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Table S1. The primer sequences for RT-PCR.
	Primer Target
	Primer Sequence (5′→3′)

	OPG
	F:GGTCTCCTGCTAACTCAGAAAGG

	
	R:CAGCAAACCTGAAGAATGCCTCC

	SDF1
	F:CTCAACACTCCAAACTGTGCCC

	
	R:CTCCAGGTACTCCTGAATCCAC

	COL1A1
	F:CCTGGCTTTCTCGTCACTCTCA

	
	R:AGCCTCTCCATCTTTGCCAGCA

	RUNX2
	F: CCCAGTATGAGAGTAGGTGTCC

	
	R: GGGTAAGACTGGTCATAGGACC

	SPARC
	F:TGCCTGATGAGACAGAGGTGGT

	
	R:CTTCGGTTTCCTCTGCACCATC

	HPRT1
	F:TCAAGGGCATATCCTACAACAA

	
	R:AGACTTTGCTTTCCTTGGTCAG
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Figure S1. 3D model of the formed scaffold with a heterogeneous structure.

Table S2. Evaluation of the viability of MSCs on scaffolds using calcein and propidium iodide staining
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Values are presented as the percentage of dead cells relative to the total number of cells on the scaffold in a x40 field of view.


Table S3. Values of the NAD(P)H and FAD autofluorescence intensity, as well as the redox ratio FAD/NAD(P)H in MSCs on homogeneous and heterogeneous scaffolds during their cultivation in DMEM and in a medium for osteogenic differentiation. 
[image: ]
* — statistically significant differences in comparison with MSCs on the 7th day of cultivation in DMEM; Mean ± SD, p <0.05. 


[bookmark: _GoBack]Table S4. FLIM data on NAD(P)H in MSCs on homogeneous and heterogeneous scaffolds during cultivation in DMEM and in a medium for the induction of osteogenic differentiation.
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Table S5. FLIM data of the FAD in MSCs on homogeneous and heterogeneous scaffolds during cultivation in DMEM and in a medium for the induction of osteogenic differentiation.
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Figure S2. An example of the force versus indentation curve together with the Hertz’s model fit (fit of the approach part of the curve). 
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Figure S3. (a) Autofluorescence and optical redox ratio images of NAD(P)H and FAD in MSCs on homogeneous and heterogeneous scaffolds before implantation. Field of view 213 × 213 µm (1024 × 1024 pixels); x400; (b) analysis of the viability of MSCs on scaffolds, stained with calcein and propidium iodide, cell nuclei stained with Hoekst; x400;( c) fluorescence lifetime contribution of the bound form of NAD(P)H in MSCs on homogeneous and heterogeneous scaffolds before implantation; Mean±SD.
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Figure S4. FLIM images of (a) NAD(P)H and (c) FAD in MSCs on homogeneous and heterogeneous scaffolds before implantation; field of view 213 × 213 μm (512 × 512 pixels); x400; (с) Fluorescence lifetime contributions of the bound form of (b) NAD(P)H and (d) FAD in MSCs on homogeneous and heterogeneous scaffolds  before implantation; Mean±SD.

Real-time PCR

To evaluate the expression profiles of MSCs cultivated on scaffolds, we obtained data using Real-time RT-PCR. Runx2 is an important transcription factor for osteoblast differentiation, matrix formation, and mineralization during bone formation because Runx2 regulates downstream genes that determine the osteoblast phenotype and function in the early stages of osteogenesis [1]. On the 28th day of cultivation in control medium, we observed a sharp increase in the level of RUNX2 in MSCs on the heterogeneous scaffolds (by 6.1 times (p-value ≤ 0.05) compared to those on homogeneous scaffolds). Such an increase in expression may indicate spontaneous induction of osteogenic differentiation due to the osteogenic properties of the scaffold (Figure S5a). In MSCs on both types of scaffolds cultured in osteogenic medium, we did not observe any increase in the RUNX2 level although that lack of apparent change during the experimental sampling period could have been due to an early activation of expression of this gene, that we were unable to capture. (Figure S5b). 
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Figure S5. Evaluation of multiple changes in the expression of gene-markers of osteogenesis relative to the first day of cultivation of MSCs on homogeneous scaffolds;  cultivation in (a) control medium and (b) osteogenic medium.
Collagen is the main component of the extracellular matrix, with type I collagen making up 90% of the organic matter of the bone matrix, it is also one of the key components of the MSC cell niche [2]. During osteogenic differentiation, we could already observe a sharp up-regulation of COL1A1 by the 14th day of MSC cultivation on both types of scaffold, this trend persisting up to the 28th day (Figure S5b), which is consistent with the literature data [3,4]. 
Osteoprotegerin (OPG) is a soluble decoy receptor for RANKL and prevents RANKL from binding to RANK, thereby inhibiting osteoclast differentiation. Osteoblasts regulate osteoclast differentiation by secreting and expressing OPG and RANKL [5]. It was shown that in MSCs on scaffolds cultivated in the control medium, a stable, increasing expression level of OPG occurred for both the homogeneous and heterogeneous scaffolds during cultivation (Figure S4a). During osteogenic differentiation, we also observed up-regulated OPG up to the 28th day, it being most pronounced for the heterogeneous scaffolds (1.7 times compared to the homogeneous scaffolds on the 28th day of cultivation, p-value ≤ 0.05) (Figure S5b). This is a favorable factor for increasing bone mass and bone regeneration [6].
In MSCs on scaffolds cultivated in the control medium, a gradual increase in the level of SDF-1 expression was shown, it being more actively expressed by undifferentiated MSCs [7] and is associated with the formation of intercellular contacts, providing for their homing and proliferation [8] (Figure S5a). At the same time, for MSCs on both types of scaffold cultivated in osteogenic medium, we revealed a sharp decrease in the level of SDF expression by the 28th day (1.25 and 2.5-fold (p-value ≤ 0.05) for the homogeneous and heterogeneous scaffolds, respectively. compared to the 14th day of cultivation) (Figure S5b).
Osteonectin (SPARC) is a protein that regulates the activity of matrix metalloproteinases, collagen laying, and its early-stage mineralization [9,10]. It is also possibly involved in regulation of the VEGF, TGF-β1 and FGF signaling pathways [11,12]. Heterogeneous scaffolds were characterized by an earlier increase in the expression SPARC (on the 14th day of cultivation in the control medium, its expression being 3.3 times (p-value ≤ 0.05) higher than for the MSCs on homogeneous scaffolds). We also showed a sharp increase in the expression of SPARC by the 28th day of MSC cultivation in the control medium for both types of scaffold (4 times and 2.3 times (p-value ≤ 0.05) increase for homogeneous and heterogeneous scaffolds respectively, compared to the 14th day of cultivation) (Figure S5a). In the process of osteogenic differentiation, we revealed a gradual decrease in the expression of SPARC by the 28th day of cultivation on both types of scaffold (2 times and 1.9 times (p-value ≤ 0.05) for the homogeneous and heterogeneous scaffolds, respectively, compared with the 14th day of cultivation) (Figure S5b), which is consistent with the literature data [13]. During the late stages of cultivation, SPARC expression was slightly higher for the heterogeneous scaffolds (by 1.7 and 1.8 times on 14th and 28th days of cultivation relative to the MSCs on homogeneous scaffolds) (Figure S5b).
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