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Statement of Purpose: There is a compelling need to 
develop hydrogel cell delivery systems that incorporate 
tissue specific ECM as a cell instructive component, to 
enhance survival and direct cell function. Building from 
our previous work supporting the potential of composite 
bioscaffolds incorporating decellularized adipose tissue 
(DAT) within methacrylated chondroitin sulphate (MCS) 
hydrogels,1,2 the current study focused on investigating 
the effects of incorporating tissue-specific ECM sourced 
from DAT or decellularized trabecular bone (DTB) on 
encapsulated human ASCs. We hypothesized that 
incorporating tissue-specific ECM would provide an 
inductive microenvironment that would promote lineage-
specific ASC differentiation. 
Methods: Human fat from lipo-reduction surgeries 
(HREB 105426) was processed to generate DAT or 
isolate ASCs. Bovine bone from the lumbar region was 
obtained from a local abattoir and the trabecular bone 
extracted. Comparing methods in literature, a protocol to 
obtain decellularized trabecular bone (DTB) was 
developed. The efficacies of the protocols were evaluated 
using histological techniques and PicogreenTM dsDNA 
quantification. The DAT and DTB were evaluated for 
differences in structural and biochemical composition. 
The distribution of select structural proteins (collagen 
type I, IV, V, VI, laminin and fibronectin) were evaluated 
using immunohistochemical techniques. Differences in 
collagen and glycosaminoglycan (GAG) content were 
assessed using the hydroxyproline and dimethylmethylene 
blue assays. To engineer composite hydrogels, micronized 
particles (DAT and DTB) at 8 wt % and human ASCs 
were encapsulated using published protocols.2 ASC 
viability was evaluated using the LIVE/DEAD® kit at 7 
and 14 d, in hydrogels cultured under proliferative and 
differentiation conditions. Adipogenesis was assessed by 
GPDH enzyme activity and RT-qPCR of adipogenic 
genes, with a qualitative assessment using BODIPY© 
intracellular lipid staining at 14 d. Osteogenesis was 
assessed by ALP enzyme activity at 7 and 14 d and RT-
qPCR of osteogenic genes at 14 d. 
Results: Compared to the other protocols tested, the new 
detergent-free decellularization protocol developed was 
the most effective at eliminating nuclear content as 
evaluated by DAPI and Masson’s trichrome staining, with 
< 2 ng of dsDNA/mg of ECM. In comparing the structural 
proteins in DAT and DTB, higher levels of basement 
membrane proteins (collagen type IV and laminin) and 
collagen type VI were observed in the DAT as compared 
to the DTB, which have been associated with 
adipogenesis (Fig. 1A). In contrast, DTB contained higher 

 
GAG content, which may be favorable for osteogenesis. 
ECM-hydrogel composites supported high cell viability 
(~90%) over the period of 14 d under all media 
conditions. Adipogenesis was enhanced in the MCS-DAT 
hydrogels compared to MCS-DTB and MCS only 
hydrogels as seen by enhanced GPDH enzyme activity 
(Fig. 1B) and upregulation of mid- to late-stage 
adipogenic gene markers (LPL, ADIPOQ, PLIN) at 14 d 
under induced conditions. Incorporating DTB within 
MCS hydrogels modulated osteogenesis, as seen by an 
earlier peak in ALP activity at 7 d, followed by a 
subsequent decline at 14 d under induced conditions. 
Mid-stage osteogenic gene markers (OPN, ON) were 
upregulated in MCS-DTB hydrogels under proliferation 
conditions, indicating an osteo-inductive effect of DTB. 
Conclusions: We successfully developed a protocol to 
obtain DTB with effective cell extraction and 
conservation of ECM constituents. The DAT and DTB 
exhibited distinct structural and biochemical properties. 
Incorporation of tissue-specific ECM from DAT and DTB 
provided lineage-specific effects on the differentiation of 
ASCs toward the adipogenic and osteogenic lineages 
respectively. Our data supports the rationale of applying 
tissue-specific ECM as a cell-instructive component in the 
design of composite hydrogel systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: (A) Differences in ECM composition between 
DAT and DTB and (B) enhanced GPDH activity in MCS-
DAT hydrogels. 
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