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Supplementary Figure 1. Effect of highly concentrated trehalose in the preparation of living 28 

skin equivalents. (a) A schematic for the preparation of cultured skin equivalents. (b) Macroscopic 29 

pictures of LSEs with and without trehalose (30 and 100 mg/ml) added in the collagen gel. The gel 30 

was prepared in the Transwell-COL with a 24-mm insert in a 6-well culture plate after 1 week of 31 

airlifting at 37°C. (c) Diameters of LSEs with and without trehalose added in the collagen gel after 32 

1 week of airlifting at 37°C. Data are expressed as means ± SD for three LSEs. ****: P < 0.0001 33 

versus vehicle control groups by Student’s t-test. 34 
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 Supplementary Figure 2. Quantification of immunostaining of living skin equivalents 52 

prepared with or without trehalose (10 and 100 mg/ml). The numbers of Ki-67 positive cells in 53 

the dermal side of LSEs with and without trehalose added in the collagen gel after 1 week of airlifting 54 

at 37°C were counted in six randomly selected high-power fields. Data are expressed as means ± 55 

SD. ****: P < 0.0001 versus vehicle control and trehalose (10 mg/ml) groups by one-way ANOVA. 56 
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Supplementary Figure 3. Immunostaining of living skin equivalents prepared with or without 64 

trehalose (10 and 100 mg/ml). Paraffin-embedded sections of LSEs were sectioned and subjected 65 

to immunohistochemistry for Elastica van Gieson staining (a), hyaluronan-binding protein (HABP) 66 

staining (b), Alcian blue staining, pH 2.5 (c), α-SMA staining (d). Scale bar = 50 μm. 67 
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Supplementary Figure 4. Novel effect of trehalose in the preparation of living skin equivalents. 70 

Representative picture of LSEs with or without trehalose (100 mg/ml) added in the collagen gel, 71 

which was prepared in a 100-mm dish after 2 weeks of airlifting at 37°C. Data are representative of 72 

two independent experiments. 73 
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Supplementary Figure 5. Gene expressions in highly concentrated trehalose-treated 2D and 81 

3D fibroblasts after whole transcriptome analysis by RNA-seq. Volcano plots show that in the 82 

presence of trehalose (100 mg/ml) in 2D fibroblasts (a) and 3D fibroblasts (d), gene expressions 83 

were significantly modulated. Red or green rounds indicate genes upregulated by more than 2-fold 84 

or downregulated by less than 0.5-fold, respectively, with less than 0.05 of q-values. PCA showing 85 

the separation between PC1 and PC2 in 2D fibroblasts (b) and 3D fibroblasts (e). The factor 86 

loadings of PC1 and PC2 of the genes calculated by PCA were plotted. The plotted upper and 87 

lower genes were detected in 2D fibroblasts (c) or 3D fibroblasts (f). 88 
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Supplementary Figure 6. Network analysis by IPA pathway using genes modulated by 93 

trehalose. (a) The Venn diagram demonstrates the number of downregulated and upregulated 94 

genes analyzed in Fig. 2. The 131 downregulated genes and 127 upregulated genes were used for 95 

an IPA. (b) A network detected by IPA demonstrated activation of DPT and Vegf, accompanied 96 

by inhibition of PLK1, LMNB1, and CDK1. The red and green shapes demonstrate upregulated 97 

and downregulated genes by trehalose, respectively. 98 
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Supplementary Figure 7. Trehalose modulates the expression of p21. Human dermal fibroblasts 101 

were treated with trehalose (30 and 100 mg/ml) or vehicle (PBS) for 24 h. The cells were stained 102 

with an antibody against p21 and DAPI for nuclei, and both were observed using a fluorescence 103 

microscope. In each group, we observed the relative number and intensity of fibroblasts stained by 104 

the p21 antibody. Data are means ± SD for four wells, and are representative of three experiments 105 

with similar results. ***: P < 0.001, ****: P < 0.0001 versus the control (vehicle-treated) fibroblasts 106 

by one-way ANOVA. 107 
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Supplementary Figure 8. Proliferation assay with trehalose-treated human dermal fibroblasts. 120 

Proliferation assay with human dermal fibroblasts treated with trehalose (10, 30, and 100 mg/ml) or 121 

vehicle for 24 h. 122 
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Supplementary Figure 9. Fluorescent images of trehalose-treated fibroblasts stained with 132 

DHE. (a) Fibroblasts were treated with vehicle or trehalose (100 mg/ml) for 48 h and stained with 133 

DAPI to visualize nuclei. Representative fluorescent images of DHE-treated cells were obtained by 134 

fluorescence microscopy. (b) In each group, we observed the intensity per cell stained with DHE. 135 

Data are means ± SD for five wells (vehicle) and six wells (trehalose) and are representative of two 136 

experiments with similar results. **: P < 0.001 versus the control (vehicle-treated) fibroblasts by 137 

Student’s t-test. Scale bar = 100 μm. 138 
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Supplementary Figure 10. CDKN1A is involved in the promotion of wound healing with the 151 

dermal substitute containing trehalose-treated fibroblasts. CDKN1A mRNA levels were 152 

assessed by qPCR after transfection with control or CDKN1A siRNA for 24 h. Expression data are 153 

shown relative to the control siRNA-treated fibroblasts. Data are expressed as means ± SD. **: P < 154 

0.01 versus the control siRNA-treated group of vehicle-treated fibroblasts by Student’s t-test. 155 
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Supplementary Table 1. Expression of SASP factor genes induced by highly concentrated 159 

trehalose. Analysis of RNA-seq data revealed that several genes associated with trehalose-160 

induced premature senescence were upregulated. 161 
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Supplementary Table 2. TaqMan primers and probe assay ID (Applied Biosystems) of the 171 

genes used in real-time PCR. 172 
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Video 1. The morphological alterations of the human dermal fibroblasts after vehicle treatment. 181 

Phase contrast microscopy imaging of the fibroblasts cultured with vehicle. 182 

Video 2. The morphological alterations of the human dermal fibroblasts after the trehalose treatment 183 

(30 mg/ml). Phase contrast microscopy imaging of the fibroblasts cultured with trehalose. 184 

Video 3. The morphological alterations of the human dermal fibroblasts after the trehalose treatment 185 

(100 mg/ml). Phase contrast microscopy imaging of the fibroblasts cultured with trehalose. 186 

Video 4. The morphological alterations of the human dermal fibroblasts after the sucrose treatment 187 

(100 mg/ml). Phase contrast microscopy imaging of the fibroblasts cultured with sucrose. 188 
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Supplementary blots 207 

Figure 4b blots 208 
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Figure 5e blots 223 
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Figure 6c blots 239 
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