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In regenerative medicine, MSCs need to be pluripotent for better results. In this study, the effect of ﬁbrin
scaffold on expression of stemness genes was examined. Adipose-derived MSCs were cultured in tissue culture
plates (2D) and 3-dimensional (3D) ﬁbrin scaffolds. The effect of ﬁbrin scaffold on proliferation of adiposederived MSCs was evaluated by MTT assay. The expression of stemness genes (OCT4 and SOX2) were
evaluated by qRT-PCR, and ﬂow cytometry was done for Nanog protein level. Cultured MSCs on ﬁbrin
scaffold were able to proliferate according to data obtained by MTT assay. Expression of OCT4 and SOX2 had
a signiﬁcant increase in cells were cultured in 3D condition compared to 2D condition (P \ 0.05). Also,
increased expression of Nanog protein in 3D culture was observed (P \ 0.05). OCT4 and SOX2 in 3D
condition increased two-fold and three-fold respectively in 2D and 3D conditions. Moreover, expression of
Nanog increased 30% more than in 2D condition. Evaluation of important pluripotency regulators such as
OCT4, SOX2, and Nanog showed that ﬁbrin scaffolds are useful instruments to maintain stemness of MSCs,
which is essential in ﬁeld of stem cell therapy and regenerative medicine.
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1. Introduction
Mesenchymal stem cells (MSCs) are pluripotent cells
which are characterized by surface markers and
ﬁbroblast-like morphology and their potential to differentiate into osteoblasts, chondrocytes, and adipocytes (Ka et al. 2014). These cells are able to
differentiate or trans-differentiate to multi-lineage cells
http://www.ias.ac.in/jbiosci

(Wang et al. 2014). So, MSCs are one of the most
common cells used in tissue engineering and cell
therapies (Robert 2014). Clinical trials and animal
studies have shown that infusion of mesenchymal stem
cells has no serious side effects (Ra et al. 2011; Robert
2014). Also, MSCs possess immunomodulatory effects
(Ma et al. 2014). Some studies showed that
immunomodulatory effects of MSCs can decrease graft
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versus host disease (GVHD) in transplanted patients(Ma et al. 2014; Wang et al. 2014).
At ﬁrst, MSCs were found in bone marrow (BM).
BM has been the main source of MSCs from the last
years. Now, MSCs can be isolated from different tissues such as adipose tissue, buccal fat pad, umbilical
cord, umbilical cord blood, peripheral blood, etc. (Ra
et al. 2011; Strioga et al. 2012). In recent years, adipose-derived MSCs have been alternative source for
isolation of MSCs (Ra et al. 2011). Although BM and
adipose-derived MSCs have similarities, they also have
some differences. Adipose-derived stem cells are more
useful than BM-derived stem cells because of high cell
count, and accessibility (Al-Nbaheen et al. 2013; Strioga et al. 2012).
For use of MSCs in clinical practice, we should
investigate novel methods to expand MSCs while their
property of stemness is preserved. Fibrin is a natural
scaffold that could induce proliferation of ﬁbroblasts and
endothelial cells and lead to migrate stem cells in injury
sites (Gamboa-Martı́nez et al. 2015). So, we hypothesized that ﬁbrin scaffold could maintain pluripotency of
adipose-derived MSCs in in vitro culture.
2. Materials and methods
2.1 MSCs isolation from human adipose tissue
Adipose tissue of abdomen was obtained from donors
undergoing liposuction. Harvested tissues were placed
immediately in phosphate-buffered saline (PBS) (Invitrogen) containing 1% penicillin/streptomycin (Invitrogen). Adipose-derived MSCs were isolated by
collagenase digestion method (collagenase type I,
Invitrogen). Then, the cells were re-suspended in
Dulbecco’s Modiﬁed Eagle’s Medium (DMEM, BioIdea, Iran) supplemented with 10% Fetal Bovine
Serum (FBS) (Invitrogen) and 1% penicillin/streptomycin (Invitrogen) and incubated at 37°C.
2.2 Characterization of adipose-derived
mesenchymal stem cells
To characterize adipose-derived MSCs, cells at passage 3
were analyzed for cell surface markers by ﬂow cytometry
(ATTUNEÒ Flow cytometer (Applied Biosystems)
includes CD34, CD45, CD73, CD105, CD166 marker
(Abcam). Also, to determine differentiation ability of
isolated MSCs, mediums were used for differentiation of
MSCs to adipocytes (High Glucose-DMEM

supplemented with 10% FBS, 100 nM Dexamethasone
(Sigma), 0.1 mM Indomethacin (Sigma), and 0.5 mM
3-Isobutyl-1-methylxanthin (IBMX; Sigma)) and
osteoblast (High Glucose DMEM containing 10% FBS,
100 nM Dexamethasone, 10 nM Sodium betaglycerophosphate, and 0.05 mM L-Ascorbic acid 2-phosphate (Sigma)). Finally, cells were stained by Alizarin
red and Oil-red O to investigate differentiation ability to
osteoblasts and adipocytes, respectively.
2.3 Preparation of ﬁbrin scaffolds
Fibrin scaffolds were made from ﬁbrinogen solutions
(EMD Millipore) by the enzymatic activity of thrombin
(Calbiochem-Millipore) in according to Kolehmainen
instructions in protocol in 96-well plates (Kolehmainen
and Willerth 2012).
2.4 Determining the properties of ﬁbrin scaffolds
by scanning electron microscopy
Fibrin scaffolds were ﬁxed in 2.5% glutaraldehyde
(Sigma)(with and without cells). Fixed scaffolds were
covered with a thin gold layer. Then, scaffolds and cell
morphology were seen and determined by scanning
electron microscopy (SEM, Philips XL 30).
2.5 Evaluation of proliferation and viability
by MTT assay and DAPI staining
MTT assay was performed to determine the number of
viable cells cultured on tissue culture plate (2D) and
ﬁbrin scaffolds (3D). Cell proliferation was measured
in different days (days 1, 3, 5, 7). MTT assay was done
using cell growth determination kit (Sigma) in accordance to the manufacturer’s protocol. For staining with
DAPI, cultured cells were washed by PBS and then
ﬁxed by 4% Para Formaldehyde (Sigma). The cells
were permeabilized by 0.1% Triton-X-100 (Merck
Millipore, Germany) for 10 min. After that, cells were
stained with 5 lg/ml DAPI (Sigma) for 5 min. Finally,
stained cells were observed by ﬂuorescent microscopy
(Nikon TE-2000).
2.6 Quantitative gene expression of stemness
genes
Total RNA of each samples was extracted by Trizol
(Invitrogen). Then, cDNA synthesis was performed
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with cDNA Synthesis Kit (Takara). Then, synthesised
cDNAs were ampliﬁed by Real Q Plus 2x Master Mix
Green (Ampliqon). Cycle threshold (CT) values were
detected with Real-Time PCR system (Applied
Biosystems). b-actin was considered as housekeeping
gene. The primers used in this study were: SOX2
(forward 50 -GGACTGAGAGAAAGAAGAGGA-30 ,
reverse
50 -GAAAATCAGGCGAAGAATAAT-30 ),
OCT4 (forward 50 - CGCCGTATGAGTTCTGTG-30 ,
reverse 50 -GGTGATCCTCTTCTGCTTC-30 ), b-actin
(forward 50 - GTCCTCTCCCAAGTCCACAC-30 ,
reverse 50 -GGGAGACCAAAAGCCTTCAT-30 ).
2.7 Determining the level of Nanog protein
by ﬂow cytometry
Cells were ﬁxed by 4% Para Formaldehyde (SigmaAldrich) for 10 min, and then permeabilized with 0.4%
Triton X-100 for 30 minutes, and then incubated with
anti-Nanog antibody (Sigma-Aldrich), consecutively
with phycoerythrin (PE)-conjugated anti-Mouse secondary antibody (Dako). Flow cytometry was performed by ATTUNEÒ Flow cytometer (Applied
Biosystems).
2.8 Statistical analysis
All measurements were performed in triplicate. Oneway ANOVA and Student’s t-test were used for data
analysis with SPSS statistical software.
3. Results
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were biocompatible, and cells seeded on ﬁbrin scaffolds have proliferation ability (ﬁgure 2).
3.3 Characterization of mesenchymal stem cells
by ﬂow cytometry
Isolated cells from adipose tissue were evaluated by
ﬂow cytometry (ﬁgure 3). CD markers selected to
characterize cells; three of them as positive markers
(CD 73, CD 166, and CD 105), and two of them (CD
45 and CD 34) as negative markers. CD 166, CD 105,
and CD 73 markers had high expression (more than
95%). The expression of CD 34 and CD 45 was lower
than 1%. Moreover, cell viability validated by microscopic images at day of 1, 3 and 5 (ﬁgure 4).
3.4 Adhesion of MSCs to ﬁbrin scaffolds by DAPI
staining
To investigate the adhesion of cultured cells to ﬁbrin
scaffolds, cells were stained by DAPI staining.
Figure 5 shows that MSCs were able to adhere to ﬁbrin
scaffolds and also their dispersion was uniform.
3.5 Differentiation capability of mesenchymal
stem cells in 2D and 3D culture
To evaluate the effect of ﬁbrin scaffolds on adipogenic
and osteogenic differentiation of cultured cells, the
cells were stained by Oil Red O and Alizarain Red S,
respectively. Microscopic images showed more differentiation ability in 3D cultured cells compared to 2D
condition. (ﬁgures 6 and 7).

3.1 Ultrastructural microscopy of ﬁbrin scaffolds
SEM microscopy data exhibited nanometric scaffold
fabrication and adequate cell adhesion ability.
Ultrastructure image of ﬁbrin scaffold was also shown
(ﬁgure 1).
3.2 Biocompatibility of ﬁbrin scaffolds by MTT
assay
The effect of the ﬁbrin scaffold on the proliferation of
adipose-derived MSCs were evaluated by MTT
assay. The results showed that fabricated scaffolds

3.6 gene expression analysis of pluripotency genes
using qRT- PCR
qRT-PCR results showed signiﬁcantly increase in the
gene expression levels of OCT4 and SOX2, which are
involved in stem cell maintenance in 3D. Mesenchymal
stem cell at ﬁrst passage was used as positive control. The
quantitative analysis of OCT4 gene demonstrated that the
expression of this gene in cells cultured in 3D was
1.9-fold more than 2D (P \ 0.05). Also, the expression
of SOX2 gene in cells cultured in 3D condition was
2.8-fold more than 2D condition (P \ 0.05) (ﬁgure 8).
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Figure 1. Scanning electron microscope images of ﬁbrin scaffold: (A) without cells, and (B) and with cells.
(C) Ultrastructure image of ﬁbrin scaffold.

Figure 2. Multi lineage differentiation ability. (A) Adipogenesis and (B) osteogenesis ability of mesenchymal stem cells in
2D condition and (C) adipogenesis and (D) osteogenesis in 3D condition (ﬁbrin scaffolds).
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Figure 3. The histograms showed ﬂow cytometry results of isolated mesenchymal stem cells. The results showed that the
cells were CD166-, CD105-, CD73-positive and CD34-, CD45-negative.

Figure 4. Cell viability. Microscopic images of mesenchymal stem cells at (A) 1st day, (B) 3rd day and (C) 5th day.

Figure 5. DAPI staining. Images showed MSCs adhered to ﬁbrin scaffold.

3.7 Expression of Nanog protein by ﬂow cytometry

4. Discussion

The expression level of Nanog protein measured by
ﬂow cytometry showed 61% versus 92% Nanog-positive cells in 2D versus 3D (ﬁgure 9). These results
demonstrated that ﬁbrin scaffolds can keep the stemness of MSCs compared to 2D condition.

In recent years, because of high rate of plastic surgery
all around the world, adipose tissues become most
common stem cell source for cell therapies and
regenerative medicine (Yan et al. 2014). Adiposederived MSCs which are isolated from different sites of
body can be used in a wide range of disorders (De
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Figure 6. Proliferation capability of MSCs: (A) in 2D, and (B) 3D condition (ﬁbrin scaffolds) after 3 days.

Figure 7. The increase in viable cells seeded the ﬁbrin
scaffolds (3D environment) at days of 1, 3, 5.

Figure 8. The relative expression of OCT4 and SOX2
genes in 2D and 3D condition (ﬁbrin scaffolds) and
Mesenchymal stem cell passage of 1(MSC P1) (pvalue \ 0.05).

Francesco et al. 2015). It is important to obtain sufﬁcient amount of cells with high purity for regenerative
medicine, and so, MCSs should be expanded in vitro
(Mosna and Sensebe 2010). Also, stemness maintenance of MSCs is very critical step during expansion
(Semenov et al. 2010). So, cell culture and condition
should be optimized.
Fibrin is one of the most common and useful proteins
in tissue engineering (Gamboa-Martı́nez et al. 2015),

previous studies showed that the stiffness of scaffolds
affect the maintenance of stemness, which is so
important (Lü et al. 2014). The concentration of ﬁbrinogen is one of the factors can modulate the ﬁbrin
scaffold stiffness (Willerth et al. 2006). Bensaı̈d et al.
reported that 18 mg/ml concentration of ﬁbrinogen is
optimal for producing ﬁbrin scaffolds to culture human
bone marrow MSCs, but the ﬁnal concentration of
ﬁbrinogen applied in ﬁbrin scaffolds in the current
study was 10 mg/ml. Bensaı̈d et al. addressed only cell
proliferation, but not stemness property (Bensaı̈d et al.
2003). In this study, proliferation, differentiation, and
stemness of cultured cells on ﬁbrin scaffolds were
evaluated. The results showed that adipose- derived
MSCs on ﬁbrin scaffold have more proliferation ability
compared to 2D condition, which were analyzed by
qRT-PCR and ﬂow-cytometry.
Jianshu Wei et al. showed that 3D environment can
promote the stemness maintenance of mouse embryonic stem cells. Also, they reported that changes in
gene expression proﬁle were mainly related to alteration in geometry, and the differences in matrix scaffolds were not very important (Wei et al. 2014). Sufang
Han et al. reported that rat bone marrow MSCs cultured on 3D collagen scaffold signiﬁcantly sustained
higher expression levels of self-renewal markers.
Moreover, 3D collagen scaffold increased osteogenic
and adipogenic differentiation of MSCs (Han et al.
2012). These observations are compatible with the
current study. In our study, stemness maintenance in
cells on 3D condition was higher than in 2D condition.
The results showed that the expression of genes related
to stemness like OCT4 and SOX2 in 3D increased twofold and three-fold respectively compared to 2D condition. Moreover, expression of Nanog increased 30%
more than in 2D condition, which showed the role of
scaffolds can be highlighted in maintenance of
stemness.
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Figure 9. The histograms showed that Nanog protein expression in cultured cells in 2D (left) and in 3D (right). The
expression level of Nanog protein measured by ﬂow cytometry showed 61% versus 92% Nanog-positive cells in 2D versus
3D.

Altogether, evaluation of important pluripotency
regulators such as OCT4, SOX2, and Nanog showed
that ﬁbrin scaffolds are useful instruments to maintain
stemness of MSCs which is essential in the ﬁeld of
stem cell therapy and regenerative medicine.

Invitrogen). Then, the cells were re-suspended in Dulbecco’s
Modiﬁed Eagle’s Medium (DMEM, Bio-Idea, Iran) supplemented with 10% Fetal Bovine Serum (FBS) (Invitrogen) and
1% penicillin/streptomycin (Invitrogen) and incubated at 37°C.
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