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Summary

Purpose: To investigate changes in cell proliferation and mi-
gration of human bone marrow-derived mesenchymal stro-
mal cells (hMSCs) in glioma environment, in order to assess
the tumorigenic risk of hMSCs in the clinical application to
treat human gliomas.

Methods: hMSCs were obtained from normal adult persons
and identified by their morphological characteristics and test
of their stemness. The U251 glioma cell-conditioned medium
(U251-CM) was obtained to simulate the human glioma en-
vironment in vitro. hMSCs were cultured in the U251-CM or
the control medium in the same conditionzs and changes in
cell proliferation and migration were detected by MTT assay
and wound healing assay.

Introduction

The potential of mesenchymal stromal cells
(MSCs) for targeted gene delivery in the context
of cancer is an exciting area of research that has
gained considerable momentum in recent years,
with studies reporting engineered MSCs specifi-
cally targeting multiple tumor types [1-5]. Nev-
ertheless, research about the influence of tumor
cells on MSCs is still not in the focus. When being
applied as delivery vector MSCs would leave the
original living place and enter into the targeted
tumor environment, it is hardly known what kind
of changes would happen to MSCs under the in-
fluence of tumor cells.

Results: The results of MTT assay showed that, compared
with the control group, the proliferation of hMSCs cultured
in U251-CM increased significantly, and the results of
wound healing assay showed that the migration of hMSCs
cultured in U251-CM also increased significantly.
Conclusions: Human glioma cell-conditioned medium may
promote the proliferation and migration of hMSCs, and we
are concerned about the tumorigenic risk of hMSCs in glio-
ma environment before their clinical application.
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MSCs possess unique migratory properties
within the central nervous system (CNS) and good
tropism to glioma cells, and had been demon-
strated to be effective for delivering transgenes to
treat experimental gliomas [6-10]. More attention
has been paid to the potential of hMSCs for clin-
ical application to treat human gliomas, but less
to their bio-safety in glioma environment. In our
previous study we had found that the co-culture
of hMSCs with human glioma cells led to upreg-
ulated expression of some important oncogenes
in hMSCs, the overexpression of which has been
demonstrated to contribute to tumorigenesis [11].
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The milieu of growth factors and inflammatory
cytokines present within the glioma environment
are very different from that in the original living
place of hMSCs and we feel concerned about the
tumorigenic risk of hMSCs in glioma environ-
ment.

Here we investigated the changes in cell pro-
liferation and migration of hMSCs in glioma en-
vironment, in order to further assess the tumori-
genic risk of hMSCs in the clinical application to
treat human gliomas.

Methods

Isolation of hMSCs and cell culture

To isolate hMSCs, bone marrow aspirates were
taken from the iliac crest of normal adult donors af-
ter informed consent and under a protocol approved
by the Ethics Committee of the Affiliated Hospital
of Guangdong Medical University. Nucleated cells
were isolated by Ficoll-Paque (Pharmacia Biotech,
Uppsala, Sweden) density gradient, resuspended in
Dulbecco’s modified Eagle medium: Nutrient mix-
ture F-12 (DMEM-F12) (Gibco BRL, Gaithersburg,
MD, USA) plus 10% fetal bovine serum (FBS), and
incubated at 37°C with 5% CO,. After 24 hrs, non-
adherent cells were discarded, and adherent cells
were thoroughly washed twice with phosphate buf-
fer saline (PBS) and continued to be incubated with
the new medium. Following this, the medium was
changed every 3 days and cells were passaged once
a week.

Human glioma U251 cells were purchased from
China Center for Type Culture Collection (Shang-
hai, People’s Republic of China) and maintained in
DMEM-F12 plus 10% FBS at 37°C with 5% CO,,.

Determination of hMSCs’ stemmness

After 2-5 passages, the conversion of hMSCs into
neurosphere like structures was initiated. Specifically,
cells were dissociated with 0.25% trypsin/0.01%, eth-
ylene diamine tetraacetic acid (EDTA) and plated on
uncoated flasks at a concentration of 1x10° cells/cm?
in serum-free DMEM/F12 medium containing sup-
plements B27 and N2 (all purchased from Gibco BRL,
Gaithersburg, MD) plus 20 ng/mL of both epidermal
growth factor (EGF) and basic fibroblast growth factor
(bFGF), both purchased from Sigma (St. Louis, MO)
and incubated at 37°C with 5% CO,. The medium was
changed once a week and growth factors were added
twice a week. After 10-15 days, neurosphere like struc-
tures could be observed. Cells of neurosphere like
structures were fixed in 4% paraformaldehyde in PBS.
Immunocytochemistry was carried out using stan-
dard protocols. The antibodies used and their dilutions
were: nestin 1:500 and antirabbit IgG Cy3 conjugate

1:100, both purchased from Chemicon International,
Temecula CA, USA.

Preparation of U251 glioma cell-conditioned medium
(U251-CM)

U251 cells in exponential phase of growth were
dissociated with 0.25% trypsin/0.01% EDTA, planted
in 75 cm? culture flasks (Corning, Lowell, MA, USA) in
DMEM-F12 plus 10% FBS, and incubated at 37°C with
5% CO,. Confluent cultures were washed with serum
free DMEM/F12, and then 9 ml of fresh DMEM/F12
supplemented with 0.1% bovine serum albumin (BSA)
for each flask were added and incubated for 3 days. Af-
ter conditioning, the medium was aspirated from the
cells, centrifuged (1000 x g for 5 min), filtered through
0.22-pm-pore-diameter Millipore filters, and stored
frozen until required. The basal medium of the condi-
tioned medium, DMEM/F12 supplemented with 0.1%
BSA, was used as the control medium.

Measurement of cell proliferation (MTT assay)

To examine the difference of cell proliferation be-
tween MSCs cultured in the conditioned medium de-
rived from U251 (U251-CM) and those cultured in the
control medium, MTT assay was performed. An equal
number of hMSCs were seeded at a density of 5000/
well and cultured in either U251-CM or the control me-
dium in 96-well plate. Cells were incubated at 37°C with
5% CO, for 72 hrs, and the mediums were changed at
24% and 48" hr. To avoid losing cells in the medium in
each well, cells were changed by half each time. Then,
the cell number was counted with MTT assay. Brief-
ly, 3-(4,5-methylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT, from Sigma, St. Louis, MO) was added
(100 pg/well) to each well of the 96-well plate and in-
cubated in 37°C for 4 hrs. MTT medium was discarded
and 200 pl sterile DMSO (Sigma, St. Louis, MO) were
added to lyse cells (10 min, 37 °C, under shaking), and
the optical density (OD) was measured at a wavelength
of 490nm with microtiter plate reader (Model-550, Bio-
Rad, USA). Each experiment was independently per-
formed in triplicate.

Measurement of cell migration (wound healing assay)

Cell migration was measured by the wound heal-
ing assay. hMSCs were cultured in 6-well cell culture
plates (Corning, Lowell, MA, USA) until confluence and
then serum-starved for 24 hrs. A scratch wound was
created in the cell monolayer with a 10-pl pipette tip.
The cells were washed twice with PBS to remove the
floating cells, and 10 ml of either the U251-CM or the
control medium per well were added. The progress of
cell movement into the wound area was observed at
0 and 24 hrs, and the representative fields were pho-
tographed using a digital camera attached to a micro-
scope (Olympus Corporation, Tokyo, Japan). The per-
centage of wound closure was measured with OLYSIA

JBUON 2017; 22(3): 731



732

Glioma cells and bone marrow mesenchymal stromal cells

BioReport imaging software (Informer Technologies,
Inc., Madrid, Spain). Each experiment was independent-
ly performed in triplicate.

Results

Identification of hMSCs

The applied hMSCs were identified by their
morphological characteristics and test of their
stemness. hMSCs had a fusiform-like shape, ad-
hered to the surface of tissue culture flasks (Figure
1A) and could be converted into cells with charac-
teristics of neural stem cells (NSCs) in vitro, which
formed cell aggregates that were morphologically
similar to NSC-derived neurospheres (Figure 1B)
and highly expressed the neural stem cell marker
nestin (Figure 1C).

A B ¢

Figure 1. Characteristics of human bone marrow-de-
rived mesenchymal stromal cells (hMSCs) and hM-
SCs-derived neural stemlike cells. hMSCs have a fusi-
form like shape, adhere to the surface of tissue culture
flasks (A) and could be converted into cells with char-
acteristics of neural stem cells (NSCs) in vitro, which
formed cell aggregates that were morphologically sim-
ilar to NSC-derived neurospheres (B) and highly ex-
pressed the neural stem cell marker nestin (C). Scale
bar = 100 pm.
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Figure 2. Effect of U251 glioma cell-conditioned me-
dium (U251-CM) on hMSCs proliferation. The MTT as-
say shows that 72 hrs after seeding, the optical density
(OD) values of the hMSCs cultured in U251-CM were
significantly higher than those of the hMSCs cultured
in the control medium (n=06), p<0.05.
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Influence of U251-CM on hMSCs proliferation

An equal number of hMSCs were cultured in
U251-CM or the control medium. The result of
MTT assay (Figure 2) revealed that 72 hrs after
seeding, the OD values of the hMSCs cultured in
U251-CM were significantly higher than those of
the hMSCs cultured in the control medium (n=6,
p<0.05).

Influence of U251-CM on hMSCs migration

The effects of U251-CM on hMSCs motili-
ty activity were investigated using the wound
healing assay (Figure 3). At 24 hrs after scratch-
ing, the distances between the boundaries of the
wound region were measured and compared with
the initial distances (0 hr after scratching), which
were considered as 100%. The results confirmed
that the migration capacity of hMSCs cultured in
U251-CM was significantly higher at 24 hrs com-
pared with hMSCs cultured in the control medi-
um (n=0, p<0.05).

A B
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Figure 3. Effect of U251 glioma cell-conditioned me-
dium (U251-CM) on hMSCs migration. The wound
healing assay shows that at 24 hrs after scratching, the
distances between the boundaries of the wound region
were measured and compared with the initial distances
(O hr after scratching) (A). The initial distances were
considered as 100% and the distances at 24 hrs after
scratching were presented as percentages and shown
as meanzstandard deviation (n=6), p<0.05 (B). Scale bar
=100 pm.

Discussion

hMSCs represent an optimal cellular vector
for gene therapy to treat human gliomas. What
we concern about is the bio-safety of hMSCs in
relation with the tumorigenic risk in glioma en-
vironment. In our previous study we had found
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that some important oncogenes are significantly
upregulated (>3-fold) in hMSCs co-cultured with
U251 glioma cells, including KIT, CAPNS1, TK1,
MMP1, CCND1, CDC20, RELA, and STC1, which
are involved in cell growth/proliferation, cell in-
vasion/metastasis, cell cycle, and signal trans-
duction pathways [11]. In the present study we
used the conditioned medium from human U251
glioma cells (U251-CM) to simulate the glio-
ma environment in vitro, and cultured hMSCs in
U251-CM, and then investigated the changes in
proliferation and migration of hMSCs.

The results of MTT assay showed that, com-
pared with the control group, the proliferation of
hMSCs cultured in U251-CM improved signifi-
cantly. One of the most important characteristics
of malignant cells is their uncontrolled growth.
The KIT, CAPNS1 and TK1 genes were found to
be upregulated in hMSCs co-cultured with U251
cells [11]. The upregulation of all these genes was
demonstrated to be a positive factor in cell prolif-
eration and to contribute to carcinogenesis [12-
14].

The results of wound healing assay showed
that the migration of hMSCs cultured in U251-
CM also increased substantially. Invasive and
metastatic behavior is another important charac-
teristic feature of malignant cells. During tracing
glioma cells, hMSCs present good migration abil-
ity in the CNS [6,7]. This property, however, would
contribute to the malignancy of this cell popula-
tion once they reach uncontrolled growth ability,
which should be of concern. Matrix metallopro-
teinase 1 (MMP1) was found to be upregulated in
hMSCs co-cultured with U251 cells [11]. Matrix
metalloproteinases (MMPs) have long been asso-
ciated with cell invasion and metastasis and they
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