTCGCTCCGGCGCCGGCCTCGCCTCCTCGCAGCAGCGCCATGGATGAGTTCCACCC
GTTCATCGAGGCCCTGCTGCCTCACGTCCGCGCCTTCGCCTACACCTGGTTCAACCTGCAGGCGCGGAAG
CGCAAGTACTTCAAGAAGCACGAGAAGCGGATGTCGAAGGACGAGGAGCGTGCGGTCAAGGACGAGCTGC
TGGGCGAGAAGCCCGAGGTCAAGCAGAAGTGGGCGTCGCGGCTGCTGGCCAAGCTGCGCAAGGACATCCG
GCCCGAGTGCCGCGAGGACTTCGTGCTGAGCATCACCGGCAAGAAGGCGCCGGGCTGCGTIGCTCTCCAAC
CCCGACCAGAAGGGCAAGATGCGGCGCATCGACTGTCTCCGGCAGGCGGACAAGGTGTGGCGGCTGGACC
TGGTCATGGTCATCCTGTTCAAGGGCATCCCGCTGGAGAGCACCGACGGCGAGCGCCTGGTCAAGGCTGC
GCAGTGCGGTCACCCGGTICCTIGTGCGTGCAGCCGCACCACATTGGCGTGGCCGTCAAGGAGCTGGACCTC
TACCTGGCCTACTTCGTGCGTGAGCGAGATGCAGAGCAAAGCGGCAGTCCCCGGACAGGGATGGGCTICTG
ACCAGGAGGACAGCAAGCCCATCACGCTGGACACGACCGACTTCCAGGAGAGCTTTGTCACCTCCGGCGT
GTTCAGCGTCACTGAGCTCATCCAAGTGTCCCGGACACCCGTGGTGACTGGAACAGGACCCAACTTCTCC
CTGGGGGAGCTGCAGGGGCACCTGGCATACGACCTGAACCCAGCCAGCACTGGCCTCAGAAGAACGCTGC
CCAGCACCTCCTCCAGTGGGAGCAAGCGGCACAAATCGGGCTCGATGGAGGAAGACGTGGACACGAGCCC
TGGCGGCGATTACTACACTTCGCCCAGCTCGCCCACGAGTAGCAGCCGCAACTGGACGGAGGACATGGAA
GGAGGCATCTCGTCCCCGGTGAAGAAGACAGAGATGGACAAGTCACCATTCAACAGCCCGTCCCCCCAGG
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ACTCTCCCCGCCTCTCCAGCTTCACCCAGCACCACCGGCCCGTCATCGCCGTGCACAGCGGGATCGCCCG
GAGCCCACACCCGTCCTCCGCTCTGCATTTCCCTACGACGTCCATCCTACCCCAGACGGCCTCCACCTAC
TTCCCCCACACGGCCATCCGCTACCCACCTCATCTCAACCCCCAGGACCCGCTCAAAGATCTTGTCTCGC
TGGCCTGCGACCCAGCCAGCCAGCAACCTGGACCGTTAAATGGAAGTGGTCAGCTCAAAATGCCCAGCCA
CTGCCTTTCTGCTCAGATGCTGGCACCTCCGCCCCCGGGGCTGCCACGGCTGGCGCTCCCCCCTGCCACC
AAACCCGCCACCACCTCCGAGGGAGGAGCCACGTCGCCGACCTCGCCTTCCTACTCTCCGCCCGACACGT
CCCCTGCAAACCGTTCCTITTGTGGGATTAGGACCAAGGGATCCTGCGGGCATTTATCAGGCACAGTCCTG
GTATCTGGGATAGCAAAGGTCTTCTTCCCTCGCCCCTTCTCCATCGTCCCAGGAATCCCAGGGGGCAGCA
CAGCCGGCCCCCGGCCCACGTTTITCGGTGGAAAATTAGAGTGAACAAGAACACCCCTGCCGACTCCCAGC
CCGGCCAAAAAGACAAAACACATAGACGCACACACTCAGGAGGAAAAGAAAAAACAAAGGCAGAAGAAGA
AGAAGAAGAAATAAAAACCCACCCAAGCAAGAAGACAAAAGGTAAAGACGCAACGTTTCCAACTCTCGGG
ACGCCAAGGCCGCAGGACTGGAGGGCCAGGCCCCGCCACCCCCACGGGAGACCCGGGACAGGGLGTCTTIC
CTAAGTTATTCATCTCCTCTCCGCCTIGCTGCTCGGGAAGGACAGACGCCGGCCGCCCGCCLGLGLCCCGa
AGGCCCTGGCTCTGTCCGGAGACCAGGTGAGCACAGCCTGGAGCCTGTGCCCAGGGCCGACAGGCGCGAC
ACCCAGCAAGGCCACCTCTCCCCGGGCCCCLCGCGCCTCTGCCGGACACGGACCGGCCCCTCAGLCCCCAL
CGAGGACGCAGCCACTGGGGGGAAAGGGAGACACAGCGGACCCCGGCCGGGCAGCGGAGACCGCAGAGGC
GGGCAGGGTGGGGCAGGCGAGTGGTGTCGCGGGGGTGCGTGGCGCTTGCGAGCCCTGGCCAGGGGAGGAA
GTGAGGCCCAGGCACCTGCTGCCCCTCGAGGGGGCCCTGCCTGCCGCGGGGCCTCCCCACAAGCCCCTCC
CAAAGCGCCGGCCGACTCGCTGTCTCGCTGGGGACTCTTTCAGCCCTCGCGCCCGCCCGTTITGGGAGGAG
AAGTCTCTATGCAATTGGCCCCGGCCCCTCCACCCCCCACCCCCGGCATAGGAGGCCCCCCCACCTCGCC
CGGCTCACACCCCCAAAGGGAGGGACCCACATTGCACACACTGTAAGAAATGCACTTTCCGAGGAAGGGG
ATGGGGGAGCCCGGACACCCAGAGCTCCCCGAGTTGGGGGTGCCCGTCTGGAGCGCCCCCGTCAGCCCCT
GGCGGTGGGAGGTGAGAGCGAGTGGTTTAAGTGCCTGATTACCACCACCCGCCCCCCCCTTTGTCCAGCT
GGGACACGGAATGGCCGCGGGCCTCCTCCCCCTCCCCTCCAGCCTCTCCACCAGCCCCTCCAGTCAACCC
TCATCGCCGTGCCCCCCCAGAGCTAGAGAGATGGGGCCCCTGCGTGGCCCGAGGGGCAGAGCTGGGCGTC
ACTTCGCAAGCGTCCTGCCCTGCCGGGGLCGCGGEGGGETGGGCTCTGGGGAAGCCGGTGCGCCCCCCACGLC
TCCGCTGCCAGTGCCTTACATTCTGGAGCGACCCCCCTCCCTIGGTGCCTCCCAGCGAAGGGGGACCGLCG
TTTGCACTTTCATCGCCTACCCCGACGCGGGGCCCAGCTGCGGGACGTGCATCACGGCTGGGCCCCCAGA
GGAGAGAGGAGGCCGACGCCAGCGGTCCCCGCTCGGAACGGGGAGGGTTTTCGGGGGGTTCGGCGTCGCA
CCTTGGGGCCCCCCGCAGCCGTGTAGGGGGCCTCCCATCTGCTAAGCGTTTTTCCGTTGAGCCGCTCCAA
AAACACTAAGCTGGGGACGCCAGGTGCCCCCCCACCCCGGCTCCCTGGCCCTATCCACACCTCCACCCCC
ACCCCAGGATCGCCATCTTTAGGGGAGGCCTGGGAGGGGGTGTTAGGTGTTTTAGGGCCACCGAGCTCAA
ACACAAGGACCCCTCCCCGGCCCACCCAGCCCAGCCCCAACTGACCTCCATGCCTAGGGAAAAACTCCCC
CCACCACTGCCCCCTCCCCCGACCCAGGCCAAAGCCAGGGCAGGTCTCCGGGTCTCACCTGCTCCTAGCC
TCACCCCCCTGCCCCCGAAAACCAGACTCTCCTCCCAAACTAGCCTCAGGAGCTTGGCGAACCCGCTCGC
TCCTAAAGAGAAAGACCCAGGACCCTCCCCCATCACCCCCAAGAGAGGTTCGCCATCCTCTGGCCTCGAG
CCCTTGGTCCCTCCGTCCGTCTGTCCTCGGGGCCCGCTCCCCCGGTGGCCCTTGGGGATCAAAGCGTGGG
CCGCTCTCCGGGAGGGCGGGCGGGGEGAGGGGGETGGTCGGGTTGTGCCATTGGGGTGTCCGGAAGCTTCTC
AGCCAGGGTGGGGGTCGTGGAGTGGGGGAGGGAGGCCAGCCGGGCTCCAGAGGGGTCAGGGCGCGACGAG
AACCAACTCTTTACCTAACTTTGCATGGTGCTTAGTCAAGGACTCCTGCGACCTGGCTCCCGAGGTCAGC
TGGCGGCGCTGACACACATGCATGGCAGACTATCCCTGGCTCTATCTCCCTGTTCCTCGCCCCCTCCACC
CCCCACTTCCTCTTTAAAAAAAAAAAAAANAAANAAAAAGATACAAGAAAAACCTTTAAAAAAATTCCATG
TTTCCTAATTTGCACGAAATTTTCTACCACAAGATGTGCCTTGCCTTCCGAGAATAAGTATTACCTTTAA
ACAATATCAGCGCACACACATAGCTGCATGTTCTGCTCGTGTAGTTTAAAAAAAAAAAGACAAAACAGTG
ACATGAAATAAAAAATAAAAATTGAAAAGGGATGTATTTCTATTTGTAAAAAAAATAAAATAAAAAATAA
GAAAGTGAGAATCTAAAAAAAAAAAAAAANAANAAAAAAGGAAGAAAAACCACGCTAAAAATCAAGCCACT
GAAAACAATTGCCCCCAGGTCTACCCAGCCCCTGGCTGTCCTTGGTCCTGTCTCCCCTCCTGCTGTATTC
AGGGGTGCCCCCTGGTGCTCAGCCTCTACCACCCCCAACCCTGCTCTTGGGTACCCAGAGGGGTCATTTIC
TGAATCCCTTGCCCAGAGGACAGACCTCCGGGGCCCATCTTGGCCCTGGGAAAGGGCTCTCCTCTCTGAT
TGGTCCCTAGGCCACGGGCCGGCCCCCAGACACCATTCACCGACCCACTGCAGGCTGTCCTCCAACCATG
GGGTGGCCACTCCACCCGCAGCCAGACTCCCCGCTCCCCACTTTTCATGCAGGCTGGCATACCCCTGGCT
CAGGGTCAAATGCTGTTCCACACCCACCTCAGAGGCACCCCCTCTCCCCTGCCCCGTGCATCCCCACCCT
TCTTGCCAAAGGACCTCTTITTCCCCTATCCAGAGACCACCCCAGGTGGCATTCTCTCCCACCTTCTCCTT
TGTCCCCCATCCCCTGTCTICTGTCTTCCAGCTGTGAATATGAAGGGTATCCTGTATGAAACAAAAACARAA
ACCTGATATATGCAATATCTGTICTGTCTGTCTGTACCCATGGGCCTGGCTCAGCCATTGGAGGCCCAGCC
GAGGGTCCGGCAGGGCACAGGGACAGCCAGGTGGCACCGAGTCACAGGCTGTGGTCCGGTGGCTGAGCAT
GCTGTTGTICTTGTICCTTGATTTTATTTTCTTTTGTTICTTTTTTTTTTTICTTITTICTTITTTGTTTTTAACTC
CAGCTTCCTTTGCTTTTTACTTGACCAAAGCTAAGACAATAGCCAGATGGTTAGTGGGGCAGCCAGGCAG
GGAGGACCCAGGGCTGGGATTCTCCAACCTTAGGCCATTCCTGCAGCCCTCACCACCTCCAGCCCCTCCA
AGCATCTCGTGTAGGGACCCACGCAGATGGTCCCATTCATTCACTATTGCCCCCAACCCCGGGATTTTGG
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GTGGTCTCCACAGCCACCATCATACACTCATCCCGTIGTTTTCTTCCAAAAAGTCACCTCAGCAGCCTCCC
CAGGCGATACAGAGGGAGAGCCCAGACCACCACAGCTGGCCACGACATTGCCCTTAAGTAATATGCATTG
GCCAGAGAGCCCGGGCTGGCTGTGCACAGCATTCATGTAGCTGATTTCTAGCTTITTITTTTTTTTTCTGCC
CCACTCCTGAGCAAATCTGTCTTGCCAAGGAACTAGGAGCAACCGGAGGCAAAGGGAGTGGGTGGCCCCA
TCACTATTGGGACCATCGCGTCCCTGCACAGCCCACACCCGGGGGCCCAGAGTCCTGGGCTGGACGCCAL
CCTTCTCACCCCGAGCTTGCCTCCTTGGCTCACTTGGCACCTTGGCTGAGTACAGCAGGCAAAAGCCCAT
ACCAGGCAGCATGTTGTGGATGGTTTAGTTCTCCCCGCCTCCCTGTTTCTTGGAAAAGCTACAGGGTCCC
TGTAGGGCAAAATTCCCAGGCGCCTTGCTGCAGACAGAGTAAGACAAAAACACCAGGAAGCAGGATTCCG
TGCCCATCTCTGCAGTTTGGGTTCACAAAAGGGGGTGCCGTCATCCCTGGGTGGAGGAGGGAGTGTTGGT
TTTTTGTTTTTGTTTTTTTAACATGTATGAAACTGACATCTTCTCAAATCTTGTTCCACCCCCCTCTGGA
AGCCCCCATCACCCACCCCTGCTATGGACACCACACCTATGCCAGGCCCCCCCCCCCACCCCAGTCTCAT
TCTGGGGTCTGCCCATGCTGTGGGAAAGAATAGGGAGGCCTCCCAAATATATGCAAATTGTCCCCATTCC
GTGGGGGCACCTGACAATGACCCGGGTGGAGATGGGGCATGGAGGAGTAGGAAGACCCAGCCCTATTTGA
CTGGGGAGAGGAGGATCTGGAGTCCTTCATGCCCAGGTCTGGAACCCAGGTTCTGACCCCAGGGCCCCAC
CCTGGGCTGGACAATCAGATCCCAAAGGAATGCCAAAGGGGACTCGGTTGGGAGAGCCGCTTAGGGGCCA
GACCTGGGTCCCCCTGCAGGTCCCCAGGCAGCAGACAATTCCACCTTCCCTGCCCCAGGACCTTGAGAGA
CAGCAGCATTCCAGGCACAGACAGACTTGGCTGCACCCCACTGTCCCTTGCAAGACAGGTTCTGGAGCCA
GGAGCAACTGTCCAGCCCTCCAGAAGAGACAGCAAGCAGCCCCCCTACCCACTCTGGCCTCCCCAATGGT
ACTTTGACCTCCAGTGTAGGGCTATACTATACATATATATATATATATATATATATATATATAATTTTGG
AATTTGTTTCTCATAATACAGAATATATAGTGGCTACCTTGTATCTTGGTICTGGATTCTCTCTCTGAGAC
CCCGGATTTTACTTTCTICTTTGGAGGGCGCTGGGACATACATCTCTCAATCCAGCTTCCTCCGCATCCTC
CCATCTTGCCCCATTTCTGCCACGTCAGACACTTCCTGAGAGTCTCACCTTCAAAATGACACCGCTGCCC
ATCCATTGCTCAATGGTACAGAGTGTGGGGTCAGTCCACCACCCTTGACCTCCCGGCAGGGCAAGGTGAG
GAGGCGGACCCAAAGCAGTACCAGCAGGACTTGTTGCCAGTGATACCAAAACAGACTTTTCCCAAGCAGT
GCCTCACATGTCTGCTGGTGTGGCTTTGGGATTCTCCTGCCCCACCCCCCCGTCCATGGCAGCCCCCTCC
CCAAGGCTTTGCTCACACCTGAGACAGGAAGGAGGAAGGGGATCCAATAGGAATATGGGCCCCGGAGGGG
AAGTCATGCACCCCCAAGCCACCACCCCCCAGCCTTCCACGCACATCTCCTGGCTGGAAGAGAGCCCTCC
AAAAAGGGGACACAGGCTGCCCCGGCCCCTCAACTGCATCCACACCCCATCCTICTCATCTTGGGTCCCAG
CCAGGCCCCCCCAAAACCAAAGCCCCCTCAAGTCCTGGGGTCCCAGCCTGTGCCCCCAGCTTCCTGCCCA
CCCAGCCCTGAGCATTCTCACACAGAGAAAGAACAAGCAAGGGCTCCAGGGGGACAGGATGGGGCAGGGC
ATACAGTGGGGGGTGGGGGGGCAGCTGGGAGGAGGGAGGGACAAAACAAAACATTTTCCTTTGGGTTTTT
TTTTTCTTTCTTTTITTCTCCCCTTTACTCTTTGGGTGGTGTTGCTTTTCCTTTCCTTITTCCCTTTGAGAT
TTTTTTGTTGTTGTITTCCTITTTTGTATTTTACTGATATCACCAGGATAGTTTACTCTICCTTCTAGCTTTC
TGCTTACCGCACACTGGATAACACACACATACACACCCACAAAAATGCTCATGAACCCAATCCGGAGAAG
GTTCCAGCAGGTCCCCCACCCTCCCCTCCTCCTCCTACTTICTCCTCTTGACAGCGAGGACAGGAGGGGGA
CAAGGGGACACCTGGGCAGACCCGCCGGCTCTCCCCCCACCCCACCCCGCCCCTCACATCATACTCCAAT
CATAACCTTGTATATTACGCAGTCATTTTGGTTTTCGCGGACGCGCCTACCTAAGTACCATTTACAGAAA
GTGACTCTGGCTGTCATTATTTTGTTTATTTGTTCCCTATGCAAAAAAAAAATGAAAATGAAAARAAGGGG
GATTCCATAAAAGATTCAATAAAAGACAAACAAAAAAAAAAGAAAAAAGAAAAAAATGTATAAAAATTAA
ACAAGCTATGCTTCGACTCTT

SEQ ID NO: 4 NM_001245004.2 Homo sapiens nuclear factor I C (NFIC),
transcript variant 3, mRNA
AGTAAGTTCAGCGCGCCCGCTCCGGCCGGCCCTGCGCCTCCCGCCGCGLCCGGGATGTATTICGTCCCCGC
TCTGCCTCACCCAGGATGAGTTCCACCCGTTCATCGAGGCCCTGCTGCCTCACGTCCGLCGCCTTCGLCCTA
CACCTGGTTCAACCTGCAGGCGCGGAAGCGCAAGTACTTCAAGAAGCACGAGAAGCGGATGTCGAAGGAC
GAGGAGCGTGCGGTCAAGGACGAGCTGCTGGGCGAGAAGCCCGAGGTCAAGCAGAAGTGGGCGTCGLGGC
TGCTGGCCAAGCTGCGCAAGGACATCCGGCCCGAGTGCCGCGAGGACTTCGTGCTGAGCATCACCGGCAA
GAAGGCGCCGGGCTGCGTGCTCTCCAACCCCGACCAGAAGGGCAAGATGCGGCGCATCGACTGTICTCCGG
CAGGCGGACAAGGTGTGGCGGCTGGACCTGGTCATGGTCATCCTGTTCAAGGGCATCCCGCTGGAGAGCA
CCGACGGCGAGCGCCTGGTCAAGGCTGCGCAGTGCGGTCACCCGGTCCTGTGCGTGCAGCCGCACCACAT
TGGCGTGGCCGTCAAGGAGCTGGACCTCTACCTGGCCTACTTICGTGCGTGAGCGAGATGCAGAGCAAAGC
GGCAGTCCCCGGACAGGGATGGGCTCTGACCAGGAGGACAGCAAGCCCATCACGCTGGACACGACCGACT
TCCAGGAGAGCTTTGTCACCTCCGGCGTGTTCAGCGTCACTGAGCTCATCCAAGTGTCCCGGACACCCGT
GGTGACTGGAACAGGACCCAACTTCTCCCTGGGGGAGCTGCAGGGGCACCTGGCATACGACCTGAACCCA
GCCAGCACTGGCCTCAGAAGAACGCTGCCCAGCACCTCCTCCAGTGGGAGCAAGCGGCACAAATCGGGCT
CGATGGAGGAAGACGTGGACACGAGCCCTGGCGGCGATTACTACACTTCGCCCAGCTCGCCCACGAGTAG
CAGCCGCAACTGGACGGAGGACATGGAAGGAGGCATCTCGTCCCCGGTGAAGAAGACAGAGATGGACAAG
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TCACCATTCAACAGCCCGTCCCCCCAGGACTCTCCCCGCCTCTCCAGCTTCACCCAGCACCACCGGLCCG
TCATCGCCGTGCACAGCGGGATCGCCCGGAGCCCACACCCGTCCTCCGCTCTGCATTTCCCTACGACGTC
CATCCTACCCCAGACGGCCTCCACCTACTTCCCCCACACGGCCATCCGCTACCCACCTCATCTCAACCCC
CAGGACCCGCTCAAAGATCTTGTICTICGCTGGCCTGCGACCCAGCCAGCCAGCAACCTGGACCGCCTACTC
TCCGCCCGACACGTCCCCTGCAAACCGTTCCTTTGTGGGATTAGGACCAAGGGATCCTGCGGGCATTTAT
CAGGCACAGTCCTGGTATCTGGGATAGCAAAGGTCTTICTTCCCTCGCCCCTTICTCCATCGTCCCAGGAAT
CCCAGGGGGCAGCACAGCCGGCCCCCGGCCCACGTTTITCGGTGGAAAATTAGAGTGAACAAGAACACCCC
TGCCGACTCCCAGCCCGGCCAAAAAGACAAAACACATAGACGCACACACTCAGGAGGAAAAGAAAAAACA
AAGGCAGAAGAAGAAGAAGAAGAAATAAAAACCCACCCAAGCAAGAAGACAAAAGGTAAAGACGCAACGT
TTCCAACTCTCGGGACGCCAAGGCCGCAGGACTGGAGGGCCAGGCCCCGCCACCCCCACGGGAGALCCCGG
GACAGGGCGTCTTCCTAAGTTATTCATCTCCTICTCCGCCTGCTGCTCGGGAAGGACAGACGCCGGCLCGLC
CGCCCGCGCCCCGGAGGCCCTGGCTCTGTCCGGAGACCAGGTGAGCACAGCCTGGAGCCTGTGCCCAGGG
CCGACAGGCGCGACACCCAGCAAGGCCACCTCTCCCCGGGLCCCCCGCGCCTCTGCCGGACACGGACCGGL
CCCTCAGCCCCCACCGAGGACGCAGCCACTGGGGGGAAAGGGAGACACAGCGGACCCCGGCCGGGCAGLG
GAGACCGCAGAGGCGGGCAGGGTGGGGCAGGCGAGTGGTGTCGCGGGGGTGCGTGGCGCTTGCGAGCCCT
GGCCAGGGGAGGAAGTGAGGCCCAGGCACCTGCTGCCCCTCGAGGGGGCCCTGCCTGCCGCGGGGLCTCC
CCACAAGCCCCTCCCAAAGCGCCGGCCGACTCGCTGTICTICGCTGGGGACTCTTTCAGCCCTCGCGCCCGL
CCGTTTGGGAGGAGAAGTCTCTATGCAATTGGCCCCGGCCCCTCCACCCCCCACCCCCGGCATAGGAGGC
CCCCCCACCTCGCCCGGCTCACACCCCCAAAGGGAGGGACCCACATTGCACACACTGTAAGAAATGCACT
TTCCGAGGAAGGGGATGGGGGAGCCCGGACACCCAGAGCTCCCCGAGTTGGGGGTGCCCGTCTGGAGCGL
CCCCGTCAGCCCCTGGCGGTGGGAGGTGAGAGCGAGTGGTTTAAGTGCCTGATTACCACCACCCGCCCCC
CCCTTTGTCCAGCTGGGACACGGAATGGCCGCGGGCCTCCTCCCCCTCCCCTCCAGCCTCTCCACCAGCC
CCTCCAGTCAACCCTCATCGCCGTGCCCCCCCAGAGCTAGAGAGATGGGGCCCCTGCGTGGCCCGAGGGEG
CAGAGCTGGGCGTCACTTCGCAAGCGTCCTGCCCTGCCGGGGCGCGGGGGETGGGCTCTGGGGAAGCCGGT
GCGCCCCCCACGCCTCCGCTGCCAGTGCCTTACATTCTGGAGCGACCCCCCTCCCTGGTGCCTCCCAGCG
AAGGGGGACCGCCGTTTGCACTTTCATCGCCTACCCCGACGCGGGGCCCAGCTGCGGGACGTGCATCACG
GCTGGGCCCCCAGAGGAGAGAGGAGGCCGACGCCAGCGGTCCCCGCTCGGAACGGGGAGGGTTTTCGGGG
GGTTCGGCGTCGCACCTTGGGGCCCCCCGCAGCCGTGTAGGGGGCCTCCCATCTGCTAAGCGTTTTITCCG
TTGAGCCGCTCCAAAAACACTAAGCTGGGGACGCCAGGTGCCCCCCCACCCCGGCTCCCTGGCCCTATCC
ACACCTCCACCCCCACCCCAGGATCGCCATCTTTAGGGGAGGCCTGGGAGGGGGTGTTAGGTGTTTTAGG
GCCACCGAGCTCAAACACAAGGACCCCTCCCCGGCCCACCCAGCCCAGCCCCAACTGACCTCCATGCCTA
GGGAAAAACTCCCCCCACCACTGCCCCCTCCCCCGACCCAGGCCAAAGCCAGGGCAGGTCTCCGGGTICTC
ACCTGCTCCTAGCCTCACCCCCCTGCCCCCGAAAACCAGACTCTCCTCCCAAACTAGCCTCAGGAGCTTG
GCGAACCCGCTCGCTCCTAAAGAGAAAGACCCAGGACCCTCCCCCATCACCCCCAAGAGAGGTTCGCCAT
CCTCTGGCCTCGAGCCCTTGGTCCCTCCGTCCGTCTGTCCTCGGGGCCCGCTCCCCCGGTGGCCCTTGGG
GATCAAAGCGTGGGCCGCTCTCCGGGAGGGCGGGCGGGGGAGGGGGTGGTCGGGTTGTGCCATTGGGGTG
TCCGGAAGCTTCTCAGCCAGGGTGGGGGTCGTGGAGTGGGGGAGGGAGGCCAGCCGGGCTCCAGAGGGGT
CAGGGCGCGACGAGAACCAACTCTTTACCTAACTTTGCATGGTGCTTAGTCAAGGACTCCTGCGACCTGG
CTCCCGAGGTCAGCTGGCGGCGCTGACACACATGCATGGCAGACTATCCCTGGCTCTATCTCCCTGTTCC
TCGCCCCCTCCACCCCCCACTTICCTCTTTAAAAAAAAAAAAAARAAANAANAAGATACAAGAAAAACCTTT
AAAAAAATTCCATGTTTCCTAATTTGCACGAAATTTTCTACCACAAGATGTGCCTTGCCTTCCGAGAATA
AGTATTACCTTTAAACAATATCAGCGCACACACATAGCTGCATGTTCTGCTCGTGTAGTTTAAAAAAARA
AAGACAAAACAGTGACATGAAATAAAAAATAAAAATTGAAAAGGGATGTATTTCTATTTGTAAAAAAAAT
AAAATAAAAAATAAGAAAGTGAGAATCTAAAAAAAAAAAAAAANAANAANAAGGAAGAAAAACCACGCTA
AAAATCAAGCCACTGAAAACAATTGCCCCCAGGTCTACCCAGCCCCTGGCTGTICCTTIGGTCCTGTCTCCC
CTCCTGCTGTATTCAGGGGTGCCCCCTGGTGCTCAGCCTCTACCACCCCCAACCCTGCTCTTGGGTACCC
AGAGGGGTCATTTCTGAATCCCTTGCCCAGAGGACAGACCTCCGGGGCCCATCTTGGCCCTGGGAAAGGG
CTCTCCTCTCTGATTGGTCCCTAGGCCACGGGCCGGCCCCCAGACACCATTCACCGACCCACTGCAGGCT
GTCCTCCAACCATGGGGTGGCCACTCCACCCGCAGCCAGACTCCCCGCTCCCCACTTTTICATGCAGGCTG
GCATACCCCTGGCTCAGGGTCAAATGCTGTTCCACACCCACCTCAGAGGCACCCCCTCTCCCCTGCCCCG
TGCATCCCCACCCTTCTTGCCAAAGGACCTCTTTTCCCCTATCCAGAGACCACCCCAGGTGGCATTCTICT
CCCACCTTCTCCTTTGTCCCCCATCCCCTGTCTCTGTICTTCCAGCTGTGAATATGAAGGGTATCCTGTAT
GAAACAAAAACAAAACCTGATATATGCAATATCTGTICTGICTGTCTGTACCCATGGGCCTGGCTCAGCCA
TTGGAGGCCCAGCCGAGGGTCCGGCAGGGCACAGGGACAGCCAGGTGGCACCGAGTCACAGGCTGTGGTC
CGGTGGCTGAGCATGCTGTTGTCTTGTCCTTGATTTTATTTTCTTTTGTTCTTTTTTTTTTTICTTTTICTT
TTTGTTTTTAACTCCAGCTTCCTTTGCTTTTTACTTGACCAAAGCTAAGACAATAGCCAGATGGTTAGTG
GGGCAGCCAGGCAGGGAGGACCCAGGGCTGGGATTCTCCAACCTTAGGCCATTCCTGCAGCCCTCACCAC
CTCCAGCCCCTCCAAGCATCTCGTGTAGGGACCCACGCAGATGGTCCCATTCATTCACTATTGCCCCCAA
CCCCGGGATTTTGGGTGGTCTCCACAGCCACCATCATACACTCATCCCGTGTTTTICTTCCAAAAAGTCAC
CTCAGCAGCCTCCCCAGGCGATACAGAGGGAGAGCCCAGACCACCACAGCTGGCCACGACATTGCCCTTA
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AGTAATATGCATTGGCCAGAGAGCCCGGGCTGGCTGTGCACAGCATTCATGTAGCTGATTTCTAGCTTTT
TTTTTTTTTCTGCCCCACTCCTGAGCAAATCTGTCTTGCCAAGGAACTAGGAGCAACCGGAGGCAAAGGG
AGTGGGTGGCCCCATCACTATTGGGACCATCGCGTCCCTGCACAGCCCACACCCGGGGGCCCAGAGTCCT
GGGCTGGACGCCACCCTTICTCACCCCGAGCTTGCCTCCTTGGCTCACTTGGCACCTTGGCTGAGTACAGC
AGGCAAAAGCCCATACCAGGCAGCATGTTGTGGATGGTTTAGTTCTCCCCGCCTCCCTGTITTCTTGGAAA
AGCTACAGGGTCCCTGTAGGGCAAAATTCCCAGGCGCCTTGCTGCAGACAGAGTAAGACAAAAACACCAG
GAAGCAGGATTCCGTGCCCATCTCTGCAGTTTGGGTTCACAAAAGGGGGTGCCGTCATCCCTGGGTGGAG
GAGGGAGTGTTGGTTTTTTGTTTTTGTTTTTTTAACATGTATGAAACTGACATCTTICTCAAATCTTGTTC
CACCCCCCTCTGGAAGCCCCCATCACCCACCCCTGCTATGGACACCACACCTATGCCAGGLCCCCCCLCCCe
CACCCCAGTCTCATTCTGGGGTCTGCCCATGCTGTGGGAAAGAATAGGGAGGCCTCCCAAATATATGCAA
ATTGTCCCCATTCCGTGGGGGCACCTGACAATGACCCGGGTGGAGATGGGGCATGGAGGAGTAGGAAGAC
CCAGCCCTATTTGACTGGGGAGAGGAGGATCTGGAGTCCTTCATGCCCAGGTCTGGAACCCAGGTTCTGA
CCCCAGGGCCCCACCCTGGGCTGGACAATCAGATCCCAAAGGAATGCCAAAGGGGACTCGGTTGGGAGAG
CCGCTTAGGGGCCAGACCTGGGTCCCCCTGCAGGTCCCCAGGCAGCAGACAATTCCACCTTCCCTGCCCC
AGGACCTTGAGAGACAGCAGCATTCCAGGCACAGACAGACTTGGCTGCACCCCACTGTCCCTTGCAAGAC
AGGTTCTGGAGCCAGGAGCAACTGTCCAGCCCTCCAGAAGAGACAGCAAGCAGCCCCCCTACCCACTCTG
GCCTCCCCAATGGTACTTTGACCTCCAGTGTAGGGCTATACTATACATATATATATATATATATATATAT
ATATATAATTTTGGAATTTGTTTCTCATAATACAGAATATATAGTGGCTACCTTIGTATCTTGGTCTGGAT
TCTCTCTCTGAGACCCCGGATTTTACTTTCTCTTTGGAGGGCGCTGGGACATACATCTCTCAATCCAGCT
TCCTCCGCATCCTCCCATCTTGCCCCATTTCTGCCACGTCAGACACTTCCTGAGAGTCTCACCTTCAAAA
TGACACCGCTGCCCATCCATTGCTCAATGGTACAGAGTGTGGGGTCAGTCCACCACCCTTGACCTCCCGG
CAGGGCAAGGTGAGGAGGCGGACCCAAAGCAGTACCAGCAGGACTTGTTGCCAGTGATACCAAAACAGAC
TTTTCCCAAGCAGTGCCTCACATGTICTGCTGGTGTGGCTTTGGGATTCTCCTGCCCCACCCCCCCGTCCA
TGGCAGCCCCCTCCCCAAGGCTTTGCTCACACCTGAGACAGGAAGGAGGAAGGGGATCCAATAGGAATAT
GGGCCCCGGAGGGGAAGTCATGCACCCCCAAGCCACCACCCCCCAGCCTTCCACGCACATCTCCTGGCTG
GAAGAGAGCCCTCCAAAAAGGGGACACAGGCTGCCCCGGCCCCTCAACTGCATCCACACCCCATCCTICTC
ATCTTGGGTCCCAGCCAGGCCCCCCCAAAACCAAAGCCCCCTCAAGTCCTGGGGTCCCAGCCTGTGCCCC
CAGCTTCCTGCCCACCCAGCCCTGAGCATTCTCACACAGAGAAAGAACAAGCAAGGGCTCCAGGGGGACA
GGATGGGGCAGGGCATACAGTGGGGGGTGGGGGGGCAGCTGGGAGGAGGGAGGGACAAAACAAAACATTT
TCCTTTGGGTTTTTTTTTTICTTTCTTTTTTICTCCCCTTITACTCTTTGGGTGGTGTTGCTTTTCCTTTCCT
TTTCCCTTTGAGATTTTTTTGTTGTTGTTTCCTTTTTGTATTTTACTGATATCACCAGGATAGTTTACTC
TCCTTCTAGCTTTCTGCTTACCGCACACTGGATAACACACACATACACACCCACAAAAATGCTCATGAAC
CCAATCCGGAGAAGGTTCCAGCAGGTCCCCCACCCTCCCCTCCTCCTCCTACTTCTCCTCTTGACAGCGA
GGACAGGAGGGGGACAAGGGGACACCTGGGCAGACCCGCCGGCTCTCCCCCCACCCCACCCCGLCeCTCA
CATCATACTCCAATCATAACCTTGTATATTACGCAGTICATTTTGGTTTTCGCGGACGCGCCTACCTAAGT
ACCATTTACAGAAAGTGACTCTGGCTGTCATTATTTTGTTTATTTGTTCCCTATGCAAAAAAAAANATGAA
AATGAAAAAAGGGGGATTCCATAAAAGATTCAATAAAAGACAAACAAAAAAANAAGAAAAAAGAAAAARA
TGTATAAAAATTAAACAAGCTATGCTTCGACTCTT

SEQ ID NO: 5 NM_001245005.2 Homo sapiens nuclear factor I C (NFIC),
transcript variant 4, mRNA
GGGGACCGAGCGCGCTCGCTCCGGCGCCGGCCTCGCCTCCTCGCAGCAGCGCCATGGATGAGTTCCACCC
GTTCATCGAGGCCCTGCTGCCTCACGTCCGCGCCTTCGCCTACACCTGGTTCAACCTGCAGGCGCGGAAG
CGCAAGTACTTCAAGAAGCACGAGAAGCGGATGTCGAAGGACGAGGAGCGTGCGGTCAAGGACGAGCTGC
TGGGCGAGAAGCCCGAGGTCAAGCAGAAGTGGGCGTCGCGGCTGCTGGCCAAGCTGCGCAAGGACATCCG
GCCCGAGTGCCGCGAGGACTTCGTGCTGAGCATCACCGGCAAGAAGGCGCCGGGCTGCGTIGCTCTCCAAC
CCCGACCAGAAGGGCAAGATGCGGCGCATCGACTGTCTCCGGCAGGCGGACAAGGTGTGGCGGCTGGACC
TGGTCATGGTCATCCTGTTCAAGGGCATCCCGCTGGAGAGCACCGACGGCGAGCGCCTGGTCAAGGCTGC
GCAGTGCGGTCACCCGGTICCTIGTGCGTGCAGCCGCACCACATTGGCGTGGCCGTCAAGGAGCTGGACCTC
TACCTGGCCTACTTCGTGCGTGAGCGAGATGCAGAGCAAAGCGGCAGTCCCCGGACAGGGATGGGCTICTG
ACCAGGAGGACAGCAAGCCCATCACGCTGGACACGACCGACTTCCAGGAGAGCTTTGTCACCTCCGGCGT
GTTCAGCGTCACTGAGCTCATCCAAGTGTCCCGGACACCCGTGGTGACTGGAACAGGACCCAACTTCTCC
CTGGGGGAGCTGCAGGGGCACCTGGCATACGACCTGAACCCAGCCAGCACTGGCCTCAGAAGAACGCTGC
CCAGCACCTCCTCCAGTGGGAGCAAGCGGCACAAATCGGGCTCGATGGAGGAAGACGTGGACACGAGCCC
TGGCGGCGATTACTACACTTCGCCCAGCTCGCCCACGAGTAGCAGCCGCAACTGGACGGAGGACATGGAA
GGAGGCATCTCGTCCCCGGTGAAGAAGACAGAGATGGACAAGTCACCATTCAACAGCCCGTCCCCCCAGG
ACTCTCCCCGCCTCTCCAGCTTCACCCAGCACCACCGGCCCGTICATCGCCGTGCACAGCGGGATCGCCCG
GAGCCCACACCCGTCCTCCGCTCTGCATTTCCCTACGACGTCCATCCTACCCCAGACGGCCTCCACCTAC
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TTCCCCCACACGGCCATCCGCTACCCACCTCATCTCAACCCCCAGGACCCGCTCAAAGATCTTGTCTCGC
TGGCCTGCGACCCAGCCAGCCAGCAACCTGGACCGCCTACTCTCCGCCCGACACGTCCCCTGCAAACCGT
TCCTTTGTGGGATTAGGACCAAGGGATCCTGCGGGCATTTATCAGGCACAGTCCTGGTATCTGGGATAGC
AAAGGTCTTCTTCCCTCGCCCCTTCTCCATCGTCCCAGGAATCCCAGGGGGCAGCACAGCCGGLCLCLCCGG
CCCACGTTTTCGGTGGAAAATTAGAGTGAACAAGAACACCCCTGCCGACTCCCAGCCCGGCCAAAAAGAC
AAAACACATAGACGCACACACTCAGGAGGAAAAGAAAAAACAAAGGCAGAAGAAGAAGAAGAAGAAATAA
AAACCCACCCAAGCAAGAAGACAAAAGGTAAAGACGCAACGTTTCCAACTCTCGGGACGCCAAGGCCGCA
GGACTGGAGGGCCAGGCCCCGCCACCCCCACGGGAGACCCGGGACAGGGCGTCTTCCTAAGTTATTCATC
TCCTCTCCGCCTGCTGCTCGGGAAGGACAGACGCCGGCCGCCLCGCCCGLCGCLCCCGGAGGCCCTGGLTCTG
TCCGGAGACCAGGTGAGCACAGCCTGGAGCCTGTGCCCAGGGCCGACAGGCGCGACACCCAGCAAGGCCA
CCTCTCCCCGGGCCCCCGCGCCTCTGCCGGACACGGACCGGCCCCTCAGCCCCCACCGAGGALCGLCAGLCCA
CTGGGGGGAAAGGGAGACACAGCGGACCCCGGCCGGGCAGCGGAGACCGCAGAGGCGGGCAGGGTGGGGL
AGGCGAGTGGTGTCGCGGGGGTGCGTGGCGCTTGCGAGCCCTGGCCAGGGGAGGAAGTGAGGCCCAGGCA
CCTGCTGCCCCTCGAGGGGGCCCTGCCTGCCGCGGGGCCTCCCCACAAGCCCCTCCCAAAGCGCCGGLLG
ACTCGCTGTCTCGCTGGGGACTCTTTCAGCCCTCGCGCCCGCCCGTTTGGGAGGAGAAGTCTCTATGCAA
TTGGCCCCGGCCCCTCCACCCCCCACCCCCGGCATAGGAGGCCCCCCCACCTCGCCCGGCTCACALCCCCC
AAAGGGAGGGACCCACATTGCACACACTGTAAGAAATGCACTTTCCGAGGAAGGGGATGGGGGAGCCCGG
ACACCCAGAGCTCCCCGAGTTGGGGGTGCCCGTCTGGAGCGCCCCCGTCAGCCCCTGGCGGTGGGAGGTG
AGAGCGAGTGGTTTAAGTGCCTGATTACCACCACCCGCCCCCCCCTTTGTCCAGCTGGGACACGGAATGG
CCGCGGGCCTCCTCCCCCTCCCCTCCAGCCTCTCCACCAGCCCCTCCAGTCAACCCTCATCGCCGTGLCC
CCCCAGAGCTAGAGAGATGGGGCCCCTGCGTGGCCCGAGGGGCAGAGCTGGGCGTCACTTCGCAAGCGTC
CTGCCCTGCCGGGGCGCGEGGGETGGGCTCTGGGGAAGCCGGTGCGCCCCCCACGCCTCCGCTGCCAGTGC
CTTACATTCTGGAGCGACCCCCCTCCCTGGTGCCTCCCAGCGAAGGGGGACCGCCGTTTGCACTTTCATC
GCCTACCCCGACGCGGGGCCCAGCTGCGGGACGTGCATCACGGCTGGGCCCCCAGAGGAGAGAGGAGGCC
GACGCCAGCGGTCCCCGCTCGGAACGGGGAGGGTTTTCGGGGGGTTCGGCGTCGCACCTTGGGGCCCCCC
GCAGCCGTGTAGGGGGCCTCCCATCTGCTAAGCGTTTTTCCGTTGAGCCGCTCCAAAAACACTAAGCTGG
GGACGCCAGGTGCCCCCCCACCCCGGCTCCCTGGCCCTATCCACACCTCCACCCCCACCCCAGGATCGLC
ATCTTTAGGGGAGGCCTGGGAGGGGGTGTTAGGTGTTTTAGGGCCACCGAGCTCAAACACAAGGACCCCT
CCCCGGCCCACCCAGCCCAGCCCCAACTGACCTCCATGCCTAGGGAAAANACTCCCCCCACCACTGCCCCC
TCCCCCGACCCAGGCCAAAGCCAGGGCAGGTCTCCGGGTCTCACCTGCTCCTAGCCTCACCCCCCTGCCC
CCGAAAACCAGACTCTCCTCCCAAACTAGCCTCAGGAGCTTGGCGAACCCGCTCGCTCCTAAAGAGAAAG
ACCCAGGACCCTCCCCCATCACCCCCAAGAGAGGTTICGCCATCCTCTGGCCTCGAGCCCTTGGTCCCTCC
GTCCGTCTGTCCTCGGGGCCCGCTCCCCCGGTGGCCCTTGGGGATCAAAGCGTGGGCCGCTICTCCGGGAG
GGCGGGCGGGGGAGGGGGTGGTCGGGTTGTGCCATTGGGGTGTCCGGAAGCTTCTCAGCCAGGGTGGGGEG
TCGTGGAGTGGGGGAGGGAGGCCAGCCGGGCTCCAGAGGGGTCAGGGCGCGACGAGAACCAACTCTTTAC
CTAACTTTGCATGGTGCTTAGTCAAGGACTCCTGCGACCTGGCTCCCGAGGTCAGCTGGCGGCGCTGACA
CACATGCATGGCAGACTATCCCTGGCTCTATCTCCCTIGTTCCTCGCCCCCTCCACCCCCCACTTCCTICTT
TAAAAAAAAAARAANAAAAAAAAAGATACAAGAAAAACCTTTAAAAAAATTCCATGTTTCCTAATTTGCA
CGAAATTTTCTACCACAAGATGTGCCTTGCCTTCCGAGAATAAGTATTACCTTTAAACAATATCAGCGCA
CACACATAGCTGCATGTTICTGCTCGTGTAGTTTAAAAAAAAAAAGACAAAACAGTGACATGAAATAAAAA
ATAAAAATTGAAAAGGGATGTATTTCTATTTGTAAAAAAAATAAAATAAAAAATAAGAAAGTGAGAATCT
AAAAAAAANAAAAAAAAANAANAAGGAAGAAAAACCACGCTAAAAATCAAGCCACTGAAAACAATTGCCC
CCAGGTCTACCCAGCCCCTIGGCTGTCCTTGGTCCTGTCTCCCCTCCTGCTGTATTCAGGGGTGCCCCCTG
GTGCTCAGCCTCTACCACCCCCAACCCTGCTCTTGGGTACCCAGAGGGGTCATTTCTGAATCCCTTGCCC
AGAGGACAGACCTCCGGGGCCCATCTTGGCCCTGGGAAAGGGCTCTCCTCTCTGATTGGTCCCTAGGCCA
CGGGCCGGCCCCCAGACACCATTCACCGACCCACTGCAGGCTGTCCTCCAACCATGGGGTGGCCACTCCA
CCCGCAGCCAGACTCCCCGCTCCCCACTTTTCATGCAGGCTGGCATACCCCTGGCTCAGGGTCAAATGCT
GTTCCACACCCACCTCAGAGGCACCCCCTCTCCCCTGCCCCGTGCATCCCCACCCTTCTTGCCAAAGGAC
CTICTTTTCCCCTATCCAGAGACCACCCCAGGTGGCATTCTCTCCCACCTTCTCCTTTGTCCCCCATCCCC
TGTICTCTGTICTTCCAGCTGTGAATATGAAGGGTATCCTGTATGAAACAAAAACAAAACCTGATATATGCA
ATATCTGTCTGTCTIGTCTGTACCCATGGGCCTGGCTCAGCCATTGGAGGCCCAGCCGAGGGTCCGGCAGG
GCACAGGGACAGCCAGGTGGCACCGAGTCACAGGCTGTGGTCCGGTGGCTGAGCATGCTGTTGTCTTGTC
CTTGATTTTATTTTICTTTTGTTCTTTTTTTTTTTCTTITTICTTTTTGTTTTTAACTCCAGCTTCCTTTGCT
TTTTACTTGACCAAAGCTAAGACAATAGCCAGATGGTTAGTGGGGCAGCCAGGCAGGGAGGACCCAGGGC
TGGGATTCTCCAACCTTAGGCCATTCCTGCAGCCCTCACCACCTCCAGCCCCTCCAAGCATCTCGTGTAG
GGACCCACGCAGATGGTCCCATTCATTCACTATTGCCCCCAACCCCGGGATTTTGGGTGGTCTCCACAGC
CACCATCATACACTCATCCCGTGTTTTCTTCCAAAAAGTCACCTCAGCAGCCTCCCCAGGCGATACAGAG
GGAGAGCCCAGACCACCACAGCTGGCCACGACATTGCCCTTAAGTAATATGCATTGGCCAGAGAGCCCGG
GCTGGCTGTGCACAGCATTCATGTAGCTGATTTCTAGCTTTTTITTTTTTTTCTGCCCCACTCCTGAGCAA
ATCTGTCTTGCCAAGGAACTAGGAGCAACCGGAGGCAAAGGGAGTGGGTGGCCCCATCACTATTGGGACC
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ATCGCGTCCCTGCACAGCCCACACCCGGGGGCCCAGAGTCCTGGGCTGGACGCCACCCTTCTCACCCCGA
GCTTGCCTCCTTGGCTCACTTGGCACCTTGGCTGAGTACAGCAGGCAAAAGCCCATACCAGGCAGCATGT
TGTGGATGGTTTAGTTCTCCCCGCCTCCCTGTTTCTTGGAAAAGCTACAGGGTCCCTGTAGGGCAAAATT
CCCAGGCGCCTTGCTGCAGACAGAGTAAGACAAAAACACCAGGAAGCAGGATTCCGTGCCCATCTCTGCA
GTTTGGGTTCACAAAAGGGGGTGCCGTCATCCCTGGGTGGAGGAGGGAGTGTTGGTTTTTTGTTTTTGTT
TTTTTAACATGTATGAAACTGACATCTTCTCAAATCTTGTTCCACCCCCCTCTGGAAGCCCCCATCACCC
ACCCCTGCTATGGACACCACACCTATGCCAGGCCCCCCCCCCCACCCCAGTCTCATICTGGGGTCTGCCC
ATGCTGTGGGAAAGAATAGGGAGGCCTCCCAAATATATGCAAATTGTCCCCATTCCGTGGGGGCACCTGA
CAATGACCCGGGTGGAGATGGGGCATGGAGGAGTAGGAAGACCCAGCCCTATTTGACTGGGGAGAGGAGG
ATCTGGAGTCCTTCATGCCCAGGTCTGGAACCCAGGTTCTGACCCCAGGGCCCCACCCTGGGCTGGACAA
TCAGATCCCAAAGGAATGCCAAAGGGGACTCGGTTGGGAGAGCCGCTTAGGGGCCAGACCTGGGTCCCCC
TGCAGGTCCCCAGGCAGCAGACAATTCCACCTTCCCTGCCCCAGGACCTTGAGAGACAGCAGCATTCCAG
GCACAGACAGACTTGGCTGCACCCCACTGTCCCTTGCAAGACAGGTTCTGGAGCCAGGAGCAACTGTCCA
GCCCTCCAGAAGAGACAGCAAGCAGCCCCCCTACCCACTCTGGCCTCCCCAATGGTACTTTGACCTCCAG
TGTAGGGCTATACTATACATATATATATATATATATATATATATATATAATTTTGGAATTTGTTTCTCAT
AATACAGAATATATAGTGGCTACCTTGTATCTITGGTCTGGATTCTCTCTCTGAGACCCCGGATTTTACTT
TCTCTTTGGAGGGCGCTGGGACATACATCTCTCAATCCAGCTTCCTCCGCATCCTCCCATCTTGCCCCAT
TTCTGCCACGTCAGACACTTCCTGAGAGTCTCACCTTCAAAATGACACCGCTGCCCATCCATTGCTCAAT
GGTACAGAGTGTGGGGTCAGTCCACCACCCTTGACCTCCCGGCAGGGCAAGGTGAGGAGGCGGACCCAAA
GCAGTACCAGCAGGACTTGTTGCCAGTGATACCAAAACAGACTTTTCCCAAGCAGTGCCTCACATGTICTG
CTGGTGTGGCTTTGGGATTCTCCTGCCCCACCCCCCCGTCCATGGCAGCCCCCTCCCCAAGGCTTTGCTC
ACACCTGAGACAGGAAGGAGGAAGGGGATCCAATAGGAATATGGGCCCCGGAGGGGAAGTCATGCACCCC
CAAGCCACCACCCCCCAGCCTTCCACGCACATCTCCTGGCTGGAAGAGAGCCCTCCAAAAAGGGGACACA
GGCTGCCCCGGCCCCTCAACTGCATCCACACCCCATCCTCTCATCTTIGGGTCCCAGCCAGGCCCCCCCAA
AACCAAAGCCCCCTCAAGTCCTGGGGTCCCAGCCTGTGCCCCCAGCTTCCTGCCCACCCAGCCCTGAGCA
TTCTCACACAGAGAAAGAACAAGCAAGGGCTCCAGGGGGACAGGATGGGGCAGGGCATACAGTGGGGGGT
GGGGGGGCAGCTGGGAGGAGGGAGGGACAAAACAAAACATTTTCCTTTGGGTTTTTTTTTTCTTTCTTTT
TTCTCCCCTTTACTCTTTGGGTGGTGTTGCTTTTCCTTITCCTTTTCCCTTTGAGATTTTTTTGTTGTTGT
TTCCTTTTTGTATTTTACTGATATCACCAGGATAGTTTACTCTCCTTCTAGCTTTCTGCTTACCGCACAC
TGGATAACACACACATACACACCCACAAAAATGCTCATGAACCCAATCCGGAGAAGGTTCCAGCAGGTCC
CCCACCCTCCCCTCCTCCTCCTACTTCTCCTCTTGACAGCGAGGACAGGAGGGGGACAAGGGGACACCTG
GGCAGACCCGCCGGCTCTCCCCCCACCCCACCCCGCCCCTCACATCATACTCCAATCATAACCTTGTATA
TTACGCAGTCATTTTGGTTTTCGCGGACGCGCCTACCTAAGTACCATTTACAGAAAGTGACTCTGGCTGT
CATTATTTTGTTTATTTGTTCCCTATGCAAAAAAAAAATGAAAATGAAAAAAGGGGGATTCCATAAAAGA
TTCAATAAAAGACAAACAAAAAAANAAAGAAAAAAGAAAAAAATGTATAAAAATTAAACAAGCTATGCTTC
GACTCTT

SEQ ID NO: 6 NM_005597.4 Homo sapiens nuclear factor I C (NFIC),
transcript variant 5, mRNA

AGTAAGTTCAGCGCGCCCGCTCCGGCCGGCCCTGCGCCTCCCGCCGCGLCCGGGATGTATTICGTCCCCGC
TCTGCCTCACCCAGGATGAGTTCCACCCGTTCATCGAGGCCCTGCTGCCTCACGTCCGLCGCCTTCGLCCTA
CACCTGGTTCAACCTGCAGGCGCGGAAGCGCAAGTACTTCAAGAAGCACGAGAAGCGGATGTCGAAGGAC
GAGGAGCGTGCGGTCAAGGACGAGCTGCTGGGCGAGAAGCCCGAGGTCAAGCAGAAGTGGGCGTCGLGGC
TGCTGGCCAAGCTGCGCAAGGACATCCGGCCCGAGTGCCGCGAGGACTTCGTGCTGAGCATCACCGGCAA
GAAGGCGCCGGGCTGCGTGCTCTCCAACCCCGACCAGAAGGGCAAGATGCGGCGCATCGACTGTICTCCGG
CAGGCGGACAAGGTGTGGCGGCTGGACCTGGTCATGGTCATCCTGTTCAAGGGCATCCCGCTGGAGAGCA
CCGACGGCGAGCGCCTGGTCAAGGCTGCGCAGTGCGGTCACCCGGTCCTGTGCGTGCAGCCGCACCACAT
TGGCGTGGCCGTCAAGGAGCTGGACCTCTACCTGGCCTACTTICGTGCGTGAGCGAGATGCAGAGCAAAGC
GGCAGTCCCCGGACAGGGATGGGCTCTGACCAGGAGGACAGCAAGCCCATCACGCTGGACACGACCGACT
TCCAGGAGAGCTTTGTCACCTCCGGCGTGTTCAGCGTCACTGAGCTCATCCAAGTGTCCCGGACACCCGT
GGTGACTGGAACAGGACCCAACTTCTCCCTGGGGGAGCTGCAGGGGCACCTGGCATACGACCTGAACCCA
GCCAGCACTGGCCTCAGAAGAACGCTGCCCAGCACCTCCTCCAGTGGGAGCAAGCGGCACAAATCGGGCT
CGATGGAGGAAGACGTGGACACGAGCCCTGGCGGCGATTACTACACTTCGCCCAGCTCGCCCACGAGTAG
CAGCCGCAACTGGACGGAGGACATGGAAGGAGGCATCTCGTCCCCGGTGAAGAAGACAGAGATGGACAAG
TCACCATTCAACAGCCCGTCCCCCCAGGACTCTCCCCGCCTCTCCAGCTTCACCCAGCACCACCGGCCCG
TCATCGCCGTGCACAGCGGGATCGCCCGGAGCCCACACCCGTCCTCCGCTCTGCATTTCCCTACGACGTC
CATCCTACCCCAGACGGCCTCCACCTACTTCCCCCACACGGCCATCCGCTACCCACCTCATCTCAACCCC
CAGGACCCGCTCAAAGATCTTGTCTCGCTGGCCTGCGACCCAGCCAGCCAGCAACCTGGACCGTICCTGGT
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ATCTGGGATAGCAAAGGTCTTCTTCCCTCGCCCCTTCTCCATCGTCCCAGGAATCCCAGGGGGCAGCACA
GCCGGCCCCCGGCCCACGTTTTCGGTGGAAAATTAGAGTGAACAAGAACACCCCTGCCGACTCCCAGLCCC
GGCCAAAAAGACAAAACACATAGACGCACACACTCAGGAGGAAAAGAAAAANACAAAGGCAGAAGAAGAAG
AAGAAGAAATAAAAACCCACCCAAGCAAGAAGACAAAAGGTAAAGACGCAACGTTTCCAACTCTCGGGAC
GCCAAGGCCGCAGGACTGGAGGGCCAGGCCCCGCCACCCCCACGGGAGACCCGGGACAGGGCGTCTTICCT
AAGTTATTCATCTCCTCTCCGCCTGCTGCTCGGGAAGGACAGACGCCGGCCGCCCGLCCCGLGLLCCCGGAG
GCCCTGGCTCTGTCCGGAGACCAGGTGAGCACAGCCTGGAGCCTGTGCCCAGGGCCGACAGGCGCGACAC
CCAGCAAGGCCACCTCTCCCCGGGCCCCCGCGCCTCTGCCGGACACGGACCGGCCCCTCAGLCCCCCALCCG
AGGACGCAGCCACTGGGGGGAAAGGGAGACACAGCGGACCCCGGCCGEGGCAGCGGAGACCGCAGAGGCGG
GCAGGGTGGGGCAGGCGAGTGGTGTCGCGGGGGTGCGTGGCGCTTGCGAGCCCTGGCCAGGGGAGGAAGT
GAGGCCCAGGCACCTGCTGCCCCTCGAGGGGGCCCTGCCTGCCGCGGGGCCTCCCCACAAGCCCCTCCCA
AAGCGCCGGCCGACTCGCTGTICTCGCTGGGGACTCTTTCAGCCCTCGCGCCCGCCCGTTTGGGAGGAGAA
GTCTCTATGCAATTGGCCCCGGCCCCTCCACCCCCCACCCCCGGCATAGGAGGCCCCCCCACCTCGCCCG
GCTCACACCCCCAAAGGGAGGGACCCACATTGCACACACTGTAAGAAATGCACTTTCCGAGGAAGGGGAT
GGGGGAGCCCGGACACCCAGAGCTCCCCGAGTTGGGGGTGCCCGTCTGGAGCGCCCCCGTCAGCCCCTGG
CGGTGGGAGGTGAGAGCGAGTGGTTTAAGTGCCTGATTACCACCACCCGCCCCCCCCTTITGTCCAGCTGG
GACACGGAATGGCCGCGGGCCTCCTCCCCCTCCCCTCCAGCCTCTCCACCAGCCCCTCCAGTCAACCCTC
ATCGCCGTGCCCCCCCAGAGCTAGAGAGATGGGGCCCCTGCGTGGCCCGAGGGGCAGAGCTGGGCGTCAC
TTCGCAAGCGTCCTGCCCTGCCGGGGCGCGGGGGETGGGCTCTGGGGAAGCCGGTGCGCCCCCCACGCCTC
CGCTGCCAGTGCCTTACATTCTGGAGCGACCCCCCTCCCTGGTGCCTCCCAGCGAAGGGGGACCGCCGTT
TGCACTTTCATCGCCTACCCCGACGCGGGGCCCAGCTGCGGGACGTGCATCACGGCTGGGCCCCCAGAGG
AGAGAGGAGGCCGACGCCAGCGGTCCCCGCTCGGAACGGGGAGGGTTTTCGGGGGGTTCGGCGTCGCACC
TTGGGGCCCCCCGCAGCCGTGTAGGGGGCCTCCCATCTGCTAAGCGTTTITTCCGTTGAGCCGCTCCAAAA
ACACTAAGCTGGGGACGCCAGGTGCCCCCCCACCCCGGCTCCCTGGCCCTATCCACACCTCCACCCCCAC
CCCAGGATCGCCATCTTTAGGGGAGGCCTGGGAGGGGGTGTTAGGTGTTTTAGGGCCACCGAGCTCAAAC
ACAAGGACCCCTCCCCGGCCCACCCAGCCCAGCCCCAACTGACCTCCATGCCTAGGGAAAANACTCCCCCC
ACCACTGCCCCCTCCCCCGACCCAGGCCAAAGCCAGGGCAGGTCTCCGGGTCTCACCTGCTCCTAGCCTC
ACCCCCCTGCCCCCGAAAACCAGACTCTCCTCCCAAACTAGCCTCAGGAGCTTGGCGAACCCGCTCGCTC
CTAAAGAGAAAGACCCAGGACCCTCCCCCATCACCCCCAAGAGAGGTTCGCCATCCTCTGGCCTCGAGCC
CTTGGTCCCTCCGTCCGTICTGTCCTCGGGGCCCGCTCCCCCGGTGGCCCTTGGGGATCAAAGCGTGGGCC
GCTCTCCGGGAGGGCGGGCGGGGGAGGGGGETGGTCGGGTTIGTGCCATTGGGGTGTCCGGAAGCTTCTCAG
CCAGGGTGGGGGTCGTGGAGTGGGGGAGGGAGGCCAGCCGGGCTCCAGAGGGGTCAGGGCGCGACGAGAA
CCAACTCTTTACCTAACTTTGCATGGTGCTTAGTCAAGGACTCCTGCGACCTGGCTCCCGAGGTCAGCTG
GCGGCGCTGACACACATGCATGGCAGACTATCCCTGGCTICTATCTCCCTGTTCCTCGCCCCCTCCACCCC
CCACTTCCTCTTTAAAAAAAAAAAAARAAANAAAAAAGATACAAGAAAAACCTTTAAAAAAATTCCATGTT
TCCTAATTTGCACGAAATTTTCTACCACAAGATGTGCCTTGCCTTCCGAGAATAAGTATTACCTTTAAAC
AATATCAGCGCACACACATAGCTGCATGTTCTGCTCGTGTAGTTTAAAAAAAAAAAGACAAAACAGTGAC
ATGAAATAAAAAATAAAAATTGAAAAGGGATGTATTTCTATTTGTAAAAAAAATAAAATAAAAAATAAGA
AAGTGAGAATCTAAAAAAAAANAAANAAANAANAANAAGGAAGAAAAACCACGCTAAAAATCAAGCCACTGA
AAACAATTGCCCCCAGGTCTACCCAGCCCCTGGCTGTICCTTGGTCCTGTCTCCCCTCCTGCTGTATTCAG
GGGTGCCCCCTGGTGCTCAGCCTCTACCACCCCCAACCCTGCTCTTGGGTACCCAGAGGGGTCATTTICTG
AATCCCTTGCCCAGAGGACAGACCTCCGGGGCCCATCTTGGCCCTGGGAAAGGGCTCTCCTCTCTGATTG
GTCCCTAGGCCACGGGCCGGCCCCCAGACACCATTCACCGACCCACTGCAGGCTGTCCTCCAACCATGGG
GTGGCCACTCCACCCGCAGCCAGACTCCCCGCTCCCCACTTTTCATGCAGGCTGGCATACCCCTGGCTCA
GGGTCAAATGCTGTTCCACACCCACCTCAGAGGCACCCCCTCTCCCCTGCCCCGTGCATCCCCACCCTTC
TTGCCAAAGGACCTCTTTTCCCCTATCCAGAGACCACCCCAGGTGGCATTCTCTCCCACCTTICTICCTTTG
TCCCCCATCCCCTGTICTICTIGTICTTCCAGCTGTGAATATGAAGGGTATCCTGTATGAAACAAAAACAAAAC
CTGATATATGCAATATCTIGTICTGICTGTCTGTACCCATGGGCCTGGCTCAGCCATTGGAGGCCCAGCCGA
GGGTCCGGCAGGGCACAGGGACAGCCAGGTGGCACCGAGTCACAGGCTGTGGTCCGGTGGCTGAGCATGC
TGTTGTICTTGTCCTTGATTTTATTTTCTTTTGTTCTTTTTITTTTTTICTTTTCTTTITTGTTTTTAACTCCA
GCTTCCTTTGCTTTTTACTTGACCAAAGCTAAGACAATAGCCAGATGGTTAGTGGGGCAGCCAGGCAGGG
AGGACCCAGGGCTGGGATTCTCCAACCTTAGGCCATTCCTGCAGCCCTCACCACCTCCAGCCCCTCCAAG
CATCTCGTGTAGGGACCCACGCAGATGGTCCCATTCATTCACTATTGCCCCCAACCCCGGGATTTTGGGT
GGTCTCCACAGCCACCATCATACACTCATCCCGTGTTTTICTTCCAAAAAGTCACCTCAGCAGCCTCCCCA
GGCGATACAGAGGGAGAGCCCAGACCACCACAGCTGGCCACGACATTGCCCTTAAGTAATATGCATTGGC
CAGAGAGCCCGGGCTGGCTGTGCACAGCATTCATGTAGCTGATTTCTAGCTTTTTTTTTTTTTCTGCCCC
ACTCCTGAGCAAATCTGTCTTGCCAAGGAACTAGGAGCAACCGGAGGCAAAGGGAGTGGGTGGCCCCATC
ACTATTGGGACCATCGCGTCCCTGCACAGCCCACACCCGGGGGCCCAGAGTCCTGGGCTGGACGCCACCC
TTCTCACCCCGAGCTTGCCTCCTTGGCTCACTTGGCACCTTGGCTGAGTACAGCAGGCAAAAGCCCATAC
CAGGCAGCATGTTGTGGATGGTTTAGTTCTCCCCGCCTCCCTGTTTCTTGGAAAAGCTACAGGGTCCCTG
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TAGGGCAAAATTCCCAGGCGCCTTGCTGCAGACAGAGTAAGACAAAAACACCAGGAAGCAGGATTCCGTG
CCCATCTCTGCAGTTTGGGTTCACAAAAGGGGGTGCCGTCATCCCTGGGTGGAGGAGGGAGTGTTGGTTT
TTTGTTTTTGTTTTTTTAACATGTATGAAACTGACATCTTCTCAAATCTTGTTCCACCCCCCTICTGGAAG
CCCCCATCACCCACCCCTGCTATGGACACCACACCTATGCCAGGCCCCCCCCCCCACCCCAGTCTCATTC
TGGGGTCTGCCCATGCTGTGGGAAAGAATAGGGAGGCCTCCCAAATATATGCAAATTGTCCCCATTCCGT
GGGGGCACCTGACAATGACCCGGGTGGAGATGGGGCATGGAGGAGTAGGAAGACCCAGCCCTATTTGACT
GGGGAGAGGAGGATCTGGAGTCCTTCATGCCCAGGTCTGGAACCCAGGTTCTGACCCCAGGGCCCCACCC
TGGGCTGGACAATCAGATCCCAAAGGAATGCCAAAGGGGACTCGGTTGGGAGAGCCGCTTAGGGGCCAGA
CCTGGGTCCCCCTGCAGGTCCCCAGGCAGCAGACAATTCCACCTTCCCTGCCCCAGGACCTTGAGAGACA
GCAGCATTCCAGGCACAGACAGACTTGGCTGCACCCCACTGTCCCTTGCAAGACAGGTTCTGGAGCCAGG
AGCAACTGTCCAGCCCTCCAGAAGAGACAGCAAGCAGCCCCCCTACCCACTCTGGCCTCCCCAATGGTAC
TTTGACCTCCAGTGTAGGGCTATACTATACATATATATATATATATATATATATATATATAATTTTGGAA
TTTGTTTCTCATAATACAGAATATATAGTGGCTACCTTIGTATCTTGGTCTGGATTCTCTCTCTGAGACCC
CGGATTTTACTTTCTICTTTGGAGGGCGCTGGGACATACATCTCTCAATCCAGCTTICCTCCGCATCCTCCC
ATCTTGCCCCATTTCTGCCACGTCAGACACTTCCTGAGAGTCTCACCTTCAAAATGACACCGCTGCCCAT
CCATTGCTCAATGGTACAGAGTGTGGGGTCAGTCCACCACCCTTGACCTCCCGGCAGGGCAAGGTGAGGA
GGCGGACCCAAAGCAGTACCAGCAGGACTTGTTGCCAGTGATACCAAAACAGACTTTTCCCAAGCAGTGC
CTCACATGTCTGCTGGTGTGGCTTTGGGATTCTCCTGCCCCACCCCCCCGTCCATGGCAGCCCCCTCCCC
AAGGCTTTGCTCACACCTGAGACAGGAAGGAGGAAGGGGATCCAATAGGAATATGGGCCCCGGAGGGGAA
GTCATGCACCCCCAAGCCACCACCCCCCAGCCTTCCACGCACATCTCCTGGCTGGAAGAGAGCCCTCCAA
AAAGGGGACACAGGCTGCCCCGGCCCCTCAACTGCATCCACACCCCATCCTICTCATCTTGGGTCCCAGCC
AGGCCCCCCCAAAACCAAAGCCCCCTCAAGTCCTGGGGTCCCAGCCTGTGCCCCCAGCTTCCTGCCCACC
CAGCCCTGAGCATTCTCACACAGAGAAAGAACAAGCAAGGGCTCCAGGGGGACAGGATGGGGCAGGGCAT
ACAGTGGGGGGTGGGGGGGCAGCTGGGAGGAGGGAGGGACAAAACAAAACATTTTCCTTTGGGTTTTTTT
TTTCTTTCTTTTTTCTCCCCTTTACTCTTTGGGTGGTGTTGCTTTTCCTTTCCTTTTCCCTTTGAGATTT
TTTTGTTGTTGTTTICCTTTTTGTATTTTACTGATATCACCAGGATAGTTTACTCTCCTTICTAGCTTTICTG
CTTACCGCACACTGGATAACACACACATACACACCCACAAAAATGCTCATGAACCCAATCCGGAGAAGGT
TCCAGCAGGTCCCCCACCCTCCCCTCCTCCTCCTACTTICTCCTCTTGACAGCGAGGACAGGAGGGGGACA
AGGGGACACCTGGGCAGACCCGCCGGCTCTCCCCCCACCCCACCCCGCCCCTCACATCATACTCCAATCA
TAACCTTGTATATTACGCAGTCATTTTGGTTTTCGCGGACGCGCCTACCTAAGTACCATTTACAGAAAGT
GACTCTGGCTGTCATTATTTTGTTTATTTGTTCCCTATGCAAAAAAAARAATGAAAATGAAAAAAGGGGGA
TTCCATAAAAGATTCAATAAAAGACAAACAAAAAAAAAAGAAAAAAGAAAAAAATGTATAAAAATTAAAC
AAGCTATGCTTCGACTCTT

SEQ ID NO: 7 NM_005060.3 Homo sapiens RAR related orphan receptor C
(RORC), mRNA
GCCAGGTGCTCCCGCCTTCCACCCTCCGCCCTCCTCCCTCCCCTGGGCCCTGCTCCCTGCCCTCCTGGGC
AGCCAGGGCAGCCAGGACGGCACCAAGGGAGCTGCCCCATGGACAGGGCCCCACAGAGACAGCACCGAGC
CTCACGGGAGCTGCTGGCTGCAAAGAAGACCCACACCTCACAAATTGAAGTGATCCCTTGCAAAATCTGT
GGGGACAAGTCGTCTGGGATCCACTACGGGGTTATCACCTGTGAGGGGTGCAAGGGCTTCTTCCGCCGGA
GCCAGCGCTGTAACGCGGCCTACTCCTGCACCCGTCAGCAGAACTGCCCCATCGACCGCACCAGCCGAAN
CCGATGCCAGCACTGCCGCCTGCAGAAATGCCTGGCGCTGGGCATGTCCCGAGATGCTGTCAAGTTCGGC
CGCATGTCCAAGAAGCAGAGGGACAGCCTGCATGCAGAAGTGCAGAAACAGCTGCAGCAGCGGCAACAGC
AGCAACAGGAACCAGTGGTCAAGACCCCTCCAGCAGGGGCCCAAGGAGCAGATACCCTCACCTACACCTT
GGGGCTCCCAGACGGGCAGCTGCCCCTGGGCTCCTCGCCTGACCTGCCTGAGGCTTCTGCCTGTCCCCCT
GGCCTCCTGAAAGCCTCAGGCTCTGGGCCCTCATATTCCAACAACTTGGCCAAGGCAGGGCTCAATGGGG
CCTCATGCCACCTTGAATACAGCCCTGAGCGGGGCAAGGCTGAGGGCAGAGAGAGCTTCTATAGCACAGG
CAGCCAGCTGACCCCTGACCGATGTGGACTTCGTTTTGAGGAACACAGGCATCCTGGGCTTGGGGAACTG
GGACAGGGCCCAGACAGCTACGGCAGCCCCAGTTTCCGCAGCACACCGGAGGCACCCTATGCCTCCCTGA
CAGAGATAGAGCACCTGGTGCAGAGCGTICTGCAAGTCCTACAGGGAGACATGCCAGCTGCGGCTGGAGGA
CCTGCTGCGGCAGCGCTCCAACATCTTCTCCCGGGAGGAAGTGACTGGCTACCAGAGGAAGTCCATGTGG
GAGATGTGGGAACGGTGTGCCCACCACCTCACCGAGGCCATTCAGTACGTGGTGGAGTTCGCCAAGAGGC
TCTCAGGCTTTATGGAGCTCTGCCAGAATGACCAGATTGTGCTTCTCAAAGCAGGAGCAATGGAAGTGGT
GCTGGTTAGGATGTGCCGGGCCTACAATGCTGACAACCGCACGGTICTTITTTTGAAGGCAAATACGGTGGC
ATGGAGCTGTTCCGAGCCTTGGGCTGCAGCGAGCTCATCAGCTCCATCTTTGACTTICTCCCACTCCCTAA
GTGCCTTGCACTTTTCCGAGGATGAGATTGCCCTCTACACAGCCCTTIGTTICTCATCAATGCCCATCGGCC
AGGGCTCCAAGAGAAAAGGAAAGTAGAACAGCTGCAGTACAATCTGGAGCTGGCCTTTCATCATCATCTC
TGCAAGACTCATCGCCAAAGCATCCTGGCAAAGCTGCCACCCAAGGGGAAGCTTCGGAGCCTGTGTAGCC
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AGCATGTGGAAAGGCTGCAGATCTTCCAGCACCTCCACCCCATCGTGGTCCAAGCCGCTTTCCCTCCACT
CTACAAGGAGCTCTTCAGCACTGAAACCGAGTCACCTGTGGGGCTGTCCAAGTGACCTGGAAGAGGGACT
CCTTGCCTCTCCCTATGGCCTGCTGGCCCACCTCCCTGGACCCCGTTCCACCCTCACCCTTTTCCTTTCC
CATGAACCCTGGAGGGTGGTCCCCACCAGCTCTTTGGAAGTGAGCAGATGCTGCGGCTGGCTTTCTGTCA
GCAGGCCGGCCTGGCAGTGGGACAATCGCCAGAGGGTGGGGCTGGCAGAACACCATCTCCAGCCTCAGCT
TTGACCTGTCTCATTTCCCATATTCCTTCACACCCAGCTTICTGGAAGGCATGGGGTGGCTGGGATTTAAG
GACTTCTGGGGGACCAAGACATCCTCAAGAAAACAGGGGCATCCAGGGCTCCCTGGATGAATAGAATGCA
ATTCATTCAGAAGCTCAGAAGCTAAGAATAAGCCTTTGAAATACCTCATTGCATTTCCCTITTGGGCTTCG
GCTTGGGGAGATGGATCAAGCTCAGAGACTGGCAGTGAGAGCCCAGAAGGACCTGTATAAAATGAATCTG
GAGCTTTACATTTTCTGCCTCTGCCTTCCTCCCAGCTCAGCAAGGAAGTATTTGGGCACCCTACCCTTTA
CCTGGGGTCTAACCAAAAATGGATGGGATGAGGATGAGAGGCTGGAGATAATTGTTTTATGGGATTTGGG
TGTGGGACTAGGGTACAATGAAGGCCAAGAGCATCTCAGACATAGAGTTAAAACTCAAACCTCTITATGTG
CACTTTAAAGATAGACTTTAGGGGCTGGCACAAATCTGATCAGAGACACATATCCATACACAGGTGAAAC
ACATACAGACTCAACAGCAATCATGCAGTTCCAGAGACACATGAACCTGACACAATCTICICTTATCCTTG
AGGCCACAGCTTGGAGGAGCCTAGAGGCCTCAGGGGAAAGTCCCAATCCTGAGGGACCCTCCCAAACATT
TCCATGGTGCTCCAGTCCACTGATCTTGGGTCTGGGGTGATCCAAATACCACCCCAGCTCCAGCTGTCTT
CTACCACTAGAAGACCCAAGAGAAGCAGAAGTCGCTCGCACTGGTCAGTCGGAAGGCAAGATCAGATCCT
GGAGGACTTTCCTGGCCTGCCCGCCAGCCCTGCTCTTGTTGTGGAGAAGGAAGCAGATGTGATCACATCA
CCCCGTCATTGGGCACCGCTGACTCCAGCATGGAGGACACCAGGGAGCAGGGCCTGGGCCTGTTTCCCCA
GCTGTGATCTTGCCCAGAACCTCTCTTGGCTTCATAAACAGCTGTGAACCCTCCCCTGAGGGATTAACAG
CAATGATGGGCAGTCGTGGAGTTGGGGGGGTTGGGGGTGGGATTGTGTCCTCTAAGGGGACGGGTTCATC
TGAGTAAACATAAACCCCAACTTGTGCCATTCTTTATAAAATGATTTTAAAGGCAAAAAAAAAAANAANA
AARA

SEQ ID NO: 8 NM_021969.2 Homo sapiens nuclear receptor subfamily O
group B member 2 (NROB2), mRNA
TTTTTTTCAATGAACATGACTTCTGGAGTCAAGGTTGTTGGGCCATTCCCCCCGTTCCACTCACTGGGAA
TATAAATAGCACCCACAGCGCAGAACACAGAGCCAGAGAGCTGGAAGTGAGAGCAGATCCCTAACCATGA
GCACCAGCCAACCAGGGGCCTGCCCATGCCAGGGAGCTGCAAGCCGCCCCGCCATTCTCTACGCACTTICT
GAGCTCCAGCCTCAAGGCTGTCCCCCGACCCCGTAGCCGCTGCCTATGTAGGCAGCACCGGCCCGTCCAG
CTATGTGCACCTCATCGCACCTGCCGGGAGGCCTTGGATGTTCTGGCCAAGACAGTGGCCTTCCTCAGGA
ACCTGCCATCCTTCTGGCAGCTGCCTCCCCAGGACCAGCGGCGGCTGCTGCAGGGTTGCTGGGGCCCCCT
CTTCCTGCTTGGGTTGGCCCAAGATGCTGTGACCTTTGAGGTGGCTGAGGCCCCGGTGCCCAGCATACTC
AAGAAGATTCTGCTGGAGGAGCCCAGCAGCAGTGGAGGCAGTGGCCAACTGCCAGACAGACCCCAGCCCT
CCCTGGCTGCGGTGCAGTGGCTTCAATGCTGTCTGGAGTCCTTCTGGAGCCTGGAGCTTAGCCCCAAGGA
ATATGCCTGCCTGAAAGGGACCATCCTCTTCAACCCCGATGTGCCAGGCCTCCAAGCCGCCTCCCACATT
GGGCACCTGCAGCAGGAGGCTCACTGGGTGCTGTGTGAAGTCCTGGAACCCTGGTGCCCAGCAGCCCAAG
GCCGCCTGACCCGTGTCCTCCTCACGGCCTCCACCCTCAAGTCCATTCCGACCAGCCTGCTTGGGGACCT
CTTCTTTCGCCCTATCATTGGAGATGTTGACATCGCTGGCCTTCTTGGGGACATGCTTTTGCTCAGGTGA
CCTGTTCCAGCCCAGGCAGAGATCAGGTGGGCAGAGGCTGGCAGTGCTGATTCAGCCTGGCCATCCCCAG
AGGTGACCCAATGCTCCTGGAGGGGGCAAGCCTGTATAGACAGCACTTGGCTCCTTAGGAACAGCTCTTIC
ACTCAGCCACACCCCACATTGGACTTCCTTIGGTTTGGACACAGTGTTCCAGCTGCCTGGGAGGCTTTTGG
TGGTCCCCACAGCCTCTGGGCCAAGACTCCTGTCCCTTCTTGGGATGAGAATGAAAGCTTAGGCTGCTTA
TTGGACCAGAAGTCCTATCGACTTTATACAGAACTGAATTAAGTTATTGATTTTTGTAATAAAAGGTATG
AAACACTTGGAAAAAARA

SEQ ID NO: 9 NM_001291230.1 Homo sapiens estrogen receptor 1 (ESR1),
mRNA
AAACACATCCACACACTCTICTICTGCCTAGTTCACACACTGAGCCACTCGCACATGCGAGCACATTCCTTC
CTTCCTTCTCACTCTCTCGGCCCTTGACTTCTACAAGCCCATGGAACATTTCTGGAAAGACGTTCTTGAT
CCAGCAGGGTGGCCCGCCGGTTTCTGAGCCTTCTGCCCTGCGGGGACACGGTCTGCACCCTGCCCGCGGL
CACGGACCATGACCATGACCCTCCACACCAAAGCATCTGGGATGGCCCTACTGCATCAGATCCAAGGGAA
CGAGCTGGAGCCCCTGAACCGTCCGCAGCTCAAGATCCCCCTGGAGCGGCCCCTGGGCGAGGTGTACCTG
GACAGCAGCAAGCCCGCCGTGTACAACTACCCCGAGGGCGCCGCCTACGAGTTCAACGCCGCGGCCGLCG
CCAACGCGCAGGTCTACGGTCAGACCGGCCTCCCCTACGGCCCCGGGTCTGAGGCTGCGGCGTTCGGCTC
CAACGGCCTGGGGGGTTTCCCCCCACTCAACAGCGTGTCTCCGAGCCCGCTGATGCTACTGCACCCGCCG
CCGCAGCTGTCGCCTTTCCTGCAGCCCCACGGCCAGCAGGTGCCCTACTACCTGGAGAACGAGCCCAGCG
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GCTACACGGTGCGCGAGGCCGGCCCGCCGGCATTCTACAGGCCAAATTCAGATAATCGACGCCAGGGTGG
CAGAGAAAGATTGGCCAGTACCAATGACAAGGGAAGTATGGCTATGGAATCTGCCAAGGAGACTCGCTAC
TGTGCAGTGTGCAATGACTATGCTTCAGGCTACCATTATGGAGTCTGGTCCTGTGAGGGCTGCAAGGCCT
TCTTCAAGAGAAGTATTCAAGGTAATAGACATAACGACTATATGTGTCCAGCCACCAACCAGTGCACCAT
TGATAAAAACAGGAGGAAGAGCTGCCAGGCCTGCCGGCTCCGCAAATGCTACGAAGTGGGAATGATGAAA
GGTGGGATACGAAAAGACCGAAGAGGAGGGAGAATGTTGAAACACAAGCGCCAGAGAGATGATGGGGAGG
GCAGGGGTGAAGTGGGGTCTGCTGGAGACATGAGAGCTGCCAACCTTTGGCCAAGCCCGCTCATGATCAA
ACGCTCTAAGAAGAACAGCCTGGCCTTGTCCCTGACGGCCGACCAGATGGTCAGTGCCTTGTTGGATGCT
GAGCCCCCCATACTCTATTCCGAGTATGATCCTACCAGACCCTTCAGTGAAGCTTCGATGATGGGCTTAC
TGACCAACCTGGCAGACAGGGAGCTGGTTCACATGATCAACTGGGCGAAGAGGGTGCCAGGCTTTGTGGA
TTTGACCCTCCATGATCAGGTCCACCTTCTAGAATGTGCCTGGCTAGAGATCCTGATGATTGGTCTCGTC
TGGCGCTCCATGGAGCACCCAGGGAAGCTACTGTTTGCTCCTAACTTGCTCTTGGACAGGAACCAGGGAA
AATGTGTAGAGGGCATGGTGGAGATCTTCGACATGCTGCTGGCTACATCATCTCGGTTCCGCATGATGAA
TCTGCAGGGAGAGGAGTTTGTGTGCCTCAAATCTATTATTTTGCTTAATTCTGGAGTGTACACATTTICTG
TCCAGCACCCTGAAGTCTCTGGAAGAGAAGGACCATATCCACCGAGTCCTGGACAAGATCACAGACACTT
TGATCCACCTGATGGCCAAGGCAGGCCTGACCCTGCAGCAGCAGCACCAGCGGCTGGCCCAGCTCCTCCT
CATCCTCTCCCACATCAGGCACATGAGTAACAAAGGCATGGAGCATCTGTACAGCATGAAGTGCAAGAAC
GTGGTGCCCCTCTATGACCTGCTGCTGGAGATGCTGGACGCCCACCGCCTACATGCGCCCACTAGCCGTG
GAGGGGCATCCGTGGAGGAGACGGACCAAAGCCACTTGGCCACTGCGGGCTCTACTTCATCGCATTCCTT
GCAAAAGTATTACATCACGGGGGAGGCAGAGGGTTTCCCTGCCACGGTCTGAGAGCTCCCTGGCTCCCAC
ACGGTTCAGATAATCCCTGCTGCATTTTACCCTCATCATGCACCACTTTAGCCAAATTCTGTICTCCTGCA
TACACTCCGGCATGCATCCAACACCAATGGCTTTCTAGATGAGTGGCCATTCATTTGCTTGCTCAGTTCT
TAGTGGCACATCTTCTGICTTCTGTTGGGAACAGCCAAAGGGATTCCAAGGCTAAATCTTTGTAACAGCT
CTICTTTCCCCCTTGCTATGTTACTAAGCGTGAGGATTCCCGTAGCTCTTCACAGCTGAACTCAGTCTATG
GGTTGGGGCTCAGATAACTCTGTGCATTTAAGCTACTTGTAGAGACCCAGGCCTGGAGAGTAGACATTTT
GCCTCTGATAAGCACTTTTTAAATGGCTCTAAGAATAAGCCACAGCAAAGAATTTAAAGTGGCTCCTTTA
ATTGGTGACTTGGAGAAAGCTAGGTCAAGGGTTTATTATAGCACCCTCTTGTATTCCTATGGCAATGCAT
CCTTTTATGAAAGTGGTACACCTTAAAGCTTTTATATGACTGTAGCAGAGTATCTGGTGATTGTCAATTC
ATTCCCCCTATAGGAATACAAGGGGCACACAGGGAAGGCAGATCCCCTAGTTGGCAAGACTATTTTAACT
TGATACACTGCAGATTCAGATGTGCTGAAAGCTCTGCCTCTGGCTTTCCGGTCATGGGTTCCAGTTAATT
CATGCCTCCCATGGACCTATGGAGAGCAGCAAGTTGATCTTAGTTAAGTCTCCCTATATGAGGGATAAGT
TCCTGATTTTTGTTTTTATTTTTGTGTTACAAAAGAAAGCCCTCCCTCCCTGAACTTGCAGTAAGGTCAG
CTTCAGGACCTGTTCCAGTGGGCACTGTACTTGGATCTTCCCGGCGTGTGTGTGCCTTACACAGGGGTGA
ACTGTTCACTGTIGGTGATGCATGATGAGGGTAAATGGTAGTTGAAAGGAGCAGGGGCCCTGGTGTTGCAT
TTAGCCCTGGGGCATGGAGCTGAACAGTACTTGTGCAGGATTGTTGTGGCTACTAGAGAACAAGAGGGAA
AGTAGGGCAGAAACTGGATACAGTTCTGAGGCACAGCCAGACTTGCTCAGGGTGGCCCTGCCACAGGCTG
CAGCTACCTAGGAACATTCCTTGCAGACCCCGCATTGCCCTTTGGGGGTGCCCTGGGATCCCTGGGGTAG
TCCAGCTCTTCTTCATTTCCCAGCGTGGCCCTGGTTGGAAGAAGCAGCTGTCACAGCTGCTGTAGACAGC
TGTGTTCCTACAATTGGCCCAGCACCCTGGGGCACGGGAGAAGGGTGGGGACCGTTGCTGTCACTACTCA
GGCTGACTGGGGCCTGGTCAGATTACGTATGCCCTTGGTGGTTTAGAGATAATCCAAAATCAGGGTTTGG
TTTGGGGAAGAAAATCCTCCCCCTTCCTCCCCCGCCCCGTTCCCTACCGCCTCCACTCCTGCCAGCTCAT
TTCCTTCAATTTCCTTTGACCTATAGGCTAAAAAAGAAAGGCTCATTCCAGCCACAGGGCAGCCTTCCCT
GGGCCTTTGCTTCTCTAGCACAATTATGGGTTACTTCCTTTTTCTTAACAAAAAAGAATGTTTGATTTCC
TCTGGGTGACCTTATTGTICTGTAATTGAAACCCTATTGAGAGGTGATGTCTGTGTTAGCCAATGACCCAG
GTGAGCTGCTCGGGCTTICTCTTGGTATGTCTTGTTTGGAAAAGTGGATTTCATTCATTTCTGATTGTCCA
GTTAAGTGATCACCAAAGGACTGAGAATCTGGGAGGGCAAAAAAAAAANAAAAAGTTTTTATGTGCACTTA
AATTTGGGGACAATTTTATGTATCTGTGTTAAGGATATGTTTAAGAACATAATTCTTTTGTTGCTGTTTG
TTTAAGAAGCACCTTAGTTTGTTTAAGAAGCACCTTATATAGTATAATATATATTTTTTTGAAATTACAT
TGCTTGTTTATCAGACAATTGAATGTAGTAATTCTGTTCTGGATTTAATTTGACTGGGTTAACATGCAAA
AACCAAGGAAAAATATTTAGTTTTTTTTTTITTTTTTTGTATACTTTTCAAGCTACCTTGTCATGTATACA
GTCATTTATGCCTAAAGCCTGGTGATTATTCATTTAAATGAAGATCACATTTCATATCAACTTTTGTATC
CACAGTAGACAAAATAGCACTAATCCAGATGCCTATTGTTGGATACTGAATGACAGACAATCTTATGTAG
CAAAGATTATGCCTGAAAAGGAAAATTATTCAGGGCAGCTAATTTTGCTTTTACCAAAATATCAGTAGTA
ATATTTTTGGACAGTAGCTAATGGGTCAGTGGGTTCTTTTTAATGTTTATACTTAGATTTTICTTTTAAAA
AAATTAAAATAAAACAAAAAAAAATTTCTAGGACTAGACGATGTAATACCAGCTAAAGCCAAACAATTAT
ACAGTGGAAGGTTTTACATTATTCATCCAATGTGTITTCTATTCATGTTAAGATACTACTACATTTGAAGT
GGGCAGAGAACATCAGATGATTGAAATGTTCGCCCAGGGGTCTCCAGCAACTTTGGAAATCTCTTTGTAT
TTTTACTTGAAGTGCCACTAATGGACAGCAGATATTTTICTGGCTGATGTTGGTATTGGGTGTAGGAACAT
GATTTAAAAAAAAACTCTTGCCTCTGCTTTCCCCCACTCTGAGGCAAGTTAAAATGTAAAAGATGTGATT
TATCTGGGGGGCTCAGGTATGGTGGGGAAGTGGATTCAGGAATCTGGGGAATGGCAAATATATTAAGAAG
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AGTATTGAAAGTATTTGGAGGAAAATGGTTAATTCTGGGTGTGCACCAGGGTTCAGTAGAGTCCACTTICT
GCCCTGGAGACCACAAATCAACTAGCTCCATTTACAGCCATTTICTAAAATGGCAGCTTCAGTTCTAGAGA
AGAAAGAACAACATCAGCAGTAAAGTCCATGGAATAGCTAGTGGTCTGTGTTTICTTTTCGCCATTGCCTA
GCTTGCCGTAATGATTCTATAATGCCATCATGCAGCAATTATGAGAGGCTAGGTCATCCAAAGAGAAGAC
CCTATCAATGTAGGTTGCAAAATCTAACCCCTAAGGAAGTGCAGTCTTTGATTTGATTTCCCTAGTAACC
TTGCAGATATGTTTAACCAAGCCATAGCCCATGCCTTTTGAGGGCTGAACAAATAAGGGACTTACTGATA
ATTTACTTTTGATCACATTAAGGTGTTCTCACCTTGAAATCTTATACACTGAAATGGCCATTGATTTAGG
CCACTGGCTTAGAGTACTCCTTCCCCTGCATGACACTGATTACAAATACTTTCCTATTCATACTTTCCAA
TTATGAGATGGACTGTGGGTACTGGGAGTGATCACTAACACCATAGTAATGTCTAATATTCACAGGCAGA
TCTGCTTGGGGAAGCTAGTTATGTGAAAGGCAAATAGAGTCATACAGTAGCTCAAAAGGCAACCATAATT
CTCTTTGGTGCAGGTCTTGGGAGCGTGATCTAGATTACACTGCACCATTCCCAAGTTAATCCCCTGAAAA
CTTACTCTCAACTGGAGCAAATGAACTTTGGTCCCAAATATCCATCTTTTCAGTAGCGTTAATTATGCTC
TGTTTCCAACTGCATTTCCTTTCCAATTGAATTAAAGTGTGGCCTCGTTTTTAGTCATTTAAAATTGTTT
TCTAAGTAATTGCTGCCTCTATTATGGCACTTCAATTTTGCACTGTCTTTTGAGATTCAAGAAAAATTTC
TATTCTTTTTTTTGCATCCAATTGTGCCTGAACTTTTAAAATATGTAAATGCTGCCATGTTCCAAACCCA
TCGTCAGTGTGTGTGTTTAGAGCTGTGCACCCTAGAAACAACATATTGTCCCATGAGCAGGTGCCTGAGA
CACAGACCCCTTTGCATTCACAGAGAGGTCATTGGTTATAGAGACTTGAATTAATAAGTGACATTATGCC
AGTTTCTGTTCICTCACAGGTGATAAACAATGCTTITTTGTGCACTACATACTCTTCAGTGTAGAGCTCTT
GTTTTATGGGAAAAGGCTCAAATGCCAAATTGTGTTTGATGGATTAATATGCCCTTTTGCCGATGCATAC
TATTACTGATGTGACTCGGTTTTGTCGCAGCTTITGCTTTGTTTAATGAAACACACTTGTAAACCTCTTTT
GCACTTTGAAAAAGAATCCAGCGGGATGCTCGAGCACCTGTAAACAATTTTCTCAACCTATTTGATGTTC
AAATAAAGAATTAAACTAAA

SEQ ID NO: 10 NM_003251.3 Homo sapiens thyroid hormone responsive
(THRSP), mRNA
ATTGTGTCAGAGGAAGCAACCATGCAGGTGCTAACCAAGCGTTACCCCAAGAACTGCCTGCTGACCGTCA
TGGACCGGTATGCAGCCGAGGTGCACAACATGGAGCAGGTGGTGATGATCCCCAGCCTTICTGCGGGACGT
GCAGCTGAGTGGGCCTGGGGGCCAGGCCCAGGCTGAGGCCCCTGATCTCTACACCTACTTCACCATGCTC
AAGGCCATCTGTGTGGATGTGGACCATGGGCTGCTGCCGCGGGAGGAGTGGCAGGCCAAGGTGGCAGGCA
GCGAAGAGAATGGAACCGCAGAGACAGAGGAAGTCGAGGACGAGAGTGCCTCAGGAGAGCTGGACCTGGA
AGCCCAGTTCCACCTGCACTTCTCCAGCCTCCATCACATCCTCATGCACCTCACCGAGAAAGCCCAGGAG
GTGACAAGGAAATACCAGGAAATGACGGGACAAGTTTGGTAGACCTTGGACACTAGGGAAGATCCCTTICA
CATGATAGAAGACAGACTCTTITGATGAGGTCGGCGGAGCAGTTCACTAGCCAATGATGAGAGCAGAAAGG
CCTAGACCTGCAGCCAGAAGTGAAGGCGGCTCAGTTCTCCGGGATGCTTCTCTACCTCCTGAGCACCAAT
TCCTGGATTCCAGTCACTGGCTCACCTTTAGAATGTCTGTTGCTATTCACTGCTCCCCTCGCTCCTICTTA
ACAGCTTGGGGAGGTGACCAGTGGTTCAGGAGGGACTAGACAATTACCTGTCCAGTIGTGGTATGGTAGGA
AGAGTGTAGGTGTTGGCACGTGACCAAAATTCACATCCCTCCTCATGGCAGTCATTCAGTATGTGTACTT
GTACAAGTTATTTAACCCATTGGAGCCTAAATTCCCTCATCTATAAAATGGGGATAATATTATCTACCTC
ACAAGCTTATGAAAACTAAACATGATGAATCAAAAGCACTTGGCATGTGAGGGCTATTAAAATAGCCTGA
TTTTTTTTTTCTCCCCCTCTCCCCAATGTATTTGCTCTGGCCCTTGCTTTTTACCCTCCAGAGCTAAGAG
GTAGCAGAGTCTICTTGGGATGAGTGATTCACCCTICTTACTTGGCGACCACTGATGAGATCAACAACAGGT
GAACTATAAACCTATTATTTATTGCAGAACTAATAAAAAATCCAAAGCCTTGTATTTGTAAA

SEQ ID NO: 11 NM_152380.3 Homo sapiens T-box transcription factor
15 (TBX15), mRNA
ACTAGGACTGGAAGATCGGGCTGTGTICTAGGCCGCTGTCCGCGAAATCCGAGACGTTTTTTCAGCTTGGC
TAGGACCGACTTCGCTGCCGGTTTGAGCTTTCTCTGCACTCGGGGGTCTCCTGCCGTCCTCGACCGGTGG
CGTAACTTGGGAAGAGATTCTGAGCAGAGCACTGGTTCAGATTCTGAGGTCCTCACTGAGCGGACTTCCT
GCTCCTTCAGTACTCACACTGACCTGGCCTCTGGTGCTGCAGGCCCTGTGCCTGCTGCCATGTCTTCCAT
GGAGGAGATTCAGGTGGAGCTGCAATGTGCTGACCTCTGGAAGCGGTTCCATGATATTGGAACTGAAATG
ATCATCACCAAAGCAGGCAGGAGGATGTTTCCTGCCATGAGAGTGAAAATCACTGGCCTAGATCCACATC
AGCAGTACTACATAGCAATGGACATTGTGCCTGTGGACAATAAAAGATACAGATATGTGTATCATAGCTC
CAAGTGGATGGTGGCTGGCAATGCTGATTCCCCTGTGCCCCCAAGAGTTTATATACACCCTGATTCTICTA
GCTTCTGGAGACACCTGGATGAGACAGGTGGTCAGTTTTGACAAACTCAAGCTTACCAACAATGAGTTGG
ATGATCAAGGACATATCATTCTGCACTCTATGCACAAATACCAGCCTCGAGTTCATGTGATTCGCAAAGA
CTTCAGCAGTGACCTTTCACCCACTAAGCCTGTTICCTGTTGGGGATGGGGTGAAAACGTTCAACTTTCCT
GAGACTGTIGTITCACCACAGTTACGGCCTATCAGAATCAGCAGATTACCAGATTAAAAATTGACCGAAACC

124



CA 03217861 2023-10-25

WO 2022/235869 PCT/US2022/027776

CTTTTGCTAAAGGATTCAGAGATTCTGGGAGAAACAGAACTGGACTTGAAGCCATCATGGAGACATATGC
ATTCTGGAGACCTCCTGTGCGCACACTCACCTTCGAAGACTTCACCACCATGCAGAAGCAGCAAGGAGGC
AGCACAGGCACTTCCCCAACCACCTCCAGCACTGGGACACCATCCCCTTCGGCTTCTTCTCATCTTTTAT
CTCCATCCTGTTCTCCTCCAACTTTTCATCTGGCCCCCAACACTTTCAATGTGGGCTGCCGAGAAAGCCA
GCTGTGTAATCTAAACCTCTCTGATTATCCACCATGTGCCCGAAGCAACATGGCTGCCTTGCAGAGCTAC
CCAGGGCTGAGTGACAGTGGCTACAACAGGCTTCAGAGTGGCACCACTTCAGCCACTCAGCCCTCTGAAA
CCTTCATGCCTCAGAGGACTCCATCCCTGATCTCAGGAATACCAACTCCTCCCTCGTTGCCTGGCAACAG
CAAGATGGAAGCCTACGGTGGCCAGCTGGGGTCCTTTCCCACTTCCCAGTTTCAGTATGTCATGCAGGCA
GGCAATGCTGCCTCCAGCTCCTCATCACCACACATGTTCGGGGGCAGCCACATGCAGCAGAGCTCCTACA
ATGCCTTCTCCCTTCACAACCCTTACAACCTGTATGGATACAATTTCCCCACTTCCCCTAGGCTAGCTGC
AAGCCCGGAAAAACTGAGCGCCTCTCAAAGCACTTTACTCTIGTTICTTICTCCTTCCAACGGGGCCTTTGGA
GAGAGGCAGTACCTGCCGTCAGGGATGGAGCACAGCATGCACATGATTAGCCCTTCACCCAATAACCAAC
AGGCAACCAACACTTGTGATGGCCGGCAGTATGGGGCAGTTCCAGGCTCCTCCTCCCAGATGTCCGTGCA
CATGGTTTAAAGGCCAGTCCAAACACCACGGAGCATTTGGCAATCAAGGCCCCAGAGTCTCCGTGGTCAG
ATCCTCCTCTTTGGGAGTCCAGTGTCTTTGAAAAACAGGAACCGTGTTTTTTITTTTTITTITITTTITTTICTGG
CCGAAGACATATACCCAAGAACAAGAGATACCTTTAAGCCAGTGAAGGATACTTGCGATAGAATCATCCG
CAACTCAGTGGCCATTCTTCTGCCTTCCCAGACCTTAGTTTTATAAAGCATTGTCTGTTCCAGAGTGGCC
TTTGAAGAGACTGAATAATCACTTCGTCATAATGTTAAGGGAGATGCTAGTGTGTGGCAGCCATGAAAAG
TTACACATACACACCCACATACAGACAGACCTACCTATACATACGTGCACACACACATACATATTCATAC
ACAATTCATACACATGCAATCATACATGCACACTGACTCTGAACTGGGTGAACTCTGTGGAGGGAGGCCC
AGAATGGGTGCTTTCACCAAGAATTTGTCTGTGTACAACTCTAGATGGAGTGGGCCAGCAGTAGCTGCCA
GICTTTCTCCCCTGCAGCTTCCTCTGCTTCTGGAATGAACCATGTATCCTGGAGACCCTCCCAATGGATG
AGAGTGGAAAGACATCAGTACAACTGGACTTGGCTTCCGGAAAAAGATTGCTTTTGAACTTTGGCTCTICT
TCACTTGTATGCTATCATTGATATTCCCAGTGGTGCCCGTGGAAAGAGGGAGAAAGAGAAGCTGAACAGG
AGAAAGACAAACAGAAAGAATAGAGAACAGGAACGAGGTGGAGAGCAAGACTGACAGAGAAAGTGTGAGC
AATGATGAGAATTTTAATTCACCAAGGAGACGTGTITTTTGGTTTGTCCCCCCAAACCCCGCCCGCCCCAL
TACAGGTTATGGAAAGAATCATGGCATTACTGAGGAGTAAACCTCTCTGGCACACTGAGCATGGTCAGGG
CATTGGTCAGAGGGACAGAGCAAGGAATGCATCCTGAGCCCACAGCTTTGACCACTGTGATCCAGAAGAG
AGGTGCACTACGTGGGAAGTGCTGATTCCACAGCATGCAGCCTGGTAGGGGAAGGAAAATAARAAGGGTGT
GAAGAAGGAATAGTTTTATAATCTCGGAAGATGATACCAAGAGCAGAGGCAACAAATAGAGGCCTGGCCT
CCAGGTGCCGGATCCAGACACCTGACCTAGAATGCCTGCCCGCTATCCCTGTGGCAGGAAATATCCCCTC
ATGTCCCAGGGAATTGCAGATGGGTCTTCTATACCCTTICTACCTGCCCTTAGATCTCCATTTTTATCAAA
TAGTACATTGCATTTTGAAGTTTTGGGTTTTGTCCTTCATCTTTICCCTTTCCCTTCAAATCTTTTAATGG
TAAGAAAGCAAGTGAAGCTTGGTGCAAGCTAAAATTTTTAAATGGTGTGGAAATGCAAATAATACCAAGT
AAAATAATACAGATATTATTAAAGTTTCTGGTTTTGAGGTGTTGTAGATAAATGTATTTATGTGCCTAGT
GGGGAATCCAATATTATGAATATGAAAAAGGGGGCAATAAAAGGGTATGTAAAATATGTATGAAGAAAAG
GTGTACAAAAATTTGCCCTTATGCACGGAACTCTGTTTCTAAGTGCCAAGCACAGAAAGCCGCTAAATAA
AATCTTTGCAATTGT

SEQ ID NO: 12 NM_002126.4 Homo sapiens HLF transcription factor,
PAR bZIP family member (HLF), mRNA
ACTCTTGTCAGGGCCGCGGCACATGGGCGGCCGGATGCGCTGAGCCCGGCGLCTGCGEGEGEGLCGLCGEGAGLGL
TGGGGAGCAGCGGCCGCCGGLGCGEGGEGEAGGGEEGEGTGGEGEGETGGGACGGCGCACCGLCTCCGGETGLTGGLCALC
TAGGGGCTGGGGTCGGCGCGGTGTCTTCTGCCCTTCTGCAGCCGTCGACATTTTTTTTTCTTTICTTTTTT
TCAATTTTGAACATTTTGCAAAACGAGGGGTTCGAGGCAGGTGAGAGCATCCTGCACGTCGCCGGGGAGC
CCGCGGGCACTTGGCGCGCTCTCCTGGGACCGTCTGCACTGGAAACCCGAAAGTTTTTTTTTAATATATA
TTTTTATGCAGATGTATTTATAAAGATATAAGTAATTTTTTTCTTCCCTTITTCTCCACCGCCTTGAGAGC
GAGTACTTTTGGCAAAGGACGGAGGAAAAGCTCAGCAACATTTTAGGGGGCGGTTGTTTICTTTCTTATTT
CTTTTTTTAAGGGGAAAAAATTTGAGTGCATCGCGATGGAGAAAATGTCCCGACCGCTCCCCCTGAATCC
CACCTTTATCCCGCCTCCCTACGGCGTGCTCAGGTCCCTGCTGGAGAACCCGCTGAAGCTCCCCCTTCAC
CACGAAGACGCATTTAGTAAAGATAAAGACAAGGAAAAGAAGCTGGATGATGAGAGTAACAGCCCGACGG
TCCCCCAGTCGGCATTCCTGGGGCCTACCTTATGGGACAAAACCCTTCCCTATGACGGAGATACTTTCCA
GTTGGAATACATGGACCTGGAGGAGTTTTTGTCAGAAAATGGCATTCCCCCCAGCCCATCTCAGCATGAC
CACAGCCCTCACCCTCCTGGGCTGCAGCCAGCTTCCTCGGCTGCCCCCTCGGTCATGGACCTCAGCAGCC
GGGCCTCTGCACCCCTTCACCCTGGCATCCCATCTCCGAACTGTATGCAGAGCCCCATCAGACCAGGTCA
GCTGTTGCCAGCAAACCGCAATACACCAAGTCCCATTGATCCTGACACCATCCAGGTCCCAGTGGGTTAT
GAGCCAGACCCAGCAGATCTTGCCCTTTCCAGCATCCCTGGCCAGGAAATGTTTGACCCTCGCAAACGCA
AGTTCTCTGAGGAAGAACTGAAGCCACAGCCCATGATCAAGAAAGCTCGCAAAGTCTTCATCCCTGATGA
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CCTGAAGGATGACAAGTACTGGGCAAGGCGCAGAAAGAACAACATGGCAGCCAAGCGCTCCCGCGACGLC
CGGAGGCTGAAAGAGAACCAGATCGCCATCCGGGCCTICGTTCCTGGAGAAGGAGAACTCGGCCCTCCGCC
AGGAGGTGGCTGACTTGAGGAAGGAGCTGGGCAAATGCAAGAACATACTTGCCAAGTATGAGGCCAGGCA
CGGGCCCCTGTAGGATGGCATTTTTGCAGGCTGGCTTTGGAATAGATGGACAGTTTGTTTCCTGTCTGAT
AGCACCACACGCAAACCAACCTTTCTGACATCAGCACTTTACCAGAGGCATAAACACAACTGACTCCCAT
TTTGGTGTGCATCTGTGTIGTGTGTGCGTGTATATGTGCTTGTGCTCATGTGTGTGGTCAGCGGTATGTGC
GTGTGCGTGTTCCTTTGCTCTTGCCATTTTAAGGTAGCCCTCTCATCGTCTTTTAGTTCCAACAAAGAAA
GGTGCCATGTCTTTACTAGACTGAGGAGCCCTCTCGCGGGTCTCCCATCCCCTCCCTCCTTCACTCCTGC
CTCCTCAGCTTTGCTTCATGTTCGAGCTTACCTACTCTTCCAGGACTCTCTGCTTGGATTCACTAAAAAG
GGCCCTGGTAAAATAGTGGATCTCAGTTTTTAAGAGTACAAGCTCTTGTTTCTGTTTAGTCCGTAAGTTA
CCATGCTAATGAGGTGCACACAATAACTTAGCACTACTCCGCAGCTCTAGTCCTTTATAAGTTGCTTTCC
TCTTACTTTCAGTTTTGGTGATAATCGTCTTCAAATTAAAGTGCTGTTTAGATTTATTAGATCCCATATT
TACTTACTGCTATCTACTAAGTTTCCTTTTAATTCTACCAACCCCAGATAAGTAAGAGTACTATTAATAG
AACACAGAGTGIGTITTITTGCACTGTCTGTACCTAAAGCAATAATCCTATTGTACGCTAGAGCATGCTGCC
TGAGTATTACTAGTGGACGTAGGATATTTTCCCTACCTAAGAATTTCACTGTCTTTTAAAAAACAAAAANG
TAAAGTAATGCATTTGAGCATGGCCAGACTATTCCCTAGGACAAGGAAGCAGAGGGAAATGGGAGGTCTA
AGGATGAGGGGTTAATTTATCAGTACATGAGCCAAAAACTGCGTCTTGGATTAGCCTTTGACATTGATGT
GTTCGGTTTTGTTGTTCCCCTTCCCTCACACCCTGCCTCGCCCCCACTTTTCTAGTTAACTTTTTCCATA
TCCCTCTTGACATTCAAAACAGTTACTTAAGATTCAGTTTTICCCACTTTTTGGTAATATATATATTTTTG
TGAATTATACTTTGTTGTITTTTAAAAAGAAAATCAGTTGATTAAGTTAATAAGTTGATGTTTTCTAAGGC
CCTTTTTCCTAGTGGTGTCATTTTTGAATGCCTCATAAATTAATGATTCTGAAGCTTATGTTTCTTATTC
TCTGTTTGCTTTTGAACGTATGTGCTCTTATAAAGTGGACTTCTGAAAAATGAATGTAAAAGACACTGGT
GTATCTCAGAAGGGGATGGTGTTGTCACAAACTGTGGTTAATCCAATCAATTTAAATGTTTACTATAGAC
CAAAAGGAGAGATTATTAAATCGTTTAATGTTTATACAGAGTAATTATAGGAAGTTCTTTTTTGTACAGT
ATTTTTCAGATATAAATACTGACAATGTATTTTGGAAGACATATATTATATATAGAAAAGAGGAGAGGAA
AACTATTCCATGTTTTAAAATTATATAGCAAAGATATATATTCACCAATGTTGTACAGAGAAGAAGTGCT
TGGGGGTTTTTGAAGTCTTTAATATTTTAAGCCCTATCACTGACACATCAGCATGTTTTCTGCTTTAAAT
TAAAATTTTATGACAGTATCGAGGCTTGTGATGACGAATCCTGCTCTAAAATACACAAGGAGCTTTICTTG
TTTCTTATTAGGCCTCAGAAAGAAGTCAGTTAACGTCACCCAAAAGCACAAAATGGATTTTAGTCAAATA
TTTATTGGATGATACAGTGTTTTTTAGGAAAAGCATCTGCCACAAAAATGTTCACTTCGAAATTCTGAGT
TCCTGGAATGGCACGTTGCTGCCAGTGCCCCAGACAGTTCTTTTCTACCCTGCGGGCCCGCACGTTTTAT
GAGGTTGATATCGGTGCTATGTGTTTGGTTTATAATTTGATAGATGTTTGACTTTAAAGATGATTGTTCT
TTTGTTTCATTAAGTTGTAAAATGTCAAGAAATTCTGCTGTTACGACAAAGAAACATTTTACGCTAGATT
AAAATATCCTTTCATCAATGGGATTTTCTAGTTTCCTGCCTTCAGAGTATCTAATCCTTTAATGATCTGG
TGGTCTCCTCGTCAATCCATCAGCAATGCTTCTCTCATAGTGTCATAGACTTGGGAAACCCAACCAGTAG
GATATTTCTACAAGGTGTITCATTTTGTCACAAGCTGTAGATAACAGCAAGAGATGGGGGTGTATTGGAAT
TGCAATACATTGTTCAGGTGAATAATAAAATCAAAAACTTTTGCAATCTTAAGCAGAGATAAATAAAAGA
TAGCAATATGAGACACAGGTGGACGTAGAGTTGGCCTTITTTACAGGCAAAGAGGCGAATTGTAGAATTGT
TAGATGGCAATAGTCATTAAAAACATAGAAAAATGATGTCTTTAAGTGGAGAATTGTGGAAGGATTGTAA
CATGGACCATCCAAATTTATGGCCGTATCAAATGGTAGCTGAAAAAACTATATTTGAGCACTGGTCTCTC
TTGGAATTAGATGTTTATATCAAATGAGCATCTCAAATGTTTTCTGCAGAAAAAAATAAAAAGATTCTAA
TAAAATGTATTCTCTTGTGTGCCAGGAGAGGTTTCAGAAACCTACCTCGTCTTACAAATTTAAACACTTT
GGAGTCTGTACAGGTGCCTTATATGTAGGTCATTGTCACGATACACACACACGAACACTCCCTCTGGACT
GGCTGCCTCTCCATCCAGGGCAGTTAACTAGCAAACAAGGCAGATCTGCTTCATGGAGCGGGAGGCCATG
GCTTGACTCTGAGTGATTTGGGTCAACCGGAGTCAGACGCATGTCTGCACGCTGCAGCTATTATGAGAGT
CCCTTTGTCATTTTTCACCTTITTCATCCTAAGCATCTTTCAGAGATTAATTATTTGGCCATTAACAATGA
ATCCAAATCATATCATACTGACATCATCTAGACATGATTTGGAAGGAACAGCTTAGGACCTCCTGATGAG
GTCACATTGTTGTTTICTTTTAACTAGACTTGGCAAAGAAAGGCAAAAATTGACCAGCCTATCTTTCTGCT
GGTGCTGCCTTAAGGAGGTAGTTTGTTGAGGGGAGGGCTGTAGATCATTACTTICTTTCTCTTCAGGAAGT
GGCCACTTTGAACCATTCAAATACCACATTAGGCAAGACTGTGATAGGCCTTTTGTCTTCAAATACAACA
GGCCTCCACTGACCCATCCCTCAAAGCAGAAGGACCCTTTGAGGAGAGTACAGATGGGATTCCACAGTGG
GGTGGGTGGAATGGAAACCTGTACTAGACCACCCAGAGGTTCCTTCTAACCCACTGGTTTGGTGGGGAAC
TCACAGTAATTCCAAATGTACAATCAGATGTCTAGGGTCTGTTTTCGGAAGAAGCAAGAATTATCAGTGG
CACCCTCCCCACTGCCCCCAGTGTAAAACAATAGACATTCTGTGAAATGCAAAGCTATTCTTTGGTTTTT
CTAGTAGTTTATCTCATTTTACCCTATTCTTCCTTTAAGGAAAACTCAATCTTTATCACAGTCAATTAGA
GCGATCCCAAGGCATGGGACCAGGCCTGCTTGCCTATGTGTGATGGCAATTGGAGATCTGGATTTAGCAC
TGGGGTCTCAGCACCCTGCAGGTGTCTGAGACTAAGTGATCTGCCCTCCAGGTGGCGATCACCTTCTGCT
CCTAGGTACCCCCACTGGCAAGGCCAAGGTCTCCTCCACGTTTTTTICTGCAATTAATAATGTCATTTAAA
AAATGAGCAAAGCCTTATCCGAATCGGATATAGCAACTAAAGTCAATACATTTTGCAGGAGGCTAAGTGT
AAGAGTGTGTIGIGTGIGTGTGTGCGTGCATGTGTGTGTGTGTGTATGTGTGTGAATAAGTCGACATAAAG
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TCTTTAATTTTGAGCACCTTACCAAACATAACAATAATCCATTATCCTTTTGGCAACACCACAAAGATCG
CATCTGTTAAACAGGTACAAGTTGACATGAGGTTAGTTTAATTGTACACCATGATATTGGTGGTATTTAT
GCTGTTAAGTCCAAACCTTTATCTGTCTGTTATTCTTAATGTTGAATAAACTTTGAATTTTTTCCTTTCA
AARAARA

SEQ ID NO: 13 NM_032827.7 Homo sapiens atonal bHLH transcription
factor 8 (ATOH8), mRNA
AGATGACACTCTGAGCGCTCCGGGAACGGACAGCCCGGCGGCTTCCCGAAGCCGGCGGCGCAGCTGCCCG
GGGCGAGGGGGAGAAAGGGAGAGAGGGAGGGGGAGGGCGGGCGAAGCGGGAGAGCCAGAGACTCCTICGGL
GCTGAGCGCGGCGGCGGCCCGGGCAGCCCCACGCCCCTGCCTCGCGCGCCGCCCGCGCCATGAAGCACAT
CCCGGTCCTCGAGGACGGGCCGTGGAAGACCGTGTGCGTGAAGGAGCTGAACGGCCTTAAGAAGCTCAAG
CGGAAAGGCAAGGAGCCGGCGCGGCGCGCGAACGGCTATAAAACTTTCCGACTGGACTTGGAAGCGCCCG
AGCCCCGCGCCGTAGCCACCAACGGGCTGCGGGACAGGACCCATCGGCTGCAGCCGGTCCCGGTACCGGT
GCCGGTGCCAGTCCCAGTGGCGCCGGCCGTTCCCCCAAGAGGGGGCACGGACACAGCCGGGGAGCGLGGG
GGCTCTCGGGCGCCCGAGGTCTCCGACGCGCGGAAACGCTGCTTCGCCCTAGGCGCAGTGGGGCCAGGAC
TCCCCACGCCGCCGCCGCCGCCGCCTCCTGCGCCCCAGAGCCAGGCACCTGGGEGGCCCAGAGGCACAGLCC
TTTCCGGGAGCCGGGTCTGCGTCCTCGCATCTTGCTGTGCGCACCGCCCGCGCGCCCCGCGCCGTCAGCA
CCCCCAGCACCGCCAGCGCCCCCGGAGTCCACTGTGCGCCCTGCGCCCCCGACGCGCCCCGGGGAAAGTT
CCTACTCGTCAATTTCACACGTAATTTACAATAACCACCAGGATTCCTCCGCGTCGCCTAGGAAACGACC
GGGCGAAGCGACTGCCGCCTCCTCCGAGATCAAAGCCCTGCAGCAGACCCGGAGGCTCCTGGCGAALCGLC
AGGGAGCGGACGCGGGTGCACACCATCAGCGCAGCCTTCGAGGCGCTCAGGAAGCAGGTGCCGTGCTACT
CATATGGGCAGAAGCTGTCCAAACTGGCCATCCTGAGGATCGCCTGTAACTACATCCTGTICCCTGGCGCG
GCTGGCTGACCTTGACTACAGTGCCGACCACAGCAACCTCAGCTTICTCCGAGTGTGTGCAGCGCTGCACC
CGCACCCTGCAGGCCGAGGGACGTGCCAAGAAGCGCAAGGAGTGACTGGCTGCAGGCAAGACCAAGGCCA
CCACTGTGGGCCCTCCTTCCAGTCAGGCCTGAGGACAAGGTGAGCTCGCTGAGTCCAGCCTCGTGGTICTT
CTCCAAGATGCCGCCAGATGCCCAGCCTACAGCCTCTCAGGGTCGGATCGGAGCACGCCTIGCCTCCCTICT
CCCCTCCGCCCTCACCCAGCCAATCCGAGGCTGCTTCGCACTTTGCCCTCTGCCTGGTGGGGAGGGGAGA
GCTCAGCCCCCGACTCACTCAGACCCCAAGGCCCACTGTCCAGCTGCAGAAATTCGTTGCCAAAGATTGG
ACAGAGACACCGAAGGAAATGGGGTGGTGAAACCCCACAGCGAAANAGCCACACCGTTGCTCTGTGACTTT
TGCTCCTCCTGTTGCCTGAGCCCCATCTCAAGCCAAAGATGAGTCAGTGGTTCTGCTAGGAACTCATGGA
ATGGATGGGCATTTGATGACCCCTGGGGGTCATCTTGGCCCTCTGACCTGGTGCTCTCTCTCCACTGGGC
CTTGTGCTGGCTGAGTGCAAGACAAGCCTTAGGGGCTGTGAGAGGGAGGCTGGGGTGCCTGGGCGGEGGCT
GGGAGTGGGACCTGAGATCCCTGCCCACTCTCTCCCCTTCATTGGCTGCCCAGGCCACTGGCCCCAGTTC
TCAGTGTCCCTTGGGTCCAGGCTCCTTGGGCCCTAAGCATCACCAGAAGGGAGTAAGCAGGGAGAGAAGC
AATATTACTCCCTCCCCTACACCAGGGACTTGCCCCAGGGCAGCTACCTATGGGTCTTTGCTTCCCCAGC
CAGCCTCTCCTCACTGTGACCCACCCCCATGGGCCCCCGTCCCAGGCAGCCAGCACCATGGGCAGGCCCT
GCCATGGACAGAAAAAGAGTTTTTICTCTTGTTCAGCCTGCACGTGGCCTGAGGAAGGAGTAGAGGCTGGG
TTGGCTGGAGCCGTCCTACTGGGCAAGATGGCGCCCCACTTGGAGGGCGGTGGTCTGTTACAGGGTGTGC
AGGGGCAGAGAAGGAAGGGACCAGGGGACTGGGCCAGTATGTGGAGGATGGGGCCTGCGTGTTCAAAGCC
AAGGCCCGCCCCTTCCTTGTGCTCAAATGGCCAAAGCTGTTCACGTCTGTGCTCAACCATCTGCTTCAAA
TTGAAGTAAAAGCCCCAAAATGTCAAGAAAATACTTGTGTTGAGTGGACTCTGTGGGTGACCAGGACTTT
GGCCGGTCATCAGCTGGGGAGTGTGAGGGAGGGGGTTGGTTTCTACCTACAGGTTGAGAGCCCTTCAGGA
TCAGGCGCTGTCCGAGTGAGAGTGTGTIGTGTCTGTGTGTGGAAGGGGGTGGAGGGCGGTTCCCACAGTAG
TCTCAGCCTGGACTAGTGACCAGGAGGCCTGGTCAGGAACACATGAGGAGCCCTICTICTGTCCGCACTGCA
CTCAATCTGTACCATGGATTTATGAGATAGGGGCCCCTATTATTAACCCCGTTTICACAGATGGGGTAACT
GAGGCCTCAAGTAGACAGGGTCAGTCGGTGACAGAGCCAGTCATCGAATCAGGATGGGCTCACTTCAAAT
CCTGTGCTCTCAAACCTTTTCCAGCCCCATCACCAGTCCCAGCCCAAAGTCTCTTGTIGTGGCCTTGTCAC
ATTGCTTCACCTCAGCGGGCCTAAGGTAGGGACAATAAAGGCCCATTGGGACTGGGGGAAGGGGTGATAA
GATAAAAAATAGGAGAGCACTGTCAAGGCAGAAGGGACAGGGCTGGCCAAGGAAAGGGGGATAGGAGGGG
ACCGGAGGCTGCAGCCATACAGGACACAGTTTGTCCCTTGGTTTCACCAGTGTCACTTTICTCGTCTCTGC
TGCTCAGACTCCTGGGCTGGGCTGGGGCTGGCTGCAGGGAGCCCCCCTTGCAGTAGCGTTTCTCAGGCTG
GCCCTTTACCAAGGACCACAGTGTCCATGCTGTCTTGGATCCCTAGGCTGGCACAGAAACAGGGGACCCA
GGTGGCCCTGAGCACTCCTCAGAGCAAAGGTGCTCTGGAAGCAGACTGGACAGAGTGGGCATGGAATGGG
GCCAGGAGGGTCTGTTAGGAAGGTTCAGCCACCCTGTGAAGCTGGCACAGATAACAGCACTGCTCTGTTG
TCCCTCGGAGCCTCTGAGTAACCCTGATGGCACTTCCTAAGGCAGCAGGACATGTGGACTGACCAGCATC
AAACTGTTGACATAGAAGACCATTTCTATTACCAAAGGGAGTGTACCCCATTCTGCTGCCAAGGGAGCAA
ACCCATGGCCTTACCACCCAGAAAGAGCCCATCCTCCACCTCCCATCCCCCTCCTGCATACATACTTCAT
TACATGTTTCCCTTTCATTCTGAAGCATCATTGATGACCAGCTGCCTGTCAGACACTAAGATAGGCAGTG
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GGAATGAAGAGATGGATCTTGTGTCATGCATGGCATCACGGAGCTCTGGGTTCTGTACGGAGGGTGGGAC
AGACAGGTAGACAAGCAAATAATTATGATTATAGCAGATGACTAAGGTGTTGTCGGGAGCTTCAGGAAAG
GAAGAACTAACTCTTGGGGAGGTTICTCAGGAAGGATTTCCCTGGAAAGTAGCCATGGGACTTGCGTCTTA
AATGGTGAGTAAAAGCTTTCTGAGCAGGGGAGTAGGAAAAGGGCTTTCTATGCAGAGGAGCACTCAGCGC
TGGCAGGAAATTGGAATCACCCAAGGAGATTATTAAATATTAAATATTGATATGAAGTATTGATGCCCAA
TTTCATCTCCAGAAATTCTGATGTATTGGTCTAGGGTGTTGCCTGGTCATTGGGATTTTTACAAGCTCCT
CAAGTGATCTTAATGTGCAGGCAAGGTTGAAGCCGCTGGTICTAAGTGGGGTCTGGTCTACGATAAGAAAG
TGACTTTGAGCCATCGATTTGGGAGACAGGCTCTGGGTGGATGTGTGTGTGTGCACACATATGTATGTAT
GTGGATGACTAAAAGTGCATGCTCTCCTCTCCTTTCCCAGCTTCCTCTCCAGCACAGCAACTTGTGTTCG
TATGCACACACATGCATACTCTICTCTCATGGGCACATGCATACCCACACACACACTCGTGTACATTTCCA
GAAAATGGAATTACATTTCAGATAGATTCAGATTCCAACGGCAGTCTTCTAAACACTTTTATGCAAGCAG
CCATTCAAGGAGACCCTCAGCAAAATATAAATGACGAGGAGCTGCCCTCATGGGGCCCTGTGAAAGCACT
TTGCAGTCCAGCCTTGGGTITTGTGGTCACAGAGTCACCTGTGGATGTTTGTAGCACACTCTCCTTGTCTT
GTICTGCTCTGGGTCACCAGGCACAGGCCATAAAGGGATGAGGGGGCCCTCTCCAGGGACCCGCAAGATCT
TCCTGGGTATGTCTGCATGAAGCCCCACGTGTGCACACCCATCTTCATGTGTGTGTGTGCCAGCCTCCTG
CTCTCTGCAGAACAAAACCAGAAGGAATGGCTCTGGGAGTTGGAGATCTCAGCTCACAGGCCAAGCTTTG
CAAGACTCTCCAAAGACTGCCCACAGACTGTGCTGCTTCCTGGGTCTGGCCTGAGACTATCCCAGAAGAG
AGGGTTAAATTCTGGAGGTGAGGTTTTGAGCAAGTGTTCATCCCCCCACACTATGCTCCTTCCTGTICTCC
ATGGCCACATCCTTCAAGGCTCTGTGCTGTTICTCTITTTTTTCTGGATTTCTCCACCTCCACCAAGTTCCC
CTTTCTCACAGCTAGTGGAGGCATGAGTAGGCAGGTCCCAGGGGCTGGGAACTGGGTAGCATTGCCATGT
GCAGGGACTGTGTTGGGAGCTGCAGGTACAGAGCTCCTCTGTGCTCAAGAGCTTGCCGGTGAGCCTGGAC
GGAGGCATAGGTGCAGCTAATTAGGATAAGACAGGGGCCGCGCTGTGGTCAGCCGTGGGAAGCCGGCGAG
GGGACTGGAGTTGGGGCTACACTTGCCTCCCTCCTATGCTGCTTCCTGAGCCACGAAGTGGTCATTGCCA
GCATCCCAGGCAACAAACAGCAAGACTCAGACATCTCCAAGGAAACCCTTTGAGTGGATCTGTACCGTTG
TTCTCGTCTTGCTCTCTTGCTGCCCTGCCACCTTCACAGCTGCTTTCTGTTTCCTGGTTCCAGGAAGACA
GCGGGGCACAGGGTCCCTIGCTTTGTGAGGAGCAGCTGGCTTCTCCCTTTGCCCCCAGGTTTTGCCCTCCC
ACATGTCTCCCTTICTGGTGACCCGGACCCCAGACAAACTATGCCTGCCTCCCTGAAGCCAGGCATCCTGA
GGAACTTGATAGACAAACAATGACAGTGTTTTCCAGAACTGTGGGTACGTGTICTAATCTCAGATGGTACT
ATGAATTCCTGGAGATCAAAGTTTGGATCTAATTCAACCCCTGATCCTCGAAACGGCTTTCTTGCAAAGT
GTATATATTGGTTTICTTTGCTGAATGAATGAATAAAACATGGAAAATGTGGTAATTCA

SEQ ID NO: 14 NM_003889.3 Homo sapiens nuclear receptor subfamily
1 group I member 2 (NR1I2), mRNA
TTCTTAACCCTTTCCAGCTTTCCCACCCTCTTTGGCTTTAGCCATGGCCTTCTGATCTGTGTTTCTCAGG
GGACCTGCAGGCCCCAGATATAGCCCCATGCTGTCCTCCTACCCCAGAGCACACTGTTCAGGCTACTTCC
ACTGGTACTGAAATCCAGTATTTCACTTACTCTTTTTCTTTICCAATATCCTCATGACATTCAATATTTCA
CTTACTCTAGGTCCTCCCTGCCTAAGGCCCAAGTCAACTTTICTGTCCAGTGGGATTTGTAATCCAATACC
TCCTAGCCCTAGCAGAATCCCATGTGGATAATCAGAAATGTGACTGGAAAAAGGACAGAGCTCTATGGCT
GTGGGTCCCAGTCCCCACTGCTGGCAGTAAGTCCCCAGCAGTGAGCTGTGTAAGCACCTTACATTCTGCG
CTTGGTTGAAAACAGCAAGGCAAGCATCCACTTGAGAAATGTCAACCCCTAGGAAATCCCAGCCTCAAGT
CTTTCTCATCCCTTGGGAAGTGCAAATTGGATAGAGAAGAAACCAATTAAAAACAAAACAAACAAATCAT
ACTTAGATATTCTGGCTTTTCTCACCAGGGCTGGATTAAAGCATGTACTTCAAAATAATAACAACTTAAG
TCAATAAATAAATGTAAGGAAGTCCAAATGTTCACCTGAAGACAACTGTGGTCATTTTITGGCAATCCCA
GGTTCTCTTTTCTACCTGTITTGCTCAATCGTGGTCTCCCTCTCCCTCTCTTGTTGGGGCCCATGCCCCTG
CTTTACTGTTGCCAGAGGCTTGTACTTGTTTGCCTTTTAGGTAGGAGCAGTTACTTCCACTCCCCTCACC
TGCCATAAAGCATCTTTATAAACAAAGCAAGTAGAAGAAACACATCCTGGTATCCACCACATTCGGCTTT
TGTTGATTCTGTTCACTTGGGAGCACCTGCTGCTAGGGAATAAGAAGGTTGAGGCTGAAGAGTGAGGACT
CTTCAGCTCCCCTCTGGCAGGACCCGGGAGAGGAAAGAGCCCTCAGCTGGTCCATCCTCCCCACTCCTGG
TCAGCCTTICTGTTCTGAGATCAAAGTGGTGGGGTCACATTCTCGAGAACTGTGCTCAGCCCCCTCATCTC
ACACCCTTTCCCTCTCCCTGTGTGCCTGCCCCCCTCTTACATAACCATGCTGGTGATTGGCACCGTCATA
AATCAATACTTTGCTCACTTTCACATCAAGTAACACTATCCAGGGAGGTGGTTTCAACAAAGGAGGAAGT
ATAAGGAGATCTAGGTTCAAATTAATGTTGCCCCTAGTGGTAAAGGACAGAGACCCTCAGACTGATGAAA
TGCACTCAGAATTACTTAGACAAAGCGGATATTITGCCACTCTCTTCCCCTTTTCCTGTGTTTTTGTAGTG
AAGAGACCTGAAAGAAAAAAGTAGGGAGAACATAATGAGAACAAATACGGTAATCTCTTCATTTGCTAGT
TCAAGTGCTGGACTTGGGACTTAGGAGGGGCAATGGAGCCGCTTAGTGCCTACATCTGACTTGGACTGAA
ATATAGGTGAGAGACAAGATTGTICTCATATCCGGGGAAATCATAACCTATGACTAGGACGGGAAGAGGAA
GCACTGCCTTTACTTCAGTGGGAATCTCGGCCTCAGCCTGCAAGCCAAGTGTTCACAGTGAGAAAAGCAA
GAGAATAAGCTAATACTCCTGTCCTGAACAAGGCAGCGGCTCCTTGGTAAAGCTACTCCTTGATCGATCC
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TTTGCACCGGATTGTTCAAAGTGGACCCCAGGGGAGAAGTCGGAGCAAAGAACTTACCACCAAGCAGTCC
AAGAGGCCCAGAAGCAAACCTGGAGGTGAGACCCAAAGAAAGCTGGAACCATGCTGACTTTGTACACTGT
GAGGACACAGAGTCTGTTCCTGGAAAGCCCAGTGTCAACGCAGATGAGGAAGTCGGAGGTCCCCAAATCT
GCCGTGTATGTGGGGACAAGGCCACTGGCTATCACTTCAATGTCATGACATGTGAAGGATGCAAGGGCTT
TTTCAGGAGGGCCATGAAACGCAACGCCCGGCTGAGGTGCCCCTTCCGGAAGGGCGCCTGCGAGATCACC
CGGAAGACCCGGCGACAGTGCCAGGCCTGCCGCCTGCGCAAGTGCCTGGAGAGCGGCATGAAGAAGGAGA
TGATCATGTCCGACGAGGCCGTGGAGGAGAGGCGGGCCTTGATCAAGCGGAAGAAAAGTGAACGGACAGG
GACTCAGCCACTGGGAGTGCAGGGGCTGACAGAGGAGCAGCGGATGATGATCAGGGAGCTGATGGACGCT
CAGATGAAAACCTTTGACACTACCTTCTCCCATTTCAAGAATTTCCGGCTGCCAGGGGTGCTTAGCAGTG
GCTGCGAGTTGCCAGAGTCTCTGCAGGCCCCATCGAGGGAAGAAGCTGCCAAGTGGAGCCAGGTCCGGAA
AGATCTGTGCTICTITTGAAGGTCTCTCTGCAGCTGCGGGGGGAGGATGGCAGTGTCTGGAACTACAAACCC
CCAGCCGACAGTGGCGGGAAAGAGATCTTCTCCCTGCTGCCCCACATGGCTGACATGTCAACCTACATGT
TCAAAGGCATCATCAGCTTTGCCAAAGTCATCTCCTACTTCAGGGACTTGCCCATCGAGGACCAGATCTC
CCTGCTGAAGGGGGCCGCTTTCGAGCTGTGTCAACTGAGATTCAACACAGTGTTCAACGCGGAGACTGGA
ACCTGGGAGTGTGGCCGGCTGTCCTACTGCTTGGAAGACACTGCAGGTGGCTTCCAGCAACTTCTACTGG
AGCCCATGCTGAAATTCCACTACATGCTGAAGAAGCTGCAGCTGCATGAGGAGGAGTATGTGCTGATGCA
GGCCATCTCCCTCTTCTCCCCAGACCGCCCAGGTGTGCTGCAGCACCGCGTGGTGGACCAGCTGCAGGAG
CAATTCGCCATTACTCTGAAGTCCTACATTGAATGCAATCGGCCCCAGCCTGCTCATAGGTTCTTGTTCC
TGAAGATCATGGCTATGCTCACCGAGCTCCGCAGCATCAATGCTCAGCACACCCAGCGGCTGCTGCGCAT
CCAGGACATACACCCCTTTGCTACGCCCCTCATGCAGGAGTTGTTCGGCATCACAGGTAGCTGAGCGGCT
GCCCTTGGGTGACACCTCCGAGAGGCAGCCAGACCCAGAGCCCTCTGAGCCGCCACTCCCGGGCCAAGAC
AGATGGACACTGCCAAGAGCCGACAATGCCCTGCTGGCCTGTCTCCCTAGGGAATTCCTGCTATGACAGC
TGGCTAGCATTCCTCAGGAAGGACATGGGTGCCCCCCACCCCCAGTTCAGTCTGTAGGGAGTGAAGCCAC
AGACTCTTACGTGGAGAGTGCACTGACCTGTAGGTCAGGACCATCAGAGAGGCAAGGTTGCCCTTTCCTT
TTAAAAGGCCCTGTGGTCTGGGGAGAAATCCCTCAGATCCCACTAAAGTGTCAAGGTGTGGAAGGGACCA
AGCGACCAAGGATGGGCCATCTGGGGTCTATGCCCACATACCCACGTTTGTTCGCTTICCTGAGTCTTTTC
ATTGCTACCTCTAATAGTCCTGTCTCCCACTTCCCACTCGTTCCCCTCCTCTTCCGAGCTGCTTTGTGGG
CTCCAGGCCTGTACTCATCGGCAGGCGCATGAGTATCTGTGGGAGTCCTCTAGAGAGATGAGAAGCCAGG
AGGCCTGCACCAAATGTCAGAAGCTTGGCATGACCTCATTCCGGCCACATCATTICTGTGTICTCTGCATCC
ATTTGAACACATTATTAAGCACCGATAATAGGTAGCCTGCTGTGGGGTATACAGCATTGACTCAGATATA
GATCCTGAGCTCACAGAGTTTATAGTTAAAAAAACAAACAGAAACACAAACAATTTGGATCAAAAGGAGA
AATGATAAGTGACAAAAGCAGCACAAGGAATTTCCCTIGTGTGGATGCTGAGCTGTGATGGCGGGCACTGG
GTACCCAAGTGAAGGTTCCCGAGGACATGAGTCTGTAGGAGCAAGGGCACAAACTGCAGCTGTGAGTGCG
TGTIGTGTGATTTGGTGTAGGTAGGTCTGTTTGCCACTTGATGGGGCCTGGGTTTGTTCCTGGGGCTGGAA
TGCTGGGTATGCTCTGTGACAAGGCTACGCTGACAATCAGTTAAACACACCGGAGAAGAACCATTTACAT
GCACCTTATATTTCTGTGTACACATCTATTCTCAAAGCTAAAGGGTATGAAAGTGCCTGCCTTGTTTATA
GCCACTTGTGAGTAAAAATTTTTTTGCATTTTCACAAATTATACTTTATATAAGGCATTCCACACCTAAG
AACTAGTTTTGGGAAATGTAGCCCTGGGTTTAATGTCAAATCAAGGCAAAAGGAATTAAATAATGTACTT
TTGGCTAAAAAAAAAAANAAANAAAAAAAAANAARNAA

SEQ ID NO: 15 NM_015267.3 Homo sapiens cut like homeobox 2 (CUX2),
mRNA
GGCCGGAGGGCGCCCGAGGGGCCCCGGEGECCGELCGEGELCGECTCAGGGCCCGEGGELEGLLGGLGGELEGELLCCCEGGaE
CTGGGGGGAGTCCAGCCCGGATATTGAGTGCAGCCATTGAGAAAAGCCARAACTCTTGTGTGTGCGCGTCT
CGATAGCCCCCAAGATGGCCGCCAATGTGGGATCGATGTTTCAATATTGGAAGCGATTTGATCTACGGCG
ACTCCAGAAGGAGCTTAATTCCGTCGCTTCTGAGCTGTCTGCACGGCAGGAGGAGAGTGAACATTCTCAT
AAACATTTAATTGAACTCCGCCGGGAATTTAAGAAARATGTACCTGAGGAAATCAGAGAGATGGTGGCTC
CTGTATTAAAAAGCTTCCAAGCCGAGGTGGTGGCCCTTAGTAAGAGAAGTCAGGAGGCGGAGGCTGCTTT
TCTGAGTGTTTACAAGCAATTAATTGAAGCACCAGACCCCGTIGCCTGTGTTTGAGGCGGCACGCAGLCCTA
GACGACAGACTGCAGCCCCCCAGCTTTGACCCCAGTGGGCAGCCCCGGCGAGACCTCCACACTTICGTGGA
AGAGGAACCCCGAGCTCCTCAGCCCCAAAGAGCAGAGAGAGGGGACGTCGCCTGCCGGGCCCALCGLTGAC
CGAGGGAAGCCGCCTCCCAGGCATTCCCGGGAAAGCCCTCCTGACAGAAACCTTGCTGCAGAGAAATGAG
GCGGAAAAACARAAAGGGCCTTCAAGAAGTACAGATCACTTTGGCGGCCAGACTGGGGGAGGCAGAGGAGA
AAATCAAAGTCCTACATTCAGCGCTAAAGGCTACGCAGGCAGAGCTGCTAGAGCTGCGGCGGAAGTACGA
CGAGGAGGCAGCATCCAAGGCAGATGAAGTCGGCCTGATCATGACCAACCTGGAGAAAGCTAATCAGCGA
GCTGAGGCTGCCCAGCGGGAGGTGGAAAGTCTCCGGGAACAGCTGGCCTCTGTCAACAGCTCCATCCGLCC
TGGCTTGCTGCTCTCCCCAGGGGCCCAGTGGGGATAAGGTGAACTTCACTCTGTGCTCGGGCCCTCGGCT
GGAGGCCGCGCTGGCCTCCAAGGACAGGGAGATCCTGCGGCTGCTGAAGGACGTGCAGCACCTCCAGAGC
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TCACTGCAGGAGCTGGAGGAGGCATCCGCCAACCAGATCGCCGACCTGGAGCGGCAGCTCACGGCCAAGT
CCGAGGCCATAGAAAAGCTGGAAGAGAAGCTCCAGGCCCAGTCTGACTATGAGGAAATTAAAACGGAGCT
GAGCATCCTGAAAGCCATGAAGCTGGCCTCCAGCACCTGCAGCCTCCCCCAGGGCATGGCCAAGCCTGAA
GACTCACTGCTTATTGCAAAGGAGGCCTTCTTCCCCACGCAGAAATTCCTTCTGGAGAAGCCCAGCCTCC
TGGCCAGCCCTGAGGAAGACCCATCAGAGGACGATTCCATCAAGGATTCACTGGGCACGGAGCAGTCCTA
CCCCTCCCCTCAGCAGCTCCCACCTCCACCAGGGCCAGAAGACCCCCTGTCTCCCAGCCCLCGGGLAGLCC
CTGCTGGGCCCCAGCTTGGGGCCTGACGGCACTCGGACTTTCTCGCTGTCCCCCTTCCCCAGCCTGGCAT
CAGGGGAGAGACTGATGATGCCCCCAGCCGCCTTCAAGGGAGAGGCGGGCGGCCTGCTGGTGTTCCCCCC
AGCCTTCTATGGCGCCAAGCCCCCCACAGCCCCTGCCACCCCGGCCCCTGGCCCTGAGCCACTGGGCGGT
CCTGAGCCCGCGGATGGTGGTGGGGGCGGAGCGGCGGGGCCCGGGGCAGAGGAGGAGCAGCTGGACACGG
CAGAGATCGCCTTCCAGGTGAAGGAGCAGCTGCTGAAACACAACATCGGGCAGCGGGTGTTTGGGCATTA
CGTGCTGGGGCTGTCGCAGGGCTCGGTCAGCGAGATCCTAGCCCGGCCCAAGCCCTGGCGCAAGCTCACG
GTGAAGGGCAAGGAGCCCTTCATCAAGATGAAGCAGTTCCTGTCGGATGAGCAGAATGTACTGGCGCTCA
GGACCATCCAAGTGCGGCAGCGAGGCAGCATCACCCCGAGAATCCGCACGCCTGAGACAGGCTCAGACGA
CGCCATCAAGAGCATTCTAGAGCAGGCCAAGAAGGAGATCGAGTCGCAGAAGGGCGGCGAGCCCAAGACC
TCGGTGGCCCCGCTGAGCATCGCCAACGGCACGACCCCCGCCAGCACCTCGGAGGACGCCATCAAGAGCA
TCCTGGAGCAGGCACGCCGTGAGATGCAGGCGCAACAGCAGGCGCTGCTGGAGATGGAGGTGGCGCCCAG
GGGCCGCTCGGTGCCCCCCTCGCCCCCGGAGCGGCCATCACTGGCCACCGCGAGCCAGAACGGGGCCCCG
GCCTTGGTGAAGCAGGAGGAGGGCAGCGGGGGCCCCGCGCAGGCGCCGCTCCCGGTCCTGTCCCCCGLLG
CCTTCGTGCAGAGCATCATCCGCAAGGTCAAGTCCGAGATCGGCGACGCCGGCTACTTCGACCACCACTG
GGCCTCCGACCGCGGCCTGCTCAGCCGCCCCTACGCCTCCGTGTCGCCCTCGCTGTCCTCCTCCTCCTCC
TCTGGCTACTCTGGCCAGCCCAACGGCCGCGCCTGGCCCCGCGGGGACGAGGCCCCTGTGCCCCCCGAGG
ACGAGGCGGCGGCAGGGGCGGAGGACGAACCCCCCAGGACGGGCGAGCTCAAGGCTGAGGGCGCGACGGC
CGAGGCGGGCGCGCGGCTGCCCTACTACCCGGCCTACGTGCCGCGCACCCTGAAGCCCACCGTGCCGLCG
CTGACCCCCGAGCAGTACGAGCTGTACATGTACCGTGAGGTAGACACGCTGGAGCTCACCCGCCAGGTCA
AGGAGAAGCTGGCCAAGAACGGCATCTGCCAGAGGATCTTCGGGGAGAAGGTGCTGGGCCTGTCACAGGG
CAGCGTGAGCGACATGCTGTCCCGGCCGAAGCCATGGAGCAAGCTGACGCAGAAGGGGCGGGAGCCCTTC
ATCCGCATGCAGCTGTGGCTCTCTGACCAGCTCGGCCAGGCAGTGGGCCAGCAGCCTGGTGCCTCCCAGG
CCAGTCCCACAGAACCAAGGTCCTCACCATCCCCACCCCCCAGCCCCACAGAGCCTGAGAAGAGCTCCCA
GGAGCCGTTGAGCCTGTCCCTGGAGAGCAGCAAGGAGAACCAGCAGCCAGAGGGCCGCTCCAGCTCCTICG
TTGAGCGGGAAGATGTACTCAGGCAGCCAGGCCCCAGGGGGCATCCAGGAGATCGTGGCCATGTCCCCCG
AGCTGGACACGTACTCCATCACCAAGAGGGTGAAGGAGGTCCTCACAGACAACAATCTAGGGCAGCGGCT
GTTTGGGGAAAGCATCCTGGGTCTGACACAGGGCTCCGTGTCTGACCTGCTGTCCCGGCCCAAACCCTGG
CACAAGCTGAGCCTGAAGGGGCGGGAGCCTTTTIGTCCGCATGCAGCTGTGGCTCAATGACCCCCATAACG
TGGAGAAGCTGAGGGATATGAAGAAGCTGGAGAAGAAAGCCTACCTGAAACGTCGCTATGGCCTCATCAG
CACCGGCTCAGACAGTGAGTCCCCGGCCACCCGCTCAGAGTGCCCCAGCCCCTGCCTGCAGCCCCAGGAC
CTGAGCCTCCTGCAGATCAAGAAGCCCCGGGTGGTGCTGGCACCCGAGGAGAAGGAGGCACTGCGGAAGG
CCTATCAGCTGGAACCCTACCCCTCGCAGCAGACCATCGAGCTCCTCTCCTTCCAGCTCAACCTCAAGAC
CAACACCGTCATCAACTGGTTCCACAACTACAGGTCCCGGATGCGCCGGGAGATGTTGGTGGAGGGGACC
CAGGATGAGCCAGACCTTGATCCAAGCGGGGGTCCTGGAATCCTACCGCCAGGCCACTCCCACCCAGACC
CCACCCCGCAGAGCCCTGACTCTGAGACTGAGGACCAGAAGCCAACCGTGAAGGAACTGGAGCTTCAGGA
GGGCCCTGAGGAGAACAGCACACCCCTGACCACCCAGGACAAGGCCCAAGTGAGGATCAAGCAGGAACAG
ATGGAGGAGGATGCTGAGGAAGAGGCAGGCAGCCAGCCCCAGGACTCAGGGGAGCTGGACAAAGGCCAAG
GTCCCCCCAAAGAGGAGCATCCCGACCCTCCGGGTAATGATGGACTCCCAAAAGTGGCTCCCGGGCCCCT
CCTTCCAGGTGGATCCACCCCAGACTGTCCCTCACTTCATCCCCAACAGGAGAGTGAGGCCGGGGAGCGA
CTTCACCCGGACCCTTTAAGTTTTAAGTCAGCCTCAGAGTCCTCACGCTGCAGCCTGGAGGTGTCACTGA
ACTCGCCCTCGGCCGCCTCCTCACCAGGCCTCATGATGTCTGTGTCACCTGTCCCCTCCTCCTCAGCTCC
CATCTCCCCATCCCCACCTGGCGCCCCCCCTGCCAAAGTGCCGAGTGCCAGCCCCACTGCTGACATGGCT
GGAGCCTTGCACCCCAGTGCCAAGGTGAACCCCAACTTGCAGCGGCGGCATGAGAAGATGGCCAATCTGA
ACAACATCATTTACCGAGTAGAGCGGGCTGCCAATCGGGAGGAGGCCCTGGAGTGGGAGTTCTGAAGGCA
GGGTGAGGGGGCAAGGGACATACCCTGGTAACTACCTTCCTTCTCGCACTTACTCTCCTCAACAGGATGG
GGTAAGGGAGGGAGGAACTCAACCATCAAAATGTGGACAGCAATGTTATGCCGTTTACGTTTTTTGTTGT
AATCCTAGTTCTATGAAGCTGTGTGAGCAGGTGGGTCAAATGCCATTGCCTCCACTTTTCTGCACCCCCC
TGCTCCTCTTCACCCTGACCCCTCTGCAGGAGGCAGAAGCAAAATGGCACCACATATTCACCTGAAAACT
CCAAACTCTTTTAGAAAAATAAATAAATATTTATAGACCTICTTTTAGATATTTTAATAAAGGATCCTTTG
GAATTTATCCCAGCTGATGCTGTTTTGATATTACAGAGAGTTATAAAATCAGGATGCTGTCACAACTGTT
GCGAAGTATACACTGAAGTTGTGTICGTTTTTGCCACTAGATGAGATTAAAAGAAGACAATTATTCAAAGC
CATCACAAAACACTATAAGACTGACCAAAATTTAGATAACCTTTGAACCACGATTTITTTTCCACATCTGT
CTGTGAGACACAGCGCAATGCTACTGCCCTTCCAGAAACTGTGCTAAAAAGAGAAAGTCCAAAAGACTCT
AAACAAAAACCTCGACGCCGTTGAGGATGTGTTTCATTICTGGTGGTCTGTTTTGCAAGCTTGATAACAGA
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ATGTCCGTGCCATTGTAAATGTTGTAGAGATGTGGGCCGTGGCCCAACCGTCCTATATGAGATGTAGCAT
GGTACAGAACAAACTGCTTACACAGGTCTCACTAGTTAGAAACCTGTGGGCCATGGAGGTCAGACATCCA
TCTTGTCCATCTATAGGCAAGAAGTGTTTCCAGATCCTTTGGAAAGGTGGGCATGGGGCAGGTGCTTGGA
GAGTGGCGTTTGAGCCAGAGCGACCCCATTTCCCGTGTGAACCATAGGCACAACCCAGGAAGTTTCCCCA
CTTGTAGGAGTGTGGGTATTCCAGAGCAAGACTGTGGCCACCATCTTCCCCTCTTGGTGTTTTCCGAAAG
TGACAGTGTTGGTCATCCCATGACCACTGAAGCTTAGTAACCAGCGCCAAAAAGTAGATTCATCAAACTA
GAGACCCCAGCTCCCCTTICTCGCCATCTTCTTTICTCAAGTTGACCGTGGTGCTGTTTCTGGAAGGCATCT
GCAACTCCAAGTCCATGCAGAACTCTGGAAGGCCAAGTTCATCGCAGCATGTTCACCATATCCCAGCCTC
CAAATCTATCCTCCTACCTTCCAACGCATGACCTGTTGGGGAGCAGAGACTTAACCCCCAACTCAGAGGA
ACCCTTCCTCCAGCGICTTTGGCATGGTTTCTAGGGTGAGAGTTCCCAATTTGGATAGAACGGCCACCAT
ATTGGTTACTGAATCTICTCTCCCTTGTTTTTATTACGTTTCCTTTTTCAAACTGTCCATGGGAAGGCTGA
ATTGAGTGACTCCCCAGAATGAAGATGAGAAGGTGAATATAATCAATGCCAATGTAATGCCAGCGGGTGA
GATGGCCGATGGAGGTTTCAAAGATGTAGCTAGCATTTTGAAACCATATGGGCAAAACCCGGCAACCAGA
AGGGGACAGATAAGGACCGTTCCAGAAATCCCAACTCTCACACCCAGCCCAGGCTGCAGTICTCCACACCA
AACAGTCAACAAAACACAAACCCTGAAGGAAAACCTTTTCCATACACCCAGGCTATGCATTGAAGAGTTT
TCCACTGTATACATTTTTATCCAGATGAAGGTATTTTTATATTTTGACAATAGGAAACAGTGACCATTTT
CAGAGTAATCAAATCTGGAACAAATGAAACATCTTTTAGCCACCACCACCCTGTTGCAATTAAGACAACC
GTGGGGGAACACACCACTTTTTACTGTTGAAACCAACACAACGTTGAAATCCAGGCTTATACGCAGACTC
CGATTCCTAGAGAACTAAATTTGGCTTTAGTGTGACGGGATTTGATTAAGCACTTAGTATAGTCTTTTGA
ACACGGAAATCCTIGTTGTACTTAAAGCTAGCGGACCCGTGAACAACTTTGTCAGGTTCACGTCCTATAAC
GGTTAAAAAACACACACACACATACACAAACCGTITTICTATGAGAGATTGATGAACTTTGTTTAAAATTTT
AAAAANAAGGAACACGTTCTGTAAACGAGTCGCTAAATACAGAATTGTATAATAAAAAAANAANAA

SEQ ID NO: 16 NM_001134656.1 Homo sapiens zinc finger protein 662
(ZNF662), mRNA
CGGGTGTGGAGCACGGGGAGTCGGGCGTGGGGCGGGECAGGGAGTGGAGTCGGGGTCTTACTCCGGTGGCT
GCAGGGCGCAGGGTAGCCGTGTCAGGCCTGCCCAGGTGCAGAGCGCTCTTCCGCGACCCCAACAGCCTICT
GGTCCGGTCTGGCGCGCCCTCGCTTTCCCAGAGGGCGACCTGGGCTATGGCGGCCGTGGCGCTGGCGAGC
GGGACACGCCTCGGCCTTGTCCTCGAGCTGCTCCCGGGACAGCCCGCGCTGCCCCGGGCGCGCCGGGAGT
CAGTGACCTTCGAGGATGTGGCCGTICTACTTICTCTGAGAACGAATGGATCGGCCTGGGCCCTGCTCAGAG
AGCCCTGTACAGGGATGTGATGCTGGAGAATTATGGGGCTGTGGCTTCCCTGGCATTTCCATTTCCCARAA
CCGGCTCTGATTTCCCAGCTGGAGCGAGGGGAAACACCCTGGTGCTCGGTTCCTCGGGGAGCTCTGGATG
GAGAGGCCCCAAGGGGCATCTCCTCAGAGGGTGTGTTGAAGAGGAAGAAAGAAGATTTTATTCTGAAGGA
GGAAATTATTGAGGAAGCACAGGACCTCATGGTCCTATCAAGTGGACCCCAGTGGTGTGGATCCCAGGAA
TTATGGTTTGGGAAAACCTGTGAAGAGAAAAGCAGGTTAGGGAGATGGCCTGGTTACCTCAATGGGGGAC
GTATGGAAAGTTCTACAAATGATATTATAGAAGTGATTGTCAAGGATGAGATGATCTCAGTAGAAGAGAG
TTCAGGGAATACTGATGTCAATAACCTCCTTGGTATACATCACAAAATTCTAAATGAGCAAATATTCTAT
ATATGTGAGGAATGCGGCAAGTGTTTTGATCAAAATGAGGACTTTGATCAACACCAGAAAACTCATAATG
GAGAGAAGGTCTATGGATGTAAGGAATGTGGGAAGGCTTTCAGTTTTCGATCACATTGCATTGCACATCA
GAGAATTCACAGTGGGGTGAAACCCTATGAATGTCAAGAATGTGCTAAGGCCTTTGTTTGGAAGTCAAAC
CTGATTCGTCACCAGAGAATACATACTGGAGAGAAACCCTTTGAATGTAAGGAATGTGGGAAGGGCTTTA
GTCAGAACACAAGCCTTACGCAACATCAACGGATCCACACTGGTGAGAAACCATACACATGTAAGGAATG
TGGGAAAAGCTTTACTCGAAACCCAGCCCTTICTTCGACATCAGAGAATGCACACTGGGGAGAAGCCTTAC
GAATGTAAGGACTGTGGGAAGGGCTTCATGTGGAACTCAGATCTTTCTCAGCACCAGAGGGTCCACACTG
GGGACAAGCCTCATGAATGTACTGACTGTGGGAAAAGCTTCTTTTGCAAGGCACATCTTATTCGACATCA
AAGAATCCATACTGGGGAAAGACCCTATAAATGTAATGACTGTGGGAAGGCCTTCAGTCAGAATTCTGTC
TTAATTAAGCACCAGAGGCGCCATGCTAGAGACAAACCCTATAACTGTCAGATCTCTCACCTTICTTGAAC
ATTAGAGAGTGCATAATGGTGATACTTIGTTTATAATTICTTATGCTGCAGGAACCCTAGAGACAARAATGAG
ATGACCATTCACAATTTGCTGTAACCCTTAACTTAAATAGCCAGTATTATCTTIGCCCTTTTGAACATTTA
CCATGTACTCTAGCAAGACTGGTCCCTICTGTTICTATGATGTTTTAACAAGGCATCATTTAGTTGGGCAGC
TACTCTGTATCAGGTGCTAACCACTTTACATACATTAATTTGCATAACAATCCTATTAAGGTAGGTGCTC
TTCTCCCCATTTTACAAATGAGAAATCTGAGTTGAAAGAGGTTATAAAACTCATTCAGGGTTGCTCAGTT
AGTAAGTTATAGAGTTGAAATTGGAGCCAGGCCTATCTGACTGCAGAGTTTACTGTTICTTTACTTAATTG
TACATATTTATGTCTCTGCCCATTTTTATTTGCTTATTTTCCTGTGCTTTTAGTTTCCCTTCATCACTCA
GATCTAGCTCCTTCAACTAAGAAGATCTICTCTTCCTCTTCTACTTGTAATCAGTACCACCCAAGTTAGTA
TTTAATTATGTGCCATCTTATATTTTTCTAATAGTCTCATGTCTTTTAATCTTAACCCCAGCTAAATGAC
TCTGAGGACCAACAGTACATTTCTTTTATGTTTTTCAAATCCTGAAACATTAATCTTTGACTAGATATAA
CATGCTCATGATAAAAAAGAATTGAAATAGTTGAAAAGGGTGTTCAGTGAAAAGTAAATTTCCTTGTCAT
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TCCTATCTCTTGAGTTCTCCCCAGAGGCAATCACTGCTACTGGTTGTGTATCTCTGTAGATACTCTTTGT
ATACAAGTGTTTATTAGTATTGCTTTTCATAATTCTGTCTCACTGAAAACCTTATTTGATGGAAGCAACA
TTGCAGTTAAATTGTGAACTCTAAGACCTTTTCTTCAGAAGTTGCTTTCCTTTTGAGGCCACCAAAGTAA
TTTAGGGAAACAGCAGAGGGTAATCCAGGTCTTTTTTTITTTITTTTTTTTITTTTTAGACAGAGTCTCACTC
TGTTGCTCTGGCTGGAGTGCAGTGGTGCTATCTCAGCTCACTGCAAGCTCCACCTCCTGGGTTCATGCCA
TTCTTCTGCCTCAGCCTCCCAAGTAGCTGGGACTACAGGTGCCCGCCACCATGCCTGGCTAATATTTTTT
ATTTTTAGTAGAGACGGGGTTTCACCATGTTAGCCAGGCTGGTCTCGATCTCCTGACCTTGTGATCCACC
TGTCTCGGCCTCCCAAAGTGCTGGGATTACAGGCCTCAGCTACCACGCCTGGCCAATCCAGGTICTTAAGA
GACCTCATTGCCTTTIGTITTTATGAGATATCATTCTGGGATTGGGAATATGTAAACTCAACTGGAGATTTT
TTTTCATAAAAATTTATATAGTTCCAGCCCTCTCATTGCTTCCTATCCTAAATCCTCTTCCAGTCTGTCC
ATCCCTCACTACCATGATAGTCTACATTCTGATAAGCTGTGAGGCCACTGCCAAGGGAGGGAGAAATGGT
CACTTTCTGGTGGTGGTTAATGCTTTGTTAGATAGCTTCATCCAGTCAATAGTTGAAAAGTTTTCACATA
ATCCAGTATTGGCATCAGAGCCAGAAATGCCCTCCCTAGGTCCAGGACCAAAGATAAAACAAACACGAGG
AACATGTAGCGTICTACACAGGAAAGTAAAGAATTATAGAATTAACTAATTCTACTTGAAATCAGGAGTTT
TATAAAACAACATTTTTAGACGTGGTCATCTTTTATTGGTTTCCATCATCTCTTCCCCTTICTCTCTGGGA
ACAGTTACCCGGGTATTCTTTGGGAAGCTATCCTTTCTCAGCTATGTGGTTTGGCACCACCACCATCTTIC
ATGAGTGGACCCTIGTTTGGCTTGTGTCAATCAGTTTATCCCATCCCCTTGGCCACAGAGCCATTGTGATA
TGAGGAGATACTGGCTCTTICTGGAAAAGAGAGGCTTTTICTTCATCGAGAGCTACCAGAGGAGATATTATC
TGTCCTCTGTGTGGCACATAGGAAAATGTGAGACCTAGAATTATAGCAACTTTTTITTTTICTGTTAAAAGG
GGAGATTCTCAAGCTTCCAGGTGCTACCATATGGAGCCTAAGGATAAAGCCAATACCAAAGAAAACAGTG
ACTAAACAGAGAGAAACTAGGTCCTTGGTGACATCTTTTGAGCCACTAGACCAAGCTTTACCTGAAGCAG
AGCTACCTCAGAACTTTTCAGCTATGTGAGCCAATAAACATCTGTCAAACGAGTTAGAGTTGAGTTTTICT
GTTATTTGCAACTTAGCCACACTAATACTGTTTTGTGTTTGAAATCACTGTTTTCTCATACAGCTCCTCA
GTGTCACCTTTTCCTCTTGCTCAGTAGTCTCATAAGCTTICTCAGTTTTATCTCATCTCAGTTGCTTGGAA
GTTGAGCATCTAAATAGGTGGCTTTTGCTGGGTGCAGTGGCTTACGCCTGTAATCCCATCACTTTGGGAG
GCCAAGGTGGGCAGATCACCTGAGATTGGGAGTTCAAGACCAGCCTGACCAACATAGAGAGACCCCGTICT
CTACTAAAAATACAAAATTAGCCAGGTGTGGTGGCACATGCCAGTAATCTCAGCTACTCAGGAGGCTGAG
GCAGGAGAATTGCTTGAATCTGGGAGGTGGAGGTTGCAGTGAGCCGAGATTGTGCCATTGCACTCCAGCC
TGGGCAACAAGAGTGAAACTCCATCTCAAAAAAATGAAAATAATAAATAGGTGGCTCTCATGACCTAAGG
TTAATTTCATGCATACTACTAAGTGATGCTTTAAGTCATACCATTAGTGCAGGAATTTTTGCTCCTTAGT
TCAGCTAAAATCTGGGTTICTTGTCTCATGACCAGGAAAAATTAGTCACAGGGACACATTGAAAAGTGAGG
AGGGCAGAATTTATTAAGTGAAAAGGAAAACTCTCAACAAAAAGAGGGGTCCTGCATGCAGGTTTTCCAT
CTCACTAAACTGAATACCAGGCCACCACACATGAGCTGAAGAGCCTAGTCTTICTCCCCCTGCATGAATTC
CTGGTGGCTACACCCCGTITCTCCCAGTGTGCAGGCAGGCCCTTAGTCTGAGCCACTCCACATTATTTCCC
TTACTGTGTATGTGTTAAGGAACGGAATTTTTCATCATGGGCATGTTTAGGCAATCCCCCTGTGCACAAT
GACCTGGGCAGCATTTGGCTGTCTCCTGATTCTATCATTCCCCCCTCTAAAGAAGTACATCTAACTTAGA
ATAAGGATAAGGATAAGGGTAGTGATCGATCTTAACTGGTTCCTGCTGATGGGGGCACTGTTTTGGGAAA
ATAGCAGTGAGATCTCCCTCAGAGGCCTATCTAAGGGTCCCTGGTAAAAGGTGGCCATCATTTGAGGTTC
CAATTGCATGAACATTCAGAGTTCAATGGCCTGAAGGTGAGAAGAGACAAACCAGGTTATTAGAAGACAA
TCAAAATGAAACAAAGCGGGGATGGTAAGGACAGCTAAAAAAAATCCTAAGGCTGCTGACACACCCAGAT
AACTGGTAGCTATAGTTATGCCTGCTAAGATTGGGGTGTTTGGGGCTTGGCTTTCGTTAGCTCCCTTGGT
CTTATTTTCCCAAAAAAGAAACCTCCAGGTTATGGGCACCTTATTTAGTCTAATCATCTGGCAGGATTTG
CAGGGTAATTGCCCAGAACTAGAATATTGATCCAGATTTTTACATTACTCATCCCTTTTGCTGCTTCTGA
GCTGCAGCCAGAGATTGCTGGTTGGTTCACAGGAATAAGCAGTGTTAGTTTAAAATGTGGGCAAAAACTT
AAAAACAACGAATGAGTCTAAAATCTAATGACAAATATATAAGTCTTGAAACATAATTTCTCTCCAGTTC
TCATTTTTGTTAAAAATAAATCATGATAGGACTGAGTTGTTTGCAAAATAAACTTTAGTCTTGT

SEQ ID NO: 17 NM_173485.5 Homo sapiens teashirt zinc finger
homeobox 2 (TSHZ2), mRNA
GTGTGTGTGTGCGAGGGTGTGTGTGTGTGTTTGTGTGTGTGTGCATATGTGGGGGGTGTGAGTGTGTGTG
TGCGAGGAAGCGGGGGTGCGTGCGCGTGTGAGTGCGTGTGTGAGTGTICTGTIGTGTGTGTICTGTGTGTGTG
TGTGAGTGAGTGAATTCCAGATTTTICTGTCTTTCCAAAACCCGCTCCTGTCCTCTCGCATATCACTCACA
GACGGGGATCTGACAGCAGCCACAAACCTACAGTGAGTGATCGCTCTCCCCCCGGCACGAATCCGCCATA
GAGATCGGCGAGGAGGAGGAGGAGGAGGAGGAAGAARAAGAAGGAGGAGGTGGAGGAGGAGGTGGAGGAGG
AGGAGGAGGAGGGAAAGAGGAGAAGGAAGAAGAAGAAAAAGAAGAAACCCACTACCTTCCCAGGATTGCC
TTTTTTTTTTCCTTATCTTTACGCGCGAGTGTGCCTGTGGCGCGTGTGCGCCCCTCGTCCCTTCCATCCG
AACCCGGGCTTGGATGTTTAATAAAGAAATCAAGTGTCTCAACAGTCACCAAAARANAANAANAACCGCAA
AAACAAAACCAAAAARAATTCCAAAAGCAAAAACAAAAANGAGAGAGGAAAARAAARATTCAAAATARAACARMA
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CAAACAAACAAGGCAGAACCAACCTCTACTTCAAAGCAGCCGGCACAAGCCACCCGTGTICTGCCACCCAG
AGAGGGGGGTCTICTGGCCCGTGGTGGAGGAGTTGCAGGGGGGATCGTCAGGGGGACAGAGGCCGAGTGAC
GTCCTAGGAGCCACCGGGCAAGAGGCGGAGGAGACCCAGAGAGGCCAGAGAGACAGCGGGCCCCAGLGLG
CGGCTCGGGGCTGGGGCGCCAGAAGTGGGACTGGAGCGAAGTAGAGGATGCCGAGGAGAAAACAGCAGGC
ACCCAAGCGGGCGGCAGGCTACGCCCAGGAGGAACAGCTGAAAGAAGAGGAGGAAATAAAAGAAGAGGAG
GAGGAGGAGGACAGCGGTTCAGTAGCTCAACTGCAGGGTGGCAATGACACAGGGACGGACGAGGAGCTAG
AAACGGGCCCAGAGCAAAAAGGCTGCTTCAGCTACCAGAACTCTCCAGGAAGTCATTTGTCCAATCAGGA
TGCCGAGAACGAGTCTCTGCTGAGTGACGCCAGTGATCAGGTGTCGGACATCAAGAGTGTCTGCGGCAGA
GATGCCTCAGACAAGAAAGCACACACTCACGTCAGGCTTCCAAACGAAGCACACAATTGCATGGATAAAA
TGACCGCTGTCTACGCCAACATCCTGTCGGATTCCTACTGGTCAGGCCTGGGCCTTGGCTTCAAGCTGTC
CAATAGTGAGAGGAGGAACTGTGACACCCGAAACGGCAGCAACAAGAGTGATTTTGATTGGCACCAAGAC
GCTCTGTCCAAAAGCCTGCAGCAGAACTTGCCTTCTCGGTCCGTCTCGAAACCCAGCCTGTTCAGCTCGG
TGCAGTTGTACCGACAGAGCAGCAAGATGTGCGGGACTGTGTTCACAGGGGCCAGCAGATTCCGATGCCG
ACAGTGCAGCGCGGCCTATGACACCCTAGTCGAGCTGACTGTGCACATGAATGAAACGGGCCACTATCAA
GATGACAACCGCAAAAAGGACAAGCTCAGACCCACGAGCTATTCAAAGCCCAGGAAAAGGGCTTTCCAGG
ATATGGACAAAGAGGATGCTCAAAAGGTTCTGAAATGTATGTTTTGTGGCGACTCCTTTGATTCCCTCCA
AGATTTGAGCGTCCACATGATTAAAACAAAACATTACCAAAAAGTGCCTTTGAAGGAGCCAGTCCCAACC
ATTTCCTCGAAAATGGTCACCCCGGCTAAGAAACGCGTTTTTGATGTCAATCGGCCGTGTTCCCCCGATT
CAACCACAGGATCTTTTGCAGATTICTTTTTICTTICTCAGAAGAACGCCAACTTGCAGTTGTCCTCCAACAA
CCGCTATGGCTACCAAAATGGAGCCAGCTACACCTGGCAGTTTGAGGCCTGCAAGTCCCAGATCTTAAAG
TGCATGGAGTGTGGGAGCTCCCATGACACCTTGCAGCAGCTCACCACCCACATGATGGTCACAGGTCACT
TTCTCAAGGTCACCAGCTCTGCCTCCAAGAAAGGGAAGCAGCTGGTATTAGACCCGTTAGCAGTGGAGAA
AATGCAGTCGTTGTCTGAGGCCCCAAACAGTGATTCTCTGGCTCCCAAGCCATCCAGTAACTCAGCATCA
GATTGTACAGCCTCTACAACTGAGTTAAAGAAAGAGAGTAAAAAAGAAAGGCCAGAGGAAACCAGCAAGG
ATGAGAAAGTCGTGAAAAGCGAGGACTATGAAGATCCTCTACAAAAACCTTTAGACCCTACAATCAAATA
TCAATACCTAAGGGAGGAAGACTTGGAAGATGGCTCAAAGGGTGGAGGGGACATTTTGAAATCTTTGGAA
AATACTGTCACCACAGCCATCAACAAAGCCCAAAACGGGGCCCCCAGCTGGAGTGCCTACCCCAGCATCC
ACGCAGCCTACCAGCTGTCTGAGGGCACCAAGCCGCCTTTGCCTATGGGATCCCAGGTACTGCAGATCCG
GCCTAATCTCACCAACAAGCTGAGGCCCATTGCACCAAAGTGGAAAGTGATGCCACTGGTTTCTATGCCC
ACACACCTGGCCCCTTACACTCAAGTCAAGAAAGAGTCAGAAGACAAAGATGAAGCGGTGAAGGAGTGTG
GGAAAGAAAGTCCCCACGAAGAGGCCTCATCTTTCAGCCACAGTGAGGGCGATTCTTTCCGCAAAAGTGA
AACACCTCCAGAAGCCAAAAAGACCGAGCTGGGTCCCCTGAAGGAGGAGGAGAAGCTGATGAAAGAGGGC
AGCGAGAAGGAGAAACCCCAGCCCCTGGAGCCCACATCTGCTCTGAGCAATGGGTGCGCCCTCGCCAACC
ACGCCCCGGCCCTGCCATGCATCAACCCACTCAGCGCCCTGCAGTCCGTCCTGAACAATCACTTGGGCAA
AGCCACGGAGCCCTTGCGCTCACCTTCCTGCTCCAGCCCAAGTTCAAGCACAATTTCCATGTTCCACAAG
TCGAATCTCAATGTCATGGACAAGCCGGTCTTGAGTCCTGCCTCCACAAGGTCAGCCAGCGTGTCCAGGC
GCTACCTGTTTGAGAACAGCGATCAGCCCATTGACCTGACCAAGTCCAAAAGCAAGAAAGCCGAGTCCTC
GCAAGCACAATCTTGTATGTCCCCACCTCAGAAGCACGCTCTGTCTGACATCGCCGACATGGTCAAAGTC
CTCCCCAAAGCCACCACCCCAAAGCCAGCCTCCTCCTCCAGGGTCCCCCCCATGAAGCTGGAAATGGATG
TCAGGCGCTTTGAGGATGTCTCCAGTGAAGTCTCAACTTTGCATAAAAGAAAAGGCCGGCAGTCCAACTG
GAATCCTCAGCATCTTCTGATTCTACAAGCCCAGTTTGCCTCGAGCCTCTTCCAGACATCAGAGGGCAAA
TACCTGCTGTCTGATCTGGGCCCACAAGAGCGTATGCAAATCTCTAAGTTTACGGGACTCTCAATGACCA
CTATCAGTCACTGGCTGGCCAACGTCAAGTACCAGCTTAGGAAAACGGGCGGGACAAAATTTCTGAAAAA
CATGGACAAAGGCCACCCCATCTTTTATTGCAGTGACTGTGCCTCCCAGTTCAGAACCCCTTCTACCTAC
ATCAGTCACTTAGAATCTCACCTGGGTTTCCAAATGAAGGACATGACCCGCTTGTCAGTGGACCAGCAAA
GCAAGGTGGAGCAAGAGATCTCCCGGGTATCGTCGGCTCAGAGGTCTCCAGAAACAATAGCTGCCGAAGA
GGACACAGACTCTAAATTCAAGTGTAAGTTGTGCTGTCGGACATTTGTGAGCAAACATGCGGTAAAACTC
CACCTAAGCAAAACGCACAGCAAGTCACCCGAACACCATTCACAGTTTGTAACAGACGTGGATGAAGAAT
AGCTCTGCAGGACGAATGCCTTAGTTTCCACTTTCCAGCCTGGATCCCCTCACACTGAACCCTTCTTCGT
TGCACCATCCTGCTTICTGACATTGAACTCATTGAACTCCTCCTGACACCCTGGCTCTGAGAAGACTGCCA
AAAAAAAAAAAAAAAAAARAATCACCCCAGCCATTTCTICTTCATCCTCACTAACAATTTGGTAATGAAGTA
TTGATTTCCACTTCTCTGCTTATGGGCGGTATTAGATTTTCATTGATAAATTGCAATGGGGCTGTCTCGT
CTCCACAGTACCCTTTTCACTGTCACAAGAAAACAAAGTGCCACCGAAGAAAAGTAATGACTGAGAGCAT
TGATGTACTTATTTTGTCAGTTTGTAACAGGAAAGTGGGGGGGAGTCTAAGTCTTCATAGTCTAATGTCC
AAGTGGGTTGCACTAGATGTAGACACTTGGAGGCTTACTTTTCATGGTAATGTCCATTTCCTATTTATAA
CCCCTCTGGGAACGTTTGTCTAAAGGAAATGTTTCTGTTCAGTGTAACAATTACAGTTGCACCTGGATTG
CCCAGTCCTGCCCCTGCACTAGGGGACCATTAATCACTGCAAAGTAGAAGAATTATTAAGTTAAACCAGA
GTTTGAGCCAAGAAAACCCCTGAACAATGTTCATCTICTGTGAAACTTGCTCAAATAGTTAAGCTTAACC
ATGTTGCTGCCAAAGACTTTTCCTATGCAGTGGTGGGGCACCTTGATCATCATCATTATCTTGATTGGCT
GAAAAAAAAATAGTTTTAAGCACACACCACTGTICTATGAGAACTGCAAATTGGGAGAATAGGTGAAATGC
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AGAATCTGAGAGAACGCGAGAAGATGAGATCATTACAGGGTGGAAAGTTCTGCAGCAGCCTTTTCTGGTA
ATCCCTTTCTGCAGAACCTGATGTTTATGGGCTCTAAAACGCAGCTTAGCTTTAGAAGCAACAGAAAGCA
TGAAATAGGGTGTCCATTTTAAATGTGTTCCTGCAACTTTTTTCATTAAAACTTTGAGGGCCCAATTTTA
ATTTGTGGAATATTCCCGTTAATAATGAGATCTAATTAAGACATCCATTAAAAGCCCGTTAAAGTTAATT
TAACGTAAAAATTCCAATAGAACTGTATTAGATTTTCTCCATTAAATTAACGTTATGGATTTTTAACGGA
TGTICTTAATTATACGTTATTATTAACGGGAATACTGTATTACACAGATTAAAATCAGGTCCTAAGTCAAC
TTGGAAGAGCTAAGAGCATGTTTTAATATTAAAAGTCTTGCATACCTAGTGCACAGTTTGGAGACGCAAG
GATAGATCTGTTTACTCTAGTTGAACATTTTCTATACAATTGAAAGCAACCTATAATAGATAAATCCATC
ATTGCATTTAAACAATGAATTTCCTTATTCTCAAAGGACAAATACGTCTGGATTATGTGGTAAATTGCTA
CTCAGCTATGGTGAAATATTTATACTATTCTAGGCACAACACTAGGAACTAGGTGATTCTGAAACAAAAG
GAATATTTTCTGTTIGTTGCTTTAATTACCAAGGTTATTTTTTTTTAATCTCAACACTGACAAAATGAAAC
CAAATATCTCTTCCTCACCATTTCTCAAGGAGGCTGCCTGTTGGAATTGTTTTGGAAATTTTGACATGAT
CCCTAAATTCAACATTGGGATTAAAAAAAAAAAAAAACTTCTTATTTACCTCCTAGGGAAAGTGTTGCCC
TTATGCCACATATAATAGCAAATTGCTTTTTTTATGGCATGCATAACCTAGATGGGAAAAAATATGGCGC
TTCGGGGAAGGAGGGAAAAAGTAAATGAAGTTCCAGGAATGTCATTCTGAAGTAATGAGGCATGGACAGA
AAATATACCCCTCACATCATCGGATTGAGATGGCAGTCGAAATAGCTTCATTGAAGTGTCAGCACTCATC
CATCAATCAATCACCCACAAGGAAAAATAGCAACAGTACAACGGGGTGGCTTTTATGGGATTTACTCATG
GGCATAGGGAATAGCGGCTCAAATGTAGTTCTGACATGAAAAGCAAGGTGCTGATATTATTTTTTATGAT
GGGAGGATCATAAAGTGAATTGAGAACAGTGAGGTCTIGTCTTTGCTTAACCTATTCAACCAGAAATGAAT
GGAGCTCGACTGGAAAGGAACAGTCTTCAGATGGGTTAAGATTGAAGGGTGGACTGGACTCTACTGAGCA
CCGTCCTTCAACAAGGAAATTCTATTAAAGGAAAATCAATGCATTAGTATTGGGGTTCTCGTAGCTGTTA
AAAATTGTCTGCTCCAATCCAGGGTTATTAGGCCAAAGTTACATAATTCAGATCTCACTGCAACCATCCA
AAAGTGGATTCTCGAGCCCTTGCTCCAATGGGGGGAGGAGATCAATACAATTCCCAATTCCATGGAAATT
GTTTCCCTTCTAAGGAAGAAAAAATAAATCATCTGCTTCAACATATAATCGATATGGTTTTGTTAGCGTA
ATTTCTATGGTGGGTGGGGTGGGAGGTGAGAGAAAAAAATATTGATAAATTTGGTAAGACAGGTGAATTG
CCGCCTGGCAACCGTGCATGTCACTGCCGAGGGATGGCTGCTAAGGTTCACCTTAGAAAACAAGATCTGG
GCTGGCACTGGGGCATACATCACCACTCAGCATATTCCTAGAGGCCAGGCCTGTCTTCACTCAGCCAGCC
CTCTGAGGCTTCTAGAAACTTCTTTCTGGAGGAAAAAAACTAAATAACATAAACTCAGGAGAATGTCTTT
ACCCACCTTCATACCACTGCTTTCTTTTTGCTGAATAAAACACAGTTCTGATAAGTAAGAACTTTAGAAT
TGGAAAGGAGGCTGACATGCAAATATAATGCAAATTACCCTCAAGTATCGCCATTCTTCCACCACCTCTT
GGTACCAGTGAGAGCGAGAGATTGCCTTTTCTTCCCCATCCCTCCTTCCAGCTAAGACCACCAACCAGCT
GCAAATTGAGATGTCCATTTAAAAATTTATATGTCAATATTTAAATGTTACATATTTGGCCCTATTTTGT
AGTTCAGCAAATCCTCCAAATACACAGCATGTTACAAGGCACTGGTGGCACAGGGCACAACAGGAAATGA
TATTTATTTAGCAAATTCATTTAACAAATATTATTGGGCACCTGTTATGTGAGACACTGTCCTAGGCACT
GTGGGATAACAACAGCAAACACTTCACACAACAGCCTGGCCTTICCTGTGTTTTACAACAGCTCCTAAAGA
TAGCTGATATCAAGACATTTGAGGGACACAGTTCATGTAGAATCAAAATATTAGTATTTCAGAATAAGGA
TTTTTTTTCTGAAAAGCATACAGAGAGGAAACAGCTTAAAAATAGGTCAAGACCTAAAAACAGAATATAA
TCACGGAATAAACTGGATAACCCAGACAGTCCCCACAGAATTTCTTTCAGGTCACAGATTTCTTAAAACT
CACCCCCAAAATGTGCCTIGCTTGGTTGTTTGAATCTTGCATAATTAATGTCACAGGCGCAAGCCGCTGAA
CTTAGTTGAGATGCAGAAAACAAACAAATGCAATGACATATCTGAGAAGCATTTATGTAACTCCGGTTAA
GTGGTGAGGAGGGGTGTGTGAAGACAGTGTGCATGCATGAGTGTGTATTCATATATATGTGTATACATAT
GAATTTCACTGTTATTTTCCAGGGTCTATGGACAATGTGGCAGTAAGAGTCTATGATGTTCTGAAACTTT
TCACAGTAAATCCAAAGATTACAGACCTTACAAGGTGCTTGCATTCTGTTGCTTTTCCATCTGTCACTTC
TCAGGTTATTTGACTGTGTTCAAACCTTCTTTTICTTTTTCATTGAGTTTCATTTTTTAAGCTTGTTAAAT
GCTTTTGTTTAAAAAAAAAAAAAAAACCCCAAATGTCATTTTTCACATTATCCTCTCTTCTCTGCAACAA
GGATAGTAAGATGTAGATGAATGCAAAAATAATAACAACAATAAGGAAATATATTAAAGCTTTAAAATAT
GCACATATGTAGTTCTAAAGAGCAATAACGGTAGTATCTATTTCGAACATGCATTAGGCAAAAAAGAAAT
CAAAACTGAAATTTTCGTIGTATTTTTCCCCTTGTAAGATGTTCAAATGCTAACTTCATTTTCTCCTTTCC
TCTATGTGGCACTTTCTCAAAATATCTATGAAATACTTTTAGACAAAGATTGAGCTGGAGAAAGAGATAC
AAATTTCCATCCCCCCAGACAGAGAGACATATTTCCATTGTAGGAAGGCATTAAACATTTTGAAACTTGT
GAATCATCTTTAGAATTTCTACTGGGGAATTTTACTTICTTCATCCAAAGTAAAAGCCACTTATCTCCTTT
GGTTCCCAGTGACAGATTCAGAGGCATACGCAGATATACAATTTTCAGGCTCTAGTTAATCTTCTTCCAA
TAGTTACGAACAATGGGCTAACAGGCGTGGGTGTTTCTCCAAAAATTATTCATGCACAAGGCAGCCCAAA
GCTTCAGGGAAAACTAGAAATGTGTTATGGATTAGAATAGGACTGTTTTAAAATGCTAGTACCAGGTGGA
ACGCTATTTCTGCAACAGGACTCTGTCCATTTCCTTTGGAACAATATATTCCAAGTAAAATGGCTCTTCC
AAGGAATGACACCTTTACTTGACACCCTTCGGCATACAAATGATTTTACCAATAGCCATGATTATTATTA
AGGCCTTTTAAAATACAGGCTGTTTGAAAAAAGACAGATTAAATATTCACAGCCTTTIGTATCATGGTTAT
TTGCTTAAAACAGCTTTTAGAAGTACAAGTAATAACTTTTTGATAAGAAACCCCAGGAGAAACTTTTTGG
TAAGAAACCTCAAAAAATTTGAACAAAGGCATTACAAAAAAAARAAARAANACTAACCACTCCATTCAACT
CTCTCAGAAAATAAATTTCAATGTGTTCAATGAATTGTCTTGAACCTGAAACCTGCATTTAGATATCAGT
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CCCCTGCCAATAGCTAATATTAACAGAATTTGAACAATCATACAATTATGTCTCAAATGTGAAGACTTTG
TACAGTAATATTTTCACTTTCTAAATGACCCATATAACATTCAGGAATTATAGATGTGTATGTATATTTT
TTAAGTACAGAAAGTTCAGCCAGTCTTCAGAGAAGTAAAAGTGATGTCTATTGTGCATTGAAGTAAATAT
TACAAACATTCCAGTTTCGCAATACAATACTTGAGCTTTCGAACACCTCAGACACTAGAATGTGTAATGC
GAGTCAAAAAAGCTGACATACAAAACAATTCCCATTTGGCTCAGGGTTCCTAAATGTCACAATATCTTGG
GTAAAATATACTTITTTGATTTCCTGATGATGTCCTTCTAATCCCTTICTGACTTTGATTCCTAACAGCCAG
GCACTGTTGACATGAATCATTAACTTCCAAACCCCTTTAAAATCAAGAAGCTAGGTGATCATACAGTCAT
TTCAATGGCCAACCAGTTCTTGCTCTACAGAGCTTTTACACCTTTTTGGGAAACCTGATATCAAACACAT
TTATGTTATATATTTGCTCCCTITGCATTAATTCTAGATTTTTTTTTAATTTCTTTTAGAAAGGGCAGGGG
GGAAGTGGGTCAGAGCAAGGTTCAAGAATCACATTCATCCTTGCTCTAAAGTGTTTACTTGCCAGCAAAG
AAAGGCAAACACATTTTTATATTCAGAAAGCAGACCGGTCATTTTCAAAGAAAAATGACTGCAACCATGC
CTGTAGAATGTTTCTGTGCAAGCGCACTAATTTTCTATCACCTGCATGCTGTATATAATACATTTGCCTG
TATACTAGGAAGAAAAACCAGGCTGTTTTCCCTGAGTACAATGCAGCTTGGATGGCTGGGAGCGTAAGCC
TTCCGTGCATTTTTATAGTGTACATATTTGTATATACTAACTATATCGCCATGTATGAACACAGATTTTG
TTATATTTGCTTGTTTCTGTTTCCTACCAAACTGGCCCACAATGGGGATTCTTTTGTATAGAAAAAATAT
GCTTGTAATTTTTTCCTGGTCATTICTCTTTCAATAGCTTATGAAAGAATTAGATCTGAGTTTACAAAGAA
ACTATAAGAACCAAGTTTGTCTGTCTGCATGAGTCCCGTCCAATTGCTGGATCTAGGGAGGAACCAACTT
CCTAATTCAGAGTTTTCCTTTTAAAGGCATGCTTTACCCCCATGGGAAAACTGCACACTCATCCATGTAG
AATTATTCTICTTITIGTATTTTATCTAATAGTGCCTGAAAATTTTTTTAATGTCTTCTTAGAAGAAGAATTC
ATAATTGTCAAAATTTGAAACATTAGCTTAATTTTGTTTTTATGACCTCAAGATTCTTCTCCTTATTTAT
TCGGTTGCTGTTGTAATGGGGCCCCAGGCCATTCCTGACATCGGCGTGTTCTTICTTICTGCATTAAGGATG
TTTTTGAAATTACAGAGATTATTGAGCCAACAGGCTGTTTTAATCAAAACCATGTTTCACTTICTITTITTGA
TGATTATAAATTGTCCTTGCAATGAAAAAAAAAAAAGAACTTTTCTGCTAGGAAGATTATACCACCCTGT
GGCCAAACAGATTCATCACAGATAGGCATCTATGCCCATTTCTICTGGGATCTGGAAAATTCTTCCCTTGG
CTGACCCCAATTTCTTTTACTCCCCATTATCCTGAATATTAGCTTTCAATGCAGTCACTATTTGACATTT
CCAAAGGCTTTGCCGCATTGTCACTGCCCAAAGACAAACAACCACTGGAAATGATGGCTTTCCTGCTTGA
AACGAAGGGGGCCAGGTGCAGTGGCTCAAGCCTGTAACCCCTGCACTTTGGAAGGCTGAGGCAGGCGGAT
CACTTGAGGTCAGGAGTTTCAGACCAACCTGGCCAACATGGCAAAACCTCGTCTCTACTAAAAATACAAA
AAACATTAGCAGGGCATGGTGGTGCGTGCCTGTAGTCCCAGCTACTTGGGAGGCTGAGGCAAGAGAATTG
CTTGAGCCCGGGAGGCGAAGGTTGCAGTGAGCTGAGATGGTGCCACTGCACTCCAGCCTGGGCAACAGAG
CAAGACTGTGTCTCAAAAAAAAAAAANAGAATGGATTTTCAGAAAAAGTGCTCCCTTTCCTGTCCTGTGG
TGCCACCATCCTGTCCTCCTTCGTAATCATGAACAATCTGATCTTGAACTCCCACATAACTTAAATCAGG
CAAAAAGAAACATTCACAGCGTCCCCTTGCTGAATAAAAATGACTTTGTTTGGAGGCACTTAAGATGTAT
GCCTGTGTGTGGTGCCGCAGCATTGAAATTATCTGTAGAAGGGGAATTTTTTTTAAAAATACAATTTTAT
CACTAGAAATAAATTCCGATGGTGGAAACGAAGAAAACCCTTAAATTATATCACAAAAGCCATTATTTTT
TGCATCCAAAGAGTTTTTTTTTTTAAGGAAAATCATTCTACTTTGAGAACTGTAATTAAAGCCCTAAATA
ACAGACACTACTTTGTITGAGCTATTGTGAAAAAAAAACAACACATTCGCCAAGGTTATATGGAGCCCCTG
ATTTCCATCAAAAAGGTTTCTATAAGTATATTATTTACATTTTTATACATGATAACTCTTGCCTTTGTGT
TGAAAAAAAAAAAGTCTCTITTTTTTTCCCCCACTCAGCAGTTATTGGAAATAGACTGTTCCCATCTGAAA
CCGTATCGTAATTTGCATCAGGAAACCCAACTGCTGACATTGAGGACCTGGGTGTGTTCAATTATGATTT
TGCTGGAGGCTGTCCCTCATTTTAATGCTGCAGCTATTGAACCACCTTCCTGAAACCTAGCTGATACGGA
ATAGCAGAGACATGCCTCTCAACACCATTAGCTTTGCAAATGGCTTCATTTCAGTCAACGTCGACTTCTG
CTTTGGCCAATTGAAAAATGAAAATTAAAGGAGAGAAGAAAAAAANCACAGATGCACTTAAAACATGAAA
AGAATTATTTATATGATAAAAATATATTTAGCTTTTCAAAGCACAAGACTGAATAGAAGTGCTICTTTTTA
TGCTTTCTGGAGATGTTACTGTTAAATGTCTTTCTACATCAGGCTTAATAAATCTGTAATGACATTTGAT
GGATTGAAAAAAAAAAANAAANAAR

SEQ ID NO: 18 NM_001193646.1 Homo sapiens activating transcription
factor 5 (ATF5), mRNA
ATCCGGGAGGGCCGTGCTCCGCCACCCAGTATATATCTGTCCCCAGTCCCCGGGGCCGCCTCATTCCCTIG
TCCTCGGATCACAGTICTCTTCTCACTACAGTGTCGCCGCCTCTGCCTGCGTAGCCCCGGCCATGGCTCTG
TAGCCTCGACCCCTTTGTGCCCCCGGCCCGTCTCCGCGCTCACCACGCCTGCGCTCTCCGCTCCCACCTT
CTTTCTTCAGCCGAGGCCGCCGCCGCCTICTCCTTGCTGCAGCCATGGAGTCTTCCACTTTCGCCTTGGTG
CCTGTCTTCGCCCACCTGAGCATCCTCCAGAGCCTCGTGCCAGCTGCTGGTGCAGCCTCTCCTGTTGCCA
TCAGTGCCCAGCACCTGTGCTACAGCCATGTCACTCCTGGCGACCCTGGGGCTGGAGCTGGACAGGGCCC
TGCTCCCAGCTAGTGGGCTGGGATGGCTCGTAGACTATGGGAAACTCCCCCCGGCCCCTGCCCCCCTGGL
TCCCTATGAGGTCCTTGGGGGAGCCCTGGAGGGCGGGCTTCCAGTGGGGGGAGAGCCCCTGGCAGGTGAT
GGCTTCTCTGACTGGATGACTGAGCGAGTTGATTTCACAGCTCTCCTCCCTCTGGAGCCTCCCTTACCCC
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CCGGCACCCTCCCCCAACCTTCCCCAACCCCACCTGACCTGGAAGCTATGGCCTCCCTCCTCAAGAAGGA
GCTGGAACAGATGGAAGACTTCTTCCTAGATGCCCCGCCCCTCCCACCACCCTCCCCGCCGCCACTACCA
CCACCACCACTACCACCAGCCCCCTCCCTCCCCCTGTCCCTCCCCTCCTTTGACCTCCCCCAGCCCCCTG
TCTTGGATACTCTGGACTTGCTGGCCATCTACTGCCGCAACGAGGCCGGGCAGGAGGAAGTGGGGATGCC
GCCTCTGCCCCCGCCACAGCAGCCCCCTCCTCCTTCTCCACCTCAACCTTCTCGCCTGGCCCCCTACCCA
CATCCTGCCACCACCCGAGGGGACCGCAAGCAAAAGAAGAGAGACCAGAACAAGTCGGCGGCTCTGAGGT
ACCGCCAGCGGAAGCGGGCAGAGGGTGAGGCCCTGGAGGGCGAGTGCCAGGGGCTGGAGGCACGGAATCG
CGAGCTGAAGGAACGGGCAGAGTCCGTGGAGCGCGAGATCCAGTACGTCAAGGACCTGCTCATCGAGGTT
TACAAGGCCCGGAGCCAGAGGACCCGTAGCTGCTAGAAGGGCAGGGGTGTGGCTTICTGGGGGCTGGTCTT
CAGCTCTGGCGCCTTCATCCCCCTGCCTCTACCTTCATTCCAAACCCCTCTCGGCCGGGTGCAGTGGCTT
ATGCTTGTAATCCCAGCACTTTGGGAGGCCAAGGCAGGAGGATCGTTTGAGGCCAGGAGGTCAATACCAG
CCTGGGCAACATAGTAAGACCCTGTCTCTATTAAAAAAAAAARAATCAACCCTTCTTCCCCACCAAACCAC
CCAACTCCTCTCTACTCTTATCCTTTTATCCTCTGTICTCTGCTTATCACCTCTCTTGCGTATTTCTGGAT
CTCCTTCCCTCCTTTCTCGTCCAAATCATGAAATGTTTGGCCTTAGTCAATGTCTATGCCCGTCACATAA
CAGCCGAGGCACCGAGGCCCACAGGGAAGCAGCTGGGAGCTTGGAAACCTGGTCTICTTGAATTTCAAACC
TGGTTTCTTACAGGTGGTTIGTCTGGGGTGGGTGGAGTGGCGACAGGATAGAGCTGAAGGACTATGCAAAT
GAGGAAGTAAGTCAGGGCGGGCTTTGAGAAGGGGACCCATATCCTACAGGCAAAAAGCAGGCTAGGTGAC
CTTGGGACACTACGCTAAGGGAGGGAGGCTAAAGGCGGCCAGGTTTGCAGTGCGGGAAGATGAGCAGGCC
AGTGGGAGGAGGGGCAGGGCAGGGCTGTAGTTGGTGACTGGGTGTTCATTTTAGCTCTAAGAAAAAAAAT
CAGTGTTTCGTGAAGGTGTTGGAGAGGGGCTGTGTCTGGGTGAGGGATGGCGGGGTACTGATTTTTTTGG
GAGGTTATGAGCAAAAATAAAACGAAACATTTCCTCTGGCAAAAAAAAAAAANAANAA

SEQ ID NO: 19 NM_001134673.3 Homo sapiens nuclear factor I A
(NFIA), mRNA
GGCCGCGGAGGCTCGGGACCCGGCTGGCCGCGCGGCGCCGCAGCCGCCCCCTCCCCCACALCCCCCTCCCC
CCCGCGGCGGCGGCGCGAGCGGGCGGCGGCTGTGCGGTGCGGTGCAGAGCGGAGGCGGAGGCGGGCGLCGL
GGGCAGCTCGCGGGCACCCGGCCGGGCCGGCGCGGGAGCGGGAAAGGGTGCGCTATGCCTTTAACACCCG
CGTACAGTAGGCATGTATAGTGGAGTGTAGGGAAACTCTAGGCGGGGTTAAAGTTCAGCTCATGGAGCGG
CAATAGCGCTGGCTGGCTGGCTGCAGTTGAGCCGACTTGGAAATGTGAACGCAAGAAGCAGGCTTGATTT
TTTTTTCTCCCCCCTTCTCTCTCTCTCTCTCTCTCTCTCTTCCTCTCTCCCTCTTTICTCCTCTCTCACCC
ACACTCACGCACACCTCCAAACCGCACACCCAGACGCACACGCATACCCCAGCGCCCGGCAGTTATGTAT
TCTCCGCTCTGTCTCACCCAGGATGAATTTCATCCTTTCATCGAAGCACTTCTGCCCCACGTCCGAGCCT
TTGCCTACACATGGTTCAACCTGCAGGCCCGAAAACGAAAATACTTCAAAARAACATGAAAAGCGTATGTC
AAAAGAAGAAGAGAGAGCCGTGAAGGATGAATTGCTAAGTGAAAANACCAGAGGTCAAGCAGAAGTGGGCA
TCTCGACTTCTGGCAAAGTTGCGGAAAGATATCCGACCCGAATATCGAGAGGATTTTGTTICTTACAGTTA
CAGGGAAAAAACCTCCATGTTIGTGTTCTTTCCAACCCAGACCAGAAAGGCAAGATGCGAAGAATTGACTG
CCTCCGCCAGGCAGATAAAGTCTGGAGGTTGGACCTTGTTATGGTGATTTTGTTTAAAGGTATTCCGCTG
GAAAGTACTGATGGCGAGCGCCTTGTAAAGTCCCCACAATGCTCTAATCCAGGGCTCTGTGTCCAACCCC
ATCACATAGGGGTTTCTGTTAAGGAACTCGATTTATATTTGGCATACTTTGTGCATGCAGCAGATTCAAG
TCAATCTGAAAGTCCCAGCCAGCCAAGTGACGCTGACATTAAGGACCAGCCAGAAAATGGACATTTGGGC
TTCCAGGACAGTTTTGTCACATCAGGTGTTTTTAGTGTCACTGAGCTAGTAAGAGTGTCACAGACACCAA
TAGCTGCAGGAACTGGCCCAAATTTTTCTCTCTCAGATTTGGAAAGTTCTTCATACTACAGCATGAGTCC
AGGAGCAATGAGGAGGTICTTTACCCAGCACATCCTCTACGAGCTCCACAAAGCGCCTCAAGTCTGTGGAG
GATGAAATGGACAGTCCTGGTGAGGAGCCATTTTATACAGGCCAAGGGCGCTCCCCAGGAAGTGGCAGTC
AGTCAAGTGGATGGCATGAAGTGGAGCCAGGAATGCCATCTCCAACCACACTGAAGAAGTCGGAGAAGTC
TGGTTTCAGCAGCCCCTCCCCTTCACAGACCTCCTCCCTGGGAACGGCGTTCACACAGCATCACCGACCT
GTCATTACAGGACCCAGAGCAAGTCCGCATGCAACACCATCGACTCTTCATTTCCCGACATCACCCATTA
TCCAGCAGCCTGGGCCTTACTTCTCACACCCAGCCATCCGCTATCACCCTCAGGAGACGCTGAAAGAATT
TGTCCAACTTGTCTGCCCTGATGCTGGTCAGCAGGCTGGACAGGTGGGGTTCCTCAATCCCAATGGGAGC
AGCCAAGGCAAGGTGCACAACCCATTCCTTCCCACCCCAATGTTGCCACCGCCACCGCCACCACCGATGG
CCAGGCCTGTGCCTCTGCCGGTGCCAGACACAAAGCCTCCAACCACGTCAACAGAAGGAGGTGCAGCCTC
CCCCACGTCACCAACCTACTCGACACCCAGCACCTCCCCCGCAAACCGATTCGTICAGTGTTGGACCACGG
GATCCAAGCTTTGTAAATATCCCTCAACAGACACAGTCCTGGTACCTGGGATAAAAGTTGCAGCGTCCCA
CCATCCACCAGACAGACCACCTGACCCCTTCTCAACTCTGTAACATGGACGCAACCTCAACCCAGCGCAG
TTACAACTTCACTATCAGCGGAAGGGGAGAAAMAACCGATTCAAATCAACTTGTACATGGAAACAGCAAGC
ATTATGGTCAAACAGCAAAGGCCATAACCTTITTGGGATTTTTTTTTTTTTARAATACTTTAGGGACTGTT
GTAATTTCTCATATGGTGCTGGAAATGGTTGGGCTTTGTAACATTTGAAGTGTTTCCATGGTAGCGTGAG
CATTAGGTGACGTGGCTAGCGGAGGACTACCCTTIGCTCACTGACTTCCTGTTGTAACACACTTTCCTTAC
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GGAGCCTGGCTGTTTCACAGTATTTCATGAATTTACCCACACAGGTGTGATCCTCCTTGAGCATTGAGGA
GGCACATGGAGAACTAAATCTTTTGTAGTAGCTGAGATCTGCAATATATAACGGGACAGTCAAAGGGCAA
TGTTTTTCTGTAACATATTGGAAAAAGAAAATGCAGTTATATTCCTTTTTTATTTGTTCCTTTAGTTTGT
TTTGGTTCAGCAGTCAGCAGTTAAGTATATAACATGGCCCGCAAGGACAATGAATCCACTCACATTGCAG
AACAATTCCGAAAATGGCAAACTACTACTACTACTGTTCAGTTTTTTAAAAGTTTTGAAATGCTGCACTT
ACATTTAAAAAAACAACAACAACATTTTTTCAACAATTTCAACAATGACACAAAAATTCACATGGAAATG
GGGAAGATGGTCTGTTTTGACAGAAACTGACAGGAATCAATCAAAACAATCGAATTTTGAATTGAGTAAA
GTGCAATTTCATTGGATAGCTAAATATCTTTGTAAGATAGAGATTGTTGAAAATTCTATTTTTGTTTTTC
TAGTCCTTTCACCCCAGGACTCTAAATTATTGGGGTAAAAAACAGCCTTGCAAGAAAAAGGGGAGCTATT
TTTGCTTTTTATGTTTTTTATTGTTAAACTTGTATCCCTTTAAAAACTGAAGGAAATTAAAARAAANAANA
CAAAAAAACAAATCTAATGGTGCTTTTACCACAATATGTTAACTACATTAAATGCTAATTAATTATTTTC
TGTTATCAAAGCACATGACTAAAATGAAATCATGGTATCTGTTAATTTTATAAGCTAGAAGTCACTATAA
TGGATTACGCCAATTCTAAAAAATTTTACACCTATCTGGCATCATAGGATTTATCAGTTATCAGACACCT
CATTGTACCAGAGATTGTCCAGAAGTTTTAAAGACCTTTGCATCCCTGAACTGGGCTATGGGAAATAATA
ATAGTAATAATAATAATAATAATAATGATGAAACCAATACTGACACAAATGCTGGTGCCCATTCAGATCA
AGGGTACTTGTTAGGGAAAAAAAAAAANAGTTTGCACCCCCAAACGTCCTGTATCTTATGAAAAAARAAANC
AAAAAACAAAAACAAAAAAAARACACAAAAAACCACAGAAACAAAAACAAAAAAAAGTGCAAGTGATTTT
TCTACCAGACAGCGAAGCACCCCTITTGCTTCCCATGCGACTTCAAGAAGGTTTCCTATACTATACATATA
TATACGTTCTGGTTGGCAAGCCCTGCTGATCAGAGAAAGTCTCTGCATGTTCTAGTGTTAGTAACTAATT
TTTATATAGTTAATGTAGGATAAAGTAGAGTGCATTAAGACACAATATTGTAATCCCTACTCTAGGCACT
TGCCTTTAAACTATGTTTTTCAGCCCTTCAGAAGGGTTCTACTACTGTCCTATACAATCAAGTAACTGAA
ATTCTTGGGAAGACACTTTGCTCCTCATCTTTCTCCCCGAAACAATGTTGTTTTIGTTITTGTTTTTTTTCC
TTAATTTGCACGAAAACAAAAATTCCATATCAATGTGCCTTIGCCCTGGATAGCGATTATTTGTGGAATTG
TTGCACATGCTCCTCTATTGAAAGGGGTTTTTCCCTAGTCAAGCATTTGGAGACACTTTTTGTAAATGTG
ACTTTTATGTCAGCCATCGTCAGTTTCAACATCTAGAACTAAATAGAAAGCTAGTTGTTCCGCAGATAGG
AGTAGTICTTTATTGTICCTGTACGGTCGGTGGCAGTGCTATTCTGAGATCTGTAGATGCTTAGAATATCAG
TATTTTGGATGTTGCTGCATTTTACAATTTATTTGGAGTCTTCCTTTATTTTCCCCCAGATATATGAAAA
TATGCAATACCTGCTTATATCATGTAGAAAAGCTTAGCAATTATTAATTTTTCTTTTATTTTTTTTTATT
TGACCAAAGTCGGTGCTGCACTTGACGCAGTGTGTTTTAGGTGTTTGTCTTTGTACTTTTTTGTGATTTT
TGAATGCACGTGCGCAGGAAGGGCTCCTCTTAGAGAAGCAGTCAAACTGTGAAGCACTAAGCTGACCCTG
CTTCAAGCAATTTTGTTTTTACAACTGTTCCTTTCACAAGCAAGCCTTAAAAAAAAAAAAGACAACTTCC
TTTTTCTTCAGCTCCCACACCCCATTTTTCTTAGCAGACTGCAGTCAATCCACATTCAATAAAAAGTATA
TAATGCCCATTTTTATATGCACGTTTTTAAACTTCCAAGTTCTGAAAATTGTTTACTGGTTATCTCTATT
TAAGGAAAAAAAAATAAAATAAAACATTTTGGATTTTCATATGTGTCTGATAAGTGGTTGAATAGTCGTT
TGGCGCTGTTGTATGGTGTGATTGTCAGTGTATGGTGTCACTTCCTATAGCCAGCCAGCATACTTTGCCT
TCCCCTATAGCACTTAGCTGGGCATTACTTTATTATGACATATGTGCACTAAAAAATGAAAAAAAGGAAA
AAAAGAAAAAAAAAAAGAAAARATAGCAGCTTTCAGTGCTTCACAGTGAAGGGAAAAAAGCCTAGACAAA
CATTTTGTCAGAACCTTGCAATAAGCCAAGGTATTACCAGTAAATTGGTTGTATATACAATAAAATTGCA
CCCTTTTTTAAACAAAACAAACTAAGCAATAGTTTGGGCAGTTTTAGTTGTTTTTAGTGAGCATGTTGTA
GTCATGACTGCAAAGAGAGAGAATAAACTGCCCGCTCAGAAGATATGTAATTTGTATTGTTGTATAGTTT
TATTGATTACACTGATTTATTCTACCCTATTTTATAATGCAGGACTTTTGTAATGTTGTTTAAATGAGGA
AAAATTTCTGTCAAATTAGCCTAGTAAAATTTCTGATCGTTCATTATAAAGGCAGCGTTCATAGAATTGC
TTTTCTTTCTTTTTACCCCCCCTTTGGGAACTGGATTTAAGTTTAAAACTTTCCTGTITTCCTTTTTTTTT
TTTTTTTTGTAAGTATTTAAATACAATTATTTTTTTICTCTCAATGGTATAGCATATTCCTATGCTTGAGA
AGTATAGGTCTACTGAAAAACCATTGTAAATGGACGTTACAGGTATGCTGTATTTTTGAAGGTATTTTGT
TGTATTAAGTTTGATGAAGCTAAAATTAGGGAACTCTGAACAGATTTGCAGGAAAAAATGTTTTAAAGGC
TTTAAAACATTAGGGAGGCAGTCTAGGGTGATAACGAACAGGGGTTAAGTATTAAATACACGAAGTTACA
TTTTTGTTCATGTTTCATTGTCCAGAAAGCAGCAGGAAACTATTCAGTTGTGATCAAGCAGGAAAAAAGA
AACACCAACAGTTGCCAGTIGTITTTTGCTTTTTAGCTTAAAAGCATAGTGAAGATGCTTGAGGAAGACTTT
GCTACCTGGGGTGTGTAGACAGACAGACTGAGAGCTATCAGCATTTGAAGGCCCAGCCCTTGACTCTGAG
ACACATTTGAATTTTTTCTTTCCCATCAAATGGCATTAACAAGATTGGGCAAAGATGAGTCCCTCAAATT
TCTGTGTTTTTTGTITTGTTTGTTTGTTTGTTTTITTCTTTGGGAACTGAAGTCAGAGGCACGAACACTAAC
TCTTAGCATTTTTCTGTAGACTTTTTCTTCTGGCCCTTIGTCCCTGCCAGCAAAACGCCCCTTTTCTGATC
ATTCGTGCGCAGAGGGCCTCCCAGTAATGCCACGCTCTCCATGCTAGAGAGCCTTCTICTTITCCTCTGAGG
TTTGAACTGATGTTCTGTGTCTTCACACCCTGGCATGACAGTTACGTGTGGTCAGCCCGCTCCCCAGGCC
CGTCCCTGCCGCCGCCAGGTGTGGGCTCTAGGCAGGCCGACAAGGTTACACCTCCCAGAGCTTGTGATCT
TCATTTTCTGACAGTCAAAGTGTGAAGGAACCCAGACTTCCCCGAGCCACGGTGTTCAGTCAGCCCACAG
GAATATGCAAGACCCATCTCCAAAAGTTTGTCTTTGATTTTTTCCAAGCCCTTAGCCCCATAAGCTTTGA
ATCCTGTAGTTACAGTGGCATAAAGGACTGACAAAACCTGGATAAGGAAAAACCTTTTTTTTCTATGAAT
TTTTTTTGTTTTTTAGGGGAAAGGGATTCTAAGAATGTCATTTAATGTACTTTGCATCATGTCTCTAGAA
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ATATCTTTGTCCATAGTGGTGGTGGAGTCTCTICTICTCTICTCTCTCTTTTTGTTTGCTTCTGTTTTCTTTC
TTGTCTTCATTCTTTCTTTTCTTTTTTATTTCTGGTAGCAGGCCTCCATAGAACAAATCTAAAACACAAC
CACCATAGTAATGTAAGGAGAGCTTCAGTGGCACCTCAAAACCCACCCTTCGAGATCTGTCCAAAGACAG
TCTCAGAAAGCTGCACTGCCCACCGGCTCAGCTTTCATTCAAAAAGGCTTCCAAGGCCAATTCTGTICTTG
AAGTCAATGCATGTATTTACTGTTTGACAGTAAACCCGCTCTGCCTTCTCCACGTCCAAGGCTGTGCATT
CGTCTAATTAGCGTICGTIGTATGTTTTCCTTTTATTTTTTCCAATAAAAAAGCAGTGGGATGAAAATTGCT
TTGATATATAGCAGGTAACATTGAAGCTATTCCATAGCACTTAACTGTAGTGAATACTGTGTCACCAATT
TTGAAATCAATTTAATGTTTAATGCAAATCCATTACATGGTGCTATTATAGGCTGACAAAATGATTTACA
CAAATGTGACAACTTGGGCTCAATTCACTCTGCTTTCCAACAGTGTAAATGCATAGCAGTGTTTATCTGC
ATGAGAACTATGCACTAATCTATCTGAAGAAAAAAACTATATCAACTTTGGTATCTACTTTCCGTTTACT
TCAATCCTTGCCTTTTTGGTCATTGTTATAATGCCAGCTTTAGGACAGAAAGAATTATAAGAAAACCAGC
ATAATACCTGATATATTAAAATGTAGTGCCTGTGAAATCTGTATTATATTGCTCTTCTGAAGTAAGATTT
TTCTACACCGGTAGCCTTCGCTGTCTGTCAGTCAGGACCTTICTGGTATAGGTGATGTAAAATAACCGTAC
AATATTAATGCATGCGATTCCATAATGCTTAGTGAACTGTATGAATATTACTCAAAGTTATGTTAGTCTT
TTTTTCCGACTTGGTTCTTGTCAGCTAGGTTTAAAGGTATTTCACTGAGAACGCAAATTCTGTCTTTTICT
TGATTTCGGCTGTTTTCAGTATTTTGGAGGTATACATTTACTTAAATTCAGTATTACTCGTGTTTTGTTT
TTGTTTTTGTTTTTTGTTTTCTTTTTCCTAGGGGACAAGCATGGGTGTTTGATTTCAGAAATCAGTACCT
GGCGAGATTTTTGTICTCAAAACGACTATTTGAATTTCAAGAACTGTGCTGCGAAGACACTCTGAGAACAT
TTGCAAGTCAGGGGCATTTTCCTTGACCCTTGACTGATGCTATGCGGAGACTGATACATTTTCTITAATGG
ACAATGTTCAAGCCAGGTACCCATGCTTGATCTGTCTTCACACCAGACCTCCTCATATTAAAAGGAAARA
TAAGAAAAAAAATGTAAGAAATCACATGGCTATTTAGTTTCATGCACAGTTGCAATATTTTCTTCAAAAA
TAAAACTCTGTACAAACTTTGGGCCCGATTCATAAGAAAAAGAAGTTTGCTATTAACACGGGATTTTTTT
AATATACTTTTTTTGGTCTAAATTTGAAATTACTTGCTTCCCAAATTAAATAAATTTCATCTCATTTTTT
TCCCTAAACCAGCACCCATCTGCCTTTTATTCCCCAAAGAGTTACCTTTCCCAGATTAGGGGGATGGTAT
GTGGGGAGCAGATAGCGGAAATGCTTAGAAAGATAAGGGGGACCACCCACAGCTGGTCGTGAGAACAGGG
AGACAGTGTGTGGGGGTGGGACCTCATCTGTGTGCCTGGTATCCTGAGTTTTACATGTAGATGCATTCGC
CTATTTGATTCAGAAAAATAAACTTTCCCAAAATGTGTCTGAACCACAAGAGCATACAGTGGAAGTGCTA
CCTCTAATCTAACCAGAGCACCTTCATGGTGGAAGACACCCACCAGGTCATACAATGTGAACTTTTGTAT
CTCTGCAGTGGTTTCAAGGACAAATAGTGTCCAATGTATTGGGCCATTTTTCCTGCTGTTTTTATACTCA
ACTTCTCAAAATGAAAAAAGCTTTTATTTTTCCTTTGACTTATTTGTGTTGTTICTTATTTTTTAAATTTT
TATTTTTTGATAATAGTCTGTAAGTTAGCCTTTTTGGGTTTITTTTTTTTTTTITTTITGGCTTTTITTITTTTG
TTTGTTTTTTTTTCTTTTGACATTGCAACCGAAGGTCATAAGGCCGCTAGCTCCGCTGGGACAGAGGCTT
GAGAGAACTAACGGCTCGGTGCCTTCTCCCTGGTCTCAGACCATCGTCTCTGCACTGCGAAGGCATTTGG
TAGCCTCGCCACTGAGATACTAACTAGACCTAGACTAGGAGCTTTATCAGGTTCTAGGAGGTCCTTTAGG
AAGACTCTCAAAGGCAAATCCCTGATCCCCCGCCCCACCCTTAGCCCTGCCCTCTCACCAGAGCAAAATT
CACTGGGGACTTTTCCCACCACACATGGAAATCTGTCCACTCGGAATACCTCTGTTTTCCATTTCAAATT
GTAGGGGGAGGGGATGGAACACTTCCAGTGATGGTAAGAGATCTGTTATGAAACGAAACACCCCCCGTGT
TAATAACTTGGTCTGAAATCTGTTTTTATGAGCCGGGCCCCCTGTGCCTCTAGTATACTTGTATTGACTC
TCATAGTTACCCTTTTAGTITTTACTGTGTTCTGTGAAAATTTGTAATTGGTTGAGAATCACTGTGGGCGT
CCATTCTTATTCAACTAAATCTCCACAGGTTTTTTGAGCTGGTGTGGATTAGTTTAACTCTTIGTATTCAA
CCATTAGTGCTACCACCTTCTCACATTACAATACAATTACTGGAAGCAAGTACTGCATTTCCTATGCAAC
AAAAAAGGAAAAATAAAAAATTGCTAATGCTAAAAAAAAANAARA

SEQ ID NO: 20 NM_005596.3 Homo sapiens nuclear factor I B (NFIB),
mRNA
GGGCTGTAACCTTGAACTTTCCCAGCGCGGTGACACATTCTCCCCGCTCTCCCTCCCGLCCGLCCGLTCG
CCCTCCTGCGCCCTCCCGCGCCCCCCTCCCCGCCTTTTTTGAAAAAGCATTTTACCACCAACCACCACCC
CAATCCAACCCACACCGAACCTTCGCGCACCCCCTACACCCCAACAACAACAACAACTGCAAAATAGARARA
ACAAATCCCCAAACCCAGGCGAAAAGCAGCCAACACCGGLGGELGGLGGLGGLCTCGGCAAGCACGGCCAG
CGCGCTCGGACTGCAAGAGGGTTAAAAGTGTAGATTGGATTTCACCCCTGGAAATCTAGCACGCCGAGTG
AACTTGAATCTTTGGCTATTTAAGGAGGACTGGGTTTGTTGTGAAGTTGCGGTGATCCAGCGCAGAGCCC
CGTCCTGATTGATCGCATCGCGGGGCTCAGATGACTGTAAAATGAATAGATGAAATTCTTGCTTCTCGAA
GATTTTCTTGGGCATCTCCCGGAAAGTGCGTTTTAAGGCGAAGTCATGATGTATTCTCCCATCTGTCTCA
CTCAGGATGAATTTCACCCATTCATCGAGGCACTTICTTCCACATGTCCGTGCAATTGCCTATACTTGGTT
CAACCTGCAGGCTCGAAAACGCAAGTACTTTAAAAAGCATGAGAAGCGAATGTCAAAGGATGAAGAAAGA
GCAGTCAAAGATGAGCTTCTCAGTGAAAAGCCTGAAATCARAACAGAAGTGGGCATCCAGGCTCCTTGCCA
AACTGCGCAAAGATATTCGCCAGGAGTATCGAGAGGACTTTGTGCTCACCGTGACTGGCAAGAAGCACCC
GTGCTGTGTCTTATCCAATCCCGACCAGAAGGGTAAGATTAGGAGAATCGACTGCCTGCGACAGGCAGAC
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AAAGTCTGGCGTICTGGATCTAGTCATGGTGATCCTGTTCAAAGGCATCCCCTTGGAAAGTACCGATGGAG
AGCGGCTCATGAAATCCCCACATTGCACAAACCCAGCACTTTGTGTCCAGCCACATCATATCACAGTATC
AGTTAAGGAGCTTGATTTGTTTTTGGCATACTACGTGCAGGAGCAAGATTCTGGACAATCAGGAAGTCCA
AGCCACAATGATCCTGCCAAGAATCCTCCAGGTTACCTTGAGGATAGTTTTGTAAAATCTGGAGTCTTCA
ATGTATCAGAACTTGTAAGAGTATCCAGAACGCCCATAACCCAGGGAACTGGAGTCAACTTCCCAATTGG
AGAAATCCCAAGCCAACCATACTATCATGACATGAACTCGGGGGTCAATCTTCAGAGGTCTCTGTCTTICT
CCACCAAGCAGCAAAAGACCCAAAACTATATCCATAGATGAAAATATGGAACCAAGTCCTACAGGAGACT
TTTACCCCTCTCCAAGTTCACCAGCTGCTGGAAGTCGAACATGGCACGAAAGAGATCAAGATATGTCTTIC
TCCGACTACTATGAAGAAGCCTGAAAAGCCATTGTTCAGCTCTGCATCTCCACAGGATTCTTCCCCAAGA
CTGAGCACTTTCCCCCAGCACCACCATCCCGGAATACCTGGAGTTGCACACAGTGTCATCTCAACTCGAA
CTCCACCTCCACCTTCACCGTTGCCATTTCCAACACAAGCTATCCTTCCTCCAGCCCCATCGAGCTACTT
TTCTCATCCAACAATCAGATATCCTCCCCACCTGAATCCTCAGGATACTCTGAAGAACTATGTACCTTICT
TATGACCCATCCAGTCCACAAACCAGCCAGTCCTGGTACCTGGGCTAGCTTGGTTCCTTTCCAAGTGTCA
AATAGGACACCCATCTTACCGGCCAATGTCCAAAATTACGGTTTGAACATAATTGGAGAACCTTTCCTTIC
AAGCAGAAACAAGCAACTGAGGGAAAAAGAAACACAACAATAGTTTAAGAAATTTTTTTTTTAAATAAAA
AAAAAGGAAAAGAGGAAGACTGGACAAAACAACACAAAGGCAGAAAGGAAAGAAACTGAAGAAAGAAGAT
AATAGACCAGCAATTGCAGCACTTACAATCACTAATTCCCTTAAGGTTGAAACTGTAATGACATAAAAAG
GGTCGATGATATTTCACTGATGGTAGATCGCAGCCCCTGCAACGTAGCCTTTGTTACATGAAGTCCGCTG
GGAAATAGATGTTCTGICTICTATGACAATATATTTTAACTGACTTTCTAGATGCCTTAATATTTGCATGA
TAAGCTAGTTTTATTGGTTTAGTATTCTTGTTGTTTACGCATGGAATCACTATTCCTGGTTATCTCACCA
ACGAAGGCTAGGAGGCGGCGTCAGAGGTGCTGGGTGACAGAGCCATGAGCCAGCCATTTTATAAGCACTC
TGATTTCTAAAAGTTAAAAAAAATATATGAAATCTCTGTAGCCTTTAGTTATCAGTACAGATTTATTAAA
TTTCGGCCCTTAACCCAGCCTTITTCCAGTGTGTAACCCAGTTTGAAATCTTAAAAAAAGAAAAAATGARAA
AAAAAAGGAAAAAAAGAAAAANAGGAAAAAANCAGTTTGAACACAAAGGCTCTATGGAAGAAATGCCTCTA
TGTAGGTGAAGTGTTCTCICTGCATGCAACAGTAAAAATTAATATAATATTTTCCCCACAAAAGAAACAC
TTAACAGAGGCAAGTGCAATTTATAAATTTATATCTAAAGGGGAATCATGATTATAAGTCCTTCAGCCCT
TGGACTCTAAATTGAGGGGATTAAAAAGAATTTAAAATAATTTTGAACGAATTTATTTTCCCCTCAGTTT
TTGAGGGCATTAAAAAGGCATTAAATCAAGACAAATCATGTGCTTGAGAAAAATAAAATTAATGAAAACA
CAGCACTTATGTTGGTTTAGCTGCAGCCTCCTTGGAGGTAGAATTTATTTATTTAAAATTACTGGTTGCA
TCAAGAACCCATAGGGTGTACAAAAGGTTCTATAAAATCTGCATTATAGAGACAAAGAGGCAGGCAAATC
CATGTCACAAGGGTAAAGCTTACAGTTTACAAACTGGGAACGCCAGGGTGTAGGATATAAAAACGCACTC
TTGAGAAAACAAATGTAATCAGGGTGCTGAAAACTTGCATGGTGCTTTCAGACATTAGCCTTGTTCAACA
AATTTCTTGTATTGACAGATCCATAGTGTGCATGGGCAGACACATTTTGCCTCTATGTCTCTTAAAATTT
TAATTAAAAATACTCTTTCCAGTAATCCTAATTTGCACGAAGATATAATGTCCACATTACGTGCCTTGCC
TTGAAATCTAAAAAACAAAAAACAAAAAAANAANAACAAAAAAATACAACAAAGTGACATCACTACACTT
GTTTTGCTGCATTTATTATCATTTTAAATCTTTACCATTTTTATGACAAAATATTTTGTACTCCAGACGA
AGAAAAATGTGTGACATCATGGATTTTTTAGACAGTTATACCTTTATCTCACATTTATAAAGCATATCAT
GGCTGTGTATAGTTGCCGCTTAAAAATTGTAATCGACCAGCAATATTTTCAGTATTTTGGTGTTTTTTTC
TATTAACCTTTCATGTTTTTCATCTTCCAATTAATATTTGGGGGGGAGGGGTTTCAAATTTATACGAATT
ATGCAATACCAAGTTTTGCCTATGTAGGTAGTGCTTTTAGCTGTATTGGTTATTATAGGTAAGTACACAG
ATTTAAAAAAAAAATAATGTATGCTTTTTTGTTTIGTTTGTTTGTTTTAATTGACCAAAGTGGGTACTGCT
ATTTTTGCAGTGTGATGAGGTCCTTTTGTGTACTGAGAGATGGACAGGGGATTTTTTTTAATATACATAT
ATATATATTCTGGGGTGGGTGGGAGGATTTTTAACACTTTGCAGTGTAGCTGTGAAGCAGTGCACCCTGA
GATGGGCCTGGGCTGCAAAGCGACTGTTCTGCCTACTGTGACAAACTTCAACTTACACAGGTTCCCCTICT
CTAACTTCCCACCTGGGTTGCAAGCTGAACTCATTACTGGTTTTCATAACAACACAATAGTAAGAACAAG
CAAACACAACAAATTCTCCTGGAGGCAGACTTGGCTTAAAAAGGCAGACTTGGCTTGGTGATAGTTTTTC
TTGAAAGTTCCAGATCCACAGTGGAGAGTGAGCCTGTICTCATATTTGGCAAAAATATTTGTTGAAATGTC
CACATAGGGGATGTTGGATGTTTAACACTTTTGAGAGTTTAACACATGAATATTCTTTCTCCTAGAAAAC
ACATTAGACCTGTITGGAGGGAGTCTCCCGTATTCCTTTTCTGCCACTTTTCGTCCCCATTTCATTTCATT
AATGATAGGATATGATTTACCTGTGACTTACTACTTCAAATGGATGGCAGTGCACTTGGATTTTTTTTTA
ATATCCAGAAGATTGAACAGAGGGTTGCTATTGTTGAATGTATTTGGACTGATAGATTAAAATCAAAGTT
CAATTTTTAAGGAACAAAAAAGTAAATCCTGTTTTCATTTTATCTCCCCTTTTAAAACTGAGAACCAGAG
CAGAAGGGAAATATAGAATTTTAAGCAATTAATCTTCCTGTGGATGAATTAAACCCATTAGATGCTGATG
GGATTTTTTTAAGGAATGGTACCTTAACTATATATTTGATTTCGTTTCCCCTGAGGGCTAGAGGCTGAAT
GGAGGCTGGTTTTATTTTGCCTTTCCCTCACCGCCCAGTCCCATTGAGTGTATTCATTACTAGAAGGAAA
ATCTTTCAGAATTGGTGACACATGGTAGGCTGTCTTAAGGAGTCCCCTGGCCCCCTTCCCCTAGGCCATG
GCCTAATAAAATAAACTGTCAATTGTTCTCACAGCATATCATTTAATAATGAATACTTTAGAACAATGCT
TATGGGCTGGAGAATTGTATTTGATTAGCCCATTCAGTTTGATAGCCCAAATGCTGAACAGCACAGCGGG
ATCCTAGCAGTGCAAGTTCAAAAGTAAGTCCAATCATTTCTGTGATACTCGCCCTGGTAGCAAACAGATC
ATCTCAGCCAAGCTCTITCATGTATCTTTGACCTATTAGGTGAACAAATGAACCTCACAGGACACACAGTA
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TTTTTTAAAGGCAGACTCGCTICICTTTTTTGCCAGTGAGCAGTTCTAGCTAACCAAGTTACACACTGTGG
GTATTCCTGCCTGCCTCTTGAATACAAAGGCCTAGTTCAAGTGTTGCTTTTTTTATTTCAAATCAATTTT
TTCTTCTTTCCTTTTTGAGATAAAACTATTAAAAGTACTACTATATATATAAAATCTCAAATCAACTTTT
CGGCCTCCTCCTCGTGTACCAGGAAGTATATTCTGACGAAGGGCCCCACTTTTGCAGGTCTTGCACGCCC
CTCCCTTACCCAGAACTGCAGAGCTTCAGGATGGCGAAGGTCACCCAAGGGCATGAGTAGGGAGTGGTGT
CTCCAACCATCAGTTCCGTGGCACTGTTCAGCCTTTGTGTGCTGCCCTGCCACCCACCACTCACAGTGCC
TCTGAAGCGTGTTACCCCTIGGAGTGACGTGAGCATTTGAGGCTTGTCTAAGGAAAAAAATAAAAGGCAGT
GAAGGAGACTGTACATAAAGACATGGCAAAAATCTTAATTATAGCAATATAGTTATCGGGTAATGTTCGG
GTGGGCAGCTCCATTAAAAAATATGTGAATGAATCTGTGAAGCTGCAAGTAGCGAGAAGAGCGAAAGGTC
TTCTTAATGAACCGCCTACCTTIGTAGACAGTAATTTGTACACTGTATAGTTTTGTTAAGAATTTTTTTTA
AATTAAAATTCCCATGTTTGTAAAGCTAACTTTTTAACAATTATAATGGAACTATATGTTGTTTCCATTT
TTAAAGTAAACAAGAATATTCCTTGTTTAGAGACTGGACTTGAGTTAAAACTCTCCAGTCTCTITAAGTTA
TGTATTAAAAAGAAAATCTGTCCATGTTAGGAGTTATTTCACAGATTCCTGTGCTTGAAAAGCATAGGAT
ACTAATCCTTTAAAAAAGTGTAAATGGAGAAAAGTTATATTTTATGAAGGTTATTTTGTTGTATTTAGTA
TTGGAAAAGTTGGTTTCCAGAGCATTTCAGAATGTCGAAGCACCACTGTCTTTTTATTAGTATATACGGC
CTTTAGCAAAAGTTTTTGTGATTGTTACGTGATGGTATTTAAGGTTAAGTTTCACAGAGCATTCAGGATA
GGCAGAAAACTAAAACAGTGCTATGTCTCACATAACGTGTCCTCAGGGAGCAGAATCTTGGATTTGTGAC
TTGTAGCTTCATAAGGACTCAACGAAAGAGATTGCACAGGGACATCTTCAGCGGTGTGACAGCAGGACAT
GTTCTTTACCTAGATTCAAATTCTATGTACTGTGTGAAATGATGAAGGCTGCAGAAAGTTATCCCATATT
CAGTGTACAGTATTCATTTTTAATGAAACAACTCTACAATATTGCTGGCAGATAGGCCCCAAGCATGACA
TTCAATATAGTTTACATGTITCCTGTCAAGGTCTTTTGTTAACATTAACCAGCTGCATGCTTTCTGGACTT
TAAGAAATTGGGTTTCTATAGAAAACTTTTTTTTTTTTTTITTTTTTTAATGTGCAGGCTATTCAAGTTCA
ATAGTAAAAGCTCAAAAATGAATGTTCTACTCCATGCTGAAGGAGCTGAAAGCTGCCTTCTTCATATTTT
GCACTTTCTGGTAGTTCCCCTGTTTTTTCTAATTCCCTAAAATTGTGTGGGTGGAGTGGAGCCCTGCAGT
TGGGGGGTAACATGGACCACTGATTTTGCCCTTTGACCCTGCACAATGACCTTTGCATCAGCCAAACTCA
TTGCCATGACAACTCTTTGTACTGTGTCCGTGCCACAGATCTGTTGGTCACATTGTTAATAGTAAAGGGG
ACAAGTTGGAGACGGTCAATTTTTACATTTTTTGTTGCAATTTTTTCTTCAATGGTTGTAAGTAGTTTTT
TTTTTTTTTTAATAATAAAAGGGTTCACTAGTTAATACTCTAGAAATATCTGTGTGTTGCAATTCAAATG
TATGTTGAGATTGTGAAAAGCGCTTCAGTGCCACTAGCTTACCGGTACACTAGACTAAGCCCTTGATGAC
TTATTGCATGATACAGTACCAGGAACAACAGGTGGCCTAAATACATGAAAAGCAGTGTAAGCTAGTGACA
CTAAAGCCAGTCTTIGTATTACTGTATTTTTGACAGAATGGTTTTGAAAACTGTGCTACAGGGACTGATGT
GGCAAATATATCTCTITTATGCAGAAGGAAGTCTTTTTTTTTCTTTTTTITTTITTTTTAAGAAGTATGGCTT
TTTATGCATCCTTCATCGAGGGCATTGAAGTTGCATGGACTGATAAAAGTTGATGCAAAACAAGAAAGAA
ACAAACAAAAAAAAAAAACCAGCAAAATGTTTACCAAAAAACTCAAACAAATGAGCAGTGCCTGTTCAAT
TTCACAGTCTCTGTTGAGTTCAGTTGTAAATATGTTTCAAATGACATTTTCTTGGGAAAAAAAATCTCTA
CAACATTGTAGAATGTGAGGGGTAACTACATCCCAGGCATAGGTTTCTCAAAGCTGCAGTAGATTATGTC
TTCATCAAGCTGTTAATTTGTGCTTATATCATATAGAACTTTTAGCATCCTGGGAAGAGCTGCCCCCACC
TCAATGATATTTCTCTGAGAACAACTTTTGTAGGACTGTGTIGTTTCTTTAGATACATTTAGTACAACTGT
AGGTGACGAGTAGTCAGTTATTGCTTGCTAGCTACACACCAGGGTTGATCCATTTTAAAACTTTTGGCAT
TTTGTCCTCATGGGCCATAAATACAGAACCTTGTATTTTAATTAAATTTTTTTACAAAAGGAGGCACATG
CACAATCTCCATGTAACAAACCTTTAGCAGTAGGATGTATTATACGACAGTTACTTAATTTCTAGAGTTC
AGGCCTCTGGGATCAACCCCAGACTGGGCCAGAATGTTAGTGAAGGTTTTATTGTGCCCGGTTGGAGGAT
AACGTTCTTTGGGTACTTTTTGTGGGTTGCAAATGAACTCAATTGCCACAAGTTTTAAACTGGTGTAAAT
CAAGCTTGACTTAATGTGATTGTTACTGTTATATCCAGCCTATACTGCTAGCAGCTGCTCATACTGCAGT
CAATTACTGGAAGCGGATATATTTCCTATGCAAAAACTGTTTAAACAATAAAATGAGCTATGCTACAGAC
TCTGAAAAAAAAAAAAAAAAANAAR

SEQ ID NO: 21 XM _005263953.2 Homo sapiens neuronal PAS domain
protein 2 (NPAS2), mRNA
GGATGTATGCGTATGGTTTTGTTGGGAGATGTGCCCCTTTCCCAGCCGAGGAGGGACGCACCTTTGACCT
TTCTGAAGAGCTGGGCAGGTCGGTAACCAGGGAAGGGACAGGCACCACCCGGCTAAATTCAGAACCAGTC
CCGCTCCTICTGCTTGCCACTCCTTAATTGCTCAAGGAAARACTGCATAGAAAATCTAATGGATGAAGATG
AGAAAGACAGAGCCAAGAGAGCTTICTCGAAACAAGTCTGAGAAGAAGCGTCGGGACCAGTTCAATGTTCT
CATCAAAGAGCTCAGTTCCATGCTCCCTGGCAACACGCGGAAAATGGACAAAACCACCGTIGTTGGAAAAG
GTCATCGGATTTTTGCAGAAACACAATGAAGTCTCAGCGCAAACGGAAATCTGTGACATTCAGCAAGACT
GGAAGCCTTCATTCCTCAGTAATGAAGAATTCACCCAGCTGATGTTGGAGGCATTAGATGGCTTCATTAT
CGCAGTGACAACAGACGGCAGCATCATCTATGTCTCTGACAGTATCACGCCTCTCCTTGGGCATTTACCG
TCGGATGTCATGGATCAGAATTTGTTAAATTTCCTCCCAGAACAAGAACATTCAGAAGTTTATAAAATCC
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TTTCTTCCCATATGCTTGTGACGGATTCCCCCTCCCCAGAATACTTAAAATCTGACAGCGATTTAGAGTT
TTATTGCCATCTTCTCAGAGGCAGCTTGAACCCAAAGGAATTTCCAACTTATGAATACATAAAATTTGTA
GGAAATTTTCGCTCTTACAACAATGTGCCTAGCCCCTICCTGTAATGGTTTTGACAACACCCTTTCAAGAC
CTTGCCGGGTGCCACTAGGAAAGGAGGTTTGCTTCATTGCCACCGTTCGTCTGGCAACACCACAATTCTT
AAAGGAAATGTGCATAGTTGACGAACCTTTAGAGGAATTCACTTCAAGGCATAGCTTGGAATGGAAATTT
TTATTTCTGGATCACAGAGCACCTCCAATCATAGGATACCTGCCTTTTGAAGTGCTGGGAACCTCAGGCT
ATGACTACTACCACATTGATGACCTGGAGCTCCTGGCCAGGTGTCACCAGCACCTGATGCAGTTTGGCAA
AGGGAAGTCGTGTTGCTACCGGTTTCTGACCAAAGGTCAGCAGTGGATCTGGCTGCAGACTCACTACTAC
ATCACCTACCATCAGTGGAACTCCAAGCCCGAGTTCATCGTGTGCACACACTCGGTGGTCAGTTACGCAG
ATGTCCGGGTGGAAAGGAGGCAGGAGCTGGCTCTGGAAGACCCGCCATCCGAGGCCCTCCACTCCTCAGC
ACTAAAGGACAAGGGCTCAAGCCTGGAACCTCGGCAGCACTTTAACACACTCGACGTGGGTGCCTCGGGC
CTTAATACCAGTCATTCGCCATCGGCGTCCTCAAGAAGTTCCCACAAATCCTCGCACACAGCCATGTCAG
AACCCACCTCCACTCCCACCAAGCTGATGGCAGAGGCCAGCACCCCGGCTTTGCCAAGATCAGCCACCCT
GCCCCAAGAGTTACCTGTCCCCGGGCTCAGCCAGGCAGCCACCATGCCGGCCCCTCTGCCTTICCCCATCG
TCCTGCGACCTCACACAGCAGCTCCTGCCTCAGACCGTTCTGCAGAGCACGCCCGCTCCCATGGCACAGT
TTTCGGCACAGTTCAGCATGTTCCAGACCATCAAAGACCAGCTAGAGCAGCGGACGCGGATCCTGCAGGC
CAATATCCGGTGGCAACAGGAAGAGCTCCACAAGATCCAGGAGCAGCTCTGCCTGGTCCAGGACTCCAAC
GTCCAGATGTTCCTGCAGCAGCCAGCTGTATCCCTGAGCTTCAGCAGCACCCAGCGACCTGAGGCTCAGC
AGCAGCTACAGCAAAGGTCAGCTGCAGTGACTCAGCCCCAGCTCGGGGCGGGCCCCCAACTTCCAGGGCA
GATCTCCTCTGCCCAGGTCACAAGCCAGCACCTGCTCAGAGAATCAAGTGTGATATCAACCCAGGGTCCA
AAGCCAATGAGAAGCTCACAGCTAATGCAGAGCAGCGGCCGCTCTGGAAGCAGCCTAGTGTCCCCGTTCA
GCAGCGCCACAGCTGCGCTCCCGCCAAGTCTGAATCTGACCACACCTGCTTCCACCTCCCAGGATGCCAG
CCAGTGCCAGCCCAGCCCAGACTTCAGCCATGATCGGCAGCTCAGGCTGTTGCTGAGCCAGCCCATCCAG
CCCATGATGCCCGGGTCCTGTGACGCAAGGCAGCCCTCGGAAGTCAGCAGGACGGGACGGCAAGTCAAGT
ACGCCCAGAGCCAGACCGTGTTTCAAAATCCAGACGCACACCCCGCCAACAGCAGCAGCGCCCCGATGCC
CGTCCTGCTGATGGGGCAGGCGGTGCTCCACCCCAGCTTCCCTGCCTCCCAACCATCGCCCCTGCAGCCT
GCACAGGCCCGGCAGCAGCCACCGCAGCACTACCTGCAGGTACAGGCACCAACCTICTTTGCACAGTGAGC
AGCAGGACTCGCTACTTCTCTCCACCTACTCACAACAGCCAGGGACCCTGGGCTACCCCCAACCALCCCCC
AGCACAGCCCCAGCCCCTACGTCCTCCCCGAAGGGTCAGCAGTCTGTCTGAGTCGTCAGGCCTCCAGCAG
CCGCCCCGATAATGCCCCGGCACTGAAGTCGGGACACAATCAGCTTTAACCAATGGATGAGGGGGGTGGC
CACAGGAGATGGGGAGAGGAGTCTGAACTAAACCCCTGGCTTTTGTGCACACTGCATACGTTTCAGAACT
CCTGGATGGTAACCATCTICTGGAGTGCAGCGCTTGCTGCAGTGGAAATGATCAGGAATACTGACCGTGTT
TCTCTTGCCTCCGAGGTTCTTGGGCACACTCTATAGCCATACTGGACAGGAACCAGGTGCCCCGTGTAGG
CATCGTCGGTCGGTTTGCCGTCAGAGATGGCGCATCTCGCTGCATCCCCCGAGAGTACACCGGTTGCTCT
AGCCACCTGCGGCCCGCCCATCTGCGCTAGCTGGCCTTCACGCTCTTGATCGTICTTTCCTTTGTATTGGA
GAAGGACTGGGTCAGAGATCTGTTGGAGAGAGAGAATAAAGAGATTATTTTTCATTATTTTTAAATGGTT
GTTTTTGTTTTAATTTGCACAGCTACACAGAGGAAATAACTTAGGCACTTTCTGTITTTTTTTAAAAAAAT
AATAAGGTCTCATGGCTTCATTTAGAGACCACAGTAACAACAGCAGCCCACCAATCAGAGAAGCTGGTTG
TTATTAACCAAGCTACAGATTCACACTTTCTGGCCTAAACCCTAATGGGATGAGGCTTTTCACCCCAGGC
CATGCTGGTGGTGATTTTTTAGCCCCTAAATAAAACACTGGACTATTTCCTGTTTACTTCATTGATTGCA
ACTACAAAGGTGGACTCAAAGCAAAGCACAATCATGCCAGCCAACATTCCAGAATTCTGCTGAGAACTCC
AAGTCTGTGAGGGGAGAGGTTTTACAAGCCAGACAGGCCTGGGGGACTGCAGTCCCCAAGGAGACCCTGC
CACATGCTGGCCCTTTGAGTGAGAATGCTGCATCTTTCTACATATCTTCATGAGAATACTGAGAATTGGA
TTTTCCTTTTCAAAATGCACTTTGCTTTTTTTGTATGTTTTGTTATGTTGAGATGTTTCTAAAGAAAAGA
TTTTATGTAATTATAAGATGAAGCGTAGTGAATTGTACAGCTGTTGTAATAATGACCTATTTCTATATAA
AATAAAATTGTATGGCTTATGTGTAAATTATTTTGTATCTGAGATACCAGTTCCTTTTCCCAAATATAAA
AGTATAAAAGTTTTCTTGTIGTITTTTICTGTGAGTGAAAATTTTGTAATAAATTAACAAATTTGTACAATT

SEQ ID NO: 22 NM _005252.3 Homo sapiens Fos proto-oncogene, AP-1
transcription factor subunit (FOS), mRNA

ATTCATAAAACGCTTGTTATAAAAGCAGTGGCTGCGGCGCCTCGTACTCCAACCGCATCTGCAGCGAGCA
TCTGAGAAGCCAAGACTGAGCCGGCGGCCGCGGCGCAGCGAACGAGCAGTGACCGTGCTCCTACCCAGCT
CTGCTCCACAGCGCCCACCTGTCTCCGCCCCTCGGCCCCTCGCCCGGCTTTGCCTAACCGCCACGATGAT
GTTCTCGGGCTTCAACGCAGACTACGAGGCGTCATCCTCCCGCTGCAGCAGCGCGTCCCCGGCCGGGGAT
AGCCTCTCTTACTACCACTCACCCGCAGACTCCTTCTCCAGCATGGGCTCGCCTGTCAACGCGCAGGACT
TCTGCACGGACCTGGCCGTCTCCAGTGCCAACTTCATTCCCACGGTCACTGCCATCTCGACCAGTCCGGA
CCTGCAGTGGCTGGTGCAGCCCGCCCTCGTCTCCTCCGTGGCCCCATCGCAGACCAGAGCCCCTCACCCT
TTCGGAGTCCCCGCCCCCTCCGCTGGGGCTTACTCCAGGGCTGGCGTTGTGAAGACCATGACAGGAGGCC
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GAGCGCAGAGCATTGGCAGGAGGGGCAAGGTGGAACAGTTATCTCCAGAAGAAGAAGAGAAAAGGAGAAT
CCGAAGGGAAAGGAATAAGATGGCTGCAGCCAAATGCCGCAACCGGAGGAGGGAGCTGACTGATACACTC
CAAGCGGAGACAGACCAACTAGAAGATGAGAAGTCTGCTTITGCAGACCGAGATTGCCAACCTGCTGAAGG
AGAAGGAAAAACTAGAGTTCATCCTGGCAGCTCACCGACCTGCCTGCAAGATCCCTGATGACCTGGGCTT
CCCAGAAGAGATGTICTIGIGGCTTCCCTTGATCTGACTGGGGGCCTGCCAGAGGTTGCCACCCCGGAGTCT
GAGGAGGCCTTCACCCTGCCTICTCCTCAATGACCCTGAGCCCAAGCCCTCAGTGGAACCTGTCAAGAGCA
TCAGCAGCATGGAGCTGAAGACCGAGCCCTTTGATGACTTCCTGTTCCCAGCATCATCCAGGCCCAGTGG
CTCTGAGACAGCCCGCTCCGTGCCAGACATGGACCTATCTGGGTCCTTCTATGCAGCAGACTGGGAGCCT
CTGCACAGTGGCTCCCTGGGGATGGGGCCCATGGCCACAGAGCTGGAGCCCCTGTGCACTCCGGTGGTCA
CCTGTACTCCCAGCTGCACTGCTTACACGTICTTICCTTICGTICTTCACCTACCCCGAGGCTGACTCCTTCCC
CAGCTGTGCAGCTGCCCACCGCAAGGGCAGCAGCAGCAATGAGCCTTCCTCTGACTCGCTCAGCTCACCC
ACGCTGCTGGCCCTGTGAGGGGGCAGGGAAGGGGAGGCAGCCGGCACCCACAAGTGCCACTGCCCGAGCT
GGTGCATTACAGAGAGGAGAAACACATCTTCCCTAGAGGGTTCCTGTAGACCTAGGGAGGACCTTATCTG
TGCGTGAAACACACCAGGCTGTGGGCCTCAAGGACTTGAAAGCATCCATGTGTGGACTCAAGTCCTTACC
TCTTCCGGAGATGTAGCAAAACGCATGGAGTGTGTATTGTTCCCAGTGACACTTCAGAGAGCTGGTAGTT
AGTAGCATGTTGAGCCAGGCCTGGGTCTGTGTCTICTTTTCTICTTTCTCCTTAGTCTTCTCATAGCATTAA
CTAATCTATTGGGTTCATTATTGGAATTAACCTGGTGCTGGATATTTTCAAATTGTATCTAGTGCAGCTG
ATTTTAACAATAACTACTGTGTTCCTGGCAATAGTGTGTTCTGATTAGAAATGACCAATATTATACTAAG
AAAAGATACGACTTTATTTTCTGGTAGATAGAAATAAATAGCTATATCCATGTACTGTAGTTTTTCTTCA
ACATCAATGTTCATTGTAATGTTACTGATCATGCATTGTTGAGGTGGTCTGAATGTTCTGACATTAACAG
TTTTCCATGAAAACGTTTTATTGTGTTTTTAATTTATTTATTAAGATGGATTCTCAGATATTTATATTTT
TATTTTATTTTTTTCTACCTTGAGGTCTTTTGACATGTGGAAAGTGAATTTGAATGAAAAATTTAAGCAT
TGTTTGCTTATTGTTCCAAGACATTGTCAATAAAAGCATTTAAGTTGAATGCGACCAA

SEQ ID NO: 23 NM_004852.2 Homo sapiens one cut homeobox 2
(ONECUT2), mRNA
GCCCCCGCCGCCCCCGGGCCCTGATGGACTGAATGAAGGCTGCCTACACCGCCTATCGATGCCTCACCAA
AGACCTAGAAGGCTGCGCCATGAACCCGGAGCTGACAATGGAAAGTCTGGGCACTTTGCACGGGCCGGLC
GGCGGCGGCAGTGGCGGGGGCGGCGGCEGGGEGCEGCGEEGEGGCGGCEGCGGGGGCCCGGGCCATGAGCAGG
AGCTGCTGGCCAGCCCCAGCCCCCACCACGCGGGCCGCGGLGLCGCTGGCTCGCTGCGGGGCLCTCLCGLC
GCCTCCAACCGCGCACCAGGAGCTGGGCACGGCGGCAGCGGCGGCAGCGGCGGCGTCGCGCTCGGCCATG
GTCACCAGCATGGCCTCGATCCTGGACGGCGGCGACTACCGGCCCGAGCTCTCCATCCCGCTGCACCACG
CCATGAGCATGTCCTIGCGACTCGTICTCCGCCTGGCATGGGCATGAGCAACACCTACACCACGCTGACACC
GCTCCAGCCGCTGCCACCCATCTCCACCGTGTCTGACAAGTTCCACCACCCTCACCCGCACCACCATCCG
CACCACCACCACCACCACCACCACCAGCGCCTGTCCGGCAACGTCAGCGGCAGCTTCACCCTCATGCGCG
ACGAGCGCGGGCTCCCGGCCATGAACAACCTCTACAGTCCCTACAAGGAGATGCCCGGCATGAGCCAGAG
CCTGTCCCCGCTGGCCGCCACGCCGCTGGGCAACGGGCTAGGCGGCCTCCACAACGCGCAGCAGAGTCTG
CCCAACTACGGTCCGCCGGGCCACGACAAAATGCTCAGCCCCAACTTCGACGCGCACCACACTGCCATGC
TGACCCGCGGTGAGCAACACCTGTCCCGCGGCCTGGGCACCCCACCTGCGGCCATGATGTCGCACCTGAA
CGGCCTGCACCACCCGGGCCACACTCAGTCTCACGGGCCGGTGCTGGCACCCAGTCGCGAGCGGCCACCC
TCGTCCTCATCGGGCTCGCAGGTGGCCACGTCGGGCCAGCTGGAAGAAATCAACACCAAAGAGGTGGCCC
AGCGCATCACAGCGGAGCTGAAGCGCTACAGTATCCCCCAGGCGATCTTTGCGCAGAGGGTGCTGTGCCG
GTCTCAGGGGACTCTCTCCGACCTGCTCCGGAATCCAAAACCGTGGAGTAAACTCAAATCTGGCAGGGAG
ACCTTCCGCAGGATGTGGAAGTGGCTTCAGGAGCCCGAGTTCCAGCGCATGTCCGCCTTACGCCTGGCAG
CGTGCAAACGCAAAGAGCAAGAACCAAACAAAGACAGGAACAATTCCCAGAAGAAGTCCCGCCTGGTIGTT
CACTGACCTCCAACGCCGAACACTCTTCGCCATCTTCAAGGAGAACAAACGCCCGTCAAAGGAGATGCAG
ATCACCATTTCCCAGCAGCTGGGCCTGGAGCTCACAACCGTCAGCAACTTICTTCATGAACGCCCGGCGLC
GCAGCCTGGAGAAGTGGCAAGACGATCTGAGCACAGGGGGCTCCTCGTCCACCTCCAGCACGTGTACCAA
AGCATGATGGAAGGACTCTCACTTGGGCACAAGTCACCTCCAAATGAGGACAACAGATACCAAAAGAARMA
CAAAGGAAAAAGACACCGGATTCCTAGCTGGGGCCCTTCACTGGTGATTTGAAAGCACAATTCTCTTGCA
AAGAAACTTATATTCTAGCTGTAATCATAGGCCAGGTGTTCTTICTTITTGTTTTTAATGGCTATGGAGTCC
AAGTGCAAGCTGAAAAATTAATCTCTTAGAACCAGACACTGTTCTCTGAGCATGCTAAGCATCCCAGAAA
CCCAAATGGGGCCTTCCTGGAGCGAGTTAATTCCAGTATGGTGTCAACCAAGCTCGGGATTGCTTAAAAT
ATCATCCATCCCACTTCAGGTCCTGTICAGCTTCTTGCAGTCAGAGTTCCTATGAGTAACAATAGGAGTTT
GGCCTATGTAAGGACTCTGAGTTTAGGCTTCCAAGATACAACAATAAGAGAAGAATCTAGCAACGAGAAT
GACCTCATTTGCTTTCCACATGCTTAGCCTCATTATACCATGTTATGTCCAAGTTCACAGCCACAACATC
AGAATGGTAATTACTGAGCACAAGTTTTAAATATGGACGTTAAAAAAAAAAATCCAAGGACCTGTTTTTC
CAACCCAGACATCTTTTCATTGAATGATTTAGAAAGCTTTAAGTTGATCCAGCTTACAATTTITTTITTTTC
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TTTACCTCCTGGAAATCTCATATGGTCTTGGATCCGTCAAAAAAACCAGTCAGTTCACTTGCGCTCAAAG
TATCAAGCACAACAAAGATAAACAGAAGTGAGGAAGGTTCTGGGTTCACTACATCTGGATTTTCAAGACA
CCTATTGTGAAGTCATTAGGGAATTGATGAGAATATGGCTTCAAGCACATTTTGCAGTTTGCTACAAATT
CTGTTGTACATAATGCAGACGCACACTCAGGAGGCCAATTTAACTGTTAACAGTGCATGGAGCGAATGCA
GCATTTTAAAAGATCTAGGTTTTTTTAGGTCATTAATGTGTCCTTGGTTGATCAGTCATCTGGTCCCTCC
TACTGTGTGTTATGACCACCACGTAATCCATTCTCGCICTTTCTGATTTGGGGTTTTTCCTCATCCATCC
CATTAGTAGGGATGTTTICTGTGTTTTCTAGCAAGAAAAAAAAATCAATCAATCAAACCTGCATACATGT
TACTCATGACTGTCATCTAGTCCTAAATCTCTTCTGTTGTTGAATCATCCTTGCAAAACAGCTGAATACA
TCTGGAGAAAACACAGCACACCAAAGAAGCAGAATACTGCAAACCAAAGACATTTATGACTTGTCATTTT
CTAGCCTAAAAATACTGTGATTACTTTTAGAAATCAGAAAACCTCTGCAACTCCGAATGGCATTCAGCTC
TTGCATTTGGCGCATCATCGGGCTGAGCGGACCAGCTACACCAAGGACATTAGCCAAGCCACCCAGAGGG
GTGGCTTTGCCACACCAGTTGTCACCTTCCCATAGCAAGTGGAAGAGCGCCCACAGAACTCTGGGAGATT
GCAAAGGTCACAATGTGCATATTTACCAGTGAATGGCCCCGGGTGGGGCCACGTGGGGGTGTTCAAAGCA
AGCCAAACGCTGCAATCATTCTTTACAGACACTTGAGACTGACTTTTTTATGAATTACTTAGTCGAAACC
AAAGAAACTTTTTCTGCACCTACTTCTGCAACAAACAAAACTGTCCCATTAAAATGAATAAATAAATCCG
TAAATCAATGGAAATCACCACCAATAAGAAGGAAGCACGCCAGAAAATAAACGAAAACAAAANACAGGGAG
ACACACTGTGTTCAAACAGACCTCTTGGGACATTTTTTGGAAGCAGATTTTAAAGAAAGGGTTGAGACAA
AGATAGAAATAAGGAAGAGCCTCAGTGGCTGCTGCTTCATTTGACAACTCACACGGTAATCTTAAAGCTG
AAGATTGTCTTTAATTTGTGCCTATGCAGTTTTTCAAAAGAACACGGAACAGAGCAACAGAAACCTCAAC
AGCTACAATACCAAAGATGAGGATTTCTCACACCTTTTIGTTTCAGTTCATTATCTCCTCTTGCCTGGCTA
AAATACTAATAGCGCCATTGAACTGTATAAAGGTAATCAATTATGTTTCTCTGAGCAACAAAAGGAAAGG
GCCATTTATTTGATTTTATTGTTTCATTTCAATTTTGTCTTATGGTTTTTTGCCCCAACATGGAATCTCT
CAAAAGTTTCCATGGACTCCAAGTTTAAGATGTTGGGATATTGAACAGTTCTCTCTGCTCAGCAGAGGGT
AGGGAATAACATTATCACTTGAATGTTCTTTGCTTAACCCTTAGACTTGGTTCCTTCTATGTTCAGAGTC
TCATCATCAGGGGAAGGAAAGGGAGTGAGGGTCAGGGATAGGGGTCTTGGTGATGCATCCTCTCCCGAGC
CACAGAACCAAAGAGTTTATAGAGGAATTTACAGCCTICGTITTTCATGTGATTGCTACATCCTAACAGGGC
TTCATTTGGGGGTGGGGGGAAACATGTAAAAATAATTGCCAGTTTCTACTTTTCTATTAGCTTITTTAAAA
ATCAGCTGTAAAGTTGCATTTCTAAAGAAAGATATATATAATATATAAAATACATATATAGATCAACTTG
ACATTGGTGATAACCAAAATTATTGCTGTCCAAATTCATGTICTTIGTTTTGGTCCAGTGCTTCATTTGCTA
AGTATTCGGTTCAGAATTTTTCTCATTTCTCATGCCATTCCAGAGTTAATTTGCCACTGTGGATGATTTG
AAGTATTCAGATCTCTATGGAAGTTTCTGGGACAGGTTTAAAGTCAAGATCAAGCATTTTAGCATTTAAC
CTGTTGATAAATGGATCCATGGTGTACATGAGTTTTATTTGTATTCGGAGTCATCTCTATTCTATCCCTC
AGCCTCGATTAAGGTGGTGAGTGAAGTGCATCCAACAGACTCGGCCCAGAACTGGGTCCTGACAGTGGGG
TGCTCATCTTCTGTAACTGTTGGGAAGGCTCGGTGGTCCATTTTCACCAGTTAAAGAATATGAGGCCAGC
CCAGAAATCTGTTCTCCAGGAGCTGCCCTGTCCCATCTGGGTGTGCCAGACCCCCTCAGTGAGCAGGTCC
ACCAAAGGGACTTCTCACAGGGGAAGCCCAACTCCTGTTGCAATGGGTTGATAGATTTCCTCAGGGTGGT
AATTACCAATTCGTATTTTGACAAGCCTATGTGCAACCACAGCTGGCACTGGGGTGGGCAGTGGTGTTGG
GTGGGATGGGGGAGAGTGTCTCAATCCTGAAGAGAAAATATAAAGCAGGTTTTGGGGAGACTTCTGGAGT
CCTGCCCCTAGAGAGCCCCATTGTTGTTCTTTGTGCCCCCTCCTCATTCCCCCTATGTGGGTCTCCCTAT
GCAGGAGCTGTGAGAGAATGTGACTCTCCACAATTTTTATAATTCATCCTTCCTAGGAGATTGTTCATTG
GCTCTTCCCTTGTGTCCCTTTIGTCCCTTGCTCATACTCCATGTTTCCTTTGTCAAAGGACTAAGAAAAGA
GCATATTTCAGCAGAGGAGTGTTCCCATGTGGGTTGATTTCAACTTGGGTATTTCTAAAAGAGTCCTTGT
GACATGTGTCCAGTGGAAATGGTTGCTCTTTTCCAGACTGGATTGAGGAATGGAGCCTGTTTGATTTGGT
TAGTGATTCTTTGACATACTAATCTCAGCGTTTGGGTCTCCAGCATCCTCTGAAGATGTCTAGACTAGTA
GAGGCTGCCTTTGTGACCTGACATTACAACATTGGTCAAACCAGTCCTCTGATAATCAGAAGAACATGTC
ATAATTGTTTAAAAAAAAAAARAAGGCAAGAATTTCTCTCCAAGGAGCTTTAATAAATGTCTCATTCCAG
ATAATGTCATACCAGAGAAAAGTGCTTGCTTTTAGAAAATTATTTACATACATATATAAATATATATGTG
TATCTATACAGTTATGTATCAAAATTTTAAGCCCTGCAGAATTTCAATTTGTTAGAAATCTAACAGAAAA
AAATTTCTATATTGAAAGGTAATAGAATTTAACCCAGTGAGTTTACTCAAGGATTTTTAAATTTAAGTTA
ATAATTTCAGAGAAAATAACCATTTGGGTGTGGTTATAGTTTAGTATCCATTACCTCAATCCAAGGAAAA
TTCCAGGCATTCCTCAACCATCAGGAAAAGGTACAGTGTGAAGGAACAGTTCTCAGCCAAATTTCACATT
CTTGAGGCAACAGAAATCAAAACACTCAGAGCCATTGAGTGGAAAAACAATTTACTTTATTCCTTTACAC
AAATAGGCTTGCATTGTTTTTGTTTTAATGTGATTTTGGTACTAGGGATATAATTATTTCATTCCAGGAA
ATAATAAAAAAAAACAGACAGAGCCAATACATTTICTTTTTTTAAAGGAAACAGCAACAACAATAAAAACT
CAGCACCAATATTTAAAAGCTTTTCCAAAATGTAAAAGAAGTGTTTAGCTTGCACCATGCATAAAGGTGC
AGGCTAGTTGAACCAGGAAGCATGGCACTTCCTCTGGAGAAATCCAGAAAGAGTTGCTTCTAAGCTCCCT
TTTCCCCCTGCAGGCTCTTGGCAATTGTAGGCTTTAGCAAATCCAGAATAATTTTCAATTCAAGCTAAAA
TAAAATCAACATTTGGAATGTAAATCTGATACACACACACTTTTCTAAGTCAAACAACATATTTCAAAAC
CAAAAATAAATACCTTTTAGATAATCAGTTATTTTICTTTGTCTATACTGGGCACCCACCTACTAGTGCCA
GTAAATTCAAGTTGAACAGATTTTTAAAATCACTATTATCTGGGTATGGGGGAAACTTCCCCACTTTTGA
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AAATGTTGGTAGAATTATAGGAATGTCTGTTTGATTATCATTACCAAAGTGTCATGACAGTATGCCTTTG
TAGTGAACTCGGATTTTCAGGAGTTTGAATAGTTGGATATTTTAAAATCTAAGAAGAAAAGGCCTGTTTC
CAATGTTGTTGAAGAATAATGAACTCTATTAAAAAGTGGAGAAAAAGATAATACATGTGGTCAAGGTTGA
CCACAAGGCCCAGGCACAACTACCTTGGCGATAATCTTCTAGATTCGTAACAGGTTAGAGCTGACTTTTT
GTITTTTGTTGTTGCTGATGCTGTGTGATTCAGACTTCTCAGCCTAACCAGGAAGAGTAAGTGGAAATGGT
AGATGAAGAAGGGGTAGAGCTGGTGTATCTATAACTTTICTGATATTTGTCTGCCAAACTTGATATATTAG
TAATTTTTTTATCTTTAGCTAAGATCAAGTCACCCCTGAAACAACAGGAGATTCTAGTTTTAAAATAAGG
CCACAAAAATCCTTACGGAATGAAGAATGGCACCCCAGTTGGTTGTATAAGTCTCATAAGATAATGATGT
TGATTTTAAATATGGATGTICTCAATGCCTGTTTTCTATCAATGATTTGTTTGTTTCCAAGGTCGGGGAGG
GAAAGAGGGGAGGGTTTATCTGTTTTAGAAAGTCTCAGAATACTTATAAAATACAGAAGTAGTTATTAAA
ATATATAGGACCTCACATAGGTAGATACAGAACTTACCATTGAGGCTGATGGGCTGTTGTGTGAATCACA
CAGGACCTTAAATGAGGCTCATTATTCTCACACACCAAAATGACTCTGACAGCCTGAAGCAGTTATTGCT
AGAGCCCAAGCTTTCCTTGGAGGTTTTGGAGTTAGGTTGATTGGAAGTAACCAGCTAATACCTTTTICTAG
TGGAGAAAAAGACATTGCTACCAGCTTGTTCATCCCATAGAAGTCTTCCACTCTGCTCCATTTTTAGCAG
CAAGCATTTCATGTAGCATAAACCTTGGCAGATAAGTGTGCCTAAGGTTTATACAGTCTGTCCGCTTGGA
TGTATACAAATTTAGATACATATTTTAACATGTGTTCTCATAGATGACTTTATAACAACACACATTACCT
ATAGGTGTCTAGACTGTGTACATACAAGTGTGTACAGACAAGCTTCATACGTATATACTGTAATCCGTTA
CAACAAATAAATTTTAAATCATCGTTTAACATGTATGTGGTACTTCTACAGTGTACATTGTTTTCATTAT
TTATTGTAACATTGAAAACCACAGTGCAGGGAAAACAAAAGTATCCCAGCATCTTCATCCTGTACACTTG
GAATTAATTTCATTTGGGCATATCCAAGATAAACTCAACTTTCAAGAAATCTTGTATATTATTTAATCAT
CTGTGTTAGGATGACACCTATGATTGATGACTTCGGTTGAATAGCTTTATTCTGGATTTTTCATAACTAA
AGCTAAATCCAAAGACCTGAAAAAGGACAAAAAGAAAAAAAAANAAANGAAAAAACAAAGAAAAAGAAGAA
AAAATAATAAAGTCAAGCGCAAACTGATGGGGAGACAGTGGGCTCTGGTTTCCAGGATTGAGACAATGGT
ACTGCGGTCTTGGGGAGACTGCGTTAGCTAGTGGGGAGTGGTGATTTTTTTCATGCTTGTCACATCTAAA
TGGTCTTTAACATGAGAAAGTTTTAGAGGTTATAATTTCCTGCTTTGTTTTTATTTAGACTATCAAATGA
AGTTATACATGTTGTCAGTCAAAAAATGAAGACACCCTICTGCCCCACCCCACAGAATGCTTTTTATCTTG
TCTCTTTGGGTTATGACCCAACAAGCTAAGTACCATTAATGTAATTAACTTATTTAAATTAGTTCCTAGT
ACATAAATGTATAGGATTTGGGTAATTATTTAATCATCCTTICCTTAGTTTGATTCTACTCCTTIGTACTTA
TTTATCAAAACCTAGACCAATGGTGCATCAGAGATGCAAAATTCTACTTGGAATACTCTTGAAGTTTAGT
TTGCTTTATAAAGCAGTGAAATTCTGTTACAGACAGGGAAGAAATACAGGTTACAAAAAGAGAATTTGGG
ATATTCTTCCCICTTAAATTAACTTTTAAAATAGTCTAAGTAACAATTTTTAAATTATTTAACTTAAGTT
CGCAGCCCCACCTGGTACCAGGCGAACTTCACCTCTTAATTATTGTGGCCCTCGGAGCCTTCATATTGTA
ACTTATTTATTTAACTTATTCAGCATCTGTGAAAGGTGCACTGTATAGTTTATATTTTTAATTTAAAACA
ACAGAGAGCACTGCAGTTTIGTTTGCTGTCAGAACAACAGAGCAAATTTTGTGGACAAGCAATGACTATTC
AGCCTGAACCTGTGCATTCAGAAAACATAAGCTGAGACCCTGCTTCACCAGCCTGGATTTCGGGGCTTCT
ATACAGAAACTGGAAAAATAAATTTTAAAAAAATCGTAAACAAAAAGAGAGAAACCCTTACACTAGCTGC
TTCCAAGAATGAACTCTGTIGTGTATGTAAAGCAACAAAACAAAAAAGGAAAARAAACAAAAAGCAGAAARA
AGAAAAAAAAAATGAAAAACTTTCTATTTCTAGTGAGAACCAAAGAAGGCTACCTCACTGACTTTTTCCA
TTTGTAATTTTAATCGTGTTGATGACACCAAAGATACCAAAGATTTCTTTCTCTGTGCGGTCTGCATTTT
GCTTGTGCTCTTTTATAATTTGAACGATTTTCTCTGACATATGGTATGTACAGCCACAGCTCAGATACCC
CAAAGAAATAATTATCTATGCGACGGCGGCTGCTAATTTGGAAAGGGATATTTTCTGTGTTTICTCTTATA
TGTTTGCTGTCTGCTCGACATGTTCAAGATGCGAGTTCAGATGCTGCTGTAATTGGATTCCTTAAATTCT
GATTACAAATTGAGGAAGGAAACTGGTTGGAAATGGCCTTCAGTCCTAGCCATGGCCTCTATCCCCGCTG
GGACCTGTCACAGTAAAGACTGCCAATTACTGAACCACAGAAGCTCTGACCATTGAGTAGTTGAGCTGGA
AGAGACCTTAGGAATCATTTAGTCCAAGCCCCGGTGGCCCAGAGGAATGAAATAGTTATCCAAATCAAAT
AACTCTTGAGAGTGAAAGCCCACACATGCCTICCTGGTTCCTGCCCCAGTGCTCCGCTTATTGTACAGTGC
TACCTCTGCATGAGAGCGGTCCCACATTGACAAATAGGATGGTGGCAATCCTTTAGCAATGAGCAGGGAC
TGGGGTTTATCTCTTAACATTTTCAGCTGTAAAATTAGTCACAAGCATTTTCAGTGTCCCATTAGTACAT
AGTCACATATGGTCGGTTGCTTCGTGAAGGTGGCCTGTCTTGAAATACTAGGGCTCATACGGGATTTTTG
CCCTAGGAAAAACATGTTGATCCCAATGATGTGATCACTTTTGAACCTTTCCATTACAAAGCATTGTATA
GATAACTTTTTAATTCAGTAGGAGGAGAAAGTTCATTICTTGGCCTGTTGGCTTTGATTATTATGGGTACT
TTAAAGTCAGTATTTATCAAGAAAGGGAACTTGACCACCATTGGCACATGTGACATTTAAGCTCTTCAGC
CTTTTCCTTTTTAGTTGTAGGTGTTTACATTTCATTTCTAAGCCAACTCTGTATTTATGAGAGAAGTTTA
AGCCTTACATCATTTGATACTAAAGGGTTATTTGTGGTAAATGAAAAATGACCCCAAAATTACAGAGGAA
TATGCCAGTTTAAGAAATGGCTACTTAAAGTTGCTTICICTCTTTCCTTCTTACTCATGAAATTAATTGGT
CTTCTTCAAGTTTCTTTAGATTCCATTAAATGATTAAATCACTATTAAGAGCCATTCATCAACGTGATTT
GTGTGTTAGCCAATGAATCTGTCTCAGCTTTTGACCAAATGGGTTTTAGACAAATGCAAAGATCTGCCTC
TAGTCCATATGGCTCTTTTTGAGTGCTAGTATTTTGCATTTCACATAATGTAGTTATTTTGAGCTTTTAA
AGAGAGCATTTAGACAAAGAAGCAAAGAGAGGAAGGGACCAATCAACTCATCAGTTCCATGCATCAACAA
AGCATAGCTAGTAGAGGAATATAAATGACAGATTGACAAACTGTAGGAAACACTGTTACTICTICTITICTGA
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AGTTTTCAAGCACCATCCTATGTGAAAGTTCCCTCCTGTCCAAACAAGCTCAAGGCCCATCTTICTCCCTA
TACAAGGCAAACCTGTAAGGCCTTCCTTCCAAAGAGTACATTGCTTTGGTTTTCTTCCTAAATTCCTATT
GGAATTAGAACTCTCAGAATCCCTGGGAGACAGAGCAAAGATGACTTAATTCATTGAGCAGCAGAGCTCC
CTATAAGTGAACATCACCTTCCCCATCTTTCCTACTGCCACACCCATACGAGAGAGGATCTAGAAAGAGC
GATGGCAGCCTGAACACAGAAAACATCCCCACTTGGCAGACCTCTCCTCAGCAATCCCCCCAGCCTCATG
CTTCACTTGCAAAGTGTGACATAACCACGGGACGAGTGCCTTGCTTGAACCAAAGCAACGATTTAGCCAG
TCTGGACCTCTCTGTGCTTITTTTTAATTCTTCCTGTGAATACCTCAGCTTCAACTGGGCCTCCATACAGT
CAGTTGGTGGGCTTATTGTACTGTGGTGCTTTGCAATGCAACCCTGCAAAGAACAAGATTTGTACTAATA
CCAAAGGTTCTTTCTICTATGTICTCCTCCTCTGCCTCCCTCGTTCTTCCCTTITTTTICTAGTTCTTCACGGT
TCCAAAGCTTTACTATGAACCTGGGCATGTTGGCAATGCAGACCGCGCAATTCCTTACCGAATTTTICTCA
GATATACCTCATAGACAATAGTGTTTAGAGTAATGTTATTATAGCGTATGTAATAAATTATTCACTGTTT
CTTTTGGTAACTGTGATTTAAAAAAAGAAAAAAGAAAAAAAAGCTTTATACGTTTTAGGTTGTGCTTTTG
TAATAGATGAAAAAAGGTGCGCTTAAAAAGAAAATGTATGTTTTTTTCCCCCTTTGGATTTTATTTATGC
TGGATTGGGGAAAGTTGCAGAATGAGCCCAAAGTTTACAGTITTCATATTTTGCTGAAGAAACAATCTGTG
TTCATTTGCTCTGTTGAAAAGAATAATTATTTTICTACATTTGTGCCACTTGGTCTGAACAATTAATTGTT
CCGTGTTAACAGTGTAGTATTATGATTAGCAACTGCCAATCAGTGCTATAATTTTATGCATGAGGCTAAA
AATTTAGCAGTGTGATGCATTGTGGTCTTAATAGCAACATTTTTCATTTTGAACTAGATCTTCCCCTTTG
GTTCAATGGACTTTATTTATGCATGGGCGCCTATTGTTTGTTAGCAGTTGTGGAACAGTTGTGTATACAT
TAAACTGTGAAAATGTACACAGTTCAGCCTCAGACGGTGGTAATATTGGTTTTATTGGGAGATGTGTCAC
CTCGAAAATACCCTTTACATCTGTITGGGATCTGAAAATGAGTCACATTGAATTGGGTTCCAGCTTTATAA
TGAGAAACGTTATTCCTAATTTTTGAGTTAGCCAATTTGCATTCCACAAATTGGGATCCTCATAACCCAA
ATATATCACCGTATGTGAGAGGGATTTGAAAGCGAGTATTGAAAAACTCACCTTITGCATATTTAATTTCC
ACCAAAAGGAGTTATTTTGGCTTTATGCTCATGAACTTAGACCTAACTGGCCATGTATATGTAGATGCAA
ATTCATCTAGCTGTGGCCCTCTTTGATCTCTGCTTGGGAATGGCTATTTTTGACTATGCGTGGTTTCTTC
TCGTATTTTGTGATCAGGTCAGCTCCCAGTAGAAACTCAAATGGCATCAATATTACTAACTCTTCTCTGC
CCACTTCTCTTTTGTCCACTCTCCTAGACATTCCCACCAACTGTTCCAGTGATTTGGGCAAAAATACGCA
GCCATTTCCCAAAACTTCACATGTGCAGCTATCATGGCTGTCCCTCCCTAGACTTGGAGGTGACTCTCAC
TTAATTTTTACCTGCCCAACAATGTTCCATCTACCATCTAAAAGGTAATATAAGAAGAAGTTTTGAAACC
CACTTTAGGAAAACCATCTTCTITTAAATCCTTCAATTATCTGAGGCCTCTATATGTCAAAACTATTTTTC
AGTTGCAGGGGATTGGGCAAACTTGTTCTTTCTTATACTTGGGTTCAAAGACCCATTCTCCAGTTTCATA
TTTCCCAAACCAAAATGCTTGACATAAAGCCAAATCAACTGCCAAGCACACTTTATTTTGCATAGGAGTA
TGCAGCCTAGGGAACCTTGGTTGAAAAGCAGCAGTCTGCTATGCAAAATATTGGAAATCACTGACAGTGT
AGCATTCATATTATCTGTCAATGAGGGTATATTGGGAACGTGCTCTCGTGAATAATAAAAAGCAACATAT
TTTTATTTGGCCTTATAAATTAGGTTGTGGTAATGTAAACTTTGATATATAGTCTTTITTATTTTTCTCTT
ATTAATCTGCCAAAGATGGGAACAGATACAAGAATTTTTCAAATTGGCTTTTGTAAGACAATTGATGATT
GTAATAGTGTTTAATCTTCCAGAAAGCTTTATATGTTGTTCCACAATAAAATTGATATTTGTTTCAGCAA
AGTTTTCCTGACACTCACAAACCCACAAACTGTTICCTICTTAATGCAGATATTGTAGAATCTACAAAGTTC
AAATCCATTTTTGATCCAAAGAAAGTAGAGGAGTATTTGAGACATGAGTGTACCCAGCCCTTTTTTTAAT
CACAGGCAATGCATGGGTICTGGCTGGTTACACTTTGCCAAGAAGACTTGTCTTATGAAACCCAAGGTATA
TTTTGTTATGCCATTTTATGTCCTTTTCTTTTAACATTGTGGAAAGTGGTATGTTGAATCAAGTGTAAGC
TGAGTTTTCCAGACAACTGAAGTAGCTACATCATGAATGTTATTTTGTTATTAAAGGGTTTTTACTCAGT
GCTTTGTGCCAATGGATGTCCTTTTCCTTGGAGACACATAACTACAAAATTACCTCAGCTTGGCCTGGTT
TTCTCTCCTGCCCTCTTGGGGAAACATGGGCCTGGCCTGGGAAAAGGCAGGTCATGGGCTGGAAGGTAGG
TTTTGGTACTAGGAAGAAATCTCTGTATCTGTCAGCTTTAAAGAGAACTGGGCCAAAAATCTCTAACCTC
ACTCTCTCTGGACTCCAACACTTCCCTGCAATCCTTTGGTCTTGAGCATGTGCCAGCATGAAGGCAGACT
CCAGTTCATACATGAAAGGCAAGAAAAAGAAAATAGTAACCTTGAATCTTCTGTGGGCCACCAGGCACTC
ACCTTTCCCCACCTTGCACACTATCCAGTCAAGGCTATTGCAGCCCATCTGGTGGCTTTACATGGGACAT
TACCAAAGGCTTCTTCCTCCATCCTGGGGTTGCAAAGGATCCAGGTCCCCTCCATCCAGTGGGGCTCTTIC
CACATCAGAAGTCCCCCTCCCACCATCCTCTGCATCCTGTTTAGCTATCCCATCTATACCTTTTGGAGAT
GATTATTTAGAAAACAAAGAAAGGTATGGAATGGGGTTTCCTATTGTTTGCTAGGTTATATTTTAGCAAT
TCTCAATTCTTTGATCTGGAAAAATACAAGAGGGAAAAGGAGACCCCACTATCTCCCTGTIGCTTTGCTCC
CATCTCAGGGGGCAGGGGCAGTGCACATTGCCTATGCTGTTGATCTGTCTTGGGCGACAGGCTGAATCAC
AGCTATTGCCCCAGCCAAAAACATGGCCCATCAATGCCTACTTTATCTCTGCTTGAAAATCCTATTCAAA
AAGTTGTAGAGTTTGAGGTTTTTATCCCCCCATATCCTITTGCTTTGGTCCAGTTTGGCCTTTAGCATAAG
AGTCAGCTTTATCTICTAGGAAAGTTTTTTCAGATTATGACAAGGAACCTGCCACCTGGGAAGAAAAGAGT
CCGAAGACTAGCAATCGGATAGGTAGTCATACCATTAACAGATACTTCCTTGAAGGTAGAATATTATTTC
CTTTCTTTACAGTTTTGTGTTACACAAGTCCAAGTGGTGCCAGCAAACTTCTTACCGTGAAATGTTGTAA
AACACCTGGCATACTGAAATTTCTGAAACAAAAACACAAGCTCCACATTGATAACTTGATAAATAACCAC
TAAAGTTTAGATGCAGGGACTGAGATGATACAGGCAAAATCTTGGTGTTGGTTTCTCTTTTAATTCGTAT
CTTCGATCACCTAACCTTTCTCAATCCAAGAGCAGTTCAGTICTTTTCTCCCCAAGTCTAGGATGCCAAAG
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AGCATCATAGGAAAAGATAATTAGGGATTGACCAGCATTTCAATTAGTTCTCTTICTTICATCTTTGCATTT
CTCAAAAGTGTTCTCCTGGACCAGAGGGAAAGAGCTGGTCCATTTTTTTTCATTICTTTCTATTCAAATTT
TTCCACCCAGACAATACTTTATTAACACAGATACTGTAGATCCTTCCTTGGTCAGTGAATTATTACAAGA
GGAGCTATCCTTCCACCAAAGTGAGTGAAAACAAGTTCCAGTATCTTTTCTTCCATCCAGTTTTGTTCTC
AGAATCCAAGTCAGTCCTGGGTICTTTTCTCACTTTAGACCCTGGCCTCAGATGTGTTTATTCTTGCTATT
TAAAAATACCTTTAAATTTCACATGCTGGCCTGCAGAACTTGCATCCTTTGTTCTATACTGTTGACTGCT
TGATGGTATTGAAAGGTGACTATAATGAGGGAAGAAAGGAGGAGGTAAAGAGAGAAGAATTTGTCCCAGA
TCTGTTTAAAGTTTCAAAATTTAAAAAGGGACCCATTAAATTATGGGAAAATGGCTATAGAGTGTGAGCC
TCCGTTGACCATATGCTCAAAGACCGTACTCTGCCACCTGCCTTCCAGGTAGCTATTCTAGAAACTCAGT
CCTTTGTGGAAACCCAACTACCTTTTAAAAGTCTCTTTCCAGATTCCAAAAGGACAAGAGATCAGAGAGT
CACATATACGCCTICTTGTITTTATTTTCTTGCTTTCACGGGTATTATTGCCAAGAAAATCGTAGGGAAAAA
CTTTAAACTTTTCTTTTCAGTITGATCCCTTTGACATCACCTCTCATGTTTAAAATCAGGAAAACACACCC
CTAAAATTTGCACTCTICTITCCGTTTTGAAAAAGAAAACCCACACACAAATGCACACTATTACCGTICTTTC
ACCCTGCGCTATATTTCCAAAGTGTATTATAATCCAGATATTGCCCCATCTCAAACATGTTAAGTCAGAC
TGTGCTGAAAGACTTTCCAGGGACGGTCAACAGGGTATATGTTCAGTGGCTGCCCTGAAATCCTGGTGGG
GATGAGGATCACGCTTCATCATCAAGGGGATGCCCATCCCCTGATAAGCTCCCAGTCCTTTTGGAAGATT
TCTTTGAATGTTAATTGCATTTTCAGTTTTGCTCATTTCCCACCCCAATGTTTTGTCTGCAACATCGCTT
ACACTGGATTCTTTCTATTTTTATTCCTATCATTAAATGGTAGTGCTGTAAATTCTGCAATTAATGTTAA
ATAAACTGCTTTAATTCATTGAAAAAAAAAAAAAAAANAANA

SEQ ID NO: 24 NM_001270616.2 Homo sapiens prospero homeobox 1
(PROX1), transcript variant 1, mRNA

AGCTGAGGGAGCGCTCTGAAATAATACACCATTGCAGCCGGGGAAAGCAGAGCGGCGCAAAAGAGCTCTC
GCCGGGTCCGCCTGCTCCCTCTCCGCTTCGCTCCTCTTICTCTTCTTTACCCTTCTCCTCTCTCCTCCTICT
GCTGCTCTCTCCTCTCCTCCCGCTCTTCTCTCTCCTCCTCTCCTGCTCTCTCCTICTTCCCTTAGCTCCTC
TTCTTTTCTTCTCCTCTTICTTCCCTCTCCTCGCCTCTCCCCTGCTCCTCTTCTCTCGTCTCCCCTCCCCT
CCCGCCTCTICTCTCCCCTICTCCCTCTCCCACTCGCCCCGCTCGCTCGCTCGCTGTCGCACAGACTCACCG
TCCCTTGTCCAATTATCATATTCATCACCCGCAAGATATCACCGTGTGTGCACTCGCGTIGTTTTCCTCTC
TCTGCCGGGGGAAAAANAAGAGAGAGAGAGAGATAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGGCTCGG
TCCCACTGCTCCCTGCACCGCGGTCCCGGGATTCTTGAGCTGTGCCCAGCTGACGAGCTTTTGAAGATGG
CACAATAACCGTCCAGTGATGCCTGACCATGACAGCACAGCCCTICTTAAGCCGGCAAACCAAGAGGAGAA
GAGTTGACATTGGAGTGAAAAGGACGGTAGGGACAGCATCTGCATTTTTTGCTAAGGCAAGAGCAACGTT
TTTTAGTGCCATGAATCCCCAAGGTTCTGAGCAGGATGTTGAGTATTCAGTGGTGCAGCATGCAGATGGG
GAAAAGTCAAATGTACTCCGCAAGCTGCTGAAGAGGGCGAACTCGTATGAAGATGCCATGATGCCTTTTC
CAGGAGCAACCATAATTTCCCAGCTGTTGAAAAATAACATGAACAANAATGGTGGCACGGAGCCCAGTTT
CCAAGCCAGCGGTCTICTCTAGTACAGGCTCCGAAGTACATCAGGAGGATATATGCAGCAACTCTTCAAGA
GACAGCCCCCCAGAGTGTICTTTCCCCTTTTGGCAGGCCTACTATGAGCCAGTTTGATATGGATCGCTTAT
GTGATGAGCACCTGAGAGCAAAGCGCGCCCGGGTTGAGAATATAATTCGGGGTATGAGCCATTCCCCCAG
TGTGGCATTAAGGGGCAATGAAAATGAAAGAGAGATGGCCCCGCAGTCTGTGAGTCCCCGAGAAAGTTAC
AGAGAAAACAAACGCAAGCAAAAGCTTCCCCAGCAGCAGCAACAGAGTTTCCAGCAGCTGGTTTCAGCCC
GAAAAGAACAGAAGCGAGAGGAGCGCCGACAGCTGAAACAGCAGCTGGAGGACATGCAGAAACAGCTGCG
CCAGCTGCAGGAAAAGTTCTACCAAATCTATGACAGCACTGATTCGGAAAATGATGAAGATGGTAACCTG
TCTGAAGACAGCATGCGCTCGGAGATCCTGGATGCCAGGGCCCAGGACTCTGTCGGAAGGTCAGATAATG
AGATGTGCGAGCTAGACCCAGGACAGTTTATTGACCGAGCTCGAGCCCTGATCAGAGAGCAGGAAATGGC
TGAAAACAAGCCGAAGCGAGAAGGCAACAACANAGAAAGAGACCATGGGCCAAACTCCTTACAACCGGAA
GGCAAACATTTGGCTGAGACCTTGAAACAGGAACTGAACACTGCCATGTCGCAAGTTGTGGACACTGTGG
TCAAAGTCTTTTCGGCCAAGCCCTCCCGCCAGGTTCCTCAGGTICTTCCCACCTCTCCAGATCCCCCAGGC
CAGATTTGCAGTCAATGGGGAAAACCACAATTTCCACACCGCCAACCAGCGCCTGCAGTGCTTTGGCGAC
GTCATCATTCCGAACCCCCTGGACACCTTTGGCAATGTGCAGATGGCCAGTTCCACTGACCAGACAGAAG
CACTGCCCCTGGTTGTCCGCAAARAACTCCTCTGACCAGTCTGCCTCCGGCCCTGCCGCTGGCGGCCACCA
CCAGCCCCTGCACCAGTCGCCTICTCTCTGCCACCACGGGCTTCACCACGTCCACCTTCCGCCACCCCTTC
CCCCTTCCCTTGATGGCCTATCCATTTCAGAGCCCATTAGGTGCTCCCTCCGGCTCCTTCTCTGGAAAAG
ACAGAGCCTCTICCTGAATCCTTAGACTTAACTAGGGATACCACGAGTCTGAGGACCAAGATGTCATCTCA
CCACCTGAGCCACCACCCTTGTTCACCAGCACACCCGCCCAGCACCGCCGAAGGGCTICTCCTTGTCGCTC
ATAAAGTCCGAGTGCGGCGATCTTCAAGATATGTCTGAAATATCACCTTATTCGGGAAGTGCAATGCAGG
AAGGATTGTCACCCAATCACTTGAAAAAAGCAAAGCTCATGTTTTTTTATACCCGTTATCCCAGCTCCAA
TATGCTGAAGACCTACTTCTCCGACGTAAAGTTCAACAGATGCATTACCTCTCAGCTCATCAAGTGGTTT
AGCAATTTCCGTGAGTTTTACTACATTCAGATGGAGAAGTACGCACGTCAAGCCATCAACGATGGGGTCA
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CCAGTACTGAAGAGCTGTICTATAACCAGAGACTGTGAGCTGTACAGGGCTCTGAACATGCACTACAATAA
AGCAAATGACTTTGAGGTTCCAGAGAGATTCCTGGAAGTTGCTCAGATCACATTACGGGAGTTTTTCAAT
GCCATTATCGCAGGCAAAGATGTTGATCCTTCCTGGAAGAAGGCCATATACAAGGTCATCTGCAAGCTGG
ATAGTGAAGTCCCTGAGATTTTCAAATCCCCGAACTGCCTACAAGAGCTGCTTCATGAGTAGAAATTTCA
ACAACTCTITTTTGAATGTATGAAGAGTAGCAGTCCCCTTTGGATGTCCAAGTTATATGTGTCTAGATTTT
GATTTCATATATATGTGTATGGGAGGCATGGATATGTTATGAAATCAGCTGGTAATTCCTCCTCATCACG
TTTCTCTCATTTTCTTTTGTTTTCCATTGCAAGGGGATGGTTGTTTTCTTTCTGCCTTTAGTTTGCTTTT
GCCCAAGGCCCTTAACATTTGGACACTTAAAATAGGGTTAATTTTCAGGGAAAAAGAATGTTGGCGTGTG
TAAAGTCTCTATTAGCAATGAAGGGAATTTGTTAACGATGCATCCACTTGATTGATGACTTATTGCAAAT
GGCGGTTGGCTGAGGAAAACCCATGACACAGCACAACTCTACAGACAGTGATGTGTICTCTTGTTTCTACT
GCTAAGAAGGTCTGAAAATTTAATGAAACCACTTCATACATTTAAGTATTTTGTTTGGTTTGAACTCAAT
CAGTAGCTTTTCCTTACATGTTTAAAAATAATTCCAATGACAGATGAGCAGCTCACTTTTCCAAAGTACC
CCAAAAGGCCAAATTAAAAAAGAAAAATAATCACTCTCAAGCCTTGTCTAAGAAAAGAGGCAAACTCTGA
AAGTCGTACCAGTTTICTITCTGGAGGCAAAGCAATTTTGCACAAAACCAGCTCTCTCAAGATGAGACTAGA
AATTCATACCTGGTCTITGTAGCCACCTCTCTAAACTTGAAAATAGGTTCTTCTTCATAAGTGAGCTTACA
TCATTCTTCATAAAGAAAAATCCTATAACTTGTTATCATTTTTGCTTCAGATACTAAAAGGCACTAAGTT
TCCAATTTACGCTGCTCAACTTTGTTTATATGCTTAAAAGGATTCTGTTTACTTAACAATTTTTTCCCCT
AAAATACTATTTTCTGAATACTTCCTTCCAGTAAGGAATAAAGGAAAGCCCAACTTGGCCATAAAATTCT
TGCCTACACTAGAAGTTTGTTGACAGCCATTAGCTGACTTGATCGTCATCTCCTAAGAGGAACACATATA
TTTTCACAAGCAATTCCACACTATCCTGATGGGTATGCAAAGTGGTGACAGTCTAACTCAGTGTTTCTTIC
ATTTTAGGTATAACATTTTAAAGCAATTGATAATGCCTICTTCCAATTCAGAAGCTAGTATTGACCAAAAT
GTGAGAAGAGTGTATAGCATAGGAAAATTTGGGGTTAACCCAAAAGACACAATTCCAGCACACATAAGAA
AGCTAGCTGCTATTTTATGCTTTCTTCCATGGTTICTCCTCTTTTTTCCCTTTTATTTTTCCCTGTTTTTC
AATGATGTACAGTGTTICCCTACTTGCATTGAAAAAACTCGTATGGCATTCACACTTTTTTTCTTAGGTGG
GTTTTTGTGTCCAGATGCAGTAAGAATTCATTGTTCATCCTAAAACTGTTTTCCAGACCCTTCCTTCCCC
TTAGGTAATTTGATATACACCTCCTAAAATGACACAGTAACAAATCTGGTATTTAGAACATATAGAACAT
AAATGCCATTTTTTAATTCAACTTTAATAAGAATTACATTTGACTTTGGAGAATACAGGTCTTGACCCAT
GTGACTGACTAGCTGACCCGATCGCTGTAATTTAACGTCATTTATAAATTCTGCTGATGGACAGGAATGT
ATGAACTCAATTATTGTCAGCACAAAGCCTTAAAACCTGCTGACTTTAAATTAAATGGTGCAGTCCTATG
ATGCCCTGCACCATCCAGGGGACTAACAGGGCCTCGCAGTGTAGACAGAGGGTGCAGCCACACGGGLCGGG
GGCACCAGCCACCTCACTCTGCACCCGCGGCCTCACACATCTCCCAGCTCACACTCTACTAATGCACAGA
GTCATTAGATCCAATTTGTTATTTTTCTCACTTGCTTTAAAAAAAAGCAGTTTGGATAATCATGACATTG
GAATAAAGTGGGAAGGAAAAATTCCATCAGCACAAAATAGGGAAGTAATCCCAACTTGTAGTCACAGTTT
TCTGACTGGCTTTGTTTTAAAAGAGGATGGCAGTCCTTGTTICGTGTCAGTGTGCCACTGGGTTTTTGCTG
TTCCGTGTAATTCATATCAACTTTGTGTTGCCATTTGCAAGGTAAAAGGCAAAGCTGTAGTGTATTCACC
TATGTAGACAGATTGCTAGATATCTTTTTGATCTGGGGCGAGTTCAATATTGATTCCAGACTTATTTGGA
TTTTTTTAGTATTATTTTCCCCTCCCTTTCTAATTTAAATAGACAAATTAAGCAAAAGTGTGTIGTTCACA
ACCAAATGTTGATGCCCTTATCTACTGATAATATCCTICTCAATGTTCACTGAGGCATAGAAATTATTTCA
GAGTAGAAATTGCAGCATGAGGATAAACTCACCTICTTITGTTCTGAAAATAGAACTTTATCACTATGCTTT
CCGGTGGTTTTCCCTTTTACAATCGAAATCTTGTGCCTCCCAAGTGCATTGGAAAATGACAAAAGCCTGT
CTICTCCAAATTCCTATTTAACAGTTTGATTTTTTTTTTTTAATCACCATCTTTCAAATCTTAGCTCAACT
CTCACCAAGTGAAAATTGGCTACTTGGGAGAAAGTTAACTTTCTATGGTGGGATGGTGAAGGATGAGGGA
CAGTTTACATAGGAAAAGAAAAAAAARAAGTCTAAAGTCCATGTTGAAAAACCACACTACCACTTATTTTC
TGCTAACCCTAAATTATTTTTGCGTATACGCTTGAGGTTATAGTCTGTGCCTAGACCTAAAATGCACCAG
CGGGGGGGATTTTAAAAAATCCTTCAAAATACCAGTTTTTTCCCAACAAGTACAATTGTTCTTGTGCCTT
CTGTGGCTTTCGATTTCATCTTTTTGACTTTATTTCCAATTACTACAGCTGCAATAAACACTAGATTTTT
TTTCTGGCTGTTTGACATAACGTTGATAGCTATGCATATTTTGTGTCTTTTTAAAACAAAGCGGGAGAAT
ACGTTTTTGAAGAAGAGAATTTTTAGAACAGTTTGATACCGCAAATTATTTTTTCCTCAATTGTTTGAGC
AGCATTCGAGTTTTGAAAATTCTTGTAGAAGCCAATTTTTTGTAACTGTGGTGCAAATCTTGTGTTTTICT
TAGCCTAATGAAAAGTAGTATAGAAGCAATATTTCATACCATGTGCTATATATGTGTGCGCAGATGTGTG
AACATAAAATCACATACACACATATACACACATGTAAAAATATACATATATATATATGCGTGTGAAGTGG
AAAGCTTACCTTTTCCTATCTAGATTTAAGAACCTATTTTAGACATTTGTTATGTTTTGTGAAAAGAATG
TTCTATTTGCAACAAAACATTTAATTCTTACTGTATCTICTGGCTGTTTAATGAGGACGTTTCACATTAAA
TGGTAAAACACATGGAAGATGTTAGAATGTAGTAATTATTTAAGTAAACGTTCACCCACATATTCCTGAA
GTITTGCTTTGTGCCTCCGAGTATTATTTAATTAAAGAAGTGTTTTATGTTTGCAGAATCTTTGTCACTGT
ACTAGGGATGTGGGTGAATATCATTTAAAAAAATTTAAAACAACAAAAAAAANGCAAAACAGAAACACTA
AAGCAAGAGGGGAACTTTTATAAAGCAATGTAAATATTTAACCTCATGGCTGTCATTATGTAAGACATGA
GATTTTAATAAATAACTACATTCTCACGACATCTGTTGAATTTACTAGGAACACTACAGTGACTGTATAG
ACAGTTGAAAGCATTCTTGAAAATCCTGCTCTICTCCTTTTAAAAGTTAACAATCTCTTTTATCAGATGTC
AAGGGCAAGGGTAATGCAGTTTCTGTAAATTTATGAAATTTCTTTTTCTATGTACATGAAGACATTTAGT
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AAGTAACACCCCCCCTTCCCATGCGCACATGTGCGCATACACACACACACACACACACACACACACACAA
ACACACACACTGTCATAAAGCTAATGATTTGGGGACTTTAAAAAATAGGATGTCCTCCAGGAACAATCAT
AAATTTATGAAAGAAAGAGTAGTTTACAGACTCCCCTGAAAGAAGCAGTGTATATGTGAAGACAGTGCAA
AAATCTCTTTGCCATGTATATTATAGCGTATTCATTGGTGTGAATAGTACAAATGTTTCCTTICTGGTACA
AACTCTGTGTTTGCAAATTTACAAGAAGCATTGTTTTCAAAAAGCTCCCCTTAAAAAATGTAACTGGTTT
ATATGAGTAAGCAGTTACCGTATTGCACTTAAATGTTATGTTGAAGGAAATGCAGTTTTGTTTTCTGTAG
ATCTGTTGGTTGTAAACCATCTATAAAACTAAAGCTAAAATGCTCATATTCAGAGCTGGGATCAAAACTG
GTATTTAACCTTTGCATCTTCTTATAATTATCCTTCTAAGAATATAACAGAATGTGGAAGTGTCTGGACT
TTGAGTCTTTTCAACTGAGCCTTCTCTCAAATCTGACACCCCCTCAGAATGCACAAACATAAGCAGAAAA
GGCAAACAAGCTTACCTICTTITTGTGAAAACGTATTCATTICTGTATTTTTTTAAATATTCAATTCCCCTA
AAAATGGGGAGAAAATATTTTAAAATTGTATATTACGACTTCAAATTTAGAACTAAGAAAAARAATGTATT
TGGGATTGGTCTCAGCGCTACCTAGAAGAATCAAAGGTCATGGCTTCCCTCAATATTGTCCCAGCCATTT
CTCATATGTATATAGTATAAACCGTGACAAAACACTGCCTITTATATTATTTAGCAATATGTTGTAAATAG
CATTATTAAGCTCTTTTTTGTAATAAAGACCCTTTGATTTGAATATAGTACAATAACTGAACTGATAAAG
TCAATTTTTGATTTTTGTTTGTITTTTTTTAGCTAGAGGCAATTTCAATTGTGAATTTTTGTTGTTGTCTA
TTGTTCTGAAGACTTTGCATAATTTATTGGTTTAATTTATCCTAATTTATTTGATGAAGGTGTACAATTT
TGTATTACCAAGGATGTACTGTAATATTAATTGATATGATAAACACAATGAGACTCCCTGTCCATATTAA
AAAGAAAATAAAAAGGTGCAGTAGACAATTGATTTTAAAGGAAAAGTTAAAAAAATTAGTTTGGCAGCTA
CTAAATTTTAAAACAGGAAAAAAAAANAGTTGTTGTGGGGAGGGTGGGAAAGGGGTTTTACTTTGTGTGTT
TTAAGCTTTTGTATACTCTICCAAACTTTTACCTTTTGCTTTGTACCACTTAAAGGATACAGTAGTCCAAT
TGCCTTGTGTGCCTTCCATCTCCTCTTAAACTGAATGTATGTGCAGTATATATGCAAGCTTGTGCAAAAT
AAAATATACATTACAAGCTCAGTGCCGTTTGATTTTCTTAAAGAAAGAGTGACTTTTAATTTTTGGACCT
GTATCCAATTGTAGGACAGTAGGCTAGTTGTGCCAGTAATGTCAAGTATGGAGATTTTCTTTCACTACAA
TTCTTCATTCTGTTAGCCTAACGTGCAGCTCCTAGAAACAACCTCTTTTACTTTAGATGCTTGGAATAAT
TGCTTGGATTTCTCTCTCTGAAACATCTTTCAGGCTTAACTTTATTTAGCCCTGAAACTTAAAAARAAA

SEQ ID NO: 25 NM_001206979.1 Homo sapiens nuclear receptor
subfamily 1 group H member 4 (NR1H4), mRNA
TCTATGTTTATATCATTTAGCAGGGAAGGATTGTTAATGACTAATCTGTGTCCATGAGGCACAGAGCCAA
GGAAGAGATGCTGCTGCTAGCCCAGAAGGCCGCCTGTGATCATGCACAGTACACTGGAACTCTICTCCTCC
TCCTCACCTCATTGTCTCCCCGACTTATCCTAATGCGAAATTGGATTCTGAGCATTTGTAGCAARAATCGC
TGGGATCTGGAGAGGAAGACTCAGTCCAGAATCCTCCCAGGGCCTTGAAAGTCCATCTCTGACCCAARAAC
AATCCAAGGAGGTAGAAGACATCGTAGAAGGAGTGAAAGAAGAAAAGAAGACTTAGAAACATAGCTCAAA
GTGAACACTGCTTCTCTTAGTTTCCTGGATTTCTTCTGGACATTTCCTCAAGATGAAACTTCAGACACTT
TGGAGTTTTTTTTGAAGACCACCATAAAGAAAGTGCATTTCAATTGAAAAATTTGGATGGGATCAAAAAT
GAATCTCATTGAACATTCCCATTTACCTACCACAGATGAATTTTICTTITTTCTGAAAATTTATTTGGTGTT
TTAACAGAACAAGTGGCAGGTCCTCTGGGACAGAACCTGGAAGTGGAACCATACTCGCAATACAGCAATG
TTCAGTTTCCCCAAGTTCAACCACAGATTTCCTICGTCATCCTATTATTCCAACCTGGGTTTCTACCCCCA
GCAGCCTGAAGAGTGGTACTCTCCTGGAATATATGAACTCAGGCGTATGCCAGCTGAGACTCTCTACCAG
GGAGAAACTGAGGTAGCAGAGATGCCTGTAACAAAGAAGCCCCGCATGGGCGCGTCAGCAGGGAGGATCA
AAGGGGATGAGCTGTGTIGTTGTTTGTGGAGACAGAGCCTCTGGATACCACTATAATGCACTGACCTGTGA
GGGGTGTAAAGGTTTCTTCAGGAGAAGCATTACCAAAAACGCTGTGTACAAGTGTAAAANCGGGGGCAAC
TGTGTGATGGATATGTACATGCGAAGAAAGTGTCAAGAGTGTCGACTAAGGAAATGCAAAGAGATGGGAA
TGTTGGCTGAATGTATGTATACAGGCTTGTTAACTGAAATTCAGTGTAAATCTAAGCGACTGAGAAAAAA
TGTGAAGCAGCATGCAGATCAGACCGTGAATGAAGACAGTGAAGGTCGTGACTTGCGACAAGTGACCTCG
ACAACAAAGTCATGCAGGGAGAAAACTGAACTCACCCCAGATCAACAGACTCTTCTACATTTTATTATGG
ATTCATATAACAAACAGAGGATGCCTCAGGAAATAACAAATAAAATTTTAAAAGAAGAATTCAGTGCAGA
AGAAAATTTTCTCATTTTGACGGAAATGGCAACCAATCATGTACAGGTTCTTGTAGAATTCACAAAAAAG
CTACCAGGATTTCAGACTTTGGACCATGAAGACCAGATTGCTTTGCTGAAAGGGTCTGCGGTTGAAGCTA
TGTTCCTTCGTTCAGCTGAGATTTTCAATAAGAAACTTCCGTCTGGGCATTCTGACCTATTGGAAGAAAG
AATTCGAAATAGTGGTATCTCTGATGAATATATAACACCTATGTTTAGTTTTTATAAAAGTATTGGGGAA
CTGAAAATGACTCAAGAGGAGTATGCTCTGCTTACAGCAATTGTTATCCTGTCTCCAGATAGACAATACA
TAAAGGATAGAGAGGCAGTAGAGAAGCTTCAGGAGCCACTTCTTGATGTGCTACAAAAGTTGTGTAAGAT
TCACCAGCCTGAAAATCCTCAACACTTTGCCTGTICTCCTGGGTCGCCTGACTGAATTACGGACATTCAAT
CATCACCACGCTGAGATGCTGATGTCATGGAGAGTAAACGACCACAAGTTTACCCCACTTICTCTGTGAAA
TCTGGGACGTGCAGTGATGGGGATTACAGGGGAGGGGTCTAGCTCCTTTTTCTCTCTCATATTAATCTGA
TGTATAACTTTCCTTTATTTCACTTGTACCCAGTTTCACTCAAGAAATCTTGATGAATATTTATGTTGTA
ATTACATGTGTAACTTCCACAACTGTAAATATTGGGCTAGATAGAACAACTTTCTCTACATTGTGTTTTA
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AAAGGCTCCAGGGAATCCTGCATTCTAATTGGCAAGCCCTGTTTGCCTAATTAAATTGATTGTTACTTCA
ATTCTATCTGTTGAACTAGGGAAAATCTCATTTTGCTCATCTTACCATATTGCATATATTTTATTAAAGA
GTTGTATTCAATCTTGGCAATAAAGCAAACATAATGGCAACAGGAAAAAAAAAANAANAANAAANAANAA
AARAARAAAARAARAA

SEQ ID NO: 26 NM_032951.2 Homo sapiens MLX interacting protein
like (MLXIPL), mRNA
CCCCGCGCTGCGCGGAGCAGGGACCAGGCGGTTGCGGCGGCGACAGCCATGGCCGGCGCGCTGGCAGGTC
TGGCCGCGGGCTTGCAGGTCCCGCGGGTCGCGCCCAGCCCAGACTCGGACTCGGACACAGACTCGGAGGA
CCCGAGTCTCCGGCGCAGCGCGGGCGGCTTGCTCCGCTCGCAGGTCATCCACAGCGGTCACTTCATGGTG
TCGTCGCCGCACAGCGACTCGCTGCCCCGGCGGCGCGACCAGGAGGGGTCCGTGGGGCCCTCCGACTTCG
GGCCGCGCAGTATCGACCCCACACTCACACGCCTCTTCGAGTGCTTGAGCCTGGCCTACAGTGGCAAGCT
GGTGTICTCCCAAGTGGAAGAATTTCAAAGGCCTCAAGCTGCTCTGCAGAGACAAGATCCGCCTGAACAAC
GCCATCTGGAGGGCCTGGTATATCCAGTATGTGAAGCGGAGGAAGAGCCCCGTGTGTGGCTTCGTGACCC
CCCTGCAGGGGCCTGAGGCTGATGCGCACCGGAAGCCGGAGGCCGTGGTCCTGGAGGGGAACTACTGGAA
GCGGCGCATCGAGGTGGTGATGCGGGAATACCACAAGTGGCGCATCTACTACAAGAAGCGGCTCCGTAAG
CCCAGCAGGGAAGATGACCTCCTGGCCCCTAAGCAGGCGGAAGGCAGGTGGCCGCCGCCGGAGCAATGGT
GCAAACAGCTCTTCTCCAGTGTGGTCCCCGTGCTGCTGGGGGACCCAGAGGAGGAGCCGGGTGGGCGGCA
GCTCCTGGACCTCAATTGCTTTTTGTCCGACATCTCAGACACTCTCTTCACCATGACTCAGTCCGGCCCT
TCGCCCCTGCAGCTGCCGCCTGAGGATGCCTACGTCGGCAATGCTGACATGATCCAGCCGGACCTGACGC
CACTGCAGCCAAGCCTGGATGACTTCATGGACATCTCAGATTTCTTTACCAACTCCCGCCTCCCACAGCC
GCCCATGCCTTCAAACTTCCCAGAGCCCCCCAGCTTCAGCCCCGTGGTTGACTCCCTCTTCAGCAGTGGG
ACCCTGGGCCCAGAGGTGCCCCCGGCTTCCTCGGCCATGACCCACCTCTCTGGACACAGCCGTCTGCAGG
CTCGGAACAGCTGCCCTGGCCCCTTGGACTCCAGCGCCTTCCTGAGTTCTGATTTCCTCCTTCCTGAAGA
CCCCAAGCCCCGGCTCCCACCCCCTCCTGTACCCCCACCTCTGCTGCATTACCCTCCCCCTGCCAAGGTG
CCAGGCCTGGAGCCCTGCCCCCCACCTCCCTTCCCTCCCATGGCACCACCCACTGCTTTGCTGCAGGAAG
AGCCTCTCTTCTCTCCCAGGTTTCCCTTCCCCACCGTCCCTCCTGCCCCAGGAGTGTCTCCGCTGCCTGC
TCCTGCAGCCTTCCCACCCACCCCACAGTCTGTCCCCAGCCCAGCCCCCACCCCCTTCCCCATAGAGCTT
CTACCCTTGGGGTATTCGGAGCCTGCCTTTGGGCCTTGCTTCTCCATGCCCAGAGGCAAGCCCCCCGCCC
CATCCCCTAGGGGACAGAAAGCCAGCCCCCCTACCTTAGCCCCTGCCACTGCCAGTCCCCCCACCACTGC
GGGGAGCAACAACCCCTGCCTCACACAGCTGCTCACAGCAGCTAAGCCGGAGCAAGCCCTGGAGCCACCA
CTTGTATCCAGCACCCTCCTCCGGTCCCCAGGGTCCCCGCAGGAGACAGTCCCTGAATTCCCCTGCACAT
TCCTTCCCCCGACCCCGGCCCCTACACCGCCCLCGGCCACCTCCAGGCCCGGCCACATTGGCCCCTTCCAG
GCCCCTGCTTGTCCCCAAAGCGGAGCGGCTCTCACCCCCAGCGCCCAGCGGCAGTGAACGGCGGCTGTCA
GGGGACCTCAGCTCCATGCCAGGCCCTGGGACTCTGAGCGTCCGTGTICTCTCCCCCGCAACCCATCCTCA
GCCGGGGCCGTCCAGACAGCAACAAGACCGAGAACCGGCGTATCACACACATCTCCGCGGAGCAGAAGCG
GCGCTTCAACATCAAGCTGGGGTTTGACACCCTTCATGGGCTCGTGAGCACACTCAGTGCCCAGCCCAGC
CTCAAGGTGAGCAAAGCTACCACGCTGCAGAAGACAGCTGAGTACATCCTTATGCTACAGCAGGAGCGTG
CGGGCTTGCAGGAGGAGGCCCAGCAGCTGCGGGATGAGATTGAGGAGCTCAATGCCGCCATTAACCTGTG
CCAGCAGCAGCTGCCCGCCACAGGGGTACCCATCACACACCAGCGTTTTGACCAGATGCGAGACATGTTT
GATGACTACGTCCGAACCCGTACGCTGCACAACTGGAAGTTCTGGGTGTTCAGCATCCTCATCCGGCCTC
TGTTTGAGTCCTTCAACGGGATGGTGTCCACGGCAAGTGTGCACACCCTCCGCCAGACCTCACTGGCCTG
GCTGGACCAGTACTGCTICTICTGCCCGCTCTCCGGCCAACTGTCCTGAACTCCCTACGCCAGCTGGGCACA
TCTACCAGTATCCTGACCGACCCGGGCCGCATCCCTGAGCAAGCCACACGGGCAGTCACAGAGGGCACCC
TTGGCAAACCTTTATAGTCCTGGCCAGACCCTGCTGCTCACTCAGCTGCCCTGGGGGCTGCTTTCCCTGG
GCACGGGCTCCAGGGATCATCTCTGGGCACTCCCTTCCTGCCCCAGGCCCTGGCTCTGCCCTTCCCTGGG
GGGTGGAGCAGGGTCCAGGTTTCACACTTGCCACCTCCTGGAGGTCAAGAAGAGCAGAGTCCCCGTCCCT
GCTCTGCCACTGTGCTCCAGCACCGTGACCTTGGGTGACTCGTCCGCTGTCTTTGGACCGCTGTGTTTCA
ATCTGCAAAATGGGGATGGGGAAGGTTCAATCAGCAGATGACCCCCAGGCCTTGGCAGCTGTGACATTGG
GGGCCTAGGCTGGCAACTCCGGGGGCTCAACGGTGGAAAGAGGAGGATGCTGTTTCTCTGTCACCTCCAC
TTGCTCCCCGACAGGTGGGGCACAGACCTCTGTTCCTGAGCAGAGAAGCAGAAAAGGAGGTTCCCTCTICT
CTGCTCCTTCACTGCTGACCCAGAGGGGCTGCAGGATGGTTTCCCCTGGGAGAGGCCAGGAGGGCCTGAT
CCCAGGAGACACCAGGGCCAGAGTGACCACAGCAGGGCAGGCATCATGTGTGTGTGTGTGTGTGGATGTG
TGTGTGTGGGTTTTGTAAAGAATTCTTGACCAATAAAAGCAAAAACTGTCTGCTGGTTAAAAAARNARA
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SEQ ID NO: 27 NM_001163147.2 Homo sapiens ETS variant
transcription factor 1 (ETV1), mRNA
AGAGGCGCTTTCGGCTTCCAAGGGGGAAGTGCTGGGCTATAATTAATGTTTTTATTAAATTTGGAGGGAA
GTTTTTGCAGCCTTTCGCCTAGCGTGGCCTTCAGGTTGATAGAAGTCCAGATCCTGAGGAAATCTCCAGC
TAAATGCTCAAAATATAAAATACTGAGCTGAGATTTGCGAAGAGCAGCAGCATGGATGGATTTTATGACC
AGCAAGTGCCTTACATGGTCACCAATAGTCAGCGTGGGAGAAATTGTAACGAGAAACCAACAAATGTCAG
GAAAAGAAAATTCATTAACAGAGATCTGGCTCATGATTCAGAAGAACTCTTTCAAGATCTAAGTCAATTA
CAGGAAACATGGCTTGCAGAAGCTCAGGTACCTGACAATGATGAGCAGTTTGTACCAGACTATCAGGCTG
AAAGTTTGGCTTTTCATGGCCTGCCACTGAAAATCAAGAAAGAACCCCACAGTCCATGTTCAGAAATCAG
CTCTGCCTGCAGTCAAGAACAGCCCTTTAAATTCAGCTATGGAGAAAAGTGCCTGTACAATGTCAGTGCC
TATGATCAGAAGCCACAAGTGGGAATGAGGCCCTCCAACCCCCCCACACCATCCAGCACGCCAGTGTCCC
CACTGCATCATGCATCTCCARAACTCAACTCATACACCGAAACCTGACCGGGCCTTCCCAGCTCACCTCCCC
TCCATCGCAGTCCATACCAGATAGCAGCTACCCCATGGACCACAGATTTCGCCGCCAGCTTTCTGAACCC
TGTAACTCCTTTCCTCCTTTGCCGACGATGCCAAGGGAAGGACGTCCTATGTACCAACGCCAGATGTCTG
AGCCAAACATCCCCTTCCCACCACAAGGCTTTAAGCAGGAGTACCACGACCCAGTGTATGAACACAACAC
CATGGTTGGCAGTGCGGCCAGCCAAAGCTTTCCCCCTCCTCTGATGATTAAACAGGAACCCAGAGATTTT
GCATATGACTCAGGCTGTATGTTTGAAAAGGGCCCCAGGCAGTTTTATGATGACACCTGTGTTGTCCCAG
AAAAATTCGATGGAGACATCAAACAAGAGCCAGGAATGTATCGGGAAGGACCCACATACCAACGGCGAGG
ATCACTTCAGCTCTGGCAGTTTTTGGTAGCTCTTICTGGATGACCCTTCAAATTCTCATTTTATTGCCTGG
ACTGGTCGAGGCATGGAATTTAAACTGATTGAGCCTGAAGAGGTGGCCCGACGTTGGGGCATTCAGAAAA
ACAGGCCAGCTATGAACTATGATAAACTTAGCCGTTCACTCCGCTATTACTATGAGAAAGGAATTATGCA
AAAGGTGGCTGGAGAGAGATATGTCTACAAGTTTGTGTGTGATCCAGAAGCCCTTTTCTCCATGGCCTTT
CCAGATAATCAGCGTCCACTGCTGAAGACAGACATGGAACGTCACATCAACGAGGAGGACACAGTGCCTC
TTTCTCACTTTGATGAGAGCATGGCCTACATGCCGGAAGGGGGCTGCTGCAACCCCCACCCCTACAACGA
AGGCTACGTGTATTAACACAAGTGACAGTCAAGCAGGGCGTTTTTGCGCTTITTCCTTTTTTICTGCAAGAT
ACAGAGAATTGCTGAATCTTTGTTTTATTTCTGTTIGTTTGTATTTTATTTTTAAATAATAATACACAARAA
AGGGGCTTTTCCTIGTTGCATTATTCTATGGTCTGCCATGGACTGTGCACTTTATTTGAGGGTGGGTGGGA
GTAATCTAAACATTTATTCTGTGTAACAGGAAGCTAATGGGTGAATGGGCAGAGGGATTTGGGGATTACT
TTTTACTTAGGCTTGGGATGGGGTCCTACAAGTTTTGAGTATGATGAAACTATATCATGTCTGTTTGATT
TCATAACAACATAAGATAATGTTTATTTTATCGGGGTATCTATGGTACAGTTAATTTCACGTTGTGTAAA
TATCCACTTGGAGACTATTTGCCTTGGGCATTTTCCCCTGTCATTTATGAGTICTCTGCAGGTGTACAAAA
AAACCCCAATCTACTGTAAATGGCAGTTTAATTGTTAGAAATGACTGTTTTTGCACCACTTGTAAAAAGG
TATTTAGCGATTGCATTTGCTGTTTGTTGTTTTATTTTGCTTTATATATGACTTGCAGAGGATAACCATA
AAATGGGTAATTCTCTICTGAAGTTGAATAATCACCATGACTGTAAATGAGGGGCACAATTTTGGACTCTG
GCGCCAAACTGAGTCATAGGCCAGTAGCATTACGTGTATCTGGTGCCACCTTGCTGTTTAGATACAAATC
ATACCGICTTTTAAATATTTTGAAGCCCATTTCAGTTAAATAATGACATGTCATGGTCCTTTGGAATCTT
CATTTAAATGTTAAATCTGGAATCAAAATGAAGCAAAAAATATCTGTCTICCTTTTCACTTTCTTCAGTAC
ATAAATACATTATTTAATCAATAAGAATTAACTGTACTAAATCATGTATTATGCTGTTCTAGTTACAGCA
AACACTCTTTAAGAAAAATATCCAATACACTAAATAGGTACTATAGTAATTTTTAGACATGGTACCCATT
GATATGCATTTAAACCTTTTACTGCTGTGTTATGTTGATAACATATATAAATATTAGATAATGCTAATGC
TTCTGCTGCTGTCTTTTCTGTAATATTCTCTTTCATGCTGAATTTACTATGACCATTTATAAGCAGTGCA
GTTAACTACAGATAGCATTTCAGGACAAAATAGATGACTCAAACCATTTATTGCTTAAAAAATAGCTTAC
GCCATGCTATGCTATAAGCAGCTTTTATGCACATTGACAAATGAAGAGTAAGCTTCAGCTTGCTAAAGGA
AACTGTGGAACCTTTTIGTAACTTTTGGTGATATGGAAAATTATTTACAAACCGTCAAAGAATATGAGGAA
GTTGCTGTATGACATAGTGCTGGCACTGATATTATCCATCATCTCTTTTTGGACACTTICTGTAAATGTGA
TTGGATTGTTTGAAAGAAGATTTAAAGTTTCAAAGTTITTTTGTTICTGTTTTTGCTTTGCATTTGGAGAAA
ATATTGAAAGCAGGGTATGTTGTTTCATTCACCTTGAAAAAACCATGAGTAAATGGGGATATAGAATCTC
TGAATAGCTCGCTAAAAGATTCAAGCAAGGGACATGAATTTTGTTCCATCTATCAATAATATCCAGAAGA
ACAACTTTTTTAAAGAGTCTATAGCAAAAAGCAAAAAAAAAAAAAAATTCTAAACACAAAGTCAAAATAA
ACCTATTGTAAAAGCATTTCGTGATGAGCATGAAAAAGATTGTTTAAAGATGATCCCCCCAGCTACCCAT
TTTCCAAAACTACACAGATCACAGCTCATTTCTICTAAGTGGAGCAGTTATCAAGAAACCCAAACACCAAA
ATTGCTACTCTTCACATTTAATCCTACAAAAAGTACTCCAATTTCAAAATATGTATGTAACCTGCGATTT
CAATGATTGTTGTTCATATACATCATGTATTATTTTGGCCCATTTTGGGCCTAAAAAAGAAAACTATGCC
TTAAAAATCAGAACCTTTTICTCCCCACTATGCTTATGTGGCCATCTACAGCACTTAGAATAAAAACAGAT
GTTAAAATATTCAGTGAAAGTTITTATTGGAAAAAGGAATTGAGATATATAATTGAGATTTGGTGAAATTG
AAGGAGAAAATTTAAGTGAGTCTTTAAAATATATTCTGAATGAAAACTGTATTGAGGATTCATTTTTGTT
CCTTTTTITTTICTTTITTICTCTTTTICTCCTTTTTICTTICTTTTTAATAGTCTAGTTTTAGTCAGTCAGTGAGG
AAGAATTGGGCCATGCTAACGTTATCACAAGAGAACAATGGCAGAAATGGTATTAGTTATATAATATTTA
AGGACAAACTATATGTITTTGCTGTTTTAACGTAGTGACTCACTGAACTAAATACATAATTGACCAACATT
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AAGTGTATTTCCAATACAGAAGGGTTGAAAATATTACATTATAAACTCTTTTGAAAAATGTATCTAAAAT
TTTTTAAGTTCTGTTTTGATTCCACTTTTTGGTTGAGTTTTTATGTTTTTGTTTTCAGGTAGATTAATAA
ATCTGGCAGCTGATTTICTGCAAGATTCTTGTGTTTTGAATTTCTCATTGAATTGGCTACTCAAACATAGA
AATCATTTGTTAATGATGTAATGTCTTCTCTCAGCTTITTATCTTCACTGCTGTTTGCTGTICTCTTGATGA
TGACATGTTAATACCCAATAGATTAATTGCAACAAACACTTATACTCAAATAACTAAGTAAAAATAATTT
TTCTTGTTATGTCCATGAAAAGTGCTTCAGAATAAAAATCCACAAGACTGACAGTGCAGAACATTTTTICT
CAAATCATGGGCGGATCTTGGAGGTCTAGTTTCCCGTAGATGCTGTAACCAATTACCACAACTTCAGTAA
TTTACACAAATTTATCTTATAGTTCTGGAGGCAGAAGTTCAAAAGAAGCCTTAAGAGACTAAAACCAAGA
TGTCCTTAGGTCTGGTTCCTTCTGGAGGCTCCAGGGGAGATTCTTCCAGCTTTCACTTCTAGAGTCTGCT
GACATTCCTTGGCTCCTGGCTACATCACTTCAATCTCTGCTTCCATGGTCACATACTCTTCTACTATAGT
CAAATTTCCTTCCTGCCICTTATAAGGATGCTTGTGATTACATTTAGGGGATGCTCAGATAATCCAGGAC
AATCTCTCCATCTCAAGATCCTTAACTTAATGACGTGTGCCAAGTCCCTTTGGCTAGATAATTATTCATA
GGTCCCAGGGATTAGGACATGGATGTAAGGGGTGAGGGCAGGGCTGTTATTCAGAACACCGCACGGAGGA
GGAAGACTGTGTAGCAAAGACTCTAATTGATTTACTCAGGAACAGTGGAGTTCTGCTGAGGGATCTAGGA
TTTGAAAGTACTAGAGTTTGCTTTTATTTACCACTGAGATATTTTCCCCTTATTCTGCATAAATAATTTT
GAAAACTTTCTATATTAAATTTCAACTATTCCACTAAAATGTCTGGTAATCACATCAAGCCTTTAGATTA
TTCAAATCCTTCCCCAGCCCCCAGGAAAACACTAAGTCATGAAACAGAAAAACAGAAGGTATGATAATAA
TAGTAATAACAGTTAAATCAGTGGTICTAATCCAGATTTTATTTTTTAATACATTTICTTTTGGTGTTAATA
TGGGTTACTATGTGATCTTATCATTTGCTAGTGATTATTACTTATTAGGTAAGAACAATGTGTAAAATAT
GTICTATTACTCAAAAGAACAATTGCAAAATGAGTCAACTTATCTTTATATAACCAGGAAAGAAATATATT
GCCAGAAGCTACAGAATTTTGCCAGATGATAGGGATTTCTAAAATGAGCCACTTTGTCTATCATGCAGCC
TTTTCAGAGCTTGTAATGAGAAAACATTACAGAGGAGAAGGTCATTTGGATGTTTGTTACTTGGAATCCT
AGAAAACAAAAACTAAAATTTAAAAATAAGAAGTGAGTAAGCTATTTTCCATTTGCGATTTGGTATGGAG
AAGAGAGGAAATAGAATTATTAAAAAAATACAAATTGGGTAAAAGTGATGGTGGAAAAAATATAAAGAAG
GCAAATGTACATATTAAGCAATTCTACTAAGAATTGGAAAAATCAAGTTTCAAAAAGATGGTAATAGTTG
GGCATGATACTAGAAAATTTCACCCAGTTTATTCAGAGCTCAACTAGTACTTTTAGGACTTICTTTITTTTA
TATACATGAGACTCACTTTGACATACTTAAAAAAAAAACAGTTTATGGAAAGTACAGTTTAAGAGGAGAA
TTTGATTAGACTAAGTGGATATCTTTATAGAAATATTAATGATTTCAGAATTTTCAGTTACAAGTGTATA
TACCGTGGCTATTGTTTATGGATTCATATGTAAGGTAGGGTICTTTTTTGCATATAGACTCCAGTATTAGT
TACTTTCATTCTAAAATTATATTTATGCTTCTATGGGGAAGAAAATTTTTAATTCACTTGGTTIGTATTAA
AATTATACTTACGGTTTGAGAAAACATGCTATGAAAATCATGATTATAGCAAATTAAATATGCTCAAAAT
TTAAATCTAAAATAAAAGCCCAGAAACTGAAAA

SEQ ID NO: 28 NM_000044.3 Homo sapiens androgen receptor (AR),
mRNA

CGAGATCCCGGGGAGCCAGCTTGCTGGGAGAGCGGGACGGTCCGGAGCAAGCCCAGAGGCAGAGGAGGCG
ACAGAGGGAAAAAGGGCCGAGCTAGCCGCTCCAGTGCTGTACAGGAGCCGAAGGGACGCACCACGCCAGC
CCCAGCCCGGCTCCAGCGACAGCCAACGCCTCTTGCAGCGCGGCGGCTTCGAAGCCGCCGCCCGGAGCTG
CCCTTTCCTCTTCGGTGAAGTTTTTAAAAGCTGCTAAAGACTCGGAGGAAGCAAGGAAAGTGCCTGGTAG
GACTGACGGCTGCCTTTGTCCTCCTCCTCTCCACCCCGCCTCCCCCCACCCTGCCTTCCCCCCCTCCCCC
GTCTTCTCTCCCGCAGCTGCCTCAGTCGGCTACTCTCAGCCAACCCCCCTCACCACCCTTCTCCCCACCC
GCCCCCCCGCCCCCGTCGGCCCAGCGCTGCCAGCCCGAGTTTGCAGAGAGGTAACTCCCTTTGGCTGCGA
GCGGGCGAGCTAGCTGCACATTGCAAAGAAGGCTCTTAGGAGCCAGGCGACTGGGGAGCGGCTTCAGCAC
TGCAGCCACGACCCGCCTGGTTAGGCTGCACGCGGAGAGAACCCTCTGTTTTCCCCCACTCTCTCTCCAC
CTCCTCCTGCCTTCCCCACCCCGAGTGCGGAGCCAGAGATCAAAAGATGAAAAGGCAGTCAGGTCTTCAG
TAGCCAAAAAACAAAACAAACAAAAACAAAAAAGCCGAAATAAAAGAARAAGATAATAACTCAGTTCTTA
TTTGCACCTACTTCAGTGGACACTGAATTTGGAAGGTGGAGGATTTTIGTITTITTTTCTTTTAAGATCTGGG
CATCTTTTGAATCTACCCTTCAAGTATTAAGAGACAGACTGTGAGCCTAGCAGGGCAGATCTTGTCCACC
GTGTGTCTTCTTCTGCACGAGACTTTGAGGCTGTCAGAGCGCTTTTTGCGTGGTTGCTCCCGCAAGTTTC
CTTCTCTGGAGCTTCCCGCAGGTGGGCAGCTAGCTGCAGCGACTACCGCATCATCACAGCCTGTTGAACT
CTTCTGAGCAAGAGAAGGGGAGGCGGGGTAAGGGAAGTAGGTGGAAGATTCAGCCAAGCTCAAGGATGGA
AGTGCAGTTAGGGCTGGGAAGGGTCTACCCTCGGCCGCCGTCCAAGACCTACCGAGGAGCTTTCCAGAAT
CTGTTCCAGAGCGTGCGCGAAGTGATCCAGAACCCGGGCCCCAGGCACCCAGAGGCCGCGAGCGCAGCAC
CTCCCGGCGCCAGTTTGCTGCTGCTGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCA
GCAGCAGCAGCAGCAGCAGCAGCAAGAGACTAGCCCCAGGCAGCAGCAGCAGCAGCAGGGTGAGGATGGT
TCTCCCCAAGCCCATCGTAGAGGCCCCACAGGCTACCTGGTCCTGGATGAGGAACAGCAACCTTCACAGC
CGCAGTCGGCCCTGGAGTGCCACCCCGAGAGAGGTTGCGTCCCAGAGCCTGGAGCCGCCGTGGCCGCCAG
CAAGGGGCTGCCGCAGCAGCTGCCAGCACCTCCGGACGAGGATGACTCAGCTGCCCCATCCACGTTGTCC
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CTGCTGGGCCCCACTTTCCCCGGCTTAAGCAGCTGCTCCGCTGACCTTAAAGACATCCTGAGCGAGGCCA
GCACCATGCAACTCCTTCAGCAACAGCAGCAGGAAGCAGTATCCGAAGGCAGCAGCAGCGGGAGAGCGAG
GGAGGCCTCGGGGGCTCCCACTTCCTCCAAGGACAATTACTTAGGGGGCACTTCGACCATTTCTGACAAC
GCCAAGGAGTTGTGTAAGGCAGTGTCGGTGTCCATGGGCCTGGGTGTGGAGGCGTTGGAGCATCTGAGTC
CAGGGGAACAGCTTCGGGGGGATTGCATGTACGCCCCACTTTTGGGAGTTCCACCCGCTGTGCGTCCCAC
TCCTTGTGCCCCATTGGCCGAATGCAAAGGTTCTCTGCTAGACGACAGCGCAGGCAAGAGCACTGAAGAT
ACTGCTGAGTATTCCCCTTTCAAGGGAGGTTACACCAAAGGGCTAGAAGGCGAGAGCCTAGGCTGCTCTG
GCAGCGCTGCAGCAGGGAGCTCCGGGACACTTGAACTGCCGTCTACCCTGTCTCTCTACAAGTCCGGAGC
ACTGGACGAGGCAGCTGCGTACCAGAGTCGCGACTACTACAACTTTCCACTGGCTCTGGCCGGACCGCCG
CCCCCTCCGCCGCCTCCCCATCCCCACGCTCGCATCAAGCTGGAGAACCCGCTGGACTACGGCAGCGCCT
GGGCGGCTGCGGCGGCGCAGTGCCGCTATGGGGACCTGGCGAGCCTGCATGGCGCGGGTGCAGCGGGACC
CGGTTCTGGGTCACCCTCAGCCGCCGCTTCCTCATCCTGGCACACTCTCTTCACAGCCGAAGAAGGCCAG
TTGTATGGACCGTGTGGTGGTGGTGGGGGTGGTGGCGGCGGLCGGCGEGCGEGCGGCGGLGGCGEGLGEGLEECE
GCGGCGGCGGCGGCGAGGCGGGAGCTGTAGCCCCCTACGGCTACACTCGGCCCCCTCAGGGGCTGGCGGE
CCAGGAAAGCGACTTCACCGCACCTGATGTGTGGTACCCTGGCGGCATGGTGAGCAGAGTGCCCTATCCC
AGTCCCACTTGTIGTCAAAAGCGAAATGGGCCCCTGGATGGATAGCTACTCCGGACCTTACGGGGACATGC
GTTTGGAGACTGCCAGGGACCATGTTTTGCCCATTGACTATTACTTTCCACCCCAGAAGACCTGCCTGAT
CTGTGGAGATGAAGCTTICTGGGTGTCACTATGGAGCTCTCACATGTGGAAGCTGCAAGGTCTTCTTCAAA
AGAGCCGCTGAAGGGAAACAGAAGTACCTGTGCGCCAGCAGAAATGATTGCACTATTGATAAATTCCGAA
GGAAAAATTGTCCATCTTIGTCGTCTTCGGAAATGTTATGAAGCAGGGATGACTCTGGGAGCCCGGAAGCT
GAAGAAACTTGGTAATCTGAAACTACAGGAGGAAGGAGAGGCTTCCAGCACCACCAGCCCCACTGAGGAG
ACAACCCAGAAGCTGACAGTGTCACACATTGAAGGCTATGAATGTCAGCCCATCTTTICTGAATGTCCTGG
AAGCCATTGAGCCAGGTGTAGTGTGTGCTGGACACGACAACAACCAGCCCGACTCCTTTGCAGCCTTGCT
CTCTAGCCTCAATGAACTGGGAGAGAGACAGCTTGTACACGTGGTCAAGTGGGCCAAGGCCTTGCCTGGC
TTCCGCAACTTACACGTGGACGACCAGATGGCTGTCATTCAGTACTCCTGGATGGGGCTCATGGTGTTTG
CCATGGGCTGGCGATCCTTCACCAATGTCAACTCCAGGATGCTCTACTTCGCCCCTGATCTGGTTTTCAA
TGAGTACCGCATGCACAAGTCCCGGATGTACAGCCAGTIGTGTCCGAATGAGGCACCTCTCTCAAGAGTTT
GGATGGCTCCAAATCACCCCCCAGGAATTCCTGTGCATGAAAGCACTGCTACTCTTCAGCATTATTCCAG
TGGATGGGCTGAAAAATCAAAAATTCTTTGATGAACTTCGAATGAACTACATCAAGGAACTCGATCGTAT
CATTGCATGCAAAAGAAAAAATCCCACATCCTGCTCAAGACGCTTCTACCAGCTCACCAAGCTCCTGGAC
TCCGTGCAGCCTATTGCGAGAGAGCTGCATCAGTTCACTTITTGACCTGCTAATCAAGTCACACATGGTGA
GCGTGGACTTTCCGGAAATGATGGCAGAGATCATCTCTGTGCAAGTGCCCAAGATCCTTTCTGGGAAAGT
CAAGCCCATCTATTTCCACACCCAGTGAAGCATTGGAAACCCTATTTCCCCACCCCAGCTCATGCCCCCT
TTCAGATGTCTTCTGCCTGTTATAACTCTGCACTACTCCTCTGCAGTGCCTTGGGGAATTTCCTCTATTG
ATGTACAGTICTGTICATGAACATGTTCCTGAATTCTATTTGCTGGGCTTTTTTTTTCTICTTTCTCTCCTTT
CTTTTTCTTCTTCCCTCCCTATCTAACCCTCCCATGGCACCTTCAGACTTTGCTTICCCATTGTGGCTCCT
ATCTGTGTTTTGAATGGTGTTGTATGCCTTTAAATCTGTGATGATCCTCATATGGCCCAGTGTCAAGTTG
TGCTTGTTTACAGCACTACTCTGTGCCAGCCACACAAACGTTTACTTATCTTATGCCACGGGAAGTTTAG
AGAGCTAAGATTATCTGGGGAAATCAAAACAAAAACAAGCAAACAAAAAAAANAAGCAAAAACAAAACAA
AAAATAAGCCAAAAAACCTTGCTAGTGTTTITTTCCTCAAAAATAAATAAATAAATAAATAAATACGTACA
TACATACACACATACATACAAACATATAGAAATCCCCAAAGAGGCCAATAGTGACGAGAAGGTGAAAATT
GCAGGCCCATGGGGAGTTACTGATTTTTTCATCTCCTCCCTCCACGGGAGACTTTATTTTCTGCCAATGG
CTATTGCCATTAGAGGGCAGAGTGACCCCAGAGCTGAGTTGGGCAGGGGGGTGGACAGAGAGGAGAGGAC
AAGGAGGGCAATGGAGCATCAGTACCTGCCCACAGCCTTGGTCCCTGGGGGCTAGACTGCTCAACTGTGG
AGCAATTCATTATACTGAAAATGTGCTTGTTGTTGAAAATTTGTCTGCATGTTAATGCCTCACCCCCAAA
CCCTTTTCTCTCTCACTCTCTGCCTCCAACTTCAGATTGACTTTCAATAGTTTTTCTAAGACCTTTGAAC
TGAATGTTCTCTTCAGCCAAAACTTGGCGACTTCCACAGAAAAGTCTGACCACTGAGAAGAAGGAGAGCA
GAGATTTAACCCTTTGTAAGGCCCCATTTGGATCCAGGTCTGCTTTCTCATGTGTGAGTCAGGGAGGAGC
TGGAGCCAGAGGAGAAGAAAATGATAGCTTGGCTGTTCTCCTGCTTAGGACACTGACTGAATAGTTAAAC
TCTCACTGCCACTACCTTTTCCCCACCTTTAAAAGACCTGAATGAAGTTTTCTGCCAAACTCCGTGAAGC
CACAAGCACCTTATGTCCTICCCTTCAGTGTTTTGTGGGCCTGAATTTCATCACACTGCATTTCAGCCATG
GTCATCAAGCCTGTTTGCTTICTTTTGGGCATGTTCACAGATTCTCTGTTAAGAGCCCCCACCACCAAGAA
GGTTAGCAGGCCAACAGCTCTGACATCTATCTGTAGATGCCAGTAGTCACAAAGATTTCTTACCAACTCT
CAGATCGCTGGAGCCCTTAGACAAACTGGAAAGAAGGCATCAAAGGGATCAGGCAAGCTGGGCGTCTTGC
CCTTGTCCCCCAGAGATGATACCCTCCCAGCAAGTGGAGAAGTTCTCACTTCCTTICTTTAGAGCAGCTAA
AGGGGCTACCCAGATCAGGGTTGAAGAGAAAACTCAATTACCAGGGTGGGAAGAATGAAGGCACTAGAAC
CAGAAACCCTGCAAATGCTCTTCTTGTCACCCAGCATATCCACCTGCAGAAGTCATGAGAAGAGAGAAGG
AACAAAGAGGAGACTCTGACTACTGAATTAAAATCTTCAGCGGCAAAGCCTAAAGCCAGATGGACACCAT
CTGGTGAGTTTACTCATCATCCTCCTCTGCTGCTGATTCTGGGCTCTGACATTGCCCATACTCACTCAGA
TTCCCCACCTTTGTTGCTGCCTICTTAGTCAGAGGGAGGCCAAACCATTGAGACTTTCTACAGAACCATGG
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CTTCTTTCGGAAAGGTCTGGTTGGTGTGGCTCCAATACTTTGCCACCCATGAACTCAGGGTGTGCCCTGG
GACACTGGTTTTATATAGTCTTTTGGCACACCTGTGTTCTGTTGACTTCGTTCTTCAAGCCCAAGTGCAA
GGGAAAATGTCCACCTACTTICTCATCTTGGCCTCTGCCTCCTTACTTAGCTCTTAATCTCATCTGTTGA
ACTCAAGAAATCAAGGGCCAGTCATCAAGCTGCCCATTTTAATTGATTCACTCTGTTTGTTGAGAGGATA
GTTTCTGAGTGACATGATATGATCCACAAGGGTTTCCTTCCCTGATTTCTGCATTGATATTAATAGCCAA
ACGAACTTCAAAACAGCTTTAAATAACAAGGGAGAGGGGAACCTAAGATGAGTAATATGCCAATCCAAGA
CTGCTGGAGAAAACTAAAGCTGACAGGTTCCCTTTTTGGGGTGGGATAGACATGTTICTGGTTTTCTTTAT
TATTACACAATCTGGCTCATGTACAGGATCACTTTTAGCTGTTTTAAACAGAAAAAAATATCCACCACTC
TTTTCAGTTACACTAGGTTACATTTTAATAGGTCCTTTACATCTGTTTTGGAATGATTTTCATCTTTTGT
GATACACAGATTGAATTATATCATTTTCATATCTICTCCTTIGTAAATACTAGAAGCTCTCCTTTACATTTC
TCTATCAAATTTTTCATCTITTATGGGTTTCCCAATTGTGACTCTTGTCTTCATGAATATATGTTTTTCAT
TTGCAAAAGCCAAAAATCAGTGAAACAGCAGTGTAATTAAAAGCAACAACTGGATTACTCCAAATTTCCA
AATGACAAAACTAGGGAAAAATAGCCTACACAAGCCTTTAGGCCTACTCTTTCTIGTGCTTGGGTTTGAGT
GAACAAAGGAGATTTTAGCTTIGGCTCTGTTCTCCCATGGATGAAAGGAGGAGGATTTTTITTTITTICTITTTG
GCCATTGATGTTCTAGCCAATGTAATTGACAGAAGTCTCATTTTGCATGCGCTCTGCTCTACAAACAGAG
TTGGTATGGTTGGTATACTGTACTCACCTGTGAGGGACTGGCCACTCAGACCCACTTAGCTGGTGAGCTA
GAAGATGAGGATCACTCACTGGAAAAGTCACAAGGACCATCTCCAAACAAGTTGGCAGTGCTCGATGTGG
ACGAAGAGTGAGGAAGAGAAAAAGAAGGAGCACCAGGGAGAAGGCTCCGTICTGTGCTGGGCAGCAGACAG
CTGCCAGGATCACGAACTCTGTAGTCAAAGAAAAGAGTCGTGTGGCAGTTTCAGCTCTCGTTCATTGGGC
AGCTCGCCTAGGCCCAGCCTCTGAGCTGACATGGGAGTTGTTGGATTCTTTGTTTCATAGCTTTTTCTAT
GCCATAGGCAATATTGTTIGTTICTTGGAAAGTTTATTATTTTTTTAACTCCCTTACTCTGAGAAAGGGATA
TTTTGAAGGACTGTCATATATCTTTGAAAAAAGAAAATCTGTAATACATATATTTTTATGTATGTTCACT
GGCACTAAAAAATATAGAGAGCTTCATTCTGTCCTTTGGGTAGTTGCTGAGGTAATTGTCCAGGTTGAAA
AATAATGTGCTGATGCTAGAGTCCCTCTCTGTCCATACTCTACTTCTAAATACATATAGGCATACATAGC
AAGTTTTATTTGACTTGTACTTTAAGAGAAAATATGTCCACCATCCACATGATGCACAAATGAGCTAACA
TTGAGCTTCAAGTAGCTTICTAAGTGTTTGTTTCATTAGGCACAGCACAGATGTGGCCTTTCCCCCCTTICT
CTCCCTTGATATCTGGCAGGGCATAAAGGCCCAGGCCACTTCCTCTGCCCCTTCCCAGCCCTGCACCAAA
GCTGCATTTCAGGAGACTCTCTCCAGACAGCCCAGTAACTACCCGAGCATGGCCCCTGCATAGCCCTGGA
AAAATAAGAGGCTGACTGTICTACGAATTATCTTGTGCCAGTTGCCCAGGTGAGAGGGCACTGGGCCAAGG
GAGTGGTTTTCATGTTTGACCCACTACAAGGGGTCATGGGAATCAGGAATGCCAAAGCACCAGATCAAAT
CCAAAACTTAAAGTCAAAATAAGCCATTCAGCATGTTCAGTTTICTTGGAAAAGGAAGTTTCTACCCCTGA
TGCCTTTGTAGGCAGATCTIGTTICTCACCATTAATCTTTTTGAAAATCTTTTAAAGCAGTTTTTAAAAAGA
GAGATGAAAGCATCACATTATATAACCAAAGATTACATTGTACCTGCTAAGATACCAAAATTCATAAGGG
CAGGGGGGGAGCAAGCATTAGTGCCTCTTTGATAAGCTGTCCAAAGACAGACTAAAGGACTCTGCTGGTG
ACTGACTTATAAGAGCTTTIGTGGGTTTTTTTTTCCCTAATAATATACATGTTTAGAAGAATTGAAAATAA
TTTCGGGAAAATGGGATTATGGGTCCTTCACTAAGTGATTTTATAAGCAGAACTGGCTTTCCTTTTCTICT
AGTAGTTGCTGAGCAAATTGTTGAAGCTCCATCATTGCATGGTTGGAAATGGAGCTGTTCTTAGCCACTG
TGTTTGCTAGTGCCCATGTTAGCTTATCTGAAGATGTGAAACCCTTGCTGATAAGGGAGCATTTAAAGTA
CTAGATTTTGCACTAGAGGGACAGCAGGCAGAAATCCTTATTTCTGCCCACTTTGGATGGCACAAAAAGT
TATCTGCAGTTGAAGGCAGAAAGTTGAAATACATTGTAAATGAATATTTGTATCCATGTTTCAAAATTGA
AATATATATATATATATATATATATATATATATATATATATAGTGTGTGTGTGTGTTCTGATAGCTTTAA
CTTTCTCTGCATCTTTATATTTGGTTCCAGATCACACCTGATGCCATGTACTTGTGAGAGAGGATGCAGT
TTTGTTTTGGAAGCTCTCTCAGAACAAACAAGACACCTGGATTGATCAGTTAACTAAAAGTTTTCTCCCC
TATTGGGTTTGACCCACAGGTCCTGTGAAGGAGCAGAGGGATAAAAAGAGTAGAGGACATGATACATTGT
ACTTTACTAGTTCAAGACAGATGAATGTGGAAAGCATAAAAACTCAATGGAACTGACTGAGATTTACCAC
AGGGAAGGCCCAAACTTGGGGCCAAAAGCCTACCCAAGTGATTGACCAGTGGCCCCCTAATGGGACCTGA
GCTGTTGGAAGAAGAGAACTGTTCCTTGGTCTTCACCATCCTTGTGAGAGAAGGGCAGTTTCCTGCATTG
GAACCTGGAGCAAGCGCTCTATCTTTCACACAAATTCCCTCACCTGAGATTGAGGTGCTCTTIGTTACTGG
GIGTCTGTGTGCTGTAATTCTGGTTTTGGATATGTTCTGTAAAGATTTTGACAAATGAAAATGTGTTTTT
CTICTGTTAAAACTTGTCAGAGTACTAGAAGTTGTATCTCTGTAGGTGCAGGTCCATTTCTGCCCACAGGT
AGGGTGTTTTTCTTTGATTAAGAGATTGACACTTICTGTTGCCTAGGACCTCCCAACTCAACCATTTCTAG
GTGAAGGCAGAAAAATCCACATTAGTTACTCCTICTTCAGACATTTCAGCTGAGATAACAAATCTTTTGGA
ATTTTTTCACCCATAGAAAGAGTGGTAGATATTTGAATTTAGCAGGTGGAGTTTCATAGTAAAAACAGCT
TTTGACTCAGCTTTGATTTATCCTCATTTGATTTGGCCAGAAAGTAGGTAATATGCATTGATTGGCTTCT
GATTCCAATTCAGTATAGCAAGGTGCTAGGTTTTTTCCTTTCCCCACCTGTCTCTTAGCCTGGGGAATTA
AATGAGAAGCCTTAGAATGGGTGGCCCTTGTGACCTGAAACACTTCCCACATAAGCTACTTAACAAGATT
GTCATGGAGCTGCAGATTCCATTGCCCACCAAAGACTAGAACACACACATATCCATACACCAAAGGAAAG
ACAATTCTGAAATGCTIGTTTCTICTGGTGGTTCCCTICTCTGGCTGCTGCCTCACAGTATGGGAACCTGTAC
TCTGCAGAGGTGACAGGCCAGATTTGCATTATCTCACAACCTTAGCCCTTGGTGCTAACTGTCCTACAGT
GAAGTGCCTGGGGGGTTGTCCTATCCCATAAGCCACTTGGATGCTGACAGCAGCCACCATCAGAATGACC
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CACGCAAAAAAAAGAAAAAAAAAATTAAAAAGTCCCCTCACAACCCAGTGACACCTTTCTGCTTTCCTICT
AGACTGGAACATTGATTAGGGAGTGCCTCAGACATGACATTICTTIGTGCTGTCCTTGGAATTAATCTGGCA
GCAGGAGGGAGCAGACTATGTAAACAGAGATAAAAATTAATTTTCAATATTGAAGGAAAAAAGAAATAAG
AAGAGAGAGAGAAAGAAAGCATCACACAAAGATTTTCTTAAAAGAAACAATTTTGCTTGAAATCTCTTTA
GATGGGGCTCATTTCTCACGGTGGCACTTGGCCTCCACTGGGCAGCAGGACCAGCTCCAAGCGCTAGTGT
TCTGTTCTCTTTTTGTAATCTTGGAATCTTTTGTTGCTCTAAATACAATTAAAAATGGCAGAAACTTGTT
TGTTGGACTACATGTGTGACTTTGGGTCTGTCTCTGCCTCTGCTTTCAGAAATGTCATCCATTGTGTAAA
ATATTGGCTTACTGGTICTGCCAGCTAAAACTTGGCCACATCCCCTGTTATGGCTGCAGGATCGAGTTATT
GTTAACAAAGAGACCCAAGAAAAGCTGCTAATGTCCTCTTATCATTGTTGTTAATTTGTTAAAACATAAA
GAAATCTAAAATTTCAAAAAR

SEQ ID NO: 29 NM_005194.3 Homo sapiens CCAAT enhancer binding
protein beta (CEBPB), mRNA
TCCCAATCCCGGGGCGGCCGGGCGEGEGETGGGCAGGGGGCETGAGGCCGCLCCLCTGCGTCCLCGGGGGLCLC
CCGAAAACGCGCTCCGGGTGCCCGGTCCCTCCGCTGCGCCCTGCCGCCGTCCTCCCGGGGGTCTCGGGCG
GCCGCGGCCGTGTCCTTCGCGTCCCGGCGGCGCGGCGGGAGGGGCCGGCGTGACGCAGCGGTTGCTACGE
GCCGCCCTTATAAATAACCGGGCTCAGGAGAAACTTTAGCGAGTCAGAGCCGCGCACGGGACTGGGAAGG
GGACCCACCCGAGGGTCCAGCCACCAGCCCCCTCACTAATAGCGGCCACCCCGGCAGCGGCGGCAGCAGC
AGCAGCGACGCAGCGGCGACAGCTCAGAGCAGGGAGGCCGCGCCACCTGCGGGCCGGCCGGAGCGGGCAG
CCCCAGGCCCCCTCCCCGGGCACCCGCGTTCATGCAACGCCTGGTGGCCTGGGACCCAGCATGTCTCCCC
CTGCCGCCGCCGCCGCCTGCCTTTAAATCCATGGAAGTGGCCAACTTCTACTACGAGGCGGACTGCTTGG
CTGCTGCGTACGGCGGCAAGGCGGCCCCCGCGGCGCCCCCCGCGGCCAGACCCGGGLLCGLGLLCeCceCae
CGGCGAGCTGGGCAGCATCGGCGACCACGAGCGCGCCATCGACTTCAGCCCGTACCTGGAGCCGCTGGGC
GCGCCGCAGGCCCCGGCGCCCGCCACGGCCACGGACACCTTCGAGGCGGCTCCGCCCGCGCCCGLLCCCa
CGCCCGCCTCCTCCGGGCAGCACCACGACTTCCTCTCCGACCTCTTCTCCGACGACTACGGGGGCAAGAA
CTGCAAGAAGCCGGCCGAGTACGGCTACGTGAGCCTGGGGCGCCTGGGGGCCGCCAAGGGCGCGCTGCAC
CCCGGCTGCTTCGCGCCCCTGCACCCACCGCCCCCGCCGLCCGCCGCCGCCCGCCGAGCTCAAGGCGGAGC
CGGGCTTCGAGCCCGCGGACTGCAAGCGGAAGGAGGAGGCCGGGGCGCCGGGCGGCGGCGCAGGCATGGC
GGCGGGCTTCCCGTACGCGCTGCGCGCTTACCTCGGCTACCAGGCGGTGCCGAGCGGCAGCAGCGGGAGC
CTCTCCACGTCCTCCTCGTCCAGCCCGCCCGGCACGCCGAGCCCCGCTGACGCCAAGGCGCCCCCGACCG
CCTGCTACGCGGGGGCCGCGCCGGCGCCCTCGCAGGTCAAGAGCAAGGCCAAGAAGACCGTGGACAAGCA
CAGCGACGAGTACAAGATCCGGCGCGAGCGCAACAACATCGCCGTGCGCAAGAGCCGCGACAAGGCCAAG
ATGCGCAACCTGGAGACGCAGCACAAGGTCCTGGAGCTCACGGCCGAGAACGAGCGGCTGCAGAAGAAGG
TGGAGCAGCTGTCGCGCGAGCTCAGCACCCTGCGGAACTTGTTCAAGCAGCTGCCCGAGCCCCTGCTCGC
CTCCTCCGGCCACTGCTAGCGCGGCCCCCGCGCGCGTCCCCCTGCCGGCCGGGGCTGAGACTCCGGGGAG
CGCCCGCGCCCGCGCCCTCGCCCCCGCCCCCGGCGGCGCCGGCAAAACTTTGGCACTGGGGCACTTGGCA
GCGCGGGGAGCCCGTICGGTAATTTTAATATTTTATTATATATATATATCTATATTTTTGTCCAAACCAAC
CGCACATGCAGATGGGGCTCCCGCCCGTGGTGTTATTTAAAGAAGARAACGTCTATGTGTACAGATGAATG
ATAAACTCTCTGCTTCTCCCTCTGCCCCTCTCCAGGCGCCGGCGGGCGGGCCGGTTTCGAAGTTGATGCA
ATCGGTTTAAACATGGCTGAACGCGTGTGTACACGGGACTGACGCAACCCACGTGTAACTGTCAGCCGGG
CCCTGAGTAATCGCTTAAAGATGTTCCTACGGGCTTGTTGCTGTTGATGTTTTGTTTTGTTTTGTTTTTT
GGTCTTTTTTTGTATTATAAAAAATAATCTATTTCTATGAGAAAAGAGGCGTCTGTATATTTTGGGAATC
TTTTCCGTTTCAAGCATTAAGAACACTTTTAATAAACTTTTTTTTGAGAATGGTTACAAAGCCTTTTGGG
GGCAGTAAAARMA

SEQ ID NO: 30 NM_021724.4 Homo sapiens nuclear receptor subfamily
1 group D member 1 (NR1D1), mRNA
GGGCACGAGGCGCTCCCTGGGATCACATGGTACCTGCTCCAGTGCCGCGTGCGGCCCGGGAACCCTGGGC
TGCTGGCGCCTGCGCAGAGCCCTCTGTCCCAGGGAAAGGCTCGGGCAAAAGGCGGCTGAGATTGGCAGAG
TGAAATATTACTGCCGAGGGAACGTAGCAGGGCACACGTCTCGCCTCTTTGCGACTCGGTGCCCCGTTTC
TCCCCATCACCTACTTACTTCCTGGTTGCAACCTCTCTTCCTCTGGGACTTTTGCACCGGGAGCTCCAGA
TTCGCCACCCCGCAGCGCTGCGGAGCCGGCAGGCAGAGGCACCCCGTACACTGCAGAGACCCGALCCCTCCC
TTGCTACCTTCTAGCCAGAACTACTGCAGGCTGATTCCCCCTACACACTCTICTICTGCTCTTCCCATGCAA
AGCAGAACTCCGTTGCCTCAACGTCCAACCCTTCTGCAGGGCTGCAGTCCGGCCACCCCAAGACCTTGCT
GCAGGGTGCTTCGGATCCTGATCGTGAGTCGCGGGGTCCACTCCCCGCCCTTAGCCAGTGCCCAGGGGGC
AACAGCGGCGATCGCAACCTCTAGTTTGAGTCAAGGTCCAGTTTGAATGACCGCTCTCAGCTGGTGAAGA
CATGACGACCCTGGACTCCAACAACAACACAGGTGGCGTCATCACCTACATTGGCTCCAGTGGCTCCTCC
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CCAAGCCGCACCAGCCCTGAATCCCTCTATAGTGACAACTCCAATGGCAGCTTCCAGTCCCTGACCCAAG
GCTGTCCCACCTACTTCCCACCATCCCCCACTGGCTCCCTCACCCAAGACCCGGCTCGCTCCTTTGGGAG
CATTCCACCCAGCCTGAGTGATGACGGCTCCCCTTCTTCCTCATCTTCCTCGTCGTCATCCTCCTCCTCC
TTCTATAATGGGAGCCCCCCTGGGAGTCTACAAGTGGCCATGGAGGACAGCAGCCGAGTGTCCCCCAGCA
AGAGCACCAGCAACATCACCAAGCTGAATGGCATGGTGTTACTGTGTAAAGTGTGTGGGGACGTTGCCTC
GGGCTTCCACTACGGTGTGCACGCCTGCGAGGGCTGCAAGGGCTTTTTCCGTCGGAGCATCCAGCAGAAC
ATCCAGTACAAAAGGTGTCTGAAGAATGAGAATTGCTCCATCGTCCGCATCAATCGCAACCGCTGCCAGC
AATGTCGCTTCAAGAAGTGTCTCTCTGTGGGCATGTCTCGAGACGCTGTGCGTTTTGGGCGCATCCCCAA
ACGAGAGAAGCAGCGGATGCTTGCTGAGATGCAGAGTGCCATGAACCTGGCCAACAACCAGTTGAGCAGC
CAGTGCCCGCTGGAGACTTCACCCACCCAGCACCCCACCCCAGGCCCCATGGGCCCCTCGCCACCCCCTG
CTCCGGTCCCCTCACCCCTIGGTGGGCTTCTCCCAGTTTCCACAACAGCTGACGCCTCCCAGATCCCCAAG
CCCTGAGCCCACAGTGGAGGATGTGATATCCCAGGTGGCCCGGGCCCATCGAGAGATCTTCACCTACGCC
CATGACAAGCTGGGCAGCTCACCTGGCAACTTCAATGCCAACCATGCATCAGGTAGCCCTCCAGCCACCA
CCCCACATCGCTGGGAAAATCAGGGCTGCCCACCTGCCCCCAATGACAACAACACCTTGGCTGCCCAGCG
TCATAACGAGGCCCTAAATGGTCTGCGCCAGGCTCCCTCCTCCTACCCTCCCACCTGGCCTCCTGGCCCT
GCACACCACAGCTGCCACCAGTCCAACAGCAACGGGCACCGTCTATGCCCCACCCACGTGTATGCAGCCC
CAGAAGGCAAGGCACCTGCCAACAGTCCCCGGCAGGGCAACTCAAAGAATGTTCTGCTGGCATGTCCTAT
GAACATGTACCCGCATGGACGCAGTGGGCGAACGGTGCAGGAGATCTGGGAGGATTTCTCCATGAGCTTC
ACGCCCGCTGTGCGGGAGGTGGTAGAGTTTGCCAAACACATCCCGGGCTTCCGTGACCTTITCTCAGCATG
ACCAAGTCACCCTGCTTAAGGCTGGCACCTTTGAGGTGCTGATGGTGCGCTTTGCTTICGTTGTTCAACGT
GAAGGACCAGACAGTGATGTTCCTAAGCCGCACCACCTACAGCCTGCAGGAGCTTGGTGCCATGGGCATG
GGAGACCTGCTCAGTGCCATGTTCGACTTCAGCGAGAAGCTCAACTCCCTGGCGCTTACCGAGGAGGAGC
TGGGCCTCTTCACCGCGGTGGTGCTTGTCTCTGCAGACCGCTCGGGCATGGAGAATTCCGCTTICGGTGGA
GCAGCTCCAGGAGACGCTGCTGCGGGCTCTTCGGGCTCTGGTGCTGAAGAACCGGCCCTTGGAGACTTCC
CGCTTCACCAAGCTGCTGCTCAAGCTGCCGGACCTGCGGACCCTGAACAACATGCATTCCGAGAAGCTGC
TGTCCTTCCGGGTGGACGCCCAGTGACCCGCCCGGCCGGCCTTCTGCCGCTGCCCCCTTGTACAGAATCG
AACTCTGCACTTICTICICTCCTTTACGAGACGAAAAGGAAAAGCAAACCAGAATCTTATTTATATTGTTAT
AAAATATTCCAAGATGAGCCTCTGGCCCCCTGAGCCTTICTTGTAAATACCTGCCTCCCTCCCCCATCACC
GAACTTCCCCTCCTCCCCTATTTAAACCACTCTGTCTCCCCCACAACCCTCCCCTGGCCCTCTGATTTGT
TCTGTTCCTGTCTCAAATCCAATAGTTCACAGCTGAGCTGGCTTCAAAAAAAAAAAAAANAAR

SEQ ID NO: 31 NM_012259.2 Homo sapiens hes related family bHLH
transcription factor with YRPW motif 2 (HEY2), mRNA
GCGTGGCCGGCGCCGGCTCTTGCGGCCGAGCAGAGTTGCGGCGTGGGARAGAGCCGCTAGGAGCAGACCG
CGCCGCCGCCGGAGCCGCGCCTGCCCAGGCCCGGGGAGGGAGGAGGCGGGCGTCAGGGTGCTGCGCCCCG
CTCGGCGTCCGAGCTTCCGGCCGGGCTGTGCCCCGCGCGGTCTTCGCCGGGATGAAGCGCCCCTGCGAGG
AGACGACCTCCGAGAGCGACATGGACGAGACCATCGACGTGGGGAGCGAGAACAATTACTCGGGGCAAAG
TACTAGCTCTGTGATTAGATTGAATTCTCCAACAACAACATCTCAGATTATGGCAAGAAAGAAARAGGAGA
GGGATTATAGAGAAAAGGCGTCGGGATCGGATAAATAACAGTTTATCTGAGTTGAGAAGACTTGTGCCAA
CTGCTTTTGAAAAACAAGGATCTGCAAAGTTAGAAAAAGCTGAAATATTGCAAATGACAGTGGATCATTT
GAAGATGCTTCAGGCAACAGGGGGTAAAGGCTACTTTGACGCACACGCTCTTGCCATGGACTTCATGAGC
ATAGGATTCCGAGAGTGCCTAACAGAAGTTGCGCGGTACCTGAGCTCCGTGGAAGGCCTGGACTCCTCGG
ATCCGCTGCGGGTGCGGCTTGTGTCTCATCTCAGCACTTGCGCCACCCAGCGGGAGGCGGCGGCCATGAC
ATCCTCCATGGCCCACCACCATCATCCGCTCCACCCGCATCACTGGGCCGCCGCCTTCCACCACCTGCCC
GCAGCCCTGCTCCAGCCCAACGGCCTCCATGCCTCAGAGTCAACCCCTTGTCGCCTCTCCACAACTTCAG
AAGTGCCTCCTGCCCACGGCTCTGCTCTCCTCACGGCCACGTTTGCCCATGCGGATTCAGCCCTCCGAAT
GCCATCCACGGGCAGCGTCGCCCCCTGCGTGCCACCTCTCTCCACCTCTCTICTTIGTCCCTCTCTGCCACC
GTCCACGCCGCAGCCGCAGCAGCCACCGCGGCTGCACACAGCTTCCCTCTGTCCTTCGCGGGGGCATTCC
CCATGCTTCCCCCAAACGCAGCAGCAGCAGTGGCCGCGGCCACAGCCATCAGCCCGCCCTTGTCAGTATC
AGCCACGTCCAGTCCTCAGCAGACCAGCAGTGGAACAAACAATAAACCTTACCGACCCTGGGGGACAGAA
GITTGGAGCTTTTTAAATTTTTCTTGAACTTCTTGCAATAGTAACTGAATGTCCTCCATTTCAGAGTCAGC
TTAAAACCTCTGCACCCTGAAGGTAGCCATACAGATGCCGACAGATCCACAAAGGAACAATAAAGCTATT
TGAGACACAAACCTCACGAGTGGAAATGTGGTATTCTCTTTTTTTTCTCTCCCTTTTTTGTTTGGTTCAA
GGCAGCTCGGTAACTGACATCAGCAACTTTTGAAAACTTCACACTTGTTACCATTTAGAAGTTTCCTGGA
AAATATATGGACCGTACCATCCAGCAGTGCATCAGTATGTCTGAATTGGGGAAGTAAAATGCCCTGACTG
AATTCTCTTGAGACTAGATGGGACATACATATATAGAGAGAGAGTGAGAGAGTCGTIGTTTCGTAAGTGCC
TGAGCTTAGGAAGTTTTCTTCTGGATATATAACATTGCACAAGGGAAGACGAGTGTGGAGGATAGGTTAA
GAAAGGAAAGGGACAGAAGTCTTGCAATAGGCTGCAGACATTTTAATACCATGCCAGAGAAGAGTATTCT
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GCTGAAACCAACAGGTTTTACTGGTCAAAATGACTGCTGAAAATAATTTTCAAGTTGAAAGATCTAGTTT
TATCTTAGTTTGCCTTCTTTGTACAGACATGCCAAGAGGTGACATTTAGCAGTGCATTGGTATAAGCAAT
TATTTCATCAGTTCTCAGATTAACAAGCATTTCTGCTCTGCCTGCAGGCCCCCAGGCACTTTTITTTITTTG
GATGGCTCAAAATATGGTGCTGCTTTATATAAACCTTACATTTATATAGTGCACCTATGAGCAGTTGCCT
ACCATGTGTCCACCAGAGGCTATTTAATTCATGCCAACTTGAAAACTCTCCAGTTTGTAGGAGTTTGGTT
TAATTTATTCAGTTTCATTAGGACTATTTTTATATATTTATCCTICTTCATTTTCTCCTAATGATGCAACA
TCTATTCTTGTCACCCTTTGGGAGAAGTTACATTTCTGGAGGTGATGAAGCAAGGAGGGAGCACTAGGAA
GAGAAAAGCTACAATTTTTAAAGCTCTTTGTCAAGTTAGTGATTGCATTTGATCCCAAAACAAGATGAAT
GTATGCAATGGGATGTACATAAGTTATTTTTGCCCATGCCTAAACTAGTGCTATGTAATGGGGTTGTGGT
TTTGTTTTTTTCGATTTCGTTTAATGACAAAATAATCTCTTAATATGCTGAAATCAAGCACGTGAGAGTT
TTTGTTTAAAAGATAAGAGACACAGCATGTATTATGCACTTCATTTCTCTACTGTGTGGAGAAAGCAATA
AACATTATGAGAATGTTAAACGTTATGCAAAATTATACTTTTAAATATTTGTTTTGAAATTACTGTACCT
AGTCTTTTTTGCATTACTTTGTAACCTTTTTCTATGCAAGAGTCTTTACATACCACTAATTAAATGAAGT
CCTTTTTGACTA

SEQ ID NO: 32 NM_001017363.1 Homo sapiens AT-rich interaction
domain 3C (ARID3C), mRNA
ATGGAGGCCCTGCAGAAGCAGCAGGCAGCTCGGCTGGCCCAGGGGGTGGGGCCATTGGCCCCTGCATGCC
CGCTGCTGCCACCGCAGCCTCCCCTGCCTGACCACCGGACCCTACAGGCCCCTGAGGGGGCCTTGGGGAA
TGTTGGGGCTGAGGAAGAGGAAGATGCTGAAGAAGATGAGGAGAAGCGGGAGGAAGCCGGGGCAGAGGAG
GAGGCAGCTGAGGAGAGCCGTCCAGGGGCCCAGGGCCCCAGCTCGCCTTCTAGCCAGCCCCCTIGGACTCC
ATCCCCACGAGTGGACCTACGAGGAACAATTCAAGCAGCTGTATGAGCTCGATGCAGACCCCAAGAGGAA
GGAATTTCTGGATGACCTGTTTAGCTTCATGCAAAAGAGGGGGACGCCAGTGAACCGCGTGCCCATCATG
GCGAAGCAGGTGCTCGACCTGTACGCTCTGTTTCGCCTGGTGACCGCCAAGGGCGGCCTGGTGGAAGTCA
TCAACCGCAAAGTGTGGCGGGAAGTCACGCGCGGCCTCAGCCTACCCACCACCATCACCTCGGCCGCCTT
CACTCTACGCACCCAGTACATGAAGTACCTGTACCCGTACGAGTGCGAGACTCGAGCGCTCAGCTCCCCA
GGGGAGCTCCAGGCCGCCATAGACAGCAATCGGCGCGAGGGCCGTCGCCAGGCTTACACCGCTACTCCGC
TCTTCGGCTTGGCAGGGCCGCCCCCTCGGGGCGCTCAGGACCCAGCCTTGGGTCCCGGLCCCGLCCCTCC
GGCGACCCAGTCCAGCCCTGGCCCAGCCCAGGGTTCCACCTCCGGCCTGCCAGCGCATGCATGCGCTCAG
CTGAGTCCAAGCCCTATTAAGAAAGAGGAGAGTGGAATTCCAAACCCTTGTCTGGCACTGCCTGTGGGCC
TGGCACTGGGACCTACACGGGAGAAATTGGCACCAGAGGAGCCCCCAGAGAAGAGAGCTGTGCTGATGGG
GCCTATGGACCCACCTCGACCTTGCATGCCCCCCAGTTTCCTGCCCCGTGGCAAGGTTCCCCTGAGGGAA
GAGCGGCTGGATGGGCCTICTTAATCTGGCAGGCAGTGGCATCAGCAGTATCAACATGGCCCTAGAGATCA
ACGGGGTGGTCTACACTGGTGTCCTCTTTGCCCGCCGCCAGCCTGTGCCAGCTTCCCAGGGTCCAACCAA
CCCTGCACCCCCACCCTCCACAGGGCCCCCTTCCAGCATCTTGCCCTGA

SEQ ID NO: 33 NM_001206.2 Homo sapiens Kruppel like factor 9
(KLF9), mRNA
CTTACTCATTTGTGTTITATTCTTGGACTTATCCTGACATAATGGGGTTTTTTITAATTATAGATTCACACT
GCATTTATTCATCACCCCTGTCCTCTCATCCATAACTCAAATTTACTACCAGCAACACAAAATACAAAGA
TGTGTCCAGTTTCACTACAGCTCTTCGCGTTTACAAGTGTCGAGCGCTTGCTTTCGGAACGCCCTTGTGA
TTGGCCGAGCCAATGCCAGTGACATCAACCAACTTACTTTTGATTGGAAGGCTGGTTGCTGGGACTGTAG
CGTTTGCAGGAAGTCACTTAACTGTTTGGGAGCTGGAAAACCGAAGCTGAAGTTICTCTTTTGCCATAGGA
ACGAGCGCAACTGACTAGGAAAGATGTGTCCCAAAGCTCCGCAAGCTGGAACGTGAGCCAGGAGGCCCGG
ACCGGCCACGGGACCGCGAGGCACTCCGAAAGTGTGCGGCTGCCCCTTCCCTGCCTCCCAGCTGTTACCC
TTTTAAATGTCAGTGTTCGAGGCTGTAGGGGTAGCACGAGGCAGCGAAACGGAACAGTCGGATTGGCCGC
ACGCCTCAGTTCTAGACGCACCTCTCCACCGAAGGCCGTTCTGACTGGCAGGGGGAGAAAGTAAACAGAG
TTGAATCACCCTCCCCACTGGCCAATTGGAGGGGGTTTGGTTTGTGACGTGATGGGATTCTGCGAAATTG
TTACTGAGCAAGAGAATGCCGGAACGGTGCGGACCGGCCGGAGCAGGGGTTCAGAAGCCGTCAGTGGACT
CGGGAAAAAGTGTCTICTTAGACCTGGCGCTCGGCGGGACCCTCGCCACCCGCGTICGGGGTGATCGGGTGA
ATGTCCTGGGGCTTTGGCTCGACGGCGAGGCGGCCGAGGGCGTGCACCTCTCTTGCAGTTTCCTCTCCCA
GCGCCTCGGGGGCGTTTTCAGTCGAATAAACTTGCGACCGCCACGTGTGGCATCTTTCCAAGGGAGCCGG
CTCAGAGGGGCCGGCGCGCCCGTCGGGEGGATCGCGGECCGGELCGCEGGEGCAGGGGLGGCGGCTAGAGGLCGGL
GGCGCGGCGGAGCCCGGGGCCGTGGATGCTGCGTGCGGAGGCGCTGCCGGTTACGTAAAGATGAGGGGCT
GAGGTCGCCTCGGCGCTCCTGCGAGTCGGAAGCGCCCCGCGCCCCCGCCCCCTTGGCCGLCGLGLLETGL
CGCGCCGCGCCGCGCTCGTCGTCCGAGGCCAGGGCAGGGCGAGCCGAACCTCCGCAGCCACCGCCAAGTT
TGTCCGCGCCGCCTGGGCTGCCGTCGCCCGCACCATGTCCGCGGCCGCCTACATGGACTTICGTGGCTGCC
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CAGTGTCTGGTTTCCATTTCGAACCGCGCTGCGGTGCCGGAGCATGGGGTCGCTCCGGACGCCGAGCGGL
TGCGACTACCTGAGCGCGAGGTGACCAAGGAGCACGGTGACCCGGGGGACACCTGGAAGGATTACTGCAC
ACTGGTCACCATCGCCAAGAGCTTGTTGGACCTGAACAAGTACCGACCCATCCAGACCCCCTCCGTIGTGC
AGCGACAGTCTGGAAAGTCCAGATGAGGATATGGGATCCGACAGCGACGTGACCACCGAATCTGGGTCGA
GTCCTTCCCACAGCCCGGAGGAGAGACAGGATCCTGGCAGCGCGCCCAGCCCGCTCTCCCTCCTCCATCC
TGGAGTGGCTGCGAAGGGGAAACACGCCTCCGAAAAGAGGCACAAGTGCCCCTACAGTGGCTGTGGGAAA
GTCTATGGAAAATCCTCCCATCTCAAAGCCCATTACAGAGTGCATACAGGTGAACGGCCCTTITCCCTGCA
CGTGGCCAGACTGCCTTAAAAAGTTCTCCCGCTCAGACGAGCTGACCCGCCACTACCGGACCCACACTGG
GGAAAAGCAGTTCCGCTGTCCGCTGTGTGAGAAGCGCTTCATGAGGAGTGACCACCTCACAAAGCACGCC
CGGCGGCACACCGAGTTCCACCCCAGCATGATCAAGCGATCGAAAAAGGCGCTGGCCAACGCTTTGTGAG
GTGCTGCCCGTGGAAGCCAGGGAGGGATGGACCCCGAAAGGACAAAAGTACTCCCAGGAAACAGACGCGT
GAAAACTGAGCCCCAGAAGAGGCACACTTGACGGCACAGGAAGTCACTGCTCTTTGGTCAATATTCTGAT
TTTCCTCTCCCTGCATTGTTTTTAAAAAGCACATTGTAGCCTAAGATCAAAGTCAACAACACTCGGTCCC
CTTGAAGAGGCAACTCTICTGAACCCGTCTCTGACTGTTGGAGGGAAGGCAAATGCTTITTGGGTTTTTTGG
TTTTTGTTTTTGTTITTTTTTTICTCCTTTTATTTTTTTGCGGGGGAGGGTAGGGAGTGGGTGGGGGGGAGG
GGGGTAAGGCCAAGACTGGGGTAGAATTTTAAAGATTCAACACTGGTGTACATATGTCCGCTGGGTGAGT
TGACCTGTGGCCTCGCACAGTGATTCTGGGCCCTTTATGCTTGCTGTCTCTCAGAATTGTTTTCTTACCT
TTTAATGTAATGACGAGTGTGCTTCAGTTTGTTTAGCAAAACCACTCTCTTGAATCACGTTAACTTTTGA
GATTAAAAAAAAAAACGCCATAGCACAGCTGTCTTTATGCAAGCAAGAGCACATCTACTCCAGCATGATC
TGTCATCTAAAGACTTGAAAACAAAAAACAGTTACTTATAGTCAATGGGTAAGCAGAGTCTGAATTTATA
CTAATCAAGACAAACCTTTGAAAGGTTACACTAAGTACAGAACTTTTAAACCTTGCTTTGTATGAGTTGT
ACTTTTTGAACATAAGCTGCACTTTTATTTTCTAATGCAGAGGATGAATAAGTTAAATACATGCTTTGAG
GATAGAAGCAGATGTTCTIGTTTGGCACCACGTTATAATCTGCTTATTTTACAATATACACGTTTCCCTAA
GAAATCATGGCAGAGATGTGAGGGCAGAATATACACAACAGATGCTGAAGGAGAAGGAGGGTAGTGTTTT
GCAAAAGAAAAAGAAAAGAACCAACAGAATTTTAACTCTATTAACTTTTCCAAATTTTCCTATGCTTTTA
GTTAACATCATTATTGTATCCTAATGCCACTAGGGGAGAGAGCTTTTGACTCTGTTGGGTTTTATTTGAA
TGTGTGCATAACAGTAATGAGATCTGGAAACACCTATTTTTTGGGGAAAAAGGTTTGTTGGTCTCCTTCC
TGTGTTCCTACAAAACTCCCACTCTCAGGTGCAAGAGTTATGTAGAAGGAAAGGGAGCTGAAATAGGAAC
AGAAAAATCAACCCCTATAACTAGTGAACACCAAGGGAAAATACCACAATGATTTCAGAGGAGACTCTGC
AAAATCGTCCCTTGTGGAGAATGCAGGCAACATGGAATACTAGGAATGAAATCACATCACTGTATCTTTT
ACATCAATAGCCTCACCACTAATATATCTTGTATCTAGGTGTCTATAATGGCTGAAACCACTACATCCAT
CTATGCCATTTACCTGAAAACTTAACTGTGGCCTTTATGAGGCCAGAAAAGTGAACTGAGTTTTCGTAGT
TAAGACCTCAAATGAGGGGAGTCAGCAGTGATCATGGGGGAAATGTTTACATTTTITTTTTTCTTCAGAAG
TAACGCTTTCTGATGATTTTATCTGATATTTAAAACAGGGAGCTATGGTGCACTCTAGTTTATACTTGCG
CTCTGAAATGTGTAAACATAGGGTGCCTACCTATTTCACCTGACCCATACTCGTTTCTGATTCAGAATCA
GTGTGGGCTCCTGCAGTGGGCGCGGGTCACGGCTGACTCCAACTTCCAATACAACAGCCATCACTAGCAC
AGTGTTTTTTTGTTTAACCAACGTAGTTGTATTAGTAGTTCTATAAAGAGAACTGCTTTTAACATTAGGG
ACTGGGAGCAGTCCATGGGATAAAAAGGAAAGTGTTTTCTCACGAGAAAACATGTCAGGAAAAATAAAGA
ACACTTTCTACCTICTIGTITTCAGATTTTTGAAACACTTATTTTAAACCAAATTTTAATTTCTGTGTCCAAA
ATAAGTTTTAAGGACATCTGTTCTTCCATACGAAATAGGTTAGGCTGCCTATTTCTCACTGAGCTCATGG
AATGGTTCTGCTTATGATACTCTGCACGCTGCCTTTTAGTGAGTGAGGAGTTTGGGGTTGCCTAGCAACT
TGCTAACTTGTAAAAAGTCATCTTTCCCTCACAGAAAGAAACGAAAGAAAGCAAAGCAAAGTCAGTGAAA
GACAATCTTTATAGTTTCAGGAGTAAATCTAAATGTGGCTTTTGTCAAGCACTTAGATGGATATAAATGC
AGCAACTTGTTTTAAAAAAATGCACAATTTACTTCCCAAAAAAGTTGTTACTTGCCTTTTCAAGTTGTTG
ACAAACACACATTTGATATTCTCTTATATGTTATAGTAATGTAACGTATAAACTCAAGCCTTTTTATTICT
TTGTGATTAAATCCTGTTTTAAAATGTCACAAAACAGGAACCAGCATTCTAATTAGATTTACTATATCAA
GATATGGTTCAAATAGGACTACTAGAGTTCATTGAACACTAAAACTATGAAACAATTACTTTTTATATTA
AAAAGACCATGGATTTAACTTATGAAAATCCAAATGCAGGATAGTAATTTTTGTTTACTTTTTTAACCAA
ACTGAATTTTTGAAAGACTATTGCAGGTGTTTAAAAAGAAAGAAAAGTTGTTTTATCTAATACTGTAAGT
AGTTGTCATATTICTGGAAAATTTAATAGTTTTAGAGTTAAGATATCTCCTCTCTTTGGTTAGGGAAGAAG
AAAGCCCTTCACCATTIGTGGAATGATGCCCTGGCTTTAAGGTTTAGCTCCACATCATGCTTCTICTTGAGA
ATTCTATTTGGTAGTTACAATTACAGAAACTGATTAGTTTGTCAGTTTGCAGATAGATTTAGCACAGTAC
TCATCACTCGGATAGATTGAGATGTTCTTTCACATCAGATGATCTGTAACACTGTAAGATACTGATCTTT
ACAACTGTTTAATCAGTTTTATTTTTGTACAGTATTAGTGACCTAAGTTATTTTGCTGTCCCGTTTTTGT
AAATCAAATGAAATTATAAAAGAGGATTCTGACAGTAGGTATTTTGTACATATGTATATATGTTGTCCAA
ATAAAAATAATAAATGATAAAGACTGAA
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SEQ ID NO: 34 NM_022160.2 Homo sapiens DMRT like family Al
(DMRTA1l), mRNA
CTCTGCCAGGCTCACGGGACAGCTGCACCTCTCAGCGTCTCCAGCTCCAGGACGCGGTCGTCCCAACTCC
TTCCGAGTGGAAAGAGTGTAAAACTTTTGTCCGTGCGCGGGTGGAGCTCAGTAGGACCACGGCGCGTCCT
GCCCCGGCTTCCCCAGCCTCCCAGCAGGGTTAGCTGCGGTCAGCGCACTTTCCACTTGGGACTCCCGGCC
AGAAATTTCTCGGGAATGGAGCGGTCACAGTGTGGCAGCAGAGACCGAGGCGTTAGCGGCCGACCTCACT
TGGCCCCTGGGCTAGTGGTGGCTGCCCCTCCGCCCCCGTCCCCGGCGTTGCCGGTACCATCGGGGATGCA
GGTTCCCCCAGCGTTCCTGCGGCCGCCCAGCCTCTTTCTGCGAGCAGCGGCCGCGGCCGCCGCCGCCGLT
GCCGCCACCTCGGGAAGCGGAGGCTGCCCGCCGGCTCCCGGGCTGGAGAGCGGGGTAGGCGCGGTGGGCT
GCGGCTACCCGCGGACGCCCAAGTGCGCCCGCTGTICGTAACCATGGTGTGGTGTCAGCGCTCAAGGGCCA
CAAGCGCTTCTGCCGCTGGCGGGACTGCGCGTGTGCCAAGTGCACCCTGATCGCCGAGCGCCAGCGCGTC
ATGGCCGCCCAGGTGGCGCTGCGCAGGCAGCAGGCGCAGGAGGAGAGCGAAGCCLCGGGGGCTACAGAGSGC
TCCTGTGCTCGGGGCTCTCCTGGCCCCCCGGTGGTCGGGCATCCGGGGGCGGCGGCAGAGCCGAGAATCC
ACAGTCCACGGGCGGCCCTGCGGCGGGGGCTGCGCTGGGACTGGGTGCCTTGAGACAGGCCAGTGGTTCC
GCGACCCCCGCTTTCGAAGTTTTCCAGCAAGATTATCCTGAGGAAAAACAAGAACAAARAGAGAGTAAAT
GTGAGTCATGCCAGAATGGACAAGAAGAACTGATCTCCAAATCCCATCAGCTTTACCTAGGATCATCTTC
TAGGTCTAATGGTGTCATTGGGAAACAAAGTATCGGGTCATCTATTTCAGAATACTCCAACAAGCCTGAT
AGTATCCTGTCTCCTCATCCTGGAGAGCAATCAGGAGGTGAAGAGAGTCCCAGGTCCTTATCATCCTICTG
ATCTGGAATCAGGAAATGAAAGTGAATGGGTCAAAGACTTGACTGCGACCAAGGCAAGCCTTCCGACAGT
GTCCTCAAGACCAAGAGATCCTCTTGATATCCTTACTAAGATTTTCCCAAATTACAGGCGCAGCCGGCTA
GAAGGCATTCTACGGTTCTGCAAAGGGGATGTGGTCCAAGCCATTGAACAGGTTTTAAATGGCAAAGAAC
ACAAGCCAGACAACAGGAACCTAGCAAACTCAGAAGAACTGGAAAACACAGCCTTTCAGAGAGCTTCAAG
TTTTAGTCTTGCTGGAATTGGTTTTGGAACTCTAGGTAATAAATCAGCTTTCTCTCCTCTTCAAACTACT
TCTGCTTCTTATGGAGGTGATTCAAGTCTCTACGGCGTAAATCCTAGAGTAGGTATCAGTCCATTAAGGC
TGGCATATTCTTCTGCAGGAAGAGGGTTATCTGGTTTTATGTCACCCTACCTAACACCTGGGTTAGTACC
AACCTTACCTTTTCGGCCAGCTTTGGATTATGCCTTTTCAGGGATGATTAGAGATTCTTCCTACCTTTCC
AGTAAAGACTCAATAACTTGTGGCAGACTGTACTTCAGACCAAATCAGGACAATCCGTAATGTATATGCC
CATTCTCTCTTTCTGGAGTTTTTCCAGCATACAATACATGCACGTGCACACACATACACACACATCCATT
AATATACTTCAGTAAGTATGTGAGTGGATTATGAGGTCTTAAAATGCTGGGTTTTTTTTTTTTCAAGCAA
TATAATAGGTCTTAGATCTGAAAACTCTTCATTAGGATTTATCAAGTGAAAGAAGTAAATCTGAACATTA
TATGTGCCTTGAATAAAGCTATTTCAGGAAATATTTAATGAATTTTCTCCCTAAATTATCATTTGTAAAC
ATTTTTATTTTAAAACTAGTTTTTATTTTATTGAAAAGTGGAATTTTTAGTGATAAAATACATTTGTAAG
TGTAAAGCAATACAGCATAATAGAATAGAATATAAACCGAAAGGAAGAACTGAACAATTAAGGCAATTCT
AAATAATTACCATTTCAAAACTGTTTCTTCTATTICCTGGTTCATAGGAAAGAAARAMAGTTATTCAAAGTA
TTTTTAAAGCATTTGATTTGCAGATGGGTGATTCGTAATAAATAAAACATTTGAGCATTTTG

SEQ ID NO: 35
GSGEGRGSLLTCGDVEENPGP

SEQ ID NO: 36
GSGATNFSLLKQAGDVEENPGP

SEQ ID NO: 37
GSGQCTNYALLKLAGDVESNPGP

SEQ ID NO: 38
GSGVKQTLNFDLLKLAGDVESNPGP

SEQ ID NO: 39 NM_002763.5 Homo sapiens prospero homeobox 1 (PROX1),
transcript variant 2, mRNA
ACTTGCACTGTICTTGTTCTTGAATGAGAAAGGAAGAAAAGAGCCTCCCATTACTCAGACCCGTGTAAACA
TTATTCCCCCCAGGAGAAAATGGTGTTATTCAAATGAATCATAATAAAATAGCCTCTAAACAGTTTCTAA
GCGGGAGCCTCCGTGGAACTCAGCGCTCCGCTCCTCCCAGTTCCTAAGAGGTCCCGGGATTCTTGAGCTG
TGCCCAGCTGACGAGCTTTTGAAGATGGCACAATAACCGTCCAGTGATGCCTGACCATGACAGCACAGCC
CTCTTAAGCCGGCAAACCAAGAGGAGAAGAGTTGACATTGGAGTGAAAAGGACGGTAGGGACAGCATCTG
CATTTTTTGCTAAGGCAAGAGCAACGTTTTTTAGTGCCATGAATCCCCAAGGTTCTGAGCAGGATGTTGA
GTATTCAGTGGTGCAGCATGCAGATGGGGAAAAGTCAAATGTACTCCGCAAGCTGCTGAAGAGGGCGAAC
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TCGTATGAAGATGCCATGATGCCTTTTCCAGGAGCAACCATAATTTCCCAGCTGTTGAAAAATAACATGA
ACAAAAATGGTGGCACGGAGCCCAGTTTCCAAGCCAGCGGTICTCTCTAGTACAGGCTCCGAAGTACATCA
GGAGGATATATGCAGCAACTCTTCAAGAGACAGCCCCCCAGAGTGTICTTTCCCCTTTTGGCAGGCCTACT
ATGAGCCAGTTTGATATGGATCGCTTATGTGATGAGCACCTGAGAGCAAAGCGCGCCCGGGTTGAGAATA
TAATTCGGGGTATGAGCCATTCCCCCAGTGTGGCATTAAGGGGCAATGAAAATGAAAGAGAGATGGCCCC
GCAGTCTGTGAGTCCCCGAGAAAGTTACAGAGAAAACAAACGCAAGCAAAAGCTTCCCCAGCAGCAGCAA
CAGAGTTTCCAGCAGCTGGTTTCAGCCCGAAAAGAACAGAAGCGAGAGGAGCGCCGACAGCTGAAACAGC
AGCTGGAGGACATGCAGAAACAGCTGCGCCAGCTGCAGGAAAAGTTCTACCAAATCTATGACAGCACTGA
TTCGGAAAATGATGAAGATGGTAACCTGTCTGAAGACAGCATGCGCTCGGAGATCCTGGATGCCAGGGCC
CAGGACTCTGTCGGAAGGTCAGATAATGAGATGTGCGAGCTAGACCCAGGACAGTTTATTGACCGAGCTC
GAGCCCTGATCAGAGAGCAGGAAATGGCTGAAAACAAGCCGAAGCGAGAAGGCAACAACAAAGAAAGAGA
CCATGGGCCAAACTCCTTACAACCGGAAGGCAAACATTTGGCTGAGACCTTGAAACAGGAACTGAACACT
GCCATGTCGCAAGTTGTGGACACTGTGGTCAAAGTCTTTTCGGCCAAGCCCTCCCGCCAGGTTCCTCAGG
TCTTCCCACCTCTCCAGATCCCCCAGGCCAGATTTGCAGTCAATGGGGAAAACCACAATTTCCACACCGC
CAACCAGCGCCTGCAGTGCTTTGGCGACGTCATCATTCCGAACCCCCTGGACACCTTTGGCAATGTGCAG
ATGGCCAGTTCCACTGACCAGACAGAAGCACTGCCCCTIGGTTGTCCGCAAAAACTCCTCTGACCAGTCTG
CCTCCGGCCCTGCCGCTGGCGGCCACCACCAGCCCCTGCACCAGTCGCCTCTCTCTGCCACCACGGGCTT
CACCACGTCCACCTTCCGCCACCCCTTCCCCCTTCCCTTGATGGCCTATCCATTTCAGAGCCCATTAGGT
GCTCCCTCCGGCTCCTTICTCTGGAAAAGACAGAGCCTCTCCTGAATCCTTAGACTTAACTAGGGATACCA
CGAGTCTGAGGACCAAGATGTCATCTCACCACCTGAGCCACCACCCTTGTTCACCAGCACACCCGCCCAG
CACCGCCGAAGGGCTCTICCTTIGTCGCTCATAAAGTCCGAGTGCGGCGATCTTCAAGATATGTCTGAAATA
TCACCTTATTCGGGAAGTGCAATGCAGGAAGGATTGTCACCCAATCACTTGAAAAAAGCAAAGCTCATGT
TTTTTTATACCCGTTATCCCAGCTCCAATATGCTGAAGACCTACTTCTCCGACGTAAAGTTCAACAGATG
CATTACCTCTCAGCTCATCAAGTGGTTTAGCAATTTCCGTGAGTTTTACTACATTCAGATGGAGAAGTAC
GCACGTCAAGCCATCAACGATGGGGTCACCAGTACTGAAGAGCTGTCTATAACCAGAGACTGTGAGCTGT
ACAGGGCTCTGAACATGCACTACAATAAAGCAAATGACTTTGAGGTTCCAGAGAGATTCCTGGAAGTTGC
TCAGATCACATTACGGGAGTTTTTCAATGCCATTATCGCAGGCAAAGATGTTGATCCTTCCTGGAAGAAG
GCCATATACAAGGTCATCTGCAAGCTGGATAGTGAAGTCCCTGAGATTTTCAAATCCCCGAACTGCCTAC
AAGAGCTGCTTCATGAGTAGAAATTTCAACAACTCTTTTTGAATGTATGAAGAGTAGCAGTCCCCTTTGG
ATGTCCAAGTTATATGTGTICTAGATTTTGATTTCATATATATGTGTATGGGAGGCATGGATATGTTATGA
AATCAGCTGGTAATTCCTCCTCATCACGTTTICTCTICATTTTICTTTTGTTTTCCATTGCAAGGGGATGGTT
GTITTTCTTTCTGCCTTTAGTTTGCTTTTGCCCAAGGCCCTTAACATTTGGACACTTAAAATAGGGTTAAT
TTTCAGGGAAAAAGAATGTTGGCGTGTGTAAAGTCTCTATTAGCAATGAAGGGAATTTGTTAACGATGCA
TCCACTTGATTGATGACTTATTGCAAATGGCGGTTGGCTGAGGAAAACCCATGACACAGCACAACTCTAC
AGACAGTGATGTIGTICICTTIGTTTCTACTGCTAAGAAGGTCTGAAAATTTAATGAAACCACTTCATACATT
TAAGTATTTTGTTTGGTTTGAACTCAATCAGTAGCTTTTCCTTACATGTTTAAAAATAATTCCAATGACA
GATGAGCAGCTCACTTTTCCAAAGTACCCCAAAAGGCCAAATTAAAAAAGAAAAATAATCACTCTCAAGC
CTTGTCTAAGAAAAGAGGCAAACTCTGAAAGTCGTACCAGTTTICTTICTGGAGGCAAAGCAATTTTGCACA
AAACCAGCTCTICTCAAGATGAGACTAGAAATTCATACCTGGTCTTGTAGCCACCTCTCTAAACTTGAAAA
TAGGTTCTTCTTCATAAGTGAGCTTACATCATTCTTCATAAAGAAAAATCCTATAACTTGTTATCATTTT
TGCTTCAGATACTAAAAGGCACTAAGTTTCCAATTTACGCTGCTCAACTTTGTTTATATGCTTAAAAGGA
TTCTGTTTACTTAACAATTTTTTCCCCTAAAATACTATTTTCTGAATACTTCCTTCCAGTAAGGAATAAA
GGAAAGCCCAACTTGGCCATAAAATTCTTGCCTACACTAGAAGTTTGTTGACAGCCATTAGCTGACTTGA
TCGTCATCTCCTAAGAGGAACACATATATTTTCACAAGCAATTCCACACTATCCTGATGGGTATGCAAAG
TGGTGACAGTCTAACTCAGTGTTTCTTCATTTTAGGTATAACATTTTAAAGCAATTGATAATGCCTCTTIC
CAATTCAGAAGCTAGTATTGACCAAAATGTGAGAAGAGTGTATAGCATAGGAAAATTTGGGGTTAACCCA
AAAGACACAATTCCAGCACACATAAGAAAGCTAGCTGCTATTTTATGCTTTCTTCCATGGTTCTCCTCTT
TTTTCCCTTTTATTTTTCCCTGTTTTTCAATGATGTACAGTGTTCCCTACTTGCATTGAAAAAACTCGTA
TGGCATTCACACTTITTTTTICTTAGGTGGGTTTTTGTGTCCAGATGCAGTAAGAATTCATTGTTCATCCTA
AAACTGTTTTCCAGACCCTTCCTTCCCCTTAGGTAATTTGATATACACCTCCTAAAATGACACAGTAACA
AATCTGGTATTTAGAACATATAGAACATAAATGCCATTTTTTAATTCAACTTTAATAAGAATTACATTTG
ACTTTGGAGAATACAGGTCTTGACCCATGTGACTGACTAGCTGACCCGATCGCTGTAATTTAACGTCATT
TATAAATTCTGCTGATGGACAGGAATGTATGAACTCAATTATTGTCAGCACAAAGCCTTAAAACCTGCTG
ACTTTAAATTAAATGGTGCAGTCCTATGATGCCCTGCACCATCCAGGGGACTAACAGGGCCTCGCAGTGT
AGACAGAGGGTGCAGCCACACGGGCGGGGGCACCAGCCACCTCACTCTGCACCCGCGGCCTCACACATCT
CCCAGCTCACACTCTACTAATGCACAGAGTCATTAGATCCAATTTGTTATTTTTICTCACTTGCTTTAAAA
AAAAGCAGTTTGGATAATCATGACATTGGAATAAAGTGGGAAGGAAAAATTCCATCAGCACAAAATAGGG
AAGTAATCCCAACTTGTAGTCACAGTTTTCTGACTGGCTTTGTTTTAAAAGAGGATGGCAGTCCTTGTTC
GTGTCAGTGTGCCACTGGGTTTTTGCTGTTCCGTGTAATTCATATCAACTTTGTGTTGCCATTTGCAAGG
TAAAAGGCAAAGCTGTAGTGTATTCACCTATGTAGACAGATTGCTAGATATCTTTITTGATCTGGGGCGAG
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TTCAATATTGATTCCAGACTTATTTGGATTTTTTTAGTATTATTTTCCCCTCCCTTTCTAATTTAAATAG
ACAAATTAAGCAAAAGTGTGTGTTCACAACCAAATGTTGATGCCCTTATCTACTGATAATATCCTCTCAA
TGTTCACTGAGGCATAGAAATTATTTCAGAGTAGAAATTGCAGCATGAGGATAAACTCACCTCTTTGTTIC
TGAAAATAGAACTTTATCACTATGCTTTCCGGTGGTTTTCCCTTTTACAATCGAAATCTTGTGCCTCCCA
AGTGCATTGGAAAATGACAAAAGCCTGTCTCTCCAAATTCCTATTTAACAGTTTGATTTTTTTITTTITTAA
TCACCATCTTTCAAATCTTAGCTCAACTCTCACCAAGTGAAAATTGGCTACTTGGGAGAAAGTTAACTTT
CTATGGTGGGATGGTGAAGGATGAGGGACAGTTTACATAGGAAAAGAAAAAAAANAGTCTAAAGTCCATG
TTGAAAAACCACACTACCACTTATTTTCTGCTAACCCTAAATTATTTTTGCGTATACGCTTGAGGTTATA
GTICTGTGCCTAGACCTAAAATGCACCAGCGGGGGGGATTTTAAAAAATCCTTCAAAATACCAGTTTTTTC
CCAACAAGTACAATTGTTICTIGTGCCTTCTGTGGCTTTCGATTTCATCTTTTTGACTTTATTTCCAATTA
CTACAGCTGCAATAAACACTAGATTTTTTTTCTGGCTGTTTGACATAACGTTGATAGCTATGCATATTTT
GTIGTCTTTTTAAAACAAAGCGGGAGAATACGTTTTTGAAGAAGAGAATTTTTAGAACAGTTTGATACCGC
AAATTATTTTTTCCTCAATTGTTTGAGCAGCATTCGAGTTTTGAAAATTCTTGTAGAAGCCAATTTTTTG
TAACTGTGGTGCAAATCTTIGTGTTTTCTTAGCCTAATGAAAAGTAGTATAGAAGCAATATTTCATACCAT
GTGCTATATATGTGTGCGCAGATGTGTGAACATAAAATCACATACACACATATACACACATGTAAAAATA
TACATATATATATATGCGTIGTGAAGTGGAAAGCTTACCTTTITCCTATCTAGATTTAAGAACCTATTTTAG
ACATTTGTTATGTTTTGTGAAAAGAATGTTCTATTTGCAACAAAACATTTAATTCTTACTGTATCTCTGG
CTGTTTAATGAGGACGTTTCACATTAAATGGTAAAACACATGGAAGATGTTAGAATGTAGTAATTATTTA
AGTAAACGTTCACCCACATATTCCTGAAGTTTGCTTTGTGCCTCCGAGTATTATTTAATTAAAGAAGTGT
TTTATGTTTGCAGAATCTTTGTCACTGTACTAGGGATGTGGGTGAATATCATTTAAAAAAATTTAAAACA
ACAAAAAAAAAGCAAAACAGAAACACTAAAGCAAGAGGGGAACTTTTATAAAGCAATGTAAATATTTAAC
CTCATGGCTGTCATTATGTAAGACATGAGATTTTAATAAATAACTACATTCTCACGACATCTGTTGAATT
TACTAGGAACACTACAGTGACTGTATAGACAGTTGAAAGCATTCTTGAAAATCCTGCTCTCTCCTTTTAA
AAGTTAACAATCTCTTITTATCAGATGTCAAGGGCAAGGGTAATGCAGTTTICTGTAAATTTATGAAATTTC
TTTTTCTATGTACATGAAGACATTTAGTAAGTAACACCCCCCCTTCCCATGCGCACATGTGCGCATACAC
ACACACACACACACACACACACACACAAACACACACACTGTICATAAAGCTAATGATTTGGGGACTTTAAA
AAATAGGATGTCCTCCAGGAACAATCATAAATTTATGAAAGAAAGAGTAGTTTACAGACTCCCCTGAAAG
AAGCAGTGTATATGTGAAGACAGTGCAAAAATCTCTTTGCCATGTATATTATAGCGTATTCATTGGTGTG
AATAGTACAAATGTTTICCTTCTGGTACAAACTCTGTGTTTGCAAATTTACAAGAAGCATTGTTTTCAAAA
AGCTCCCCTTAAAAAATGTAACTGGTTTATATGAGTAAGCAGTTACCGTATTGCACTTAAATGTTATGTT
GAAGGAAATGCAGTTTTIGTTTTCTGTAGATCTGTTGGTTGTAAACCATCTATAAAACTAAAGCTAAAATG
CTCATATTCAGAGCTGGGATCAAAACTGGTATTTAACCTTTGCATCTTCTTATAATTATCCTTCTAAGAA
TATAACAGAATGTGGAAGTGTCTGGACTTTGAGTICTTTTCAACTGAGCCTTCTCTCAAATCTGACACCCC
CTCAGAATGCACAAACATAAGCAGAAAAGGCAAACAAGCTTACCTTICTTTTGTGAAAACGTATTCATTCT
GTATTTTTTTAAATATTCAATTCCCCTAAAAATGGGGAGAAAATATTTTAAAATTGTATATTACGACTTC
AAATTTAGAACTAAGAAAAAAATGTATTTGGGATTGGTCTCAGCGCTACCTAGAAGAATCAAAGGTCATG
GCTTCCCTCAATATTGTCCCAGCCATTTCTCATATGTATATAGTATAAACCGTGACAAAACACTGCCTTT
ATATTATTTAGCAATATGTTGTAAATAGCATTATTAAGCTCTTTTTTGTAATAAAGACCCTTTGATTTGA
ATATAGTACAATAACTGAACTGATAAAGTCAATTTTTGATTTTTGTTTGTTTTTTTTAGCTAGAGGCAAT
TTCAATTGTGAATTTTTGTTGTTGTICTATTGTTCTGAAGACTTTGCATAATTTATTGGTTTAATTTATCC
TAATTTATTTGATGAAGGTGTACAATTTTGTATTACCAAGGATGTACTGTAATATTAATTGATATGATAA
ACACAATGAGACTCCCTGTICCATATTAAAAAGAAAATAAAAAGGTGCAGTAGACAATTGATTTTAAAGGA
AAAGTTAAAAAAATTAGTTTGGCAGCTACTAAATTTTAAAACAGGAAAAAAAAAAGTTGTTGTGGGGAGG
GTGGGAAAGGGGTTTTACTTTGTGTGTTTTAAGCTTTTGTATACTCTCCAAACTTTTACCTTITTGCTTTG
TACCACTTAAAGGATACAGTAGTCCAATTGCCTTGTGTGCCTTCCATCTCCTCTTAAACTGAATGTATGT
GCAGTATATATGCAAGCTTGTGCAAAATAAAATATACATTACAAGCTCAGTGCCGTTTGATTTTCTTAAA
GAAAGAGTGACTTTTAATTTTTGGACCTGTATCCAATTGTAGGACAGTAGGCTAGTTGTGCCAGTAATGT
CAAGTATGGAGATTTTCTITTCACTACAATTCTTCATTICTGTTAGCCTAACGTGCAGCTCCTAGAAACAAC
CICTTTTACTTTAGATGCTTGGAATAATTGCTTGGATTTCTCTCTCTGAAACATCTTTCAGGCTTAACTT
TATTTAGCCCTGAAACTTAAAAAARA

SEQ ID NO: 40 NP_002492.2 Homo sapiens nuclear factor I X (NFIX),
protein
MYSPYCLTOQDEFHPFIEALLPHVRAFSYTWFNLQARKRKYFKKHEKRMSKDEERAVKDELLGEKPEIK
QKWASRLLAKLRKDIRPEFREDFVLTITGKKPPCCVLSNPDQKGKIRRIDCLRQADKVWRLDLVMVIL
FKGIPLESTDGERLYKSPQCSNPGLCVQPHHIGVTIKELDLYLAYFVHTPESGQSDSSNQQGDADIKP
LPNGHLSFQDCFVTSGVWNVTELVRVSQTPVATASGPNFSLADLESPSYYNINQVTLGRRSITSPPST
STTKRPKSIDDSEMESPVDDVFYPGTGRSPAAGSSQSSGWPNDVDAGPASLKKSGKLDFCSALSSQGS
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SPRMAFTHHPLPVLAGVRPGSPRATASATLHFPSTSIIQQSSPYFTHPTIRYHHHHGQDSLKEFVQEVC
SDGSGQATGQHSQROQAPPIPTGLSASDPGTATF

SEQ ID NO: 41 NP_001231931.1 Homo sapiens nuclear factor I C
(NFIC), isoform 1, protein
MYSSPLCLTQDEFHPFIEALLPHVRAFAYTWEFNLQARKRKYFKKHEKRMSKDEERAVKDELLGEKPEV
KOQKWASRLLAKLRKDIRPECREDFVLSITGKKAPGCVLSNPDQKGKMRRIDCLRQADKVWRLDLVMVI
LFKGIPLESTDGERLVKAAQCGHPVLCVQPHHIGVAVKELDLYLAYFVRERDAEQSGSPRTGMGSDQE
DSKPITLDTTDFQESEFVTSGVFSVTELIQVSRTPVVTGTGPNFSLGELQGHLAYDLNPASTGLRRTLP
STSSSGSKRHKSGSMEEDVDTSPGGDYYTSPSSPTSSSRNWTEDMEGGISSPVKKTEMDKSPFNSP SP
ODSPRLSSFTQHHRPVIAVHSGIARSPHPSSALHFPTTSILPQTASTYFPHTAIRYPPHLNPQDPLKD
LVSLACDPASQQPGPLNGSGQLKMPSHCLSAQMLAPPPPGLPRLALPPATKPATTSEGGATSPTSPSY
SPPDTSPANRSEFVGLGPRDPAGIYQAQSWYLG

SEQ ID NO: 42 NP_995315.1 Homo sapiens nuclear factor I C (NFIC),
isoform 2, protein
MDEFHPFIEALLPHVRAFAYTWENLQARKRKYFKKHEKRMSKDEERAVKDELLGEKPEVKQKWASRLL
AKLRKDIRPECREDFVLSITGKKAPGCVLSNPDQKGKMRRIDCLRQADKVWRLDLVMVILFKGIPLES
TDGERLVKAAQCGHPVLCVQPHHIGVAVKELDLYLAYFVRERDAEQSGSPRTGMGSDQEDSKPITLDT
TDFQESEFVISGVESVTELIQVSRTPVVTIGTGPNFSLGELQGHLAYDLNPASTGLRRTLPSTSSSGSKR
HKSGSMEEDVDTSPGGDYYTSPSSPTSSSRNWTEDMEGGISSPVKKTEMDKSPENSPSPQDSPRLSSE
TQHHRPVIAVHSGIARSPHPSSALHFPTTSILPQTASTYFPHTAIRYPPHLNPQDPLKDLVSLACDPA
SQOPGPLNGSGQLKMP SHCLSAQMLAPPPPGLPRLALPPATKPATTSEGGATSPTSPSYSPPDTSPAN
RSFVGLGPRDPAGIYQAQSWYLG

SEQ ID NO: 43 NP_001231933.1 Homo sapiens nuclear factor I C (NFIC),
isoform 3, protein
MYSSPLCLTQDEFHPFIEALLPHVRAFAYTWEFNLQARKRKYFKKHEKRMSKDEERAVKDELLGEKPEV
KOQKWASRLLAKLRKDIRPECREDFVLSITGKKAPGCVLSNPDQKGKMRRIDCLRQADKVWRLDLVMVI
LFKGIPLESTDGERLVKAAQCGHPVLCVQPHHIGVAVKELDLYLAYFVRERDAEQSGSPRTGMGSDQE
DSKPITLDTTDFQESEFVTSGVFSVTELIQVSRTPVVTGTGPNFSLGELQGHLAYDLNPASTGLRRTLP
STSSSGSKRHKSGSMEEDVDTSPGGDYYTSPSSPTSSSRNWTEDMEGGISSPVKKTEMDKSPFNSP SP
ODSPRLSSFTQHHRPVIAVHSGIARSPHPSSALHFPTTSILPQTASTYFPHTAIRYPPHLNPQDPLKD
LVSLACDPASQQPGPPTLRPTRPLQTVPLWD

SEQ ID NO: 44 NP_001231934.1 Homo sapiens nuclear factor I C (NFIC),
isoform 4, protein
MDEFHPFIEALLPHVRAFAYTWENLQARKRKYFKKHEKRMSKDEERAVKDELLGEKPEVKQKWASRLL
AKLRKDIRPECREDFVLSITGKKAPGCVLSNPDQKGKMRRIDCLRQADKVWRLDLVMVILFKGIPLES
TDGERLVKAAQCGHPVLCVQPHHIGVAVKELDLYLAYFVRERDAEQSGSPRTGMGSDQEDSKPITLDT
TDFQESEFVISGVESVTELIQVSRTPVVTIGTGPNFSLGELQGHLAYDLNPASTGLRRTLPSTSSSGSKR
HKSGSMEEDVDTSPGGDYYTSPSSPTSSSRNWTEDMEGGISSPVKKTEMDKSPENSPSPQDSPRLSSE
TQHHRPVIAVHSGIARSPHPSSALHFPTTSILPQTASTYFPHTAIRYPPHLNPQDPLKDLVSLACDPA
SQOQPGPPTLRPTRPLQTVPLWD

SEQ ID NO: 45 NP_005588.2 Homo sapiens nuclear factor I C (NFIC),
isoform 5, protein
MYSSPLCLTQDEFHPFIEALLPHVRAFAYTWEFNLQARKRKYFKKHEKRMSKDEERAVKDELLGEKPEV
KOQKWASRLLAKLRKDIRPECREDFVLSITGKKAPGCVLSNPDQKGKMRRIDCLRQADKVWRLDLVMVI
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LFKGIPLESTDGERLVKAAQCGHPVLCVQPHHIGVAVKELDLYLAYFVRERDAEQSGSPRTGMGSDQE
DSKPITLDTTDFQESFVISGVESVTELIQVSRTPVVIGTGPNEFSLGELQGHLAYDLNPASTGLRRTLP
STSSSGSKREHKSGSMEEDVDTSPGGDYYTSPSSPTSSSRNWTEDMEGGISSPVKKTEMDKSPENSP SP
ODSPRLSSFTQHHRPVIAVHSGIARSPHPSSALHFPTTSILPQTASTYFPHTATRYPPHLNPQDPLKD
LVSLACDPASQQPGPSWYLG
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CLAIMS

We Claim:

1. A method of generating mature hepatocytes, the method comprising increasing
expression of at least one transcription factor selected from the group consisting of
Nuclear Factor I X (NFIX) and Nuclear Factor I C (NFIC), in immature hepatocytes,

thereby generating mature hepatocytes.

2. The method of claim 1, wherein the transcription factor is NFIX.

3. The method of claim 1, wherein the transcription factor is NFIC.

4. The method of claim 1, wherein the transcription factor is NFIX and NFIC.

5. The method of any one of claims 1, 3 or 4, wherein the NFIC is at least one alternatively
spliced NFIC variant selected from the group consisting of NFIC, transcript variant 1;
NFIC, transcript variant 2; NFIC, transcript variant 3; NFIC, transcript variant 4; and
NFIC, transcript variant 5.

6. The method of claim 5, wherein the alternatively spliced NFIC variant is NFIC, transcript

variant 1.

7. The method of claim 5, wherein the alternatively spliced NFIC variant is NFIC, transcript

variant 3.

8. The method of claim 5, wherein the alternatively spliced NFIC variant is NFIC, transcript

variant 1 and NFIC, transcript variant 3.

9. The method of any one of claims 1-8, further comprising increasing expression of one or
more transcription factors selected from the group consisting of RORC, NROB2, ESR1,
THRSP, TBX15, HLF, ATOHS, NR112, CUX2, ZNF662, TSHZ2, ATF5, NFIA, NFIB,
NPAS2, FOS, ONECUT2, PROX1, NR1H4, MLXIPL, ETV1, AR, CEBPB, NR1DI,
HEY?2, ARID3C, KLF9, and DMRTATI in the immature hepatocytes.
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The method of any one of claims 1-9, further comprising culturing the immature
hepatocytes in a culture media comprising dexamethasone, 8-Bromoadenosine 3, 5'-

cyclic monophosphate (8-Br-cAMP), or a combination thereof.

The method of claim 10, wherein the culturing is performed for at least 2, 3, 4,5, 6,7, 8

or 9 days.

The method of claim 10, wherein the concentration of 8-Br-cAMP is at Ieast 0.1 mM, 0.2
mM, 0.4 mM, 0.6 mM, 0.8 nM or 1 mM.

The method of claim 10, wherein the concentration of dexamethasone is at least 5 nM, 10

nM, 20 nM, 40 nM, 60 nM, 80 nM or 100 nM.

The method of any one of claims 1-13, wherein increasing the expression of the at least
one transcription factor in the immature hepatocytes comprises contacting the immature

hepatocytes with the at least one transcription factor.

The method of any one of claims 1-14, wherein the immature hepatocytes comprise an

expression vector comprising a nucleic acid encoding the at least one transcription factor.
The method of claim 15, wherein the expression vector is a viral vector.

The method of claim 15, wherein the expression vector is a non-viral vector.

The method of claim 15, wherein the expression vector is an inducible expression vector.

The method of any one of claims 15-18, wherein the expression vector comprises a

promoter operably linked to a nucleic acid encoding the at least one transcription factor.
The method of claim 19, wherein the promoter is an endogenous promoter.

The method of claim 19, wherein the promoter is an artificial promoter.

The method of any one of claims 19-21, wherein the promoter is an inducible promoter.

The method of any one of claims 1-16 and 18-22, wherein increasing the expression of
the at least one transcription factor in the immature hepatocytes comprises transduction of

immature hepatocytes with a viral vector encoding the at least one transcription factor.
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24. The method of any one of claims 1-22 , wherein increasing the expression of the at least

25.

26.

27.

28.

29.

30.

31.

one transcription factor in the immature hepatocytes comprises transfection of immature

hepatocytes with an expression vector encoding the at least one transcription factor.

The method of any one of claims 1-24, wherein the immature hepatocytes are cultured for
at least 2, 3, 4 or 5 days before increasing the expression of the at least one transcription

factor.

The method of any one of claims 1-25, wherein the immature hepatocytes are cultured for
atleast 2, 3,4, 5, 6,7, 8 or 9 days after increasing the expression of the at least one

transcription factor.

The method of any one of claims 1-2 or 4-26, wherein increasing the expression of NFIX
comprises an increase of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold,
20-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-fold, or 10,000-fold relative to

endogenous expression levels of NFIX in the immature hepatocytes.

The method of any one of claims 1 or 3-26, wherein increasing the expression of NFIC
comprises an increase of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold, 10-fold,
20-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1000-fold, or 10,000-fold relative to

endogenous expression levels of NFIC in the immature hepatocytes.

The method of any one of claims 1-28, wherein the mature hepatocytes exhibit an
increased expression of albumin (ALB), cytochrome P450 enzyme 1A2 (CYP1A2),
cytochrome P450 enzyme 3A4 (CYP3A4), tyrosine aminotransferase (TAT), and/or
UDP-glucuronosyltransferase 1A-1 (UGT1A1) relative to immature hepatocytes.

The method of claim 29, wherein the increased expression of CYP1A2 comprises an
increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-
fold, 2,000-fold, 5,000-fold, or 10,000-fold relative to immature hepatocytes.

The method of claim 29, wherein the increased expression of CYP3A4 comprises an
increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-
fold, 2,000-fold, 5,000-fold, or 10,000-fold relative to immature hepatocytes.
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The method of claim 29, wherein the increased expression of TAT comprises an increase
of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-fold, 2,000-
fold, 5,000-fold, or 10,000-fold relative to immature hepatocytes.

The method of claim 29, wherein the increased expression of UGT1A1 comprises an
increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 500-fold, 1,000-fold, 2,000-
fold, 5,000-fold, or 10,000-fold relative to immature hepatocytes.

The method of any one of claims 1-33, wherein the mature hepatocytes exhibit a

decreased expression of alpha fetoprotein (AFP) relative to immature hepatocytes.

The method of claim 34, wherein the decreased expression of AFP comprises a decrease
of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 3-fold, or 4-fold relative to immature

hepatocytes.

The method of any one of claims 1-35, wherein the mature hepatocytes exhibit an
increased secretion of albumin (ALB), a decreased secretion of AFP, and/or an increased

activity of CYP1A2, relative to immature hepatocytes.

The method of claim 36, wherein the increased secretion of ALB comprises an increase

of at least 5%, 10%, 15%, 20% or 25% relative to immature hepatocytes.

The method of claim 36, wherein the decreased secretion of AFP comprises a decrease of

at least 5%, 10%, 20%, 40%, or 60% relative to immature hepatocytes.

The method of claim 36, wherein the increased activity of CYP1A2 comprises an increase
of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, or 400-fold relative to

immature hepatocytes.

The method of any one of claims 1-39, wherein increasing the expression of the at least
one transcription factor shifts the transcriptome of immature hepatocytes towards the

transcriptome of mature hepatocytes by at least 1%, 5%, 10%, 20%, 30%, 40%, or 50%.

The method of any one of claims 1-40, wherein the immature hepatocytes are derived

from pluripotent stem cells.
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42. The method of claim 41, wherein the pluripotent stem cells are embryonic stem cells or

induced pluripotent stem cells.

43. The method of any one of claims 1-42, wherein increasing the expression of the at least
one transcription factor in the immature hepatocytes comprises use of a gene switch

construct encoding the at least one transcription factor.

44. The method of claim 43, wherein the gene switch construct is a transcriptional gene

switch construct or a post-transcriptional gene switch construct.

45. The method of any one of claims 15-44, wherein the expression vector further comprises

a self-cleaving sequence.

46. A method of generating pluripotent stem cell-derived mature hepatocytes, the method
comprising:

(a) differentiating pluripotent stem cells to immature hepatocytes, wherein the
pluripotent stem cells comprise an expression vector comprising a nucleic acid encoding
the at least one transcription factor selected from the group consisting of Nuclear Factor I
X (NFIX) and Nuclear Factor I C (NFIC), and

(b) increasing expression of the at least one transcription factor from the expression

vector in the immature hepatocytes, thereby generating mature hepatocytes.

47. The method of claim 46, wherein the pluripotent stem cells are embryonic stem cells.

48. The method of claim 46, wherein the pluripotent stem cells are induced pluripotent stem

cells.

49. The method of any one of claims 46-48, wherein the immature hepatocytes comprise

hepatoblasts.

50. The method of any one of claims 46-48, wherein the immature hepatocytes comprise

hepatic stem cells.

51. The method of any one of claims 46-50, wherein the transcription factor is NFIX.

52. The method of any one of claims 46-50, wherein the transcription factor is NFIC.
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The method of any one of claims 46-50, wherein the transcription factor is NFIX and

NFIC.

The method of any one of claims 46-50 or 52-53, wherein the NFIC is at least one
alternatively spliced NFIC variant selected from the group consisting of NFIC, transcript
variant 1; NFIC, transcript variant 2; NFIC, transcript variant 3; NFIC, transcript variant

4; and NFIC, transcript variant 5.

The method of claim 54, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 1.

The method of claim 54, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 3.

The method of claim 54, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 1 and NFIC, transcript variant 3.

The method of any one of claims 46-57, further comprising increasing expression of one
or more transcription factors selected from the group consisting of RORC, NROB2, ESR1,
THRSP, TBX15, HLF, ATOHS, NR112, CUX2, ZNF662, TSHZ2, ATF5, NFIA, NFIB,
NPAS2, FOS, ONECUT2, PROX1, NR1H4, MLXIPL, ETV1, AR, CEBPB, NR1DI,
HEY?2, ARID3C, KLF9, and DMRTATI in the immature hepatocytes.

The method of any one of claims 46-58, further comprising culturing the immature
hepatocytes in a culture media comprising dexamethasone, 8-Bromoadenosine 3, 5'-

cyclic monophosphate (8-Br-cAMP), or a combination thereof.

The method of claim 59, wherein the culturing is performed for at least 2, 3, 4,5, 6,7, 8
or 9 days.

The method of claim 59, wherein the concentration of 8-Br-cAMP is at least 0.1 mM, 0.2
mM, 0.4 mM, 0.6 mM, 0.8 nM or 1 mM.

The method of claim 59, wherein the concentration of dexamethasone is at least 5 nM, 10,

nM, 20 nM, 40 nM, 60 nM, 80 nM or 100 nM.
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The method of any one of claims 46-62, wherein the immature hepatocytes comprise the
expression vector comprising the nucleic acid encoding the at least one transcription

factor.

The method of any one of claims 46-63, wherein the expression vector is a viral vector.

The method of any one of claims 46-63, wherein the expression vector is a non-viral

vector.

The method of any one of claims 46-65, wherein the expression vector is an inducible

expression vector.

The method of any one of claims 46-66, wherein the expression vector comprises a

promoter operably linked to a nucleic acid encoding the at least one transcription factor.

The method of claim 67, wherein the promoter is an endogenous promoter.

The method of claim 67, wherein the promoter is an artificial promoter.

The method of any one of claims 67-69, wherein the promoter is an inducible promoter.

. The method of any one of claims 46-70, wherein increasing the expression of the at least

one transcription factor in the immature hepatocytes comprises inducing expression of the

at least one transcription factor in the immature hepatocytes.

The method of claim 71, wherein inducing the expression of the at least one transcription
factor in the immature hepatocytes comprises use of a gene switch construct encoding the

at least one transcription factor.

The method of claim 72, wherein the gene switch construct is a transcriptional gene

switch construct or a post-transcriptional gene switch construct.

The method of any one of claims 46-73, wherein the expression vector further comprises

a self-cleaving sequence.

The method of any one of claims 46-74, wherein the pluripotent stem cells are transduced

with a viral vector encoding the at least one transcription factor.
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The method of any one of claims 46-74, wherein the pluripotent stem cells are transfected

with an expression vector encoding the at least one transcription factor.

The method of claim 46, wherein step (a) comprises culturing the pluripotent stem cells in
a first differentiation media comprising Activin A, a second differentiation media
comprising at least one of BMP4 and FGF2, and a third differentiation media comprising

HGF, thereby generating the immature hepatocytes.

The method of claim 77, wherein the first differentiation media, the second differentiation

media and the third differentiation media are each cultured for at least 5 days.

The method of any one of claims 46-78, wherein the immature hepatocytes are cultured
for at least 2, 3, 4 or 5 days before increasing the expression of the at least one

transcription factor.

The method of claim 79, wherein the immature hepatocytes are cultured in a culture

media comprising hepatocyte growth factor (HGF).

The method of any one of claims 46-80, wherein the immature hepatocytes are cultured
for at least 2, 3,4, 5, 6,7, 8 or 9 days after increasing the expression of the at least one

transcription factor.

The method of claim 81, wherein the immature hepatocytes are cultured in a culture

media comprising oncostatin-M (OSM).

The method of any one of claims 46-51 or 53-82, wherein increasing the expression of
NFIX comprises an increase of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold,
10-fold, 20-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1000-fold, or 10,000-fold relative

to endogenous expression levels of NFIX in the immature hepatocytes.

The method of any one of claims 46-50 or 52-83, wherein increasing the expression of
NFIC comprises an increase of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-fold,
10-fold, 20-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1000-fold, or 10,000-fold relative

to endogenous expression levels of NFIC in the immature hepatocytes.

The method of any one of claims 46-84, wherein the mature hepatocytes exhibit an

increased expression of albumin (ALB), cytochrome P450 enzyme 1A2 (CYP1A2),
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cytochrome P450 enzyme 3A4 (CYP3A4), tyrosine aminotransferase (TAT), and/or
UDP-glucuronosyltransferase 1A-1 (UGT1A1) relative to immature hepatocytes.

The method of claim 85, wherein the increased expression of CYP1A2 comprises an
increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-
fold, 2,000-fold, 5,000-fold or 10,000-fold relative to immature hepatocytes.

The method of claim 85, wherein the increased expression of CYP3A4 comprises an
increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-
fold, 2,000-fold, 5,000-fold or 10,000-fold relative to immature hepatocytes.

The method of claim 85, wherein the increased expression of TAT comprises an increase
of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-fold, 2,000-
fold, 5,000-fold or 10,000-fold relative to immature hepatocytes.

The method of claim 85, wherein the increased expression of UGT1A1 comprises an
increase of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1,000-
fold, 2,000-fold, 5,000-fold or 10,000-fold relative to immature hepatocytes.

The method of any one of claims 46-89, wherein the mature hepatocytes exhibit a

decreased expression of alpha fetoprotein (AFP) relative to immature hepatocytes.

The method of claim 90, wherein the decreased expression of AFP comprises a decrease
of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 3-fold, or 4-fold relative to immature

hepatocytes.

The method of any one of claims 46-91, wherein the mature hepatocytes exhibit an
increased secretion of albumin (ALB), a decreased secretion of AFP, and/or an increased

activity of CYP1A2, relative to immature hepatocytes.

The method of claim 92, wherein the increased secretion of ALB comprises an increase

of at least 5%, 10%, 15%, 20% or 25% relative to immature hepatocytes.

The method of claim 92, wherein the decreased secretion of AFP comprises a decrease of

at least 5%, 10%, 20%, 40%, or 60% relative to immature hepatocytes.
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The method of claim 92, wherein the increased activity of CYP1A2 comprises an increase
of at least 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 200-fold, or 400-fold relative to

immature hepatocytes.

The method of any one of claims 46-95, wherein increasing the expression of the at least
one transcription factor shifts the transcriptome of immature hepatocytes towards the

transcriptome of mature hepatocytes by at least 1%, 5%, 10%, 20%, 30%, 40%, or 50%.

A composition comprising a population of mature hepatocytes produced by the methods

of any one of claims 1-96.

A pharmaceutical composition comprising a population of mature hepatocytes produced

by the methods of any one of claims 1-96, and a pharmaceutically acceptable carrier.

A composition comprising a population of hepatocytes comprising increased expression
levels of at least one transcription factor selected from the group consisting of Nuclear
Factor I X (NFIX) and Nuclear Factor I C (NFIC), relative to endogenous expression

levels of the transcription factor in the population of hepatocytes.

The composition of claim 99, wherein the transcription factor is NFIX.

The composition of claim 99, wherein the transcription factor is NFIC.
The composition of claim 99, wherein the transcription factor is NFIX and NFIC.

The composition of any one of claims 99 or 101-102, wherein the NFIC is at least one
alternatively spliced NFIC variant selected from the group consisting of NFIC, transcript
variant 1; NFIC, transcript variant 2; NFIC, transcript variant 3; NFIC, transcript variant

4; and NFIC, transcript variant 5.

The composition of claim 103, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 1.
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105.  The composition of claim 103, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 3.

106. The composition of claim 103, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 1 and NFIC, transcript variant 3.

107.  The composition of any one of claims 99-106, wherein the hepatocytes further
comprise increased expression levels of one or more transcription factors selected from
the group consisting of RORC, NROB2, ESR1, THRSP, TBX15, HLF, ATOHS, NR112,
CUX2, ZNF662, TSHZ2, ATF5, NFIA, NFIB, NPAS2, FOS, ONECUT2, PROX1,
NR1H4, MLXIPL, ETV1, AR, CEBPB, NR1D1, HEY2, ARID3C, KLF9, and DMRTA1
relative to endogenous expression levels of the one or more transcription factors in the

population of hepatocytes.

108.  The composition of any one of claims 99-107, wherein the increased expression

comprises exogenous expression of the at least one transcription factor.

109. The composition of any one of claims 99-108, wherein the hepatocytes comprise an

expression vector comprising a nucleic acid encoding the at least one transcription factor.
110. The composition of claim 109, wherein the expression vector is a viral vector.

111.  The composition of claim 110, wherein the viral vector is selected from the group
consisting of an adeno-associated virus (AAV) vector, an adenovirus vector, a lentivirus

vector, a herpes simplex virus vector, a sendai virus vector, and a retrovirus vector.
112.  The composition of claim 109, wherein the expression vector is a non-viral vector.

113.  The composition of claim 112, wherein the non-viral vector is selected from the group
consisting of a plasmid DNA, a linear double-stranded DNA (dsDNA), a linear single-
stranded DNA (ssDNA), a nanoplasmid, a minicircle DNA, a single-stranded
oligodeoxynucleotides (ssODN), a DDNA oligonucleotide, a single-stranded mRNA
(ssRNA), and a double-stranded mRNA (dsRNA).

114.  The composition of claim 112, wherein the non-viral vector comprises a naked
nucleic acid, a liposome, a dendrimer, a nanoparticle, a lipid-polymer system, a solid lipid

nanoparticle, and/or a liposome protamine/DNA lipoplex (LPD).
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115. The composition of any one of claims 109-114, wherein the expression vector is an

inducible expression vector.

116. The composition of any one of claims 109-115, wherein the expression vector
comprises a promoter operably linked to a nucleic acid encoding the at least one

transcription factor.
117.  The composition of claim 116, wherein the promoter is an endogenous promoter.
118. The composition of claim 116, wherein the promoter is an artificial promoter.

119. The composition of any one of claims 116-118, wherein the promoter is an inducible

promoter.

120. The composition of any one of claims 109-119, wherein the expression vector

comprises a gene switch construct encoding the at least one transcription factor.

121.  The composition of claim 120, wherein the gene switch construct is a transcriptional

gene switch construct or a post-transcriptional gene switch construct.

122.  The composition of any one of claims 109-121, wherein the expression vector further

comprises a self-cleaving sequence.

123.  The composition of claim 122, wherein the self-cleaving sequence is selected from

the group consisting of T2A, P2A, E2A and F2A.

124.  The composition of any one of claims 99-100 or 102-123, wherein the increased
expression of NFIX comprises an increase of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold,
2-fold, 5-fold, 10-fold, 20-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1000-fold, or
10,000-fold relative to endogenous expression levels of NFIX in the population of
hepatocytes.

125.  The composition of any one of claims 99 or 101-124 wherein the increased expression
of NFIC comprises an increase of at least 0.1-fold, 0.2-fold, 0.5-fold, 1-fold, 2-fold, 5-
fold, 10-fold, 20-fold, 50-fold, 100-fold, 200-fold, 500-fold, 1000-fold, or 10,000-fold

relative to endogenous expression levels of NFIC in the population of hepatocytes.
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126. The composition of any one of claims 99-125, wherein the population of hepatocytes

is a population of immature hepatocytes.

127.  The composition of any one of claims 99-125, wherein the population of hepatocytes

is a population of mature hepatocytes.

128.  The composition of any one of claims 99-126, further comprising non-hepatocyte

cells.

129.  The composition of any one of claims 99-128, wherein the population of hepatocytes

are in the form of organoids.

130. The composition of any one of claims 99-129, wherein the hepatocytes are derived

from pluripotent stem cells.

131.  The composition of claim 130, wherein the pluripotent stem cells are embryonic stem

cells or induced pluripotent stem cells.

132.  The composition of any one of claims 99-131, wherein the population of hepatocytes

comprises at least 10° hepatocytes.

133. A pharmaceutical composition comprising the population of hepatocytes of any one

of claims 99-132 and a pharmaceutically acceptable carrier.

134. A composition comprising a population of pluripotent stem cells comprising an
expression vector, wherein the expression vector comprises a nucleic acid encoding at
least one transcription factor selected from the group consisting of Nuclear Factor I X

(NFIX) and Nuclear Factor I C (NFIC).

135. The composition of claim 134, wherein the transcription factor is NFIX.

136. The composition of claim 134, wherein the transcription factor is NFIC.
137.  The composition of claim 134, wherein the transcription factor is NFIX and NFIC.

138.  The composition of any one of claims 134 or 136-137, wherein the NFIC is at least

one alternatively spliced NFIC variant selected from the group consisting of NFIC,
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transcript variant 1; NFIC, transcript variant 2; NFIC, transcript variant 3; NFIC,

transcript variant 4; and NFIC, transcript variant 5.

139.  The composition of claim 138, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 1.

140. The composition of claim 138, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 3.

141.  The composition of claim 138, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 1 and NFIC, transcript variant 3.

142.  The composition of any one of claims 134-141, wherein the pluripotent stem cells
further comprise an expression vector comprising a nucleic acid encoding one or more
transcription factors selected from the group consisting of RORC, NROB2, ESR1, THRSP,
TBX15, HLF, ATOHS, NR112, CUX2, ZNF662, TSHZ2, ATFS5, NFIA, NFIB, NPAS2,
FOS, ONECUT2, PROX1, NR1H4, MLXIPL, ETV1, AR, CEBPB, NR1D1, HEY?2,
ARID3C, KLF9, and DMRTAL.

143.  The composition of any one of claims 134-142, wherein the expression vector is a

viral vector.

144.  The composition of claim 143, wherein the viral vector is selected from the group
consisting of an adeno-associated virus (AAV) vector, an adenovirus vector, a lentivirus

vector, a herpes simplex virus vector, a sendai virus vector, and a retrovirus vector.

145.  The composition of any one of claims 134-142, wherein the expression vector is a

non-viral vector.

146. The composition of claim 145, wherein the non-viral vector is selected from the group
consisting of a plasmid DNA, a linear double-stranded DNA (dsDNA), a linear single-
stranded DNA (ssDNA), a nanoplasmid, a minicircle DNA, a single-stranded
oligodeoxynucleotides (ssODN), a DDNA oligonucleotide, a single-stranded mRNA
(ssRNA), and a double-stranded mRNA (dsRNA).
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147.  The composition of claim 145, wherein the non-viral vector comprises a naked
nucleic acid, a liposome, a dendrimer, a nanoparticle, a lipid-polymer system, a solid lipid

nanoparticle, and/or a liposome protamine/DNA lipoplex (LPD).

148. The composition of any one of claims 134-147, wherein the expression vector is an

inducible expression vector.

149.  The composition of any one of claims 134-148, wherein the expression vector
comprises a promoter operably linked to a nucleic acid encoding the at least one

transcription factor.
150. The composition of claim 149, wherein the promoter is an endogenous promoter.
151.  The composition of claim 149, wherein the promoter is an artificial promoter.

152. The composition of any one of claims 149-151, wherein the promoter is an inducible

promoter.

153.  The composition of any one of claims 134-152, wherein the expression vector

comprises a gene switch construct encoding the at least one transcription factor.

154.  The composition of claim 153, wherein the gene switch construct is a transcriptional

gene switch construct.

155. The composition of claim 153, wherein the gene switch construct is a post-

transcriptional gene switch construct.

156. The composition of any one of claims 137-155, wherein the expression vector further

comprises a self-cleaving sequence.

157. The composition of claim 156, wherein the self-cleaving sequence is selected from

the group consisting of T2A, P2A, E2A and F2A.

158. The composition of any one of claims 134-157, wherein the pluripotent stem cells are

embryonic stem cells or induced pluripotent stem cells.

159. The composition of any one of claims 134-158, wherein the population of pluripotent

stem cells comprises at least 10° pluripotent stem cells.
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160. A method of treating a disease in a subject in need thereof, the method comprising
administering to the subject an effective amount of the composition of claim 97, the
composition of any one of claims 99-132, or the pharmaceutical composition of any one

of claims 98 or 133, thereby treating the disease in the subject.

161. The method of claim 160, wherein the disease is selected from the group consisting of
ulminant hepatic failure due to any cause, viral hepatitis, drug-induced liver injury,
cirrhosis, inherited hepatic insufficiency (such as Wilson's disease, Gilbert's syndrome, or
al-antitrypsin deficiency), hepatobiliary carcinoma, autoimmune liver disease (such as
autoimmune chronic hepatitis or primary biliary cirrhosis), urea cycle disorder, factor VII
deficiency, glycogen storage disease type 1, infantile Refsum’s disease, phenylketonuria,
severe infantile oxalosis, cirrhosis, liver injury, acute liver failure, hepatobiliary
carcinoma, hepatocellular carcinoma, genetic cholestasis (PFIC and alagille syndrome),
hereditary hemochromatosis, tyrosinemia type 1, argininosuccinic aciduria (ASL),
Crigler-Najjar syndrome, familial amyloid polyneuropathy, atypical haemolytic uremic
syndrome-1, primary hyperoxaluria type 1, maple syrup urine disease (MSUD), acute
intermittent porphyria, coagulation defects, GSD type Ia (in metabolic control),
homozygous familial hypercholesterolemia, organic acidurias, and any other condition

that results in impaired hepatic function.

162. A kit comprising the composition of claim 97, the composition of any one of claims

99-159, or the pharmaceutical composition of any one of claims 98 or 133.

163. A kit comprising an expression vector, wherein the expression vector comprises a
nucleic acid encoding at least one transcription factor selected from the group consisting

of Nuclear Factor I X (NFIX) and Nuclear Factor I C (NFIC).

164. The kit of claim 163, wherein the transcription factor is NFIX.

165. The kit of claim 163, wherein the transcription factor is NFIC.

166. The kit of claim 163, wherein the transcription factor is NFIX and NFIC.

167.  The kit of any one of claims 163 or 165-166, wherein the NFIC is at least one

alternatively spliced NFIC variant selected from the group consisting of NFIC, transcript
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variant 1; NFIC, transcript variant 2; NFIC, transcript variant 3; NFIC, transcript variant

4; and NFIC, transcript variant 5.

168.  The kit of claim 167, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 1.

169. The kit of claim 167, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 3.

170.  The kit of claim 167, wherein the alternatively spliced NFIC variant is NFIC,

transcript variant 1 and NFIC, transcript variant 3.

171.  The kit of any one of claims 163-170, wherein the kit further comprises an expression
vector comprising a nucleic acid encoding one or more transcription factors selected from
the group consisting of RORC, NROB2, ESR1, THRSP, TBX15, HLF, ATOHS, NR112,
CUX2, ZNF662, TSHZ2, ATF5, NFIA, NFIB, NPAS2, FOS, ONECUT2, PROX1,
NR1H4, MLXIPL, ETV1, AR, CEBPB, NR1D1, HEY2, ARID3C, KLF9, and DMRTAI.

172.  The method of claim 1, wherein NFIX comprises an amino acid sequence that is at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence encoded by the nucleotide sequence as set forth in

SEQ ID NO: 1.

173.  The method of claim 1, wherein NFIC comprises an amino acid sequence that is at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence encoded by any one of the nucleotide sequences of

SEQ ID NO: 2 to SEQ ID NO: 6.

174.  The method of claim 1, wherein NFIX comprises an amino acid sequence that is at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence set forth in SEQ ID NO: 40.
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175.  The method of claim 1, wherein NFIC comprises an amino acid sequence that is at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to any one of the amino acid sequences set forth in SEQ ID NO: 41- SEQ ID
NO: 45.

176.  The method of claim 46, wherein NFIX comprises an amino acid sequence that is at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence encoded by the nucleotide sequence as set forth in

SEQ ID NO: 1.

177.  The method of claim 46, wherein NFIC comprises an amino acid sequence that is at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence encoded by any one of the nucleotide sequences of

SEQ ID NO: 2 to SEQ ID NO: 6.

178.  The method of claim 46, wherein NFIX comprises an amino acid sequence that is at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence set forth in SEQ ID NO: 40.

179. The method of claim 46, wherein NFIC comprises an amino acid sequence that is at
least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to any one of the amino acid sequences set forth in SEQ ID NO: 41- SEQ ID
NO: 45.

180. The composition of claim 99, wherein NFIX comprises an amino acid sequence that is
at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence encoded by the nucleotide sequence as set forth in

SEQ ID NO: 1.
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181.  The composition of claim 99, wherein NFIC comprises an amino acid sequence that is
at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence encoded by any one of the nucleotide sequences of

SEQ ID NO: 2 to SEQ ID NO: 6.

182.  The composition of claim 99, wherein NFIX comprises an amino acid sequence that is
at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence set forth in SEQ ID NO: 40.

183.  The composition of claim 99, wherein NFIC comprises an amino acid sequence that is
at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to any one of the amino acid sequences set forth in SEQ ID NO: 41- SEQ ID
NO: 45.

184.  The composition of claim 134, wherein NFIX comprises an amino acid sequence that
is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence encoded by the nucleotide sequence as set forth in

SEQ ID NO: 1.

185.  The composition of claim 134, wherein NFIC comprises an amino acid sequence that
is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence encoded by any one of the nucleotide sequences of

SEQ ID NO: 2 to SEQ ID NO: 6.

186. The composition of claim 134, wherein NFIX comprises an amino acid sequence that
is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence set forth in SEQ ID NO: 40.
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187.  The composition of claim 134, wherein NFIC comprises an amino acid sequence that
is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to any one of the amino acid sequences set forth in SEQ ID NO: 41- SEQ ID
NO: 45.

188.  The kit of claim 163, wherein NFIX comprises an amino acid sequence that is at least
80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identical to the

amino acid sequence encoded by the nucleotide sequence as set forth in SEQ ID NO: 1.

189.  The composition of claim 163, wherein NFIC comprises an amino acid sequence that
is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence encoded by any one of the nucleotide sequences of

SEQ ID NO: 2 to SEQ ID NO: 6.

190. The composition of claim 163, wherein NFIX comprises an amino acid sequence that
is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to the amino acid sequence set forth in SEQ ID NO: 40.

191.  The composition of claim 163, wherein NFIC comprises an amino acid sequence that
is at least 80%, at least 85%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94 %, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
identical to any one of the amino acid sequences set forth in SEQ ID NO: 41- SEQ ID
NO: 45.
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