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Abstract

The repair of large bony defects remains challenging in the clinical setting. Human adipose-
derived stromal/stem cells (hASCs) have been reported to differentiate along different cell
lineages, including the osteogenic. The objective of the present study was to assess the bone
regeneration potential of undifferentiated hASCs loaded in starch-polycaprolactone (SPCL)
scaffolds, in a critical-sized nude mice calvarial defect.

Human ASCs were isolated from lipoaspirate of five female donors, cryopreserved and pooled
together. Critical-sized (4 mm) calvarial defects were created in the parietal bone of adult male
nude mice. Defects were either left empty, treated with an SPCL scaffold alone, or SPCL scaffold
with human ASCs. Histological analysis and Micro-CT imaging of the retrieved implants were
performed. Improved new bone deposition and osseointegration was observed in SPCL loaded
with hASC engrafted calvarial defects as compared to control groups that showed little healing.

Non differentiated human ASCs enhance ossification of non-healing nude mice calvarial defects,
and wet-spun SPCL confirmed its suitability for bone tissue engineering. This study supports the
potential translation for ASC use in the treatment of human skeletal defects.
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1. Introduction

The currently available options for skeletal tissue regeneration fall short of the ideal
reconstructive methods. Autogenous grafts or alloplastic materials that are applied surgically
have inherent disadvantages such as unnatural texturing, inflammation, extrusion,

resorption, and even rejection. They have limited availability, substantive morbidity, and
may demonstrate poor viability 1:2. Thus, it remains a pressing need for a suitable alternative
therapy for bone tissue repair. Our laboratory and others have focused on harnessing the
osteogenic capability of adipose-derived stromal cells (ASCs) seeded/cultured onto adequate
scaffolds, for the eventual repair of non-healing skeletal defects 3:4.

ASCs offer several advantages over other multipotent cells (such as bone marrow
mesenchymal cells - BMSCs) for tissue engineering purposes >~/. They are available in
large numbers, are easily accessible, and attach and proliferate rapidly in culture. They have
been described as mesenchymal stromal cells, with a proven ability to differentiate along
osteogenic, adipogenic, chondrogenic and myogenic cell types, among others 8-13,
Moreover, hASCs show robust mineralization within 9 to 12 days of in vitro

differentiation 1914, Previous studies have attempted to utilize hASCs for the regeneration
of skeletal defects 15-17. Previous studies have reported that allogenic mesenchymal stromal/
stem cells (MSCs) either derived from bone marrow or from circulative MSCs could be
isolated and cultured in advance to achieve suitable implantation in clinical

applications 1820, However, the higher number of ASCs that can be isolated in one single
step allows a more straightforward application of these cells particularly when time is of
critical importance. Our study sought to assess the capacity of undifferentiated human ASCs
loaded onto wet-spun SPCL scaffolds to regenerate a non-healing mouse calvarial defect.

A number of studies have used a calvarial model to assess bone tissue engineered constructs
comprised of stem cells in combination with natural and synthetic scaffolds 2129, Most of
the studies reported in literature use ASCs pre-differentiated onto the osteogenic lineage
prior to implantation, or a combination of ASCs and growth factors such as bone
morphogenetic protein - 2 (BMP-2) to enhance bone healing 3. Few studies report the use
of non-differentiated ASCs but combined with ceramic osteoinductive materials or bone
grafts 31, In this study we have used for the first time wet-spun SPCL scaffolds loaded with
undifferentiated ASCs to assess bone regeneration. Scaffolds used for bone tissue
engineering are expected to provide mechanical support and to serve as a substrate where
cells can attach, and subsequently proliferate and undergo differentiation 32. In the present
study a scaffold based on a polymeric blend of starch poly(e-caprolactone) (SPCL) was
selected, processed by wet-spinning, which proved to be biocompatible and

biodegradable 33 and also able to support adhesion, proliferation and osteogenic
differentiation of seeded hASCs 3334, The addition of starch to the poly-caprolactone (PCL)
improves the mechanical properties, providing higher resistance of the blend to tensile
forces, and therefore closer similarity to those found in native bone. PCL degradation rates
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also benefit with the inclusion of starch, being easily degraded over a shorter period of time
although still remaining for up to three months after implantation, and therefore the entire
new bone formation process. In an effort to address the bench to bedside application of
ASCs in regenerative medicine, the use of non-differentiated ASCs of human origin
combined with wet-spun SPCL scaffolds was assessed in a murine calvarial defects model.
To avoid incompatibility of xenografted tissue, an athymic mouse model was utilized
(Charles Rivers) 3.

2. Material and Methods

2.1. Patient Enrollment

All studies were performed with informed consent of patients under a protocol reviewed and
approved by the Pennington Biomedical Research Center Institutional Review Board (PBRC
#23040). Five female donors of Western European descent with a mean (+ SD) age and BMI
of 30.0 £ 7.9 years and 25.1 + 3.9, respectively, were enrolled in the study.

2.2. ASCs isolation and seeding

Cells were isolated from human lipoaspirates and expanded as previously described 36.
Cryopreserved vials with 1x108 ASCs (P0) isolated from 5 donors were thawed, pooled
together and seeded in five 175cm? culture flasks. Adherent cells were maintained in
stromal medium [DMEM/Hams F-12 medium supplemented with 10% FBS (Hyclone,
Logan, Utah, USA) and 1% antibiotic/antimycotic] until 80-90% confluence. At this point
cells were harvested using TrypLE Express (Invitrogen, Carlsbad, CA, USA)37 and
resuspended in stromal medium to neutralize the enzymatic digestion. Next, 10uL aliquots
were diluted with 10pL of trypan blue and cells were assessed for viability and counted
using a hemocytometer, and used for scaffold loading and characterization assays.

2.3. Flow Cytometry

After culturing the pool of ASCs until confluence (80-90%), cells were harvested using
TrypLE Express (Invitrogen, Carlsbad, CA, USA) 37, washed three times with PBS and
aliquots of 10° cells were incubated with phycoerythrin-conjugated monoclonal antibodies
directed against: CD29 (eBioscience Cat. No. 12-0297), CD34 (Becton Dickinson Cat. No.
348057), CD44 (BD Cat. No. 348057), CD45 (eBioscience Cat. No. 12-0459), CD73 (BD
Pharmingen Cat. No. 550257), CD90 (BD Pharmingen Cat. No. 55596), CD105
(eBioscience Cat. No. 12-1057) and 1gG1k control (BD Pharmingen Cat. No. 554679) for
20 min on ice before being washed three times with PBS supplemented with 1% bovine
serum albumin and fixed in 1% formaldehyde overnight at 4°C 14:38:39_ For each sample,
10° events were collected in triplicates on a Becton Dickinson FACScalibur flow cytometer
using CELLQuest acquisition software (Becton Dickinson) and analyzed using Flow Jo
software (Tree Star). This antibody panel was selected, in part, based on the International
Society for Cell Therapy position paper on the criteria for defining mesenchymal stromal
cells 49,
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2.4. ASCs differentiation assay

2.4.1. Adipogenic differentiation—A twelve well plate was seeded at approximately
3.3 x 104 cells per square centimeter of the pool of ASCs (P1) and allowed to reach
confluence (80-90%). At this point, confluent cultures were induced with adipogenic
differentiation medium [DMEM/Hams F-12, 3% FBS, 1% antibiotic/antimycotic, 0.5mM
isobutylmethylxanthine, 33mM biotin, 17mM pantothenate, 5uM troglitazone (Sigma),
1mM dexamethasone, 10mM insulin] for 3 days before being converted to adipocyte
maintenance medium (identical to adipogenic differentiation medium without
isobutylmethylxanthine and troglitazone) 36:41. Cells were maintained for 9 days, with
medium changes every third day, before fixation and Oil Red O staining.

2.4.2. Osteogenic differentiation—Confluent cultures of the pool of ASCs (P1) seeded
in twelve-well plates at approximately 3.3 x 104 cells per square centimeter, were converted
to osteogenic medium (DMEM/Hams F-12 or DMEM, 10% FBS, 1% antibiotic/antimycotic,
10mM B-glycerophosphate, 50ug/ml sodium 2-phosphate ascorbate, 10-8M dexamethasone)
and maintained in culture for 12 days with medium changes every third day. These cultures
were rinsed three times with 150mM NacCl, fixed in 70% ethanol, and stained with Alizarin
Red 42,

2.5. Scaffold preparation

The scaffolds were prepared using a processing methodology that has been previously
described in detail 4344, Briefly, a biodegradable thermoplastic blend of corn starch with
polycaprolactone (30:70 wt%), designated as SPCL (Novamont, Italy), was dissolved in
chloroform at a concentration of 30% w/v. The obtained polymer solution was loaded into a
plastic syringe (5ml), with a metallic needle (internal diameter 0.8mm) attached to it. The
syringe was connected to a programmable syringe pump (KD Scientific, World Precision
Instruments, UK) to inject the polymer solution at a controlled pumping rate, thus allowing
the formation of the fiber mesh directly into the coagulation bath consisting of methanol.
The fiber mesh structure was formed during the processing by the random movement of the
coagulation bath 3343, These fibers have approximately 195 + 24.6um of thickness. The
formed scaffolds were then air dried at room temperature overnight in order to remove any
remaining solvents. The scaffolds were cut into 4mm diameter discs using a metallic punch,
followed by ethylene oxide sterilization before in vitro seeding/in vivo implantation.

2.6. Scaffold loading

Scaffold samples with 4mm diameter and 1mm thickness were placed in a 48 well plate, and
each one loaded with 50pl of a cell suspension containing 0.5x106 cells. The plate with the
scaffolds was placed inside an incubator (37°C and 5% CO,) overnight to allow cell
attachment. An equal number of scaffolds was left without cells but immerse in the same
volume of culture medium over the same period of time (overnight).

2.7. Calvarial defect — surgical procedure

The experimental protocol was performed in accordance with Pennington Biomedical
Research Center Animal Care and Use Committee approved protocols. For the cranial defect
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model, a total of 18 mice (nine for each time point) were anesthetized with inhalant
isoflurane. The skin over the skull was cleaned with Nolvasam and 70% ethanol.
Bupivicaine/lidocaine was injected at the surgical site. Incisions of 20mm length were made
over the sagittal suture and the skin, musculature, and periosteum was reflected. Two full
thickness bone defects (one on each side of the sagittal suture) of 4mm diameter (each) were
trephined in the center of the parietal bone using a hand held Dremel drill equipped with a
sterile drill bit, very carefully to insure that the dura mater was not damaged. The surgical
area was irrigated with 0.9% NaCl solution throughout the procedure. Defects were assigned
to the following groups (n=6 defects for each group in each time point): Empty defect;
SPCL scaffold alone; SPCL scaffold plus human ASCs. Following implantation of the
scaffolds, the skin was closed with metal clips. Animals were placed on a heating pad under
a warming light and observed until they recovered consciousness. After recovering
consciousness animals were monitored for 30 minutes to assess evidence of distress.
Animals received analgesia preoperatively (Bupivicaine/Lidocaine) and during the
postoperative period (Carprofen) as needed based on evidence of discomfort, evaluated by
animal behavior, feeding, and vocalization. Wound clips were removed 7-10 days post-
operatively, after evaluation for adequate wound healing.

After 4 and 8 weeks of implantation, the animals were euthanized by carbon dioxide
asphyxiation 29, and the heads dissected and kept in a solution of 10% formalin at 4°C for
48h followed by histological analysis and micro-CT scanning.

Experimental groups:

Number of animals (N) Left defect Right defect
2 Empty Empty
4 Empty SPCL
4 Empty SPCL+ASCs
2 SPCL SPCL
4 SPCL SPCL+ASCs
2 SPCL+ASCs | SPCL+ASCs

2.8. S.E.M. analysis

Cell-scaffold constructs were washed in PBS, fixed in a 2.5% solution of glutaraldehyde
(Sigma) overnight, dehydrated in a series of ethanol concentrations (50%, 70%, 90% and
100%) and air-dried before being sputter-coated with gold by ion sputtering. SEM
observation was performed to assess the adhesion of ASCs onto the SPCL fiber meshes
using a Hitachi SU-70 UHR Schottky (Hitachi, Japan) equipment attached with energy
dispersive electron X-ray spectroscopy (Bruker Quantax Esprit 1.8 EDS system, X-flash
detector).
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2.9. Histological analysis

After fixation with formalin, explants were rinsed with PBS, decalcified using an acidic
solution of Immunocal® (Decal Chemical Corp, USA). Samples were included in
histological cassettes and put in a tissue processor equipment (Microm STP120, MICROM
International GmbH, Germany) for dehydration in a series of ethanol concentrations (70%,
80%, 95% and 100%) followed by xylene solution to remove water from tissues. Samples
were then embedded in paraffin wax (Microm EC 350-2, ThermoScientific, USA), included
in blocks, and stored at room temperature. Blocks were cut into 10um sections using a
microtome, and then deparaffinized and stained with Hematoxylin/Eosin and Masson’s
Trichrome before being mounted for microscopic observation.

2.10. Histomorphometric analysis

Histological sections (n=4 different samples of each experimental group defect) were
assessed. Low magnification images (2.5 fold) were used to allow visualizing the entire
defect site. Histological slides passing through the center of the defect with a total length of
4mm were chosen and AdobePhotoshop and ImageJ software were used to outline the
implant area, designated as region of interest (ROI), and the average percentage of filled
area in the defect (newly formed tissue) was calculated. The same procedure was performed
for micro-CT images (n=3 scan images of each group).

2.11. Micro-CT scanning

Images of the mice skulls were collected with a u-CT equipment Scanco VivaCT 40 (Scanco
Medical), to acquire raw data. Skulls were irradiated using an x-ray voltage of 70kVp/
500pA, and an exposure time of 1600ms. Raw data was reconstructed into greyscale slice
images, and then Amira version 3.1 was used for 3D imaging conversion.

2.12. Statistical analysis

3. Results

All results are provided as mean + standard deviation (SD). One-way ANOVA with Tukey
multiple comparison post test assessed statistical significance for histomorphometric
analysis on Figures 5 and 6 (** represents p<0.01 and *** represents p<0.001).

Flow cytometric analysis with a standard panel of cell surface markers, based on the
International Society for Cell Therapy (ISCT) position paper on the criteria for defining
mesenchymal stem cells/multipotent stromal cells (MSCs) 49, evaluated the
immunophenotype of ASCs before implantation. Consistently with published reports 4°, the
human ASC displayed strong positivity for the stromal markers CD29 (B, integrin), CD44,
CD73 (5 ecto-nucleotidase), CD90 (Thy-1) and CD105 (endoglin) and low expression of
CD34, and CD45 (Fig 1). Differentiation assays with ASCs pooled together, assessed the
potential of these cells to differentiate into both adipogenic and osteogenic lineages through
staining with Oil Red O and Alizarin Red respectively (Fig 2).

SEM examination showed that ASCs adhered and were well spread on the surface of the
SPCL fibers, one day after seeding (Fig 3). ASCs present a characteristic stretched shape,
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attaching to the fibers, as oppose to the round shape observed immediately after being
harvested, attesting their viability at the time of fixation for imaging. Images also confirmed
prior results that assessed the high porosity and interconnectivity of these scaffolds.

Light microscopy analysis of histological samples of the explants 8 weeks post-surgery (Fig
4) revealed that empty defects completely lack new bone formation. A thin membrane of
dense connective tissue was visible covering the defect site and there was little or no sign of
bone remodeling at the edges of the defect. On defects where SPCL scaffolds were
implanted, a thin layer of connective tissue, with minimal inflammatory cells and some
surrounding granulation tissue, surrounded the fiber meshes. At the interface of native bone
with the defect filled with SPCL fibers, areas of bone reorganization were visible. These
areas show disorganized layers of matrix with cells as oppose to those of native bone that
are parallel and within concentric organization. Defect sites implanted with SPCL scaffolds
loaded with ASCs showed higher staining intensity, demonstrating that new bone deposition
in the area was more intense. These results were also observed on the explants after 4 weeks
of implantation (see Figure 4), although the stainings were less intense, suggesting lower
bone deposition. We also observed that the scaffold loaded with ASCs was thinner after 8
weeks of implantation when compared to scaffold without cells. The presence of
inflammatory exudates was not detected, and only few giant cells of foreign body and other
inflammatory cells surrounding the fibers were observed (evidenced by dark pink color
surrounding the fibers). It was possible to see extensive areas of new tissue deposition as
well as osseointegration of the fibers that were surrounded by immature trabecular bone,
particularly on the edges of the defect (black arrows on Fig 5).

Histomorphometric measurements (Fig 5) confirmed that groups implanted with SPCL
loaded with ASCs displayed significantly increased new tissue formation. The Region of
Interest (ROI) was determined within slide images passing through the center of the defect
area. New tissue formation over the total area of the defect at 4 and 8 weeks respectively,
was of 20.84 + 1.32 and 42.94% + 2.49 (SPCL + ASCs); 15.25% + 1.29 and 25.81% + 1.65
(SPCL); and 8.14% + 1.01 and 12.95% * 3.16 (empty).

Itis visible in the 3D reconstructed micro-CT images, 8 weeks after implantation, that SPCL
scaffolds loaded with ASCs promoted enhanced deposition of mineralized matrix on the
defect sites as compared to SPCL scaffold alone. Defects that were left empty showed no
signs of mineralization (Fig 6, A-C). Morphometric analysis of the images revealed
significant differences (p<0.01) between SPCL +ASCs and the other 2 groups, as well as
between SPCL alone and the empty group, assessing the percentage of dense tissue inside
the defect area. SPCL + ASCs showed around 70% of new bone formation against, 40% of
SPCL alone, and only 5% on empty defects (Fig 6, D).

4. Discussion

Bone tissue engineering strategies using stem cell-based approaches still need to address
some challenges before they can be successfully translated to the clinic. One of these is the
low yield of autologous cells and the lack of standardized methods for isolation and
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expansion of bone progenitor cells. This study extends previous reports on the potential use
of human ASCs for bone tissue repair and regeneration.

ASCs can be isolated in high numbers since there is great availability of adipose tissue
samples, and are easily expanded in vitro 14, Previous studies have demonstrated ASCs
ability to differentiate into different cell lineages 1946, including the osteogenic, which
supports their potential as an alternative stem cell for bone tissue engineering therapies. The
differentiation potential of these cells was assessed for both adipogenic and osteogenic
lineages (Figure 2). The induction to chondrogenic lineage was not performed since high
numbers of cells are needed to achieve each pellet, and that would imply expanding ASCs
for a longer period, and use them in later passages. Previous work in our group assessed the
ability of stem cells to differentiate towards the osteogenic lineage in situ when loaded onto
wet-spun SPCL scaffolds 43. The present study focused on the use of undifferentiated ASCs
in order to have less manipulation and provide a time saving approach to the clinical
application of these cells.

The ease of harness as well as the high number of cells that can be isolated from each
liposuction procedure established ASCs as an optimal strategy for autologous applications.
An autologous approach avoids immune responses that might jeopardize the recipient and
also avoids adverse effects in the bone regeneration process. Still, it is necessary to
incorporate these cells in a material with suitable biomechanical properties as well as
osteoconductivity. For bone regeneration purposes, the ideal scaffold material is considered
to be bioactive, slowly biodegradable, moldable and easy to apply 4748, Other
characteristics of the scaffold material to take into consideration are an adequate porosity,
and interconnectivity between pores to sustain bone and vascular ingrowth 48.

In this study, a blend of starch with polycaprolactone (SPCL) obtained by wet-spinning
technique was used. Previous in vitro characterization studies suggest that SPCL fiber
meshes exhibit suitable mechanical properties for bone repair 3343, high interconnectivity
within the porous network (porosity around 85%) that seems to benefit cell ingrowth
enabling access to nutrients, as well as the removal of metabolic wastes. Other studies
support the potential suitability of SPCL scaffolds (obtained by a different method) for the
vascularization process in bone tissue engineering 4°. An in vivo study from our group has
determined that SPCL produced by wet-spinning technique induces little inflammatory
response after subcutaneous and intramuscular implantation 34, These outcomes coupled
with the results from recent studies 3343 using SPCL scaffolds produced by wet-spinning
and other techniques, reveal promising potential of these fiber meshes for bone tissue
engineering. The functionalization of SPCL with the incorporation of calcium and/or silica
groups may help to improve its properties and further enhance the potential of this
biomaterial for bone regeneration approaches.

The data indicates that the presence of ASC improved the osteogenic function of SPCL
implants. Histological staining of the retrieved explants after 8 weeks of implantation
revealed that ASCs loading promoted significantly better bone deposition and that the SPCL
fibers were better integrated and surrounded by new tissue particularly at native bone/defect
interface. Although the defects were not completely bridged, new bone was present in the
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center of the defect, with large areas of matrix and connective tissue formation, confirmed
by Masson’s Trichrome staining and representative micro-CT scanning, particularly in
SPCL + ASCs explants. Most of the similar studies reported in literature, use stem cells that
are pre-differentiated into the osteogenic lineage prior to implantation 22:50-53, This study
demonstrates that non-differentiated ASCs enhance the process of bone regeneration when
used in tissue engineering strategies. It is debatable if the implanted cells directly achieve
these outcomes, or if they recruit surrounding cells (through secreted metabolites) that
enhance the regeneration process; it is however clear that the presence of these cells
significantly improves the entire process. Bone regeneration is enhanced, therefore saving
time and resources, allowing a more straightforward translation to clinical applications.
When comparing the effect that scaffolds alone and ASCs loaded onto scaffolds have on
bone regeneration, most studies report the same range of improvement, from approximately
20 % to 75-80 % when cells are combined with suitable biomaterials 22:°0:51.53_ Studies
using ASCs pre-differentiated onto osteogenic®* and endothelial cell lines in combination
with bone allografts 2, report better vascularization when endothelial cell are used but no
significant difference in bone regeneration when comparing implants with these last ones
and osteogenic or undifferentiated cells. Different studies concluded that pre-differentiation
of ASCs in osteogenic lineages will enhance bone regeneration in critical size defects when
compared to undifferentiated ASCs, and although using growth factors (BMP-2) 2256,
demineralized bone matrix 30 or cadaveric processed bone 57, the percentage of new bone
formation does not differ significantly from the one achieved by undifferentiated ASCs
combined with suitable scaffolding 3. Furthermore, the time and resources that prior
processing of the cells entails or the clinical implications in situations where time is a critical
factor, are not overcome with these type of approaches. Despite the differences in the
treatment of the cells or the biomaterials that are applied, one common feature reported by
these different studies is that overall the usage of cells overcomes the results that material
alone may provide. This study extends and confirms this idea.

5. Conclusion

In summary, histological analysis showed that the bone regeneration process starts from the
edges of the defect, and that when ASCs are loaded onto the SPCL scaffolds, this
regeneration is enhanced. SPCL wet-spun fibers confirmed to be a suitable and
biocompatible material for adipose-derived stem cell loading and implantation in bone
regeneration strategies. These findings support the potential use of undifferentiated ASCs in
combination with biomaterial scaffolds as an alternative for the repair of large bone defects
and as a promising alternative for bone regenerative approaches.
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Abbreviation list

ASCs Adipose-derived stromal/stem cells
BMP-2 Bone morphogenetic protein - 2
BMSCs Bone marrow stromal/stem cells
BSA Bovine serum albumin
CD Cluster of differentiation
CT Computed tomography
FBS Fetal bovine serum
GMP Good Manufacturing Practices
hASCs Human adipose-derived stromal/stem cells
MSCs Mesenchymal stromal/stem cells
PBS Phosphate buffered saline
PCL Poly-caprolactone
ROI Region of interest
SD Standard deviation
SPCL Starch-polycaprolactone
SVF Stromal vascular fraction
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Fig. 1.
A) Flow Cytometry analysis of cell surface markers of the pool of ASCs. B-E) -

Macrophotographs of ASCs differentiationin cultured in well-plate: B) osteogenic control;
C) adipogenic control; D) adipogenic differentiation (Oil Red O staining) and; E) osteogenic
differentiation (Alizarin Red staining). F-G) — Microphotographs of osteogenic (F — Alizarin
Red staining) and adipogenic (G — Oil Red O staining) differentiation ability of pool of
ASCs (from 5 donors).

J Biomed Mater Res A. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyny vd-HIN 1duosnue N JoyINy Vd-HIN

1duosnue Joyiny vd-HIN

Carvalho et al.

Page 15

Fig. 2. SEM microphotographs of SPCL scaffolds
A — SPCL scaffold alone; B — SPCL scaffold loaded with ASCs (magnifications of each

image on upper right corners). Red arrows pointing some of the ASCs spread on SPCL
fibers.
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Fig. 3. Histology of the explants
Serial sections of the defect site explants at 8 weeks after implantation of the constructs.

Sections were stained with A - Hematoxylin/Eosin (osteoid and nuclei were stained dark
pink and dark purple respectively) and B - Masson’s Trichrome (osteoid stained blue, nuclei
stained black and cytoplasm stained red). Representative images for empty defects, SPCL
scaffold alone and SPCL scaffold with ASCs are shown. “S” represents SPCL fibers. First
column shows the general defect site with 2.5x magnification (scale bar represents 4 mm).
Second and third columns represent the middle and one of the edges of the defect,
respectively. 20x magnification (scale bar represents 300 um).
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Fig. 4. Detail of histological images of the explants

White arrows indicate original bone; black arrows indicate new tissue formation; “S”

indicates SPCL fibers. A, B, E and F are H&E staining (A and B at 4 weeks; E and F at 8
weeks); C, D, G and H are Masson’s Trichrome staining (C and D at 4 weeks; G and H at 8
weeks); discontinued line (- - -) outlines the interface of the native bone and the defect. I -
Histomorphometric analysis. Two-way ANOVA was performed on measurements of 4
histological sections for each group at each time-point. ** represents p<0.01; *** represents

p<0.001.

J Biomed Mater Res A. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyny vd-HIN 1duosnue N JoyINy Vd-HIN

1duosnue Joyiny vd-HIN

Carvalho et al.

Page 18

O

% New tissue formation

Empty  SPCL SPCL + ASCs

Fig. 5. Micro-CT images
Representative 3D reconstructed images after 8 weeks of: A- Empty defects; B — SPCL

scaffolds alone; C — SPCL scaffolds with ASCs. Black bar represents 5.0 mm. D — Chart
representing percentage of mineralized tissue present on total area of the defects (ROl was
determined covering the entire defect area) (n = 3 defects per group). Values presented as
mean £ SD. Significance measured by one-way ANOVA where ** represents p < 0.01.
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