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CLAIMS

What is claimed is:

combination with one or more additional reprogramming fa€tors, of reprogramming a

mammalian somatic cell to pluripotency.

2. The nucleic acid construct of claim 1, furthér comprising a third coding
regions that encodes a third reprogramming fagtor, wherein the three coding regions
are linked to each other by nucleic acids thayencode self-cleaving peptides so as to

form a single open reading frame.

3. The nucleic acid construct #1 claim 1, further comprising third and fourth
genes that encode third and fouglh reprogramming factors, wherein the four coding

regions are linked to each offfer by nucleic acids that encode self-cleaving peptides so
as to form a single open pfading frame.

The nucleig/cid construct of ¢laim 1, wherein the self-cleaving peptide is a

The nucleic acid construct of claim 1, wherein the reprogramming factors are

selected from Oct4, Nanog, Sox2, Kif4, Lin28, and c-Myec.

7. The nucleic acid construct of ¢laim 1, wherein the coding regions encode first
and second reprogramming factors that require at least one additional reprogramming

factor in order to reprogram a mammalian somatic cell to pluripotency.
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8. The nucleic acid construct of claim 1, wherein the construct does not encode
Oct4,
9. The nucleic acid construct of claim 1, wherein the construct does not egcode
Klf4.,

10.  The nucleic acid construct of claim 1, wherein the construct doegnot encode
Sox2.

11. The nucleic acid construct of claim 1, wherein the conglruct does not encode

c-Myc.

12. The nucleic acid construct of ¢claim 1, whereifi the construct does not encode

1.in28.

13. The nucleic acid construct of clainy'l, wherein the construct does not encode

Nanog.

14.  The nucleic acid constrydl of claim 1, wherein the coding regions encode a set
of reprogramming factors sefécted from: (i) the set consisting of Oct4 and Sox2; (ii)
the set consisting of Oct4/and KIf4; (iii) the set consisting of Oct4 and Nanog; (iv) the
set consisting of Octd/K1f4, and Sox2; (v) the set consisting of Oct4, Nanog, and
Lin28; (vi) the set fonsisting of Oci4, Nanog, and Sox2; and (vii) the set consisting of

any of (i) — (vi)and further including c-Mye.,

15. i expression cassette comprising the nucleic acid construct of claim 1
operghBly linked to a promoter, wherein the promoter drives transcription of a
polfycistronic message that encodes the reprogramming factors, each reprogramming
factor being linked to at least one other reprogramming factor by a self-cleaving

peptide.

16.  The expression cassetie of claim 15, further comprising one or more sites that

mediate integration into the genome of a mammalian cell,
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17.  Anexpression vector comprising the expression cassette of claim 15.
18. The expression vector of claim 17, wherein the vector is retroviral.
19.  The expression vector of claim 18, wherein the promoter is induci
20. A mammalian cell comprising the expression cassette of claj 15.
Somatic cell,

21. The mammalian cell of claim 20, wherein the cell is

22. The mammalian cell of claim 20, wherein the c@fl is a terminally differentialed

somatic cell.

23. The mammalian cell of claim 20, whep€in the cell is an iPS cell.

24, A chimeric mouse generated at J€ast in part from the mammalian iPS cell of

claim 23.

25.  The chimeric mouse ofclaim 24, wherein the mouse is generated by injecting
the mammalian iPS cell iny6 a mouse blastocyt and allowing the blastocyst to develop

into a mouse in vivo.

26. A cell obifined from the mouse of claim 24, wherein the cell is derived from

the iPS cell.

1e mammalian cell of claim 20, wherein the cell is a human cell.

The mammalian cell of claim 20, wherein the expression cassette is integrated

into the genome at a locus whose disruption has minimal or no effect on the cell.

29,  The mammalian cell of claim 20, wherein the cell expresses two

reprogramming factors from the expression cassette.
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30.  The mammalian cell of claim 20, wherein the cell expresses three

reprogramming factors from the expression cassette.

31. The mammalian cell of claim 20, wherein the cell expresses three
reprogramming factors from the expression cassette, wherein the three
reprogramming factors are not sufficient to reprogram mammalian fijfroblasts with an

efficiency of at least 0.05%.

32.  The mammalian cell of claim 20, wherein the cell gpresses three
reprogramming factors from the expression cassette, wherein the three
reprogramming factors are sufficient to reprogram n¥Ammalian fibroblasts with an
cfficiency of at least (0.05%.

33. The mammalian celf of claim 20, wherein the cell further comprises a reporter
gene integrated at a locus whose activgfion serves as a marker of reprogramming to

pluripotency.

34.  The mammalian cell g claim 31, wherein the locus is selected from Nanog

and Oct4.

35. A composion comprising multiple essentially genetically identical cells of

claim 20.

composition for identifying a reprogramming agent, the composition

ising one or more mammalian cells of claim 20 and a test agent.

37.

expression of the reprogramming factors from the expression cassette.

The composition of claim 34, further comprising an agent that induces

38. A method of identifying a reprogramming agent comprising:
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(i) maintaining the composition of claim 34 for a time period under conditions in

which the reprogramming factors are expressed from the expression cassetle and ¢

proliferation occurs; and

(ii) assessing the extent to which cells become reprogrammed, wherein the te#t agent
5 is identified as a reprogramming agent or enhancer of reprogramming if’

reprogramming occurs at a significantly greater frequency than would #e the case had

the composition lacked the test agent,

39.  The method of claim 36, wherein the composition is plaintained for at least X

10 days.
40.  The method of claim 36, wherein the test ageht is present for at least X days.

41.  The method of claim 36, wherein the #st agent is identified as a

15 reprogramming agent if cells do not becopfe reprogrammed at a detectable frequency
if maintained for the time period in thedbsence of the test agent but do become
reprogrammed at a deteclable frequehey if maintained in the presence of the test agent

for at least a portion of the time period.

20 42.  The method of claph 36, wherein the test agent is identified as an enhancer of
reprogramming agent if/cells become reprogrammed at a detectable frequency if
maintained for the e period in the absence of the test agent and become
reprogrammed ay/a significantly greater frequency if maintained in the presence of the

test agent for At least a portion of the time period.

25

43, he method of claim 36, wherein the cells express a set of reprogramming
factgfs from the expression cassetie, wherein the set consists of: (i} Oct4 and Sox2;

#) Oct4 and K1f4; (iii) Oct4 and Nanog; (iv) Oct4, K14, and Sox2; (v) Oct4, Nanog,
and Lin28; (vi) Oct4, Nanog, and Sox2; and (vii) any of (i) — (vi) further including ¢-
Myc.

44, A method of reprogramming a differentiated somatic cell to a pluripotent state,

comprising the steps of:
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contacting a differentiated somatic cell with at least one

reprogramming agent that contributes to reprogramming of said cell to
a pluripotent state;

maintaining said cell under conditions appropriate for proliferatigh of
said cell and for activity of said at least one reprogramming agent for a
period of time sufficient to begin reprogramming of said cgll; and

functionally inactivating said at least one reprogrammipg agent.

A method of reprogramming a differentiated somatic ce}f'to a pluripotent state,

comprising the steps of’

(a)

(b)

(c)

providing a differentiated somatic cell thajontains at least one
exogenously introduced factor that conyibutes to reprogramming of
said cell to a pluripotent state;

maintaining said cell under condjffons appropriate for proliferation of
said cell and for activity of sajd at least one exogenously introduced
factor for a period of time gOfficient to activate at least one endogenous
pluripotency gene; and

functionally inactivag#ing said at least one exogenously introduced

factor.

A method of selecjhg a differentiated somatic cell that has been

reprogrammed 36 a pluripotent state, comprising the steps of:

(a)

provjding a differentiated somatic cell that contains at least one
exOgenously introduced factor that contributes to reprogramming of
said cell to a pluripotent state;

maintaining said cell under conditions appropriate for proliferation of
said cell and for activity of said at least one exogenously introduced
factor for a period of time sufficient to activate at least one endogenous
pluripotency gene;

functionally inactivating said at least one exogenously introduced
factor; and

differentiating cells which display one or more markers of pluripotency

and cells which do not.
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An isolated pluripotent cell derived from a reprogrammed differentiated

somatic cell.

A purified population of somatic cells comprising at least 70% pluripotent

cells derived from reprogrammed differentiated somatic cells.

An isolated pluripotent cell produced by a method comprigthg:

(a) providing a differentialed somatic cell that contins at least one
exogenously introduced factor that contribuigs to reprogramming of
said cell to a pluripotent state;

(b)  maintaining said cell under conditions/ippropriate for proliferation of
said cell and for activity of said at Jéast one exogenously introduced
factor for a period of time suffigfent to activate at least one endogenous
pluripotency gene;

(c) functionally inactivating gaid at least one e¢xogenously introduced
factor; and

(d)  differentiating cellg'which display one or more markers of pluripotency

from cells which do not,

A purified populdtion of somatic cells comprising at least 70% pluripotent

cells derived from reprogrammed differentiated somatic cells produced by a

roviding a differentiated somatic cell that contains af least one
exogenously introduced factor that contributes to reprogramming of
said cell to a pluripotent state;
maintaining said cell under conditions appropriate for proliferation of
said cell and for activity of said at least one exogenously introduced
factor for a period of time sufficient to activate at least one endogenous
pluripotency gene;
functionally inactivating said at Jeast one exogenously introduced

factor; and
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differentiating cells which display one or more markers of pluripotency

and cells which do not.

A method of producing a pluripotent cell from a somatic cell, comprising the

steps of?

(@)

(b)

providing one or more somatic cells that each contain at Ip4st one

exogenously introduced factor that contributes to reprogramming of

said cell to a pluripotent state, wherein said exogengfisly introduced

factor is introduced using an inducible vector widch is not subject to

methylation-induced silencing;

maintaining said one or more cells under gonditions appropriate for

proliferation of said cells and for activify of said at least one

exogenously introduced factor for aferiod of time sufficient to activate

at least one endogenous pluripoighcy gene;

functionally inactivating said At least one exogenously introduced

{actor:

selecting one or more ¢flls which display a marker of pluripotency;

generating a chimer€ embryo utilizing said one or more cells which

display a marker6f pluripotency:

obtaining one/r more somatic cells from said chimeric embryo;

maintaining said one or more somatic cells under conditions

appropplate for proliferation of said cells and for activity of said at least

one £xogenously introduced factor for a period of time sufficient to
tivate at least one endogenous pluripotency gene; and

differentiating between cells which display one or more markers of

pluripotency and cells which do not.

An isolated pluripotent cell produced by a method comprising:

(a)

providing one or more somatic cells that each contain at least one

exogenously introduced factor that contributes to reprogramming of
said cell to a pluripotent state, wherein said exogenously introduced
factor is introduced using an inducible vector which is not subject to

methylation-induced silencing;
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(b)

(c)

(d)
(¢)

M

(2)

(h)
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maintaining said one or more cells under conditions appropriate for

proliferation of said cells and for activity of said at least one
exogenously introduced facior for a peried of time sufficient to/Activale
at least one endogenous pluripotency gene;

functionally inactivating said at least one exogenously infroduced
factor;

selecting one or more cells which display a markep/of pluripotency;
generating a chimeric embryo utilizing said ong/or more cells which
display a marker of pluripotency;

obtaining one or more differentiated somgltic cells from said chimeric
embryo;

maintaining said one or more diffeyentiated somatic cells under
conditions appropriate for prolifration of said cells and for activity of
said at Jeast one exogenously'introduced factor for a period of time
sufficient to activate at lgdst one endogenous pluripotency gene; and
differentiating cells wHich display one or more markers of pluripotency

and cells which dofot.

A purified populatigf of somatic cells comprising at least 70% pluripotent

cells derived fropf reprogrammed differentiated somatic cells produced by a

xogenously introduced factor that contributes to reprogramming of
said cell 10 a pluripotent state, wherein said exogenously introduced
factor is introduced using an inducible vector which is not subject to
methylation-induced silencing;
maintaining said one or more cells under conditions appropriate for
proliferation of said cells and for activity of said at least one
exogenously introduced factor for a period of time sufficient to activate
at least one endogenous pluripotency gene;
functionally inactivating said at least one exogenously introduced
factor;

selecting one or more cells which display a marker of pluripotency;
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(e) generating a chimeric embryo utilizing said one or more cells which

display a marker of pluripotency;

H obtaining one or more differentiated somatic cells from said chi
embryo;

(g)  maintaining said one or more differentiated somatic cells
conditions appropriate for proliferation of said cells and/tor activity of
said at least one exogenously introduced factor for aferiod of time
sufficient to activate at least one endogenous plupfpotency gene; and

(hy  differentiating cells which display one or morg'markers of pluripotency

and cells which do not.

54. A method of reprogramming a differentiateg/immune cell to a pluripotent
state, comprising the steps of’

(a)  providing a differentiated imr#une cell that contains exogenously
introduced Oct4, Sox2, KI#4 and c-Mye, each under the control of an
inducible vector, and fifther contains exogenously introduced

C/EBPa;
(b) maintaining said £ell under conditions appropriate for proliferation of
41 activity of Oct4, Sox2, Klf*4, c-Myc and C/EBPa for

ime sufficient to activate endogenous Nanog and/or Oct4;

said cell and

(¢)  fungfionally inactivating exogenously introduced Oct4, Sox2, Klf-4

55. hurified population of immune cells comprising at least 70% pluripotent
cells derived from reprogrammed differentiated immune cells produced by a
method comprising the steps of’

(a)  providing a differentiated immune cell that contains exogenously
introduced Octd, Sox2, KIf-4 and ¢c-Myc, each under the control of an
inducible vector, and further contains exogenously introduced
C/EBPa;

(b)  maintaining said cell under conditions appropriate for proliferation of

said cell and for activity of Oct4, Sox2, Kif-4, c-Myc and C/EBPa for



56.

(c)

110
a period of time sufficient to activate endogenous Nanog and/or Ocit4;

and
functionally inactivating exogenously introduced Oct4, Sox2, KIf-4

and c-Myc.,

A method of identifying a reprogramming agent comprising:

(a)

(b)

(c)

(d)
(&)

®
(&)

providing one or more somatic celis that each contain ajfeast one
exogenously introduced factor that contributes to repfogramming of
said cell to a pluripotent state, wherein each of said exogenously
introduced factors is introduced using an indugible vector which is not
subject to methylation-induced silencing apd the expression of which
is controlled by regulatory elements inddced by distinet inducers;
maintaining said one or more cells upder conditions appropriate for
proliferation of said cells and for gctivity of said at least one
exogenously introduced factoyfor a period of time sufficient to
reprogram said cell or to agfivate at least one endogenous pluripotency
gene;

functionally inactivgting said at Jeast one exogenously introduced
factor;

selecting one g more cells which display a marker of pluripotency;

generating4 chimeric embryo utilizing said one or more cells which

aintaining said one or more somatic cells under conditions
appropriate for proliferation of said cells and for activity of said at least
one exogenously introduced factor wherein activity of said at least one
exogenously introduced factor is insufficient by itself to activate at
least one endogenous pluripotency gene;
contacting the somatic cell of (g) with one or more candidate
reprogramming agenis; and
identifying cells contacted with said one or more candidate
reprogramming agents which display one or more markers of

pluripotency,wherein candidate reprogramming agents which induce
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the somatic cell of (g) to display one or more m 5"of pluripotency

are identified as reprogramming a
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CLAIMS

(a)

()

A nucleic acid construct comprising at least two coding regions, wherein the
coding regions are linked to each by a nucleic acid that encodes a self-cleaving
peptide so as to form a single open reading frame, and wherein the coding
regions encode first and second reprogramming factors capable, either alone or
in combination with one or more additional reprogramming factors, of
reprogramming a mammalian somatic cell to pluripotency, wherein the nucleic
acid construct is not a plasmid that comprises two or more reprogramming
factors ligated across the 2A sequence of foot-and-mouth disease virus.

The nucleic acid construct of claim 1, further comprising:

a third coding region that encodes a third reprogramming factor, wherein the
three coding regions are linked to each other by nucleic acids that encode self-
cleaving peptides; or

third and fourth coding regions that encode third and fourth reprogramming
factors, wherein the four coding regions are linked to each other by nucleic acids
that encode self-cleaving peptides.

The nudeic acid construct of claim 1, wherein:

(a) the self-cleaving peptide is a viral 2A peptide or an aphthovirus 2 A peptide;
or

(b) the reprogramming factors are selected from Oct4, Nanog, Sox2, Kif4, Lin28,
and ¢c-Myc; or

(¢) the coding regions encode first and second reprogramming factors that
require at least one additional reprogramming factor in order to reprogram a
mammalian somatic cell to pluripotency; or

(d) the construct does not encode one of the reprogramming factors selected
from the group consisting of: Oct4, Kif4, Sox2, c-Myc, Lin28, and Nanog; or
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{e) the coding regions encode a set of reprogramming factors selected from the
group consisting of:
(i) Oct4 and Sox2; (i) Oct4 and Kif4; (iii) Oct4 and Nanog; (iv) Oct4, Kif4,
and Sox2; (v) Oct4, Nanog, and Lin28; (vi) Oct4, Nanog, and Sox2; and
(vii) any of (I) - (vi) and further including c-Myc.

An expression cassette comprising: the nucleic acid construct of caim 1

operably linked to a promoter, wherein the promoter drives transcription of a '
polycistronic message that encodes the reprogramming factors, each

reprogramming factor being linked to at least one other reprogramming factor by

a self-cleaving peptide; or

the nucleic acid construct of claim 1 operably linked to a promoter, wherein the

promoter drives transcription of a polydstronic message that encodes the

reprogramming factors, each reprogramming factor being linked to at least one

other reprogramming factor by a self-cleaving peptide and further comprising

one or more sites that mediate integration into the genome of a mammalian cell.

An expression vector comprising:

(a) the expression cassette of claim 4; or

(b) the expression cassette of claim 4, wherein the vector is retroviral; or
(c) the expression cassette of claim 4, whereln the promoter is inducible.

An isolated mammalian cell comprising:

(a) the expression cassette of claim 4;

(b) the expression cassette of claim 4, wherein the cell is selected from the
group consisting of: a somatic cell, a terminally differentiated somatic cell, and
an iPS cell; or

(c) the expression cassette of daim 4, wherein the cell is a human cell; or

(d) the expression cassette of claim 4, wherein the cell expresses two or three

reprogramming factors from the expression cassette; or
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(e) the expression cassette of claim 4, wherein the cell expresses three
reprogramming factors from the expression cassette, wherein the three
reprogramming factors are not sufficient to reprogram mammalian fibroblasts
with an efficiency of at least 0.05%; or

(f) the expression cassette of claim 4, wherein the cell expresses three
reprogramming factors from the expression cassette, wherein the three
reprogramming factors are sufficient to reprogram mammalian fibroblasts with
an efficiency of at least 0.05%.; or

(g) the expression cassette of claim 4, wherein the cell further comprises a
reporter gene integrated at a locus whose activation serves as a marker of

reprogramming to pluripotency.

A method of identifying a reprogramming agent comprising:

(A) maintaining a composition comprising the mammalian cell of claim 6 having a
reporter gene integrated at the Nanog or Oct4 locus whose activation serves as a
marker of reprogramming to pluripotency, and a test agentfor a time period
under conditions in which the reprogramming factors are expressed from the
expression cassette and cell proliferation occurs; and

(B) assessing the extent to which cells become reprogrammed, wherein the test
agent Is identified as a reprogramming agent or enhancer of reprogramming If
reprogramming occurs at a significantly greater frequency than would be the
case had the composition lacked the test agent,

The method of claim 7, wherein the test agent is identified as a reprogramming
agent If cells do not become reprogrammed at a detectable frequency if
maintained for the time period in the absence of the test agent but do become
reprogrammed at a detectable frequenty if maintained in the presence of the
test agent for at least a portion of the time period; or

wherein the test agent is Identified as an enhancer of reprogramming agent If
cells become reprogrammed at a detectable frequency if maintained for the time
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period in the absence of the test agent and become reprogrammed at a
significantly greater frequency if maintalned in the presence of the test agent for
at least a portion of the time period.

The method of claim 7, wherein the cells express a set of reprogramming factors
from the expression cassette, wherein the set consists of: (i) Oct4 and Sox2; (i)
Oct4 and KIf4; (iii) Oct4 and Nanog; (iv) Oct4, Kif4, and Sox2; (v) Oct4, Nanog,
and Lin28; (vi) Oct4, Nanog, and Sox2; and (vii) any of (i) - {(vi) further including
c-Myc.,



