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CLAIMS 

What is claimed is: 

10 

1, A nucleic acid construct comprising at least two coding regionsywherein 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 rcprogramming factors capable, either/alone or in 

combination with one or more additional reprogramming factors, of rcprogramming a 

mammalian somatic cell to pluripotency. 

15 

2. The nucleic acid construct of claim 1, further comprising a third coding 

regions that encodes a third reprogramming factor, wherein the three coding regions 
are linked to each other by nucleic acids th^encode self-cleaving peptides so as to 

form a single open reading frame. 

20 

3. The nucleic acid construct m claim 3, further comprising third and fourth 

genes that encode third and foupfli reprogramming factors, wherein the four coding 
regions are linked to each otfter by nucleic acids that encode self-cleaving peptides so 

as to form a single open reading frame. 

4. The nucleii^acid construct of claim 1, wherein the self-cleaving peptide is a 

viral 2A peptide/ 

25 5. The nucleic acid construct of claim 1, wherein the self-cleaving peptide is an 

aphthc^/irus 2A peptide. 

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

selected from Oct4, Nanog, Sox2, KIf4, Lin28, and c-Myc. 

7. The nucleic acid construct of claim 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, 

5 9. The nucleic acid construct of claim 1, wherein the construct does not ej^ode 

Klf4. 
10. The nucleic acid construct of claim 1, wherein the construct doe/not encode 

Sox2. 

10 11. The nucleic acid construct of claim 1, wherein the corj^fruct does not encode 
c-Myc. 

15 

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

Lin28. 

13. The nucleic acid construct of claiq/l, wherein the construct does not encode 

Nanog. 

20 

25 

14. The nucleic acid construe of claim 1, wherein the coding regions encode a set 

of reprogramming factors selected from: (i) the set consisting of Oct4 and Sox2; (ii) 
the set consisting of Oct4/and K.U4; (iii) the set consisting of Oct4 and Nanog; (iv) the 

set consisting of Oct4/Klf4, and Sox2; (v) the set consisting of Oct4, Nanog, and 

Lin28; (vi) the set/insisting of Oct4, Nanog, and Sox2; and (vii) the set consisting of 

any of (i) - (vi Vand further including c-Myc. 

15. M expression cassette comprising the nucleic acid construct of claim 1 
operaWy linked to a promoter, wherein the promoter drives transcription of a 
pofycistronic message that encodes the reprogramming factors, each reprogramming 

"Tactor being linked to at least one other reprogramming factor by a self-cleaving 
peptide. 

16. The expression cassette of claim 15, further comprising one or more sites that 
mediate integration into the genome of a mammalian cell. 



17. An expression 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 inducible. 

20. A mammalian cell comprising the expression cassette of clajm 15. 

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

22. The mammalian cell of claim 20, wherein the coll is a terminally differentiated 
somatic cell. / 

23. The mammalian cell of claim 20, wheyein the cell is an iPS cell. 

24. A chimeric mouse generated at least 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 into a mouse blastocyt and allowing the blastocyst to develop 
into a mouse in vivo. / 

26. A cell obt2»ned from the mouse of claim 24, wherein the cell is derived from 
the iPS cell. / 

27. 7ne mammalian cell of claim 20, wherein the cell is a human cell. 

2W. 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. / 

5 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 fibroblasts with an 

efficiency of at least 0.05%. / 

10 32. The mammalian cell of claim 20, wherein the cell egresses 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%. / 

15 33. The mammalian eel! of claim 20, wnerein the cell further comprises a reporter 
gene integrated at a locus whose activation serves as a marker of reprogramming to 

pluripotency. / 

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

20 and Oct4. / 

35. A composition comprising multiple essentially genetically identical cells of 

claim 20. / 

25 36. ^composition for identifying a reprogramming agent, the composition 

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

/37, The composition of claim 34, further comprising an agent that induces 
/ expression of the reprogramming factors from the expression cassette. 

30y 
/ 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 cassette and c§ 

proliferation occurs; and 
(ii) assessing the extent to which cells become reprogrammed, wherein the terfi agent 
is identified as a reprogramming agent or enhancer of reprogramming if 
reprogramming occurs at a significantly greater frequency than wouldJ6c the case had 
the composition lacked the test agent. 

10 

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

40. 'Hie method of claim 36. wherein the lest agjmt is present for at least X days. 

41. The method of claim 36, wherein the test agent is identified as a 
15 reprogramming agent if cells do not becorale 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 frequency if maintained in the presence of the test agent 

for at least a portion of the time period. 

20 

25 

42. The method of claim 36. wherein the test agent is identified as an enhancer of 

reprogramming agent ifcells become reprogrammed at a detectable frequency if 

maintained lor the time period in the absence of the test agent and become 

reprogrammed aj/a significantly greater frequency if maintained in the presence of the 

test agent for^m least a portion of the time period. 

43. /The method of claim 36, wherein the cells express a set of reprogramming 
factafs from the expression cassette, wherein the set consists of: (i) Oct4 and Sox2; 

(j/) Gct4 and Klf4: (iii) Oct4 and Nanog; (iv) Oct4, Klf4, and Sox2; (v) Oct4, Nanog, 

and Lin28; (vi) Oct4, Nanog, and Sox2; and (vii) any of (i) - (vi) further including c-
Myc. 

44. A method of reprogramming a differentiated somatic cell to a pluripotent state, 
comprising the steps of: 
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(a) contacting a differentiated somatic cell with at least one 

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

(b) maintaining said cell under conditions appropriate for proliferate^ of 
said cell and for activity of said at least one reprogramming agent for a 

period of time sufficient to begin reprogramming of said c^fl; and 

(c) functionally inactivating said at least one reprogrammyig agent, 

45. A method of reprogramming a differentiated somatic cejKto a pluripotent stale, 

comprising the steps of: 
(a) providing a differentiated somatic cell thai/contains at least one 

exogenously introduced factor that conjnbutes to reprogramming of 
said cell to a pluripotent state; 

(b) 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 jwfficient to activate at least one endogenous 
pluripotency gene; and 

fc) functionally inactivating said at least one exogenously introduced 

factor. 

46. A method of selecting a differentiated somatic ceJl that has been 
reprogrammed to a pluripotent state, comprising the steps of: 
(a) providing a differentiated somatic cell that contains at least one 

exogenously introduced factor thai contributes to reprogramming of 
said cell to a pluripotent state; 

(by 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; 
(c) functionally inactivating said at least one exogenously introduced 

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

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

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

cells derived from reprogrammed differentiated somatic cells. / 

49. An isolated pluripotent cell produced by a method comprising: 
(a) providing a differentiated somatic cell that conUrms at least one 

exogenously introduced factor that contributes to reprogramming of 

said cell to a pluripotent state; / 

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

said cell and for activity of said at l^ast one exogenously introduced 
factor for a period of time sufficient to activate at least one endogenous 
pluripotency gene; / 

(c) functionally inactivating xaid at least one exogenously introduced 

factor; and / 
(d) differentiating cell? which display one or more markers of pluripotency 

from cells whicli do not. 

50. A purified popujmion of somatic cells comprising at least 70% pluripotent 

cells derived/rom reprogrammed differentiated somatic cells produced by a 

method comprising. 
(a) /providing a differentiated somatic cell that contains at least one 
/ exogenously introduced factor that contributes to reprogramming of 

/ said cell to a pluripotent slate; 
/ (b) 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: 
(c) functionally inactivating said at least one exogenously introduced 

factor; and 
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(d) 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 / 

(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 exogeruausly introduced 
factor is introduced using an inducible vector which is not subject to 

methylation-induced silencing; / 
(b) maintaining said one or more cells under conditions appropriate for 

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

exogenously introduced factor for ^period of time sufficient to activate 

at least one endogenous pluripotency gene; 
(c) functionally inactivating saicLm least one exogenously introduced 

factor; / 
(d) selecting one or more caflls which display a marker of pluripotency; 

(e) generating a chimeric embryo utilizing said one or more cells which 

display a markei/of pluripotency; 
(f) obtaining one/or more somatic cells from said chimeric embryo; 
(g) maintaining 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 for a period of time sufficient to 
a&ivate at least one endogenous pluripotency gene; and 

(h) /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) 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 t Deactivate 
at least one endogenous pluripotency gene; / 

(c) functionally inactivating said at least one exogenously introduced 
factor; / 

(d) selecting one or more cells which display a marke^of pluripotency; 

(e) generating a chimeric embryo utilizing said one^or more cells which 
display a marker of pluripotency, / 

(1) obtaining one or more differentiated sommic cells from said chimeric 
embryo; / 

(g) maintaining said one or more differentiated somatic cells under 

conditions appropriate for proliferation of said cells and for activity of 
said at least one exogenousl/introduced factor for a period of time 
sufficient to activate at legist one endogenous pluripotency gene; and 

(h) differentiating cells wKich display one or more markers of pluripotency 
and cells which do/not. 

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

cells derived froin reprogrammed differentiated somatic cells produced by a 
method comnnsing: 

(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; 

(b) 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; 

(c) functionally inactivating said at least one exogenously introduced 
factor; 

(d) 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; / 
(f) obtaining one or more differentiated somatic cells from said chimoic 

embryo; / 
(g) maintaining said one or more differentiated somatic cells uiwer 

conditions appropriate for proliferation of said cells and/for activity of 
said at least one exogenously introduced factor for ^period of time 
sufficient to activate at least one endogenous pluripotency gene; and 

(h) differentiating cells which display one or morermarkers of pluripotency 

and cells which do not. / 

A method of reprogramming a d i fferen t i at ecn m in u ne cell to a pluripotent 

state, comprising the steps of; / 
(a) providing a differentiated immune cell that contains exogenously 

introduced Oct4, So\2, Kl^4 and c-Myc, each under the control of an 
inducible vector, and funher contains exogenously introduced 
C/EBPa; / 

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

said cell andJm activity of Oct4, Sox2, KIf-4, c-Myc and C/EBPa for 
a period omime sufficient to activate endogenous Nanog and/or Oct4; 
and / 

(c) functionally inactivating exogenously introduced Oct4, Sox2, K.lf-4 
and c-Myc. 

jVpurified 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 Oct4, Sox2, Klf-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, Klf-4, c-Myc and C/EBPa for 
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a period of time sufficient to activate endogenous Nanog and/or Oti4; 
and 

(c) functionally inactivating exogenously introduced Oct4, Sox2, Klf-4 ^ 
and c-Myc, 

A method of identifying a reprogramming agent comprising: 

(a) providing one or more somatic cells that each contain at/east one 
exogenously introduced factor that contributes to reprogramming of 

said cell to a pluripotent state, wherein each of saja exogenously 

introduced factors is introduced using an inducible vector which is not 
subject to methylation-induced silencing aofl the expression of which 
is controlled by regulatory elements indeed by distinct inducers; 

(b) maintaining said one or more cells imicr 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 

reprogram said cell or to aouvate at least one endogenous pluripotency 
gene; 

(c) functionally inactiv^Jfog said at least one exogenously introduced 

factor; 
(d) selecting one more cells which display a marker of pluripotency; 

(e) generating^ chimeric embryo utilizing said one or more cells which 

display/^marker of pluripotency; 

obtaining one or more somatic cells from said chimeric embryo; 

maintaining 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 agents; 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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CLAIMS 

1. 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. 

2. The nucleic acid construct of claim 1, further comprising: 
(a) 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 

(b) 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. 

3. The nucleic 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, KIM, Ljn28, 
and c-Myc; or 
(c) the coding regions encode first and second reprogramming factors that 
require at least one additional reprogramming factor in order to reprogram a 
mammalian somatic ceil to pluripotency; or 
(d) the construct does not encode one of the reprogramming factors selected 
from the group consisting of: OcM, Klf4, 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; (ii) Oct4 and Klf4; (iii) Oct4 and Nanog; (iv) Oct4, Klf4, 

and Sox2; (v) Oct4, Nanog, and Lin28; (vi) Oct4, Nanog, and Sox2; and 

(vii) any of (i) - (vi) and further including c-Myc. 

4. An expression cassette comprising: the nucleic acid construct of claim 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 polycistronic 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. 

5. 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, wherein the promoter is inducible. 

6. 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 eel! is a human ceil; 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 ceil 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. 

7. 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 agent,for 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. 

8. 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 frequency 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 maintained 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; (ii) 
Oct4 and Klf4; (iii) Oct4 and Nanog; (iv) Oct4, Klf4, and Sox2; (v) Oct4, Nanog, 
and Lin28; (vi) Oct4, Nanog, and Sox2; and (vii) any of (i) - (vi) further including 
c-Myc. 


