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Abstract
Introduction: Identification and purification of mesenchymal stem cells
(MSCs) expanded in culture for therapeutic use is crucial for improved yield
and optimal results. Fibroblasts are the most common cell type in connective
tissue and are commonly found as contaminants of MSC cultures, affecting
cell yield and potentially causing tumour formation after cell transplantation. In the current study, we wished to identify cell surface markers that can
differentiate MSCs of different origins from fibroblasts.
Material and methods: Mesenchymal stem cells were isolated from bone
marrow, adipose tissue, Wharton’s jelly, and placental tissue, and fibroblasts
were isolated from foreskin (as a negative control) in order to examine the
differences in the expression of a panel of 14 different cell surface markers
using multiplex flow cytometry.
Results: Our results indicate that the following markers could be useful in
differentiating between fibroblasts and MSCs derived from the following:
adipose tissue – CD79a, CD105, CD106, CD146, and CD271; Wharton’s jelly
– CD14, CD56, and CD105; bone marrow – CD105, CD106, and CD146; and
placental tissue – CD14, CD105, and CD146. Furthermore, we found that,
contradictory to previous studies, CD26 is not fibroblast specific.
Conclusions: The results of our study indicate that cell surface markers may
prove to be a useful tool in the discrimination between MSCs of different
origins and fibroblasts, and thus may be used to authenticate the identity
of the isolated cells.
Key words: mesenchymal stem cells, adipose tissue, placenta, Wharton
jelly, bone marrow.

Introduction
Human mesenchymal stem cells (MSCs) are found in almost all dividing tissues. They function in the renewal of dying cells within the tissues
by differentiation of cells generated from stem cells [1]. This function has
made them a target of interest for clinicians and researchers for many
years, in the hope that they may be exploited for the treatment of various diseases in which tissues are damaged or have impaired function.
Stem cell therapy has been useful in treating various diseases including multiple sclerosis [2], diabetic foot ulcers [3], cancer [4], arthritis [5],
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spinal cord injuries [6], acute lung injuries [7],
ischaemic heart disease [8], and cerebral hypoxic
ischaemia [9].
Mesenchymal stem cells have been isolated
from several tissues including bone marrow, adipose tissue, Wharton’s jelly and placental tissue,
periosteum, synovial membrane, dermis, muscle, and dental pulp [10]. However, MSCs make
up a very small percentage of the cell population
found within these tissues. In bone marrow, for
example, MSCs comprise 0.01 to 0.001% of human bone marrow mononuclear cells [11]. This
has presented a challenge to their isolation from
various tissues, which in turn has led to the need
for methods to authenticate the identity of the
isolated cells.
Mesenchymal stem cells are identified in
several ways. Apart from their spindle-like morphology in culture and their ability to attach to
plastic surfaces, they can also differentiate into
adipocytes, osteocytes and chondrocytes. Furthermore, the International Society for Cellular
Therapy (ISCT) proposed that MSCs should express CD105, CD73, and CD90 and lack expression of CD45, CD34, CD14 or CD11b, CD79alpha
or CD19, and HLA-DR surface molecules [12,
13]. However, there are data indicating the expression of some of these positive markers on
a variety of other cell types [14]. Furthermore,
CD34, which was declared by the ISCT as a negative surface marker in MSCs, has been shown
to be expressed in native MSCs, like adipose tissue [15]. It is therefore logical to say that there
is still a degree of disagreement regarding both
the expression of markers and their percentage
expression in MSCs from different sources and
from different passage numbers.
Fibroblasts are the most common cell type in
connective tissue and commonly contaminate
MSC cultures. This can be an issue in the case of
MSC culturing for clinical purposes, because transferring MSCs to patients from cultures that have
been contaminated with fibroblasts could lead
to tumour formation [16]. Fibroblasts have characteristics similar to those of MSCs in that they
have similar morphology in culture, possess immune modulatory properties, and are capable of
differentiating into adipocytes, osteocytes, and
chondrocytes [17]. They also adhere to plastic and
have similar surface marker expression.
So far, no markers have been established
to discriminate between MSCs and fibroblasts
[16]. One study concluded that the expression of
CD166 was significantly higher and that of CD9
was significantly lower in MSCs than in fibroblasts. It also suggested that CD146 expression
occurred in MSCs and not in fibroblasts, whereas
CD106 expression in MSCs was at least tenfold
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higher than in fibroblasts [16]. In another study,
CD106, CD146, and ITGA11 expression was MSC
specific, while the expression of CD10 and CD26
was fibroblast specific [18]. Furthermore, CD44,
CD90, and CD105 were also found to be non-specific for MSCs; pure human embryonic fibroblasts
were also found to be positive for these markers
[18]. Watson et al. [19] concluded that CD271 is
the most specific marker for bone marrow-derived MSCs.
It is therefore clear that there has been no consensus as to which markers are specific for MSCs
and which are specific for fibroblasts, especially
with varying degrees of expression at different
passages for both cell types. Thus, the main aim
of the present study was in helping to establish
cell surface markers that will enable definitive
discrimination between MSCs and fibroblasts in
order to authenticate cell lines isolated from various tissues, primarily in the hope of preventing
the complications that may arise when MSCs are
cultured for clinical applications.

Material and methods
Material
All tissue culture reagents and buffers were
purchased from Gibco Laboratories, USA. Innohep was purchased from LEO Pharma, Denmark.
All the fluorophore-conjugated monoclonal antibodies were purchased from BD Biosciences, USA,
except for CD106 which was purchased from Invitrogen, Canada.

Cell isolation and culture
Only samples from patients with research consent were included. All procedures followed for the
obtaining of tissue samples were in accordance
with the Institutional Review Board Committee
on human experimentation (King Abdullah University Hospital, Jordan University of Science and
Technology). Cells were cultured routinely using
α-MEM (supplemented with 5% platelet lysate
[prepared from pooled platelets] [20]), 1% Penicillin/Streptomycin [P/S], 3 IU/ml Innohep and 2 mM
L-Glutamine) or DMEM (supplemented as above
but without L-Glutamine).

Fibroblast isolation from foreskin
Three foreskin samples were collected from
newborns at Al Amal Maternity Hospital (Amman,
Jordan) after receiving maternal consent. The
samples were washed (PBS containing 3% P/S),
cut into long, thin pieces and exposed to Dispase
II (2.4 units/ml) for 16 hours at 40˚C. The epidermis was then peeled off the dermis and discarded, and the dermis was washed and exposed to
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collagenase (0.35%) at 37˚C for 60 minutes with
constant shaking. The solution was then centrifuged at 400 g for 7 minutes, and the disintegrated dermis was removed using a cell strainer. The
isolated cells were cultured in DMEM at 37°C in
a humidified atmosphere of 5% CO2 until ≤ 80%
confluent.

Adipose tissue-derived mesenchymal stem
cells
Three adipose tissue samples were obtained
from liposuction procedures performed on patients at Jordan University Hospital (Amman, Jordan). Equal volumes of sample and 75% collagenase solutions were combined and incubated at
37˚C for 30 minutes with continuous shaking. The
medium was then added and the samples were
centrifuged at 1200 g for 10 minutes, and the remaining solid portion of the adipose tissue was
discarded. The pellet stromal vascular fraction
was washed with red blood cell lysate until red
blood cells were no longer visible. Isolated cells
were then cultured in α-MEM at 37°C in a humidified atmosphere of 5% CO2 until reaching ≤ 80%
confluence.

Bone marrow-derived mesenchymal stem
cells
Bone marrow aspirates were taken from the
iliac crest of adult donors; nucleated cells were
isolated using a density gradient (Ficol-Paque;
Amersham Pharmacia Biotech, USA). The isolated
cells were then cultured in α-MEM at 37°C in a humidified atmosphere of 5% CO2 until reaching ≤
80% confluence.

Wharton’s jelly-derived mesenchymal stem
cells
Mesenchymal stem cells from Wharton’s jelly
were provided by the Cell Therapy Centre at the
University of Jordan, Amman, Jordan. The cells
were isolated from umbilical cords (UCs) collected
from donors at Jordan University Hospital following caesarean section, in order to minimize microbial contamination. The UCs were rinsed with PBS
containing 3% P/S and cut into 5-cm-long pieces.
Following another rinsing with PBS containing 3%
P/S, they were cut longitudinally to expose the arteries and vein, which were removed. The remaining tissue was rinsed with PBS containing 3% P/S
and cut into small pieces (4 mm2) and dispensed
into tissue culture plates. These explants were allowed to attach for 10 minutes, and then α-MEM
was added gently to the plates and the cells were
incubated in a humidified atmosphere of 5% CO2
at a temperature of 37°C for 7–8 days. Following
this, the medium was replaced with fresh medi-

um every 3 days until individual colonies reached
≤ 80% confluence.

Placenta-derived mesenchymal stem cells
Placenta-derived MSCs were isolated from
3 placentas collected by consent of the mother.
The chorionic villi from the foetal portion were
cut into pieces, washed, and incubated with TrypLE Select Enzyme (1X) diluted in PBS containing
DNase (271 unit/ml) and P/S with gentle rotation
at 4°C overnight. The cells were then washed
3 times with PBS and then seeded into 6-well
plates for 30–40 minutes at 37°C in a humidified
atmosphere of 5% CO2 to allow the cells to adhere. After this, 2 ml of α-MEM was added to each
well, and the plates were incubated at 37°C until
the cells reached subconfluency (≤ 80%).

Flow cytometry
For all cell types, subconfluent cells (≤ 80%)
were used after reaching Passage 3. Cells were
harvested using 0.25% trypsin and then washed
using PBS containing 1% P/S and fluorophore-conjugated monoclonal antibodies were added in the
combinations displayed in Table I, using the standard recommended quantities recommended by
the manufacturer of each fluorophore-conjugated
antibody. They were then incubated for 20 minutes
in the dark. This was followed by centrifugation at
350 g for 5 minutes and cells were resuspended in
PBS, after which the cells were analysed by flow
cytometry and data on the cell surface markers
was collected. Isotype controls were run parallel
to test samples. Triplicate samples were analysed
for each cell type.

Statistical analysis
Percentage fluorescence data of each sample
were extracted from the dot plots obtained using flow cytometric analysis. One-way ANOVA
was then performed to determine the presence
of significant variation in expression of the surface markers (p < 0.05). Follow-up analysis using
Tukey’s pairwise comparison was then performed
to determine the exact source of significant variation in surface marker expression.

Results
The expression of the surface markers CD26,
CD34, CD44, CD73, CD90, and CD166, and HLAABC were very similar in stem cells derived from
Wharton’s jelly, adipose tissue, bone marrow, and
placental tissue and fibroblasts derived from foreskin (ANOVA P>0.05) (Figure 1). However, significant differences were found in the expression of
CD14, CD56, CD79a, CD105, CD106, CD146, and
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Figure 3 shows the percentage of CD14-positive stem cells derived from Wharton’s jelly, adipose tissue, bone marrow, placental tissue, and
fibroblasts derived from foreskin. One-way ANOVA revealed significant differences in expression
of CD14 between these cells (p < 0.05). Follow-up
analysis using Tukey’s pairwise comparison revealed that the expression of CD14 in stem cells
derived from Wharton’s jelly (3%) and placental tissue (4%) was significantly lower than that
observed in fibroblasts from foreskin (92%) and
stem cells derived from bone marrow (85%) and
adipose tissue (97%).

FITC-CD90

AlexaFluor488-HLA-ABC

V450-CD56

Free

Free

PE-CD73

FITC-CD90

BV421-CD44

PE-CD73

FITC-CD90

BV421-CD166

PE-CD146

FITC-CD90

Free

PE-CD106

530/30

FITC-CD90

450/50

PE-CD79α

CD56
The percentage of CD56-positive stem cells is
shown in Figure 4. Significant differences in the
levels of expression of CD56 were observed in
the different cell types (p < 0.05; ANOVA). Tukey’s
pairwise comparison confirmed that expression
of CD56 was significantly higher in stem cells
derived from Wharton’s jelly (32%) than in fibroblasts (0.3%) and stem cells derived from adipose
tissue (0.4%), bone marrow (4%), and placental
tissue (4%).

CD79a
The percentage of CD79a-positive stem cells
derived from Wharton’s jelly, adipose tissue, bone
marrow, placental tissue, and fibroblasts derived
from foreskin is shown in Figure 5. Significant
differences in the percentage of CD79a-positive
stems cells were observed these cells (p < 0.05;
ANOVA). Tukey’s pairwise comparison revealed
that the percentage of CD79a-positive stem cells
derived from adipose tissue (78%) was significantly higher than that observed in fibroblasts (0.8%)
and stem cells derived from Wharton’s jelly (0.1%),
placental tissue (0.4%), and bone marrow (6%).
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Table I. Panel of fluorophore – antibody conjugates used for multiplex flow cytometric analysis of mesenchymal stem cells and fibroblasts
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CD271 among these cells types (ANOVA P<0.05)
(Figure 2).

Tube 1

Red (640 nm)
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Figure 6 shows the percentage of CD105-positive stem cells derived from Wharton’s jelly, adipose tissue, bone marrow, placental tissue, and
fibroblasts derived from foreskin. Significant differences in the expression of CD105 between
these cells were observed (p < 0.05; ANOVA).
Tukey’s pairwise comparisons revealed that the
expression of CD105 in fibroblasts (43%) was
significantly lower than that in stem cells derived
from adipose tissue (95%), Wharton’s jelly (96%),
bone marrow (99%), and placental tissue (99%).
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BM – bone marrow, UC – umbilical cord, AT – adipose tissue, PL – placenta.

Figure 1. Flow cytometry analysis of similarly expressed cell surface markers. The data shown are the representative cell phenotype analysed at passage 3. Grey peaks correspond to the isotype
control and the coloured peaks to the antibody of interest
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BM – bone marrow, UC – umbilical cord, AT – adipose tissue, PL – placenta.

Figure 2. Flow cytometry analysis of differently expressed cell surface markers. The data shown are the representative cell phenotype analysed at passage 3. Grey peaks correspond to the
isotype control and the black peaks to the antibody of interest
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Figure 3. Percentage of CD14-positive cells in stem
cells of different origin and fibroblasts derived
from foreskin. Data represents means +SD. Means
that do not share a letter are significantly different
(Tukey’s HSD, p < 0.05)

Figure 4. Percentage of CD56-positive cells in stem
cells of different origin and fibroblasts derived
from foreskin. Data represents means +SD. Means
that do not share a letter are significantly different
(Tukey’s HSD, p < 0.05)

MSCs – mesenchymal stem cells, WJ – Wharton’s jelly,
AT – adipose tissue, BM – bone marrow, P – placental
tissue.

MSCs – mesenchymal stem cells, WJ – Wharton’s jelly,
AT – adipose tissue, BM – bone marrow, P – placental
tissue.
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Figure 5. Percentage of CD79a-positive cells in
stem cells of different origin and fibroblasts derived from foreskin. Data represents means +SD.
Means that do not share a letter are significantly
different (Tukey’s HSD, p < 0.05)

Figure 6. Percentage of CD105-positive cells in
stem cells of different origin and fibroblasts derived from foreskin. Data represents means +SD.
Means that do not share a letter are significantly
different (Tukey’s HSD, p < 0.05)

MSCs – mesenchymal stem cells, WJ – Wharton’s jelly,
AT – adipose tissue, BM – bone marrow, P – placental
tissue.

MSCs – mesenchymal stem cells, WJ – Wharton’s jelly,
AT – adipose tissue, BM – bone marrow, P – placental
tissue.

CD106

CD146
Figure 8 shows the percentage of CD146-positive stem cells from different sources, as well as
fibroblasts. One-way ANOVA revealed that the
differences in the levels of expression of CD146
in these cells were statistically significant
(p < 0.05). Tukey’s pairwise comparison revealed that expression of CD146 was significantly lower in fibroblasts (0.1%) than stem

CD106 positive cells (%)

The percentage of CD106-positive stem cells
(Figure 7) was found to vary in fibroblasts and
stem cells from different origins (p < 0.05; ANOVA). Tukey’s pairwise comparison revealed that
the expression of CD106 was significantly lower in
fibroblasts (0.4%) and in stem cells derived from
Wharton’s jelly (2%) and placental tissue (10%)
than in stem cells derived from bone marrow
(79%) and adipose tissue (88%).
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Figure 7. Percentage of CD106-positive cells in
stem cells of different origin and fibroblasts derived from foreskin. Data represents means +SD.
Means that do not share a letter are significantly
different (Tukey’s HSD, p < 0.05)
MSCs – mesenchymal stem cells, WJ – Wharton’s jelly,
AT – adipose tissue, BM – bone marrow, P – placental
tissue

cells derived from Wharton’s jelly (34%), bone
marrow (80%), placental tissue (85%), and adipose tissue (96%).
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stem cells of different origin and fibroblasts derived from foreskin. Data represents means +SD.
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Figure 9. Percentage of CD271-positive cells in
stem cells of different origin and fibroblasts derived from foreskin. Data represents means +SD.
Means that do not share a letter are significantly
different (Tukey’s HSD, p < 0.05)

MSCs – mesenchymal stem cells, WJ – Wharton’s jelly,
AT – adipose tissue, BM – bone marrow, P – placental
tissue.

MSCs – mesenchymal stem cells, WJ – Wharton’s jelly,
AT – adipose tissue, BM – bone marrow, P – placental
tissue.

CD271
Figure 9 shows the percentage of CD271-positive stem cells derived from Wharton’s jelly, adipose tissue, bone marrow, placental tissue, and
fibroblasts derived from foreskin. Significant differences in expression of CD271 between these
cells were observed (p < 0.05; ANOVA). Tukey’s
pairwise comparison revealed that the expression of CD271 in stem cells derived adipose tissue
(98%) was significantly greater than in cells derived from placental tissue (0.3%), bone marrow
(2%), and Wharton’s jelly (3.1%), as well as fibroblasts (10%).

Discussion
In the current study, we collected a panel of surface markers that were duly studied, with varying
and sometimes contradicting results. We studied
the expression of these markers on MSCs derived
from bone marrow, adipose tissue, Wharton’s jelly,
and placental tissue, as well as fibroblasts isolated
from foreskin. It is of utmost importance to establish cell surface markers that will enable definitive
discrimination between MSCs and fibroblasts. Not
only would this be important in the authentication of cell lines isolated from various tissues, but
also would help to improve the yield and differentiation potential of MSC cultures and to prevent
the complications that may arise when MSCs are
being cultured for clinical applications. Such complications include the possibility of fibroblasts becoming tumourigenic, which may lead to tumour
formation after MSC transplantation [18].
The panel used for the multiplex flow cytometry
analysis was designed based on the cell surface
markers used to authenticate the identity of MSCs
by the International Society for Cellular Therapy
(ISCT), i.e. that MSCs must express CD105, CD73,
and CD90, and lack expression of CD45, CD34,
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B

100

CD14 or CD11b, CD79α or CD19, and HLA-DR [12,
13]. Each of the samples used in the multiplex
flow cytometry analysis contained monoclonal
antibodies against at least one of each of these
positive and negative surface markers, along with
several antibodies against the surface markers we
aimed to analyse.
Out of the surface markers declared to be positive in MSCs, CD90 was the only one that did not
display any significant difference in expression
in the MSCs from Wharton’s jelly, adipose tissue,
bone marrow, and placental tissue, or in fibroblasts
from foreskin. This finding comes as no surprise
because CD90 plays many roles in cell function
including regulation of cell adhesion, apoptosis,
and migration [21]. CD105, a surface marker primarily involved in blood vessel development [22],
was expressed at similar levels in MSC from all 4
sources (95–99%), but there was significantly lower expression in fibroblasts (43%) (Figure 6). Because CD105 has been recognized as a positively
expressed marker on all MSCs, this finding could
provide a useful insight into the discrimination of
fibroblasts from MSCs.
The ISCT have declared several surface markers, including CD34 and CD14, to be negatively
expressed on MSCs and fibroblasts [11]. In agreement, we found that CD34 was expressed at low
levels (0.1–1%) with no significant differences
between the different cell types studied. On the
other hand, CD14 was expressed at high but similar levels in MSCs derived from adipose tissue
and bone marrow and fibroblasts (85–97%), but
at significantly lower levels in MSCs derived from
Wharton’s jelly and placental tissue (3–4%) (Figure 3). Therefore, CD14 is a possible discriminating surface marker between fibroblasts and MSCs
derived from placental tissue and Wharton’s jelly.
CD166/ALCAM (activated leukocyte cell adhesion molecule) is believed to play an important
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role in cellular maintenance and proliferation [23].
It has been recognized as a marker that is positive
in both MSCs and fibroblasts [16, 24]. Although
unconfirmed, it was believed that CD166 may be
useful in distinguishing MSCs from fibroblasts in
that the expression of CD166 was lower in MSCs
than in fibroblasts. However, we found no significant difference in the expression of CD166 between all the cell types studied (91–100%).
CD79α is almost exclusively known to be expressed on B-cells and B-cell neoplasms and has
been declared to be negatively expressed on MSCs
[13, 25]. Our findings, however, contradict this in
that MSCs derived from adipose tissue displayed
a significantly higher expression of CD79α than
MSCs from the other cell types and fibroblasts
(Figure 5).
CD271, a member of the tumour necrosis factor receptor superfamily that plays an important
role in neuronal cell survival, differentiation, and
migration [26], has been suggested as a candidate for use as a single definitive marker to identify and isolate MSCs from all other cell types that
are present in the tissue from which they are derived [27]. In contrast, we found that CD271 was
expressed at high levels only in MSCs derived
from adipose tissue (98%), whereas the MSCs
from the other sources had very low expression
of this marker (0.4–3%), and this was also true of
fibroblasts (10% expression).
Our findings correlated with those of previous
studies regarding the expression of CD44 and
HLA-ABC [16, 28–30]. The expression of these 2
surface markers was not found to be significantly
different between MSCs and fibroblasts.
CD26, a marker associated with CD4+ T cells
that functions in T-cell signal transduction [31],
has been claimed in previous studies to be fibroblast-specific [18], while other studies found that
the expression of this marker varied among MSCs
samples [32], and so there has been no conclusive
result as to how the expression of CD26 compares
between fibroblasts and MSCs. We found that
there was no significant variation in the expression of this marker between fibroblasts and MSCs
derived from Wharton’s jelly, adipose tissue, bone
marrow, or placental tissue (89–99%).
CD106, a cell surface marker that has been
found to mediate cell-cell adhesion and plays
a critical role in MSC-mediated immunosuppression [33–35], is another marker that has been
suggested to be useful in the discrimination between fibroblasts and MSCs; it has been declared
by some to be MSC-specific and by others to be
expressed in MSCs at a significantly higher level
than in fibroblasts [16, 18]. Our findings supported this claim when comparing the expression of
CD106 in fibroblasts with MSCs derived from adi-

pose tissue and bone marrow. Indeed, MSCs from
these 2 sources had significantly higher expression (79–88%) than fibroblasts (0.4%). However,
CD106 would not be a reliable marker for the discrimination between fibroblasts and MSCs derived
from placental tissue and Wharton’s jelly due to
the absence of significant differences in CD106
expression between these cell types (Figure 7).
It has been concluded that CD146 is MSC specific [16], and our findings support this conclusion.
We found that fibroblasts did not express CD146,
while MSCs from different sources all expressed
this marker at varying levels. We therefore conclude that CD146 can be used as a marker to distinguish MSCs from fibroblasts (Figure 8).
The expression of CD56 has also displayed
nonuniform results in several studies [25, 26], and
there has, therefore, been no definitive conclusion
as to whether or not it is of use in the discrimination between MSCs and fibroblasts. In the current
study, the expression of CD56 was only significantly higher in MSCs derived from Wharton’s jelly
than in fibroblasts, as well as MSCs derived from
adipose tissue, bone marrow, and placental tissue
(Figure 4). We can therefore conclude that CD56
would not be useful in the discrimination between
MSCs and fibroblasts.
In conclusion, the results of our study indicate that the following markers may be used to
differentiate between fibroblasts and MSCs derived from the following: adipose tissue – CD79a,
CD105, CD106, CD146, and CD271; Wharton’s
jelly – CD56, CD14, and CD105; bone marrow –
CD105, CD106, and CD146; and placental tissue
– CD14, CD105, and CD146. The results of the current study warrant further investigations to confirm the differences in surface marker expression
between MSCs and fibroblasts using RT-PCR and/
or immunohistochemistry.
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