Retinoic acid worsens Atg10-dependent autophagy impairment in TBK1-mutant hiPSC-derived motoneurons through SQSTM1/p62 accumulation. 
Alberto Catanese1,2, Florian olde Heuvel3, Medhanie Mulaw4, Maria Demestre1, Julia Higelin1,2, Gotthold Barbi5, Axel Freischmidt3, Jochen H Weishaupt3, Albert C Ludolph3, Francesco Roselli1,3,6, Tobias M Boeckers1,6

Affiliations: 	1. Institute of Anatomy and Cell Biology, Ulm University, Ulm (DE)
2. International Graduate School, Ulm University, Ulm (DE)
	3. Dept. of Neurology, Ulm University, Ulm (DE)
4. Institute of Experimental Tumor Research, Ulm University, Ulm (DE)
5. Institute for Human Genetics, Ulm University Ulm, Germany (DE)
6. Co-senior authors
Corresponding author: Tobias M. Boeckers
			Institute of Anatomy and Cell Biology, 
			Albert-Einstein Allee 11-89081 Ulm
Tel:     0731-500-23221/0
Fax:    0731-500-23217
Email: tobias.boeckers@uni-ulm.de

This file includes 3 Supplementary Tables












Table S1. Complete list of the nuclear receptor ligands tested.
	#
	Compound
	Significance VS Vehicle

	1
	Vehicle (DMSO)
	

	2
	Rapamycin
	***

	3
	Adapalene
	***

	4
	Retinyl acetate
	**

	5
	Retinoic acid all trans
	*

	6
	 9-cis Retinoic acid
	*

	7
	4-Hydroxyphenylretinamide
	***

	8
	4-Hydroxyretinoic acid
	***

	9
	13-cis Retinoic acid
	ns

	10
	Acitretin
	ns

	11
	AM-580
	ns

	12
	25-Hydroxyvitamin D3
	ns

	13
	TTNPB
	ns

	14
	Methoprene acid
	ns

	15
	WY-14643
	ns

	16
	Ciglitazone
	ns

	17
	Tetradecylthioacetic acid
	ns

	18
	5,8,11,14 Eicosatetraynoic aci
	ns

	19
	6-Formylindolo(3,2-B)carbazole
	ns

	20
	Diindolylmethane
	ns

	21
	Acetyl-S-farnesyl-L-cysteine
	ns

	22
	S-Farnesyl-L-cystein met ester
	ns

	23
	N-Ac-S-geranygeranyl-L-cystein
	ns

	24
	AGC
	ns

	25
	Farnesylthioacetic acid
	ns

	26
	Bezafibrate
	ns

	27
	LY 171883
	ns

	28
	15-Deoxy-D12,14-prostaglandin
	ns

	29
	Troglitazone
	ns

	30
	Paxilline
	*

	31
	24(S)-Hydroxycholesterol
	ns

	32
	24(S),25-Epoxycholesterol
	ns

	33
	Pregnenolone-16(a)-carbonitril
	ns

	34
	Clofibric acid
	ns

	35
	BADGE
	ns

	36
	GW 9662
	ns

	37
	3,5-Diiodo-L-thyronine
	ns

	38
	3,5-Diiodo-L-Tyrosine
	ns

	39
	3,5-Diiodo-4-hydroxyphenylprop
	ns

	40
	Cholic acid
	ns

	41
	Deoxycholic acid
	ns

	42
	Chenodeoxycholic acid
	ns

	43
	Glycholic acid
	ns

	44
	Glycodeoxycholic acid
	ns

	45
	Taurocholic acid
	ns

	46
	Taurodeoxycholic acid
	ns

	47
	Rifampicin
	ns

	48
	Dexamethasone
	ns

	49
	Lithocholic acid
	ns

	50
	5b-Pregnan-3,20-dione
	ns

	51
	GW4064
	ns

	52
	Progesterone
	ns

	53
	Pioglitazone
	ns

	54
	Geranylgeraniol
	*

	55
	17b-Estradiol
	ns

	56
	Farnesol
	ns

	57
	6a-Fluorotestosterone
	*

	58
	Pregnenolone
	ns

	59
	3a, 5a-Androstenol
	ns

	60
	Tamoxifen
	ns

	61
	Androstenedione
	ns

	62
	3alpha, 5alpha-Androstanol
	ns

	63
	Mifepristone
	ns

	64
	1a,25-Dihydroxyvitamin D3
	*

	65
	Z-Guggulsterone
	ns

	66
	Estrone
	ns

	67
	Docosa-42 hexanoic acid
	ns

	68
	TCPOBOP
	ns

	69
	13(S)-Hydroxy-octadecadienoic
	ns

	70
	3-Methycholantrene
	ns

	71
	N-Oleoylethanolamide
	ns

	72
	Cortisone
	ns

	73
	Gemfibrfozil
	ns

	74
	GW 7647
	ns



Statistical analysis was performed through a one-way ANOVA followed by Sidak’s multiple comparison test (*p<0,05 **p<0,01 ***p<0,001).









[bookmark: _GoBack]Table S2. Complete list of raw Ct-Values relative to the gene expression levels detected in the RT² Profiler™ PCR Array Human Autophagy.
	Gene
	CTRL 
	CTRL 2
	CTRL 3

	AKT1
	18.55
	19.22
	18.05

	AMBRA1
	21.22
	21.69
	20.56

	APP
	15.61
	16.21
	15.36

	ATG10
	24.57
	27.25
	23.34

	ATG12
	19.26
	19.52
	18.95

	ATG16L1
	21.39
	22.09
	20.55

	ATG16L2
	22.85
	23.11
	22.18

	ATG3
	19.64
	19.54
	18.85

	ATG4A
	22.24
	23.22
	21.62

	ATG4B
	19.32
	19.93
	18.67

	ATG4C
	21.87
	22.21
	21.54

	ATG4D
	20.56
	21.1
	19.97

	ATG5
	20.33
	20.91
	19.81

	ATG7
	22.05
	22.49
	21.3

	ATG9A
	20.69
	21.44
	20.23

	ATG9B
	23.94
	24.59
	23.52

	BAD
	19.95
	20.39
	19.57

	BAK1
	23.13
	23.13
	22.43

	BAX
	19.41
	19.68
	18.73

	BCL2
	21.91
	22.26
	21.61

	BCL2L1
	19.84
	20.84
	19.31

	BECN1
	21.21
	21.61
	20.59

	BID
	20.43
	20.06
	19.54

	BNIP3
	15.95
	15.81
	15.51

	CASP3
	19.69
	20.2
	19.41

	CASP8
	27.59
	27.92
	27.15

	CDKN1B
	18.68
	19.07
	18.09

	CDKN2A
	27.82
	26.23
	26.96

	CLN3
	21.27
	21.91
	20.73

	CTSB
	20.03
	20.41
	19.34

	CTSD
	19.12
	19.81
	18.72

	CTSS
	28.13
	27.99
	26.32

	CXCR4
	17.47
	18.66
	17

	DAPK1
	20.29
	20.89
	19.62

	DRAM1
	24.27
	24.93
	23.54

	DRAM2
	20.43
	20.11
	19.99

	EIF2AK3
	20.36
	21.13
	19.82

	EIF4G1
	18.73
	19.55
	17.96

	ESR1
	30.27
	29.62
	30.53

	FADD
	20.4
	21.23
	19.83

	FAS
	26.14
	26.88
	24.4

	GAA
	19.39
	20.02
	18.58

	GABARAP
	
	17.49
	16.28

	GABARAPL1
	18.59
	19.1
	18.27

	GABARAPL2
	16.96
	17.45
	16.6

	HDAC1
	20.08
	20.88
	19.41

	HDAC6
	19.53
	19.88
	18.72

	HGS
	19.71
	19.64
	18.93

	HSP90AA1
	16.23
	16.89
	15.73

	HSPA8
	15.34
	15.84
	14.8

	HTT
	20.83
	21.37
	20.27

	IFNG
	
	
	

	IGF1
	
	
	30.27

	INS
	33.58
	30.05
	26.06

	IRGM
	31.11
	36.7
	28.94

	LAMP1
	19.47
	20.31
	18.91

	MAP1LC3A
	18.95
	19.57
	18.58

	MAP1LC3B
	18.03
	17.53
	17.11

	MAPK14
	21.46
	21.48
	20.43

	MAP8
	18.4
	18.72
	17.44

	MTOR
	20.21
	20.31
	19.07

	NFKB1
	23.48
	23.91
	22.88

	NPC1
	20.39
	21
	19.82

	PIK3C3
	20.37
	20.34
	19.47

	PIK3CG
	
	
	

	PIK3R4
	21.28
	21.78
	20.58

	PRKAA1
	19.79
	20.22
	19.19

	PTEN
	18.99
	19.08
	18.1

	RAB24
	23.09
	23.45
	22.36

	RB1
	19.3
	19.75
	18.7

	RGS19
	23.06
	23.91
	22.16

	RPS6KB1
	19.87
	20.39
	19.21

	SNCA
	18.21
	18.47
	17.49

	SQSTM1
	19.5
	20.26
	18.52

	TGFB1
	22
	22.74
	21.84

	TGM2
	26.27
	26.17
	25.98

	TMEM74
	23.32
	24.11
	22.2

	TNF
	
	7.59
	31.56

	TNFSF10
	27.42
	27.55
	26.49

	TP53
	19.98
	20.63
	19.46

	ULK1
	20.96
	21.58
	20.35

	ULK2
	19.45
	19.98
	18.74

	UVRAG
	21.25
	22.43
	20.88

	WIPI1
	21.87
	21.96
	21.27

	ACTB
	12.29
	12.8
	11.82

	B2M
	19.34
	19.78
	18.73

	GAPDH
	13.73
	13.93
	13.14

	HPRT1
	21.73
	21.73
	20.94

	RPLP0
	13.13
	13
	12.85

	HGDC
	
	34.44
	



	Gene
	mTBK1 
	mTBK1 2
	mTBK1 3

	AKT1
	18.78
	18.4
	18.13

	AMBRA1
	20.7
	21.03
	20.55

	APP
	15.04
	15.27
	15.6

	ATG10
	23.86
	25.44
	28.3

	ATG12
	19.43
	19.37
	19.14

	ATG16L1
	20.77
	21.01
	20.56

	ATG16L2
	22.45
	21.79
	23.02

	ATG3
	19.13
	19.2
	19.02

	ATG4A
	22.22
	22.63
	22.52

	ATG4B
	19.24
	19.11
	18.67

	ATG4C
	21.39
	21.72
	22.74

	ATG4D
	20.19
	20.31
	19.83

	ATG5
	20.01
	20.16
	19.67

	ATG7
	21.72
	21.82
	21.16

	ATG9A
	20.44
	20.41
	19.96

	ATG9B
	24.1
	24.42
	24.74

	BAD
	19.68
	19.72
	19.53

	BAK1
	21.52
	21.76
	22.32

	BAX
	18.04
	18.23
	17.73

	BCL2
	21.32
	21.05
	20.64

	BCL2L1
	19.66
	20.04
	19.7

	BECN1
	20.45
	20.83
	20.32

	BID
	19.82
	19.87
	20.29

	BNIP3
	18.41
	18.4
	18.25

	CASP3
	19.53
	19.57
	19.34

	CASP8
	25.08
	25.61
	24.12

	CDKN1B
	18.51
	18.36
	18.07

	CDKN2A
	25.56
	25.39
	24.95

	CLN3
	20
	20.61
	20.23

	CTSB
	19.11
	19.13
	19.98

	CTSD
	18.14
	18.34
	17.05

	CTSS
	25.23
	26.41
	27.13

	CXCR4
	17.18
	18.47
	18.38

	DAPK1
	20.14
	20.22
	20.09

	DRAM1
	21.56
	21.4
	22.85

	DRAM2
	19.92
	19.68
	20.69

	EIF2AK3
	19.55
	19.66
	19.74

	EIF4G1
	17.68
	18.86
	17.6

	ESR1
	28.56
	28.85
	27.78

	FADD
	19.89
	20.06
	19.48

	FAS
	20.4
	21.2
	22.23

	GAA
	18.73
	18.34
	18.74

	GABARAP
	16.48
	16.9
	17.17

	GABARAPL1
	18.85
	18.69
	17.97

	GABARAPL2
	16.62
	16.83
	17.47

	HDAC1
	18.77
	19.32
	19.17

	HDAC6
	19.32
	19.21
	19.12

	HGS
	19.05
	18.78
	18.45

	HSP90AA1
	15.62
	15.92
	14.62

	HSPA8
	14.56
	14.78
	14

	HTT
	20.37
	20.36
	20.37

	IFNG
	31.47
	
	

	IGF1
	28.93
	29.87
	29.78

	INS
	23.89
	29.34
	31.66

	IRGM
	28.27
	28.76
	28.12

	LAMP1
	17.98
	18.35
	17.95

	MAP1LC3A
	18.98
	18.69
	18.98

	MAP1LC3B
	17.15
	16.82
	16.91

	MAPK14
	20.16
	20.58
	20.51

	MAP8
	18.36
	18.51
	18.53

	MTOR
	18.85
	19.04
	19.39

	NFKB1
	21.86
	21.89
	21.93

	NPC1
	19.39
	19.89
	19.16

	PIK3C3
	19.55
	19.53
	19.63

	PIK3CG
	0
	
	

	PIK3R4
	20.21
	20.66
	20.6

	PRKAA1
	19.11
	19.36
	19.18

	PTEN
	18.69
	18.81
	18.61

	RAB24
	22.1
	22.35
	22.45

	RB1
	18.62
	18.9
	18.83

	RGS19
	22.14
	22.27
	22.68

	RPS6KB1
	19.31
	19.39
	18.94

	SNCA
	17.98
	18.1
	18.03

	SQSTM1
	17.89
	18.35
	16.9

	TGFB1
	19.8
	20.12
	20.18

	TGM2
	25.25
	24.88
	25.3

	TMEM74
	23.25
	24.06
	24.86

	TNF
	
	31.71
	31.07

	TNFSF10
	26.4
	27.58
	28.77

	TP53
	18.72
	19
	18.55

	ULK1
	20.53
	20.73
	20.23

	ULK2
	19.5
	19.27
	19.37

	UVRAG
	20.82
	21.45
	21.35

	WIPI1
	21.08
	22.06
	20.63

	ACTB
	11.86
	12.32
	11.78

	B2M
	17.45
	17.23
	18.03

	GAPDH
	14.09
	14.11
	13.64

	HPRT1
	21.23
	21.36
	21.28

	RPLP0
	13.15
	13.23
	13.31

	HGDC
	31.06
	
	



	Gene
	CTRL+4HPR 
	CTRL+4HPR 2
	CTRL+4HPR 3

	AKT1
	17.74
	17.76
	18.5

	AMBRA1
	19.8
	19.69
	20.75

	APP
	14.68
	15.03
	15.46

	ATG10
	23.61
	23.8
	25.16

	ATG12
	18.57
	18.59
	19.1

	ATG16L1
	20.14
	20.29
	20.76

	ATG16L2
	22.66
	22.7
	23.62

	ATG3
	18.56
	18.57
	19.24

	ATG4A
	21.25
	21.51
	22.55

	ATG4B
	18.39
	18.61
	18.87

	ATG4C
	21.37
	21.27
	22.02

	ATG4D
	19.61
	19.37
	20.09

	ATG5
	19.77
	19.64
	20.19

	ATG7
	21.12
	20.9
	21.56

	ATG9A
	19.51
	19.56
	20.6

	ATG9B
	24.48
	24.26
	24.86

	BAD
	19.06
	18.84
	19.49

	BAK1
	21.39
	21.47
	21.93

	BAX
	18.35
	18.48
	18.71

	BCL2
	20.32
	20.38
	20.71

	BCL2L1
	19.06
	19.01
	19.6

	BECN1
	19.93
	20.07
	20.42

	BID
	19.9
	19.49
	20.27

	BNIP3
	17.6
	17.63
	18

	CASP3
	18.99
	19
	19.44

	CASP8
	25.77
	25.73
	26.08

	CDKN1B
	17.64
	17.71
	18.01

	CDKN2A
	27.53
	27.32
	27.19

	CLN3
	19.84
	19.81
	20.25

	CTSB
	19.14
	19.24
	20.21

	CTSD
	17.41
	17.38
	17.84

	CTSS
	25.88
	26.88
	26.88

	CXCR4
	17.13
	17.24
	17.95

	DAPK1
	19.77
	19.54
	20.04

	DRAM1
	24.03
	23.43
	24.17

	DRAM2
	20.26
	20.33
	20.61

	EIF2AK3
	19.83
	19.61
	19.95

	EIF4G1
	17.5
	17.63
	17.72

	ESR1
	28.34
	28.69
	28.04

	FADD
	19.37
	19.3
	19.75

	FAS
	21.9
	22.64
	27.34

	GAA
	18.55
	18.4
	19.08

	GABARAP
	16
	16.29
	17.76

	GABARAPL1
	17.83
	17.56
	18.04

	GABARAPL2
	16.25
	16.24
	16.87

	HDAC1
	19.05
	19.45
	19.57

	HDAC6
	18.73
	18.8
	19.08

	HGS
	18.4
	18.11
	18.56

	HSP90AA1
	14.63
	14.52
	14.96

	HSPA8
	13.85
	13.75
	14.04

	HTT
	19.97
	20.03
	20.41

	IFNG
	
	31.28
	

	IGF1
	30.04
	
	30.35

	INS
	31.94
	33
	27.65

	IRGM
	28.28
	29.03
	29.4

	LAMP1
	17.67
	18
	18.17

	MAP1LC3A
	18.56
	18.23
	18.81

	MAP1LC3B
	16.83
	16.37
	16.36

	MAPK14
	20.01
	20.11
	20.74

	MAP8
	17.21
	17.68
	18.43

	MTOR
	18.62
	18.6
	19.01

	NFKB1
	22
	21.83
	22.28

	NPC1
	19.33
	19.32
	19.61

	PIK3C3
	19.17
	19.17
	19.43

	PIK3CG
	
	
	

	PIK3R4
	20.37
	20.42
	20.75

	PRKAA1
	18.93
	19
	19.21

	PTEN
	17.81
	17.88
	18.22

	RAB24
	22.12
	21.86
	22.12

	RB1
	18.22
	18.31
	18.47

	RGS19
	22.76
	22.71
	23.35

	RPS6KB1
	19.02
	18.92
	19.16

	SNCA
	16.81
	16.67
	16.97

	SQSTM1
	17.37
	17.28
	17.99

	TGFB1
	22.01
	21.96
	22.38

	TGM2
	26.05
	26.21
	26.21

	TMEM74
	22.64
	22.82
	23.91

	TNF
	31.84
	31.82
	32.01

	TNFSF10
	26.19
	26.21
	26.65

	TP53
	18.9
	19.04
	19.26

	ULK1
	19.75
	19.74
	20.16

	ULK2
	18.51
	18.75
	19.06

	UVRAG
	20.58
	20.72
	21

	WIPI1
	20.96
	19.69
	21.24

	ACTB
	11.69
	11.76
	11.55

	B2M
	19.09
	18.49
	18.7

	GAPDH
	13.39
	13.44
	13.6

	HPRT1
	20.47
	19.68
	20.74

	RPLP0
	12.7
	12.71
	12.53

	HGDC
	
	
	



	Gene
	mTBK1+4HPR  
	mTBK1+4HPR 2
	mTBK1+4HPR 3

	AKT1
	18.54
	18.8
	18.13

	AMBRA1
	20.92
	21.45
	20.55

	APP
	15.4
	16.41
	15.6

	ATG10
	29.36
	29.19
	28.3

	ATG12
	19.22
	19.66
	19.14

	ATG16L1
	20.62
	21.44
	20.56

	ATG16L2
	22.68
	23.28
	23.02

	ATG3
	19.01
	19.36
	19.02

	ATG4A
	22.44
	22.6
	22.52

	ATG4B
	18.88
	19.53
	18.67

	ATG4C
	23.22
	22.53
	22.74

	ATG4D
	19.81
	20.79
	19.83

	ATG5
	20.69
	19.92
	19.67

	ATG7
	21.89
	21.73
	21.16

	ATG9A
	20.11
	21.05
	19.96

	ATG9B
	25.22
	26.06
	24.74

	BAD
	19.52
	20.13
	19.53

	BAK1
	22.27
	22.17
	22.32

	BAX
	17.94
	18.65
	17.73

	BCL2
	21.06
	21.56
	20.64

	BCL2L1
	19.61
	20.49
	19.7

	BECN1
	20.34
	21.12
	20.32

	BID
	20.25
	20.38
	20.29

	BNIP3
	17.99
	18.58
	18.25

	CASP3
	19.4
	20.1
	19.34

	CASP8
	24.39
	24.89
	24.12

	CDKN1B
	18.49
	18.89
	18.07

	CDKN2A
	24.66
	24.84
	24.95

	CLN3
	20.44
	21.05
	20.23

	CTSB
	19.98
	20.6
	19.98

	CTSD
	17.1
	17.91
	17.05

	CTSS
	27.13
	27.62
	27.13

	CXCR4
	18.96
	19.56
	18.38

	DAPK1
	20.51
	21.06
	20.09

	DRAM1
	22.59
	23.77
	22.85

	DRAM2
	20.99
	20.94
	20.69

	EIF2AK3
	19.69
	20.48
	19.74

	EIF4G1
	17.62
	18.71
	17.6

	ESR1
	30.58
	28.27
	27.78

	FADD
	19.55
	20.68
	19.48

	FAS
	23.54
	23.47
	22.23

	GAA
	19.07
	19.74
	18.74

	GABARAP
	17.72
	17.52
	17.17

	GABARAPL1
	18.11
	18.8
	17.97

	GABARAPL2
	18.05
	17.26
	17.47

	HDAC1
	19.7
	19.83
	19.17

	HDAC6
	19.13
	19.83
	19.12

	HGS
	18.27
	19.13
	18.45

	HSP90AA1
	14.61
	15.48
	14.62

	HSPA8
	14.07
	14.76
	14

	HTT
	20.21
	21.02
	20.37

	IFNG
	35.35
	30.84
	

	IGF1
	28.12
	29.4
	29.78

	INS
	29.56
	
	31.66

	IRGM
	29.35
	28.56
	28.12

	LAMP1
	17.73
	18.92
	17.95

	MAP1LC3A
	19.12
	20.14
	18.98

	MAP1LC3B
	17.13
	16.81
	16.91

	MAPK14
	20.77
	21.17
	20.51

	MAP8
	19.18
	19.35
	18.53

	MTOR
	19.61
	19.76
	19.39

	NFKB1
	21.6
	22.57
	21.93

	NPC1
	18.96
	19.95
	19.16

	PIK3C3
	19.56
	19.81
	19.63

	PIK3CG
	30.72
	
	

	PIK3R4
	20.81
	21.28
	20.6

	PRKAA1
	19.32
	19.57
	19.18

	PTEN
	18.93
	19.02
	18.61

	RAB24
	22.44
	22.4
	22.45

	RB1
	18.84
	19.43
	18.83

	RGS19
	22.8
	23.88
	22.68

	RPS6KB1
	19.45
	19.56
	18.94

	SNCA
	18.43
	18.61
	18.03

	SQSTM1
	17.67
	17.71
	16.9

	TGFB1
	20.17
	21.06
	20.18

	TGM2
	25.23
	25.52
	25.3

	TMEM74
	26.56
	25.47
	24.86

	TNF
	39.49
	31.03
	31.07

	TNFSF10
	27.88
	27.64
	28.77

	TP53
	18.54
	19.28
	18.55

	ULK1
	20.15
	20.89
	20.23

	ULK2
	19.63
	20.07
	19.37

	UVRAG
	21.99
	21.98
	21.35

	WIPI1
	20.79
	21.57
	20.63

	ACTB
	11.94
	12.4
	11.78

	B2M
	18.24
	18.53
	18.03

	GAPDH
	13.8
	14.26
	13.64

	HPRT1
	21.49
	21.88
	21.28

	RPLP0
	13.21
	13.33
	13.31

	HGDC
	34.01
	38.27
	



Columns represent raw Ct-Values for each gene in technical triplicates (columns) for each genotype and treatment. Empty spaces indicate non-detectable mRNA


Table S3. Primer pairs used to detect mutations in TBK1 gene.
	Mutation
	hiPSC line
	Primers

	c.358+2T>C
	mTBK1 I
	5’-TTTTCAGACAACAACAAGACATAAA-3’
5’-GGCCCAAAATGTTTAATGC-3’

	c.1928_1930delAAG
	mTBK1 II
	5’-AGTGATTAGTGGTTGACTGCACA-3’
5’-ATCCCATTTCTCCCTTGTCA3’

	c.555T>A
	mTBK1 III
	5’-GGGAGGGGAAGATGTGAAAT-3’
5’-AATGTTACCCCAATGCTCCA-3’



