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Abstract

Macroporous, biostable scaffolds with controlled porous architecture were prepared from
poly(dimethylsiloxane) (PDMS) using sodium chloride particles (NaCl) and a solvent casting and
particulate leaching (SCPL) technique. The effect of particulate size range and overall porosity on
the resulting structure was evaluated. Results found 90% v/v scaffolds and particulate ranges
above 100 pm to have the most optimal open framework and porosity. Resulting hydrophobic
PDMS scaffolds were coated with fibronectin and evaluated as a platform for adherent cell culture
using human mesenchymal stem cells. Biocompatibility of PDMS scaffolds was also evaluated in
a rodent model, where implants were found to be highly biocompatibile and biostable, with
positive extracellular matrix deposition throughout the scaffold. These results demonstrate the
suitability of macroporous PDMS scaffolds for tissue engineering applications where strong
integration with the host is desired.
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1. Introduction

The field of tissue engineering has great potential to treat and/or cure numerous afflictions,
from heart damage to cartilage degradation to organ replacement. Three-dimensional
scaffolds for tissue engineering play a critical role in providing a three-dimensional structure
and mechanical integrity to the implant, as well supporting cell adhesion, distribution, and
proliferation. Optimal integration of the scaffold into the host requires constructs to retain a
high surface area to volume ratio for: optimal cell-polymer interactions, space for host and

Correspondence to: Cherie L. Stabler.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pedraza et al.

Page 2

transplant remodeling, extracellular matrix (ECM) deposition, intra-device vascularization,
reduced host inflammation, and minimal diffusional impedance.[1-4] Ideally, the overall
porosity should be at least 90%, with interconnected pores > 100 pm in diameter, e.g.
macroporous.[5, 6]

The selection of an appropriate biocompatible material and fabrication method that meets
the above outlined criteria is a complicated task. Material selection is tissue-specific and
requires a balance of the desired properties of the implant, such as mechanical integrity, pore
structure, immunogenicity, biostability, and biorecognition. Synthetic materials, such as
poly(s-caprolactone) (PCL), poly(ethylene glycol) (PEG), and poly(a-hydroxy esters) like
poly(glycolic acid) (PGA), poly(lactic acid) (PLA), and poly(lactic-co-glycolic acid)
(PLGA), are commonly used for tissue engineering scaffolds.[7-10] PGA and PLGA have
been particularly prevalent in the design of macroporous scaffolds, given their ease in
fabrication.[11-13] Their high degradability, however, might not always be desirable,
particularly when their degradation products have the potential to invoke an inflammatory
response.[8, 14] In many tissue engineering applications, biostability and retrievability are
highly desirable traits, e.g. implantable glucose sensors[15], vascular substitutes[16],
articular cartilage replacements[17], and islet transplantation[18]. Thus, the engineering of
macroporous scaffolds with high biocompatibility and biostability could have broad
applications. With this goal in mind, we selected the polymer poly(dimethylsiloxane)
(PDMS). PDMS is an excellent candidate for long term implantation, due to its
demonstrated high degree of biocompatibility and biostability following clinical
implantation.[19-25] In addition, given the oxygen demand of cells, the high solubility of
oxygen in PDMS renders it an ideal material for cell-based implants.[26-28] While
generally hydrophobic, the PDMS surface can be easily modified, via adsorption of proteins,
plasma oxygenation, or conjugation of RGD peptides, to create surfaces that promote
cellular adhesion and biorecognition.[29-35] Furthermore, the hydrophobic nature of PDMS
permits the encapsulation of compounds for slow release into the scaffold
microenvironment. In this manner, the scaffold can be used as a platform for drug delivery,
if doped with immunosuppressant compounds or with hydrolytically reactive agents for
oxygen delivery.[36, 37] Due to these desirable traits, PDMS is a material with a long
history in medical implantation with multiple forms generated for various tissue engineering
applications [31, 32, 38, 39]. The fabrication of macroporous PDMS scaffolds with the
desired features of high porosity, strong pore interconnectivity, and larger porosity (> 100
um) has not, to our knowledge, been explored.

In this study, we fabricated PDMS macroporous scaffolds using the solvent casting and
particulate leaching technique (SCPL). The advantage of SCPL is that it does not involve
hazardous solvents and is straightforward: the degree of porosity can be controlled by
varying the percent of particulate to solvent, and the pore size is dictated by the diameter of
the porogen. We demonstrate that macroporous PDMS scaffolds can be fabricated with a
large surface to volume ratio and controllable porosity, while maintaining structural integrity
and interconnectivity. The ability to modify the hydrophobic surface of the scaffold was
evaluated by coating with an adhesion protein and subsequent culture of human
mesenchymal stem cells. Furthermore, the endotoxin content and in vivo biocompatibility of
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the scaffold was examined. The implications of this platform for tissue engineering
applications are discussed.

2. Materials and Methods

2.1 Materials

2.2 Scaffold

The silicone polymer components were purchased from GE Silicone (RTV 615). Sodium
chloride crystals were purchased from Mallinckrodt Baker (Center Valley, PA). Sieves with
openings of 53 um, 106 pm, 150 um, 250 pm, 425 um, and 600 um were purchased from
W.S. Tyler (Mentor, OH) through VWR (Radnor, PA). Human plasma fibronectin (FN) was
purchased from Gibco (Grand Island, NY). Biotin conjugated fibronectin antibody was
purchased from Rockland Immunochemicals (Gilbertsville, PA) and streptavidin-FITC was
purchased from Sigma-Aldrich (St. Louis, MO). All culture media was purchased from
Mediatech (Manassas, VA). MTT assay was purchased from Promega (Madison, WI).
LIVE/DEAD Viability/Cytotoxicity Assay Kit and CAS block were purchased from
Invitrogen (Grand Island, NY). Insulin ELISA was purchased from Mercodia (Winston
Salem, NC). Chromogenic kinetic limulus amebocyte lysate (LAL) assay was purchased
from Lonza (Switzerland).

Fabrication

Macroporous PDMS scaffolds were fabricated using the solvent casting and particulate
leaching technique (SCPL), with sodium chloride (NaCl) crystals as the particulate and
poly(dimethylsiloxane) (PDMS) as the solvent. Pore size and degree of porosity were
individually optimized by varying the particle size and polymer to particle ratio,
respectively. The salt was dried for at least 24 hrs and stored at 40 °C in a drying oven to
remove residual air moisture. It was sifted through sieves of varying mesh sizes in order to
obtain a specific range of salt diameters: 53 to 106 pm, 150 to 250 pm, 250 to 425 pm, and
425 to 600 pm. The density of the silicone polymer components and the salt for each size
range was determined by weight and volume measurements. Scaffolds were fabricated with
varying expected porosities: 85%, 90%, 95%, and 97%, based on the volumetric percentage
of salt to total volume of scaffold. The silicone polymer was prepared by combining PDMS
monomer with platinum catalyst, 4:1 v/v. The desired volume of salt was measured (based
on density calculations) and thoroughly mixed into the PDMS. The salt/silicone mixture was
loaded into prefabricated, PDMS based molds (10 mm diameter, 2 mm height), compressed
using 20 g weight, and incubated at 37 °C for 48 hrs to permit crosslinking of the silicone.
The salt was leached from the scaffolds by immersion in deionized water for 72 hrs, with
exchange of water every 24 hrs. To demonstrate complete dissolution of salt, scaffolds were
sectioned 24, 48, and 72 hrs after salt leaching and imaged by SEM for absence of salt
crystals. Afterwards, the scaffolds were dried in an oven at 40 °C for 24 hrs and steam
sterilized in an autoclave.

Scaffold design parameters were optimized by assessing scaffolds of varying pore sizes and
intended porosities for differences in structural stability, porosity, and particle retention.
Degree of porosity was optimized by fabricating scaffolds of equal pore size (250 to 425
um), but varying intended porosities (85%, 90%, 95%, and 97%). They were examined for
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structural stability by visual inspection, scanning electron microscopy (SEM) imaging, and
porosity measurements. Next, pore size was optimized by fabricating scaffolds with the
equal porosity (based on the preceding study’s results) but varying pore sizes (53 to 106 pum,
150 to 250 um, 250 to 425 um, and 425 to 600 um). Their porous structure was examined by
SEM imaging and porosity measurements.

2.3 Morphological Characterization of Scaffolds

Scanning electron microscopy (SEM) (JEOL, JSM-5600LV, 29 Pa, 20 kV) was employed to
visualize surface roughness, pore size, degree of porosity, and tortuosity of the scaffold for
varying porosities and pore sizes. To enhance our ability to visualize the scaffold surface,
sputter coating was circumvented by acquiring images using back-scatter. Image analysis
using Metamorph software (Molecular Devices) was performed on SEM images to
determine average pore size and interconnectivity of pores. For all images, pixel size was
calibrated to physical dimensions. The width and length dimensions of the pore size within a
set field of view were recorded and averaged (at least 15 pores per scaffold).
Interconnectivity was assessed by quantifying the number of interconnected pores relative to
non-connected or blocked pores. Measurements were taken for 5 images per scaffold (at 50x
magnification). Total porosity (interconnected and non-connected pores) of the scaffold was
quantified by gross measurements and weights. The dry weight (Msjjicone) and wet weight
(my+Msilicone), following soaking in ddH,0, of scaffolds was recorded. Porosity was
calculated using known densities of water and silicone (py, and psilicone), DY applying it to
Equation 1.

"™ /o

porosity= — ()]

2.4 Surface Modification

In selected studies, the scaffold surface was coated with human plasma fibronectin (FN) by
incubating the scaffold in a 250 ug/mL FN solution in water for 24 hrs. Surface coating of
proteins for FN coated scaffolds was visualized via confocal microscopy. First, unbound FN
was washed from the coated scaffolds using deionized water (two 1 mL washes, 2 min
each), followed by incubation of the scaffolds in CAS block for 24 hrs. Scaffolds were
incubated with 10 pg/mL of biotin conjugated anti-fibronectin for 1 hr, and subsequently
incubated in 10 pg/mL of Streptavidin-FITC for 30 min. Following labeling, scaffolds were
washed in PBS. The uniformity of the FN coated scaffold surface was visualized through
confocal imaging (Zeiss LSM 510) and compared to controls: noncoated scaffolds treated
with both primary and secondary antibodies; and FN coated scaffold treated only with
secondary antibody, but no primary.

2.5 Cell Isolation, Culture, and Loading on Scaffolds

Human mesenchymal stem cells (MSC), isolated from human umbilical cord blood, were
kindly donated by Dr. Luca Inverardi at passage 3. Prior to seeding on scaffolds, MSCs were
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cultured as monolayers in a-minimum essential medium (a-MEM; Gibco) supplemented
with fetal bovine serum (FBS; Gibco) in a humidified 37°C, 5% CO,/ 95% air incubator. All
MSC experiments were conducted between passages 4-6. The cells were harvested from
monolayers via 0.25% (w/v) trypsin~-EDTA (Gibco) and counted via trypan blue. MSCs
were seeded onto either noncoated or fibronectin coated PDMS scaffolds at a loading
density of 3x10° cells per scaffold in 50 pL of media and incubated for 30 min prior to the
addition of 4 mL of media for long term culture. Media was exchanged every 2-3 days
following MSC loading.

2.6 Endotoxin Evaluation

Following fabrication and sterilization, endotoxin levels within noncoated and fibronectin
coated scaffolds were quantified by chromogenic kinetic limulus amebocyte lysate (LAL)
assay (Lonza, MD). The assay was performed on both the eluent from the scaffold and on
the scaffold itself to detect any persistently adherent endotoxins. Eluent was obtained
following incubation of 3 scaffolds in 1 mL deionized water for 24 hr. Endotoxin presence
on the scaffold surface was evaluated via incubation with the enzyme and monitoring
changes in optical density at 405 nm for 1 hour. Results were compared to a calibration
curve of endotoxin standards (range 0.005 — 5 EU/mL) and dH,0O only controls.

2.7 Biocompatibility of Scaffold

In vivo biocompatibility of the silicone scaffold was assessed via subcutaneous implantation
of PDMS scaffolds (90% v/v and 250-425 um pore size; 5 mm diameter; 2 mm thickness)
into 1 cm subcutaneous pockets in the abdomen of Lewis rats. All procedures were
conducted according to the guidelines of the Committee on Care and Use of Laboratory
Animals, Institute of Laboratory Animal Resources (National Research Council,
Washington DC) and approved by the University of Miami. Implants were explanted on
days 3, 14, and 30, fixed in formalin, and sliced into 5 um cross-sections. Histological
analysis performed included hematoxylin and eosin (H&E) and Masson’s trichrome stain.
To provide context of the silicone scaffold on the biocompatibility spectrum for this site,
results for PDMS scaffold, uncoated or coated with fibronectin, were compared to a negative
control (no material implanted, surgery only) to a positive control (Dacron fiberous mats).
Dacron was selected as the positive control, given its established poor biocompatibility
when compared to other biostable materials[40]. Dacron mats were generously donated by
Innovia (Miami, FL). All materials were treated with extensive washes in ultrafiltrated water
and autoclaved prior to implantation.

Grading of host response to material was performed via a scoring system, which ranked the
presence of giant cells and/or macrophages, degree of lymphocytic infiltrate, and degree of
fibrosis. Giant cell and/or macrophage presence was graded as follows: no cells (0);
scattered cells (1); numerous cells at focal interfaces of the material (2); or numerous cells
surrounding the material (3). The degree of lymphocytic infiltrate was graded: no visible
infiltrate (0); minor infiltrate (2); moderate infiltrate (2); or extensive infiltrate (3). The
degree of fibrosis was scaled: none (0); 1-2 cell layers (1); 3 to 5 cell layers (2); or greater
than 5 cell layers thick (3). The total biocompatibility score was derived from the summation
of these three factors, with higher scores indicating a larger inflammatory response. For each
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implant, two separate histological slides (2 sections per slide) were assessed via inspection
of multiple areas within the slide. Histological slides were independently graded by three
reviewers, which gave a single score for each parameter. Infiltration of host tissue into the
material for noncoated versus fibronectin coated PDMS scaffolds was evaluated via two
dimensional Metamorph analysis, where trichrome stained histological samples were
assessed. The entire trichrome stained slide was scanned using PathScan to image the entire
cross-section of the implant area. The periphery of the scaffold was highlighted as the area
of interest (AOI). Positive staining within the AOI (excluding scaffold itself) was then
quantified by setting a color threshold to mark all stained areas and expressed as the
percentage of the total AOI area to determine percentage of infiltration area. Three
independent cross-sections were quantified per group.

2.8 Statistical Analysis

The number of replicates is indicated in the figure legends, and results are expressed as
mean + SD. Statistical analysis was performed on all samples using ANOVA, with Tukey’s
multiple comparison test to evaluate difference between groups. Differences were
considered significant when p < 0.05.

3. Results and Discussion

3.1 Fabrication and Characterization of PDMS Scaffolds

In this study, we sought to fabricate a highly porous scaffold capable of providing spatial
distribution for implanted cells, mechanical support, and full retrievability. Macroporous
PDMS scaffolds (10 mm diameter, 2 mm thickness) were fabricated and assessed for
optimal porosity and pore size. Optimal porosity was investigated by examining scaffolds of
250 to 425 um pore size and varying overall porosity from 85 to 97 % vol. NaCl / vol.
PDMS. Scaffolds were evaluated via visual inspection of mechanical integrity, scanning
electron microscopy, and porosity measurements. The effect of overall porosity on the
scaffold properties is summarized in Table 1.

Visually, 85 % and 90 % porous scaffolds typically retained their original dimensions (10
mm diameter; 2 mm height; 50m mm3), although scaffolds tended to expand following salt
leaching, as a consequence of water influx increasing the pressure within the scaffold pore.
Scaffolds of 95 % and 97 % overall porosity, shrank significantly to 22 and 13 % of their
original size, respectively (Table 1). This is likely due to the high void volume and the
tensile strength of the PDMS, which weakens the scaffold structure causing it to collapse on
itself. Figure 1 shows representative photographs and SEM images of 85, 90, and 95 %
scaffolds, at low and high magnification for comparison. Images illustrate strong
interconnectivity of pores for all scaffolds; however, at 95 % overall porosity, scaffolds
clearly exhibit collapse and distortion of the pores. Pore size measurements, calculated via
SEM images, summarize these observations, with a significant decrease in the measured
pore size ranges when overall porosity was greater than 90 %. Calculations of porosity from
gross measurements and weights (n = 3 per group) found that scaffolds made from 85, 90,
95, and 97 % vol. NaCl / vol. PDMS were found to have an actual measured porosity of 83,
85, 79, and 73 %, respectively (Table 1). This further supports SEM and pore size
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measurements, whereby scaffolds at 85 and 90 % porosity were of comparable porosity and
pore inter-connectivity, while scaffolds higher than 90 % exhibited a collapse of pore
structure. Scaffolds with 90 % porosity achieved the best compromise between low bulk
material volume, pore interconnectivity, and high mechanical stability and were used for all
subsequent studies.

The pore size of a scaffold is of critical importance, given that adequate vascularization of
the scaffold is vital for implant integration. The pore size should be large enough to
accommodate incoming blood vessels, as well as to facilitate complete host integration and
remodeling. The effect of salt particulate size on the final pore size of the scaffold was
examined for 90 % vol NaCl / vol PDMS porous scaffolds by varying the salt diameter
within the following ranges: 53 to 106 pum, 150 to 250 pm, 250 to 425 pm, and 425 to 600
um. The structure of PDMS scaffolds was evaluated by SEM and wet / dry weight
measurements. As shown in Figure 2 and summarized in Table 2, PDMS scaffolds were
highly porous, with pore sizes representative of the salt crystal diameter. Moreover, the
pores appear interconnected and tortuous, where pore interconnectivity positivity correlated
to the average pore size, i.e. the greater the pore size, the greater the interconnectivity, as
summarized in Table 2. For all particulate ranges tested except from 53 to 106 pm, resulting
scaffolds were mechanically sound and maintained their original shape and dimension.
Significant reduction of the overall scaffold dimensions were observed for scaffolds
fabricated using 53 to 106 um NaCl particulate sizes, as illustrated in Figure 2. Gross
measurements and weights (n=3) found that 53 to 106 pm pore size scaffolds had an actual
porosity of 73 %, while the rest of the scaffolds had an actual porosity of 85 % porosity (+ 5
%). Therefore, with the exception of the smallest particulate size measured, the overall
porosity of the scaffold did not vary depending on pore size. Overall, at 90 % v/v porosity,
pore size ranges above ~100 um provide desirable properties of open pores, pore
interconnectivity, and appropriate overall porosity. The selection of optimal pore size range
can vary depending on the particular application of the scaffold. The PDMS surface is not as
smooth as desired; the edges are rough and there is extraneous flack. Thus, future studies are
focused on decreasing the surface roughness of the PDMS through the use of smooth
particulates and greater mold compression during SCPL fabrication.

Since the native PDMS surface is hydrophobic, modification is necessary if cell adherence
during in vitro culture is desired. Surface modification of the PDMS scaffolds with
fibronectin (FN) was achieved via overnight incubation with 250 pg/mL fibronectin
solution. Following incubation and washing, the surface characteristics of the hydrophobic
material were observationally different, with ease in hydration of inner scaffold region
following protein coating. The presence of the FN coating on scaffolds was evaluated
through confocal imaging of fluorescent antibody stains. Figure 3 illustrates a uniform
fluorescence throughout the surface and within the inner pore surfaces of PDMS scaffolds
incubated with fibronectin, indicating a uniform coating of the fibronectin on the scaffold
surface. Positive fluorescent staining was absent for noncoated scaffolds. Alternatively,
adsorption of albumin and serum proteins was also achieved via overnight incubation (data
not shown). This indicates that the silicone scaffold surface can be easily modified with
various protein coatings to encourage cellular attachment. More elegant methods for surface
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medication are feasible; with published methods illustrating the use of plasma oxygenation
for simple surface conjugation to create surfaces that promote cellular adhesion.[29-35]

3.2 Cell adherence and proliferation on scaffold

The effects of surface modification on the attachment and proliferation of adherent cells was
investigated through the use of human mesenchymal stem cells (hMSC) cultured on either
noncoated or fibronectin coated scaffolds. Proliferation and viability of cells was evaluated 2
and 7 days after loading using LIVE/DEAD assay and confocal microscopy. As Figure 4
illustrates, cellular adhesion on the noncoated scaffolds was minimal, with rounded, non-
adherent cells observed on days 2 and 7, and no observable increase in cell number.
Conversely, for fibronectin coated scaffolds, hMSC adopted a stretched, adherent
morphology. An increase in viable hMSC cell presence was observed between day 2 and 7,
indicating proliferation of the MSCs on the scaffold. Additional measurements of MSC
proliferation were performed via metabolic assay MTT, which found significant increases in
cell number over the course of the seven day culture period (data not shown). While
nonspecific adsorption of proteins during media incubation likely induces protein fouling of
the PDMS surface over time[41], this data highlights the importance of pre-treating the
PDMS surface with proteins prior to cell culture for optimal cellular adhesion and
proliferation.

3.3 Biocompatibility of Scaffold

The endotoxin level of the scaffold was assessed to minimize the potential to induce a
pyrogenic response to the PDMS scaffold when implanted. Endotoxin levels were below
0.05 EU/mL for both noncoated and fibronectin coated scaffolds (values fell within the
range of 0.005 EU/mL to 0.05 EU/mL for the n = 3 scaffolds tested for each group).

While silicone is known for its high biocompatibility and biostability,[35, 42—44] we sought
to evaluate the host response to these PDMS scaffolds. PDMS scaffolds, with or without
fibronectin coating, were implanted in the subcutaneous space in Lewis rats and explanted
on days 7, 14, and 30. Explanted PDMS scaffolds were compared to Dacron (positive
control) and absence of material (negative control) by hematoxylin & eosin (H&E) and
Masson’s trichrome staining. H&E permits visualization of cellular presence, whereas
trichrome identifies collagen deposition (blue) and elastin or fibrous deposition (red).
Histological assessment found strong biocompatibility, host integration, and biostability of
the PDMS scaffolds. As shown in Figure 5, histological cross-sections of explanted implants
found silicone to be superior to Dacron material, with positive remodeling and matrix
deposition within pores, as well as the absence of significant fibrotic tissue. Minimum
fibrosis was observed in the PDMS scaffold explants, even on day 30. Macrophages and
giant cells were present within the scaffold after 14 days in vivo. This presence was still
observed on day 30. After 30 days, however, no degradation or infiltration within the PDMS
material itself was observed, indicating high biostability of the PDMS scaffolds. Overall
biocompatibility of the implants was scored for all time points. At days 3 and 14, all
biomaterial implants scored significantly higher than the negative control implants (no
material). By day 30, however, both the PDMS scaffold noncoated and fibronectin coated
implants scored at a level statistically identical to the negative controls (ho material),
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illustrating resolution of the host response to the material (Figure 6). Dacron scored
significantly higher than fibronectin coated PDMS scaffolds and the control groups on all
time points, and higher than noncoated PDMS scaffolds on day 30. As Figure 7 illustrates,
multiple blood vessels were observed infiltrating deep within the PDMS scaffolds on days
14 and 30. Cellular and vascular infiltration into scaffold indicates that the macroporosity of
the implants permits the infiltration of host cells and vasculature. Metamorph quantification
of overall cellular infiltration and extra-cellular matrix deposition (Figure 8) found
significant increases in remodeling and cellular infiltration within the scaffold during the
first two weeks of implantation (p < 0.001), with a plateau by day 14 (p > 0.05 from day 14
to day 30); however, no statistical difference between the noncoated and fibronectin coated
scaffolds was observed (p = 0.2857). This is likely due to adsorption of proteins onto the
PDMS surface following implantation.[45-47]

As a scaffold, PDMS was found to be highly stable, with no visual signs of degradation
during the 30 days test period. The inflammatory response to the scaffold was minimal, with
the absence of fibrosis. While foreign body giant cells were observed in areas of the
scaffold, this is likely instigated by surface defects and roughness of the final PDMS
scaffold. Future designs seek to minimize this response, as outlined previously. Overall, the
favorable results of the biocompatibility and endotoxin tests demonstrate that PDMS
scaffolds are suitable for application in vivo.

Moreover, the scaffold has the potential to serve as a platform for further modulating the
local environment. The nature of PDMS is one where materials may be easily incorporated
within the matrix for slow release. Of particular interest is the incorporation of hydrophobic
drugs, which may then release in a controllable manner over time.[48-50] By applying this
technique to the scaffold, a new material can be created that provides a microniche for the
cellular implant. Future studies are evaluating the potential of this PDMS-based
macroporous platform to deliver beneficial agents, including anti-inflammatory and/or
immunomaodulatory agents and oxygen to the localized islet transplant environment.[36, 37]

4. Conclusion

Biocompatible, PDMS scaffolds were successfully fabricated with intended porosities and a
controllable pore size range. Optimization of scaffold design found these platforms to be
suitable at 90 % overall porosity for particulate ranges from 100 um and up. PDMS scaffold
can be coated with adherent cells, following adsorption of fibronectin. The low endotoxin
content and high biocompatibility of these PDMS scaffolds makes them appropriate for in
vivo implantation. They can function as platforms that are conducive to tailoring to various
particulate sizes, via variations in salt crystals, as well as surface properties, via protein
coatings, to permit ease in application to a wide range of tissue engineered implants. While
PDMS is an established material for medical implantation, its application as a macroporous
scaffold via this technique is unprecedented. Therefore, we believe this represents a novel
scaffold for housing cellular transplants in vivo.
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Figure 1.
Photographs (left panel) and scanning electron microscope images, at low (50-55x, middle

panel) and high magnification (110-160x, right panel), of 250 to 425 um pore size scaffolds
of varying porosity: 85%, 90% and 95%.
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Figure 2.
Photographs (left panel) and scanning electron microscope images at 100-110x

magnification (right panel) of 90% porous scaffolds fabricated using salt particulates of size
ranges indicated on the left.
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Figure 3.
Confocal imaging (fluorescent/light) of fibronectin coated scaffold (A) stained with anti-

fibronectin-biotin primary and streptavidin-FITC secondary antibodies, and noncoated
scaffold (B). Inset: fluorescence channel only. Scale bar = 100 pm.
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Figure 4.
Analysis of the effects of scaffold coating on cellular adhesion by visualizing live (green)/

dead (red) human MSCs growing on scaffolds. Evaluated scaffolds on days 2 (left column)
and 7 (right column), respectively: untreated surface (top row) and fibronectin coated
(bottom row).
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Figure 5.

sections (using Masson’s trichrome stain) illustrating

5x magnification of histological cross-

degree of biocompatibility and potential for vascular infiltration of various biomaterials

implanted into rodents.
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Figure 6.
Biocompatibility scoring of control (no implant), Dacron, Scaffold-Noncoated, and

Scaffold-FN (fibronectin coated) at day 30.*p < 0.05 from all other groups.
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Figure 7.
Identification of blood vessel (BV) infiltration into scaffolds (SS) explanted at time points

indicated on histological cross-sections stained with Masson’s trichrome stain.
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Figure 8.
Total infiltration into noncoated (white bars) and fibronectin coated (black bars) scaffolds

over time, as determined by Metamorph analysis as outlined in the Methods section.
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Table 1
Effects of overall scaffold porosity on scaffold properties

All PDMS scaffolds were fabricated using a NaCl particulate size range from 250-425 pm. Overall porosity
was varied, as indicated below. SEM was used to measure pore size and calculate pore inter-connectivity.
Measured porosity was found using wet weight and dry weights, as described in the methods.

NaCI/PDMS | Final Scaffold | Measured Pore Pore Inter- Measured

(% volivol) | Volume (mm3) Size (um) connectivity, % | Porosity, %
85 210+ 44 354 + 49 74+11 83+0.8
90 154 +5 313+ 56 67+6 85+0.2
95 35+12 214 £54 397 79+0.5
97 20+1 a a 7311

a .
undetermined
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Table 2
Effects of pore size on scaffold properties

All PDMS scaffolds were fabricated using 90% vol/vol NaCI/PDMS. NaCl crystal size ranges were varied, as
indicated below. SEM was used to measure pore size and calculate pore inter-connectivity. Measured porosity
was found using wet weight and dry weights, as described in the methods.

. Measured
NaCl particulate | Final Scaffold | Measured Pore Pore Inter- Porosity,
Size Range (um) | Volume (mm3) Size (um) connectivity, % %
53 - 106 32+6 64+8 37 73+0.2
150 - 250 114 £19 220+ 30 67 £11 85+£0.2
250 — 425 154 +5 313 £ 56 67 +6 85+0.2
425 - 600 157+ 11 377 £50 74+11 86+0.9
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