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Culturing of Mouse Mesenchymal Stem Cells 
on Poly-3-Hydroxybutyrate Scaffolds
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We studied the possibility of long-term culturing of mouse mesenchymal stem cells on a 
porous scaffold made of biocompatible polymer poly-3-hydroxybutyrate. The cells remained 
viable for at least 2 months and passed more than 65 population doublings in culture. Cul-
turing on the scaffold did not change surface phenotype of cells. 3D poly-3-hydroxybutyrate 
scaffolds are appropriate substrate for long-term culturing of mesenchymal stem cells.
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Transplantation of hemopoietic stem cells is used in 
clinical practice for the treatment of leukemia and 
radiation injuries for a long time [9]. Transplantation 
of stem cells in various pathologies, such as stroke, 
trauma, malignant tumors is now intensively studied in 
numerous clinical trials [8,17]. Due to low content of 
stem cells in organs, their expansion in culture in large 
quantities for medical purposes is a pressing problem.

Functional activity, self-replication, and differ-
entiation of stem cells in the body requires certain 
microenvironment, or niche that is formed by sup-
porting stem cells or factors produced by them (ex-
tracellular matrix molecules, growth factors, adhesion 
proteins, etc.). Various substrates and materials used 
for stem cell culturing, their composition and struc-
ture, can affect differentiation and growth of cultured 
cells [10]. Among a variety of biopolymers used for 
culturing of stem cells and other cell types, poly-3-hy-
droxyalkanoates occupy a special place, because they 
are environmentally safe and biocompatible, though 

their hydrophobicity causes certain concerns about 
successful biomedical application [4]. However, suf-
fi cient adaptation of mesenchymal stem cells (MSC) to 
scaffolds made of poly-3-hydroxybutyrate (PHB) and 
poly-3-hydroxybutyrate-co-3-hydroxyvalerate (PHB-
HV) co-polymer characterized by developed porous 
structure [18] and successful differentiation of human 
MSC into osteoblasts on this copolymer were demon-
strated [15]. PHB monomer, 3-hydroxybutyric acid, is 
a natural metabolite in tissues and organs (liver, kid-
ney, spleen, brain, and muscle); moreover, even PHB 
oligomers are present in the plasma. This determines 
high biocompatibility this polymer [1]. Although PHB 
is highly biocompatible with body tissues, it remains 
unclear whether it is suitable for long-term culturing 
and expansion of MSC.

Here we studied the possibility of long-term cul-
turing of MSC from the mouse adipose tissue on a 
porous PHB scaffold.

MATERIALS AND METHODS

Biosynthesis and isolation of the polymer for fab-
rication of membranes. Polymer membranes were 
fabricated from PHB with a molecular weight of 8×105 
synthesized by Azotobacter chroococcum 7B, one of 
the most effi cient producer strains capable of accu-
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mulating up to 80% PHB of total dry cell weight. For 
PHB biosynthesis, Azotobacter culture was grown at 
30ºC under conditions of carbon excess in Burk’s me-
dium containing (in g/liter): 0.4 МgSO4×7H2O, 0.01 
FeSO4×7H2O, 0.006 Na2MoO4×2H2O, 0.5 sodium ci-
trate, 0.1 CaCl2, 1.05 K2HPO4×3H2O, 0.2 KH2PO4, 
40 sucrose, and 20 sodium valerate. For reducing the 
molecular weight, sodium acetate was added to the 
culture medium in a concentration of 12 g/liter.

Isolation and purifi cation of the polymer from 
Azotobacter chroococcum biomass included the fol-
lowing stages: PHB isolation from the bacterial mass 
by chloroform extraction with shaking over 12 h at 
37oC; fi ltration of PHB solution from cell debris; pre-
cipitation of PHB from chloroform extract with iso-
propyl alcohol; repeated dissolution in chloroform and 
precipitation with isopropanol; drying at 60oC [5,6].

Fabrication of membranes. For fabrication of 
polymer membranes of desirable shape and internal 
geometry, we applied the method of pore formation 
by using blowing agent, ammonium carbonate (Khim-
med). Ammonium carbonate (0.1 g) was grinded in a 
mortar and placed in a 50-mm Petri dish, then 4 ml 3% 
solution of the polymer in chloroform was added and 
the solvent was allowed to evaporate completely. Then 
the Petri dish was placed in a glass with distilled wa-
ter, heated to gassing, and leaved until complete cessa-
tion of gas generation. The obtained porous membrane 
was washed 5 times with distilled water and dried.

Morphology and porosity of membranes. The 
surface geometry of the obtained structures was ini-
tially studied by light microscopy (Biomed 1 micro-
scope; Biomed) using a MYscope 300Mdigital eye-
piece (Webbers).

Microphotographs were obtained by scanning 
electron microscopy on a Supra 50 VP LEO micro-
scope with INCA Energy+Oxford microanalysis sys-
tem (Carl Zeiss) at accelerating voltage of 20 kV and 
maximum resolution of 10 nm after routine carbon 
coating.

Membrane porosity (MP) was calculated by the 
formula:

mmemb                     P=1-                ×100%,
Vmemb×ρPHB

where mmemb is membrane weight, Vmemb is membrane 
volume calculated from its linear dimensions mea-
sured with calipers (KRINO), and ρPHB is the mean 
density of the polymer equal to 1.26 g/cm3. Pore size 
was evaluated by scanning electron microscopy and 
light microscopy using Cool Ruler software.

Analysis of the thermal properties of mem-
branes by differential scanning calorimetry. The 
thermal characteristics of the membranes (melting 
and crystallization temperatures, heat of melting and 

crystallization, crystallinity) were analyzed on a DSC 
204 F1 Phoenix differential scanning calorimeter 
(Netzsch) in nitrogen atmosphere at scanning rate of 
10oC/min; sample weight was ~5 mg. The instruments 
were calibrated using the calibration set and Netzsch 
In (Indium) standard (Тm=156.6oC). Crystallinity was 
calculated using a theoretical value of thermodynamic 
melting enthalpy for a 100%-crystalline PHB sample 
(146.6 J/g) [12,13].

Isolation and culturing of MSC on the scaf-
fold. MSC were isolated from the adipose tissue of 
2-month-old female C57BL/6 mice. The adipose tissue 
was cut with scissors into small fragments, placed in 
a test tube with 15 ml DMEM medium and collage-
nase IA (Sigma) (fi nal concentration 2 mg/ml) under 
aseptic conditions, and incubated for 40-60 min at 
37oC and constant shaking. Then, the suspension was 
passed through a Nylon fi lter with pore diameter of 
100 μ. The cells were washed by centrifugation in 
serum-free DMEM (Sigma) supplemented with 100 U/
ml penicillin, 100 μg/ml streptomycin, and 2.5 μg/ml 
fungizone (Life Technologies). The cells were centri-
fuged at 367g (3×7 min) and transferred to 10-cm Petri 
dishes. Culturing of zero passage cells was carried 
out in low-glucose DMEM containing 10% fetal calf 

Fig. 1. Appearance (a) and microstructure (b) of the porous polymer 

membrane.
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serum (FCS), 2 mM glutamine, 100 U/ml penicillin, 
streptomycin (100 μg/ml) and fungizone (2.5 mg/ml) 
at 37oC in a CO2 incubator under hypoxic conditions 
(5% CO2, 5% O2). The cells were cultured for 4-6 
days to 70-80% confl uence, then removed by incu-
bation with 1x TrypLE Express (Life Technologies) 
for 10 min at 37oC, and washed by centrifugation 
in DMEM for 7 min at 367g. Cells were counted in 
the Goryaev’s chamber, seeded at a density of 500 
cells/cm2 in 3.5-cm Petri dishes with the scaffold, 
cultured under hypoxic conditions for 4-6 days, and 
then subcultured to the next passage. The medium 
was replaced every 3 days. The experiment was per-
formed until passage 12.

The scaffold prior to cell seeding was washed 
with water and sterilized by 1-h incubation in 70% 
ethanol followed by UV irradiation for 2 h (1 h from 
each side of the membrane). After culturing, the cells 
were removed from the scaffold with 1x TrypLE Ex-

press; to this end, the medium was removed, the scaf-
folds were washed three times with PBS and incubated 
with 1x TrypLE Express for 10 min at 37oC. The har-
vested cells were washed by centrifugation in DMEM 
(7 min; 367g), suspended in PBS, stained with trypan 
blue, and counted in a Goryaev’s chamber.

For scaffold regeneration after cell removal, it was 
additionally treated with 1x TrypLE Express for 20 
min at 37oC, then washed twice with water and 70% 
ethanol, and dried at room temperature; then, the scaf-
folds were stored in a Petri dish until next use.

Flow cytofluorometry analysis of cell sur-
face phenotype. MSC cultured on plastic and scaf-
folds (105 cells) were suspended in 100 μl PE buffer 
(2 mM EDTA, 0.5% FCS, and PBS) and incubated 
with FITC-labeled antibodies to murine cell surface 
markers CD29, CD44 (BioLegend), CD105, CD45, 
CD11b (Miltenyi Biotec), and CD34 (eBioscience) 
in the dark for 40 min at 5oC. The cells were washed 
by centrifugation in PBS and analyzed on a Gallios 
fl ow cytometer (Beckman Coulter). The data were 
pro cessed using Flowing Software 2.5.1.

RESULTS

The yield of bacterial biomass containing the polymers 
was 4.5±0.5 g/liter, the content of PHB was 78.6±3.4% 
of bacterial dry weight. The mean molecular weight of 
the polymer was 8.1×104. High degree of polymer pu-
rifi cation (>99.5%) for its use in biomedical research 
was achieved.

Porous membrane were prepared from the puri-
fi ed PHB (Fig. 1, a) with pore size of 170±30 μ and 
porosity of 89±4%. Membrane surface had numerous 
pores connected to each other (Fig. 1, b). Porous 3D 
structure of the implant is important for both cell 
attachment and stimulation of their in vitro growth, 
and for replacement regeneration of the bone tissue 
in vivo [3,11].

Fig. 2. Thermogram of the PHB polymer material. Differential scan-

ning calorimetry.

Fig. 3. Dependence of the number of population dou-

blings of mouse MSC on the time of culturing on PHB 

scaffold. Symbols on the curve correspond to subcultur-

ing on the new scaffold. Straight line shows theoretical 

dependence of the number of MSC doublings on the time 

of their culturing without replicative senescence.
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Fig. 4. Analysis of the surface phenotype of MSC cultured on plastic and PHB scaffold. Horizontal lines show the analyzed areas chosen 

from the cytometric profile of unstained cells. The percent of cells corresponding to the analyzed area. Abscissa: fluorescence intensity 

(logarithmic scale); ordinate: number of events.
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The initial melting point of the membrane was 
139oC and melting peak temperature 182oC (Fig. 2). 
The calculated crystallinity was 68%. These values 
correspond to the thermal characteristics obtained 
previously for PHB fi lms [12], which can indicate 
minor infl uence of the method of pore formation with 
blowing agent on the physicochemical properties of 
the polymer. Hence, we can assume that biocompa-
tibility of PHB polymer material was not signifi cantly 
changed during fabrication of the polymer membrane.

For evaluation of the possibility of long-term 
MSC maintenance on the scaffold in culture, mouse 
cells were selected as the test object, because they 
are fastidious to culturing conditions than MSC from 
other species. In particular, mouse MSC, in contrast 
to human or rat MSC, require culturing under hypoxic 
conditions, because under normoxia they rapidly stop 
proliferating due to replicative senescence caused by 
oxidative stress [14,16]. The experiment was car-
ried out under standard conditions for MSC culturing 
(DMEM with 10% FCS), but under hypoxic conditions 
(5% O2). The cells were subcultured to new or regen-
erated scaffold every 4-6 days. The experiment was 
terminated after 2 months of constant culturing. The 
dependence of the number of population doublings on 
the time in culture is shown in Figure 3.

At the initial stages (~1 month), the rate of cell 
growth on the scaffolds was almost constant, but then 
it gradually decreased, which manifested in down-
ward defl ection of the curve from the straight line. 
This behavior is typical of the majority of primary 
cells, including MSC, and refl ects the well-known 
phenomenon of replicative senescence of cells in the 
primary culture. During the experiment, the culture 
passed more than 65 population doublings. This at-
tests to high effi ciency of culturing on PHB scaffolds, 
because the number of doublings in culture for MSC 
from different species usually does not exceed 40-50.

For the analysis of properties of MSC cultured 
on scaffolds, the cells were cultured on scaffolds and 
plastic for 30 days (10 passages) under hypoxic con-
ditions, and then their surface phenotype (expression 
of some most common positive and negative MSC 
markers) was determined. The patterns of expression 
of surface markers of cultured MSC corresponded to 
accepted standards (Fig. 4). In particular, the majority 
of MSC were stained with antibodies to CD29 and 
CD44 (positive markers), at the same time, staining for 

negative markers CD45, CD34, and CD11b was absent. 
Cultured cells were heterogeneous by CD105 marker, 
which was also consistent with the previous reports [7]. 
No signifi cant differences between the control surface 
phenotype of MSC cultured on plastic on PHB scaffolds 
were revealed, and therefore, culturing on the scaffold 
did not change the basic properties of MSC.

Thus, 3D scaffold made of PHB is quite suitable 
substrate for long-term culturing of mouse MSC and 
can probably be used for culturing of human MSC.

The study was supported by the Russian Founda-
tion for Basic Research (grant No. 14-04-01855).
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