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The development of advanced techniques of fabrication of three-dimensional (3D) microenvironments for the study of cell growth and proliferation has become one of the major motivations of material scientists and bioengineers in the past decade. Here, we present a novel residueless 3D structuration technique of poly(dimethylsiloxane) (PDMS) by water-in-PDMS emulsion casting and subsequent curing process in temperature-/pressure-controlled environment. Scanning electron microscopy and X-ray microcomputed tomography allowed us to investigate the impact of those parameters on the microarchitecture of the porous structure. We demonstrated that the optimized emulsion casting process gives rise to large-scale and highly interconnected network with pore size ranging from 500 μm to 1.5 mm that turned out to be nicely adapted to 3D cell culture. Experimental cell culture validations were performed using SaOS-2 (osteosarcoma) cell lines. Epifluorescence and deep penetration imaging techniques as two-photon confocal microscopy unveiled information about cell morphology and confirmed a homogeneous cell proliferation and spatial distribution in the 3D porous structure within an available volume larger than 1 cm 3 . These results open alternative scenarios for the fabrication and integration of porous scaffolds for the development of 3D cell culture platforms.

INTRODUCTION

The development of porous materials has been a major concern for materials science since decades. Their properties play an important role in many applications such as energy storage and conversion, pollutant gas capture, and drug delivery. [1][2][3][4] Porous structures are also fundamental in the development of living organisms. Oxygen capture in our bodies is due to the porosity of alveolar tissue in our lungs, which maximizes the exchange surface available for this task. 5 In bones, the trabecular topology works as a niche for the bone marrow and provides a proper environment for cellular regeneration. 6 Further, in the context of the realization of biomimetic scaffolds for cell culture and tissue engineering studies, the accurate tuning of pore distribution and pore size allows the cells to infiltrate easily within the material, promote the perfusion of nourishment, and facilitate the vascularization of the restored tissue. 7 To achieve these topologies, many [START_REF] Do | 3D Printing of Scaffolds for Tissue Regeneration Applications[END_REF] stereolithography, [START_REF] Wang | A Simple and High-Resolution Stereolithography-Based 3D Bioprinting System Using Visible Light Crosslinkable Bioinks[END_REF][START_REF] Accardo | Direct Laser Fabrication of Meso-Scale 2D and 3D Architectures with Micrometric Feature Resolution[END_REF] direct laser writing, [START_REF] Lemma | Studying Cell Mechanobiology in 3D: The Two-Photon Lithography Approach[END_REF][START_REF] Accardo | Two-Photon Lithography and Microscopy of 3D Hydrogel Scaffolds for Neuronal Cell Growth[END_REF][START_REF] Accardo | Direct Laser Fabrication of Free-Standing PEGDA-Hydrogel Scaffolds for Neuronal Cell Growth: Engineering 3D Biocompatible Microenvironments[END_REF][START_REF] Accardo | Multiphoton Direct Laser Writing and 3D Imaging of Polymeric Freestanding Architectures for Cell Colonization[END_REF] or bioprinting. [START_REF] Jia | Direct 3D Bioprinting of Perfusable Vascular Constructs Using a Blend Bioink[END_REF] Although most of these approaches allow the fabrication of scaffold features down to the micrometric or even submicrometric scale, they are often limited by the overall printable size of the object, by the cost of the fabrication setup, as well as by the scarcity of biocompatible materials for biological applications. [START_REF] Carve | 3D-Printed Chips: Compatibility of Additive Manufacturing Photopolymeric Substrata with Biological Applications[END_REF] PDMS can be hardly integrated within additive manufacturing processes, and it is not possible to unmold three-dimensional patterns with cell resolution while its biocompatibility for biomedical applications is widely proved. On the other hand, a large community of chemists and material scientists developed fabrication protocols of PDMS sponges based on emulsions/foams, [START_REF] Tebboth | Inflatable Elastomeric Macroporous Polymers Synthesized from Medium Internal Phase Emulsion Templates[END_REF] gas foaming, [START_REF] Zargar | Characterization, and Silanization of 3D Microporous PDMS Structure with Properly Sized Pores for Endothelial Cell Culture[END_REF] or microcasting of sacrificial materials/structures. [START_REF] Mohanty | Fabrication of Scalable and Structured Tissue Engineering Scaffolds Using Water Dissolvable Sacrificial 3D Printed Moulds[END_REF][START_REF] Dahlberg | 3D Printed Water-Soluble Scaffolds for Rapid Production of PDMS Micro-Fluidic Flow Chambers[END_REF][START_REF] Díaz Lantada | Free-Form Rapid Prototyped Porous PDMS Scaffolds Incorporating Growth Factors Promote Chondrogenesis[END_REF][START_REF] Li | Fabrication Method for Structured Porous Polydimethylsiloxane (PDMS)[END_REF] The important molecular role of the hydrophobic/hydrophilic tails and the tuning of its wettability properties [START_REF] Chen | The Stability of Radio-Frequency Plasma-Treated Polydimethylsiloxane Surfaces[END_REF] make it a perfect candidate for microfluidic or environmental applications, [START_REF] Kim | UV-Responsive Nano-Sponge for Oil Absorption and Desorption[END_REF] while some groups have recently tested the possibility of using PDMS macroporous sponges for tissue engineering. [START_REF] Pedraza | Synthesis of Macroporous Poly(Dimethylsiloxane) Scaffolds for Tissue Engineering Applications[END_REF][START_REF] Pedraza | Macroporous Three-Dimensional PDMS Scaffolds for Extrahepatic Islet Transplantation[END_REF] In this paper, we report for the first time a simple, rapid, and cost-effective 3D fabrication technique for creating mesoscale porous PDMS scaffolds of centimeter scale, featuring a pore size ranging from millimeter to micrometer scale. The protocol is based on H 2 O/PDMS emulsion casting and subsequent 141 Due to the biological purposes of this work, the dimensions of all of 142 the developed scaffolds were designed to be compatible with standard 143 cell culture consumables configuration. The samples were fabricated 144 to fit inside a 12-well plate (22 mm diameter for each well). To ensure 145 a perfect sealing of the scaffold in the wells and provide a manageable 146 object, a PDMS scaffold holder was fabricated by 3D printing and 147 inserted in the multiwell plate during the casting (see Figure S1 in the 148 Supporting Information) to obtain a cylindrical shell of PDMS with a 149 semicircular empty space where we then injected the water/PDMS 150 emulsion. The height of the scaffold holder was set between 1 and 1.5 151 cm, while its inner diameter was set to 1.4 cm. PDMS silicone was 152 poured on the plate and cured at 60 °C overnight. 153 2.3. Emulsion Casting. Highly porous PDMS scaffolds were 154 fabricated by the method of emulsion casting, using water as internal 155 phase, and reticulating the emulsion within specific environmental 156 conditions (Figure 1A,B). Water-in-PDMS emulsion was made by 157 progressively adding small quantities (∼10% of PDMS mass) of DIW 158 and mixing until reaching 70% of water-in-silicone. With this process, 159 we generated a water-in-silicone emulsion that was then injected into 160 the cylindrical sample holder. The reticulation process consisted of 161 two separate steps of reticulation by varying temperatures and 162 pressures that allowed us to control the pore size and distribution 163 (Figure 1C): (1) the samples were first placed inside an oven 164 (Memmert) at T 1 = 60 °C for a specific time t 1 ranging from 30 to 60 165 min in atmospheric pressure condition; (2) the samples were then 166 transferred into a vacuum oven (SalvisLAB Vacucenter) at T 2 ranging 167 between 110 and 130 °C with an absolute pressure value P 2 of 400 or 168 700 mbar for 2 h. After this time, we did not observe any notable 169 evolution of the size and interconnectivity of the pores. Both edges of 170 the samples were removed by slicing the cylinder with a surgical blade 171 to obtain a clean surface.

2.4. Scanning Electron Microscopy. We used scanning electron microscopy (SEM) to observe the microscopic morphology of the samples with a Hitachi S-4800 system at an accelerating voltage ranging from 2 to 5 kV and 10 μA current. The imaging was performed on core regions of the scaffolds, accessed by cross-cutting the samples with a surgical blade, in flat and 45°tilt-angle SEM sample holder positioning configuration. To improve the resolution and avoid charging effects, the samples were coated with a 15 nm layer of sputtered gold using PECS I from Gatan Systems. False-color imaging treatment was performed by using the open-access software Gimp 2.

2.5. X-ray Tomography. To investigate the pore properties of the sample, X-ray microcomputed tomography (μCT) imaging was performed. μCT is a nondestructive imaging technique that allows quantification of internal features of an object in three dimensions with microscopic resolution. In this study, the specimen was inserted inside a X-ray microtomography machine manufactured by RX Solutions (EasyTom XL 150). A sealed-type microfocus X-ray source with beryllium target was used. The X-ray source energy was adjusted to the resolution of the scan: the source voltage was fixed at 66 kV and source current at 268 μA. Before the acquisition, standard black and gain calibrations were performed. A complete scan was acquired by recording 1440 projections of the sample at different angles, equally spaced on 360°, with a flat panel of 1920 × 1536 pixels. Each projection had average exposure times of 0.11 and 5 s. The 3D volume and corresponding slices were reconstructed with the RX Solutions software, X-Act, using a filtered back-projection algorithm.

Reconstructed slices had an isotropic resolution of 18 μm.

Postprocessing of images was performed with Avizo 9.7.0, a software dedicated to data visualization, segmentation, and quantification. A nonlocal means filter [START_REF] Buades | A Non-Local Algorithm for Image Denoising[END_REF] was first used to remove noise. For the binarization of images, two different methods were used: (1) a userdefined threshold was applied to separate pores and PDMS matrix and extract the binary image on each slice; (2) a watershed algorithm 53 was also applied on filtered images to separate pores and PDMS material. Watershed-based segmentation consists of transforming the gray-level image as a topographic map, where high intensity represents peaks and hills while low intensity represents valleys. The obtained topographic image is then flooded, starting from user-defined seeds, using an automatic gradient magnitude algorithm.

Dams are built to avoid merging water from two different catchment basins. The segmentation result is defined by the locations of the dams, i.e., the watershed lines. Porosity in both cases (user-defined threshold and watershed algorithm) was finally calculated as the fraction of pore volume over the total volume of the specimen. The connectivity of pores was evaluated with the Axis Connectivity function available on Avizo.

Water Retention.

To complement the results obtained by Xray microcomputed tomography, an empirical test was completed to provide experimental data about the absorbance of water within the 3D architecture. The porous PDMS scaffolds were dried in a vacuum oven at 60 °C overnight and then weighted to obtain W dry . The PDMS was plasma-activated using oxygen plasma treatment (Diener Electronic, 5 sccm oxygen flow, 0.5 mbar, 5 min, 50 W) to enhance wettability and immediately soaked in PBS over 48 h. The water retained in the scaffold was measured using an electronic balance that provided us with W wet . The percent of water remaining in the porous PDMS scaffold was calculated as 54 
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A lower t 1 implies a less reticulated state of the PDMS within 317 the emulsion when starting the final curing process. We then 318 attribute the presence of large pore size (Figure 1A-C) to the 319 easier expansion of the water steam in a less reticulated PDMS. 320 We believe that this factor may induce the aggregation of 321 submillimetric water bubbles and the consequent formation of 322 larger cavities.
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By comparing the first column (A, D, G) and second column 324 (B, E, H) of Figure 2, we investigate the impact of the different 325 temperatures T 2 (110 and 130 °C) employed in the second 326 reticulation process. By fixing t 1 = 30 min, we cannot find 327 striking differences in pore size in Figure 2A,B, while this 328 difference becomes more evident for higher prereticulation 329 periods, as reported in Figure 2D-F. In Figure 2G, we can 330 observe strong anisotropy, with elongated pores whose main 331 semiaxis is 2-to 3-fold larger than the minor semiaxis. The 332 pores of Figure 2F show lower anisotropy compared to Figure 333 2G but still much higher than the one of the pores in Figure 334 2B,E. We suggest that the temperature of final reticulation (T 2 ) 335 has a double impact on the reaction: on the one hand, it 336 slightly modifies the speed of evaporation of the water bubbles; 337 on the other hand, it varies the kinetics of the reticulation of 338 the silicone. As we observe from the comparison of Figure 339 2G,H, a lower temperature indeed tends to benefit the 340 appearance of intrinsic anisotropy of the sample, which can be 341 linked to a higher state of reticulation during the expansion of 342 the water steam bubbles.
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The third column (Figure 2C,F,I) explores the same 344 temperature T 2 (130 °C) as in the second column (Figure 345 2B,E,H) but with a different pressure P 2 (700 mbar instead of 400 mbar). By observing the samples obtained with a short prereticulation time t 1 (Figure 2B,C), it is possible to highlight the impact of the pressure over the pore size. While the sample 2B features an average pore size of 1-3 mm, sample 2C presents a critical decrease of the typical size to 0.7-1.2 mm.

For t 1 = 45 min, we observe the same tendency of reduced typical pore size within the PDMS porous scaffold, although this transition is less evident for the samples at 700 mbar (Figure 2C,F) than for the samples at 400 mbar (Figure 2B,E).

Concerning the last row (Figure 2H,I), at long prereticulation time (60 min), we perceive a major reduction on the pore size coupled to a slight decrease in anisotropy of the pores. This behavior fits with the results obtained in the rest of the samples for those parameters.

The general overview of Figure 2 shows then a progressive decrement of the pore size by increasing the time of prereticulation t 1 , which leads, at the same time, to an increase of the number of pores. We observe also an anisotropy tendency linked to the reticulation time (i.e., longer t 1 increases the reticulation state of the silicone before the evaporation of the steam). This induces less motility in the emulsion that in turn leads to a further expansion of the bubbles in the direction of the apertures of the PDMS sample holder. Temperature T 2 , on the other hand, plays a dual role in the kinetics of the water evaporation and the kinetics of the reticulation process within the emulsion. Finally, pressure P 2 hinders the expansion of the bubbles, limiting the final pore size. From a microscopic point of view, the PDMS porous scaffold presents a hierarchical porous structuration. A close-up view of the bulk material between the larger pores for different fabrication parameters (t 1 , T 2 , P 2 ) reveals a network of interconnected pores featuring smaller dimensions (5-30 μm) with openings of 1-5 μm (see Figure S2). This induces a roughness on the surface that might influence the perfusion and diffusion of culture medium with a global impact for the cell environment.

To provide a more quantitative analysis of the pore size and spatial distribution, we performed a characterization of the 384 PDMS porous scaffold by employing X-ray tomography. The 385 selected sample corresponds to the one of Figure 2B with t 1 = 386 30 min, T 2 = 130, and P 2 = 400 mbar, which was then 387 employed as 3D cell culture support.

388

Figure S3A shows a reconstructed slice of the sample, after 389 denoizing with a nonlocal means filter. A user-defined 390 threshold was applied on each slice of the sample, leading to 391 a stack of binarized images, as presented Figure S3B, 392 corresponding to the slice shown in Figure S3A. The 3D 393 reconstructed view of the PDMS porous scaffold in Figure 3A 394 shows the porosity of the 3D architecture (whose optical 395 micrograph is reported in Figure 3C). The crosscut views for 396 the xy and xz planes show the inner core of the 3D 397 architecture, proving a highly interconnected network with a 398 wide spectrum of porosity. From those data, a porosity equal to 399 around 57% was calculated from the binarized images (Figure 400 S3C). A second validation of porosity using a watershed 401 segmentation algorithm (for details, see Materials and 402 Methods) was performed, resulting in a porosity equal to 403 58.7%, as presented in Figure 3D. Connectivity of pores was 404 also studied with the Axis Connectivity module available in 405 Avizo. Figure 3B shows in red the nonconnected pores and in 406 white the connected ones. The total volume of pores is equal 407 to 406.2 mm 3 in the sample, and nonconnected pores 408 represent only 4.3 mm 3 , corresponding to 1% of the total 409 volume of pores. Nonconnected pores are either small pores 410 <100 μm in the matrix or pores that are localized in the walls 411 of the cylindrical support. 412 Finally, pore size distribution was analyzed. The histogram 413 plot in Figure 3E represents the distribution of pore equivalent 414 diameter, whose colorimetric 3D visualization linking pore diameters to different colors is reported in Figure 3D. The majority of the pores were reported to have a diameter between 0.02 and 0.10 mm (more detailed histograms are reported in Figure S4), although smaller pores (observed by SEM, Figure S2) could not be resolved due to resolution limitation (18 μm) of the X-ray microcomputed tomography setup (see Materials and Methods). These results were complemented with measurements of water retention performed over 48 h in the porous PDMS scaffold. As shown in Figure S5 and in the Supporting Video "Video_-liquid_loading", the percent of water remaining in the scaffold after soaking it in PBS for different periods of time increases until reaching a value close to ∼300% (w:w). This value agrees with the high porosity and interconnectivity estimated by μCT.

SEM and Immunofluorescence Characterization

of SaOS-2 Cell Colonization of the PDMS Scaffolds. To validate the compatibility of the developed PDMS architectures as a 3D cell culture tool, we tested the scaffold topology depicted in Figure 2B in the presence of SaOS-2 cells. Due to the morphology of the SaOS-2 cells and the topographical features of the PDMS porous scaffold, distinguishing the cells directly over a rugose surface is a laborious task. This is evident after comparing the morphologies of the osteosarcoma SaOS-2 cell line on untreated PDMS flat surfaces (Figure S6A) and on plasma treated/fibronectin-coated PDMS surfaces (Figure S6B). While on untreated surfaces we observe the same ratio of cells holding the expected flattened morphology and the less conventional globular one, on the treated surfaces we report only the flattened cytoskeletal configuration coupled to a more marked expression of typical round protrusions already observed elsewhere. 55 In such context, the role of roughness 446 and surface chemistry regulating cell adhesion mechanisms has 447 been previously observed for nonpolymeric surfaces. 56,57 448 In addition to its role in the adsorption of adhesion proteins, 449 plasma treatments are indeed known to induce the presence of 450 nanotopography features and surface chemistry changes, which 451 are reflected in an augmentation of oxygen content and an 452 enhancement of surface energy associated with an increase in 453 wettability that influences cell adhesion on polymeric 454 surfaces. 58,59 Concerning the distribution and welfare of cells 455 within the PDMS porous scaffold, in Figure 4A-C, we present 456 false-colored SEM close-up images highlighting the typical cell 457 morphology that we observed in different regions of the 458 scaffold. SaOS-2 cells tend to develop cytoskeletal extensions 459 anchoring to the side walls of the micropores in a 460 tridimensional spatial configuration, as observed in Figure 461 4A,B. The evidence of the flattened elongated morphology of a 462 cluster of cells in other regions of the scaffold characterized by 463 PDMS meshes is shown in Figure 4C. Furthermore, we can 464 discriminate several round protuberances within the cellular cytoskeleton that we associate with regular features of mineralized buds and calcospherulites related to the process of mineral deposition of this cell line. 60,61 This behavior could be associated with a predifferentiation stage, although a deeper evaluation of differentiation markers is required to confirm this assessment. Prospective analysis of the calcification process by red alizarin staining will be carried out in the future to validate this conclusion. Furthermore, cell viability test, shown in where the F-actin, the main component of microfilaments in the cytoskeleton, is stained in red with phalloidin/rhodamine while the nuclei are stained in blue with DAPI. We can distinguish several cells colonizing the full structure at different out-focus planes. In Figure 4E, we show the close-up view of a single pore (enclosed by the blue square in Figure 4D) depicting how the elongated cytoskeleton of the cells adapts to the surrounding environments by following the geometrical profile of the pore. Finally, in Figure 4F, we present a fluorescence image of another region of the scaffold where we can easily identify cell nuclei and observe how cells cover homogeneously the whole surface of the PDMS porous scaffold.

To get a clear view of the 3D cell colonization scenario of the PDMS porous scaffold, in Figure 5, we report several 3D reconstructions obtained via two-photon confocal imaging, a widely used technique for unveiling cell features in the inner core of 3D architectures otherwise not accessible by more conventional morphological imaging approaches (e.g., SEM and AFM). [START_REF] Accardo | Two-Photon Lithography and Microscopy of 3D Hydrogel Scaffolds for Neuronal Cell Growth[END_REF][START_REF] Accardo | Multiphoton Direct Laser Writing and 3D Imaging of Polymeric Freestanding Architectures for Cell Colonization[END_REF] In Figure 5A,B, we report the characterization of the upper part of the 3D scaffold (i.e., the one on which the cell medium containing the SaOS-2 cells was deposited), impinged by the laser beam as shown in the inset of Figure 5A, where we highlighted the nuclear marker DAPI (in blue) and the CMFDA one (in green), which is able to stain the whole cytoplasm of the cells (Figure S8). The overall field of view of the acquisition is 1.96 × 1.30 × 0.49 mm 3 (obtained by employing a mosaic modality where we imaged smaller areas and then stitched them together). Figure 5A shows a quite homogeneous cell coverage of the PDMS scaffold surface, while Figure 5B highlights how cells are able to colonize the inner part of the architecture by infiltrating open pores (such as the one on the left-hand side of the figure). We attribute the absence of cells in the central part of the 3D reconstruction either to the small dimensions of the pores (compared to the SaOS-2 cell size) in that region or, more likely, to the fact that denser regions of PDMS (becoming opaque during the fabrication because of the trapping of air bubbles) hinder the passage of photons. A clearer overview of the 3D imaging acquisition can be seen in the Supporting Video "Video_-top_surface". To have a further insight into the cellular distribution within the 3D scaffold, we performed also a crosscut on it by using a surgical blade to reveal the inner part of the structure. Figure 5C,D shows, respectively, the x, z and x, y views of a 1.30 × 1.96 × 2.19 mm 3 region of the PDMS porous scaffold (always by employing the mosaic modality mentioned above) with the laser impinging this time the inner surface of the cross-cut, as depicted in the inset of Figure 5C. The two different views show the presence of omnidirectional cell clusters infiltrating both the superficial layers of the scaffold and the inner areas down to a depth ≈2.2 mm along the z axis and ≈2 mm along the y axis. A high-resolution video ("Video_cross_cut") of the slices composing the 3D reconstruction is available in the Supporting Information.

CONCLUSIONS

In this work, we reported a novel 3D structuration technique that provides a fast and cheap process to fabricate porous scaffolds made of a widely used biocompatible silicone such as PDMS. This technique involves a simple combination of water and silicone to form an emulsion that is further transformed into a highly porous scaffold using a two-step reticulation process. The fabrication takes place under temperature-/ 545 pressure-controlled environment that could be easily scalable 

39 solutions 43 (

 3943 have been recently proposed in the field of material 40 sciences and, in particular, polymer science. 41 One of the most extended and widely used materials for 42 bioapplications in the last decades is poly(dimethylsiloxane) PDMS). 8 Since Wacker Chemie discovered this silicone-44 based organic elastomer in the 1950 s, it has found a large protocols aiming at realizing such architectures by exploiting diverse additive manufacturing and other 3D fabrication techniques such as fused deposition modeling and electrospinning,

Figure 1 .

 1 Figure 1. (A) Sketch of the fabrication process of the PDMS porous scaffold. The emulsion is injected into a PDMS shell and placed in an oven at 60 °C for t 1 min. Afterward, the scaffolds are transferred to a vacuum oven at temperature T 2 under pressure P 2 . (B) Sketch of the impact of the physical parameters of the fabrication process in the porous morphology. (C) Optical image of the PDMS porous scaffold.

  photon confocal imaging system (AxioImager upright microscope

Figure 2 .

 2 Figure 2. SEM characterization of the cross-sectional regions in the PDMS porous scaffold for different curing parameters. Along the vertical axis, we vary the time t 1 for the prereticulation stage at 60 °C. Along the horizontal axis, we vary the temperature T 2 and the pressure P 2 of the second reticulation process. The scale bar is 1 mm.

Figure 3 .

 3 Figure 3. (A) 3D view of the PDMS scaffold after segmentation process. On the right, crosscuts of the reconstruction along the xy and xz planes. (B) 3D view of the pores: nonconnected pores (red), connected pores (white). On the right, crosscuts of the reconstruction along the xy and xz planes. (C) Optical micrograph of the inner core of a PDMS porous scaffold. (D) 3D colorimetric view of the pores size distribution with a watershed-based algorithm. (E) Distribution of the number of pores according to the pore size depicted in (D).

Figure 4 .

 4 Figure 4. (A-C) False-colored SEM images highlighting the SaOS-2 cell morphology obtained on the PDMS porous scaffold; (D) immunofluorescence imaging of SaOS-2 cells colonizing the pores of the porous PDMS scaffold; (E) close-up view on the region enclosed in the blue dotted square in (D); (F) SaOS-2 "cellular-carpet" observed on the PDMS porous scaffold surface (red: phalloidin-F-actin; blue: DAPInuclei).

Figure S7 ,

 S7 Figure S7, was addresses by Live/Dead assay on the porous PDMS scaffold against two positive controls, flat PDMS and glass. Cell viability reached ∼99% of the cell population over the porous PDMS scaffold. This result compares with the performance of both positive controls showing as well a cell viability of ∼99% and a more homogeneous cell distribution. To better visualize typical morphological features of the SaOS cells cultured on the 3D scaffold, in Figure 4D-F, we report the epifluorescence characterization of the osteosarcoma cells over the PDMS porous scaffold. In Figure 4D, we can observe the cell spreading and colonization of different pores,

Figure 5 .

 5 Figure 5. Two-photon confocal imaging of the PDMS porous scaffold colonized by SaOS-2 cells. (A) xy view of the 3D reconstruction of the scaffold imaged with the laser beam impinging the sample as shown in the inset; (B) xz view of the 3D reconstruction in (A); (C) xz view of the 3D reconstruction of a cross-cut of the scaffold imaged with the laser beam impinging the sample as shown in the inset; (D) xy view of the 3D reconstruction in (C) (the inset shows the sample orientation and the region depicted in the 3D reconstruction (green: CMFDA; blue: DAPInuclei)).

  546 for mass production. Scanning electron microscopy character-547 ization provided a deep understanding of the different achieved 548 morphologies confirming a control of the porous distribution 549 associated with a hierarchical macro-micro structuration of the 550 available surface that could have an impact on the biological 551 perfusion and diffusion of nourishment. 3D morphological 552 characterization was carried out by X-ray computed tomog-553 raphy and allowed to evaluate the general porosity and the size 554 distribution of the pores as well as to investigate the 555 interconnectivity of the PDMS porous scaffold. The format 556 chosen to evaluate the performance of cell culture presented a 557 general porosity of ∼60% with a ∼98% global interconnectiv-558 ity. Osteosarcoma SaOS-2 cells were seeded on the PDMS 559 porous scaffold to evaluate the efficiency of the cell 560 colonization and perfusion. SEM investigation in combination 561 with fluorescence immune-staining imaging demonstrated a 562 high level of cell adhesion and some features of advanced cell 563 maturation. Two-photon confocal reconstruction displayed