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(A)

Nodl
Spel Spel Ecoltl EcalV/Binell

Bam ] EeoRY | |
Haam | | 1356 | 1530 | 1050 93 [

— CMYC D] KR Octd Sox eem

ATG() ATG ATG ATG TGA(FILS)

SM1 SM2 #2

5125

2598

1430
1286

SM1 :lamda DNAMHindlll

SM2 - 100bp ladder

#2 - pEF CKOS/BamHl + Sall + Xhol
(5125, 2598, 1490, 1286, 286, 99, and 34 bp)

(B): CDS 5082 nts
-CCCCTCAACGTCAGCTTCACCAACAGGAACTATGACCTCGACTACGACTCGGTGCAGCC
TTATTTCTACTGCGACGAGGAGGAGAACTTCTACCAGCAGCAGCAGCAGAGCGAGCTGCAG
CCGCCGGCACCCAGCGAGGATATCTGGAAGAAATTCGAGTTGCTGCCCACCCCGCCCCTGTC
CCCGAGCCGCCGCTCCGGGCTCTGCTCGCCCTCGTACGTCGCGGTCGCGTCCTTCTCCCCCAG
GGGAGACGATGACGGCGGCGGCGGCAGCTTTTCCACGGCCGACCAGTTGGAGATGGTGACC
GAGCTGCTGGGAGGAGACATGGTGAACCAGAGCTTCATCTGCGACCCCGACGACGAGACCT

TCATCAAAAACATTATCATCCAGGACTGTATGTGGAGCGGCTTCTCAGCCGCCGCCAAGCTC
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GTGTCAGAGAAGCTGGCCTCCTACCAGGCTGCGCGCAAAGACAGCGGCAGCCCGATTCCCG
CCCGCGGGCACGGCGGCTACTCCACCTCCAGCTTGTACCTGCAGGACCTGAGCGCCGCCGCC
TCCGAATGCATCGACCCCTCGGTGGTCTTCCCCTACCCGCTCAACGACAGCAGCTCGCCCAA
GCCCTGCGCCTCCCCCGACTCCACCGCCTTCTCCCCGTCCTCGGACTCTCTGCTCTCCTCCGC
CGAGTCCTCCCCACGGGCCAGTCCCGAACCCTTGGCTCTCCACGAGGAGACACCACCCACCA
CCAGCAGCGACTCTGAGGAAGAACAAGAGGATGAGGAAGAAATTGATGTTGTTTCTGTGGA
AAAGAGGCAGCCCCCTGCCAAAAGGTCGGAATCGGGGTCACCCTCTGCTGGAGGCCACAGC
AAACCTCCTCACAGCCCCCTGGTCCTTAAGAGATGCCATGTGTCCACGCACCAGCACAATTA
TGCAGCGCCCCCCTCCACCAGGAAGGACTATCCCTCTGCCAAGAGGGCTAAGTTGGACAGTG
GCAGGGTCCTGAAACAGATCAGCAACAACCGAAAATGTGCCAGCCCCAGGTCCTCGGACAC
GGAGGAGAATGACAAGAGGCGGACACACAATGTCTTGGAACGCCAGAGGAGAAACGAGCT
GAAACGCAGCTTTTTTGCCCTTCGAGACCAGATCCCAGAGTTGGAGAACAATGAAAAAGCC
CCCAAGGTAGTTATCCTTAAAAAAGCCACAGCTTACATCCTGTCTGTCCAAGCAGAGGAGCA
AAAGCTCGTGTCAGAAAAAGACGTGCTGCGGAAGAGGCGAGAACAGTTGAAACTCAAACTT
GAACAGCTACGGAACTCTTGCCCAAGAGCCGAGGGCAGGGGAAGTCTTCTAACATGCGGGG
ACGTGGAGGAAAATCCCGGGCCC CactagtATGGCTGTCAGCGACGCACTGCTCCCGTCCTTCTC
CACGTTCGCGTCCGGCCCGGCGGGAAGGGAGAAGACACTGCGTCCAGCAGGTGCCCCGAAT
AACCGCTGGCGGGAGGAGCTCTCCCACATGAAGCAAAGACTTCCCCCGGTGCTTCCCGGCCG
CCCCTACGACCTGGCGGCGGCGACCGTGGCCACCGACCTGGAGAGTGGCGGAGTCGGCGCG
GCTTGCGGCAGTAGCAACCCGGCTCTTCTACCCCGGAGGGAGACGGAGGAGTTCAATGATCT
CCTGGACCTGGACTTTATCCTCTCCAACTCACTGTCTCATCAGGAGTCAGTGGCCGCCACCGT
GTCCTCGTCGGCTTCAGCCTCATCCTCTTCCTCCCCATCGAGCAGCGGTCCCGCCAGTGCGCC
CTCCACCTGCAGCTTCAGCTATCCGATCCGGGCTGGGGGCGACCCGGGCGTGGCACCGGGCA
GCACTGGAGGCAGCCTCCTCTATGGCCGGGAGTCTGCACCTCCCCCGACAGCTCCCTTCAAC

CTGGCAGACATCAACGATGTGAGCCCCTCGGGCGGCTTCGTGGCCGAACTCCTGCGGCCTGA
34
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ATTGGACCCGGTGTACATTCCGCCGCAGCAGTCGCAGCCGCCAGGTGGCGGGCTGATGGGC
AAGTTTGTGTTGAAGGCATCGCTGAGTGCCCCCGGCAGCGAGTACGGCAGCCCATCGGTCAT
CAGTGTTAGCAAAGGCAGCCCAGATGGGAGCCACCCGGTGGTGGTGGCGCCCTACAGCGGT
GGCCCGCCGCGCATGTGCCCCAAGATCAAGCAGGAGGCTGTCTCCTCGTGCACCGTCGGCCG
GCCCTTAGAGGCCCACTTGGGCACTGGACCCCCTCTCAGCAATGGCCACCGGCCGCCTGCCC
ACGACTTTCCCCTGGGGCGGCAGCTCCCCAGCAGGACTACCCCAACCCTGGGTGCGGAGGA
ACTGCTAAGCAGCAGGGACTGTCATCCTGCCCTGCCGCTCCCCCCGGGCTTCCATCCCCACC
ATGGGCCAAACTACCCACCCTTCCTGCCGGATCAGCTGCAGCCGCAGGTCCCACCGCTCCAT
TACCAAGGTCAGTCCCGGGGAATCGTAGTTGGGGCTGGGGAGCCCTGCATCTGCCGGCCCTC
TGGGGCCCACGGAATGGTGTTGACCCCACCTTCTTCACCCCTAGAGCTCATGCCACCTGGTT
CCTGCATGCCAGAGGAGCCAAAGCCAAAGAGGGGGAGAAGGTCGTGGCCCCGGAAAAGGA
CGGCCACTCACACTTGTGATTACGCGGGCTGCGGCAAAACCTACACGAAGAGTTCTCATCTC
AAGGCACACCTGCGAACCCACACAGGTGAGAAACCTTACCACTGTGACTGGGATGGCTGTG
GGTGGAAATTTGCCCGCTCAGATGAACTGACCAGGCACTACCGCAAACATACTGGGCACCG
CCCCTTCCAGTGCCAGAAGTGCGACCGGGCATTTTCAAGGTCGGACCACCTTGCCTTACACA
TGAAGAGGCATTTTAGAGCCGAGGGCAGGGGAAGTCTTCTAACATGCGGGGACGTGGAGGA
AAATCCCGGGCCCgaatteATGGCGGGACACCTGGCTTCCGACTTCGCCTTCTCGCCCCCGCCG
GGCGGTGGAGGCGATGGGCCGGGAGGGCCGGAGCCGGGCTGGGTTGATCCTCGGACCTGGC
TGAGCTTCCAAGGGCCTCCCGGTGGGTCAGGGATCGGGCCGGGGGTTGGGCCGGGCGCCGA
GGTGTGGGGGCTTCCCGCGTGCCCCCCGCCCTATGACTTCTGCGGAGGGATGGCCTACTGCG
CACCTCAGGTCGGAGTGGGGCTGGTGCCCCAGGGCGGCCTGGAGACCCCTCAGCCCGAGGG
CGAGGCGGGGGCCGGGGTGGAGAGCAACTCCGAGGGGGCCTCCCCCGAGCCCTGTGLCCGCC
CCCGCTGGCGCCGCGAAGCTGGACAAGGAGAAGCTGGAGCCGAACCCCGAGGAGTCCCAGG
ACATCAAAGCGCTTCAGAAAGATCTCGAACAATTTGCCAAGCTCCTAAAGCAGAAGAGGAT

CACCCTGGGATATACCCAGGCCGATGTGGGGCTCACTTTGGGGGTTCTCTTTGGGAAGGTGT
35
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TCAGCCAAACGACCATCTGCCGTTTTGAGGCTTTGCAGCTCAGTTTCAAGAACATGTGTAAG
CTGCGGCCCCTGCTGCAGAAGTGGGTGGAGGAAGCTGACAACAACGAGAATCTGCAGGAGA
TATGCAAGGCAGAGACCCTCGTGCAGGCCCGGAAGAGAAAGCGGACAAGTATCGAGAACC
GAGTGAGAGGCAACCTGGAGAGCATGTTCCTGCAGTGCCCAAAGCCCACTCTGCAGCAGAT
CAGCCACATCGCCCAGCAGCTCGGGCTAGAGAAGGATGTGGTCCGCGTGTGGTTCTGCAACC
GTCGCCAGAAGGGCAAACGATCAAGCAGTGACTATTCGCAACGAGAGGATTTTGAGGCTGC
TGGGTCTCCTTTCCCAGGGGGACCAGTATCCTTTCCTCTGGCGCCAGGGCCCCATTTTGGTAC
CCCAGGCTATGGGGGCCCTCACTTCACCACCCTGTACTCCTCGGTCCCATTCCCTGAGGGTG
AGGCCTTTCCCTCGGTGTCTGTCACCCCTCTGGGCTCCCCCATGCATTCAAACAGAGCCGAG
GGCAGGGGAAGTCTTCTAACATGCGGGGACGTGGAGGAAAATCCCGGGCCCgatgacATGTAC
AACATGATGGAGACGGAGCTGAAGCCGCCCGGCCCGCAGCAAACTTCAGGGGGCGGCGGCG
GCGGTGGCAACTCTACTGCTGCGGCGGCGGGCGGCAACCAGAAGAACAGCCCAGACCGAGT
TAAGCGGCCCATGAACGCTTTCATGGTGTGGTCCCGAGGGCAGCGGCGCAAGATGGCCCAA
GAGAACCCCAAGATGCACAACTCGGAGATCAGCAAACGGCTGGGCGCCGAGTGGAAACTTT
TGTCGGAGACGGAGAAGCGGCCGTTCATCGACGAGGCCAAGCGGCTGCGAGCGCTGCACAT
GAAGGAGCACCCGGATTATAAATACCGGCCCCGGCGGAAAACCAAGACGCTCATGAAGAAG
GATAAGTACACACTGCCCGGAGGGCTGCTGGCCCCGGGAGGCAACAGCATGGCGAGCGGGG
TCGGGGTGGGCGCCGGCCTCGGCGCGGGCGTGAACCAGCGCATGGACAGCTACGCGCACAT
GAATGGCTGGAGCAACGGCAGCTACAGCATGATGCAGGACCAGCTGGGCTATCCGCAGCAC
CCGGGCCTCAATGCGCACAGCGCGGCTCAGATGCAGCCCATGCACCGCTACGACGTGAGCG
CCCTGCAGTACAACTCCATGACCAGCTCGCAGACCTACATGAACGGCTCGCCCACCTACAGC
ATGTCCTACTCGCAGCAGGGCACCCCTGGCATGGCGCTCGGTTCCATGGGCTCAGTGGTCAA
GTCCGAGGCGAGCTCCAGCCCCCCCGTGGTTACCTCTTCTTCCCACTCCAGGGCGCCCTGCC
AGGCCGGGGACCTACGGGACATGATCAGCATGTACCTCCCCGGCGCTGAGGTGCCAGAGCC

CGCCGCCCCCAGCAGACTTCACATGTCCCAGCACTACCAGAGCGGCCCGGTGCCCGGCACG
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GCCATCAACGGTACACTGCCTCTCTCTCACATG

BBl CATATGGGGAATC GAATTC CC geggecgeTCGAG

(C) CKOS; 1694aa
MPLNVSFTNRNYDLDYDSVQPYFYCDEEENFYQQQQQSELQPPAPSEDIWKKFELLPTPPLSPSR
RSGLCSPSYVAVASFSPRGDDDGGGGSFSTADQLEMVTELLGGDMVNQSFICDPDDETFIKNIIIQ
DCMWSGFSAAAKLVSEKLASYQAARKDSGSPIPARGHGGYSTSSLYLQDLSAAASECIDPSVVFP
YPLNDSSSPKPCASPDSTAFSPSSDSLLSSAESSPRASPEPLALHEETPPTTSSDSEEEQEDEEEIDVV
SVEKRQPPAKRSESGSPSAGGHSKPPHSPLVLKRCHVSTHQHNYAAPPSTRKDYPSAKRAKLDSG
RVLKQISNNRKCASPRSSDTEENDKRRTHNVLERQRRNELKRSFFALRDQIPELENNEKAPKVVI
LKKATAYILSVQAEEQKLVSEKDVLRKRREQLKLKLEQLRNSCPRAEGRGSLLTCGDVEENPGP
TSMAVSDALLPSFSTFASGPAGREKTLRPAGAPNNRWREELSHMKQRLPPVLPGRPYDLAAATV
ATDLESGGVGAACGSSNPALLPRRETEEFNDLLDLDFILSNSLSHQESVAATVSSSASASSSSSPSS
SGPASAPSTCSFSYPIRAGGDPGVAPGSTGGSLLYGRESAPPPTAPFNLADINDVSPSGGFVAELLR
PELDPVYIPPQQSQPPGGGLMGKFVLKASLSAPGSEYGSPSVISVSKGSPDGSHPVVVAPYSGGPP
RMCPKIKQEAVSSCTVGRPLEAHLGTGPPLSNGHRPPAHDFPLGRQLPSRTTPTLGAEELLSSRDC
HPALPLPPGFHPHHGPNYPPFLPDQLQPQVPPLHYQGQSRGIVVGAGEPCICRPSGAHGMVLTPPS
SPLELMPPGSCMPEEPKPKRGRRSWPRKRTATHTCDYAGCGKTYTKSSHLKAHLRTHTGEKPYH
CDWDGCGWKFARSDELTRHYRKHTGHRPFQCQKCDRAFSRSDHLALHMKRHFRAEGRGSLLT
CGDVEENPGPEFMAGHLASDFAFSPPPGGGGDGPGGPEPGWVDPRTWLSFQGPPGGSGIGPGVG
PGAEVWGLPACPPPYDFCGGMAYCAPQVGVGLVPQGGLETPQPEGEAGAGVESNSEGASPEPC
AAPAGAAKLDKEKLEPNPEESQDIKALQKDLEQFAKLLKQKRITLGYTQADVGLTLGVLFGKVF
SQTTICRFEALQLSFKNMCKLRPLLQKWVEEADNNENLQEICKAETLVQARKRKRTSIENRVRG
NLESMFLQCPKPTLQQISHIAQQLGLEKDVVRVWFCNRRQKGKRSSSDYSQREDFEAAGSPFPG

GPVSFPLAPGPHFGTPGYGGPHFTTLYSSVPFPEGEAFPSVSVTPLGSPMHSNRAEGRGSLLTCGD
37



1 VEENPGPDDMYNMMETELKPPGPQQTSGGGGGGGNSTAAAAGGNQKNSPDRVKRPMNAFMV
2 WSRGQRRKMAQENPKMHNSEISKRLGAEWKLLSETEKRPFIDEAKRLRALHMKEHPDYKYRPR
3 RKTKTLMKKDKYTLPGGLLAPGGNSMASGVGVGAGLGAGVNQRMDSYAHMNGWSNGSYSM
4  MQDQLGYPQHPGLNAHSAAQMQPMHRYDVSALQYNSMTSSQTYMNGSPTYSMSYSQQGTPG

5 MALGSMGSVVKSEASSSPPVVTSSSHSRAPCQAGDLRDMISMYLPGAEVPEPAAPSRLHMSQHY

6 QSGPVPGTAINGTLPLSHM

7 (D)
Basspund) 5| TR (1:5895)
“s”éﬁf' skl (403)
Komnil @412)
Asel A R 7740 86008) \ / f‘”‘“‘“]
se Faol (805) .
i A 388) Jeles
Tolinearize  ss0i N \\\ /f /// rs\?Erﬁﬁ[f]“11;ﬁ]£J||
\ W // e Al (128)
Eow ) (000, \
g il BamHI & Hindll
Pl (B520) = Rarll (1927) sM 1 7 3 5
A 320) pTet-GRTW = Hyga R (1510 254dtg)
Sl e pRevIRE EGFP.RSVp rTAZS M2 WPRE
BT (G693 B945 bp ! €8125 bp
5449 bp
/ - <
e _ Bl 2570)
3'LTR (5851-5448hpt \ \.\ g D)
,’ / \\ TREmInCMV {2833-3276bp)
254)
200 AN \@jm
WPRE{51366;;TTBPIF 77 - Y TR
M (B427) W -
medn / / / \\i\\ GEP (332140400p)
Feol 8022} /// \
ol \\m
ami o3y /S /
HTAZSM2 (4397.5143bp)  / /7 i el
e | (4678) om (43
Apal (45475
PanOM (4543)
Pl (2628
e Natl
Spel Spel EeoRI EcoRV/Hincll
smHIE coR1 T
o] | 1336 1530 1080 954 11
m—— CMYC Kifd ot Jom| son
3 ATG() ATG ATG ATG TGA(118)
9

38



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Supplementary Fig. 1.Information on the pCKOS plasmid used for the production of transgenic
mice. The retrovirus vector was designed to express the four stemness factors by tetracyclin-mediated
induction. For details, see Materials and Methods. (A) Construction of a pTracer-EF/V6-His A vector
(Clontech) with appropriate restriction enzymes to generate pMyc-2A, pKIf4-2A, pOct4-2A and pSox2-
2A vectors. (B) cDNA sequence of 5082 bp including C-Myc-2A, Kif4-2A, Oct4-2A and Sox2-2A. (C)

Amino acid sequence. (D) Construction of pTet-GRTW to generate a pTet-CKOS plasmid.
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Suppleemntary Fig. 2. SDS-PAGE analysis. A) SDS-PATE analysis of 1-month-old-derived collagen

complexes on 10% gel. Lane 1 and lane 2 indicate the protein maker and collagen complexes derived

from the I-month-old mouse tail, respectively. B) Different types of collagen contained in collagen

complexes were determined by using Western blot analysis. C_ Relative intensities of each collagen type

from (B) and results of three independent experoments (means + SD; lower panel). a and b) p<0.05.
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Supplementary Fig. 3. Bisulfate restriction analysis of the PCNA gene promoter region in Y-, Ac-
and O-fibroblast cells. A) Demethylation at the PCNA promoter gene sequence. M, DNA size marker
(bp); U, intact, undigested PCR products (166 bp); enzyme-treated PCR products (84 and 82 bp); Y,
young age-derived fibroblast; O, old age-derived fibroblast; Oc-1 and Oc-5, old age-derived fibroblast
cultured in the presence of collagen complexes for 1 day or 5 days. B) Vallidation of demethylation. The
percentage of methylated DNa is shown as a percentage of digested DNA (black). C) Comparison of the
methylation status of Oct3/4 promoter sequences. Percentage of methylation was calculated as the ration

of converting bas Cs to Ts following bisulfite treatment.
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2 Supplementary Fig. 4. Real-time RT-OCR analysis of autophagy-related genes. Gene expression was

3 normalized using the GAPDH housekeeping gene. a and b) p<0.05.
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