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Abstract Mesenchymal stem cells (MSCs) represent a heterogeneous group of multipotent stem cells that could be found in

various somatic tissues. MSCs are defined by molecular and functional features including spindle-shape morphology, adher-

ence to plastic surfaces, expression of specific surface markers and differentiation potential to chondrocytes, adipocytes and

osteocytes. The surface markers were proposed to affect the differentiation potential of MSCs by a limited number of studies.

Endoglin (CD105) is defined to be a significant marker for osteogenic and chondrogenic differentiation ability of MSCs. Low

CD105 expression is associated with increased osteogenic potential while high CD105 expression is correlated with strong

chondrogenic potential. Myrtucommulone-A (MC-A) is an active compound with various biological effects on different cell

types but its effect on MSC differentiation has not been described yet. In the present study we aimed at investigating the long-

term effects of MC-A on hMSCs. MC-A-treatment reduced CD105 expression in distinct human mesenchymal stem cell

(hMSC) lines and gave rise to CD105low population but did not change CD44, CD90 or CD73 expression. The decrease in

CD105 expression reduced the chondrogenic potential of hMSCs subsequently while adipogenic or osteogenic differentiation

was not affected dramatically. MC-A-treatment also suppressed the NF-jB p65 activation which might be responsible for the

reduced chondrogenic potential. Our findings suggest thatMC-Acould be used to enrichCD105low hMSCswithout the need for

cell sorting or changing culture conditions which could be utilised in targeted differentiation studies.
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1 Introduction

Mesenchymal stem cells (MSCs) represent the cell popu-

lation bearing the multipotent ability in all somatic tissues.

Their potential to differentiate into multiple lineages as

well as their immunomodulatory properties render them

significant tools for transplantation and cell-based therapies

[1]. The minimum criteria to define human Mesenchymal

Stem Cells (hMSCs) include adherence to plastic, expres-

sion of cell surface markers CD44, CD90, CD73, CD105

and lacking expression of CD14, CD34, CD45 and HLA-

DR and the ability to differentiate into adipocytes, chon-

drocytes and osteocytes [2]. MSCs were first reported to be

isolated from bone marrow but since then they have been

isolated from various tissues, sharing the minimal criteria

for hMSCs but also exhibiting distinct features [3, 4].

& Banu Iskender

banu.iskender@yahoo.com

Kenan Izgi

kenanizgi@erciyes.edu.tr

Mehmet Fatih Sonmez

mfsonmez@erciyes.edu.tr

Halit Canatan

halitcanatan@yahoo.com

1 Department of Medical Biology, Faculty of Medicine,

Erciyes University, 38039 Melikgazi, Kayseri, Turkey

2 Department of Medical Biochemistry, Faculty of Medicine,

Erciyes University, 38039 Melikgazi, Kayseri, Turkey

3 Betul-Ziya Eren Genome and Stem Cell Centre, Erciyes

University, 38039 Melikgazi, Kayseri, Turkey

4 Department of Histology and Embryology, Faculty of

Medicine, Erciyes University, 38039 Melikgazi, Kayseri,

Turkey

123

Tissue Eng Regen Med (2017) 14(2):113–121 Online ISSN 2212-5469

DOI 10.1007/s13770-016-0020-3 Print ISSN 1738-2696

http://crossmark.crossref.org/dialog/?doi=10.1007/s13770-016-0020-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13770-016-0020-3&amp;domain=pdf


Endoglin (CD105) has been reported to be a significant

marker for osteogenic and chondrogenic differentiation

ability of MSCs [5, 6]. Low CD105 expression was found

to be correlated with increased osteogenic differentiation

[6, 7] whereas CD105 high fraction in MSCs were sug-

gested to exhibit strong chondrogenic potential [8].

CD105 is a co-receptor for transforming growth factor b1
and b3 and its involvement in the regulation of osteogenic

differentiation is not surprising as transforming growth

factor beta (TGFb) signaling is known to suppress

osteogenic differentiation and maturation [9]. Besides

affecting multipotency of MSCs, endoglin expression has

been reported to be variable depending on the culture

conditions and culture time [10, 11].

Myrtucommulone-A (MC-A) is an active compound

isolated from the leaves of myrtle [12]. Previously we have

shown that MC-A-treatment decreased multipotency-asso-

ciated marker expression in cancer cells [13] and short-

term MC-A-treatment reduced the cytokine expression in

hMSCs [14]. In the present study we sought to determine

the long-term effects of MC-A on the stemness of hMSCs

and analysed the differentiation potential of hMSCs upon

extended MC-A-treatment.

2 Materials and methods

2.1 Cell culture

Adipose-tissue derived hMSCs from 3 different sources

were obtained from Erciyes University Betul-Ziya Eren

Genome and Stem Cell Centre (Kayseri, Turkey). hMSCs

were cultured in DMEM Low Glucose (Biological Indus-

tries) supplemented with 10% FBS (Biochrom), 1% peni-

cilin-streptomycin and 1% GlutaMax (Life Technologies)

and incubated at 37 �C and 5% CO2.

2.2 Flow cytometry analysis

hMSCs at passage 5 were treated with 5 lM MC-A for

15 days. Flow cytometry analysis was performed on MC-A

treated hMSCs and control cells for the specific cell surface

antigens as described previously [13]. Briefly, cells were

dissociated and resuspended in PBS?FBS at a concentra-

tion of 19106 cells per condition. Antibody cocktails

against CD73, CD90, CD44, CD105 and negative cocktails

CD45, CD33, CD11b, CD19 and HLA-DR were added to

samples and incubated for 30 minutes at dark at room

temperature. The samples were washed and analyzed on

BD FACS Canto A flow cytometer (BD Biosciences).

FACS Diva v6.1.3 (BD Biosciences) software was used for

data acquisition and analysis.

2.3 Differentiation assays

Adipogenic, chondrogenic and osteogenic differentiation

protocols were conducted on control hMSCs and hMSCs

pre-treated with MC-A for 10 days. Adipogenic, chon-

drogenic and osteogenic induction were performed

according to manufacturer’s instructions and as described

earlier [13]. During the differentiation protocols low-dose

(1 lM) MC-A-treatment was sustained at every medium

change. Samples from day 7, day 14 and day 21 were

collected for the analysis of adipogenic, chondrogenic and

osteogenic markers.

2.4 Immunocytochemistry

After the differentiation protocols cells were evaluated for

the expression of adipogenic, chondrogenic and osteogenic

markers. The cells were fixed with 4% (w/v)

paraformaldehyde, blocked with PBS containing 5% BSA

and % 0.3 triton-x-100 and stained. Primary antibodies

against FAB4 and osteocalcin were used at 1 lg/ml con-

centration (all from R&D Systems). Alexa Fluor-488

conjugated anti Ig (Invitrogen) was used as a secondary

antibody. Chondrogenic pellets were sectioned and stained

according to the protocol described by Solchaga et al. [15].

2.5 Quantitative real-time PCR

To validate the chondrogenic differentiation potential of

hMSCs the mRNA levels of chondrogenic genes were anal-

ysed using quantitative real-time PCR as described previously

[13]. The qPCR primers used for detecting gene expression

were as follows: Collagen II (GenBank XM_011537935.1) F:

GGCAATAGCAGGTTCACGTACA R: CGATAACAGTC

TTGCCCCACTT; Collagen X (GenBank NM_000493.3) F:

CAAGGCACCATCTCCAGGAA R: AAAGGGTATTTG

TGGCAGCATATT; SOX5 (GenBank XM_011520843.1) F:

ATCCCAACTACCATGGCAGCT R: TGCAGTTGGAGTG

GGCCTA; Aggrecan (GenBank XM_011521314.1) F: TC

GAGGACAGCGAGGCC R: TCGAGGGTGTAGCGTGTA

GAGA; SOX9 (GenBank NM_000346.3) F: GACTTCCGC

GACGTGGAC R: GTTGGGCGGCAGGTACTG; GAPDH

(GenBank NM_001289746.1) F: ATGGGGAAGGTGAAGG

TCG R: TAAAAGCAGCCCTGGTGACC.

2.6 Western blotting

Cell lysates were collected from three individual hMSC

lines before treatment and after treatment with 5 lM MC-

A for 5 days. 10 lg protein from each sample was loaded

on Bis-Tris gradient gels (Invitrogen), seperated and

transferred electrophoretically on to nitrocellulose mem-

branes (Bio-Rad). Membranes were blocked and incubated
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with primary antibodies against CD105 (endoglin) (Cell

Signaling), CD44 (R&D Systems), phospho-NF-jB p65

(Ser536) (Cell Signaling), NF-jB p65 (Ser536) (Cell Sig-

naling), Smad2 (Cell Signaling). GAPDH was used as a

loading control. A horseradish peroxidase-conjugated IgG

was used to detect signal which then was visualised by

enhanced chemiluminescence.

2.7 Statistical analysis

The unpaired Student’s t-test was used for analysis. Data in

bar graphs indicate the mean ± SD, and statistical signif-

icance is expressed as follows: * p\ 0.001; ** p\ 0.05.

3 Results

3.1 MC-A reduces CD105 expression in hMSCs

To check whether MC-A-treatment has an effect on hMSC

proliferation two individual hMSC lines were treated with

increasing doses of MC-A (1, 2.5, 5 and 10 lM) and pro-

liferation assay after 24 h and 48 h was performed. Except

the highest dose (10 lM), other doses did not significantly

inhibit hMSC proliferation (Fig. 1A). The highest dose was

chosen which did not affect hMSC proliferation (5 lM) for

further analysis. hMSCs were treated with 5 lM MC-A for

15 days and analysed by flow cytometry. The expression

level of CD105 was reduced by 70.7% in MC-A treated

hMSCs in comparison to the parental hMSCs. Other cell

surface markers, CD90, CD44 and CD73 was not dramat-

ically affected from MC-A-treatment (Fig. 1B). Immuno-

cytochemistry also confirmed the decreased expression of

CD105 in MC-A treated hMSCs while CD44 expression

was not affected (Fig. 1C).

3.2 MC-A-treatment in hMSCs decreased

the chondrogenic differentiation ability but did

not change adipogenic or osteogenic

differentiation

Since a dramatic decrease was detected in one of the

stemness markers (CD105), the differentiation ability of

hMSC was assessed upon MC-A conditioning. First the

hMSCs were exposed to MC-A for 10 days then adi-

pogenic, osteogenic and chondrogenic differentiation was

induced. MC-A-treatment was sustained during the differ-

entiation protocols in comparison to the untreated control

hMSCs. The decrease in CD105 expression induced by

MC-A-treatment did not dramatically affect the adipogenic

differentiation of hMSCS (Fig. 2A). MC-A-treatment

changed the morphology of osteo-differentiated cells

compared to the controls but the efficiency of osteogenic

differentiation was not measured although MC-A treated

hMSCs seemed to deposit osteocalcin earlier than the

control group (Fig. 2B). After 2 weeks of chondrogenic

differentiation, control and MC-A treated condrogenic

micromasses were sectioned and analysed. MC-A treated

pellets exhibited smaller moprhology as well as weaker

safranin O staining for aggrecans compared to the control

group. Toluidine blue staining revealed metachromasia due

to the proteoglycan content in the control group while MC-

A treated micromasses failed to exhibit. Similarly, Mas-

son’s Trichrome staining indicated the presence of collagen

(blue) in control group which demonstrated weaker stain-

ing in MC-A treated micromasses (Fig. 3A). The expres-

sion levels of genes associated with chondrogenic

differentiation were further evaluated in the differentiated

hMSCs. The expression levels of SOX9, SOX5, aggrecan

and collagen II under control differentiation conditions for

7 days were significantly higher than the MC-A treated

micromasses. Collagen X which is known to be a marker of

chondrocyte hypertrophy and replacement by bone during

chondrogenesis [16] was determined to be significantly

upregulated in MC-A treated samples (Fig. 3B).

3.3 Down-regulation of NF-jB activity upon MC-A-

treatment might account for the reduced

chondrogenic differentiation ability

Protein levels of undifferentiated marker expression CD44

and CD105 were evaluated for three independent hMSC

lines, treated or not treated with MC-A. MC-A-treatment in

3 hMSC lines reduced CD105 expression but did not sig-

nificantly alter CD44 expression consistent with the flow

cytometry and immunofluorescence data (Fig. 4A). MC-A-

treatment was also shown to reduce total protein level of

SMAD2 which is a well-known signalling intermediator of

TGFb. Moreover, phosphorylation state of NF-jB p65 was

dramatically affected from MC-A-treatment in all hMSC

lines which might suggest involvement of NF-jB pathway

as well as TGFb signaling in reduced chondrogenic dif-

ferentiation ability of hMSCs (Fig. 4A, B).

4 Discussion

The aim of the present study was to characterise the long-

term effects of MC-A on the cell surface marker expression

of hMSCs and in vitro differentiation potential. Long-term

treatment with MC-A specifically and significantly reduced

the cell surface marker CD105 expression. CD105low

hMSCs induced by MC-A-treatment exhibited limited

chondrogenic differentiation potential compared to the

control hMSCs but adipogenic and osteogenic differentia-

tion potential was not impaired.
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It is well-established that the expression of stemness

markers varies depending on the MSC source (bone mar-

row, adipose, umblical cord, etc.), culture conditions

(serum depletion) or culture time [2, 7, 10, 17]. The vari-

ability does not only occur in additional stemness marker

expression but also in differentiation potential of MSCs

derived from distinct sources which might suggest the

involvement of stemness markers in the regulation of dif-

ferentiation potential [18–20]. For instance, inhibition of

CD73 expression was found to be related with the increase

in chondrogenic matrix deposition [21] and CD29?/

CD90? sub-population of bone marrow stem cells exhib-

ited reduced adipogenic and osteogenic differentiation

[22].

The studies on the roles of stemness-related markers in

differentiation are currently very limited but the role of

CD105 on MSC differentiation is relatively well-studied.

CD105 is known to possess biological functions in angio-

genesis, survival of endothelial cells and development of

cardiovascular system [23]. Positive expression of CD105

is one of the selection criteria for MSCs and the decrease in

CD105 expression is associated with MSC differentiation

[24]. Endoglin (CD105) is a co-receptor for TGFb and is

known to be expressed in human chondrocytes [25, 26].

CD105 binds to TGFb type II receptors thereby acts as a

key factor in the regulation of MSC response to TGFb1 and
TGFb3 [26]. Since TGFb signaling is fundamental in

chondrogenic differentiation of MSCs, lack of CD105

expression could be linked to the decreased chondrogenic

differentiation ability of MSCs [27]. Indeed, CD105high

MSCs were shown to differentiate more effectively into

chondrocytes compared to CD105low MSCs [28]. More-

over, hMSCs expressing low CD105 exhibited increased

osteogenic gene expression and were more prone to

Fig. 1 MC-A reduced CD105 expression in hMSCs without affecting

cell proliferation. A Two different hMSC lines incubated with various

concentrations of MC-A (1, 2.5, 5, 10 lM) for 24 and 48 h and cell

proliferation was measured by BrdU assay. MC-A did not signifi-

cantly reduce or inhibit hMSC proliferation. B Flow cytometry

analysis revealed that MC-A-treatment resulted in a decrease in

CD105 expression while other positive markers CD90, CD44, CD73

levels were not dramatically affected. C Immunofluorescence analysis

confirmed reduced expression of CD105 in MC-A treated hMSCs.

MC-A: myrtucommulone-A, BrdU: bromodeoxyuridine, CD105:

endoglin, hMSCs: human mesenchymal stem cells
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Fig. 2 MC-A-treatment did not change adipogenic or osteogenic

differentiation potential of hMSCs. A hMSCs were pre-treated with

MC-A or control MSCs were cultured in adipogenic induction

medium for 21 days and analysed for the expression of adipogenic

marker FABP4 by immunofluorescence at day 7, 14 and 21 of

differentiation. B hMSCs were pre-treated with MC-A or control

MSCs were cultured in osteogenic induction medium for 21 days and

analysed for the expression of Osteocalcin by immunofluorescence at

day 7, 14 and 21 of differentiation. Cell nuclei were stained with

DAPI. Scale bar represent 100 lm. MC-A: myrtucommulone-A,

hMSCs: human mesenchymal stem cells, MSCs: mesenchymal stem

cells, FABP4: fatty acid-binding protein 4, DAPI: 40,6-diamidino-2-

phenylindole

Tissue Eng Regen Med (2017) 14(2):113–121 117

123



Fig. 3 MC-A-treatment reduced the chondrogenic differentiation

potential of hMSCs. A hMSCs were pre-treated with MC-A or

control MSCs were cultured in chondrogenic induction medium for

21 days and analysed for proteoglycan and collagen content by

Safranin O, Toluidine Blue and Masson’s Trichrome staining. MC-A

treated chondrogenic micromasses exhibited reduced pellet size poor

expression of proteoglycan/collagen. B Relative mRNA expressions

of key factors involved in chondrogenic differentiation in MC-A

treated hMSCs or untreated controls after 7 days of differentiation.

Untreated hMSC controls exhibited significant upregulation of

chondrogenic markers SOX5, SOX9, Aggrecan, Collagen II while

MC-A treated samples expressed high levels of Collagen X. Data are

expressed as the mean ± SD; *p\ 0.001, **p\ 0.05. MC-A:

myrtucommulone-A, hMSCs: human mesenchymal stem cells,

MSCs: mesenchymal stem cells, mRNA: messenger ribonucleic acid,

SOX: SRY-box
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Fig. 4 MC-A induced changes in protein expression in three different

hMSC lines. A hMSCs treated with MC-A demonstrated stable ex-

pression of CD44 while CD105 expression was inhibited in all cell

lines consistent with flow cytometry analysis. Total protein level of

SMAD2 was decreased in MC-A treated hMSCs. MC-A-treatment

was also shown to suppress NF-kB p65 activation which is known to

involve in chondorgenic differentiation. B The relative intensity of

protein levels are expressed as bar graphs. GAPDH is used as a

loading control and molecular weight is indicated in kDa. MC-A:

myrtucommulone-A, hMSCs: human mesenchymal stem cells,

SMAD2: mothers against decapentaplegic homolog 2, GAPDH:

glyceraldehyde 3-phosphate dehydrogenase
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osteogenic differentiation [6, 29]. In agreement with these

studies, the present study revealed that CD105low popula-

tion of hMSCs induced by long-term MC-A-treatment

exhibited reduced chondrogenic differentiation potential.

MC-A-treatment did not interfere with adipogenic or

osteogenic differentiation potential of hMSCs but since

CD105low population have been shown to enhance osteo-

genic differentiation, MC-A’s effect on osteogenic poten-

tial could be further studied.

By suppressing TGFb co-receptor CD105, MC-A-treatment

decreased the total protein level of SMAD2 in three different

hMSC lines. Interestingly, MC-A-treatment also suppressed

NF-jB p65 phosphorylation. Previous studies suggested con-

tradicting results regarding involvement of pathway in chon-

drogenic differentiation of hMSCs. Sirtuin-1 was reported to

enhance chondrogenic differentiation of MSCs through inhi-

bition of NF-jB pathway and activation of SOX9 [30]. Simi-

larly, curcumin mediated inhibition of NF-jB facilitated the

chondrogenic differentiation potential of hMSCs [31]. In con-

trast, early chondrogenic differentiation of MSCs was shown to

be enhanced by transient activation of NF-jB p65 mediated

signaling which in turn increased the chondrogenic marker

expression [32]. Supporting the latter, the findings of the pre-

sent study also demonstrated that chondrogenic differentiation

potential of hMSCs was reduced upon MC-A-treatment which

might be due to the supression of NF-jB activation. Further

confirmation is necessary in order to elucidate the role of NF-

jB in chondrogenic differentiation of hMSCs.

Taken together, we here proposed that MC-A-treatment

could enrich CD105low hMSC population without the need

of cell sorting or change in culture conditions like serum

deprivation or growth factor stimulation. The results of this

study clearly shows that MC-A could attenuate chondro-

genic differentiation while leading the osteogenic or adi-

pogenic differentiation of hMSCs. The enrichment method

for CD105low hMSCs could be utilised in targeted differ-

entiation of hMSC for cell-based regeneration studies.
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