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3D CULTIVATION OF NEURAL CREST-DERIVED
MULTIPOTENT STEM CELLS IN COLLAGEN AND
FIBRIN HYDROGELS: EFFECTS ON CELL VIABILITY
AND PROLIFERATION

R. G.Vasyliev'?

D. A. Zubov'?

A. E. Rodnichenko®?
L.F. Labunets'

S. N. Novikova®

IState Institute of Genetic and Regenerative Medicine
of the National Academy of Medical Sciences of Ukraine,
Kyiv, Ukraine
2Biotechnology laboratory ilaya. regeneration,
Medical company ilaya, Kyiv, Ukraine

E-mail: rvasiliev@ukr.net

Received 18.08.2014

The possibility of culture of neural crest-derived multipotent stem cells in 3D collagen and fibrin
hydrogels has been shown. The effects on cell viability and growth have been explored. It is shown that
both hidrogels contribute to cell adhesion and spreading. During culture it maintains high cell viability
in both types of hydrogels as well as network formation of the interconnected cells. When cultured for
two weeks in a collagen hydrogel cell number increased by 1.4 fold, while the fibrin hydrogel shows
almost a threefold increase in cell number. The results obtained can be used for development of neural
crest-derived multipotent stem cell-based tissue-engineered constructs.
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Neural crest-derived multipotent stem
cells (NC-MSCs) possess a considerable inte-
rest for the regenerative medicine. NC-MSCs
are capable of directed differentiation into
adipocytes, osteoblasts, keratocytes, neurons,
Schwann cells and other cell types [1, 2]. Due
to these properties, NC-MSCs can be used to
restore the cranial bone defects, peripheral
nervous system and corneal stroma lesions.
However, cell suspension transplantation has
several restrictions as a similar approach can
be applied not for all tissue defects. It was not-
ed also a low efficiency of cell transplantation
associated with a weak rate of cell engraftment
in the target tissue after their administration
by injection due to a “leakage” and/or loss of
substrate-dependent cells via apoptosis mecha-
nism (anoikis) [3]. Efficacy of transplantation
may be enhanced by creation of three-dimen-
sional (3D) cell agglomerates (spheroids) [4]
or cell- and extracellular matrix-based tis-
sue equivalents [5]. A promising direction is
the development of biocompatible hydrogels.
Their advantages include: homogeneous cell
distribution within a construct, high cell via-
bility, the ability to receive constructs of a giv-
en shape using various natural and synthetic
polymers and their combinations thereof, the
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ability to adjust physical characteristics (elas-
ticity, stiffness, porosity, etc.) [6]. The aim of
a study was to explore the effects of NC-MSC
culture within 3D collagen and fibrin hydro-
gels on their viability and growth.

Materials and Methods

The experiments were performed in com-
pliance with the principles of bioethics and
biosafety standards, as confirmed by the Com-
mittee on Bioethics of State Institute of Ge-
netic and Regenerative Medicine of NAMS.
Experiments were carried out with use of 5 cell
cultures derived from FVB mice males of 4 to
6 months aged.

Isolation and culturing of NC-MSCs from a
bulge region of whisker follicle

Briefly, NC-MSC culture was obtained
from explants of the bulge region (BR) of the
whisker follicle (WF) by Sieber-Blum method
[7] in our modification [2]. By 3 BRs were
explanted into the 35 mm Petri dish and cul-
tured in DMEM:F12 medium supplemented
with 10% fetal bovine serum (FBS), 5 ng/ml
bFGF, 1% MEM vitamins, 1% Neuronal Stem
Cell Supplement (PAA, Austria) and 2 mM
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L-glutamine (all from Sigma-Aldrich, USA) in
a multi-gas incubator CB210 (BINDER, Ger-
many) at 37 °C and saturating humidity, in
artificial atmosphere, consisting of 90% N,,
5% 0, and 5% CO,. Cultures were passaged
with use of 0.05% trypsin in 0.53 mM Na,ED-
TA (Sigma-Aldrich, USA). Phenotype of NC-
MSCs and their functional properties were de-
termined as described previously [2]. In all ex-
periments, third passage (P3) cells were used.

Collagen and fibrin hydrogel modeling

Collagen hydrogel was prepared according
to E. Bell method [8]. For this purpose, a ste-
rile solution of 0.34M NaOH was mixed with
a x10 medium MEM (Sigma, USA) in a ratio of
1:2. Then 100 mg of L-glutamine (Sigma, USA)
and 9 ml of 7.5% sodium bicarbonate solution
(Sigma, USA) were added per 100 ml of the re-
sulting mixture. On ice, the resulting composi-
tion was mixed with a solution of collagen type
I/I1I (3 mg/ml, Sigma, USA) in a ratio of 1:4.
Required cell number in growth medium (cell
suspension volume was 10% of gel volume),
was thoroughly mixed with resulting composi-
tion and placed over 30 min in an incubator for
hydrogel polymerization.

Fibrin hydrogel was prepared by mixing
on ice 0.5 ml of fibrinogen (4 mg/ml, Sigma,
USA) with 0.5 ml of cell-loaded growth me-
dium, which also contain 1U of thrombin (Sig-
ma, USA). Resulting composition was mixed
thoroughly and placed for 30 min in an incuba-
tor for hydrogel polymerization.

After complete hydrogel polymerization,
they were covered with 1 ml of growth medi-
um. Hydrogels were prepared in 35 mm Petri
dishes with 1 ml of hydrogel containing
0.5x10° cells. For each culture (n = 5) by two
hydrogels of each type were fabricated (10 sam-
ples of each hydrogel type in total). Half of the
samples of each hydrogel type have been used
for cell isolation and calculation after 7 days
of culturing, the second half — after 14 days
of culturing.

Assessment cell viability in 3D collagen and
fibrin hydrogels

To estimate cell viability cultured in 3D
hydrogel, it was carried out combined staining
with fluorescein diacetate (FDA, Sigma, USA)
and propidium iodide (PI, Sigma, USA). For
this purpose a culture medium was removed,
the samples were washed three times with
Hanks’ Balanced Salt solution, HBSS (PAA,
Austria) and then filled for 20 min with HBSS
containing 1 mg/ml FDA and 2 mg/ml PI. Af-
ter incubation, a dye solution was removed,

cultures washed 3 times with HBSS and visua-
lized. FDA stains live cells with bright green
color. PI penetrates the dead cells and stains
the nuclei with orange color. For each sample,
five random visual fields were chosen, pic-
tured, and calculated in each field a total cell
number in one plane, a number of live and dead
cells. Viability was determined as a live cell
number / total cell number x100%.

Cell isolation from hydrogels

For cell isolation from a collagen hydrogel
it was treated with 0.1% solution of collage-
nase IA (Sigma, USA) for 30 min at 37 °C and
permanent stirring. The resulted cell suspen-
sion was centrifuged (200 g, 5 min) and treated
for 5 min with 0.05% trypsin solution (Sigma,
USA) for dissociation of cell agglomerates.

For cell isolation from a fibrin hydrogel,
the samples were treated with 0.1% solution
of pronase (Sigma, USA) for 20 min at at 37 °C
and permanent stirring. The resulted cell sus-
pension was centrifuged (200 g, 5 min) and
treated for 5 min with 0.05% trypsin solution
(Sigma, USA) for dissociation of cell agglo-
merates.

Assessment cell viability in suspension

Assessment of a cell number and viability in
suspension prior to seeding into the hydrogels and
after hydrogel releasing was performed by stai-
ning with 0.4% solution of trypan blue (Sigma,
USA) to count the total cell and dead cell number
with Goryaev’s chamber (MiniMed, Russia).

Microscopy

The inverted fluorescence microscope Axio
Observer Al, equipped with a digital camera
AxioCam ERc 5s and software ZEN 2012, have
been used (Carl Zeiss, Germany).

Statistics

All numerical data are represented as mean
values and their standard deviations (M=s).
Significance of the differences was evaluated
using Student’s ¢-test.

Results and Discussion

Biological properties of NC-MSCs from
a bulge region (BR) of whisker follicle (WF)
were described earlier by us and other authors
[1, 2, 7]. The identity of NC-MSCs used in the
experiment has been confirmed with their
phenotype (nestin+/CD44+/CD73+/CD90+/
Sca-1+/cytokeratin—/CD45-) and the capacity
to differentiate into the adipocytes and osteo-
blasts (data not show).
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The article shows a principal possibility for
NC-MSCs to be cultured in three-dimensional
structures based on collagen and fibrin hydro-
gels. Both types of hydrogels are easy to handle,
require a short time for preparation and po-
lymerization, and allow producing a uniform
cell distribution within them. Immediately
after hydrogel fabrication, NC-MSCs in their
composition have a rounded shape (Fig. 1, A,
B). 24 h post-culture, the NC-MSCs changed
their shape on fibroblast-like with several long
processes formed (Fig. 1, C, D). To cell cul-
ture Day 7 in both types of hydrogels the cells
formed an interconnected network. When cul-
tured for 14 days, NC-MSCs maintained their
fibroblast-like morphology and cellular net-
work organization, also showing a significant
viability index (Fig. 2; Table). At all stages of
hydrogel fabrication and cell culturing within
them, the NC-MSC viability was above 90%,
as it was shown via two different methods
for determination of cell viability. Lower NC-
MSCs viability values obtained when assessing
trypan blue exclusion compared to the FDA/
PI stains may be due to additional traumatic
procedure of cell release from 3D constructs
using enzymatic treatment. It also may ex-
plain a statistically significant difference in
cell viability prior hydrogel seeding and af-
ter cell release from them. At the same time,
cell viability values, determined by different
methods, had no significant differences be-
tween collagen and fibrin hydrogels. Cell mor-
phology, network organization and viability of
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NC-MSCs within collagen and fibrin hydrogels
were similar during culture, but cell growth
values were significantly different (Table).
So, NC-MSC number when cultured for
14 days in a collagen hydrogel increased by
1.45-fold, while NC-MSC number when cul-
turedin a fibrin hydrogel increased by 2.8-fold.
Thus, NC-MSC growth rate was twice as high
in a fibrin hydrogel as in a collagen hydrogel.
Thereby, we have demonstrated a prin-
ciple possibility for culture of the NC-MSCs
in hydrogels of two different types, based on
natural extracellular matrix components —
collagen and fibrin. Wherein, NC-MSC pro-
liferation rate was significantly higher for
cells cultured in a fibrin than in collagen hyd-
rogel. It may be due to the fact that fibrin
is a key component of a provisional matrix
during wound healing and it has to maintain
an active cell migration and proliferation.
Whereas collagen type I is a main component
of the connective tissue extracellular ma-
trix and it promotes to maintain a differen-
tiated state of the cells and tissue homeosta-
sis. Various types of hydrogels can be used
for repair of damages of different tissues.
Collagen hydrogel may be preferable for res-
toration of damages of slowly renewing tis-
sues, for example for bone tissue. The use
of fibrin hydrogel may be more effective in
cases when a rapid tissue remodeling is re-
quired for repair process, e.g. for reparation
of peripheral nerve injuries or for healing of
skin wounds. We have previously shown that

D

Fig. 1. Morphological changes of NC-MSCs during initial stages of culturing in 3D collagen
and fibrin hydrogels:

A — collagen hydrogel, one hour after modeling;
B — collagen hydrogel, 24 h of culture;

C — fibrin hydrogel, one hour after modeling;

D — fibrin hydrogel, 24 h of culture;

relief contrast; 50 pm scale
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Fig. 2. NC-MSC culture (14 days) in hydrogels:

A — NC-MSCs morphology in a collagen hydrogel;
B — NC-MSCs viability in a collagen hydrogel;

C — NC-MSCs morphology in a fibrin hydrogel;

D — NC-MSCs viability in a fibrin hydrogel;

A, B — phase contrast, 50 nm scale;

C, D — fluorescence microscopy, FDA/PI combined stains; 100 um scale.

B, D — live cells — green; dead cells — orange.

NC-MSC number and viability at various stages of a 3D hydrogel modeling and culturing (M=*s)

Prit;r(;él(ﬁtlilrogel Collagen hydrogel,|Fibrin hydrogel,|Collagen hydrogel,|Fibrin hydrogel,
g Day 7 Day 7 Day 14 Day 14
(control)
Cell number, x10° 508+13 654+62"% 1090+136"% 728+31%%& 1412+101%%¢&
Viabigf%/oFDA/ - 94.8=1.9 95.2=1.9 94.4=2.1 94.8+1.3
Viab%}fﬁ;’ J;jfypan 95.6+2.3 90.2+1.9% 90.8+2.6% 90.6+2.9% 91.2+1.5%

* P <0.05 versus control;

# P < 0.05 between collagen and fibrin hydrogels at same time point;
& P < 0.05 between different time point into same group (collagen and fibrin hydrogels).

adipose-derived stem cells (ADSCs) within fi-
brin hydrogel composition contribute more ef-
fectively to the healing of experimental full-
thickness burns in mice than ADSCs within
a collagen hydrogel, which could be associ-
ated with a greater stimulation of neoangio-
genesis [9].
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3D-RYJbTUBYBAHHSA
MYJbBTHUIIOTEHTHHUX CTOBBYPOBHUX
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BusasieHo MOKJINBICTE KYJIBTUBYBAHHA MYJIb-
TUIIOTEHTHUX CTOBOYPOBUX KJIITHH — MOXiZHUX
HEPBOBOTO TpebeHs y TPUBUMIPHUX KOHCTPYK-
IIigX HA OCHOBi KoJareHoBOro i ¢pi6pmHOBOTO TiA-
poreisiB. [locaimyKeH BIJIMB Ha JKUTTE3JaTHICTH
Ta pict KiaituH. IlokasaHo, 110 00uaBa TigporeJri
CIIPUAIOTH aAre3ii Ta po3IIacTyBaHHIO KJIIITHH. 3a
KYJbTUBYBaHHA 30epiraeThCsa BUCOKA JKUTTE3AAT-
HiCTH KJITHH B rifjporesax ob60X THUMIB Ta Big0y-
BAETHCA YTBOPEHHA MepeXki 3’e THAHUX MiXK c0600
KJiTHH. 3a KyJIbTUBYBAaHHSA IPOTATOM ABOX TUK-
HiB Yy KOJIJAaT€HOBOMY TiApOreJi KiJbKicTh KJIITHH
36iabIyerhea y 1,4 pasa, Toni AK y pibpuHOBOMY
rizporesi — matizke y 3 pasu. OTpumaHi pe3yb-
TaTH MOYKYTDb OYTH BUKOPHUCTaHI TpU po3po0IeHH1
TKAHUHHO-IHKEeHEPHUX KOHCTPYKI[I Ha OCHOBi
MYJbTUIOTEHTHUX CTOBOYPOBUX KJIITUH — MOXi-
HHUX HEPBOBOTO I'pebeHs.

Knwuwosi cnoea: mHepBoBuUii rpebiHb, MYJbTHU-

MOTeHTHI cTOBOYpOBi KuitTuau, 3D-KyabTypwH,
rigporeui, pibpuH, KojareH.
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VcraHoBiieHa BO3MOMKHOCTH KYJBTHBUPOBA-
HHUA MYJBTHUIIOTEHTHBIX CTBOJIOBBIX KJIETOK —
IIPOM3BOJHBIX HEPBHOTO I'PeOHA B TPEXMEPHBIX
KOHCTPYKIIUAX HA OCHOBE KOJLJIAr€HOBOrO U (pu-
O6puHOBOTO THAporeseii. V3yueHO BIuSHUE Ha
JKU3HECIIOCOOHOCTE 1 POCT KJIeTOK. IlokasaHo, 4To
o0a ruaporess CIIOCOOCTBYIOT aAre3ny 1 paciljia-
CTBIBAHUIO KJIETOK. HpI/I KYJbTUBUPOBAHUU CO-
XpaHseTcs BBICOKAS JKH3HECIIOCOOHOCTH KJIETOK
B THIPOTENAX 000MX THUIIOB ¥ HPOUCXOIUT (POP-
MUPOBaHNE CETH COeIUHEHHBIX MeXIy CO0O0M
KJIETOK. HpH KYJbTUBUPOBAHUU B T€UEHUE IBYX
HeJeJIb B KOJIJIAl€HOBOM THAPOreJsie KOJINMYECTBO
KJIETOK yBesimuuBaeTcd B 1,4 pasa, B TO BpeMdA KaK
B (uOPUMHOBOM THUAPOTEJIe IIPOUCXOAUT IIOUTHU
TPEeXKPATHOE YBeJINYEHUE KOJUYECTBA KJIETOK.
ITonryueHHbIE PE3YIBTATHI MOTYT OBITH MCIIOJIb30-
BaHBI TP Pa3paboTKe TKaHe-NHKEHEePHBIX KOH-
CprRHI/Iﬁ Ha OCHOBE€ MYJBTUIIOTEHTHBIX CTBOJIO-
BBIX KJIETOK — ITPOM3BOAHBIX HEPBHOTO I'PEeOHS.

Kntouesnvle cnosa: HepBHBIN I'pebeHb, MYJIbTUIIO-
TEHTHBIE CTBOJIOBBIE KJIETKU, 3D-KyJIbTYpHI,
rupporeu, GuUOPUH, KOJLIaTeH.



