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Abstract

BACKGROUND: Stem cells expansion technology in vitro is affected by the microenvironment of the culture
system. So, to find an effective method is particularly important to promote cell adherent and growth.
OBJECTIVE: To compare the effects of different culture media on cell expansion.

METHODS: Human umbilical cord mesenchymal stem cells at a density of 5.0x10* cells/cm® were inoculated
into Corning® polystyrene culture dishes coated with or without poly-L-ornithine and Corning® CellBIND culture
dishes. Cell adhesion and proliferation were observed, and expressions of cell adhesion proteins and cell

markers were detected.

RESULTS AND CONCLUSION: Cell adhesion was promoted when cells were cultured in Corning® CellBIND®
Surface medium coated with poly-L-ornithine for 24 hours, and the cultured cells grew at the logarithmic phase.
The cell proliferation was also enhanced, and the cells expressed cell adhesion protein but not the cell markers
of CD73, CD90, CD105. Corning® CellBIND® Surface medium was superior to Corning® polystyrene culture
medium in the improvement of cell adhesion and proliferation. Additionally, both of these two media showed no
influence on cell phenotype. These findings indicate that Corning® CellBIND® Surface medium can promote cell
adhesion and proliferation, but shows no effects on cyclin and cell phenotype. This medium coated with
poly-L-ornithine can further accelerate cell adhesion and proliferation, and stably express cell phenotype of

human umbilical cord mesenchymal stem cells.
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INTRODUCTION

Mesenchymal stem cells (MSCs) are used as
the seed cells of regenerative medicine. MSCs
have attracted great interest in clinical therapy
because of their pluripotency!"™. MSCs are
capable of tissue reconstruction and recovery
of coordinating function. Human umbilical cord
MSCs (hUMSCs) are considered to be the
most suitable stem cell line for cell therapy[sl.

For the technology of Corning® CellBIND®
Surface culture dish, a microwave plasma
process is used for treating the culture surface.
This process improves cell attachment by
incorporating significantly more oxygen into
the cell culture surface, rendering
hydrophilicity (wettable) and increasing surface
stability. Corning® CellBIND® Surface culture
dish is made of high-grade polystyrene and
subsequently treated with a combination of
energy and gas to create the surface
roughness and hydrophilicity that is necessary
for protein adsorption and cell attachment®*!.
Poly-L-ornithine is a component of
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extracellular matrix and also the main part of
the microenvironment in which cells survive. In
this study, we examined the effect of Corning®
CelBIND® Surface culture dish on cell growth,
and compared the changes of cell attachment,
cell proliferation and cell surface marker
expression after the culture dish was coated
with poly-L-ornithine to analyze the underlying
relationship.

MATERIALS AND METHODS
Design
Cytology in vitro study.

Time and setting

The study was completed at Jilin Province
Key Laboratory of Tissue Engineering
Research from October 2012 to May 2013.

Materials

Cells

hUMSCs were donated with the consent of
the healthy patients and approval of the
Research Ethics Committee in Siping
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Central Hospital (Jilin, China). hUMSCs were harvested
from fresh human umbilical cords using plastic adherence
method, and then cells expanded in culture flasks.

Culture dish

Corning® tissue culture polystyrene dish and Corning®
CellBIND® Surface culture dish were produced by Corning,
New York, USA. According to the following procedures:
the 0.01% poly-L-ornithine solution diluted 10 times with
sterilized injection water. The dishes were coated with

5 mL of the diluted poly-L-ornithine solution at 37 “C for
2 hours, and after solution removal, the dishes were aired
in the biosafe cabinet®"". For Corning® CellBIND®
technology, a microwave plasma process is used for
treating the culture surface. This process improves cell
attachment by incorporating significantly more oxygen into
the cell culture surface, rendering the hydrophilicity
(wettable) and increasing surface stability.

Other reagents

Other reagents

Reagents Sources

Anti-proliferating cell nuclear
antigen(PCNA), anti-cyclin A,
anti-cyclin E, anti-fibronectin

Santa Cruz Biotechnology

Anti-B-actin antibody Abcam, Hong Kong, China

Poly-L-ornithine regent Sigma-Aldrich, Shanghai, China

Becton-Dickinson Co., New
Jersey, USA

CD73-fluorescein isothiocyanate
(FITC) conjugated; CD90-FITC
conjugated; CD105-phycoerythrin (PE)

Anti-mouse PE-conjugated secondary Guava Technologies, CA, USA
antibody

Methods

hUMSCs isolation and culture

hUMSCs were detached from culture flasks using
Trypsin/EDTA seeded to the wells at a density of 5.0 x
10* cells/cm? and cultured at 37 °C in 5% CO,. At culture
termination, the cells were washed once with PBS before
further processing as described in the respective method.

Cell grouping

There were four groups, namely Corning® polystyrene
culture dishes, Corning® polystyrene culture dishes coated
with poly-L-ornithine; Corning®CellBIND® Surface culture
dish and Corning® CellBIND® Surface culture dish coated
poly-L-ornithine. The changes in cell proliferative protein
and adhesion protein expressions, cell density, cell
proliferation and cell morphology were detected.

MSCs attachment and proliferation detected by
microscope

MSCs (5.0x10%) were plated onto 60 mm Corning® tissue
culture polystyrene dish and Corning® CellBIND® Surface
dish coated with or without poly-L-ornithine. Triplicate
dishes were collected by trypsinization at the indicated
periods of time and the cells were counted using Olympus
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CKX41SF microscope.

Expression of cell surface markers detected by flow
cytometry

hUMSCs were characterized using flow cytometry
(FACSCalibur, Becton, Dickinson and Company, NJ, USA),
and were incubated with the following anti-human primary
antibodies: CD73-FITC conjugated; CD90-FITC
conjugated; CD105-PE conjugated; unconjugated
markers were reacted with anti-mouse PE-conjugated
secondary antibody. A total of 500 000 labeled cells were
analyzed and the data obtained were analyzed using BD
CellQuest software!'*"l,

The expressions of cell adhesion and cell proliferative
proteins detected by western blot assay

To verify that the adhesion proteins are adsorbed to the
cell culture dishes coated with or without poly-L-ornithine,
and the changes of hUMSCs proliferative protein
expression in different culture dishes, fibronectin, cyclinA,
cyclinE and PCNA expressions were detected by western
blot analysis. The cells were harvested and washed with
cold PBS. Then 30-50 pg of cellular or nuclear extract
was subjected to SDS-PAGE in 10%-15% gradient gels.
Proteins in the gel were transferred onto polyvinylidene
fluoride membranes and probed with fibronectin, cyclinA,
cyclinE and PCNA antibodies in 5% skim milk PBS
containing 0.1% Tween-20 (PBST) for 24 hours at 4 C.
The blots were then incubated with 1:2 000 dilutions of
horseradish peroxidase-conjugated goat anti-rabbit or
horseradish peroxidase-conjugated goat anti-mouse IgG
for 1 hour at room temperature. The membrane was
washed extensively before detection using the
chemiluminescence BeyoECL plus kit (Thermo Fisher,
USA). The membranes were then stripped and reprobed
with B-actin antibody as the loading control. Judgment
based on the band depths of color was conducted to
analyze the expression of the primary antibody.

Main outcome measures

(1) The effect of different culture dishes coated with
poly-L-ornithine on cell adhesion protein, cell proliferation,
cell cyclin expressions; (2) the effect of different culture
dishes coated with poly-L-ornithine on cell phenotype
expressions.

Statistical analysis

The data were expressed as meanSD and statistically
processed by one-way analysis of variance (ANOVA) and
Tukey’s multiple comparison tests. Calculations were
performed using the GraphPad Prism 5.0 program
(GraphPad Software, Inc., San Diego, CA, USA).

RESULTS

Effects of Corning® CellBIND® Surface dish coated
with poly-L-ornithine on cell adhesion

Cell numbers and morphology were observed in different
culture dishes within 24 hours as shown in Figure 1. Cells
cultured in the Corning® culture dish were most adhered
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and spindle-shaped, resembling fibroblasts. Corning® process for treating the culture surface, Corning®
CellBIND® Surface culture dish also exhibited the powerful CellBIND® Surface culture dish coated with

effect on cell growth[15'22], and the number of adherent poly-L-ornithine exhibited a better effect on cell

cells was increased with the time prolonged within 24 attachment than Corning® tissue culture polystyrene dish
hours. Depending on the treatment of microwave plasma coated with poly-L-ornithine (Figure 2).

Figure1 The morphology of human umbilical cord mesenchymal stem cells (hUMSCs) in different culture dishes within 24 hours
(x40)

Note: (A) hUMSCs cultured in Corning® tissue culture polystyrene culture dish); (B) hUMSCs cultured in Corning® tissue culture polystyrene
culture dish coated with poly-L-ornithine; (C) hUMSCs cultured in Corning® CellBIND® Surface culture dish; (D) hUMSCs cultured in Corning®
CellBIND® Surface culture dish coated with poly-L-ornithine).
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Figure 2 Cell proliferation after 24 hours culture in different dishes
Note: The data were expressed as mean+SD, n=3 for all conditions.
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Figure 3 Cell proliferation in the surface of different culture dishes within 7 days
Note: Data were expressed as mean+SD, n=3 for all conditions. There was no significant difference.
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Figure 4 The expressions of proliferating cell nuclear antigen (PCNA), cyclinA, cyclinE and fibronectin in different culture dishes

within 7 days

Note: Data are expressed as the meanSD of three independent experiments. °P < 0.01, vs. Corning® tissue culture polystyrene culture dish;
1: Corning® polystyrene culture dishes; 2: Corning® polystyrene culture dishes coated with poly-L-ornithine; 3: Corning® CellBIND® Surface
culture dish; 4: Corning® CellBIND® Surface culture dish coated poly-L-ornithine.
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Figure 5 The cell phenotypes CD73, CD90, CD105 of human umbilical cord mesenchymal stem cells after cultured 7 days in

different culture dishes

Note: A: Corning® tissue culture polystyrene dish group; B: Corning® tissue culture polystyrene dish coated with poly-L-ornithine group; C:
Corning® CellBIND® Surface culture dish group; D: Corning® CellBIND® Surface culture dish group coated with poly-L-ornithine group.
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Effects of Corning® CellBIND® Surface dish coated
with poly-L-ornithine on cell proliferation

Cells proliferating in the different culture surfaces were
observed in 7 days as shown in Figure 3. The results
showed the growth curve of hUMSCs presented inverted
“S”, and cells exhibited logarithmic growth on days 3, 4, 5
and 6. Owing to the effect of poly-L-ornithine on cell
adhesion, Corning® tissue culture polystyrene dish and
Corning® CellBIND® Surface dish coated with
poly-L-ornithine improved cell growth at 7 days compared
with the culture dishes that coated without poly-L-ornithine.
However, Corning® CellBIND® Surface dish exerted the
better effect on cell proliferation under any treatment on
the surface of dish compared with Coming® tissue culture
polystyrene dish (Figure 3).

Effects of Corning® CellBIND® Surface dish coated
with poly-L-ornithine on cell adhesion and cell
proliferative protein expressions

To test the effect of Corning®CeIIBIND® Surface culture
dish on cell attachment and cell proliferative protein
expressions, first, we detected cell proliferative protein
including cyclinA, cyclinE and PCNA expressions. The
results showed that neither Corning® CellBIND® Surface
culture dish, Corning® tissue culture polystyrene dish nor
those coated with poly-L-ornithine influence the
expressions of PCNA, cyclinA or cyclinE by western blot
analysis (P > 0.05). Furthermore, the expressions of
adhesion cytokines were examined and the expression of
fibronectin was significant increased in Corning® tissue
culture polystyrene dish coated with poly-L-ornithine and
Corning® CellBIND® Surface culture dish coated with or
without poly-L-ornithine (P < 0.05) (Figure 4).

Effects of Corning® CellBIND® Surface dish coated

with poly-L-ornithine on expression of cell surface
markers

We previously demonstrated that similarly processed
hUMSCs expressed high levels of matrix receptors (CD73,
CD90 and CD105) as assessed by flow cytometry. In
addition, all adherent hUMSCs did not express CD45, CD34,
CD14, CD19 or HLA-DR (data was not shown). In order to
determine the effect of Corning® CellBIND® Surface culture
dish on hUMSCs phenotype, we examined the levels of
CD73, CD90 and CD105 in the four different groups. As our
predicted, hUMSCs highly expressed CD73, CD90 and
CD105 in the four groups as same as our isolated cells
from human umbilical cords before. It implied that
Corning® CellBIND® Surface culture dish coated with or
without poly-L-ornithine did not affect the cell phenotype
(Figure 5).

DISCUSSION

Extracellular matrix is an important ingredient for cell
survival microenvironment, which depending on the
interaction with the adaptor of cytomembrane to improve cell
growth and cell attachment. Poly-L-ornithine is usually used
as a component of extracellular matrix to simulate cell
microenvironment during the cell culture in vitro??. Studies
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about the effect of the extracellular matrix on biological
activity of stem cells are still few. In this study we mainly
evaluated the influence of Corning® CellBIND® Surface
culture dish coated with poly-L-ornithine on cell cycle, cell
proliferation, cell attachment and other characteristics. At
present, there are few studies on observing the proliferation
and adhesion of stem cells that are cultured in cell culture
dish coated with poly-L-ornithine.

A suitable copolymer surface has been developed for cell
culture®2% By comparing Corning® CellBIND® Surface
culture dish with that coated with poly-L-ornithine, our
results indicated that Corning® CellBIND® Surface culture
dish promoted cell attachment and cell proliferation faster
than Corning® culture dishes. Importantly, cells cultured
on the special surface show neither induced differentiation
under standard growth conditions nor a rate of
spontaneous differentiation greater than that seen with
Corning® tissue culture polystyrene dish as indicated by
hUMSCs phenotypes of CD73, CD90 and CD105. And
there are no advanced effects on cell proliferative protein
expressions as indicated as cyclinA, cyclinE and PCNA. It
means that by using microwave plasma process for
treating the culture surface, Corning® CellBIND® Surface
culture dish exerts the excellent effect on cell attachment
and cell proliferation and maintains the characters of
hUMSCs. Poly-L-ornithine coating does not change the
character of Corning® CellBIND® Surface culture dish, and
also develops the ability of Corning® CellBIND® Surface
culture dish®'%. It is for the first time suggested that the
promotion effect of the extracellular matrix component-
poly-L-ornithine on cell proliferation and cell adsorption.
The effect excellently shown on Corning® CellBIND®
Surface does not affect cell proliferation and cell
adsorption, and promotes characteristics of Corning®
CellBIND® Surface culture dish itself. However, the
changes of hUMSCs behavior and differentiation after
long-term culture in poly-L-ornithine coated culture dish
need to be further studied.
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