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(57) ABSTRACT 

The present invention relates to inter alia, methods for the 
generation and maintenance of Mesoderm-derived ISL1+ 
Multipotent Progenitors (IMPs), the production of a number 
of pluripotent cells including and epicardial pluripotent cells 
(EPCs) and using these cells to produce endothelial cells, 
cardiomyocytes, Smooth muscle cells, vascular cells and 
other cells and related methods as otherwise disclosed herein. 
The invention also relates to compositions comprising a 
population of cells. 
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FIGURE 2C 
  



Patent Application Publication Dec. 15, 2011 Sheet 5 of 97 US 2011/0305672 A1 

  



US 2011/0305672 A1 Dec. 15, 2011 Sheet 6 of 97 Patent Application Publication 

  



Patent Application Publication Dec. 15, 2011 Sheet 7 of 97 US 2011/0305672 A1 

K. : 

Sarc. Actin 

  



Patent Application Publication Dec. 15, 2011 Sheet 8 of 97 US 2011/0305672 A1 

S 

erived 
Endothelia Cells 

VE-Cacherin 

  



Patent Application Publication Dec. 15, 2011 Sheet 9 of 97 US 2011/0305672 A1 

R. A. 

SO 

  



Patent Application Publication Dec. 15, 2011 Sheet 10 of 97 US 2011/0305672 A1 

R 

As ESO S. 

  



Patent Application Publication Dec. 15, 2011 Sheet 11 of 97 US 2011/0305672 A1 

REC 

As SC St. 

  



Patent Application Publication Dec. 15, 2011 Sheet 12 of 97 US 2011/0305672 A1 

S+ 8O 

Multipotent s 60 
Progenitor to 

- Y - - - , 
PDGFRC SSEA3 

  



Patent Application Publication Dec. 15, 2011 Sheet 13 of 97 US 2011/0305672 A1 

RE 8 

Self-renewing 
  



Patent Application Publication Dec. 15, 2011 Sheet 14 of 97 US 2011/0305672 A1 

R. 
***w-wx. 

: : : 
88 : 

& : 88.88 

: 388 
XaXaX 

88 

sea c is 
88-8-88:8: * cases 

838. 888: : 88. 8 

  

  

  

  



Patent Application Publication Dec. 15, 2011 Sheet 15 of 97 US 2011/0305672 A1 

Figure 10 A 

to 2 o' to 
SSEA3 D2 CKT O2 

CD56 O2 

: 

A 
sessissisteresississi: * 8..... . . . 

1Too old 1 oz os. 
CD3 D2 PDGFRA D2 

1. o?"3 
KORO2 

  

  

  

  

    

  

  

  



Patent Application Publication 

Figure 10 B 

Dec. 15, 2011 Sheet 16 of 97 US 2011/0305672 A1 

100 
S 80 
5 6.O. 
& 40 

2O 

10 102 103 04 
SSEA3 D4 CKT D4 

so e BO e 8O 

5 60 60 
s' 40 a 40 

20 - & : 20 

0 0 104 Od 1 1 0 102 103 104 
CXCR4 D4 CD56 D4 

100; so '' 
is 80, 80 
is 60 as 60 
s AO w SS 40 8 : 

20 i? 2011 A 
1o 10 10, 16. to a to 
CD31 D4 PDGFRA D4 

100 
80 

as 60 
S 40 

20 if 
0 16 102 102 1. 

KDR D4 

  

  

  

  



Patent Application Publication 

Figure 10 C 
100 

i : 
too los to 
SSEA3)6 

O 1620, 
CXCR4, 6 

60 
is 40. 

2O 

1 1 0 102 102 10 
CD31 D6 

100. 
is 80 

60 

g 40 
2011 
0 1 to ozoso 

KDR D6 

Dec. 15, 2011 Sheet 17 of 97 

8 O 

i 
3. t M t S. 

to 102 to 10. 
cKIT D6 

2 

to on 10 
CD56 O6 

i 6 O 
Too losio 

PDGFRAD6 

US 2011/0305672 A1 

  

  

  

  

  

  

  



Patent Application Publication Dec. 15, 2011 Sheet 18 of 97 US 2011/0305672 A1 
  



Patent Application Publication Dec. 15, 2011 Sheet 19 of 97 US 2011/0305672 A1 

-N 
& 

f ^^ a 
ESC XXXXXX-XXXXX 

x f 
N 

s 

* GSK3, Activiri Noda, 
irs 

Y. 

f rardiac Cardiac, 
Cardiovascular 

  



Patent Application Publication Dec. 15, 2011 Sheet 20 of 97 US 2011/0305672 A1 

FIGURE 12 

Octa 
Nanog 
SOX2 
UTF1 
E-Cad 

Wnt3 
Snail 
MixL1 

blood, bone, muscle, Kidney 
mesoderm-derived progenitors 

  



Patent Application Publication Dec. 15, 2011 Sheet 21 of 97 US 2011/0305672 A1 

FIGURE 13 

Octa 
Nanog 
SOX2 
UTF1 
E-cad 

Wnt3 
Snail 
MixL1 

Multipotent 
migratory cells 

  



Patent Application Publication Dec. 15, 2011 Sheet 22 of 97 US 2011/0305672 A1 

FIGURE 14 

A. Direct differentiation B. Differentiation from a 
self-renewing MMC 

+BO 
+SB431542 

BMP4 
+Wnt3a 
+butyrate 
-BO 

CXCR4+ -SB431 542 
CD56+ a 

CD31 
CD45- (pre-) mesenchymal 

Stem-like Cell 

  



Patent Application Publication Dec. 15, 2011 Sheet 23 of 97 US 2011/0305672 A1 

FIGURE 15 

o --BMP4 
+Wnt3a 

+sodium butyrate 
-BO 

-SB431542 

CXCR4+ 
CD56+ 

(pre-) mesenchymal 

No. - 
systemic (intravenous) 

injection 

"homing' to sites of inflammation, 
tissue damage, bone marrow 

  



Patent Application Publication Dec. 15, 2011 Sheet 24 of 97 US 2011/0305672 A1 

FIGURE 16 

CXCR4+ 
CD56+ 

(pre-) mesenchymal 

so - 
systemic (intravenous) 

injection 

"homing' to sites of inflammation, 
tissue damage, bone marrow 

tissue repair 
-Trans-differentiation and/or 
paracrine mediated signaling 



US 2011/0305672 A1 Dec. 15, 2011 Sheet 25 of 97 

ZL eun61-I 

Patent Application Publication 

l 

DWW 

  

  



US 2011/0305672 A1 Dec. 15, 2011 Sheet 26 of 97 Patent Application Publication 

Figure 18 
PDGFRA CD31 KDR 

xew gó%xé?N 40% 

1 1 0 1 102 103 104 

  



Patent Application Publication Dec. 15, 2011 Sheet 27 of 97 US 2011/0305672 A1 

FIGURE 19 

day O (MMC) day 2 day 4 day 6 
C-Kit p H -H +/- 

KDR/FK-1 
CXCR4 an ce -- - 

CD56 -- -- -- 

CD31 s w 

CD166 +/- -- 
CD105 six -- 

CD44 & -- 

CD133 H -- 

CD90 -- -- 



Patent Application Publication Dec. 15, 2011 Sheet 28 of 97 US 2011/0305672 A1 

FIGURE 20 

intraVenOUS 
injection 

v 
-- " ' 

coronary occlusion 
(descending anterior Coronary artery) 

follow-up with echocardiography 
MRI imaging 
Histology 

In vivo imaging 
Measure cytokine levels 

  



US 2011/0305672 A1 Dec. 15, 2011 Sheet 29 of 97 Patent Application Publication 

*« * * **«? 

(8 

  



US 2011/0305672 A1 Dec. 15, 2011 Sheet 30 of 97 Patent Application Publication 

  



Patent Application Publication Dec. 15, 2011 Sheet 31 of 97 US 2011/0305672 A1 

x 3 
Experiment - Rat 

it is 

, is 

: 

  



Patent Application Publication Dec. 15, 2011 Sheet 32 of 97 US 2011/0305672 A1 

Experiment 1 - Rat 2 

... r 

2 hr 

& 

  



US 2011/0305672 A1 Dec. 15, 2011 Sheet 33 of 97 ication Pub tion Patent Applica 

Expe 

  



Patent Application Publication Dec. 15, 2011 Sheet 34 of 97 US 2011/0305672 A1 

R is 
  



Patent Application Publication Dec. 15, 2011 Sheet 35 of 97 US 2011/0305672 A1 

six 

long axis 

Sct axis 

  



Patent Application Publication Dec. 15, 2011 Sheet 36 of 97 US 2011/0305672 A1 

8 

Long axis 

  



Patent Application Publication Dec. 15, 2011 Sheet 37 of 97 US 2011/0305672 A1 

888::::: 

systxi 

  



Patent Application Publication Dec. 15, 2011 Sheet 38 of 97 US 2011/0305672 A1 

i8sicic 

systic: 

  



Patent Application Publication Dec. 15, 2011 Sheet 39 of 97 US 2011/0305672 A1 

O 

  



Patent Application Publication Dec. 15, 2011 Sheet 40 of 97 US 2011/0305672 A1 

R. 3. 

  



US 2011/0305672 A1 Dec. 15, 2011 Sheet 41 of 97 Patent Application Publication 
  



Patent Application Publication Dec. 15, 2011 Sheet 42 of 97 US 2011/0305672 A1 

FIGURE 34 
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FIGURE 46 
Table 1 

log 
Pre Set O ratio Gene Symbol 
205044 at S SABRP 
2071.47 at 8.8 OX2 
205932 sat 8.2 MSX 
2085O2 sat 8.0 PX1 
220138 at 7.6. HAND1 
206104 at 7.5 St. 
205590 at 7.2 RASGRP1 
21OOO2 at 7. GAAS 
236163 at 7O X 
2055.17 at 6.8 SATA4 
205935 at 6.8 FoxF1 
2096O2.s at 6.8 GATA3 
205430 at 6.7 BMP5 
208510s at 6.7 PPARG 
222917 sat 6.7 TBX3 
213139 at s.s SNA2 
213425 at 6.6 WNTSA 
220634 at 6.5 TBX4 
214053 at S.4 EREss 
232712 at 64 FGF10 
207558s at 6.2 PTx2 
15594.77 sat S.2 MES 
202409 at S.O G2. If NSGF2 
205555s at S.O MSX2 
205990s at 5.s WNSA 
242940 xat 5.6 Ox6 
213707s at S4 x5 
231798 at S.4. NOS 
212977 at 5.3 CXCR7 
240509 set S.2 GREM2 
221796 at 5. NRK2 
230865 at 5, X1 
204602 at 5. OKK 
209961 sat 4.9 GF 
219908 at 4.9 KK2 
232231 at 4.9 RUNX2 
209S41 at 4.8 as 1. 
1553131a at 4...B. GATA4 
2O5289 at 4.6 svP2 
227812 at 4.6 TNFRSF1 g 
231227 at 4.6 WNSA 
208.806 at 4.5 CH3 
207172s at 4,4 CDH1 
221609s at 4.4 WNTs 
231762 at 4.4 FGFO 
209710 at 4.2 GAA2 
22O115s at 4.2 COHO 
223283s at 4.2 TSHZ 
1569362 at 4.2 ALCAM 
203131 at 4.1 PDGFRA 
44783 sat 4.1 HEY1 
211518s at 4.0 BMP4 
21.7028 at 4.0 CXCR4 
205290s at 3.7 BMP2 
213943 at 3.7 TWST1 . 
2O6578 at w 2.9 NKOX2-5 



Patent Application Publication Dec. 15, 2011 Sheet 56 of 97 US 2011/0305672 A1 

Table 2 FIGURE 47 
Probe set D H9 D22 iPSD22 H1 D22 H7 D22 02 D22 Gene Symbol 
215076 sat 12.8 9.8 10.8 10.2 10.2 COL3A1 
21.0002 at 12.4 8.2 0.8 8.3 7.6 GATA6 
22796 at 10.7 8.5 6.6 6.2 8.5 NTRK2 
223282 at 10.6 6.4 7.2 9.7 11.6 TSHZ1 
2196.82s at 10 5.2 10.1 8.2 9.7 TBX3 
206104 at 9.8 5.7 5.7 5.6 9.8 SL.1 
207016 sat 9.4 5.5 6 5 5.4 ALDH1A2 
213139 at 8.9 6 6.8 6.7 6.9 SNA2 
209540 at 8.5 5.1 9.2 7.1 9.8 GF1 
202410 xat 8.3 8.6 7.3 7.4 4.6 GF2III NS-GF2 
230865 at 8 5 5 S.6 9.7 LX 
216953s at 7.9 6.3 9.1 7.3 5.9 WT1 
238.197 at 7.7 3.9 6.7 7.2 5.1 GATA5 
209360s at 7.4 6.4 4.1 4.9 56 RUNX1 
240715 at 7.1 5.1 3.7 5.9 6.4 TBX5 
213943 at 7 4.8 9.6 7. 6.2 TWST1 
210875 sat 6.8 2.8 4.8 5.9 7.5 TCF8 
24.2138 at 6.8 2.5 4 2.4 7.6 OX1 
2096.04s at 6.7 6.9 6.7 5.4 6.9 GATA3 
208502s at 6.6 9.4 6.7 6 5.5 PTX1 
40560 at 6.4 5.1 5.2 6.6 5.9 TBX2 
2064.04 at 6.2 3.3 5.2 2.6 5.9 FGF9 
219908 at 6.2 6.9 5 9.6 6.8 DKK2 
213273 at S 4.9 4.2 4.S 4 OOZA. 
20999 sat 5.9 3.1 2.5 3.6 3.1 MEF2C 
228915 at 5.9 4.6 5.9 5.9 . 5.8 DACH1 
203131 at 5.8 5.1 5.8 6.5 3.4 . PDGFRA 
209560s at 5.8 4. 5.4 4.2 3.7 DLK1 
236163 at 5.8 5.9 4.4 6.1 5.1 LX1 
201505 at 5.6 4.7 5.8 6.8 4.9 TGFBI 
20386Bs at 5.6 4.9 5.9 4.9 4.3 VCAM1 
205080 at 5.6 6.4 5.8 5.8 4.9 RARB 
207558s at 56 6.7 4.1 4.3 8.2 PTX2 
226143 at 5.6 4.9 4.4 4.6 5.8 RA1 
22812 at 5.1 4.7 4.6 5.1 5.6 TGFB2 
207147 at 4.8 8.8 8.7 4.1 8 DLX2 
218718 at 4.8 4.1 4.7 4. 4 PDGFC 
22011.5 sat 4.8 3.9 4.7 6 4.9 CDH10 
23227 at 4.8 4.9 4.4 2.9 3.7 WNT5A 
205471 sat 4.7 3.4 6.2 4.7 6.3. DACH1 
207173 x at 4.7 5.2 5.2 7.4 5.9 COH11 
212843 at 4.7 4.2 3.8 6 3.5 NCAM1 
212977 at 4.7 6.1 5.1 5.1 3.8 CXCR7 
227812 at 4.6 5.6 6.3 9.7 5.4 TNFRSF19 
204802 at 4.5 5.1 3.3 7.1 6.5 DKK1 
205392s at 4.4 8.3 8.5 6.3 5.1 RARRES1 
207069 sat 4.2 4. 4.1 4.7 4.7 SMAD6 
220634 at 4.1 7 6.1 5.4 6.3 TBX4 
225442 at 4.1 3.4 4.8 5 5.9 OOR2 
221029s at 3.7 2.2 4.9 5.3 5.4 WNTSB 
202273 at 3.1 2 2.9 5.5 3.9 PDGFRB 
209651 at 3.1 3.9 3.3 3.1 3.9 TGFB111 
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Figure 60 
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Figure 67 
Table 3 
Gene Descriptor . Gene Symbol Unigene 
Snai honolog 2 SNA2 HS.36O174 
T-box 3 - TBX3 Hs 129895 
GATAbinding protein 3 GATA3 Hs.524134 
Forkhead box C1 FOXC1. His348883 
Msh homeobox 1 " . MSX1 Hs.424414 
Myeloid ecotropic viral integration site 1 homolog MES1 Hs,526754 
Aldehyde dehydrogenase 1 family, member A2 ALDH1A2 Hs,643455 
LIM homeobox 1 LHX1 Hs.443727 
Forkhead box A2 . . FOXA2 Hs 155651 
Forkhead box F w - FoxF. Hs 155591 
Wingless-type MMTV integration site family, member 8A WNTBA Hs 591274 
Bone morphogenetic protein 4 BMP4 His 68879 
Cerberus 1, cysteine knot superfamily, homolog. . . . CER1 Hs 248204 
Wingless-type MMTV integration site family, member WNTSA Hs.643085 
Frizzled homolog 10 FZD10 s31664 
Wingless-type MMTV integration site family, member 4 ... WNT4 Hs.591521 
Platelet-derived growth factor receptor, alpha polypeptide PDGFRA Hs.74615 
Dapper, antagonist of beta-catenin, homologi DACT HS.4.8950 
Delta-like 3 (Drosophila) D3 His 27792 
Dickkopf homolog 1 DKK1 Hs.40499 
Mesodem posterior 1 homolog MESP1. His447531 
GATAbinding protein 2 . GATA2 His367,725 
Wingless-type MMTV integration site family, member 3 WNT3 . His445884 
lymphoid enhancer-binding factor 1 - EF1 Hs.555947 
Bone morphogenetic protein 2 BMP2 Hs.73853 
Mesodem posterior 2 homolog MESP2 Hs.37311 
Cadherin 11, type 2, OB-cadherin (osteoblast) CDH1 Hs.11647 
Platelet-derived growth factor receptor, beta polypeptide PDGFRB Hs.509067 
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Figure 80 
Table 4 
Probe Set D 
214520 at 
215122 at 
229638 at 
205646s at . . 
206228 at 

Dec. 15, 2011 Sheet 95 of 97 

WA09. Log, 
-02 

-0.5 
-it 
-0.75 
-10 

BG02 log 
o,7 
-02 
0.8 
0.5 
0.0 
0.8 

US 2011/0305672 A1 

Gene Symbol 
Foxc2 . 
FBX6. 
iRX3 
PAX3 
PAx6 
PAX2 
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Figure 81 
Table 5 
Antibody 
s 
Nkx2.5 
KOR-APC . 
Cadherin. 11 
Brachyury 
VE-Cadherin 
CD31 . . . 
FoxF1 
Nanog - 
Octa 
Tbx5 - 
Cdk2 (M2) 
PDGFR?-PE 
c-Kit-PE 
Smooth Muscle Actin 
Calponin 
ADLH 1A2IRALDH2 
Tbx20 
x3 

Wilms Tumor 1. 
Snail 
Cytokaratin 
Wimentin 
E Cadherin 
GFP 
f-Catenin zo-1 
Von Willebrand Factor 
Smooth Muscle Actin 
p44.42 MAPK (Erk112) 

Dec. 15, 2011 Sheet 96 of 97 

Company 
R & D Systems 
R&D Systems 
R&D Systems 
R & D Systems 
R&D Systems. 
R&D Systems 
R&D. Systems 
R & D Systems . . 
Cosmo Bio. . 

Santa Cruz. Biotechnology 
Santa Cruz Biotechnology 
Santa Cruz Biotechnology 
BDBiosciences 
BD Biosciences 
Sigma 
Sigma 
Sigma 
Abcam 
Alcar? 
Abcarr 
Abcam 
Abcam 
Abcam 
invitrogen 
invitrogen 

bako 

Dako 
Cell Signaling 

P-p44/42 MAPK (T202Y204). Cell signaling 
All fluorescent secondary antibodies used herein were Donkey q-species Alexafluors from 
invitrogen or HRP conjugates from Dako 

US 2011/0305672 A1 

Catalogue # 
AF1837 
MAB2444 
FAB359A 
AF1790 
AF2085 
AF938 
BBA7 
AF4798 . 
RCAB0004P 
sc-8628 
SC-487.82 
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Figure 82 

Table 6 
Gene Applied Biosystems ID 
AFP Hs00173490 m 1 
ALDH1A2/Radh2 HsO0180254 m1 
EpicardiniTCF2 . HsOO162646 m1 
Fgf10 HsO060298 m 
FoxF. Hs00230962 m1 
GAPDH Hs99999905 in 
Gata4 Hs00171403 m1 
Hand 1 HsOO231848 mi 
Hand2 HsOO232769 m1 
HHex Hs002421.60 m1 . 
isl1 HsOO158126 m 
Mef?c Hs00231149_m1 
Nanog Hs02387400 gif 
Nkx2.5 Hs0023763 m. 
Pax6 HsO(240871 m.1 
PDGFRa. Hs0083486 m1 
Pitx2 HsOO165626 in 1 
Sox HsO0534426 st 
Sox17 Hs00751752 s1 
T Hs00610080 m 1 
Tbx5 Hs00361155 m. 
Tbx 18 Hs01385455 m1 
Tbx20 Hs00398596 m1 
THBD Hsoo264920 s1 
W -Hs01103754 m1 
Zic Hs00602749 m1. 
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COMPOSITIONS FOR MESODERM 
DERVED ISL1 MULTIPOTENT CELLS 

(IMPS), EPICARDIAL PROGENITOR CELLS 
(EPCS) AND MULTIPOTENT CD56C CELLS 
(C56CS) AND METHODS OF PRODUCING 

AND USING SAME 

RELATED APPLICATIONS AND GRANT 
SUPPORT 

0001. This application is a continuation-in-part applica 
tion of PCT/US 2009/004334 (Published as WO 2010/ 
011352), filed Jul. 27, 2009, entitled “Compositions for 
Mesoderm Derived ISL1+ Multipotent Cells (IMPs), Epicar 
dial Progenitor Cells (EPCs) and Multipotent CXCR4+ 
CD56+ Cells (C56Cs) and Methods of Use, which claims the 
benefit of priority from provisional applications U.S. 61/137, 
058, filed Jul. 25, 2008, entitled “Methods and Composition 
of Matter for hESC-Derived Multipotent Progenitors of 
Mesoderm Origin, U.S. 61/198,861, filed Nov. 10, 2008, 
entitled “Applications for MMCs and C56Cs in Cell 
Therapy” and U.S. 61/215,621, filed May 7, 2009, entitled 
“Generation of a Multi-Potent Epicardial Progenitor Cells 
(EPCs) from Human Pluripotent Stem Cells', each of which 
applications is incorporated by reference in its entirety herein. 
This application also claims the benefit of priority of U.S. 
provisional application 61/385,641, filed Sep. 23, 2010, 
entitled Efficient Differentiation of Human Pluripotent Cells 
Into Coronary Vascular Progenitor-Like Cells” which is also 
incorporated by reference in its entirety herein. 
0002 This invention was made with government support 
under National Institute of General Medical Sciences 
(GM75334) and National Heart, Lung and Blood Institute 
(HL089471). The government has certain rights in the inven 
tion. 

FIELD OF THE INVENTION 

0003. The present invention relates to interalia, methods 
for the generation and maintenance of mesoderm-derived 
ISL1+ Multipotent Progenitors (IMPs), compositions 
thereof, related methods for producing a variety of multipo 
tent progenitor cells as otherwise described herein. Methods 
ofusing these cells in therapeutic methods are also disclosed. 
The present invention also relates to the discovery that human 
pluripotent stem cells, including embryonic stem cells 
(hESCs) and human induced pluripotent stem cells (hiPSCs), 
can be differentiated into Isl1 + multi-potent cardiovascular 
progenitors (IMPs), using similar methods. 
0004. Other methods for producing IMPs directly from 
pluripotent cells, EPCs from IMPs and smooth muscle cells, 
endothelials cells, blood vessels and vascular cells are other 
aspects of the present invention presented herein. IMPs rep 
resent early mesoderm progenitors, characteristic of splanch 
nic mesoderm formed in the vertebrate embryo. Develop 
mentally, this cells forms from pluripotent cells through a 
lateral plate mesoderm intermediate followed by transition to 
a splanchnic mesoderm cell. 
0005. The invention also relates to an efficient conversion 
of hESC and hiPSC-derived IMPs into a Wilm's tumor pro 
tein 1 positive (Wt1+) multi-potent progenitor, referred to as 
an epicardial progenitor cell (EPC). EPCs are capable of 
differentiation into smooth muscle cells, endothelial cells and 
cardiac fibroblasts and consequently, components of the 
coronary vasculature. Since the EPC is a progenitor for cells 
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that comprise the coronary vascular system, it provides utility 
as a cell therapeutic, as a drug screening tool and as a research 
tool. These cells can also be differentiated into cardiomyo 
cytes, among others, as is set forth in great detail herein. 
0006 Still a further invention relates to the discovery of a 
CD56+ multipotent migratory cell (MMC) that can be pre 
pared directly from pluripotent stem cells, including hESCs 
and hiPSCs. MMCs are ectoderm derived neuroprogenitor 
cells capable of differentiation into multiple neuronal cell 
types including motor neurons and dopaminergic neurons. 
Methods of producing these cells, as well as using these cells 
in therapy, are alternatively described in the present inven 
tion. 
0007. Other methods for producing IMPs directly from 
pluripotent cells, EPCs from IMPs and smooth muscle cells, 
endoothelials cells, blood vessels and vascular cells are other 
aspects of the present invention which are presented herein. 

BACKGROUND OF THE INVENTION 

0008 Human embryonic stem cells (hESC's) (markers for 
hESCs include SSEA3, SSEA4, TRA-1-60, TRA-1-81 anti 
gens, Nanog, Oct4) are a pluripotent population of cells that 
can be differentiated into cells derived from all three embry 
onic germ layers and extraembryonic lineages. FIG.33. This 
property of hESC's has important implications in cell therapy 
(e.g. diabetes, heart disease, neurodegenerative diseases), 
drug discovery and developmental modeling. 
0009. Other pluripotent cell types have been identified in 
mouse. Primitive ectoderm like (EPL: Rathjen et al., 1999, J. 
Cell Sci) cells were shown to form from mESC's with the 
ability to dedifferentiate into mESC's. Recently, a new mouse 
cell, post-implantation epiblast stem cells (EpiSC: Tesar et 
al., Nature 448: 196-202; 2007) was identified that shares 
characteristics of hESC's (Nanog+Sox2+Oct4+). All of these 
pluripotent cell types from mouse can generate the three 
embryonic germ layer in vitro or in a teratoma assay. 
00.10 Epiblast stem cells (EpiScs) and induced pluripo 
tent stem cells (iPS) fit into the broad pluripotent cell category 
and in concept, the technology described in the application 
could apply to these and other pluripotent cell types (ie, 
primate pluripotent cells). EpiSc epiblast stem cells are iso 
lated from early post-implantation stage embryos and express 
Octá and are pluripotent (Tesar et al. Nature, Vol 448, p. 196 
12 Jul. 2007). Induced pluripotent stem cells (iPS cells) are 
made by dedifferentiating adult skin fibroblasts or, other adult 
Somatic cells, back to a pluripotent state by retroviral trans 
duction of four genes (c-myc, Klf4, Sox2, Oct4) (Takahashi 
and Yamanaka, Cell 126, 663-676, Aug. 25, 2006). 
0011. The advantage of developing other non-ESC, self 
renewing, pluripotent/multipotent stem cells would help in 
improve developmental models, improve directed differen 
tiation into adult cells and allow more efficient and less costly 
approaches to conventional methods. 
0012 Human pluripotent cells (such as human embryonic 
stem cells hESCs and induced pluripotent stem cells iPS 
cells) can be differentiated through a bi-potential mesendo 
derm (T+, MixL1+) precursor that can be further differenti 
ated into a wide range of mesoderm lineages Such as bone, 
blood, muscle and kidney. See FIG. 12. Different types of 
mesoderm precursors can be formed in embryonic develop 
ment from mesendoderm. These include lateral plate meso 
derm, splanchnic mesoderm, paraxial mesoderm and Somatic 
mesoderm. Each of these mesoderm precursors gives rise to 
different types of mesoderm tissue (FIG. 12). IMP cells rep 
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resent Isl1 + NkX2.5+ splanchnic mesoderm, a type of meso 
derm that forms the cardiovascular system and hematopoietic 
system. 
0013 The epicardium is derived from Isl1 + splanchnic 
mesoderm and constitutes the outer layer of the vertebrate 
heart. Embryologically, the epicardium is derived from a 
Source of pro-epicardium though to originate in the septum 
traversum. Epicardium consists of a single layer of flat 
mesothelium that is connected to the myocardium by Sub 
epicardial connective tissue (Manner et al., 2001, Cells Tis 
sues Organs 169,89-103). Formation of the epicardium over 
the developing heart coincides with the development of coro 
nary blood vessels (Olivey et al., Trends in Cardiovasc Med 
2004, 14, 247-251). Once the pro-epicardium comes into 
contact with the developing heart at around the time of beat 
ing, it spreads over the myocardium forming a new layer, the 
epicardium. The epicardium and related cells/tissue preced 
ing the epicardium then gives rise to multiple cell types that 
together make up the coronary vasculature including Smooth 
muscle cells, endothelial cells and cardiac fibroblasts. See 
FIG. 36. Epicardial cells also have the capacity to differenti 
ate into cardiomyocytes (Zhou et al., 2008 Nature 454, 109 
113). Soon after invading the myocardial Surface, Sub-popu 
lations of epicardial cells undergo an epithelial to 
mesenchymal transition and migrate into the Sub-epicardial 
space. Some of these cells then have the capacity to further 
migrate into the compact Zone of the myocardium. Coronary 
blood vessels form as angioblasts, derived from epicardium 
and/or other cells migrating into the heart, coalesce to form a 
primitive vascular plexus in the Sub-epicardial space and in 
the myocardium. Eventually, these endothelial tubes coalesce 
to form larger vessels that become the coronary arteries and 
veins. The complement of cells comprising the coronary vas 
culature including Smooth muscle and endothelial cells and, 
interspersed fibroblasts—all originating from progenitors in 
the pro-epicardium/epicardium. Epicardium is typically sig 
nified by expression of Wilm's tumor rotein 1 (WT1), T-box 
factor 18 (Tbx18), epicardin (Tcf21) and RALDH2 (Zhou et 
al., 2008; Caiet al., 2008, Nature 454, 104-108). The WT1+ 
epicardium is believed to form from an Isl1 + Nkx2.5+ pre 
cursor (Zhou et al., 2008). Progenitor cells expressing Wt1+ 
originating from the pro-epicardium/epicardium contribute 
to formation of the coronary vasculature. The EPC described 
herein represents a coronary vascular progenitor cell derived 
from human pluripotent cells. 
0014. As another aspect of this invention, conditions for 
the differentiation of human pluripotent cells into multipotent 
migratory cells (MMCs) have been described. MMCs form 
directly from adherant pluripotent cells in chemically defined 
media. MMCs are generated by treating human pluripotent 
cells with small molecule compounds to culture media. See 
FIG. 13. These compounds are known inhibitors of GSK3 
activity (BIO) and TGFB/Activin A/Nodal signaling 
(SB431542). By further treatment, MMCs can be differenti 
ated into a wide range of cell types. By other treatments, 
MMCs can be converted to a CXCR4+CD56+ population of 
cells (C56Cs, for CXCR4+/CD56+ cells), that up-regulate 
additional cell Surface markers. In addition to expressing the 
cytokine receptor CXCR4 and CD56, C56Cs can up-regulate 
the stem cell marker c-Kit. C56Cs do not express markers for 
hematopoietic stem cells, such as CD45, or endothelial mark 
ers such as CD31. 
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(0015 Since C56Cs are produced from MMCs and express 
markers for receptors of cytokine signaling (CXCR4) known 
to be involved in stem cell homing to ischemic-inflamma 
tory tissue, it is possible that these cells may be capable of 
homing to sites of tissue damage. Systemic administration 
by intravenous administration would be one way whereby 
these cells could home to damaged tissue and participate in 
repair processes. Once these cells have homed to damaged 
tissue, they may then promote tissue repair by paracrine 
mechanisms or by trans-differentiating into cells that partici 
pate directly in repair. These cells may also participate in the 
Suppression of inflammatory responses and by immuno 
modulation (Suppressing T cells, natural killer cell activity). 

BRIEF DESCRIPTION OF THE FIGURES 

0016 FIG. 1: Scheme illustrating the generation of Isl1 + 
IMPs from hESCs following treatment with (1) Wnt3a (25 
ng/ml)+BMP4 (100 ng/ml) over 4-6 days or (2) BIO (2 uM)+ 
BMP4 (100 ng/ml) over 4-6 days. IMP cells represent lateral 
plate/splanchnic mesoderm and can be maintained in a stable 
self-renewing state for at least 10 passages without loss of 
IMP marker expression and differentiation potential and have 
potential for differentiation into a wide-range of mesoderm 
derived cell types including cardiovascular and hematopoi 
etic lineages. 
0017 FIG. 2: Generation of a self-renewing IMP popula 
tion following treatment of IMP's with Bio (2M) and BMP4 
(100 ng/ml) in defined media. WA09 hESCs were passaged 
every 4-6 days at a ratio 1:6 and fixed at passage (P) 0-3 with 
4% paraformaldehyde. Immunostaining at each passage was 
performed using A) Isl1, B) Nkx2.5, C) E-cadherin and D) 
B-catenin and Nanog. Isl1 and Nkx2.5 was expressed at all 
passages. B-catenin started to localize to the nucleus at P0 and 
became more diffuse over the passaging. E-cadherin (a 
marker for epithelial cells was lost along with the hESC 
marker Nanog. Merge images are shown along with DAPI 
(nuclear stain). Images were at 20x magnification. 
0018 FIG.3. Clonal propogation of Isl1 + multipotent pro 
genitors (IMPs). Bright-field images of AccutaseTM passaged 
IMP cells at 24-336 hours grown in BIO (2 uM) and BMP4 
(100 ng/ml), with methylcellulose (0.9% final concentration) 
for the first 72 hours at 10x magnification. 
0019 FIG. 4: Generation of cardiomyocytes from self 
renewed IMP's (originally derived from WAO9 hESCs). Pas 
sage 5 IMPs were grown in defined media minus Activin A, 
IGF and with the addition of VEGF (10 ng/ml) and DKK1 
(150 ng/ml) for 14 days. The cells were fixed in 4% paraform 
aldehyde and immunostained for Smooth muscle actin 
(SMA), sarcomeric actin (Sarc. Actin) and cardiac troponin.T 
(cTNT). Confocal images taken at 40x magnification. 
0020 FIG. 5: Generation of endothelial cells from 
(WAO9-derived) IMP's following treatment with BMP4 (10 
ng/ml) and DKK1 (150 ng/ml) in defined media minus 
Activin A and IGF. Cells were fixed in 4% paraformaldehyde 
and immunostained for VE-Cadherin and CD31. Dapi was 
used as a nuclear stain. Merge pictures of DapiNE-cadherin/ 
CD31 are shown. The fluorescent images were taken at 20 and 
40x magnification. 
0021 FIG. 6: Generation of smooth muscle cells from 
(WAO9-derived) IMP's following treatment with Wnt3a (25 
ng/ml) and BMP4 (100 ng/ml) for 14 days. The cells were 
split at 1:4-1:6 ratio, fixed in 4% paraformadehyde and immu 
nostained positively for A) smooth muscle actin (SMA) and 
B) Smooth muscle calponin and negatively for the cardiomyo 










































































