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[bookmark: _Toc536769845]SUPPLEMENTARY METHODS
1. [bookmark: _Toc536769846]Materials
Human hepatocytes (PHH) were obtained from QPS, Newark, DE, USA. Human liver sinusoidal epithelial cells (LSECs) and iXCell media components were obtained from iXCells Biotechnologies, San Diego, CA, USA. Human NPCs, were obtained from BioIVT, Baltimore, MD, USA. CellTiter-Glo® Assay was obtained from Promega, Madison, WI, US. Alpha-glutathione-S-transferase (α-GST) ELISA kit was obtained from TecoMedical Group, Sissach, Switzerland. Human albumin ELISA Quantitation Set was obtained from Bethyl Laboratories, Montgomery, TX, USA. Fungin was obtained from InvivoGen, San Diego, CA, USA. Foetal Bovine Serum (FBS), for the liver spheroids was obtained from Pepparedsleden 1, Mölndal, Sweden. FBS for the Liver-Chip model, Insulin-Transferrin-Selenium (100x), cryopreserved hepatocyte recovery medium (CM7000) and fibronectin were obtained from Thermo Fisher Scientific, Loughborough, UK. Matrigel® Matrix was obtained from Corning, Bedford, MA USA. Cell Systems (CSC) LSEC media and components were obtained from Cell Systems, Kirkland, WA, USA. Collagen type 1 and UltraAmp 96-well PCR plates were obtained from VWR International, Leicester, UK. miRNeasy 96-well Kits, QlAzol Lysis reagent and synthetic cel-miR-39-3p, were obtained from QIAgen, Sollentuna, Sweden. RT and PCR primers, cel-miR-39, TaqMan® miRNA reverse transcription kit, MicroAmp Optical 384 Well-Reaction Plate and TaqMan® Universal PCR Master Mix were obtained from Applied Biosystems, Foster City, CA. Liver-Chips, Pods, ER1 and ER2 were obtained from Emulate, Inc., Boston, MA, US. All other reagents, APAP, FIAU and the Ultra-low adhesion (ULA) 96-well plates, were obtained from Sigma-Aldrich Company Ltd (Poole, Dorset, UK or St. Louis, MO, USA) or Toronto Research Chemicals Inc, North York, Canada.

2. [bookmark: _Toc536769847]Liver-Chip and liver spheroid cell culture media and method summay
2.1. [bookmark: _Toc536769848]Liver-Chip hepatocyte plating media (CHPM): Williams E Media (WEM) containing phenol red, 1% penicillin/streptomycin, 1% L-glutamax, 0.1% fungin, 4 µg/ml insulin, 0.05 mg/ml ascorbic acid, 1 µM dexamethasone and 5% FBS.
2.2. [bookmark: _Toc536769849]Liver-Chip hepatocyte maintenance media (HMM): WEM without phenol red containing 1% penicillin/streptomycin, 1% L-glutamax; 0.1% fungin, 1% ITS+premix, 0.05 mg/ml ascorbic acid, 0.1 µM dexamethasone and 2% FBS.
2.3. [bookmark: _Toc536769850]Liver-Chip LSEC iXCell endothelial growth medium (LSECGM): endothelial cell basal media containing 5% FBS, 1% endothelial cell growth supplement and 1% penicillin/streptomycin).
2.4. [bookmark: _Toc536769851]Liver-Chip LSEC CSC dosing media (LSEC CSC): (LSEC CSC media containing 1% penicillin/streptomycin, 2% culture boost, 0.1% fungin and 2% FBS)
2.5. [bookmark: _Toc536769852]Liver spheroid hepatocyte plating media (HPM): WEM without phenol red containing 10% FBS, 1% L-glutamine-penicillin-streptomycin, 1% Insulin-Transferrin-Selenium and 0.1 µM dexamethasone.
2.6. [bookmark: _Toc536769853]Liver spheroid hepatocyte culture media (HCM): WEM without phenol red, 1% L-glutamine-penicillin-streptomycin, 1% Insulin-Transferrin-Selenium and 0.1 µM dexamethasone.

[bookmark: _Toc536769854]Supplementary Table 1. Summary of the incubation and dosing conditions and the sampling times for each model
	
	Liver-Chip
	Liver spheroids

	Hepatocytes seeded
	7 days prior to first dose; 50 µl of 3.5 x 106 cells/ml
	7 days prior to first dose, 1350 cells/well 

	NPCs seeded
	LSECs, 5 days prior to first dose,  cells/chip; 20 µl of 3.4 x 106 cells/ml 
	Crude mixed NPCs, 7 days prior to first dose, 150 cells/well 

	Flow  rate
	30 µl/h
	n/a

	Volume/well
	n/a
	100 µl

	Media change
	Complete replacement with freshly prepared dose solution every 3 days (day 3, day 6 and day 9)
	50% replacement with freshly prepared dose solution in serum free media every 3 or 4 days (day 4 and day 7)

	Sample collection
	24 h sample collected on days 1, 3, 7 and 10
	24 h sample collected on day 1; 72 h sample collected on days 3, 7 and 10

	DMSO (final concentration)
	0.1%
	0.1%

	FBS (final concentration) during compound dosing
	2%
	1.25% on day 0. 
With subsequent 50% dose solution replacement in serum free media, 0.625% and 0.3125% on days 4 and 7

	APAP final concentrations
	0, 100, 300, 1000, 3000, 10,000 µM
	0, 100, 200, 300, 1000, 3000, 5000, 10,000 µM

	FIAU final concentrations
	0, 0.1, 1, 10, 30, 100 and/or 300 µM
	0, 0.3, 1, 3, 10, 30, 100, 300 µM

	CYP probe substrate cocktail

Both models: phenacetin 30 µM (CYP1A2); diclofenac 10 µM (CYP2C9); S-mephenytoin 35 µM (CYP2C19); bufuralol 5 µM (CYP2D6) and midazolam 3 µM (CYP3A4).

Liver-Chips only: chlorzoxazone 100 µM (CYP2E1 probe substrate) and testosterone 200 µM (CYP3A4 alternative probe).
	24 h at 30 µl/h, on days 0-1; days 2-3; days 6-7 and days 9-10
	24 h on days 0-1, days 3-4; days 7-8 and days 10-11

	ATP analysis
	Day 10 only
	Day 1, 3, 7 and 10

	Albumin, α-GST, miR-122 analysis
	Day 1, 3, 7 and 10
	Day 1, 3, 7 and 10



3. [bookmark: _Toc536769855]Determination of rates of CYP probe substrate metabolite formation
3.1. [bookmark: _Toc536769856][bookmark: _Hlk514143004]Liver spheroids: Thawed quenched samples were first centrifuged at 4000 g for 20 min and then diluted 1:3 with mQ-H2O prior to quantification on a triple-quadrupole mass spectrometer (Xevo TQ-S; Waters, Milford, MA, USA) equipped with an Acquity ultraperformance liquid chromatography (UPLC) I-Class system (Waters Corporation, MA, USA). The MS system was equipped with an electrospray ionization source and settings were as follows: capillary voltage 0.5 kV; desolvation temperature 600°C; cone gas flow 150 l/h; nebulizer gas 7.0 bar; collision gas flow 0.15 ml/min. MSMS optimization was performed for all the metabolites and conditions are specified in Supplementary Table 2. Separation was performed using a Waters Acquity UPLC® HSS T3 column (50 mm×2.1 mm, 1.8 μm) fitted with a column heater set to 40°C. The mobile phase consisted of solvent A (0.1% formic acid in mQ-H2O) and solvent B (0.1% formic acid in acetonitrile). The elution profile was: 0.2% B, 0.00 to 0.3 min; linear gradient to 95% B, 0.31 to 1.3 min; isocratic hold, 1.31 to 1.8 min; re-equilibration 5% B, 1.81 to 1.85 min. The flow rate was 1.0 ml/min. The injection volume was 2 µl.
3.2. [bookmark: _Toc536769857]Liver-Chips: Aliquots of the thawed quenched samples were centrifuged at 3500 rpm, 5 min then diluted 1:2 with mQ-H2O prior to analysis on an Acquity UPLC system fitted with a Waters Atlantis® T3 3 µm 2.1 x 50 mm column and coupled to a Xevo TQ-S. The mobile phase was identical to that used for the liver spheroids above. The elution profile was: 5% B, 0.00 to 0.3 min; linear gradient to 40% B, 0.31 to 2.5 min; linear gradient to 99% B, 2.51 to 3.0 min isocratic hold, 3.0 to 4.0 min; re-equilibration 5% B, 4.01 to 5.0 min. The flow rate was 0.8 ml/min and the injection volume was 1-5 µl. Quantitation of the metabolites was achieved by MSMS detection in positive ionization mode. The MS operating conditions were as follows: capillary voltage, 1.3 kV; source offset, 60 V; Desolvation temperature, 500°C; desolvation gas (nitrogen; 800 l/h) and cone gas (nitrogen; 150 1000 l/h); collision gas (argon) at a flow rate of 0.15 ml/min. The MS parameters for determination individual CYP probe substrate derived metabolites are given in Supplementary Table 3. 

1

[bookmark: _Toc536769858]Supplementary Table 2. MS parameters for determination individual CYP metabolites in the liver spheroid samples
	CYP Isoform
	Substrate
	Metabolite
	MRM (Parent→Daughter) m/z
	Dwell (s)
	Cone voltage (V)
	Collision energy (V)

	CYP1A2
	Phenacetin
	Acetaminophen
	152.01→109.96
	0.01
	40
	16

	CYP2C9
	Diclofenac
	4-Hydroxy-diclofenac
	311.93→229.83
	0.01
	26
	34

	CYP2C19
	S-Mephenytoin
	4-Hydroxy-mephenytoin
	235.02→149.95
	0.01
	5
	16

	CYP2D6
	Bufuralol
	1-Hydroxy-bufuralol
	278.14→158.85
	0.01
	26
	22

	CYP3A4/5
	Midazolam
	1-Hydroxy-midazolam
	342.21→202.87
	0.01
	12
	22

	CYP2E1
	Chlorzoxazone
	6-Hydroxy-chlorzoxazone
	183.77→119.79
	0.04
	50
	16










[bookmark: _Toc536769859]Supplementary Table 3. MS parameters for determination individual CYP metabolites in the Liver-Chip samples
	CYP Isoform
	Substrate
	Metabolite
	MRM (Parent→Daughter) m/z
	Dwell (s)
	Cone voltage (V)
	Collision energy (V)

	CYP1A2
	Phenacetin
	Acetaminophen
	152.02→109.96
	0.03
	15
	15

	CYP2C9
	Diclofenac
	4-Hydroxy-diclofenac
	312.13→230.09
	0.05
	15
	40

	CYP2C19
	S-Mephenytoin
	4-Hydroxy-mephenytoin
	235.07→150.09
	0.03
	32
	18

	CYP2D6
	Bufuralol
	1-Hydroxy-bufuralol
	278.16→186.12
	0.04
	55
	20

	CYP3A4/5
	Midazolam
	1-Hydroxy-midazolam
	342.05→168.24
	0.04
	75
	40

	CYP3A4/5
	Testosterone
	6-Hydroxy-testosterone
	305.20→269.10
	0.05
	21
	10

	CYP2E1
	Chlorzoxazone
	6-Hydroxy-chlorzoxazone
	183.97→119.87
	0.05
	10
	20

	CYP2E1
	Chlorzoxazone
	6-Hydroxy-chlorzoxazone-glucuronide
	360.07→183.97
	0.05
	10
	20


4. [bookmark: _Toc436822723]
5. [bookmark: _Toc536769860]APAP and FIAU metabolite identification
Thawed liver spheroid samples were first quenched either 1:3 (APAP samples) or 1:2 (FIAU samples) with acetonitrile containing 0.8% formic acid and 15 nM  5,5-diethyl-1,3-diphenyl-2-iminobarbituric acid, and then further diluted either 1:3 (APAP samples) or 1:1 (FIAU samples) with mQ-H2O. Metabolite identification was then performed on an Acquity UPLC coupled with Xevo G2 S Q TOF instrument (Waters, UK) and an electrospray ionization source. The system was run in sensitivity mode with a cone voltage of 20 V, capillary voltage of 0.5 kV, source temperature 120 °C and desolvation temperature 600°C. Mass accuracy was corrected using a lock mass solution, leucine-enkephaline (m/z 556.2771), 200 pg/ml in acetonitrile: mQ-H2O (50:50 v/v) containing 0.1% formic acid. Full scan (m/z range 80-1200) centroid MS data was acquired using a fixed collision energy of 4 eV. Separation was performed with a Waters Acquity UPLC® HSS T3 column (100 mm×2.1 mm, 1.8 μm) equipped with a column heater set to 40°C. The mobile phase consisted of solvent A (0.1% formic acid in mQ-H2O) and solvent B (acetonitrile). The elution profile for the APAP metabolite identification was: linear gradient 1% B to 15% B, 0.00 to 5.00 min; linear gradient 15% B to 60% B, 5.01 to 6.00 min; linear gradient 60% B to 98% B, 6.01 to 6.7 min; re-equilibration 1% B, 6.71 to 7.00 min. The elution profile for FIAU metabolite was: linear gradient 5% B to 45% B, 0.00 to 5.00 min; linear gradient 45% B to 60% B, 5.01 to 6.00 min; linear gradient 60% B to 98% B, 6.01 to 6.7 min; re-equilibration 1% B, 6.71 to 7.00 min. The flow rate was 0.5 ml/min. Retention time, accurate mass and mass error for the FIAU metabolites are specified in Supplementary Table 4. MSMS optimization for determination of FIAU metabolites are specified in Supplementary Table 5


[bookmark: _Toc536769861]Supplementary Table 4. Retention time, accurate mass, elemental composition and mass error for FIAU and the indented metabolites M1/M2 (loss of 6.9830), M3 (loss of Iodine), and M4/M5 (glucuronide conjugate).
	
	Retention time (min)
	Accurate mass
	Elemental composition
	Mass error (ppm)

	M1
	0.66
	366.0760
	C12H16FN3O7S
	-3.0

	M2
	0.88
	366.0767
	C12H16FN3O7S
	-1.1

	M3
	1.09
	247.0722
	C9H11FN2O5
	-3.2

	M4
	1.51
	549.0008
	C15H18FIN2O11
	-1.7

	M5
	1.69
	549.0007
	C15H18FIN2O11
	-1.9

	FIAU
	1.91
	372.9689
	C9H10FIN2O5
	-2.0




[bookmark: _Toc536769862]
Supplementary Table 5. MS parameters for determination FIAU metabolites in the Liver-Chip samples

	Metabolite 
	MRM (Parent→Daughter) m/z
	Dwell (s)
	Cone voltage (V)
	Collision energy (V)

	M1; Des-Iodo
	247.0 → 113.0
	0.020
	9
	20

	M2; Cysteine conjugate
	366.0 → 279.0
	0.070
	10
	20

	FIAU
	372.9 → 238.7
	0.010
	10
	20

	FIAU-P (1)
	452.9 → 214.8
	0.020
	10
	10

	M3, M4; Glucuronide conjugate
	549.00 → 238.79
	0.020
	10
	10

	Verapamil (IS)
	455.1 → 165.20
	0.020
	15
	25





6. [bookmark: _Toc536769863]Quantification of APAP metabolites
[bookmark: _Toc536769864]Liver spheroids: Thawed samples were first quenched 1:3 with acetonitrile containing 0.8% formic acid and 15 nM  5,5-diethyl-1,3-diphenyl-2-iminobarbituric acid, and after that further diluted, first with 1:3 with mQ-H2O and after that with acetonitrile: mQ-H2O (19:81 v/v) containing 0.15% formic acid and 2.8 nM 5,5-diethyl-1,3-diphenyl-2-iminobarbituric acid.  UPLC-MS/MS analysis was performed as described for determination of rates of CYP probe substrate metabolite formation with a modified gradient: 0.2% B, 0.00 to 0.3 min; linear gradient to 15% B, 0.31 to 1.8 min; isocratic hold, 1.81 to 2.4 min; 5% B, 2.41 to 2.46 min; re-equilibration to 0.2% B 2.47 to 3 min. MSMS optimization was performed for all the metabolites as per conditions specified in Supplementary Table 6.

[bookmark: _Toc536769865]Liver-Chips: Thawed samples were first quenched with acetonitrile (containing 20 nM verapamil). In order to facilitate the detection, three different processing and LC methods were used here, method (A) for glucuronide and sulfate conjugate of APAP, (B) for APAP-GSH conjugate and method (C) for APAP-cysteine conjugate (Supplementary Tables 8-10). MSMS optimization was performed and conditions are specified in Supplementary Tables 7. 




[bookmark: _Toc536769866]Supplementary Table 6. MS parameters for determination Parent (APAP and FIAU) and APAP metabolites in the liver spheroid samples

	Metabolite 
	MRM (Parent→Daughter) m/z
	Dwell (s)
	Cone voltage (V)
	Collision energy (V)

	APAP
	152.01→109.96
	0.014
	40
	16

	APAP-glucuronide
	328.20→152.15
	0.014
	15
	20

	APAP-sulfate
	229.93→149.89
	0.014
	10
	22

	APAP-GSH
	457.16→139.97
	0.014
	50
	40

	FIAU
	371.04→350.95
	0.040
	40
	10

	5,5-diethyl-1,3-diphenyl-2-iminobarbituric acid (IS)
	336.21→195.00
	0.014
	40
	16





[bookmark: _Toc536769867]Supplementary Table 7. MS parameters for determination APAP and metabolites in the Liver-Chip samples

	Metabolite 
	MRM (Parent→Daughter) m/z
	Dwell (s)
	Cone voltage (V)
	Collision energy (V)

	APAP-cys
	271.00→139.89
	0.05
	50
	35

	APAP
	152.02→109.96
	0.001
	15
	15

	APAP-glucuronide
	328.20→152.15
	0.05
	15
	20

	APAP-sulfate
	232.05→152.00
	0.05
	25
	10

	APAP-GSH
	457.06→139.89
	0.05
	50
	35

	Verapamil (IS)
	455.20→165.21
	0.02
	15
	25





[bookmark: _Toc536769868]Supplementary Table 8. Method A, APAP-glucuronide and APAP-sulfate
	Processing
	1. Liver chip samples for APAP dosing of 100, 300 and 1000 µM were diluted 10-fold by mixing 10 µl sample with 90 µl ultrapure water
1. Liver chip samples for APAP dosing of 3000 and 10000 µM were first diluted 100-fold by mixing 10 µl sample with 90 µL media and then further diluted 10-fold with ultrapure water
1. 10 μl of diluted samples above were mixed with 30μl stop solution
1. 120 μl ultrapure water was added to above mix and 1-5 μl injected to LC-MS for analysis.

	Column
	Acquity UPLC HSS T3 1.8µm, 2.1X50mm

	Solvent A
	Water + 0.1% Formic acid

	Solvent B
	ACN + 0.1% Formic acid

	Flow rate
	1 ml/min

	Gradient
	Time (min)
	%A
	%B

	
	0
	99.8
	0.2

	
	0.3
	99.8
	0.2

	
	1.8
	85
	15

	
	1.81
	5
	95

	
	2.4
	5
	95

	
	2.41
	99.8
	0.2

	
	3
	99.8
	0.2






[bookmark: _Toc536769869]Supplementary Table 9. Method B, APAP-GSH conjugate
	Processing
	1. 10 μl of Liver-chip sample was mixed with 30 μl stop solution
2. 120 μl ultrapure water was added to above mix and 1-5 μl injected to LC-MS for analysis.

	Column
	Waters Atlantis® T3, 3µm, 2.1X50mm

	Solvent A
	Water + 0.1% Formic acid

	Solvent B
	ACN + 0.1% Formic acid

	Flow rate
	1 ml/min

	Gradient
	Time (min)
	%A
	%B

	
	0
	99.8
	0.2

	
	0.3
	99.8
	0.2

	
	1.8
	85
	15

	
	1.81
	5
	95

	
	2.4
	5
	95

	
	2.41
	99.8
	0.2

	
	3
	99.8
	0.2





[bookmark: _Toc536769870]Supplementary Table 10. Method C, APAP-Cysteine Conjugate
	Processing
	1. Liver chip samples were first diluted 25-fold by mixing 10 µl sample with 240 µl media. 
2. 10 μl of above sample was mixed with 30 μl stop solution
3. 120 μl ultrapure water was added to above mix and 1-5 μl injected to LC-MS for analysis.

	Column
	Waters Atlantis® T3, 3µm, 2.1X50mm

	Solvent A
	Water + 0.1% Formic acid

	Solvent B
	ACN + 0.1% Formic acid

	Flow rate
	0.85 ml/min

	Gradient
	Time (min)
	%A
	%B

	
	0
	99.9
	0.1

	
	0.4
	99.9
	0.1

	
	0.6
	90
	10

	
	1
	60
	40

	
	1.3
	30
	70

	
	1.31
	5
	95

	
	1.7
	5
	95

	
	1.71
	99.9
	0.1

	
	2
	99.9
	0.1







[bookmark: _Toc536769871]Supplementary Table 11. Lower Limit of Quantification in quantitative measurement on Xevo TQ-S

	Analyte
	Lower Limit of Quantification (nmol/L)

	CYP activity
	

	Paracetamol
	19.5

	Hydroxy-diclofenac
	9.77 

	Hydroxy-bufuralol
	9.77

	Hydroxy-midazolam
	19.5

	Hydroxy-mephenytoin
	78.1

	
	

	APAP metabolism
	

	APAP
	12200

	APAP-glucuronide
	2440

	APAP-sulphate
	488

	APAP-GSH
	24.4

	
	

	FIAU
	

	FIAU
	137





7. [bookmark: _Toc536769872]Determination of miR-122 levels 
miRNA extraction was performed using an miRNeasy 96 kit (Qiagen) following the manufacturer's instructions with minor modifications. Briefly, nucleoproteins were dissociated by adding 250 µl QIAzol reagent to 50 µl cell-culture media. Chloroform (50 µl) and 10 µl 50 fM Cel-miR-39 were added and samples mixed vigorously prior to centrifugation (5600 g, 4°C, 15 min). The upper aqueous phase (120 µl aliquot) was mixed with 180 µl ethanol prior to completion of the manufacturer's washing procedure. miRNA was eluted with 45 µl RNase-free water and stored at ‑80C.
Complementary DNA (cDNA) was synthesised using a TaqMan® miRNA reverse transcription kit (Applied Biosystems) following the manufacturer's instructions with minor modifications. Total miRNA extract (5.71 µl) was mixed with 8 µl RT reaction master mix and 3.43 µl stem-loop RT primer (5X) in a total volume of 17.14 µl. cDNA for human miR-122 and cel-miR-39 were prepared in separate reactions using a thermal cycler (from Eppendorf or MJ Research) prior to storage at -20C.
Thawed cDNA (17.14 µl) was diluted 1:1 with nuclease-free water. A Biomerk NXP pipetting robot (Beckman coulter) then mixed 7 µl qPCR reaction mix (TaqMan® universal PCR master mix (2X), TaqMan® target assay gene (20x), RNase-free water) and 3 µl diluted cDNA sample in triplicate for each of Cel-miR-39 and human miR-122. The qRT-PCR was performed on a Quantstudio 7 Flex Real-Time PCR (Applied Biosystems) system.


[bookmark: _Toc536769873]SUPPLEMENTARY RESULTS
The effects observed on biomarker levels following exposure to APAP and FIAU in the Liver-Chip and liver spheroid models is summarised in Supplementary Table 12 below.

[bookmark: _Toc536769874]Supplementary Table 12. Summary of biomarker changes observed following exposure to APAP and FIAU
Liver-Chip APAP
	
	Day 1
	Day 3
	Day 7
	Day 10

	Albumin
	+
	+
	+
	+

	miR-122
	-
	+
	+
	-

	α-GST
	-
	+
	-
	-

	ATP
	n/a
	n/a
	n/a
	+



Liver-Chip FIAU
	
	Day 1
	Day 3
	Day 7
	Day 10

	Albumin
	-
	-
	+
	+

	miR-122
	-
	-
	-
	-

	α-GST
	-
	-
	-
	-

	ATP
	n/a
	n/a
	n/a
	+


+  Albumin or ATP EC50 recorded; α-GST ≥ 0.4 µg/million cells/day Or ≥ 5x fold change miR-122
-  no albumin or ATP EC50 recorded, α-GST ≤ 0.4 µg/million cells/day Or ≤ 5x fold change miR-122

Liver spheroid APAP
	
	Day 1
	Day 3
	Day 7
	Day 10

	Albumin
	-
	-
	+
	+

	miR-122
	-
	+
	+
	+

	α-GST
	-
	-
	+
	+

	ATP
	-
	+
	+
	+



Liver spheroid FIAU
	
	Day 1
	Day 3
	Day 7
	Day 10

	Albumin
	-
	-
	-
	+

	miR-122
	-
	-
	+
	+

	α-GST
	-
	-
	+
	+

	ATP
	n/a
	n/a
	n/a
	+


+  Albumin or ATP EC50 recorded; α-GST ≥ 2 fold Or ≥ 5x fold change miR-122
-  no albumin or ATP EC50 recorded, α-GST ≤ 2 fold Or ≤ 5x fold change miR-122
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Supplementary Fig. 1 Hepatocyte albumin levels in vehicle alone treated Liver-Chips (A) and liver spheroids (B). Samples were collected on day 1 (day 8), day 3 (day 10), day 7 (day 14) and day 10 (day 17) post commencement of dosing with vehicle (post-seeding of PHH) in both systems. Media was replenished every 3 days for the Liver-Chips and every 3-4 days for the liver spheroids. Data are from 3 or 4 separate experiments 
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Supplemental Fig. 2 Metabolism of Fialuridine in liver spheroids: Liver spheroids were incubated with 300 µM FIAU for 24 h for identification of FIAU des-iodo, des-iodo cysteine and FIAU glucuronide conjugate by LCMS analysis 
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Supplemental Fig. 3 Metabolism of Fialuridine in Liver-Chips: Liver-Chips were incubated with 300 µM FIAU for 24 h prior to collection of samples from the top (hepatocyte) channel for identification of FIAU des-iodo, des-iodo cysteine and FIAU glucuronide conjugates by LCMS analysis 
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Supplementary Fig. 4 % Total variation in response in both biomarker release and metabolite formation in the Liver-Chip and liver spheroid models exposed to 0-10,000 µM APAP or 0-100 µM FIAU. The RV is the variation remaining after removing the effects of compound, day, and experiment; i.e. it is the noise remaining after removing the known experimental effects and is a measure of technical reproducibility. The residual variation was calculated for each outcome separately and for APAP and FIAU separately. Lower variation represents a more reproducible assay. Each point is an outcome and the same outcome tested in both assays is connected with a line (note that some points are plotted on top of each other)
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