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Abstract
Background aims. In our recent studies, the transplantation of human adipose tissueederived stromal cells (ASCs) has shown
promise for treatment of diseases related to bone and joint disorders. Methods. For the current clinical applications, ASCs were
formulated and suspended in PlasmaLyte A supplemented with heparin, glucose and human serum albumin, balanced to pH 7.4
with sodium bicarbonate. This cell solution constitutes 20% of the overall transplanted mixture and is supplemented with hy-
aluronic acid (60%) and OraGraft particles (20%). We intended to investigate the effect of this transplantation mixture on the
viability and biofunctionality of ASCs in bone formation. Freshly harvested cells were resuspended and incubated in the indicated
mixture for up to 48 h at 4�C. Cell viability was assessed using trypan blue and AlamarBlue, and cell functionality was determined
by quantifying their adhesion rate in vitro and bone formation in an ectopic mouse model. Results. More than 80% of the ASCs
stored in the transplantation mixture were viable for up to 24 h. Cell viability beyond 24 h in storage decreased to approximately
50%. In addition, an equal degree of bone formation was observed between the cells transplanted following incubation in
transplantation mixture for up to 24 h and zero-time non-incubated cells (control). Conclusions. The viability and functionality of
ASCs stored in the presented formulation will make such cell therapy accessible to larger and more remote populations.
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Introduction

Human adipose tissueederived stromal cells (ASCs)
share both structural markers and self-renewal, prolif-
eration and differentiation capacities with mesen-
chymal stromal cells (MSCs), yielding multiple
lineages in vitro, including adipocytes, osteoblasts,
chondrocytes, myocytes and neuronal cells [1,2].
These cells bear therapeutic potential in regenerative
medicine and tissue engineering applications [3e5].
Currently, ASCs are widely used in treatment of a
variety of tissue injuries [6,7] and degenerative diseases
[8,9] and have been assessed in a number of clinical
trials [5,10,11]. ASCs can be isolated from various
sources of adipose tissues, which are distributed across
multiple locations in the body. The superficial adipose
tissue and the deep subcutaneous fat constitute the

largest ASCs stores, the latter accounting for approxi-
mately 80% of the total body fat. This unique reservoir
of ASCs is advantageous because of its accessibility,
large quantities, minimally invasive cell isolation pro-
cedures [1,5,12] and relatively lenient ethics and safety
regulations. Therefore, the isolated ASCs present an
attractive tool for curing a broad spectrumof disorders,
injuries and diseases [4,5,13,14], including bone
reconstruction [15,16]. The existing surgical tech-
niques to reconstruct bone defects (including trans-
plantation of autografts, allografts, xenografts and
alloplasts) are at present limited and somewhat disad-
vantageous [15,17]. In view of this and because of the
increasing incidence of osteodegenerative diseases and
the large number of people suffering bone fractures,
skeletal disabilities and craniofacial skeletal pathology
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[18], tissue engineering is enormously required. ASCs,
which are available in large quantities, constitute a
major player in bone regeneration [15].

The reported clinical applications using thera-
peutic cells have demonstrated varying degrees of
effectiveness [19]. These variances have been
suggested to arise from the many factors that affect
cell viability and function, including cell source,
inter-donor variability, cell isolation procedures,
culture conditions and implantation methods
[20e22]. Most important, the quality of cells await-
ing transplantation and the storage conditions,
including solution formulations, temperatures and
duration, have a critical impact on cell quality [23].

For clinical applications, cells must be stored in a
solution that is clinically approved for transplantation,
safe for both the cells and the recipient. Moreover, the
transplantation mixture must provide optimal condi-
tions to preserve cells in their viable and functional
state. Supportive conditions of prolonged preservation
of cells enable service of larger and more remote
populations that lack the facilities for cells isolation and
culturing. Human serum albumin (HSA), the most
abundant blood protein component (3e5 g/100 mL
blood, i.e., 3e5%), provides antioxidant protection to
cells in suspension and is clinically approved for use
in transplantation solutions [24e26]. Likewise,
hyaluronic acid (HA), a polysaccharide approved
for human use, can serve as a biological scaffold and

molecular “shock absorber” and stabilizer for sus-
pended cells. In addition, it possesses anti-oxidative
properties and as such reduces the toxic effects of
other materials and preservatives [27e29]. Its visco-
elastic properties are valuable in separating between
tissues and maintaining their shape, and as such, it
constitutes a component suitable for cellular thera-
peutics [27e29]. Moreover, the naturally occurring
HA, present in connective, epithelial and neural tis-
sues, facilitates cell proliferation and migration, two
key processes required for bone formation. HA also
promotes tissue hydration because it can absorb water
volumes up to 3000 times its own weight [30].

We have recently formulated a mixture that can
ensure safe and effective storage of ASCs until their
transplantation, especially for bone regeneration. The
formulation contains HSA and HA, two components
shown to effectively maintain cell function and
viability. The transplantation mixture is further sup-
plemented with high concentrations of glucose, which
contributes to ATP synthesis. Moreover, the added
PlasmaLyte contains heparin, to prevent cell aggrega-
tion, and sodium bicarbonate, which aids in stabilizing
the pH of the transplantation mixture. Similar to our
pre-clinical studies with MSCs isolated from various
sources [31e34], OraGraft particles are included
in the transplantation mixture along with the
ASCs to cure bone defects. OraGraft is a popular
bone substitute used mostly for bone regeneration.

Figure 1. Schematic illustration of overall study strategy, indicating steps and assays, referring to corresponding experiment and figure.
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