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Background: The placenta is an abundant source of mesenchymal stem/stromal cells (MSC), but our
understanding of their functional properties remains limited. We previously created a placental-derived
chorionic MSC (CMSC) cell line to overcome the difficulties associated with conducting extensive
ex vivo optimization and experimental work on primary cells. The aim of this study was to characterize the
migratory behavior of the CMSC29 cell line i vitro.

Methods: Stimulators of MSC migration, including two cytokines, stromal cell-derived factor-1a (SDF-
la) and hepatocyte growth factor (HGF), and a pharmacological agent, valproic acid (VPA), were tested for
their ability to stimulate CMSC29 cell migration. Assessment of cell migration was performed using the
xCELLigence Real-Time Cell Analyzer (RTCA).

Results: There was no significant increase in CMSC29 cell migration towards serum free medium with
increasing concentration gradients of SDF-1a or HGF. In contrast, treating CMSC29 cells with VPA alone
significantly increased their migration towards serum free medium.

Conclusions: Immortalized CMSC29 cells retain important properties of primary CMSC, but their
migratory properties are altered. CMSC29 cells do not migrate in response to factors that reportedly
stimulate primary MSC/CMSC migration. However, CMSC29 increase their migration in response to
VPA treatment alone. Further studies are needed to determine the mechanism by which VPA acts alone to
stimulate CMSC29 migration. Still, this study provides evidence that VPA pre-treatment may improve the
benefits of cell-based therapies that employ certain MSC sub-types.
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Introduction growth behavior. These variations make it difficult to utilize

When cultivated in the laboratory, human primary primary MSC in ex vivo optimization and experimental

mesenchymal stem cell (MSC) exhibits a relatively short life work. To overcome these issues, transformed cell lines are

span and display considerable donor-to-donor variation in often used as they have advantages over the use of primary
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cells, in that they can be grown in large numbers, have
a longer life span, and have more uniform growth and
functional characteristics.

The CMSC29 cell line was created from human primary,
term placental CMSC by human telomerase reverse
transcriptase (WTERT) transformation (1). Transfected
CMSC cells showed increased expression of hTERT, as
expected, with no major chromosomal abnormalities (i.e.,
no major deletions, translocations or rearrangements) or
signs of tumorigenicity in vitro (1). The characterization
study also revealed that the CMSC29 cell line met accepted
general criteria for MSC in terms of surface marker
expression and multi-lineage differentiation potential (1).
Moreover, CMSC29 were confirmed to be of fetal origin. In
addition, the migratory capacity of CMSC29 was examined
and compared to their primary CMSC counterparts. Using
an in vitro scratch assay, there was no significant difference
in the percentage of scratch closure between the primary
CMSC and the cell line.

The ability of MSCs to efficiently migrate to the site
of injury is still a challenge in cell-based therapy. In stem
cell research, many studies are dedicated to understanding
the migratory behavior of MSCs, and how to increase
their therapeutic potential by increasing their tissue
targeting capacity. Thus, the aim of this study was to
examine CMSC29 cell migration behavior using a real-
time, quantitative assay system (xCELLigence, see below)
to further characterize this novel cell line. CMSC29 cell
migration was assessed using two chemotactic factors;
stromal cell-derived factor-1a (SDF-10a) and hepatocyte
growth factor (HGF). This was done to determine
whether the cell line would mimic the migration pattern
of primary CMSC. Both SDF-1a and HGF are strong
chemoattractants for MSCs (2-9). Abumaree et al. [2013]
reported that primary CMSCs express mRNA for SDF-
la and HGF, and their receptors CXCR4 and c-met
respectively. Moreover, SDF-1a and HGF significantly
increase primary CMSC migration in a Transwell assay (10).

CMSC29 cell migration was also assessed using valproic
acid (VPA) (2-propylpentanoic acid sodium); a histone
deacetylase inhibitor (11). VPA treatment of cells was
reported to increase migration via different mechanisms. In
one migration study, histone deacetylase inhibition was the
mechanism by which VPA stimulated bone marrow MSC
(BMMSC) migration towards an SDF-1o gradient (12).
CXCR4 surface expression is reduced during ex vivo
MSC expansion, leaving little or no CXCR4 on the cell
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surface (4,13-15). Thus, most of the CXCR4 expressed by
cultured MSC is likely to be located internally (4,14,15).
In the mentioned BMMSC migration study, VPA caused
hyperacetylation of histones, which in turn promoted a
more transcriptionally active chromatin structure that
increased CXCR4 gene expression and consequentially
increased chemoattraction towards SDF-1a (12). Whereas
another BMMSC migration study reported another
mechanism of action, where VPA increased cell migration
by increasing their release of trophic factors (16).

In this study, we investigated whether CMSC29 cells
migrated toward the chemoattractants SDF-1o and HGF.
We also investigated whether VPA treatment of CMSC29
cells increased their migration towards a chemoattractant
and serum free medium.

Methods
Cell line culture, passaging and storage

MSC29 cells were cultured in AmnioMAX"™ C-100 Basal
Medium supplemented with 10:1 (v/v) AmnioMAX™ C-100
Supplement (Life Technologies, Carlsbad, California,
USA) and kept in a humidified incubator at 37 °C, 5%
CO, and 95% room air. Cells were passaged by adding
37 °C warm TrypLE™ (Life Technologies), sufficient to
cover the surface area of the plate and incubated for 5 to
10 minutes, followed by deactivation with FCS. Cells that
had lifted from the flask were counted and the appropriate
number transferred to a fresh flask. For storage, cells
were harvested, centrifuged, and resuspended in o-MEM
(Life Technologies), FCS and dimethyl sulfoxide (DMSO)
(6:3:1, v/v/v). The cells where transferred to a CryoTube
vial (Thermo Electron Co., Waltham, Massachusetts)
and the vial placed in a Nalgene Mr. Frosty' container
(-1 °C/minute cooling system from Thermo Electron Co.)
overnight at -80 °C before transferring into liquid nitrogen
for long term storage.

xCELLigence cell migration assay

The xCELLigence Real-Time Cell Analyzer (RTCA) DP
(ACEA Biosciences, San Diego, California, USA) real-time
functional assay system was used to measure cell migration.
Experiments using the CIM-plate 16 (ACEA Biosciences)
were carried out under sterile conditions. Wells of the
lower chamber were filled with 160 pL of designated
medium. The upper chamber was then placed onto the
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lower chamber and 50 pL of designated medium was added
to wells of the upper chamber. The CIM-plate 16 was
then connected to the RT'CA DP analyser inside a tissue
culture incubator (37 °C, 5% CO, in air) and left for an
hour to allow the membrane surface to equilibrate with the
medium. The background reading (Z0) was then taken and
the CIM-plate 16 was removed from the incubator. Next,
2x10* CMSC29 cells suspended in 100pl of designated
medium were added to each well (cell seeding number was
based on previous optimization experiments and fell within
the manufacture’s recommended range) and left to settle at
room temperature for 30 minutes. Finally, the CIM-plate
16 was placed into the RTCA DP analyzer and impedance
measurements commenced for up to 48 hours. At each time
point, impedance is measured (Zi), and cell index (CI) is
then calculated based on the formula; CI = (Zi - Z0)/15 Q.
This was done to investigate the relative change in the cell
index values between different test groups over time.

xCELLigence cell proliferation assay

Preparations for experiments using the E plate-16 (ACEA
Biosciences) were carried out under sterile conditions. All
wells were filled with 100 pL of a-MEM medium with or
without VPA (Sigma-Aldrich, St. Louis, Missouri, USA).
The E-platel6 was then left to sit at room temperature for
30 minutes to allow the electrode to reach equilibrium with
the medium. The plate was then connected to the RT'CA
DP analyser and the background reading was taken (Z0).
Next, 1x10* CMSC29 cells suspended in 100 pL of a-MEM
medium, with or without VPA, were added to each well
(cell seeding number was based on previous optimization
experiments and fell within the manufacture’s recommended
range), and left to sit at room temperature inside the
tissue culture hood for 30 minutes to allow the cells to
settle. Finally, the E plate-16 was placed on the RT'CA DP
analyzer and impedance measurements (Zi) commenced for
up to 48 hours, with CI values calculated at each time point
using the formula above.

Flow cytometric analysis of CXCR4 surface expression

CXCR4 Mouse Anti-Human, PE conjugate (R&D
Systems, Minneapolis, Minnesota, USA) was used to
detect CXCR4 surface expression on CMSC29 cells, and
Mouse Anti-Human IgG1, PE conjugate, isotype control
(BD Bioscience, Franklin Lakes, New Jersey, USA) was
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used to confirm that the antibody binding was specific.
1x10° cells resuspended in 1ml 2% FCS [v/v in Hank’s
Balanced Salt Solution, no calcium, no magnesium, HBSS
()] were added to each Eppendorf tube. The tubes were
centrifuged and 900 pL of the supernatant was removed.
Then, 5 pLL of human serum (human male AB plasma, USA
origin, sterile-filtered, Sigma-Aldrich) together with 1 pLL
of the appropriate antibody was added and the tubes were
incubated in the dark at 4 °C for 30 minutes. Following
incubation, the cell suspension was topped up with 900 pL
2% (v/v) FCS in HBSS (=), and centrifuged. Finally, 5 pL
of DAPI (4’,6-diamidino-2-phenylindole, dihydrochloride,
Sigma-Aldrich) was added along with 500 pL of 2% (v/v)
FCS in HBSS (-) to all tubes, and the cell suspensions
were filtered through a filter cap tube. The samples
were processed in the LSR II flow cytometer (BDTM
Biosciences, Franklin Lakes, New Jersey, USA) and the data
were analysed using the BD FACSDiva software (BDTM
Biosciences).

Statistical analysis

Data analysis was performed with Minitab 17 Statistical
Software (Penn State College, PA; Minitab, Inc. www.
minitab.com). Statistical significance was defined as
P<0.05, and was determined by an ANOVA general linear
model statistical test followed by Tukey’s HSD pairwise
comparisons. The experimental replicates (n) were included
as explanatory variables in all analyses.

Results
CMSC29 cell migration

To ensure that the CMSC29 cell line was capable of
responding to stimulation, supplemented CMSC29 culture
medium was tested as a chemoattractant. The lower wells of
the CIM-plate 16 were divided into two groups, each group
in triplicate. The first group contained basal cell culture
medium alone, AmnioMAX"™. The second group contained
AmnioMAX™ cell culture medium with AmnioMAX™
cell growth supplements. CMSC29 cells were suspended
in a-MEM medium, and added to the wells of the upper
chamber. There was a significant increase in the mean cell
index values at 24 and 48 hours in wells with supplemented
medium compared with wells containing basal medium
alone (Figure I). This indicates that CMSC29 cells had the
ability to increase their migration in response to a stimulus.
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Figure 1 Supplemented AmnioMAX™ medium and CMSC29
cell migration. Mean CMSC29 cell migration index values + SEM
at 8, 24, 48 hours in the presence of AmnioMAX™ basal medium
or AmnioMAX™ medium with supplements (n=3), * indicate

significance; P<0.05.
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Figure 2 SDF-1a and CMSC29 cell migration. The effect of
SDF-1a on CMSC29 cell migration. Results shown as mean cell
index values + SEM at 8 hours, 24 hours and 48 hours incubation
(n=3), P>0.05 for all comparisons. SDF-1a, stromal cell-derived

factor-1a.

The effect of SDF-1a on CMSC29 cell migration

Wells of the CIM-plate 16 lower chamber were filled in
duplicates with a-MEM medium containing 0, 1, 4, 10, 40,
100 or 400 ng/mL SDF-1a (R&D systems). CMSC29 cells
suspended in a-MEM medium were then added to the wells
of the upper chamber. The cell index values were recorded
over 48 hours. Statistical analysis showed that at 8, 24 and
48 hours, SDF-1a did not stimulate migration at any of the
tested concentrations (Figure 2).
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Figure 3 HGF and CMSC29 cell migration. The effect of HGF
on CMSC29 cell migration. Results shown as mean cell index
values + SEM at 8 hours, 24 hours and 48 hours incubation (n=3),
P>0.05 for all comparisons. HGE, hepatocyte growth factor.

The effect of HGF on CMSC29 cell migration

Wells of the lower chamber were filled in duplicate with
a-MEM medium containing 0, 1, 4, 10, 40, 100, 200 or
400 ng/mL HGF (MACS, Bergisch Gladbach, Germany),
while CMSC29 cells suspended in a-MEM medium were
added to the wells of the upper chamber. Results showed
that HGF did not stimulate CMSC29 cell migration at
any of the tested concentrations over a 48 hour incubation
period (Figure 3).

CXCR4 surface expression and the effect of VPA treatment
on CMSC29 proliferation and migration towards SDF-1a

Surface expression of SDF-1a receptor, CXCR4, is reported
to be internalized during iz vitro expansion of cells (14,15).
Treating the cells with a histone deacetylase inhibitor
such as VPA, was reported to translocate CXCR4 to the
cell surface and thereby increase migration towards SDF-
la (12). First, flow cytometric analysis was carried out to
detect CXCR4 surface expression on CMSC29 cells. The
percentage of CMSC29 cells that expressed CXCR4 was
0.18%=0.06 SEM (Figure 4).

Second, a proliferation assay was carried out to determine
if VPA treatment would affect CMSC29 viability and
proliferation. Increasing concentrations of VPA were tested,
up to 2,500 ng/mL, in order to reach an inducing dose.
CMSC29 cells were suspended in supplemented a-MEM
medium containing 0-250-500-1,000-2,500 ng/mL VPA,
and then seeded into wells with each concentration tested
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Figure 4 Flow cytometric analysis of CXCR4 surface expression on CMSC29. Representative plots from one of three independent repeats

showing; top: CXCR4-PE positive cells were 0.1% of the total 104 cells counted; bottom: control showing 0% positive cells.

in duplicate. The control was cells suspended in the same
medium without added VPA. Statistical analysis showed that
following 8 and 24 hours, VPA did not affect cell viability
and proliferation at any of the tested concentrations. At
48 hours, only cells that were treated with 2,500 ng/mL
VPA had significant decrease in cell index values compared
with the control, while the other tested VPA concentrations
had no effect (data not shown).

Third, CMSC29 were exposed to VPA and allowed
to migrate toward a SDF-1a gradient. If VPA increased
CXCR4, then CMSC29 migration towards SDF-1a would
theoretically increase as well. Wells of the lower chamber
were filled with a-MEM medium containing 40 ng/mL
SDF-1la, while CMSC29 cells suspended in a-MEM
medium containing 4, 10, 40, 100, 200 or 400 ng/mL VPA
were added to duplicate wells of the upper chamber. Two
controls were used for this experiment; cells that were not
treated with VPA but with SDF-1a in the lower chamber,
and cells that were treated with VPA without added SDF-
la in the lower chamber. Statistical analysis demonstrated
a significant increase in the migration of CMSC29 treated
with 400 ng/mL VPA after 24 hours. After 48 hours, there
was a significant increase in the migration of CMSC29
treated with 200 and 400 ng/mL VPA (Figure 5). However,
a significant increase in cell migration was also seen with
VPA in the absence of SDF-1a (Figure 5). This indicates
that VPA increases CMSC29 migration in a CXCR4 and
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SDF-1o independent manner.

Effect of VPA treatment on CMSC29 migration towards
serum free medium

To confirm the effect of VPA treatment on CMSC29 cell
migration, cells were suspended in non-supplemented
a-MEM medium containing 250, 500, 1,000 or 2,500 ng/mL
VPA, higher concentrations were used in this set of
experiments to examine if the increase in migration was dose
dependent. For each tested concentration, cells were added to
duplicate wells of the upper chamber, with wells of the lower
chamber filled with non-supplemented a-MEM medium.
Statistical analysis showed that after 8, 24 and 48 hours,
there was a significant increase in the migration of CMSC29
treated with 500, 1,000 and 2,500 ng/mL VPA compared
with the control wells that had untreated cells (Figure 6).

Discussion

CMSC29 was created and characterized in this laboratory (1).
Using a semi-quantitative scratch migration assay, CMSC29
cells migrated efficiently compared to primary CMSC in
the absence of stimuli (1). In this study, the migration of
CMSC29 cells was investigated with a well-established
real-time, quantitative functional assay. Two cytokines

(SDF-1a and HGF) and a pharmacological agent (VPA)

Stem Cell Investig 2019;6:3
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Figure 5 SDF-1a and CMSC29 cell migration in the presence of VPA. The effect of treating CMSC29 cells with VPA at different
concentrations (0—400 ng/mL) on their migration towards SDF-1a [40 ng/mL, indicated in the figure as (+)] or serum free medium [indicated

in the figure as (-)]. Results shown as mean cell index values + SEM after 8, 24 and 48 hours incubation (n=3), * indicate significance; P<0.05.

SDF-1a, stromal cell-derived factor-1a; VPA, valproic acid.
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Figure 6 VPA and CMSC29 cell migration. The effect of
treating CMSC29 cells with VPA at increasing concentrations (0-
2,500 ng/mL) on their migration towards serum free medium.
Results shown as mean cell index values + SEM at 8, 24 and 48 hours

incubation (n=3), * indicate significance; P<0.05. VPA, valproic acid.

were previously reported to stimulate MSC migration
and were therefore screened for their ability to stimulate
CMSC29 cell migration. Initial investigations showed that
CMSC29 cells responded to stimulation, as AmnioMAX "™
medium with added AmnioMAX™ growth supplements
significantly increased cell migration. Since the constituents
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of AmnioMAX™ complete medium (i.e., AmnioMAX™
medium with growth supplements containing undisclosed
quantity of FCS, AmnioMAX "™ Product Information sheet,
Publication number MANO0007317) significantly increased
CMSC29 migration, all stimulants subsequently tested in
the current study were prepared in serum free a-MEM
medium.

CMSC29 cells were confirmed to be migratory, and
capable of increasing their migration in response to a
stimulus. The next step was to investigate if CMSC29 cells
recapitulated the migratory behavior of primary CMSCs.
Numerous studies have shown that SDF-1a and HGF
stimulate MSC migration (4-8), including primary CMSC
migration (from which the CMSC29 cell line is derived) (10).
However, in this study, both SDF-1a and HGF failed to
induce CMSC29 cell migration. The chemotactic effect of
SDF-10 on CMSC29 was investigated further, by examining
the surface expression of its receptor, CXCR4, on the cells.
Flow cytometric analysis revealed that the expression of
CXCR4 on CMSC29 was very low. In a MSC migration
study, it was reported that, as a histone deacetylase
inhibitor, VPA increased the levels of CXCR4 in BMMSC,
which in turn increased their migration towards a SDF-1a
gradient (12). Indeed in this study, treating CMSC29 cells
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with VPA significantly increased their migration, but,
toward serum free medium, without the need for SDF-
la as a stimulus. This suggests the mechanism by which
VPA stimulates CMSC29 cell migration is not mediated
by the CXCR4-SDF-1a pathway. Another MSC migration
study suggested that VPA increased BMMSC migration
by increasing their release of trophic factors (16). Thus,
this alternate mechanism may explain how VPA stimulated
CMSC29 cell migration. However, further investigation is
required before the pathway of VPA action on CMSC29
cell migration is fully understood.

VPA has been used for decades as a mood stabilizer for
neuropsychiatric disorders. Many mechanisms of action have
been postulated for VPA to explain its varied clinical effects,
implying that VPA functions through multiple pathways.
Two reported neuropsychiatric actions of VPA have been
also implicated in cell migration studies, in addition
to histone deacetylase inhibition, which regulates the
transcription and expression of cellular factors (17). Another
action of VPA is blocking the voltage-gated sodium channel,
which is a cluster of cell membrane proteins that form a Na+
permeable pore (18). Blockage of the voltage-gated Na+
channel is also reported to be involved in the cell migration
process (19,20). Along with the multiple mechanisms of
action, another property of VPA that could contribute to its
strong induction of CMSC29 cell migration is that VPA is
taken up by cells via a non-receptor based mechanism (21,22).
About 60% of VPA uptake by cells occurs through a carrier-
mediated process with the remainder taken up by passive
diffusion (23,24). For example, for its neuropsychiatric
therapeutic effect, VPA is taken up through the blood-
brain barrier via a medium-chain fatty acid transporter (23).
Whereas, in a study employing trophoblast cells as a model
to study drug transfer from mother to fetus, VPA cellular
uptake was through a monocarboxylic acid transporter,
which is temperature dependent and enhanced under acidic
pH (25,26).

Despite our incomplete understanding of the precise
mechanism by which VPA is taken up and exerts its
neuropsychiatric effects, VPA is the drug of choice for
an expanding range of neuropsychiatric conditions.
Moreover, VPA is being considered for non-central nervous
system related diseases, due to its effectiveness and well-
established safety profile (27). Thus, the use of VPA could
also be further explored in cellular therapy with the goal of
enhancing MSC migration and engraftment. Since most
cells lose vital surface receptors when cultured in vitro
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(4,13-15), a non-receptor based pre-transplant technique
that employs VPA treatment of MSC may enhance their
clinical benefits. In addition to stimulating MSC migration,
pre-treating hematopoietic stem/progenitor cells with VPA
enhanced their long term (20 weeks) engraftment into the
bone marrow of immunodeficient mice (28). Moreover, it
was also reported that culturing amniotic fluid stem cells
in medium containing VPA, reprogrammed the cells to
become pluripotent, creating induced pluripotent stem cells
(iPSC). The pluripotent phenotype of VPA-treated cells
was stable over time, with no signs of tumorigenicity in vitro
or in vivo (29). Again, these data, along with the data
obtained in this study, suggest that treatment with VPA
could be a novel strategy to increase the migration potential
of CMSC29 cells, and other sub-types of MSCs, in future

stem cell-based therapies.
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