
















































































Sequence listing                         SEQUENCE LISTING<110>  Georg-August-Universität Göttingen Stiftung Öffentlichen        Rechts, Universitätsmedizin <120>  A Method to Direct Differentiation of Pluripotent Stem Cells into        Functional Heart Muscle<130>  30A-126 263<150>  EP13185344.2<151>  2013-09-20<160>  80    <170>  PatentIn version 3.5<210>  1<211>  22<212>  DNA<213>  Artificial<220><223>  Primer GAPDH F<400>  1cctcaagatc atcagcaatg cc                                                22<210>  2<211>  19<212>  DNA<213>  Artificial<220><223>  Primer GAPDH R<400>  2atgttctgga gagccccgc                                                    19<210>  3<211>  19<212>  DNA<213>  Artificial<220><223>  Primer OCT4 F Page 1



Sequence listing<400>  3cagtgcccga aacccacac                                                    19<210>  4<211>  20<212>  DNA<213>  Artificial<220><223>  Primer OCT4 R<400>  4ggagacccag cagcctcaaa                                                   20<210>  5<211>  20<212>  DNA<213>  Artificial<220><223>  Primer NANOG F<400>  5cagaaggcct cagcacctac                                                   20<210>  6<211>  20<212>  DNA<213>  Artificial<220><223>  Primer NANOG R<400>  6attgttccag gtctggttgc                                                   20<210>  7<211>  23<212>  DNA<213>  Artificial<220><223>  Primer REX1 F Page 2



Sequence listing<400>  7caccgcctcc cttgggaatt cag                                               23<210>  8<211>  24<212>  DNA<213>  Artificial<220><223>  Primer REX1 R<400>  8tgttctgttc acacaggctc cagc                                              24<210>  9<211>  23<212>  DNA<213>  Artificial<220><223>  Primer DNMT3B F<400>  9ggcccaagta aacctagctc ggc                                               23<210>  10<211>  23<212>  DNA<213>  Artificial<220><223>  Primer DNMT3B R<400>  10atgcctggtg tctcccttca tgc                                               23<210>  11<211>  20<212>  DNA<213>  Artificial<220><223>  Primer MIXL1 F Page 3



Sequence listing<400>  11ccgagtccag gatccaggta                                                   20<210>  12<211>  19<212>  DNA<213>  Artificial<220><223>  Primer MIXL1 R<400>  12ctctgacgcc gagacttgg                                                    19<210>  13<211>  21<212>  DNA<213>  Artificial<220><223>  Primer NKX2-5 F<400>  13acaacttcgt gaacttcggc g                                                 21<210>  14<211>  22<212>  DNA<213>  Artificial<220><223>  Primer NKX2-5 R<400>  14gtggacactc ccgagttgct ct                                                22<210>  15<211>  20<212>  DNA<213>  Artificial<220><223>  Primer TBX5 F Page 4



Sequence listing<400>  15tcataaccaa ggctggaagg                                                   20<210>  16<211>  20<212>  DNA<213>  Artificial<220><223>  Primer TBX5 R<400>  16gcccgtcaca gaccatttat                                                   20<210>  17<211>  20<212>  DNA<213>  Artificial<220><223>  Primer ISL1 F<400>  17cgccttgcag agtgacatag                                                   20<210>  18<211>  20<212>  DNA<213>  Artificial<220><223>  Primer ISL1 R<400>  18ggactggcta ccatgctgtt                                                   20<210>  19<211>  20<212>  DNA<213>  Artificial<220><223>  Primer MYH6 F Page 5



Sequence listing<400>  19ctcctcctac gcaactgccg                                                   20<210>  20<211>  21<212>  DNA<213>  Artificial<220><223>  Primer MYH6 R<400>  20cgacaccgtc tggaaggatg a                                                 21<210>  21<211>  20<212>  DNA<213>  Artificial<220><223>  Primer MYH7 F<400>  21gaccagatga atgagcaccg                                                   20<210>  22<211>  21<212>  DNA<213>  Artificial<220><223>  Primer MYH7 R<400>  22ggtgaggtcg ttgacagaac g                                                 21<210>  23<211>  20<212>  DNA<213>  Artificial<220><223>  Primer MLC2v F Page 6



Sequence listing<400>  23ggcgccaact ccaacgtgtt                                                   20<210>  24<211>  20<212>  DNA<213>  Artificial<220><223>  Primer MLC2v R<400>  24acgttcactc gcccaagggc                                                   20<210>  25<211>  21<212>  DNA<213>  Artificial<220><223>  Primer ACTA1 F<400>  25acccagatca tgtttgagac c                                                 21<210>  26<211>  20<212>  DNA<213>  Artificial<220><223>  Primer ACTA1 R<400>  26tcataaatgg gcacgttgtg                                                   20<210>  27<211>  20<212>  DNA<213>  Artificial<220><223>  Primer NPPA F Page 7



Sequence listing<400>  27tctgccctcc taaaaagcaa                                                   20<210>  28<211>  20<212>  DNA<213>  Artificial<220><223>  Primer NPPA R<400>  28tgtcctccct ggctgttatc                                                   20<210>  29<211>  21<212>  DNA<213>  Artificial<220><223>  Primer CASQ2 F<400>  29tcttgcaggg cagaagaggg g                                                 21<210>  30<211>  21<212>  DNA<213>  Artificial<220><223>  Primer CASQ2 R<400>  30ggacctgggc cacaagctca a                                                 21<210>  31<211>  20<212>  DNA<213>  Artificial<220><223>  Primer NEUROD1 F Page 8



Sequence listing<400>  31agccacggat caatcttctc                                                   20<210>  32<211>  20<212>  DNA<213>  Artificial<220><223>  Primer NEUROD1 R<400>  32gcgtgcctct aatcatgaaa                                                   20<210>  33<211>  20<212>  DNA<213>  Artificial<220><223>  Primer CDH1 F<400>  33gaacgcattg ccacatacac                                                   20<210>  34<211>  20<212>  DNA<213>  Artificial<220><223>  Primer CDH1 R<400>  34attcgggctt gttgtcattc                                                   20<210>  35<211>  20<212>  DNA<213>  Artificial<220><223>  Primer CDH2 F Page 9



Sequence listing<400>  35cctggaacgc agtgtacaga                                                   20<210>  36<211>  20<212>  DNA<213>  Artificial<220><223>  CDH2 R<400>  36tggtttgacc acggtgacta                                                   20<210>  37<211>  20<212>  DNA<213>  Artificial<220><223>  Primer SNAIL1 F<400>  37agcgagctgc aggactctaa                                                   20<210>  38<211>  20<212>  DNA<213>  Artificial<220><223>  Primer SNAIL1 R<400>  38ggacagagtc ccagatgagc                                                   20<210>  39<211>  23<212>  DNA<213>  Artificial<220><223>  Primer MESP1 F Page 10



Sequence listing<400>  39agcccaagtg acaagggaca act                                               23<210>  40<211>  24<212>  DNA<213>  Artificial<220><223>  MESP1 R<400>  40aaggaaccac ttcgaaggtg ctga                                              24<210>  41<211>  24<212>  DNA<213>  Artificial<220><223>  Primer SOX17 F<400>  41aggaaatcct cagactcctg ggtt                                              24<210>  42<211>  24<212>  DNA<213>  Artificial<220><223>  Primer SOX17 R<400>  42cccaaactgt tcaagtggca gaca                                              24<210>  43<211>  20<212>  DNA<213>  Artificial<220><223>  Primer ATP2A2 F Page 11



Sequence listing<400>  43acctcatctc gtccaacgtc                                                   20<210>  44<211>  20<212>  DNA<213>  Artificial<220><223>  Primer ATP2A2 R<400>  44tgtcaccaga ttgacccaga                                                   20<210>  45<211>  20<212>  DNA<213>  Artificial<220><223>  Primer PLN F<400>  45acagctgcca aggctaccta                                                   20<210>  46<211>  20<212>  DNA<213>  Artificial<220><223>  PLN R<400>  46tccatgatac cagcaggaca                                                   20<210>  47<211>  20<212>  DNA<213>  Artificial<220><223>  Primer RYR2 F Page 12



Sequence listing<400>  47tgcaagactc accgaagatg                                                   20<210>  48<211>  20<212>  DNA<213>  Artificial<220><223>  Primer RYR2 R<400>  48ccacccagac attagcaggt                                                   20<210>  49<211>  20<212>  DNA<213>  Artificial<220><223>  Primer COL1A1 F<400>  49gtgctaaagg tgccaatggt                                                   20<210>  50<211>  20<212>  DNA<213>  Artificial<220><223>  Primer COL1A1 R<400>  50accaggttca ccgctgttac                                                   20<210>  51<211>  20<212>  DNA<213>  Artificial<220><223>  Primer COL3A1 F Page 13



Sequence listing<400>  51ccaggagcta acggtctcag                                                   20<210>  52<211>  20<212>  DNA<213>  Artificial<220><223>  Primer COL3A1 R<400>  52cagggtttcc atctcttcca                                                   20<210>  53<211>  20<212>  DNA<213>  Artificial<220><223>  Primer COL5A1 F<400>  53gacacctcca actcctccaa                                                   20<210>  54<211>  20<212>  DNA<213>  Artificial<220><223>  Primer COL5A1 R<400>  54agtgaactcc ccctccaagt                                                   20<210>  55<211>  20<212>  DNA<213>  Artificial<220><223>  Primer COL4A1 F Page 14



Sequence listing<400>  55gttggtctac cgggactcaa                                                   20<210>  56<211>  20<212>  DNA<213>  Artificial<220><223>  Primer COL4A1 R<400>  56gttcacctct gatcccctga                                                   20<210>  57<211>  20<212>  DNA<213>  Artificial<220><223>  Primer LAMC1 F<400>  57gtgagaggtg ccgagagaac                                                   20<210>  58<211>  20<212>  DNA<213>  Artificial<220><223>  Primer LAMC1 R<400>  58gtgcttagag agcccacagg                                                   20<210>  59<211>  20<212>  DNA<213>  Artificial<220><223>  Primer TGFB2 F Page 15



Sequence listing<400>  59cgaacccaaa gggtacaatg                                                   20<210>  60<211>  20<212>  DNA<213>  Artificial<220><223>  Primer TGFB2 R<400>  60taagctcagg accctgctgt                                                   20<210>  61<211>  22<212>  DNA<213>  Artificial<220><223>  Primer TTN Ex49-50 F<400>  61gtaaaaagag ctgccccagt ga                                                22<210>  62<211>  21<212>  DNA<213>  Artificial<220><223>  Primer TTN Ex49-50 R<400>  62gctaggtggc ccagtgctac t                                                 21<210>  63<211>  19<212>  DNA<213>  Artificial<220><223>  Primer TTN Ex107-108 F Page 16



Sequence listing<400>  63cagcagaact cagaatcga                                                    19<210>  64<211>  21<212>  DNA<213>  Artificial<220><223>  Primer TTN Ex107-108 R<400>  64atcaaaggac acttcacact c                                                 21<210>  65<211>  21<212>  DNA<213>  Artificial<220><223>  Primer TTN Ex50-219 F<400>  65ccaatgagta tggcagtgtc a                                                 21<210>  66<211>  21<212>  DNA<213>  Artificial<220><223>  Primer TTN Ex50-219 R<400>  66tacgttccgg aagtaatttg c                                                 21<210>  67<211>  20<212>  DNA<213>  Artificial<220><223>  Primer endoOCT4 F Page 17



Sequence listing<400>  67cctcacttca ctgcactgta                                                   20<210>  68<211>  20<212>  DNA<213>  Artificial<220><223>  Primer endoOCT4 R<400>  68caggttttct ttccctagct                                                   20<210>  69<211>  19<212>  DNA<213>  Artificial<220><223>  Primer endoSOX2 F<400>  69cccagcagac ttcacatgt                                                    19<210>  70<211>  20<212>  DNA<213>  Artificial<220><223>  Primer endoSOX2 R<400>  70cctcccattt ccctcgtttt                                                   20<210>  71<211>  20<212>  DNA<213>  Artificial<220><223>  Primer endoKLF4 F Page 18



Sequence listing<400>  71gatgaactga ccaggcacta                                                   20<210>  72<211>  20<212>  DNA<213>  Artificial<220><223>  Primer endoKLF4 R<400>  72gtgggtcata tccactgtct                                                   20<210>  73<211>  20<212>  DNA<213>  Artificial<220><223>  Primer endoMYC F<400>  73tgcctcaaat tggactttgg                                                   20<210>  74<211>  22<212>  DNA<213>  Artificial<220><223>  Primer endoMYC R<400>  74gattgaaatt ctgtgtaact gc                                                22<210>  75<211>  22<212>  DNA<213>  Artificial<220><223>  Primer SeV F Page 19



Sequence listing<400>  75ggatcactag gtgatatcga gc                                                22<210>  76<211>  29<212>  DNA<213>  Artificial<220><223>  Primer SeV R<400>  76accagacaag agtttaagag atatgtatc                                         29<210>  77<211>  25<212>  DNA<213>  Artificial<220><223>  Primer BS OCT4-2 F<400>  77ttaggaaaat gggtagtagg gattt                                             25<210>  78<211>  30<212>  DNA<213>  Artificial<220><223>  Primer BS OCT4-2 R<400>  78tacccaaaaa acaaataaat tataaaacct                                        30<210>  79<211>  27<212>  DNA<213>  Artificial<220><223>  Primer BS OCT4-4 F Page 20



Sequence listing<400>  79ggatgttatt aagatgaaga tagttgg                                           27<210>  80<211>  25<212>  DNA<213>  Artificial<220><223>  Primer BS OCT4-4 R<400>  80cctaaactcc ccttcaaaat ctatt                                             25Page 21



-41- 

 

Claims 

 

1. A method for producing bioengineered heart muscle from pluripotent stem cells, 

comprising the steps of 

(i)   cultivating pluripotent stem cells in a basal medium comprising an 5 

effective amount of (a) BMP4, Activin A, FGF2, a GSK3-inhibitor, and (b) 

a serum-free supplement resulting in a final concentration of 0.5-50 

mg/ml albumin, 1-100 μg/ml transferrin, 0.1-10 μg/ml ethanol amine, 

0.003-0.3 μg/ml sodium selenite, 0.4-40 μg/ml L-Carnitine HCl, 0.1-10 

μg/ml Hydrocortisone, 0.05-5 μl/ml Fatty acid supplement, 0.0001-0.1 10 

μg/ml triodo-L-thyronine (T3), thereby inducing mesoderm differentiation 

of said pluripotent stem cells;  

(ii)   cultivating the cells obtained in step (i) in a basal medium comprising an 

effective amount of an inhibitor of the Wnt-signaling pathway and a 

serum-free supplement as in (i), thereby inducing cardiac differentiation 15 

of the cells; and 

(iii) cultivating the cells obtained in step (ii) in a basal medium comprising an 

effective amount of a serum-free supplement as in (i), under mechanical 

stimulation, thereby promoting cardiac maturation.  

  20 

2. The method of claim 1, wherein the pluripotent stem cells are selected from 

embryonic stem cells, induced pluripotent stem cells, and parthenogenetic stem 

cells; and/or wherein the pluripotent stem cells are pluripotent stem cells of 

primate origin, preferably human pluripotent stem cells. 

 25 

3. The method of any one of claims 1-2, wherein the basal medium in step (i) 

comprises  

1-20 ng/ml BMP4, preferably about 5 ng/ml BMP4; and 

0.1-10 ng/ml FGF2, preferably about 5 ng/ml FGF2; and 

1-20 ng/ml Activin A, preferably about 9 ng/ml Activin A. 30 

 

4. The method of any one of claims 1-3, wherein the GSK3-inhibitor in the basal 

medium of step (i) is selected from the group consisting of CHIR99021, 

CHIR98014, SB216763, TWS119, Tideglusib, SB415286, and LY2090314; 

preferably wherein the basal medium in step (i) comprises 0.1-10 μM 35 

CHIR99021.  
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5. The method of claim 1, wherein the inhibitor of the Wnt-signaling pathway in 

the basal medium of step (ii) is selected from the group consisting of IWP4, 

IWP2, IWR-1, IWP1, IWP3, IWR-2, IWR-3, IWR-4, IWR-5, XAV939, DKK1, 

quercetin, ICG-001, pyrvinium, CCT031374, iCRT-3,5,14, CPG049090, NC043; 

preferably wherein the basal medium of step (ii) comprises 0.1-10 μM IWP4.  5 

  

6. The method of any one of claims 1-5, wherein the basal medium of step (iii)  

a)   further comprises 0.1-10 ng/ml TGFβ1, most preferably about 1 ng/ml 

TGFβ1; and/or 

b)   does not comprise an effective amount of FGF2; and/or 10 

c)   comprises 0.5-3 mM Ca2+, most preferably about 1.2 mM Ca2+. 

 

7. The method of any one of claims 1-6, wherein the mechanical stimulation in 

step (iii) is dynamic mechanical stimulation or static stretch, preferably wherein 

the mechanical stimulation in step (iii) is dynamic mechanical stimulation.  15 

 

8. The method of any one of claims 1-7, wherein the basal medium of step (i), (ii) 

and/or (iii) comprises 10-1000 μM, preferably 50-400 μM, more preferably 100-

300 μM, even more preferably 150-250 μM, and most preferably about 200 μM 

of ascorbic acid or a salt thereof. 20 

 

9. The method of any one of claims 1-8, wherein the  serum-free supplement in 

step (i), (ii) and/or (iii) comprises 0.1-10 % B27 or B27 minus insulin, 

preferably 0.5-8 %, more preferably 1-6 %, even more preferably 1.5-4%, and 

most preferably about 2% B27 or B27 minus insulin. 25 

 

10. The method of any one of claims 1-9, wherein the basal medium used in step 

(i), (ii) and/or (iii) is DMEM/F12, StemPro, Iscove’s medium, αMEM, DMEM, and 

RPMI, preferably wherein the basal medium used in step (i), (ii) and/or (iii) is 

RPMI supplemented with pyruvate. 30 

 

11. The method of claim 1, comprising prior to step (i) a seeding step, wherein said 

pluripotent stem cells are seeded in a ratio of (2.5-6 x 106 cells / 1 mg collagen) 

/ 1 ml medium in a suitable mould; preferably wherein the seeding step is 

carried out 18-30 h prior to step (i). 35 
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12. The method of claim 11, wherein the medium used in the seeding step further 

comprises a ROCK-inhibitor, preferably selected from Y27632, H-1152P, 

Thiazovivin, Fasudil, Hydroxyfasudil, GSK429286A, and RKI-1447, more 

preferably wherein the medium used in the seeding step comprises 1-50 μM 

Y27632. 5 
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