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Figure S1. Quantification of immunostained images. The areas of fluorescence 

corresponding to CD31 (a), EpCAM (b), albumin (c), and CYP2D6 (d) were measured 

using ImageJ. For each image, the fluorescence-positive pixels were extracted based on 

a threshold. Subsequently, the fluorescence-positive areas within 200 μm from the main 

channel and with a width of 100 μm were measured based on four ROIs. The percentage 

of the fluorescence-positive area in the ROI (200 μm × 100 μm) was calculated. The data 

are shown as mean ± SE (n = 3). *p < 0.05, **p < 0.01, ***p < 0.001, Student’s t-test. 

 

 

 

 

 

 



 

Figure S2. Intensity profile of immunofluorescence for albumin (green line with faint 

fill) and CYP2D6 (magenta line) in the perfused tissue. The horizontal intensity profile 

of the upper image was acquired by vertical projection of the intensity using ImageJ. Each 

intensity value for albumin and CYP2D6 was normalised by each integrated intensity. 

 



 
Figure S3. Fold-changes and expression levels of genes related to phase I drug 

metabolisation. Undetected genes are shown without data. FC: fold-change, CPM: counts 

per million, FDR: false discovery rate.  

  



 

Figure S4. Fold-changes and expression levels of genes related to phase II drug 

metabolisation. Undetected genes are shown without data. FC: fold-change, CPM: counts 

per million, FDR: false discovery rate. 

  



 

Figure S5. Fold-changes and expression levels of genes related to phase III drug 

metabolisation. Undetected genes are shown without data. FC: fold-change, CPM: counts 

per million, FDR: false discovery rate. 

  



 

Figure S6. Fold-changes and expression levels of albumin gene and nuclear receptor 

genes related to liver function. Undetected genes are shown without data. FC: fold-change, 

CPM: counts per million, FDR: false discovery rate. 

  



 

Figure S7. Amount of total RNA. The data are shown as mean ± SE (n = 4 for non-

perfused, and n = 3 for perfused). *p < 0.05, Student’s t-test. 

  



 

 

Figure S8. Top 10 biological processes enriched in the perfused condition. 

 

 

Figure S9. Top 10 biological processes enriched in the non-perfused condition. 

  



 

Figure S10. Immunostaining of the tissue infused with India ink. The experiment was 

performed as follows. After cultivation in the perfused condition, the tissue was infused 

with India ink via the main channel immediately before fixation. Subsequently, the tissue 

was embedded in paraffin, sectioned, and immunostained with anti-CD31 and anti-

EpCAM antibodies. India ink extracted from the bright field image based on a threshold 

was superimposed with the fluorescent image. 

 

  



 

Figure S11. Immunostaining of serial sections. The main channel and branches of the 

sinusoid-like structures from the main channel are indicated by an asterisk and 

arrowheads, respectively. The experiment was performed as follows. Serial sections of 



the tissue cultured in the perfused condition were made at a thickness of 7 μm. The 

sections were stained using an anti-CD31 antibody and ImmPRESS Reagent and 

ImmPACT DAB (Vector Laboratories, Inc., Burlingame, CA, USA) according to the 

manufacturer’s instructions, and counterstained with haematoxylin. The images of the 

immunostained sections were processed with ImageJ. First, the images were aligned 

using the StackReg plug-in. Subsequently, the colours of nuclei and CD31 were extracted 

by colour deconvolution and converted to pseudo colours. Although EGM was used as a 

culture medium for this experiment, it would not significantly affect the results. 

 

  



 

Figure S12. Three-dimensional confocal image of the whole tissue. The main channel is 

indicated by a dotted line with arrow heads in the xy-plane and asterisks in the yz-planes. 

The branches of sinusoid-like structures from the main channel are indicated by 

arrowheads in the yz-planes. The experiment was performed as follows. The tissue 

cultured in the perfused condition was fixed, immunostained for CD31, and cleared with 

CUBIC (Tokyo Chemical Industry Co., Ltd., Tokyo, Japan) according to the 

manufacturer’s instruction since the tissue was too thick to observe. The tissue was 

observed with a confocal microscope. The acquired image was deconvolved with the 

Richardson-Lucy algorithm (20 iterations) using the DeconvolutionLab plug-in of ImageJ 

to improve the contrast and resolution. Although EGM was used as a culture medium and 

normal MSCs were used instead of immortalised MSCs for this experiment, this would 

not significantly affect the results. 

 

  



 
Figure S13. Measurement of CYP3A activity in tissues cultured in non-perfused and 

perfused conditions. CYP3A activity was measured based on the P450-Glo Assay 

(Promega, Madison, WI, USA) according to the manufacturer’s instruction. Briefly, the 

culture medium was changed to that containing luciferin-PFBE at day 2. Subsequently, 

the tissue was perfused with medium in the perfused condition, whereas the tissue was 

only submerged in the medium in the non-perfused condition. The medium in the culture 

dish was sampled at day 7 and mixed with luciferin detection reagent. The luminescence 

intensity, which represents CYP3A activity, was measured with a luminometer. The data 

are shown as the mean ± SE (n = 3). *p < 0.05, Student’s t-test. 

 

  



 

Figure S14. Details of tissue construction. (a) Dimensions of the device. (b) Step-by-step 

procedure: (i) The device was treated with air plasma and coated with fibronectin. The 

bottom plate was set for sealing. A needle (25 G) was inserted through the connectors. 

(ii) Cells were dissociated from the culture dishes and suspended in neutralised type I 



collagen solution. The cell-suspended collagen solution was poured into the device and 

incubated for 20 minutes at 37 °C for gelation. (iii) The needle was removed to make a 

hollow channel. The bottom plate was also removed to expose the tissue to the medium. 

The device was submerged in the medium. (iv) The suspension of HUVECs was infused 

into the hollow channel using a syringe pump. The device was incubated in a CO2 

incubator for 20 minutes to cover the lower side of the channel with HUVECs. The device 

was inverted again and incubated for another 80 minutes for the further adhesion of 

HUVECs. (v) Perfusion is started using a peristaltic pump. 

 


