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Supplementary Figure 1: Liver enzyme activities in supernatants of primary human hepatocytes 
(PHHs) in monolayer cultures (MCs) on different extracellular matrices (ECMs). PHHs were cultured for 
up to 6 days on pure collagen type I (100C), on ECMs based on collagen type I (C), supplemented with 
ascending percentages of Matrigel (M): 95C/5M, 90C/10M, 80C/20M, 70C/30M or on pure Matrigel 
(100M). Enzyme activities of (A) AST (aspartate aminotransferase); (B) ALT (alanine aminotransferase) 
and (C) gGT (gamma-glutamyl transferase) were measured in cell culture supernatants and normalized 
to the protein concentration and duration of the cell culture until supernatant collection. Data are shown 
as the mean + SEM, n = 5, two-way ANOVA and Bonferroni correction for multiple testing, statistical 
significance was assumed at p ≤ 0.0332. Significant differences between PHHs cultured on one of the 
various matrices in comparison to PHHs cultured on 100C of the same day are marked with *. Significant 
differences between PHHs cultured on one of the various matrices in comparison to PHHs cultured on 
100M of the same day are marked with #. Significant differences observed at different time points of 
PHHs cultured on the same ECM are marked with §. Selected comparisons are shown; for details on 
the statistical evaluation, see Supplementary Table 1D, supplementary data. 
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Supplementary Figure 2: Gene expression of fibrinogen beta chain (FGB) and fibrinogen gamma chain 
(FGG) in primary human hepatocytes (PHHs) in monolayer cultures (MCs) on different extracellular 
matrices (ECMs). PHHs were cultured for up to 6 days on pure collagen type I (100C), on ECMs based 
on collagen type I (C), supplemented with ascending percentages of Matrigel (M): 95C/5M, 90C/10M, 
80C/20M, 70C/30M or on pure Matrigel (100M). Messenger RNA levels of (A) FGB and (B) FGG were 
determined by RT-qPCR. Fold gene expressions were normalized to day 0 of each cultivation type. Data 
are shown as the mean of normalized fold gene expressions + SEM on a log10-scale, n = 3, two-way 
ANOVA and Bonferroni correction for multiple testing, statistics were performed on ΔCT values, statis-
tical significance was assumed at p ≤ 0.0332. Significant differences between PHHs cultured on one of 
the various matrices in comparison to PHHs cultured on 100C of the same day are marked with *. 
Significant differences between PHHs cultured on one of the various matrices in comparison to PHHs 
cultured on 100M of the same day are marked with #. Significant differences observed at different time 
points of PHHs cultured on the same ECM are marked with §. Selected comparisons are shown; for 
details on the statistical evaluation, see Supplementary Table 1E, supplementary data. 
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Supplementary Figure 3: Investigation of primary human hepatocyte (PHH) polarization in sandwich 
cultures (SCs) between different extracellular matrices (ECMs). PHHs from donor 1 were cultured for 6 
days between two layers of pure collagen type I (100C; first column), collagen type I supplemented with 
10 % Matrigel (90C/10M; second column) or pure Matrigel (100M; third column). The expression of the 
apical membrane-associated MRP2 (multidrug resistance-associated protein 2; A-C; red) and the tight 
junction protein ZO-1 (zonula occludens-1; D-F; green) are displayed individually and merged (G-I). 
Also, the expression of the basal membrane-associated OATP1B1 (organic anion transporting polypep-
tide 1B1; J-L; red) and the adherens junction-associated protein E-cadherin (M-O; green) are displayed 
individually and merged (P-R). Cell nuclei were stained with Hoechst (blue). Imaging analysis was per-
formed by three different investigators independently. Representative fluorescence microscopy images 
are shown. Magnification: 200x. Scale Bar 100 µm. 
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Supplementary Figure 4: Investigation of primary human hepatocyte (PHH) polarization in sandwich 
cultures (SCs) between different extracellular matrices (ECMs). PHHs from donor 2 were cultured for 6 
days between two layers of pure collagen type I (100C; first column), collagen type I supplemented with 
10 % Matrigel (90C/10M; second column) or pure Matrigel (100M; third column). The expression of the 
apical membrane-associated MRP2 (multidrug resistance-associated protein 2; A-C; red) and the tight 
junction protein ZO-1 (zonula occludens-1; D-F; green) are displayed individually and merged (G-I). 
Also, the expression of the basal membrane-associated OATP1B1 (organic anion transporting polypep-
tide 1B1; J-L; red) and the adherens junction-associated protein E-cadherin (M-O; green) are displayed 
individually and merged (P-R). Cell nuclei were stained with Hoechst (blue). Imaging analysis was per-
formed by three different investigators independently. Representative fluorescence microscopy images 
are shown. Magnification: 200x. Scale Bar 100 µm. 
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Supplementary Figure 5: Investigation of primary human hepatocyte (PHH) polarization in sandwich 
cultures (SCs) between different extracellular matrices (ECMs). PHHs from donor 3 were cultured for 6 
days between two layers of pure collagen type I (100C; first column), collagen type I supplemented with 
10 % Matrigel (90C/10M; second column) or pure Matrigel (100M; third column). The expression of the 
apical membrane-associated MRP2 (multidrug resistance-associated protein 2; A-C; red) and the tight 
junction protein ZO-1 (zonula occludens-1; D-F; green) are displayed individually and merged (G-I). 
Also, the expression of the basal membrane-associated OATP1B1 (organic anion transporting polypep-
tide 1B1; J-L; red) and the adherens junction-associated protein E-cadherin (M-O; green) are displayed 
individually and merged (P-R). Cell nuclei were stained with Hoechst (blue). Imaging analysis was per-
formed by three different investigators independently. Representative fluorescence microscopy images 
are shown. Magnification: 200x. Scale Bar 100 µm. 
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Supplementary Figure 6: Investigation of primary human hepatocyte (PHH) morphology and multicel-
lular arrangement in sandwich cultures (SCs) between different extracellular matrices (ECMs). PHHs 
from 3 donors (donor 1: A-C; donor 2: D-F; donor 3: G-I) were cultured for 6 days between two layers 
of pure collagen type I (100C; first column), collagen type I supplemented with 10 % Matrigel (90C/10M; 
second column) or pure Matrigel (100M; third column). The actin cytoskeleton was stained with phal-
loidin (yellow). Cell nuclei were stained with Hoechst (blue). Imaging analysis was performed by three 
different investigators independently. Representative fluorescence microscopy images are shown. Mag-
nification: 200x. Scale Bar 100 µm. 
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Supplementary Figure 7: Formation of bile canaliculi in primary human hepatocyte (PHH) sandwich 
cultures (SCs) between different extracellular matrices (ECMs). PHHs from 3 donors (donor 1: A-C; 
donor 2: D-F; donor 3: G-I) were cultured for 6 days between two layers of pure collagen type I (100C; 
first column), collagen type I supplemented with 10 % Matrigel (90C/10M; second column) or pure Mat-
rigel (100M; third column). Bile canaliculi are visualized by the fluorescent CDF (5- (and 6) -carboxy-2-, 
7-dichlorfluorescein) that is transported into the bile canaliculi via the apical hepatocyte membrane trans-
porter MRP2 (multidrug resistance-associated protein 2). Imaging analysis was performed by three dif-
ferent investigators independently. Representative fluorescence microscopy images are shown. Magni-
fication: 200x. Scale Bar 100 µm. 

 


