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Objective(s): In order to grow cells in a three-dimensional (3D) microenvironment, self-assembling
peptides, such as PuraMatrix, have emerged with potential to mimic the extracellular matrix. The aim
of the present study was to investigate the influence of the self-assembling peptide on the morphology,
survival, proliferation rate, migration potential, and differentiation of human meningioma stem-like
cells (hMgSCs).

Materials and Methods: The efficacy of a novel method for placing hMgSCs in PuraMatrix (the injection
approach) was compared to the encapsulation and surface plating methods. In addition, we designed a
new method for measurement of migration distance in 3D cultivation of hMgSCs in PuraMatrix.

Results: Our results revealed that hMgSCs have the ability to form spheres in stem cell culture
condition. These meningioma cells expressed GFAP, CD133, vimentin, and nestin. Using the injection
method, a higher proliferation rate of the hMgSCs was observed after seven days of culture. Furthermore, the
novel migration assay was able to measure the migration of a single cell alone in 3D environment.
Conclusion: The results indicate the injection method as an efficient technique for culturing hMgSCs in
PuraMatrix. Furthermore, the novel migration assay enables us to evaluate the migration of hMgSCs.
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The main objective of tissue engineering is to
provide a three-dimensional (3D) environment in order
to mimic the extracellular matrix, facilitate nutrients,
and exchange biochemical substances (1). Among
several biomaterials, self-assembly peptide nanofiber
scaffold (SAPNS) indicates a new promising biomaterial
with ideal properties, such as proper biocompatibility,
biodegradability, and safety (2, 3). A 3D scaffold is
typically created by SAPNS in the presence of
physiological fluids, which allows fibers to form stable
[-sheet structures with a diameter of about 10 nm and
pore diameter of 5 to 200 nm (3). BD™ PuraMatrix™
peptide hydrogel (PM), a member of SAPNS, is a 16
amino acid synthetic peptide (RADA16; AcN-
RADARADARADARADA-CONH?2), which is widely used
for 3D culture. PM mimics several properties of the

natural extracellular matrix in which cells can easily
proliferate, differentiate, and migrate (4, 5). Different
cells, such as osteoblast cells, cartilage cells, cancer cells,
human fetal neural progenitor cells, dental pulp stem
cells, human umbilical vein endothelial cells, adult mouse
neural stem cells (NSCs), and human fetal Schwann cells
have been studied by 3D cell culture using PM (6-14).

Meningioma, one of the most common intracranial
brain tumors, arises from arachnoid cells (14, 15). Recent
studies have focused on isolating and characterizing the
tumor stem-like cells from human meningioma (16, 17).
However, obtaining human meningioma stem like cells
(hMgSCs) and establishing an efficient method for
meningioma cell cultures are needed to be improved.
Development and establishment of a 3D in vitro model
may establish the cultivation of meningioma cells and
enhance cell proliferation and migration.

The encapsulation and surface plating methods

*Corresponding author: Ali Gorji. Epilepsy Research Center, University of Miinster, Robert-Koch-Strale 45, D-48149 Miinster, Germany. Tel: +49-2518355564;

Fax: +49-251 8355551; email: gorjial @uni-muenster.de


http://dx.doi.org/10.22038/ijbms.2016.7907
mailto:gorjial@uni-muenster.de

Sahab Negah et al IJ

MS

Stem-like cells in a nanopeptide scaffold

were used to create PM-3D culture systems. In a recent
study, we introduced a new method for placing adult
rat neural stem/progenitor cells into PM called as the
injection method. This novel method created a well 3D
culture and maintained the cell survival (18). In the
present study, we evaluated the morphology, cell
viability, proliferation, and differentiation of hMgSCs
cultivated with PM by the novel injection method and
compared that to the classic procedures. Furthermore,
we designed a new method to assess migration of the
single cells in the hMgSCs cultivated in PM. This novel
approach may be used as a disease modelling platform.

Study design

Firstly, human tumor stem-like cells were isolated
and cultured and their characteristics were assessed by
immunocytochemistry. To evaluate the viability and
proliferation, the cells obtained from 5% passage were
cultured in 2D culture (without any adhesive agent),
monolayer culture (using laminin) or 3D cultures using the
injection, surface plating, and encapsulation approaches
(using PM). To study the migration capacity, the cells was
cultivated in different concentrations of PM by the injection
method. Ethical approval was obtained from the Ethics
Committee of Shefa Neuroscience Research Center, Tehran,
[ran.

Isolation of brain tumor stem- like cells

The sample was collected during tumor resection
surgery from a 38-year-old woman (meningioma, right
occipital lobe) and transferred to the laboratory in a
microtube containing oxygenated cold phosphate buffer
saline (PBS). Tissue was mechanically dissociated using
scalpel and repeated pipetting and then enzymatically
dissociated with trypsin (0.05%, Gibco, Germany) for 5
min at 37 °C. Fetal bovine serum (FBS) was added as a
trypsin inhibitor. After centrifugation, the supernatant
was discarded and cells were transferred into T-25
untreated flask in DMEM/F12 medium (Gibco, Germany)
plus 1% N2 supplement (Gibco, Germany), 1% B27
supplement (Gibco, Germany), 1% glutamine (Gibco,
Germany), 20 ng/ml epidermal growth factor (Sigma,
Germany), 20 ng/ml basic fibroblast growth factor (Sigma,
Germany) as well as 1% penicillin/streptomycin solution
(Gibco, Germany) and maintained in a humid 37 °C
incubator with 5% COz in air. The cells were passaged every
5days.

Immunofluorescence assay

The spheres obtained from the second passage
were dissociated and cultured as monolayer in 96-well
treated plates in the presence of the above mentioned
medium for 10 days. For immunocytochemistry, the
culture medium was discarded and the cells were
rinsed with PBS and fixed with 4% paraformaldehyde.
Permeabilization was done by Triton X-100 solution
and normal horse serum was used as a blocker. Then
cells were incubated with CD133 (1:200, mouse
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polyclonal, Abcam), vimentin (1:250, mouse polyclonal,
Abcam), glial fibrillary acidic protein (GFAP; 1:250, mouse
polyclonal, Abcam) or nestin (1:500, mouse polyclonal,
Abcam) primary antibodies overnight. Subsequently,
secondary antibody (FITC goat anti-mouse; Molecular
Probes, Invitrogen) was used. Finally, cells were counter -
stained with DAPI (1:1000, Santa Cruz) to detect cell nuclei.
Negative controls were incubated only with secondary
antibodies.

Monolayer culture of the cells using laminin

According to the manual instruction, laminin
(Sigma, Germany) was prepared. Briefly, laminin was
diluted at 10 pg/ml with PBS and added (75 ml) to 96-
well untreated plates, before incubated at 37 °C for 1-2
hr. Next, the plates were washed 3 times with sterile
PBS and finally the cells (3x10* cells/well) were
cultured.

3D cultures

In the injection and surface plating methods, 50 pl of
0.15% PM (BD Bioscience, Germany) solution were
added to 96-well untreated plates. To adjust the pH of
PM, 150 pl of DMEM/F12 was added and then changed
for 3 times per hour at 37 °C. After that, cells (3x10*
cells/well) were injected into PM or placing in the
surface of it (5). In the encapsulation method, 25 ul of
PM was mixed with 25 pl of DMEM/F12 containing
3x104 cells and cultured in 96-well untreated plates.

Proliferation assay

To determine the proliferation rate of brain tumor
stem-like cells in PM, the cells were cultured for 7 days
by different methods (3 samples for each group) before
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphe -
nyl)-2-(4-sulfophenyl)-2H-tetrazolium; MTS) assay (Cell
-Titer 96® AQueous One Solution, Promega) was
performed. 80-pl-culture medium was discarded and
added 20-pl-MTS solution for 3 hr in 37 °C. Afterward,
absorbance was measured by an ELISA microplate
reader at 490 nm.

Cell viability assay

Viability of cells was analyzed by LIVE/DEAD
Viability/Cytotoxicity kit (Molecular Probe) at days 3
and 7 after culturing. In this two-color fluorescence cell
viability assay, calcein AM and ethidium homodimer
(EthD-1) are optimal dyes. According to the manual
instruction, stain solution was prepared by 2 pm of
calcein AM and 4 pum of EthD-1 in PBS. The culture
medium was discarded, and 100 pl of the stain solution
was added for 30 min in 37 °C. Finally, the stain solution
was removed and the cells washed with PBS.

Data were analyzed by Image | software and the
percentage of live cells was calculated according to the
following formula:

fluorescent density of live cells

Percentage of live cells = X 100
8 fluorescent density of live cells+fluorescent density of dead cells
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Figure 1. Cell migration assay in 3D culture

The bottom of the plate was divided into two parts (A)

The injection points were specified by a marker (B and C)
Then Hamilton syringe was fixed on a static base (D)

All injections were done on the specified point at the same time (E and F)

Migration assay

To evaluate cell migration, we designed a new
method in 3D culture using the injection method. The
new migration method is a high throughput testing and
can be automated. Each well of 96-well untreated plates
was divided into two equal parts by drawing a line on

Day 1 Day 3

Figure 2. Phase-contrast images of hMgSCs are shown at 1, 3 and 6 days after cultivation. Measurement of hMgSCs migration distance after

the bottom of the plate (Figure 1A). To detect injection
site, a point was marked in the middle of each well
(Figure 1B, C). To improve the accuracy of the method,
Hamilton syringe was fixed on a static base (Figure 1D)
and therefore all injections were done on the same
specified point and at the same time point (Figure 1E,
F). Briefly, 50 pl of 0.15%, 0.3%, 0.5% and 1% PM was
injected into the well. Subsequently, scaffold was
created by adding 100 pl of medium to the PM and its
pH was adjusted by changing the medium every 1 hr for
3 hr. 2x103 cells/well, injected in one side of the scaffold
by a 26 gage Hamilton syringe with the rate of 0.5
ul/min. We also used laminin as a 2D control so that
2x103 cells/well were injected into one side of a 96-
well plate treated by laminin.

Images were taken at predetermined time points
(days 1, 2, 3, 6, 7 and 9 after cell injection) and analyzed
by infinity software. To calculate the average daily
distance was traveled by the cells, the following method
was used (Figure 2 and 3):

i) If the cells did not reach the red line, migration
distance in a defined day=the mean distances of three
pioneer cells to the red line at the defined day + the
mean distances of three pioneer cells to the red line at
the first day.

ii) If the cells crossed the red line, migration distance in
a defined day=the mean distances of three pioneer cells
to the red line at the defined day + the mean distances
of three pioneer cells to the red line at the first day.

Statistical analysis

Data are presented as mean * standard deviation
(SD) of the mean. To determine the significance, one-
way analysis of variance (ANOVA) was used. P<0.05
was considered statistically significant.

Day 6

injection into PuraMatrix is shown. Migration distance at day 3=[(al+a2+a3)/3]-[(b1+b2+b3)/3]. Migration distance at day 6=[(al+a2+a3)/3]+

[(c1+c2+c3)/3]

72h

Figure 3. Phase-contrast images of hMgSCs are shown at 3, 48 and 72 hr after injection in PM. A single cell was marked by yellow circles. Migration

was obviously seen at predetermined time
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Figure 4. Histopathology of specimen resected during surgery. H&E staining shows cells of tumor, composed of spindle cells arranging in whorl
patterns (A). H&E staining shows ovaloid and spindle cells of tumor with plentiful cytoplasm and psammomatous calcification (B)

Histopathology of meningioma

Gross examination of meningioma showed that the
specimen consists of multiple irregular tan brown soft
tissue pieces measuring 7x5x2 cm in aggregate.
Histopathological results revealed a benign-appearing
meningeal origin neoplasia composed of ovaloid and
spindle cells with whirling growth and rare
psammomatous calcification (meningioma, transitional
variant, WHO grade [; Figure 4).

Spheres culture of meningiomas cells

Using combined mechanical and enzymatic methods,
meningioma tissue was dissociated into single cells. Cells
were cultured under neurosphere culture conditions. To
determine self-renewal and proliferation capacity, the tumor
stem-like cells were passaged for 5 times (each time as they
reached a confluence of -70%). Results showed that single
cells produced round and smooth spheres after 5 days and
these spheres could be passaged for 5 times after each
passage, indicating that meningioma cells in spheres were
capable of self-renewal (Figure 5).

Characterization of the cells Using immunofluore-
scence assay

Immunofluorescence analysis was used to
investigate the expression of stem cell markers in the
meningioma cells. The majority of the meningioma cells
expressed vimentin, the first marker to be expressed
during cell differentiation. In addition, the expression of
GFAP as well as nestin was detected in the majority of
these cells whereas CD133 was partly expressed
(Figure 6).

Proliferation assay

To evaluate the proliferative capacity of the
meningioma cells cultured by different methods, MTS
test was performed. The proliferation rate in the
injection group was significantly higher than that in the
surface plating group at day 7 (P<0.05, Figure 4).
However, there were no differences in cell proliferation
features of meningioma cells between 2D, laminin, and
the encapsulation methods (Figure 7).
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Figure 5. Photomicrographs of hMgSCs at early passage. Note sphere
formation and self-renewal capacity of hMgSCs. Neurospheres were
formed after 5 days of primary culture (A). Adherent monolayer cells
and a neurosphere at day 5 after the first passage (B)

Cell viability

The percentage of live cells in each group at day 3 is
presented in Figure 8. The results showed that the
percentage of survival cells in the encapsulation group
(76.5£6.1%) was not different from other groups after 3
days (P=0.4). At day 7, the percentage of live cells in the
laminin group (89.3+2%) was similar to the other
groups (P=0.12, Figure 9).

Migration assay

The migration capacity of the meningioma cells was
investigated in different concentrations of PM as well as
in laminin in days 2, 3, 6, 7 and 9 of cell culture. The
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Vimentin

Figure 6. Characterization of human meningioma stem-like cells immunostaining of vimentin, GFAP, nestin, and CD133. Nuclei were

counterstained with DAPI. The merged images are shown in the right column
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Figure 7. MTS cell proliferation assays of human meningioma stem-
like cells after 7 days of culture. Cells were injected in PuraMatrix.
*P<0.05 between the surface plating and injection groups

migration distance of meningioma cells cultured on
laminin was higher compared to different PM
concentration at different time points. In contrary, the
lowest distance of cell traveling was observed in cell
culture with 1% PM (Figure 10).

At day 2, cells in the laminin group traveled a longer
distance compared to the cells in 1% PM group (P<0.05).
Among different 3D groups, the migration distance in
0.3% PM was significantly higher than that in 1% PM in
the second day (P<0.05). At day 3, the cells cultured on
laminin migrated a longer distance compared to the cells
cultivated in 1% PM (P<0.01). Moreover, the migration
distance of the cells in 0.15% and 0.3% PM was
significantly longer than that in 1% PM (P<0.01 and P<
0.05, respectively). At day 6, the traveled distance in the

Iran J Basic Med Sci, Vol. 19, No. 12, Dec 2016
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Figure 8. Live/Dead fluorescence image of human meningioma stem-
like cells injected in PM after 3 days of culture. Red fluorescent nuclei
indicate dead cells and live cells exhibit green fluorescent. Quantification
of the staining by manual counting of living and dead cells of 2D, laminin,
and 3D cultures are shown. There was no difference among the groups

in terms of cell viability after 3 days of culture

laminin group was higher than that in 0.5% and 1% PM
groups (P<0.01 and P<0.05, respectively). Moreover, the
migration distance of cells in 0.15%, 0.3%, and 0.5% PM
was significantly higher than that in 1% PM (P<0.05).

At days 7, the cells in the laminin group traveled a
longer distance compared to cells in 0.5% and 1% PM
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Figure 9. Live/Dead assay of human meningioma stem-like cells injected in PuraMatrix after 7 days of culture. The cell viability didn’t differ among the

groups atday 7
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Figure 10. Migration capacity of human meningioma stem-like cells
(hMgSCs) injected as a single cells within PuraMatrix (PM) at different
periods after cell culture. Data indicated different migration capacity in
laminin as well as different concentrations of PM (0.15%, 0.3%, 0.5%,
and 1%). *, **, and *** indicate P<0.05, P<0.01, and P<0.001, respectively

groups (P<0.001 and P<0.01, respectively). This index in
0.5% (P<0.001), 0.3%, and 0.15% (P<0.01) PM was
significantly higher than that in 1% PM group. At day 9,
the cells cultivated on laminin traveled a longer distance
compared to cells in 1% PM (P<0.001), 0.5% (P<0.01),
0.3%, and 0.15% PM groups (P<0.05). In addition, the
migration distance in 0.15%, 0.3% and 0.5% PM was
significantly higher than that in 1% PM (P<0.001).

In this study, we isolated and cultured tumor stem-
like cells from human meningioma tissue. Our results
showed that neurospheres could be derived from
meningioma tissue under neurosphere culture conditions
and expressed NSCs, tumor stem cells, and astrocyte
markers. 3D culture of these cells with PM by different
methods showed that the viability of cells was lower in
the encapsulation group compared to the other methods
at day 3. The proliferation of the meningioma cells in the
injection method was significantly higher than other
approaches. In addition, we designed a new method to
evaluate migration distance of tumor stem-like cells in a
3D culture using different concentrations of PM. The
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results indicated that the migration distance of the cells
was affected by the concentration of PM.

In the present study, meningioma sphere cells were
isolated and cultivated from human meningioma tissue.
Meningioma tissue contains a lot of interstitial matrixes/
fibers; makes it hard to digestion (16). Long digestion by
using enzyme and/or mechanical methods leads to cell
death and reduces the number of living cells. As the
majorities of meningioma cells are benign and cannot
easily spread, one of the main problems in meningioma
tissue culture is low cell growth. A defined system for the
cultivation of meningioma cells has not been introduced.
Tang et al established a digestion method that consisted
of three enzyme cocktail recipes (collagenase/dispase/
DNase) and a four-step digestion method (16). In our
study, we used 0.05% trypsin for enzymatic digestion
followed by mechanical intervention (repeated pipetting).
Using this inexpensive and comfortable method, we
obtained a large number of single cells. According to
previous studies, the proliferation rate of meningioma
cells in monolayer culture was less than that in sphere
culture (16, 19). To enhance cell growth, we cultured
meningioma cells under suspended spheres status. Our
neurosphere medium contained B27 supplement, N2
supplement, bFGF, and EGF. Previous investigations used
conditional NSCs medium containing progesterone and
androstenedione at hypoxic condition for culture of
meningioma cells (16, 20). In our cultivation methods,
cells are not manipulated with hormones and oxygen
deprivation.

Using immunostaining, we assessed the expression of
tumor and NSCs markers in the spheres derived from
human meningioma tissue cultured in neurosphere
medium. Our results revealed that nestin and vimentin
expressed in stem-like cells derived from human
meningioma cells. Intermediate filament bundles are
formed by gathering of nestin and vimentin in neuro-
epithelial cells during neural embryogenesis (21). Nestin
is detected in most of the gliomas and glioblastomas (22).
In contrary to our findings, using a different isolation and
cultivation methods, a lack of immunoreactivity for
nestin was reported in meningioma sphere cells (16).
GFAP, a structural protein which is the predominant
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component of glial intermediate filaments, is accepted as
a reliable marker for normal mature and developing, and
reactive and neoplastic astrocytes (23). A few cases of
meningioma with triple expression of GFAP, vimentin
and cytokeratin have been reported previously (24, 25).
It has been revealed that the cells in the original and
recurrent meningioma tumors were positive for
vimentin and GFAP (26). In keeping with our results, it
has been also reported that GFAP is expressed in most of
astrocytoma and glioma tumors (27). Our study
indicated the expression of CD133 in some hMgSCs.
Immunofluorescence studies suggested that the
expression of CD133 in human glioma and NSCs are
positively correlated with higher proliferation capacity of
meningioma cells (16, 17, 28).

In the present study, PM as a self-assembling peptide
was used for creating a supporting scaffold for hMgSCs.
PM is a nontoxic, biodegradable, and biocompatible
hydrogel, which was used to induce neuritis outgrowth
and synapse formation in pheochromocytoma 12 cells
(29). It has been reported that proliferation of NSCs and
migration of hippocampal neural cells were amplified by
cultivation in PM (5, 30). Cultivation in PM has also been
used to enhance osteoblast proliferation and migration
(6). These data are in line with our results indicating that
PM could change the tumor microenvironments and
amplify the cell proliferation. However, it should be
noted that cultivation in RADA16-I has been reported to
inhibit the growth of human leukemia cells in vitro and
invivo (31).

Recently, we have found a significant increase in cell
viability and proliferation after injection and surface
plating of cultivation of neural stem/progenitor cells in
PM compared to the encapsulation method (18). In the
present study, although there was no difference in
survival of hMgSCs among different methods of cell
cultivation in PM, the proliferation rate was markedly
improved using the injection method. Mechanical factors
and pH have significant impacts on regulating stem cell
proliferation (32). It seems that the injection method,
especially at low concentration of PM, provides a better
environment for cell proliferation compared to the
surface plating and encapsulation approaches. The
injection method has been suggested to provide a
scaffold with proper pH and creates a well 3D
environment, possibly by facilitation of fresh medium
turn-over and adjusting pH to the physiological level
(18).

To date, several approaches were used to evaluate
the cell migration. In one of the previous methods, cell
migration assays were determined by using trans-well
migration chambers with membranes (pore size of 8
pm), which is a modified Boyden chamber (33). In this
method, cells were seeded in the upper chamber of a
trans-well, and allowed to migrate on the lower side of
the inserts. After predetermined times, the migrating
cells were stained, and then optical density or cell count
were performed (33-36). One of the main disadvantages

Iran J Basic Med Sci, Vol. 19, No. 12, Dec 2016

of this method is inability to measure the distance of cell
migration. Another method was designed to evaluate the
migration and development of fetal human neural stem
cells cell in PM (10). It has been shown that PM (0.25%)
had low toxicity and preserved several crucial properties
of human fetal neural stem cells, such as migration and
neuronal differentiation (10). This method measures the
migration distance of the cell that traveled from the edge
of each control sphere and sphere embedded in PM.
However, this approach is not able to measure the
migration of a single cell alone. To evaluate migration
capacity of hMgSCs and in order to overcome most of
these problems, we designed a method in 3D culture
using injection method. We injected single cells in one
side of PM at different concentrations and assessed
single cell migration. Our results indicated that the
migration of hMgSCs seems to be dependent on the
scaffold concentration, so that the higher migration rates
are obtained with lower PM concentrations with the
optimal concentration of 0.3%. In this method, migration
distance of a single cell could be evaluated.

Preparing a 3D culture with PM, especially using the
injection method, provides an outstanding condition for
evaluation of hMgSCs behavior. In addition, by using the
injection method and migration assay, an appropriate
approach is available to use in the investigations
targeting cell migration.
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