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Cell-Mate3D™ Experimental Setup

INTRODUCTION
With the drive to pursue in vivo relevant research, there is
an increasing demand for cell culture methods that mimic
physiological abilities of native tissues. 3D cell culture has
been shown to enhance stem cell differentiation and
provide a more biologically relevant microenvironment for
disease modeling and tissue engineering.
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Preparation of hyaluronic acid/chitosan (HA-CT) dry blend
(Cell-Mate3D)
Hyaluronan (Mw=2.2 x 106Da) was used as received from
Lifecore Biomedical (Chaska, MN). Chitosan (CT-NH3+)
(Mw=430,000, 90% deacetylated –NovaMatrix,) was protonated to
85% of available -NH2 groups, filter sterilized, lyophilized and
blended with HA as dry particles at a mass ratio of HA=1:CT=1.44.
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Evaluated here are the in vitro and in vivo capabilities of a
defined hydrogel, Cell-Mate3D™, comprised of hyaluronic
acid (HA) and chitosan (CT) polyelectrolytic complex
fibers.
Human mesenchymal stem cells (hMSCs) were used in
this study because of their use in tissue engineering and
differentiation potential into adipogenic, chondrogenic and
osteogenic lineages. In vitro study of Cell-Mate3D™
herein demonstrates hMSC tri-lineage differentiation, RNA
and protein extraction, and visualization of cells within the
construct via staining and microscopy. To demonstrate
utility of the matrix in vivo, biocompatibility tests on
immune competent mice were performed.

OBJECTIVES
1. Evaluate the differentiation potential of hMSCs
toward osteogenic, chondrogenic and adipogenic
lineages in the Cell-Mate3D™ matrix
2. Isolate protein and RNA to study the proteome and
transcriptome of the cell embedded Cell-Mate3D™
sample
3. Stain and image cells embedded within the matrix
using confocal microscopy to demonstrate CD44
expression
4. Assess the biocompatibility of Cell-Mate3D™ in a
murine model
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Limitations associated with currently available 3D
materials include:
•Long polymerization times
•Inclusion of undefined xenobiotics
•Inclusion of potentially cytotoxic crosslinkers
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Differentiation assays
For chondrogenic, osteogenic and adipogenic differentiation assays
(n=3), Cell-Mate3D™ matrices loaded with hMSCs were placed in
MSCM growth medium (Sciencell) for 24 h. The appropriate
Osteogenic, Chondrogenic, and Adipogenic differentiation was then
induced using StemPro differentiation medium (Life Technologies).
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hMSC Culture and Cell Embedded Matrix Preparation
Bone marrow-derived hMSCs (Sciencell) were expanded in plate
culture according to the manufacturer s instructions. Cells were
expanded in MSCM growth medium (Sciencell) on tissue culture
flasks coated with poly-l-lysine before embedding in the CellMate3D™ matrix. The HA-CT dry blend was mixed by vigorous
vortexing and hydrated by drip loading a cell suspension in
hydration fluid under continuous agitation. 500uL of the hydration
fluid cell suspension containing 19 million hMSCs was used to
hydrate 35.5 mg of the dry blend. The cell-loaded matrix was
transferred into a 1 cc syringe barrel by centrifuging at 1,000 G
through a funnel apparatus. This process produced a 400–500uL
cylinder of cell-embedded matrix that was then extruded from the
syringe barrel, cut to 100mL sections, and placed into MSCM
growth medium.
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Biocompatibility Assay
50uL of Cell-Mate3D™ matrix was injected into subcutaneous,
intramuscular, and implanted under kidney capsule in 6
immunocompetent mice. 3 mice were sacrificed at D14 and D28
for analysis of tissue reactivity

Type II

View and Download Protein Isolation, RNA isolation, and
Microscopy and Staining protocols at
www.BRTILifeSciences.com/applicationsprotocols

Collagen

PPAR-γ

Type X
Collagen

CONCLUSION
Emergent Features in Extended Culture

Aggrecan

H&E
H&E%

Osteogenic
Day 14

Day 28

Day 56

Day 70

Day 14 Control

Aggrecan
Aggrecan%

Type II Col
Type%II%Col%

Type
X Col
Type%X%Col%

Osteogenic%
Osteogenic
Day%70%
Day
70

H&E
Adipogenic
Adipose%
Day%70%
Day
70
VonKossa

Alcian%Blue%
Alcian Blue

RunX2

Osteocalcin

Osteocalcin%
Osteocalcin

RunX2%
RunX2

PPAR7γ%
PPAR-γ

Osteogenic%
Osteogenic
Day%70%
Day
70

Adipogenic
Adipose%
Day%70%
Day
70

Lindborg BA, Brekke JH, Scott CM, Chai YW, Ulrich C, Sandquist L, Kokkoli E, O'Brien TD. A Chitosan-Hyaluronan-Based Hydrogel-Hydrocolloid Supports In Vitro Culture and Differentiation
of Human Mesenchymal Stem/Stromal Cells. Tissue Eng Part A. 2015 Apr 20.

In conclusion, Cell-Mate3D s ability to permit the
differentiation of hMSCs into chondrogenic, adipogenic, and
osteogenic phenotypes, including the formation of emergent
tissue-like features, suggests that it may serve as a flexible
platform for additional applications.
Furthermore, the ability to characterize the cells within CellMate3D by protein isolation, RNA isolation, staining and
imaging suggest that Cell-Mate3D™ could be utilized as a
tool for additional 3D cell culture applications in tissue
engineering, regenerative medicine, and cancer stem cell
biology.
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