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mouse fibroblasts to mouse hepatocyte-like cells, the same methodologies may not
necessarily be successful when applied to human cells. Scientific literature has indicated that
factors and processes necessary and sufficient for altering the differentiation state of mouse
cells may be distinct from that necessary and sufficient for altering the differentiation state of
human cells. (See, e.g., Yietal, (2012) Cell Research 22:616-619; Gonzalez ef al., (2011)
Nature Reviews Genetics 12:231-242; Pang ef al., (2011) Nature 476:220-223; Vierbuchen &
Wernig (2011) Nature Biotechnology 29:892-907.)

The generation of human induced hepatocytes from non-hepatocyte cells, without any risk of
genomic alteration, offers great promise as a means for treating disease through cell
transplantation. Human induced hepatocytes generated from human non-hepatocyte cells
obtained from individual patients may enable development of patient-specific therapies which
do not have a risk of immune rejection, thus eliminating the need for immunosuppressive
procedures. Additionally, generation of human induced hepatocytes from disease-specific
non-hepatocyte cells could provide a means to model and study specific disease states and
develop therapeutics useful for the treatment of these diseases.

Therefore, there exists a need in the art to identify the key transcription factors necessary and
sufficient to reprogram human non-hepatocyte cells into human induced hepatocytes. The
present invention meets this need by providing methods and compositions useful for
generating human induced hepatocytes from human non-hepatocyte cells.

SUMMARY
The present disclosure provides, in part, methods and compositions for reprogramming non-
hepatocyte cells to induced hepatocytes, populations of induced hepatocytes, compositions
comprising induced hepatocytes, and uses thereof. In some embodiments, the non-hepatocyte
cells are non-hepatocyte somatic cells. In other embodiments, the compositions and methods
provided herein are useful for producing human induced hepatocytes by reprogramming
human non-hepatocyte cells.

In one aspect, there 1s provided a method for producing a human induced hepatocyte from a
human fibroblast cell. the method comprising providing a human fibroblast cell, introducing
into the human fibroblast cell a nucleic acid or protein preparation which encodes or provides
a_combination of reprogramming factors. wherein the combination of reprogramming factors
is selected from the group consisting of a combination comprising FOXAL, FOXA3, and
HNF1A: a combination comprising FOXAL FOXA2. and HNF1A: a combination
comprising FOXA2 FOXA3, and HNF1A.: a combination comprising FOXAL HNFI1A. and
HNF4A: a combination comprising FOXAZ, HNF1A. and HNF4A; and a combination

comprising FOXA3, HNF1A, and HNF4A, and culturing the human fibroblast cell under
conditions suitable for reprogramming a human fibroblast cell to 2 human induced
hepatocyie, thereby producing a human induced hepatocvie from the human fibroblast cell.

In-one-aspect-theres-provadedDisclosed is a method for producing an induced hepatocyte
from a non-hepatocyte cell, the method comprising providing a non-hepatocyte cell,
contacting the non-hepatocyte with an agent which increases or induces the expression or
activity of one or more
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reprogramming factors, and culturing the non-hepatocyte cell under conditions suitable for
reprogramming a non-hepatocyte cell to an induced hepatocyte, thereby producing an induced
hepatocyte from the non-hepatocyte cell.

In another asvect. there is provided a method for producing a human induced hepatocyte from
a human fibroblast cell. the method comprising providing a human fibroblast cell, introducing
into the human fibroblast cell a nucleic acid or protein preparation which encodes or provides
a combination of reprogramming factors, wherein the combination of reprogramming factors
comprise FOXAL, FOXAZ, FOXA3, HNF1A, and HNF4A, and culturing the human
fibroblast cell under conditions suitable for reprogramming a human fibroblastceli to a
human induced hepatocvte., thereby producing a human induced hepatocyte from the human
fibroblast cell.

in-ene-aspeet—there-is-providedDisclosed is a method for producing an induced hepatocyte
from a non-hepatocyte cell, the method comprising providing a non-hepatocyte cell,
introducing into the non-hepatocyte cell a nucleic acid or protein preparation which encodes
or provides one or more reprogramming factors, and culturing the non-hepatocyte cell under
conditions suitable for reprogramming a non-hepatocyte cell to an induced hepatocyte,
thereby producing an induced hepatocyte from the non-hepatocyte cell.

In another aspect. there is provided a cell population comprising human induced hepatocvies
obtained by anv of the methods described herein.

l-one-aspect-there-is-providedDisclosed is a cell population compnsmg induced hepatocytes
obtained by the methods as described herein.

In another aspect, there is provided an isolated human induced hepatocyie obtained bv anv of
the methods described herein.

In-one-aspesk-therew-providedDisclosed is an isolated induced hepatocyte obtained by the
methods as described herein.

In another aspect, there is provided a composition comprising a nucleic acid preparation.

wherein the composition 18 capable of reprogramming a human fibrobiast cell to a human
induced hepatocvte when the composition is introduced into the human fibroblast cell,
wherein the nucleic acid preparation comprises nucleic acid molecules encoding a
combination of reprogramming factors. wherein the combination of reprogramming factors is
selected from the group consisting of & combination comprising FOX AL FOXA3J, and
HNF1A: a combination comprising FOXAI, FOXA2. and HNF1A: a combination
comprising FOXA2. FOXAJ, and HNF1A; a combination comprising FOXA 1. HNF1A. and
HNF4A: a combination comprising FOXAZ, HNF1A, and HNF4A: and a combination
comprising FOXA3, HNF1A, and HINF4A.,

In another aspect, there {s provided a composition comprising a nucleic acid preparation,
wherein the composition is capable of reprogramming a human fibroblast cell to a human

induced hepatocyte when the composition is introduced into a human fibroblast cell, wherein
the nucleic acid preparation comprises nucleic acid molecules encoding a combination of
reprogramming factors. where the combination of reprogramming factors comprises FOXATL,
FOXA2, FOXA3, HNFJA, and HNF4A.
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I -one-aspest-there-is-providedDisclosed is a composition comprising a nucleic acid

preparation, wherein the composition is capable of reprogramming a non-hepatocyte cell to
an induced hepatocyte when the composition is introduced into a non-hepatocyte cell.

In another aspect, there is provided a method of screening a test compound. the method
comprising contacting the buman induced hepatocyte obtained by any of the methods
described herein with a test compound. and determining the effect of the test compound on
the human induced hepatocyte.

-one-aspest-theress-providedDisclosed is a method of screening a test compound, the
method comprising contacting an induced hepatocyte obtained by the methods as described
herein with a test compound, and determining the effect of the test compound on the induced
hepatocyte.

The methods and compositions provided herein are useful for reprogramming a starting cell
or starting cell population (e.g., a non-hepatocyte cell or non-hepatocyte cell population) to an
induced hepatocyte or a population of induced hepatocytes with high efficiency. In some



WHAT IS CLAIMED IS:

1. A method for producing a human induced hepatocyte from a human fibroblast cell, the
method comprising providing a human fibroblast cell, introducing into the human fibroblast
cell a nucleic acid or protein preparation which encodes or provides a combination of
reprogramming factors, wherein the combination of reprogramming factors is selected from
the group consisting of a combination comprising FOXA1, FOXA3, and HNF1A; a
combination comprising FOXA1, FOXA2, and HNF1A; a combination comprising FOXA2,
FOXA3, and HNF1A; a combination comprising FOXA1, HNF1A, and HNF4A; a
combination comprising FOXA2, HNF1A, and HNF4A; and a combination comprising
FOXA3, HNF1A, and HNF4A, and culturing the human fibroblast cell under conditions
suitable for reprogramming a human fibroblast cell to a human induced hepatocyte, thereby
producing a human induced hepatocyte from the human fibroblast cell.

2. The method of claim 1, wherein the combination of reprogramming factors is the
combination comprising FOXA1, FOXA3, and HNF1A; the combination comprising
FOXA1, FOXAZ2, and HNF1A; or the combination comprising FOXA2, FOXA3, and
HNF1A, the combination further comprising HNF4A.

3. The method of claim 1 or claim 2, wherein the one or more reprogramming factors is
selected from the group consisting of FOXA1, FOXA2, FOXA3, HNFIA, HNF4A, and
GATAA4.

4. The method of claim 1 or claim 2, wherein the reprogramming factors comprise CEBPA,
GATA6, HHEX, HNFIB, HNF6A, FOXA1, FOXA2, FOXA3, GATA4, HNFIA, and
HNF4A.

5. The method of claim 1 or claim 2, wherein the reprogramming factors comprise FOXA1,
FOXA2, FOXA3, HNFIA, HNF4A, and GATAA4.

6. A method for producing a human induced hepatocyte from a human fibroblast cell, the
method comprising providing a human fibroblast cell, introducing into the human fibroblast
cell a nucleic acid or protein preparation which encodes or provides a combination of
reprogramming factors, wherein the combination of reprogramming factors comprise
FOXAI1, FOXA2, FOXA3, HNF1A, and HNF4A, and culttlring the human fibroblast cell
under conditions suitable for reprogramming a human fibroblast cell to a human induced
hepatocyte, thereby producing a human induced hepatocyte from the human fibroblast cell.

7. The method of claim 6, wherein the combination of reprogramming factors further
comprises GATA4.

8. A cell population comprising human induced hepatocytes obtained by the method of any of
claims 1 to claim 7.

9. An isolated human induced hepatocyte obtained by the method of any of claims 1 to claim
7.

85




10. A composition comprising a nucleic acid preparation, wherein the composition is capable
of reprogramming a human fibroblast cell to a human induced hepatocyte when the
composition is introduced into the human fibroblast cell, wherein the nucleic acid preparation
comprises nucleic acid molecules encoding a combination of reprogramming factors, wherein
the combination of reprogramming factors is selected from the group consisting of a
combination comprising FOXA1, FOXA3, and HNF1A; a combination comprising FOXAI,
FOXA2, and HNF1A; a combination comprising FOXA2, FOXA3, and HNF1A; a
combination comprising FOXA1, HNF1A, and HNF4A; a combination comprising FOXA2,
HNF1A, and HNF4A; and a combination comprising FOXA3, HNFIA, and HNF4A.

11. The composition of claim 10, wherein when the nucleic acid preparation comprises
nucleic acid molecules encoding the combination of reprogramming factors comprising
FOXA1, FOXA3, and HNF1A; the combination comprising FOXA1, FOXA2, and HNF1A;
or the combination comprising FOXA2, FOXA3, and HNF1A, the combination further
comprises nucleic acid molecules encoding HNF4A.

12. A composition comprising a nucleic acid preparation, wherein the composition is capable
of reprogramming a human fibroblast cell to a human induced hepatocyte when the
composition is introduced into a human fibroblast cell, wherein the nucleic acid preparation
comprises nucleic acid molecules encoding a combination of reprogramming factors, where
the combination of reprogramming factors comprises FOXA1, FOXA2, FOXA3, HNF1A,
and HNF4A.

13. The composition of claim 12, wherein the composition further comprises nucleic acid
molecules encoding GATAA4.

14. A method of screening a test compound, the method comprising contacting the human
induced hepatocyte obtained by the method of any of claims 1 to 7 with a test compound, and
determining the effect of the test compound on the human induced hepatocyte.
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CLAIMS
WHAT IS CLAIMED 1S:
1. A method for producing an induced hepatocyte from a non-hepatocyte cell, the
5 method comprising providing a non-hepatocyte cell, contacting the non-hepato,

10

hepatocyte cell a nucleic acid or protein preparat‘? hich encodes or provides one or

more reprogramming factors, and culturing the pon-hepatocyte cell under conditions
15 suitable for reprogramming a non-hepatocytg/cell to an induced hepatocyte, thereby

producing an induced hepatocyte from the'non-hepatocyte cell.

3. The method of claim 1 or claim 2, #herein the one or more reprogramming factors is
sclected from the group consisting of CEBPA, GATA6, HHEX, HNF1B, HNF6A,
20 FOXAL, FOXA2, FOXA3, GATA4, HNF1A, and HNF4A.

4, The method of claim 4 or claim 2, wherein the one or more reprogramming factors is
selected from the group consisting of FOXA1, FOXA2, FOXA3, HNF1A, HNF4A,
and GATAA4,

25

5. The method of claim 1 or claim 2, wherein the reprogramming factors comprise

CEBPA, GATA6, HHEX, HNF1B, HNF6A, FOXA1, FOXA2, FOXA3, GATA4,
F1A, and HNF4A.

The method of claim 1 or claim 2, wherein the reprogramming factors comprise
FOXAI, FOXA2, FOXA3, HNF1A, HNF4A, and GATA4.

o0
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7. The method of claim 1 or claim 2, wherein the reprogramming factors comprise

FOXA1, FOXA2, FOXA3, HNF1A, and HNF4A.

8. The method of claim 1 or claim 2, wherein the reprogramming factors comprise
5 FOXAI1, FOXA3, HNF1A, and HNF4A.
9. The method of claim 1 or claim 2, wherein the reprogramming factors corhprise

FOXAI1, FOXAZ2, HNF1A, and HNF4A.

10 10.  The method of claim 1 or claim 2, wherein the reprogramming factors comprise

FOXA2, FOXA3, HNFIA, and HNF4A.

11, The method of claim 1 or claim 2, wherein the reprogfamming factors comprise

FOXA1, HNF1A, and HNF4A.

15
12. The method of claim 1 or claim 2, whereinAhe reprogramming factors comprise
FOXA3, HNF1A, and HNF4A.
13, The method of claim 1 or claim 2, wherein the reprogramming factors comprise
20 FOXAZ2, HNF1A, and HNF4A.

14, The method of claim 1/or claim 2, wherein the reprogramming factors comprise

FOXAI, FOXA3, aghd HNFIA.

25 15, The method 6f claim 1 or claim 2, wherein the reprogramming factors comprise

FOXAI1,FOXAZ2, and HNF1A.

16.  Theé method of claim 1 or claim 2, wherein the reprogramming factors comprise
OXA2, FOXA3, and HNF1A.

30
The method of claim 2, wherein the nucleic acid preparation comprises nucleic acid
molecules comprising a nucleic acid sequence comprising SEQ ID NO:33, a nucleic

acid sequence comprising SEQ ID NO:35, a nucleic acid sequence comprising SEQ

L4
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ID NO:37, a nucleic acid sequence comprising SEQ 1D NO:39, a nucleic acid //
sequence of SEQ ID NO:41, and a nucleic acid sequence comprising SEQ ID NO:43. //'
. y /

18.  The method of claim 2, wherein the nucleic acid preparation comprises nucleic agiﬁ/

5 molecules comprising a nucleic acid sequence comprising SEQ ID NO:33,an ,’éjleic
acid sequence comprising SEQ ID NO:35, a nucleic acid sequence comprisifig SEQ
ID NO:37, a nucleic acid sequence comprising SEQ ID NO:39, and an d/eic acid

sequence of SEQ ID NO 41,

10 19.  The method of claim 2, wherein the nucleic acid preparation comprises nucleic acid
molecules comprising a nucleic acid sequence comprising SEQ ID NO:33, a nucleic
acid sequence comprising SEQ ID NO:37, a nucleic acix:/sequence comprising SEQ
ID NO:39, and a nucleic acid sequence of SEQ ID NO:41.

15 20.  The method of claim 2, wherein the nucleic agid preparation comprises nucleic acid
molecules comprising a nucleic acid sey ce comprising SEQ ID NO:33, a nucleic
acid sequence comprising SEQ ID NO:A5, a nucleic acid sequence comprising SEQ

ID NO:39, and a nucleic acid sequerice of SEQ ID NO:41.

20 21.  The method of claim 2, wheyp€in the nucleic acid preparation comprises nucleic acid
molecules comprising a nuicleic acid sequence comprising SEQ ID NO:35, a nucleic
acid sequence compriging SEQ ID NO:37, a nucleic acid sequence comprising SEQ

ID NO:39, and a nucleic acid sequence of SEQ ID NO:41.

25 22, The method,of claim 2, wherein the nucleic acid preparation comprises nucleic acid
mo!ecys comprising a nucleic acid sequence comprising SEQ ID NO:33, a nucleic
acid séquence comprising SEQ ID NO:39, and a nucleic acid sequence of SEQ ID
N@:41.

The method of claim 2, wherein the nucleic acid preparation comprises nucleic acid
molecules comprising a nucleic acid sequence comprising SEQ 1D NO:37, a nucleic
acid sequence comprising SEQ ID NO:39, and a nucleic acid sequence of SEQ ID
NO:A41.




WO-201-4/039768 PETAUS2013/058414

10

15

25

24.

25.

26.

27.

28.

29.

30.

The method of claim 2, wherein the nucleic acid preparation comprises nucleic acid
molecules comprising a nucleic acid sequence comprising SEQ ID NO:35, a nucleic
acid sequence comprising SEQ ID NO:39, and a nucleic acid sequence of SEQ ID
NO:41.

The method of claim 2, wherein the nucleic acid preparation comprises 1
molecules comprising a nucleic acid sequence comprising SEQ ID N33, a nucleic
acid sequence comprising SEQ ID NO:37, and a nucleic acid sequence comprising

SEQ ID NO:39.

The method of claim 2, wherein the nucleic acid prepargtion comprises nucleic acid
molecules comprising a nucleic acid sequence compyising SEQ ID NO:33, a nucleic
acid sequence comprising SEQ ID NO:35, and a pucleic acid sequence comprising

SEQ ID NO:39.

The method of claim 2, wherein the nugleic acid preparation comprises nucleic acid
molecules comprising a nucleic acig/sequence comprising SEQ ID NO:35, a nucleic
acid sequence comprising SEQ ID NO:37, and a nucleic acid sequence comprising

SEQ ID NO:39.

A cell population comprising induced hepatocytes obtained by the method of ciaim 1

or claim 2.
An isolated jiduced hepatocyte obtained by the method of claim 1 or claim 2,

A composition comprising a nucleic acid preparation, wherein the composition is
capiable of reprogramming a non-hepatocyte cell to an induced hepatocyte when the

composition is introduced into a non-hepatocyte cell.

The composttion of claim 30, wherein the non-hepatocyte cell is a human non-

hepatocyte cell and the induced hepatocyte is a human induced hepatocyte.
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32.  The composition of claim 30, wherein the nucleic acid preparation comprises nucleic

acid molecules encoding one or more reprogramming factors selected from the group
consisting of CEBPA, GATAG6, HHEX, HNFIB, HNF6A, FOXAL, FOXA2, FOXA3,
GATA4, HNF1A, and HNF4A.

33.  The composition of claim 30, wherein the nucleic acid preparation compris?ucleic
acid molecules encoding one or more reprogramming factors selected frcy the group

consisting of FOXA1, FOXA2, FOXA3, HNF1A, HNF4A, and GAT@Q.

/

10 34.  The composition of claim 30, wherein the nucleic acid preparatio(comprises nucleic
acid molecules encoding CEBPA, GATA6, HHEX, HNF IB%%N%A, FOXAL,
FOXA2, FOXA3, GATA4, HNF1A, and HNF4A, /
s
35.  The composition of claim 30, wherein the nucleic agid preparation comprises nucleic

15 acid molecules encoding FOXA1, FOXA2, FOXA3, HNF1A, HNF4A, and GATA4.

36.  The composition of claim 30, wherein thefiucleic acid preparation comprises nucleic

acid molecules encoding FOXA1, FO , FOXA3, HNF1A, and HNF4A.

20 37.  The composition of claim 30, w, {erein the nucleic acid preparation comprises nucleic

acid molecules encoding FOXA1, FOXA3, HNF1A, and HNF4A.

38.  The composition of cldim 30, wherein the nucleic acid preparation comprises nucleic

acid molecules engoding FOXA1, FOXA2, HNF1A, and HINF4A.

39.  The composition of claim 30, wherein the nucleic acid preparation comprises nucleic

acid molgcules encoding FOXA2, FOXA3, HNF1A, and HNF4A.

40. T
acid molecules encoding FOXA1, HNF1A, and HNF4A.

composition of claim 30, wherein the nucleic acid preparation comprises nucleic

The composition of claim 30, wherein the nucleic acid preparation comprises nucleic
acid molecules encoding FOXA3, HNF1A, and HNF4A.

G
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42.  The composition of claim 30, wherein the nucleic acid preparation comprises nucleic,
acid molecules encoding FOXAZ, HNFIA, and HNF4A.
5 43.  The composition of claim 30, wherein the nucleic acid preparation comprisg§ nucleic

acid molecules encoding FOXA1, FOXA3, and HNFIA.

44.  The composition of claim 30, wherein the nucleic acid preparatiory’comprises nucleic
acid molecules encoding FOXAT, FOXA2, and HNF1A.

10
45, The composition of claim 30, wherein the nucleic acid préparation comprises nucleic
acid molecules encoding FOXA2, FOXA3, and HNFJYA.
46.  The composition of claim 30, wherein the nucleic acid preparation comprises nucleic
15 acid molecules comprising a nucleic acid seduence comprising SEQ ID NO:33, a

nucleic acid sequence comprising SEQ IP NO:35, a nucleic acid sequence comprising
SEQ ID NO:37, a nucleic acid sequence comprising SEQ ID NO:39, a nucleic acid
sequence of SEQ ID NO:41, and g/hucleic acid sequence comprising SEQ ID NO:43.
20 47.  The composition of claim 3@, wherein the nucleic acid preparation comprises nucleic
acid molecules comprisipg a nucleic acid sequence comprising SEQ ID NO:33, a
nucleic acid sequencg/Comprising SEQ ID NO:35, a nucleic acid sequence comprising
SEQ ID NO:37, asucleic acid sequence comprising SEQ ID NO:39, and 2 nucleic

acid sequence of SEQ ID NO:41.

25
48.  The composition of claim 30, wherein the nucleic acid preparation comprises nucleic
acid rdolecules comprising a nucleic acid sequence comprising SEQ ID NO:33, a
nugleic acid sequence comprising SEQ ID NO:37, a nucleic acid sequence comprising
EQ ID NO:39, and a nucleic acid sequence of SEQ ID NQ:41,
30

The composition of claim 30, wherein the nucleic acid preparation comprises nucleic

acid molecules comprising a nucleic acid sequence comprising SEQ ID NO:33, a

FaYal
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50.

51.

52,

53.

54,

55.

nucleic acid sequence comprising SEQ ID NO:35, a nucleic acid sequence comprising

SEQ ID NO:39, and a nucleic acid sequence of SEQ ID NO:41.

The composition of claim 30, wherein the nucleic acid preparation comprises nw?ic
acid molecules comprising a nucleic acid sequence comprising SEQ ID NO:35, &
nucleic acid sequence comprising SEQ 1D NO:37, a nucleic acid sequence co prising
SEQ ID NO:39, and a nucleic acid sequence of SEQ ID NO:41. /

The composition of claim 30, wherein the nucleic acid preparation ‘c;{r;prises nucleic
acid molecules comprising a nucleic acid sequence comprising/SfEQ IDNO:33,a
nucleic acid sequence comprising SEQ ID NO:39, and a nu?éic acid sequence of SEQ

ID NO:41. /

#

/

The composition of claim 30, wherein the nucleic acid preparation comprises nucleic
acid molecules comprising a nucleic acid sequerce comprising SEQ ID NO:37, a
nucleic acid sequence comprising SEQ ID 5}@:39, and a nucleic acid sequence of SEQ
ID NO:41.

The composition of claim 30, whey in the nucleic acid preparation comprises nucleic
acid molecules comprising a nyéleic acid sequence comprising SEQ ID NO:35, a
nucleic acid sequence comlggi SEQ ID NO:39, and a nucleic acid sequence of SEQ
ID NO:41. /

The composition of claim 30, wherein the nucleic acid preparation comprises nucleic
acid molecules gomprising a nucleic acid sequence comprising SEQ ID NO:33, a
nucleic acid dequence comprising SEQ ID NO:37, and a nucleic acid sequence
comprisigg SEQ ID NO:39.

composition of claim 30, wherein the nucleic acid preparation comprises nucleic
acid molecules comprising a nucleic acid sequence comprising SEQ 1D NO:33, a
nucleic acid sequence comprising SEQ 1D NO:35, and a nucleic acid sequence

comprising SEQ ID NO:39.
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56.  The composition of claim 30, wherein the nucleic acid preparation comprises nucleic
acid molecules comprising a nucleic acid sequence comprising SEQ ID NO:35, a
nucleic acid sequence comprising SEQ ID NO:37, and a nucleic acid sequence

comprising SEQ ID NO:39.

57. A method of screening a test compound, the method comprising contacting dn
induced hepatocyte obtained by the method of claim 1 or claim 2 with a test

compound, and determining the effect of the test compound on the-induced

hepatocyte.




