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Introduction

It would be a great advantage in reconstructivggesy to be able to provide an off-the-shelf
biomaterial to promote regeneration and volume argation following soft tissue damage. Human
adipose tissue (fat) is an abundant and accessibiece of extracellular matrix (ECM). Previously,
our group developed a 5-day detergent-free deeelhation method that removes antigenic
components while preserving the 3-D architecturethef ECM found in human adipose tissue
[1].The main objective of the current project waptimize and refine the decellularization process
such that decellularized adipose tissue (DAT) caredonomically produced on an industrial scale.
Further, the key biological properties of the DAEr& more fully explored to establish processing
standards for the tissue bioscaffolds. Finatllyivo biocompatibility studies were conducted using
an immunocompetent rat model and were followed pyad large animal study in a mini-pig model.

Material and M ethods

Decellularization was carried out on human adipiis®ie collected from liposuction or breast
reduction surgeries at the Kingston General Hokgitaman Research Ethics Board approval for
this study was obtained from Queen’s University EBH002-07). In order to optimize the DAT
process, the sequence and timing of the deceltaldon treatment stages were systematically
investigated, and a comparative analysis usingigeraf detergent-based approaches was conducted.
The assessment also included determining the lwedegy for processing large volume (1 -2 L)
tissue samples. At key intervals, the structure aathposition of the DAT was assessed by
histology, immunohistochemistry and scanning etectmicroscopy (SEM). Hydroxyproline and
dimethylmethylene blue (DMMB) assays were conducted quantify total collagen and
glycosaminoglycan (GAG) content in the processssugs. Picrosirius red staining with polarized
light microscopy was used to assess collagen loligion and composition .The amount of residual
DNA was quantified using a G-spin total DNA extrantkit, and visually confirmed through methyl
green pyronine staining. Thi@ vitro bioactivity of the scaffolds was tested by measyrihe
glycerol-3-phosphate dehydrogenase (GPDH) enzyriataof human adipose-derived stem cells
(ASCs) seeded on the DAT and cultured for up taldys under either proliferation or adipogenic
differentiation conditions. For all assays, (n=3;3) with statistical analysis by one-way ANOVA
(p < 0.05). Based on tha vitro results, the biocompatibility of the DAT deriverbin the most
promising protocols was tested in an establishedhmalel. For each time point, triplicate scaffolds
were subcutaneously implanted on the dorsa of feMéktar rats (12 weeks).Atl, 3, 8, 12 and 16
weeks, the rats were sacrificed and the implante wrcised in the surrounding tissues and fixed in
4% paraformaldehyde before paraffin-embedding autianing. Blinded histological analysis was
conducted to assess the inflammatory responsepuibicapsule formation, angiogenesis and
adipogenesis. Building on these results, a foll@astudy is currently being conducted using a male
Gottingen mini-pig model, with assessment at 1 &mdonths. Allin vivo work complied with the
Canadian Council on Animal Care (CCAC) guidelines the care and use of laboratory animals,
and was approved by the University Animal Care Cdattesn (UACC) at Queen’s University



Results

Systematic investigation of the key treatment stefuring the decellularization process
significantly reduced the total processing timelgss than 3 days and minimized the total costs
associated with handling, supplies and reagents. mbst effective protocols for adipose tissue
involve a combination of mechanical processingysratic treatment with trypsin-EDTA and polar
solvent extraction. Testing of a range of solvede&ntified isopropanol as being the most effective
solvent for lipid dissolution. Effective decellulzation was confirmed histologically and was also
demonstrated by the low residual DNA in the DAT quoed according to the original protocol, as
well as the optimized approach. Hydroxyproline gssasults indicated that there was a high
collagen content in the DAT, which was confirmedudlly through picrosirius red staining (Fig. 1).
Interestingly, when the DAT was processed with andard detergent-based approach to
decellularization including sodium dodecyl sulphé&®S), there was macroscopic damage to the
ECM architecture, combined with interference witle tvisualization of the collagen by polarized
light microscopy (Fig. 1). An additional disadvaggawas the difficulty in removing the residual
detergent at the end of processing. The main gefolin thein vitro bioactivity analysis with ASCs
cultured on the DAT are (i) that the GPDH enzymavdg was significantly higher on the DAT
compared to the TCPS positive controls, (ii) theege no significant differences in GPDH activity
for DAT from different donors, and (iii) the bioagty of the DAT was reduced after long-term (6
months) storage in a hydrated state. Inithévo studies, the implants were well tolerated in the ra
model. There was no evidence of strong immune ilratbwards the DAT decellularized using the
original or optimized detergent-free approachese $baffold volume was well retained over the
course of the study, with angiogenesis and adipegjerobserved at later time points (Fig. 2). In the
pig model, there were no signs of adverse effdctsraonth and the implants integrated well into the
surrounding tissues. A comparison of hydrated \s&etgophilized DAT scaffolds indicated that the
dried format was easier to handle in the clinic eetd/drated quickly within the implant site.
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Figure 1: Polarization pictures of picrosirius r&dining.On the Figure 2:Masson's trichrome staining of D,
left: DAT treated with the detergent sodium dodecyl sulf scaffold after 3 weekis vivo showing formatio
(SDS). On the right: DAT according to original dikarizatior of mature adipocytes

method

Discussion

This work represents an important step toward<linecal application of the DAT as an off-the-
shelf biomaterial for soft tissue reconstruction.cAmparative analysis of a range of protocols
demonstrated that detergent-based approaches wteas effective at removing cellular components
or lipid from the adipose tissue, and the detegyexiso negatively impacted the structure and
composition of the ECM. Residual detergents alsseraoncerns about cytotoxicity and immune
response following implantation. To facilitate atial translation, the decellularization strategysinu
be cost effective, reproducible and scalable, falllich were achieved in the current approach. The
in vitro andin vivo studies confirmed the biocompatible and adipogaaicre of the DAT and help
to establish processing standards for producing @ATan industrial scale. Ongoing studies are
focused on more fully characterizing the respomsdhe large animal model, identifying ideal
handling and storage conditions, and validatioteohinal sterilization approaches.
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