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Establishment of macaque trophoblast stem cell lines derived from cynomolgus monkey blastocysts.
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Supplementary Table S1. Top 30 list of > 2-fold over-represented genes in RNA-seq data of all macTSCs* compared to that of ESC.
[image: ]
*, in AFHBY (#1, 2) or FHBY (#3-5) conditions; FC, fold-change



Supplementary Table S2. FPKM value of trophoblast markers from RNA-seq data.
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Supplementary Table S3. The number of single and multinucleated (≥ 3 nuclei) cells.
[image: ]
* N, the number of nuclei in the multinucleated cells; C, the number of multinucleated cells; T, the total number of nuclei.
** Fusion index = (N-C)/T



Supplementary Table S4. Top 30 list of 2-fold up-regulated genes by dbcAMP treatment in macTSCs.
[image: ]
*, +cAMP vs AFHBY (#1, 2) or FHBY (#3-5); FC, fold-change


Supplementary Table S5. Primers list.
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Supplementary Table S6. Antibody list.
[image: ]


[image: ]
[image: ]
Supplementary Figure S1. Establishment of cynomolgus monkey trophoblast stem cell lines (macTSC) from blastocysts. (A) All of the blastocysts used in the present study displayed attachment by day 5 of cell culture (D5), formed cell outgrowth, and eventually gave rise to stably growing cell lines. See the main text for the specific culture conditions. Scale bar = 200 μm. (B) The appearance of the five macTSC lines. Scale bar = 200 μm. (C) Growth of macTSC#2 in different culture conditions; related to Figure 1C. (D) The number of chromosomes in macTSC#2. Chromosome spreads were prepared from the colcemid-treated cells, and the number of chromosomes in fluorescent images of 54 spreads were counted. (E) Growth of macTSC#1 line. (F) The number of chromosomes in macTSC#1. The fluorescent images of 51 spreads were counted.
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Supplementary Figure S2. (A and B) DNA methylation status of the ELF5 promoter (A) in T-E T-DMRs (B) in macTSC#1. Open and filled circles represent unmethylated and methylated cytosines, respectively. Overall methylation percentage (the number of methylated CpGs per number of total CpGs) is shown under each part.


[image: ]
Supplementary Figure 3. The relative expression levels of five C19MC miRNAs in macTSC#1-5. The mean expression level (± SD) was normalized to that of U6 snRNA. Value of each miRNA in macTSC#2 was arbitrary set as 1. *; p < 0.05 (technical triplicates for biological duplicates).



[image: ]
Supplementary Figure S4. The GO term enrichment analysis of the genes with < 2-fold lower expression in the all macTSCs than in ESC. For GO analyses, PANTHER (www.panther.org) was used. P-values were calculated by Fisher’s exact test and Bonferroni corrected.
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Supplementary Figure S5. Determination of the thresholds in flow cytometric analyses. The combination of antibodies and their isotype controls were used to draw threshold lines (arrows), so that a majority (> 99%) of double-negative controls distribute under the threshold lines.
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Supplementary Figure S6. Flow cytometric analysis in biological duplication; related to Figure 6C. PI staining-positive dead cells were gated out.


[image: ]
Supplementary Figure S7. The GO term enrichment analysis of the genes with < 2-fold lower expression in the all macTSCs in +cAMP than FHBY condition. For GO analyses, PANTHER (www.panther.org) was used. P-values were calculated by Fisher’s exact test and Bonferroni corrected.



[image: ]
Supplementary Figure S8. Establishment of Venus-overexpressing macTSC lines. Detection of Venus in macTSC#2-Venus (A and B) and macTSC#4-Venus lines (C and D) by immunofluorescence (A and C) and western blotting (B and D). Scale bars in A and C = 100 μm. ACTB was used as an internal control for western blotting. Control, the original macTSC#2 (B) and macTSC#4 (D) cells. Based on the expression levels of Venus, macTSC#2-Venus No. 6 and macTSC#4-Venus No. 11 were chosen for the xenogeneic chimera assay.


[image: ]
Supplementary Figure S9. Failure of aggregation in xenogeneic chimera blastocyst. macTSC#2-Venus cells dropped to the embryonic cavity. Scale bar = 50 µm.


[image: ]
Supplementary Figure S10. qRT-PCR for analyzing the expression of CDX2 in macTSC. The mean values (± SD) of technical triplicates for biological duplicates, normalized by the expression of ACTB, were shown relative to that of small intestine (SI; arbitrarily set as 1). 


[image: ]
Supplementary Figure S11. Growth of macTSC#2 treated with 1 µM of EGFR inhibitor, PD153035 (EGFRi) (TCI, Tokyo, Japan); related to Figure 1D. The number of cells normalized to that at day 0 and arbitrarily set as 1. The mean values (± SD) of technical triplicates for biological duplicates are shown. P < 0.05 between different characters on day 4 (The Tukey-Kramer test).


[image: ]
Supplementary Figure S12. Uncut blot images.
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FPKM

Gene FC Ave. macTSC#1 macTSC#2 macTSC#3 macTSC#4 macTSC#5 ESC Fibroblast  Placenta
KRT17 4690.18 41.36 133.12 184.24 632.49 658.46 0.07 0.05 3.91
MPEG1 4475.06 1.73 28.75 163.32 265.02 100.34 0.02 0.00 69.77
STXBP2 3714.54 24.18 25.02 41.60 48.81 44.83 0.01 0.72 15.71
AGXT 3289.97 36.13 91.28 128.78 71.95 222.09 0.03 0.07 11.71
HAND1 3139.02 28.89 46.73 21.93 38.73 13.74 0.01 0.12 0.09
NOTUM 3018.41 1.19 1.56 20.05 518.42 63.76 0.04 0.1 456.33
GATA3 2987.33 45.00 47.88 120.84 98.60 76.75 0.03 3.17 13.09
MFAP5 2837.14 36.31 39.93 26.00 84.17 85.61 0.02 0.51 181.00
VGLL1 2757.04 142.53 162.93 238.93 262.91 254.06 0.08 0.05 95.42
LAIR2 2490.94 10.68 55.52 165.08 2354.94 6.76 0.21 0.20 230.88
HSD3B1 2392.89 92.93 104.23 212.86 112.64 37.27 0.05 0.07 20.41
FYB1 2344.49 36.10 2365 23.48 31.60 16.89 0.01 0.06 12.04
XAGE3 2276.30 338.78 413.93 588.81 502.67 405.44 0.20 0.21 650.34
MAB21L4 1948.13 8.66 1040 2717 22.49 2474 0.01 0.00 0.56
SLC27A6 1936.86 3.37 6.19 25.00 49.85 0.93 0.01 0.00 0.51
TFAP2C 1824.74 37.46 37.56 47.03 39.30 27.30 0.02 1.16 11.26
ATP6VOA4 1776.33 1.78 417 7329 20.64 0.04 0.01 0.00 6.36
ITGB6 1643.56 79.21 83.12 17.09 16.63 23.25 0.03 0.01 1.66
S100A6 1607.69 307.40 225.65 359.64 273.84 126.66 0.16 162.75 830.92
NPNT 1579.04 89.72 75.51 3.62 1.55 2.90 0.02 49.69 0.35
WFDC2 1540.01 607.03 706.98 698.59 1873.00 4016.30 1.03 0.60 365.93
COLEC12 1467.17 0.09 0.75 29.59 108.55 42.67 0.02 30.11 67.39
TRIM29 1436.19 11.64 25.30 31.05 48.81 125.14 0.03 0.03 13.10
ARHGDIB 1422.47 48.08 75.77 101.46 38.62 32.65 0.04 1.87 82.62
AOC1 1410.78 0.18 1.46 1.12 19.56 49.68 0.01 0.00 96.85
Ism2 1383.33 745 11.51 47.06 986.68 256.77 0.19 0.18 1381.03
IFI16 1379.12 4.31 943 13.80 8.64 29.06 0.01 48.23 2423
KRT7 1378.97 349.84 295.70 260.01 262.75 25047 0.21 188.33 49.57
LVRN 1342.04 10.80 1247 17.29 2214 11817 0.03 0.28 36.20
MIR675 1274.09 2793.07 1391.10 9438.74 21098.09  4813.09 6.21 50.20 1606.27
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(AFHBY dbcAMP
Gene Ave. __macTSC#1_macTSC#2 macTSC#3 macTSC#4 macTSC#5 Ave. __macTSC#1 macTSC#2 macTSC#3 macTSC#4 macTSC#5  ESC __Fibroblast _Placenta
TFAP2A 925 757 758 867 976 1267 19.39 17.04 19.52 1932 24.83 1625 231 0.16 1467
TFAP2C 3773 37.46 3756 47.03 39.30 2730 3178 3912 37.60 37.03 23.49 2165 002 116 1126
KRT7 28375 34984 20570 26001 26275 25047 42226 33767 30799 43372 42530 60663 021 188.33 49.57
GATA3 7781 45.00 47.88 12084 98.60 7675 108.76 8071 8851 15487 13161 88.09 003 347 13.09
HAND1 3001 28.89 4673 21.93 3873 1374 574 163 448 1424 594 238 001 012 009
VGLL1 21227 14253 16293 23893 26291 25406 147.91 14350 14875 22164 11005 11559 008 005 95.42
FZD5 664 047 026 894 513 18.42 231 014 027 508 172 437 005 005 021
TEAD4 659 5.12 502 762 511 10.06 178 071 134 268 136 284 326 5.00 182
P63 340 023 2.06 572 382 519 207 079 144 4.40 161 213 000 0.00 193
ovoL1 148 050 092 124 321 154 978 223 852 1732 13.04 779 022 007 265
EPCAM 15836 12246 11856 18039 21120  159.20 12903 13060 11627 19545 10435 98.48 300 0.06 2645
Gemt 2218 156 455 758 8229 1491 22020 23018 26369 17134 30782  127.95 000 0.06 153.34
cD9 27180 27440 26758 28591 28333 24776 57813 55517 51557 42131 59918  799.41 1262 13469 61.33
TGAT 3148 26.15 1895 2229 70.92 19.11 12871 25004 13268 9247 136.67 3169 047 1575 79.46
TGAS 53.15 26.11 2389 4219 133.50 40.07 27376 31010 24831 26303 36054  186.80 11.36 72.85 186.19
MMP2 167.62 384 1249 11625  619.50 85.02 431911 358543 427843  3137.38 793757 265672 1863 62.92 31257
MMPY 027 002 065 041 024 002 221 010 739 148 1.91 0.15 005 1.59 298





image3.tiff
number of nuclei / cell

sample 1 2 3 4 5 6 7 8 10 11 12 14 N*  C* T Fusion Index** (%)
FHBY no.1 763 33 7 1 4 1 1 60 14 889 517
FHBY no.2 447 26 7 2 2 48 12 547 6.58
FHBY no.3 941 19 6 1 4 2 2 1 76 16 1055 5.69
FHBY no.4 778 27 8 3 1 1 47 13 879 3.87
-cAMP no.1 568 17 5 3 1 34 9 636 3.93
-CAMP no.2 560 27 8 2 2 42 12 656 457
-CAMP no.3 385 23 1 1 10 2 441 1.81
-CAMP no.4 275 15 1 2 1 3 316 253
+CAMP no.1 393 25 15 7 2 1 1 1 1 115 28 558 15.59
+cAMP no.2 431 40 18 3 1 7 22 582 8.42
+cAMP no.3 384 23 13 7 2 1 2 2 1 1 152 30 582 20.96
+cAMP no.4 415 29 19 5 4 3 1 1 132 33 605 16.36
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FPKM

+cAMP (A)FHBY

Genes FC Ave.* macTSC#1 macTSC#2 macTSC#3 macTSC#4 macTSC#5 macTSC#1 macTSC#2 macTSC#3 macTSC#4 macTSC#5
MMP2 269.62 358543 427843  3137.38  7937.57  2656.72 3.84 12.49 116.25 619.59 85.92
WIPF1 126.72 4.11 19.01 39.02 73.40 12.77 0.01 0.72 4.75 11.91 0.39
HTRA4 92.23 19.52 26.61 9.31 311.31 0.08 0.09 0.21 0.08 27.05 0.02
CXx3cL1 85.74 27.33 25.89 37.54 199.25 104.74 0.10 0.24 6.26 7.55 961
SLC6A2 76.57 1.46 1.76 0.28 277 2.99 0.01 0.02 0.05 0.50 3.18
ADAMTS7 65.27 1.38 262 3.81 21.52 14.62 0.01 0.02 0.40 6.91 4.74
NCF2 58.20 9.39 18.42 3.06 9.20 1.66 0.05 0.27 0.11 1.98 0.13
NOTUM 57.87 138.80 210.94 45962  2696.13 568.79 1.19 1.56 20.05 518.42 63.76
FHL1 50.36 8.21 6.15 0.94 16.10 0.38 0.04 0.13 0.81 1.79 0.11
PECAM1 48.24 220.76 96.51 183.01 209.14 9.29 2.33 0.73 30.07 54.42 1.93
GCM1 47.99 230.18 263.69 171.34 307.82 127.95 1.56 4.55 7.58 82.29 14.91
PLAT 45.98 2.46 3.82 558 61.15 4.39 0.12 0.12 0.48 0.43 0.17
SLC34A3 44.29 0.26 1.34 1.34 13.52 1.06 0.02 0.03 0.01 0.25 0.13
PADI1 43.21 48.23 18.12 12.43 131.14 13.52 0.53 0.27 0.61 6.98 0.75
PPM1N 43.18 15.56 961 3.48 5.90 0.43 0.14 0.16 0.09 0.75 0.28
1SM2 42.26 904.60 74917 84510 2563.62 1077.98 7.45 11.51 47.06 986.68 256.77
NXPE4 38.85 214 529 1.382306 1.65 0.15 0.03 0.09 0.04 0.22 0.01
SLCO2B1 38.11 1.72 1.75 1.53 25.77 575 0.02 0.03 0.11 2.81 073
LAYN 37.56 1.22 1.64 1.32 224 0.93 0.02 0.03 0.46 0.09 0.04
CDH5 36.46 0.06 3.89 30.26 4477 0.53 0.01 0.03 0.99 9.1 0.08
MEIS3 34.94 1.93 2.56 767 8.99 345 0.02 0.04 045 3.53 2.04
KIT 33.95 273 6.31 8.20 217 1.88 0.07 0.21 0.43 0.40 0.03
EGR1 33.17 7.49 3.77 265 0.73 0.15 0.05 0.48 0.53 0.37 0.17
Cc3 30.31 1.85 1.57 20.32 17.81 0.48 0.01 0.20 10.66 5.80 0.04
ALPL 29.53 8.13 0.98 9.79 2.00 0.36 0.21 0.03 0.17 0.12 0.15
MFAP2 28.36 21.81 45.61 227.38 236.64 4.04 0.25 1.30 17.14 91.48 117
ADAMTS20 26.72 22.89 48.73 12.49 54.03 0.24 0.57 1.37 0.38 2.46 0.08
CSF2RB 26.57 63.34 95.84 44.51 271.24 46.63 0.95 3.75 224 25.59 4.79
PAPPA 24.79 319.60 145.15 17.93 47.19 175.03 8.89 3.25 0.85 467 14.37

HOPX 2471 108.54 313.45 50.05 91.18 436.30 10.39 60.90 279 3.28 7.01
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Bisulfite sequence primers

T-DMR __ Forward Reverse

FF46 GTTATTTTTTTTTTAATTTGAATATTATG AAACCTATCTAACTTAACTTCCAAAC
HD20  AATAAAAGAAAGATAAGAAGGGAATTT CTTACCCCAAAATTCTTTTCTCTACAAA
EB41 GGTTTTTTTTATTTTTTATTTTTATT CAACTAAAACAAAAAAAAAAAAAAAC
FF36 GGTTTTAATTGAAGATTAAATTTGGGT AAAAACAACAAATACATCTTCTTCATAA
HFO1 GTGTTAGGTTTAGTGTTATAGGTTTGAT ACACTCCCTAAAACAACCTAC

GC06 GGGAAAAGGTTAGAGTTTTAATGGGGT TTCCTTCTCCAATTCCAAAATCTAA

EGO1 TTTAGTTTAGTTGTTAGGGGATAAGTTT ACCAAAAACAATACCTACCC

CA37 GTTAAGGATAGATTAGGGAGGA AAAAAACCCACAACTCTAACCTAAAAC
Cct4 GTTATTTAGGAGGTTGGGGTAGAAGGATTGT CCTAACCCATCACCTCCACCTCCTAAAA

EIf5

GGAAATGATGGATGTAGAATTTGAA

miRNA gRT-PCR primers

miRNA

5' Primer

TCAAATTTATACACAACCCCTTTAAT

hsa-miR-517-5p
hsa-miR-519d-5p

CCTCTAGATGGAAGCACTGTCT
CCTCCAAAGGGAAGCGCTTTCUGTT

hsa-miR-520h ACAAAGTGCTTCCCTTTAGAGT

hsa-miR-525-5p CTCCAGAGGGATGCACTTTCT

hsa-miR-1323 TCAAAACTGAGGGGCATTTTCT
qRT-PCR primers

Gene Forward Reverse

ACTB CTACAATGAGCTGCGTGTGG GTACATGGCTGGGGTGTTGA
KRT7 CCCAGAAGTCTTTGAGGCCC ATTCAGGGCATCCACCTTGG
GATA3 CTACGTGCCCGAGTACAGCTC TGTCCGTTCATTTTGTGGTAGA
TEAD4 GGACATTGAGCAGAGTTTCCAG CCTTAGCTGCCTGGTCCTTTAG
EpCAM GGCCGTAAACTGCTTTTTGA TCAGGATCGTAAAGGCCATC
EGFR CATGTTTCCTCTGATGATCTGC AGCCTCCAGAGGATGTTCAATA
ERVV-1 GATACGGCAATTTCACACAGAG TCGTGGGTCTTCCGTAACTACT
ERVV-2 TGAAGTCCCAATAGCCTGTTTT GGAAGGAGGGAAAGATAAAGGA
GCM1 GCAACACCAACAACCACAAC CAAGGGATGAGCTTCAGAGG
CGA AAGCCAAGGGAAAACAAATTCT GTGTGGTTCTCCACTCTGACAT
CGB TCACCGTCAACACCACCATC TCCACAACGACAGCTGAGAG
HTRA4 CCGTTGTCAAGGATATTGACCT AATCCTTCATCCCCAGTTCTTT
ITGA5 TTCGGATTCTCAGTGGAGTTTT ACTTGTACTCCACAGGCTCCTC
CDH5 TGAAGGGGAAAGAGTATTTTGC GAAGAAGGGGAAGTTGTCATTG
MMP2 CCCAAAACGGACAAAGAGTTG ATGGTCTCGATGGTATTCTGGT
MMP9 GGAGACCTGAAAACCAATCTCA CCCTCAAAGGTTTGGAATCT
CDX2 CTACAGCCGCTACATCACCA TTTCCTTTCCTTTGCTCTGC

Construction of over-expression vector

Primer name

3xFLAG-Mafa-AG_cDNA_F  ATCATGATATCGATTACAAGGATGACGATGACAAGATGGCGGTCATGGCGCCCCG

Sequence

3xFLAG-Mafa-AG_cDNA_R  TTATCTATCTGAGCTCTTCC
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Antibody Catalog no. Species _Company (City, Country)

Anti-E Cadherin antibody [HECD-1] ab1416 mouse  abcam (Cambridge, UK)

Anti-Human Chorionic Gonadotropin IR50861-2)  rabbit Dako (KéIn, Germany)

Anti-GFP (Green Fluorescent Protein) pAb 598 rabbit MBL (New York, US)

Monoclonal Anti-HLA Class | Antigen-FITC antibody [W6/32]  F5662 mouse  Sigma-Aldrich (St. Louis, US)

Anti-Mafa-AG antibody [25D3] mouse  from Dr. Thaddeus G. Golos, University of Wisconsin-Madison
Anti-R-Actin antibody A1978 mouse  Sigma-Aldrich

Anti-CDX-2 [CDX2-88] MU392A-UC  mouse BioGenex (California, US)

Alexa Fluor® 488 goat anti-mouse IgG (H+L) A11029 goat invitrogen (Carlsbad, US)

Alexa Fluor® 488 goat anti-rabbit IgG (H+L) A11034 goat invitrogen

Alexa Fluor® 594 goat anti-rabbit IgG (H+L) A11037 goat invitrogen

Alexa Fluor 594-AffiniPure Goat Anti-Mouse IgG (H+L) 115-585-062 goat Jackson ImmunoResearch (West Grove, US)

Alexa Fluor™ 633 goat anti-rabbit IgG (H+L) A21052 goat invitrogen

Isotype Control of 25D3 antibody [11513] mouse  from Dr. Thaddeus G. Golos, University of Wisconsin-Madison
Mouse Control IgG2a - ChIP Grade [MOPC-173] ab18413 mouse  abcam




