clarified that a motor neuron generated from an iPS cell derived from a patient with
amyotrophic lateral sclerosis (ALS) using the present method autonomously undergoes
cell death, and the cell death can be efficiently suppressed by an ALS therapeutic agent.
Furthermore, the present inventors discovered that, among the above three genes,
an introduction of Ngn2 gene alone into a pluripotent stem cell followed by an
induction of the expression of said gene causes a prompt and synchronized
differentiation into a neuron. In addition, it was clarified that a neuron generated from
an iPS cell derived from a patient with Alzheimer's type dementia produces A peptide
in a manner characteristic to the disease.
Based on those findings, the present inventors completed the invention.
[0012]

In one aspect, there ig vrovided a method of cenerating a motor neuron from a

vluripotent stem cell, comprising the following steps in order from (1) to (2):

{1) iptroducing one or more nucleic acids encodipne Thx3, Nen2. and Isll into a

sluripotent stem cell; and (2) maintaining expression of the Lhx3, Nen2. and sl in the

Yuripotent stem cell for three davs or more,

In another aspect, there is provided a method of identifyving a marker specific to a

subiect for whorn an investizational acent for motor neuron diseases or nerve injury has

been confirmed to be effective (narpely, a responder) or ineffective (namely. a

non-responder), comprising the following steps of (1) to (3):

{ 1) producing induced pluripotent stem cells from somatic cells isolated from a

responder and a non-responder:

23 generating motor newrons from the induced plurinotent stem cells obtained in step

{1}, by the method according to the present lnvention:

31 measuring an amount of gene products in the motor neurons derived from the

responder and the non-responder, which were obtained in step (2); and

{4) identilving a gene product which amount is hicher in the motor neurons derived

from the responder than 1o the motor newrons derved from the non-responder as the

responder-specific marker, or g gene product which amount is lower in the motor

neurons derived from the responder than 1o the motor newrons derived from the

non-responder as the non-responder-specific marker.

In a further aspect, there 1s provided a method of selecting a subject for whom a

therapeutic agent is effective, commprising the following steps of (1) 10 (31

1) producing induced pluripotent stem cells from somatic cells isoclated from a subject:

(2 generating motor peurons from the induced pluripotent stem cells obtained in step

13, by the method according to the present invention:
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(3) detecting the presence or absence of a marker in the motor neurons obtained in ster

(2). wherein the marker has been identified as a responder-specific or a

nop-responder-specific marker by the method according to the present invention: and

43 selecting a subiect as the subiect tor whom the therapeutic avent corresponding 1o

saxd marker is effective, when the responder-specific marker has been detecied, or the

non-resnonder-specific marker has not been delected in the motor neurons derived from

said subject

In vet a further aspect. there 1s provided a pluripotent stem cell in which one or more

exogenous nucleie acids encoding Lhx3, NenZ. and Isll have been inserted into the

chromosorme, wherein said nucleic acid is functionally connected to a drug-responsive

promoter: and wherein said pluripotent stem cell is mnduced to differentiate into a molor

neuron when expression of the Lhx3, Nen2. and Isll is maintained {or three davs or

more.

In one aspect, there is provided blood cells differentiated from the pluripotent stem cell

according o the present invention.

In another aspect, there is provided a therapeutic composition for use in the treatment of

motor newron disease or nerve injury, comprising a pluripotent stem cell according to

the present invention as an effective meredient.

In vet another aspect, there 1s provided g therapeutic composition for use in the

treatment of motor neuron disease or nerve inury, comprising blood cells according to

the present invention as an effective ingredient.

In vet another aspect, there is provided a method for screening a therapeutic agent for

amvotrophic lateral sclerosis, comprising the following steps of (1) to (5):

(1) generating motor neurons from induced pluripotent stem cells by the method

according 1o the present invention, wherein the induced plurinotent stem cells have been

produced from somatic cells isolated from a patient with amvotrophic lateral sclerosis;

{23 brinoing a test substance into contact with the motor newrons obtained in sten {1}

33 cultunne the motor neurons which have been contacted with the substance in ste

(23 and the motor neurons which have not been contacted with the substance {ie..

(4) measuring the cell number and/or the neurite length of the wotor neurons oblained

through sten (3

{5} selecting a test substance as the therapeutic apent for amvotrophic lateral sclerosis,

when the value of the cell number and/or the neurite leneth of the motor newrons which

have been contacted with said substance is higher than the value of the control cells,
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\ That is, the present nvesntiondisclosure also provides the following.
[1] A method of generating a motor neuron from a pluripotent stem cell, comprising the
following steps in order from (1) to (2):
(1) introducing one or more nucleic acids encoding Lhx3, Ngn2, and Isll into a
pluripotent stem cell;
(2) maintaining the expression of Lhx3, Ngn2, and Isl1 for three days or more.
[2] The method according to [1], wherein said nucleic acids are introduced into the cell

using a transposon.

[3] The method according to [2], wherein said transposon is a piggyBac transposon.



114

[CLAIMS]

What is claimed is:

1. A method of generating a motor neuron from a pluripotent stem cell,

comprising the following steps in order from (1) to (2):

(1) introducing one or more nucleic acids encoding Lhx3, Ngn2, and Isll into a

pluripotent stem cell; and

(2) maintaining expression of the Lhx3, Ngn2, and Isl! in the pluripotent stem cell for

three days or more.

2. The method according to claim 1, wherein said nucleic acids are introduced

into the cell using a transposon.

3. The method according to claim 2, wherein said transposon is a piggyBac
transposon.
4. The method according to any of claims 1 to 3, wherein the expression of Lhx3,

Ngn2, and Isll is driven by a drug-responsive promoter.

5. The method according to claim 4, wherein said drug-responsive promoter is a

tetracycline-responsive promoter.
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6. The method according to claim 1, wherein Lhx3, Ngn2, and Isl1 are

polycistronically expressed from the nucleic acid.

7. The method according to claim 6, wherein the nucleic acid encoding Lhx3,

Ngn2, or Isl1 is connected via a nucleic acid encoding a 2A sequence.

8. The method according to any of claims 1 to 7, wherein the expression of Lhx3,

Ngn2, and Isl1 is maintained for 7 days or more in step (2).

9. The method according to any of claims 1 to 8, wherein step (1) further
comprises a step of inducing differentiation of the pluripotent stem cell in which the

nucleic acid has been introduced, into blood cells.

10. The method according to claim 9, wherein said blood cells are monocytes
and/or macrophages.
11. The method according to claim 9 or 10, wherein said step of inducing

differentiation of the pluripotent stem cell into blood cells consists of culturing the

pluripotent stem cell together with bone marrow-derived stromal cells in the presence of
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a stem cell factor, a macrophage-colony stimulating factor, and an interleukin-3.

12. The method according to any of claims 1 to 11, wherein said pluripotent stem

cell is an induced pluripotent stem cell derived from a human.

13. The method according to any of claims 1 to 12, wherein said pluripotent stem

cell has one or more mutant SOD1 genes.

14, Amethod of identifying a marker specific to a subject for whom an
investigational agent for motor neuron diseases or nerve injury has been confirmed to be
effective (namely, a responder) or ineffective (namely, a non-responder), comprising the

following steps of (1) to (3):

(1) producing induced pluripotent stem cells from somatic cells isolated from a

responder and a non-responder;

(2) generating motor neurons from the induced pluripotent stem cells obtained in step

(1), by the method according to any of claims 1-8;

(3) measuring an amount of gene products in the motor neurons derived from the

responder and the non-responder, which were obtained in step (2); and

(4) identifying a gene product which amount is higher in the motor neurons derived

from the responder than in the motor neurons derived from the non-responder as the
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responder-specific marker, or a gene product which amount is lower in the motor
neurons derived from the responder than in the motor neurons derived from the

non-responder as the non-responder-specific marker.

15. A method of selecting a subject for whom a therapeutic agent is effective,

comprising the following steps of (1) to (3):
(1) producing induced pluripotent stem cells from somatic cells isolated from a subject;

(2) generating motor neurons from the induced pluripotent stem cells obtained in step

(1), by the method according to any of claims 1-8;

(3) detecting the presence or absence of a marker in the motor neurons obtained in step
(2), wherein the marker has been identified as a responder-specific or a

non-responder-specific marker by the method according to claim 14; and

(4) selecting a subject as the subject for whom the therapeutic agent corresponding to
said marker is effective, when the responder-specific marker has been detected, or the
non-responder-specific marker has not been detected in the motor neurons derived from

said subject.

16. A pluripotent stem cell in which one or more exogenous nucleic acids encoding

Lhx3, Ngn2, and Isl1 have been inserted into the chromosome,

wherein said nucleic acid is functionally connected to a drug-responsive promoter; and
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wherein said pluripotent stem cell is induced to differentiate into a motor neuron when

expression of the Lhx3, Ngn2, and Isll is maintained for three days or more.

17. The pluripotent stem cell according to claim 16, wherein said nucleic acids
express Lhx3, Ngn2, and Isll in a polycistronic manner under the control of the

drug-responsive promoter.

18. The pluripotent stem cell according to claim 17, wherein said nucleic acids

have been mserted into the chromosome by a transposon.

19. The pluripotent stem cell according to claim 18, wherein said transposon is a

piggyBac transposon.

20. The pluripotent stem cell according to any of claims 16 to 19, wherein said

drug-responsive promoter is a tetracycline-responsive promoter.

21. The pluripotent stem cell according to any of claims 16 to 20, wherein the
nucleic acid encoding Lhx3, Ngn2, or Isll is connected via a nucleic acid encoding 2A

sequence.
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22. The pluripotent stem cell according to any of claims 16 to 21, wherein said

pluripotent stem cell is an induced pluripotent stem cell derived from a human.

23. The pluripotent stem cell according to any of claims 16 to 22, wherein said

pluripotent stem cell has one or more mutant SOD1 genes.

24. Blood cells differentiated from the pluripotent stem cell according to any of

claims 16 to 22.

25. The blood cells according to claim 24, wherein said blood cells are monocytes
and/or macrophages.
26. A therapeutic composition for use in the treatment of motor neuron disease or

nerve injury, comprising a pluripotent stem cell according to any of claims 16 to 22 as

an effective ingredient.

27. The therapeutic composition according to claim 26, wherein said motor neuron

disease is amyotrophic lateral sclerosis.

28. A therapeutic composition for use in the treatment of motor neuron disease or
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nerve injury, comprising blood cells according to claim 24 or 25 as an effective

ingredient.

29. The therapeutic composition according to claim 28, wherein said motor neuron

disease is amyotrophic lateral sclerosis.

30. A method for screening a therapeutic agent for amyotrophic lateral sclerosis,

comprising the following steps of (1) to (5):

(1) generating motor neurons from induced pluripotent stem cells by the method
according to any of claims 1-8, wherein the induced pluripotent stem cells have been

produced from somatic cells isolated from a patient with amyotrophic lateral sclerosis;

(2) bringing a test substance into contact with the motor neurons obtained in step (1);

(3) culturing the motor neurons which have been contacted with the substance in step
(2) and the motor neurons which have not been contacted with the substance (i.e.,

control cells);

(4) measuring the cell number and/or the neurite length of the motor neurons obtained

through step (3);

(5) selecting a test substance as the therapeutic agent for amyotrophic lateral sclerosis,
when the value of the cell number and/or the neurite length of the motor neurons which

have been contacted with said substance is higher than the value of the control cells.
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31. The method according to claim 30, wherein said somatic cells have one or

more mutations in SOD1 gene.
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[CLAIMS]

What is claimed is:

1. A method of generating a motor neuron from a pluripotent stem cell,

comprising the following steps in order from (1) to (2):

(1) introducing one or more nucleic acids encoding Lhx3, Ngn2, and Isl1 j

pluripotent stem cell; and

/
7/
//
//
2. The method according to claim 1, wherein said/nucleic acids are introduced
into the cell using a transposon.
3. The method according to claim 2 wherein said transposon is a piggyBac
transposon.
4. The method accord""w g to any of claims 1 to 3, wherein the expression of Lhx3,
Ngn2, and Isl1 is driven, ‘jy a drug-responsive promoter.
5. The ngethod according to claim 4, wherein said drug-responsive promoter is a

¢-responsive promoter.
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6. The method according to claim 1, wherein Lhx3, Ngn2, and Isl1 are

polycistronically expressed from the nucleic acid.

7. The method according to claim 6, wherein the nucleic acid enco 'hg Lhx3,

7
8. The method according to any of claims 1 to 7, whe;b/in the expression of Lhx3,

Ngn2, and Isll is maintained for 7 days or more in step (2

7
9. The method according to any of claims 6 to 8, wherein step (2) further
e

4 .
comprises steps of introducing the cell obt; ined in step (1) into an animal body, and

nt corresponding to the drug-responsive

bringing the cell into contact with an/ag;"

promoters in the animal body. S

7

7

10. The method acco dmg fo any of claims 1 to 9, wherein step (1) further
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and/or macrophages.

12. The method according to claim 10 or 11, wherein said step of inducing

differentiation of the pluripotent stem cell into blood cells consists of culturing

/
14. The method according to any of claim/sd/ to 13, wherein said pluripotent stem
cell has one or more mutant SOD1 genes. /y/
/
15. A method of identifying @%arker specific to a subject for whom an

investigational agent for mot?/neuron diseases or nerve injury has been confirmed to be
effective (namely, a respo;éfér) or ineffective (namely, a non-responder), comprising the

following steps of (1) t ,~‘(3):

(1) producing ind/ , Led pluripotent stem cells from somatic cells isolated from a

responder and £ non-responder;

(2) genergling motor neurons from the induced pluripotent stem cells obtained in step
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(1), by the method according to any of claims 1-§;

(3) measuring an amount of gene products in the motor neurons derived from the

responder and the non-responder, which were obtained in step (2); and

16. A method of selecting a subject for whom a ‘gb*érapeutic agent is effective,

comprising the following steps of (1) to (3): /

7

S

(1) producing induced pluripotent stem cells ;{(/)m somatic cells isolated from a subject;
ﬁ’yy L
(2) generating motor neurons from the 1?6/ ced pluripotent stem cells obtained in step

(1), by the method according to any ?f( claims 1-8§;

(3) detecting the presence or ab Ae of a marker in the motor neurons obtained in step

(2), wherein the marker has )zfeen identified as a responder-specific or a
7

non-responder-specific 1 Arker by the method according to claim 15; and

/
(4) selecting a subj 90/t as the subject for whom the therapeutic agent corresponding to

said marker is effective, when the responder-specific marker has been detected, or the

non-responr—speciﬁc marker has not been detected in the motor neurons derived from

./

said subjéct.
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17. A pluripotent stem cell in which one or more exogenous nucleic acids encoding’

%y

Lhx3, Ngn2, and Isl1 have been inserted into the chromosome.

18. The pluripotent stem cell according to claim 17, wherein said nug eic acids
express Lhx3, Ngn2, and Isl1 in a polycistronic manner under the con o1 of an

inducible promoter.

19. The pluripotent stem cell according to claim 12}%@herein said nucleic acids
have been inserted into the chromosome by a transpg,&n‘

20. The pluripotent stem cell accordir ¢ to claim 19, wherein said transposon is a
piggyBac transposon.

21. The pluripotent sten}/é/:ell according to any of claims 17 to 20, wherein said

rd
nucleic acid is functionallgg/ connected to a drug-responsive promoter.

22. The pl 'poten{ stem cell according to claims 21, wherein said drug-responsive

promoter is # tetracycline-responsive promoter.
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23. The pluripotent stem cell according to any of claims 18 to 22, wherein the

nucleic acid encoding Lhx3, Ngn2, or Isll is connected via a nucleic acid encoding 2A

sequence.

24. The pluripotent stem cell according to any of claims 17 to 23, whin said

25. The pluripotent stem cell according to any of claims J 4{7 to 24, wherein said
///
pluripotent stem cell has one or more mutant SOD1: geneg/

26. Blood cells differentiated from the pl '»‘j;}otent stem cell according to any of

claims 17-24. 7

27. The blood cells accordiigy’fb claim 26, wherein said blood cells are monocytes

and/or macrophages. /’ '
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29. The therapeutic composition according to claim 28, wherein said motor neuron

disease is amyotrophic lateral sclerosis.

31. The therapeutic composition according to claim 30, whe £in said motor neuron

disease is amyotrophic lateral sclerosis.

7
32. A method for screening a therapeutic agerg/for amyotrophic lateral sclerosis,
fz
comprising the following steps of (1) to (5): /
/S

(1) generating motor neurons from induce?ff)luripotent stem cells by the method
according to any of claims 1-8, whereiny the induced pluripotent stem cells have been

produced from somatic cells isolat%, from a patient with amyotrophic lateral sclerosis;
/

4

S

(2) bringing a test substance mt()/ contact with the motor neurons obtained in step (1);

i
(3) culturing the motor ng?é(rons which have been contacted with the substance in step
7 ‘
(2) and the motor neu;(’fns which have not been contacted with the substance (i.e.,

control cells);

(4) measuring/the cell number and/or the neurite length of the motor neurons obtained

through sg€p (3);
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(5) selecting a test substance as the therapeutic agent for amyotrophic lateral sclerosis,

when the value of the cell number and/or the neurite length of the motor neurons which "

have been contacted with said substance is higher than the value of the control cells. ¥

34. A method of generating a neuron from a pluripotent /;;t{am cell, comprising the
following steps in order from (1) to (2): , //
7

y"
7/
(1) introducing a nucleic acid encoding Ngn2 into a /p‘-'Iuripotent stem cell using a

7
transposon; /
/
/
(2) inducing an activation of the promotor ané maintaining expression of the Ngn2 for

three days or more.

transposon. /’

36. The me /od according to claim 34 or 35, wherein the expression of Ngn2 is

driven by a dfug-responsive promoter.




37. The method according to claim 36, wherein said drug-responsive promoter is a

tetracycline-responsive promoter.

38. The method according to any of claims 34 to 37, wherein the expressi

Ngn?2 is maintained for 7 days or more in step (2).

N " //4
39. The method according to any of claims 34 to 38, whe?’step (2) further

comprises steps of introducing the cells obtained in step (1) iy 0 an animal body, and

41. The method accordin /to claim 40, wherein said human-derived induced
pluripotent stem cells havygeen produced from somatic cells isolated from a patient

with Alzheimer's diseyé{

42. The method according to claim 40, wherein said human-derived induced

pluripotent stem cells have one or more mutations in presenilin 1 gene.
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43. A method of identifying a marker specific to a subject for whom an
investigational agent for Alzheimer's disease has been confirmed to be effective (naghely,
eps in

a responder) or ineffective (namely, a non-responder), comprising the following

order (1) to (3):

(1) producing induced pluripotent stem cells from somatic cells isolaterrom a

responder and a non-responder;

(2) generating neurons from the induced pluripotent stem cells/eﬂ)tained in step (1), by
/

the method according to any of claims 34-38; /
/"I/
/

(3) measuring the amount of gene products in the neugdﬁs derived from the responder

and the non-responder, which were obtained in ste/pf@); and
7

7
(4) identifying a gene product which amount i¢ higher in the neurons derived from the
/

responder than in the neurons derived from ‘the non-responder as the responder-specific

marker, or a gene product which amo {t is lower in the neurons derived from the

non-responder-specific marker,/

/

responder than in the neurons c?uéd from the non-responder as the

44. A method O/ﬁ‘éelecting a subject for whom a therapeutic agent is effective,

comprising the fo "fgwing steps of (1) to (3):

(1) producing induced pluripotent stem cells from somatic cells isolated from a subject;

grating neurons from the induced pluripotent stem cells obtained in step (1), by
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the method according to any of claims 34-38;

(3) detecting the presence or absence of the a marker in the neurons obtained in step (2 ”

wherein the marker has been identified as a responder-specific or a

non-responder-specific marker by the method according to claim 43; and

(4) selecting the subject as the subject for whom the therapeutic agent corrg 'ponding to
said marker is effective, when the responder-specific marker is detected/or the
p

non-responder-specific marker is not detected in the neurons derivedfrom said subject.

7

45. A pluripotent stem cell in which an exogenous ny deic acid encoding Ngn?2 has

been inserted in the chromosome by a transposon. /

/,

/
J
//
46. The pluripotent stem cell according/y{é) claim 45, wherein said transposon is.a
7
piggyBac transposon.
47. The pluripotent stem 4) according to claim 45 or 46, wherein said nucleic

acid is functionally conne?téd to a drug-responsive promoter.
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49, The pluripotent stem cell according to any of claims 45 to 48, wherein said

pluripotent stem cell is an induced pluripotent stem cell derived from a human.

patient with Alzheimer's disease.

51, The pluripotent stem cell according to claim 49, whg;fgin said human-derived

induced pluripotent stem cell has one or more mutations 1 ’/presenilin 1 gene.

/

7

/
52. A method for screening a therapeutic agent for Alzheimer's disease, comprising

the following steps in order (1) to (4):

(1) generating neurons from induced pl ﬁpotent stem cells by the method according to

any of claims 34-38, wherein the in/dﬁced pluripotent stem cells have been produced
K

(2) bringing a test substan;/éfinto contact with the neurons obtained in step (1);
7

/ . . . .
from somatic cells isolated fmy’a patient with Alzheimer's disease;

(3) culturing the neurg;-': s which have been contacted with the substance in step (2) and
the neurons Whichfﬁave not been contacted with the substance (i.e., control cells), and

measuring the gmount of AP42 in the medium;

(4) selectifig a test substance as the therapeutic agent for Alzheimer's disease, when the




amount of AB42 in the medium of the neurons which have been contacted with said

substance is lower than the amount of AB42 in the medium of control cells.

53. The method according to claim 52, wherein

step (3) further comprises a step of measuring the amount of AB40 in the /'dium, and

Alzheimer's disease, when the ratio of the amount of AP42 to tha/ "f AB40 (i.e., the
/

amount of AB42/the amount of AB40) in the medium of the n@érons which have been

¥
Vg

contacted with said substance is lower than that of control ells.




