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Synopsis
OBJECTIVE: Stem cells have the ability to renew themselves and

differentiate into various cell types. For this reason, numerous

research groups have been studying these cells for their therapeutic

potential. Some of the therapies, however, are not producing the

expected results because of contamination by other cell types,

especially by fibroblasts. In the cosmetic industry, stem cells are

used to test the efficacy of anti-ageing and rejuvenation products.

The purpose of this work was to gain a better understanding of the

differences in phenotype, in gene expression associated with stem

cells, in the pattern of cell surface proteins and in the differentia-

tion capacity of adipose-derived stem cells, of skin-derived stem cells

and of commercially available fibroblasts.

METHODS: In this study, we compared fibroblasts with mesenchy-

mal stem cells derived from bone marrow, skin (dermis) and adipose

tissue, to assess the differentiation potential of fibroblasts. Dermal

and adipose stem cells were isolated from aesthetic surgery patients,

and fibroblasts were obtained from a commercial source. The follow-

ing parameters were used in this study: immunophenotypic profile

(positive: CD29, CD73, CD90 and CD105; negative: CD14, CD45

and HLA-DR); differentiation into osteoblastic, chondrogenic and

adipogenic cell types; and PCR array to analyse the gene expression

of cells isolated from different culture passages.

RESULTS: Fibroblasts express the same cell immunophenotypic

markers, as well as the genes that are known to be expressed in

stem cells, and were shown to be expressed also in adipose and

dermis stem cells. Fibroblasts are also able to differentiate into the

three cell lineages mentioned above, that is, adipocytes, osteocytes

and chondrocytes.

CONCLUSION: Human dermal fibroblasts have a potential to

adhere to plastic surfaces and differentiate into other cell types.

However, for stem cells intended to be used in cosmetics,

experiments conducted with contaminated fibroblasts may produce

poor or even falsely negative results for the efficacy of the active

ingredient or formulation and thus conceal their promising effects

as anti-ageing and skin rejuvenation products.

R�esum�e
OBJECTIF: Les cellules souches ont la capacit�e de se renouveler

et de se diff�erencier en divers types de cellules. Pour cette

raison, de nombreux groupes de recherche ont �etudi�e ces cellules

pour leur potentiel th�erapeutique. Certains de ces th�erapies,

cependant, ne produisent pas les r�esultats escompt�es en raison de

la contamination par d’autres types de cellules, notamment par

les fibroblastes. Dans l’industrie cosm�etique, les cellules souches

sont utilis�ees pour tester l’efficacit�e des produits anti-âge et raje-

unissement. Le but de ce travail �etait d’acqu�erir une meilleure

compr�ehension des diff�erences dans le ph�enotype, l’expression des

g�enes associ�es avec des cellules souches, dans la structure des

prot�eines de surface cellulaire, et de la capacit�e de diff�erenciation

des cellules souches d�eriv�ees du tissu adipeux, des souches prove-

nant de la peau des cellules, et des fibroblastes disponibles dans

le commerce.

METHODES: Dans cette �etude, nous avons compar�e les fibroblastes

avec des cellules souches m�esenchymateuses issues de la moelle

osseuse, la peau (derme), et le tissu adipeux, afin d’�evaluer le

potentiel de diff�erenciation des fibroblastes. Les cellules souches

dermiques et adipeuses ont �et�e isol�ees �a partir de patients de

chirurgie esth�etique, et les fibroblastes ont �et�e obtenus �a partir

d’une source commerciale. Les param�etres suivants ont �et�e utilis�es

dans cette �etude: le profil immunoph�enotypique (positive: CD29,

CD73, CD90 et CD105, n�egatif: CD14, CD45 et HLA-DR), la

diff�erenciation en types de cellules ost�eoblastiques, chondrog�enique

et adipog�enique;et la PCR pour analyser l’expression des g�enes des

cellules isol�ees �a partir de diff�erents passages en culture.

R�ESULTATS: les fibroblastes expriment les mêmes marqueurs

immunoph�enotypiques cellulaires, les mêmes g�enes qui sont

connus pour être exprim�es dans les cellules souches et ont �et�e

observ�es être exprim�es �egalement dans les cellules souches du tissu

adipeux et du derme. Les fibroblastes sont �egalement capables de se

diff�erencier dans les trois lign�ees cellulaires cit�es plus haut, c’est �a

dire, les adipocytes, les ost�eocytes et chondrocytes.

CONCLUSION: Les fibroblastes dermiques humains ont un

potentiel d’adh�erer aux surfaces en plastique et de se diff�erencier en

d’autres types cellulaires. Toutefois, pour les cellules souches

destin�ees �a être utilis�ees dans les produits cosm�etiques, les

exp�eriences r�ealis�ees avec des fibroblastes contaminants peuvent

produire des r�esultats m�ediocres ou même faussement n�egatif pour

l’efficacit�e des ingr�edients actifs ou de la formulation, et ainsi
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cacher leurs effets prometteurs en tant que produits anti-âge et de

rajeunissement de la peau.

Introduction

Stem cells have the ability to renew themselves and differentiate

into a great variety of cell types. Adult stem cells include

mesenchymal stem cells (MSC), which are adherent stromal cells

derived from bone marrow; they are characterized by their ability

to differentiate into mesenchymal tissues such as bone, cartilage

and fat [1, 2].

The stem cell differentiation potential for clinical applications,

such as autologous cell transplantation, tissue engineering and

regenerative medicine, has made these cells very popular over the

past years. They have a significant self-renewal capability and are

able to proliferate in vitro and differentiate into a variety of tissues.

The mesenchymal stem cells are highly valued in research due to

their ease of isolation [3]. Clinical applications of mesenchymal stem

cells include therapeutic uses for bone defects [4], cartilage deficien-

cies [5–7], ischaemic heart disease [6, 7], amyotrophic lateral sclero-

sis, breast reconstruction and autoimmune diseases [7].

Nonetheless, the clinical application of stem cells has been the

object of intense debate about their safety, mainly due to the

absence of data for long-term effects and to discrepancies found in

clinical results. As fibroblasts may be common cell contaminants

that affect the purity of mesenchymal stem cell preparations, it has

been suggested that the presence of fibroblasts could affect the

clinical outcome in stem cell therapy [8].

In the cosmetics industry, in vitro models for testing the efficacy

and safety of active ingredients and formulations have been

increasingly used in worldwide. Many efficacy tests use stem cells

to evaluate anti-ageing products. Consequently, understanding the

characteristics and possible contaminants of the stem cell cultures

is of utmost importance to obtain reliable results. Also, the use of

fibroblasts as fillers in autologous cosmetic treatments by medical

doctors has also been growing in the past few years. The treatment

is indicated for smoothing out wrinkles, expression lines and scars

and also for correcting facial contour problems, acne scars and

other defects of the dermis [9, 10].

In addition to their origin and morphology, fibroblasts and stem

cells share many properties concerning their differentiation and

proliferation potentials, distribution, phenotype and immunoregula-

tion [11].

It has recently been proposed that fibroblasts, myofibroblasts and

smooth muscle vascular cells derive from a common stem cell and

that MSC, fibroblasts and pericytes would be related cells that are

present in the vascular wall and constitute an MSC compartment

that extends throughout the entire organism [12].

The application of fresh human fibroblast allografts was found to

be a safe and effective treatment for diabetic foot ulcers [13] and

for restoring skin with severe burns [14], as well as for cosmetic

skin repairs [9, 15].

Many aspects of the origin of mesenchymal stem cells and their

interaction with other stromal cells still remain unclear. The lack

of specific markers makes it difficult to differentiate between these

cell populations. Mesenchymal stem cells isolated from bone

marrow, adipose tissue and any other organ or tissue have been

reported to actually derive from blood vessel walls [2, 16].

The real identity of such cells is still to be defined, and studies

are being carried out to isolate and characterize more accurately

the stem cell potential for clinical applications with less risk for the

patients. In this study, we compared commercial mesenchymal

stem cells (from bone marrow), commercial fibroblasts and

mesenchymal stem cells isolated in our laboratory from other

sources (skin and adipose tissue). The purpose of this work was to

gain a better understanding of the differences in phenotype, gene

expression associated with stem cells and patterns of cell surface

proteins, as well as the differentiation capacity of adipose-derived

stem cells, skin-derived stem cells and commercially available

fibroblasts.

Materials and methods

Ethical aspects

The research project was conducted under Protocols 130/2010

and 011/2011, which were previously approved by the Positivo

University Ethics Committee.

Mesenchymal stem cell isolation

The cells were isolated from female donors following a plastic

surgery procedure (abdominoplasty or lipoaspiration). All the

donors agreed to take part in this study and signed an informed

consent statement to that effect.

For the isolation of mesenchymal stem cells derived from skin

tissue, the skin from aesthetic surgery (abdominal reductive

surgery) was cut into 2 cm 9 2 cm fragments and placed in a

2 mg mL�1 dispase solution (SAFC, St. Louis, MO, USA, D4693) in

PBS (1 9 diluted from 10x, Sigma, St. Louis, MO, USA, D1283).

The mixture was left overnight at 4°C in a shaker tube. After this

period, the epidermis and dermis were separated and washed in PBS

solution (1 9 diluted from 10x, Sigma D1283) containing 10 times

the T-concentration of penicillin/streptomycin (Gibco, Carlsbad, CA,

USA, 15070). Once separated from the epidermis, the dermis was

placed in collagenase solution (1 mg�1) (Sigma C-0130) diluted in

1 9 PBS (Sigma D1283) and left for 16–18 h at room temperature.

Then, the supernatant was removed and centrifuged at 6300 rpm

for 3 min. The supernatant was discarded and the pellet

resuspended in 10 mL of MSCBM culture medium (Mesenchymal

Stem Cell Basal Medium, Lonza PT-3238) (Lonza, Gampel, Valais,

Switzerland, PT-3238) supplemented with 1% penicillin–streptomy-

cin (5000 U.mL�1–5 lg mL�1, Gibco, 15140-122) and plated in

petri dishes kept under ideal conditions of growth.

For mesenchymal stem cells from adipose tissue, the protocol

was adapted from Zuk [17]. Briefly, the lipoaspirate was washed

several times with 1 9 PBS (Sigma, D1283) in a dropping funnel.

The extracellular matrix was digested with 0.075% collagenase

(Sigma-Aldrich, C-0130) at 37°C for 30 min in an orbital shaker.

The collagenase was neutralized with foetal bovine serum (Sigma,

F0926) in an amount corresponding to 10% of the total volume.

Then, the tubes were centrifuged for 10 min at 2900 rpm and the

supernatant was discarded. An appropriate volume of 1 9 lysing

solution composed of EDTA disodium salt (Sigma-Aldrich Co., St.

Louis, MO, USA), ammonium chloride (Synth, SP, Brazil) and

sodium bicarbonate (Sigma-Aldrich Co., St. Louis, MO, USA) was

added to precipitate the lipoaspirate: 25 mL of lysing solution was

used for each 100-mL portion of lipoaspirate.

The tubes were vigorously agitated and incubated for 10 min at

room temperature in an orbital shaker. The tubes were then

centrifuged at 1400 rpm for 10 min and the supernatant was
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discarded. The cells were resuspended in 10 mL MSCBM, and the

solution was filtered through a 100-lm-mesh membrane filter (BD

Biosciences, USA). An aliquot was collected for nucleated cell

counting and subsequent plating. The next day, the medium was

changed for the removal of non-adherent cells.

Commercial cells were used as controls: for MSC, we used

Poietics� Human Mesenchymal Stem Cells (HMSC, Lonza PT-2501,

Lot #183402) isolated from bone marrow, which were cultured

and expanded according to Lonza Protocols. For fibroblasts, we

used Human Dermal Fibroblasts (HDF, Cascade, C-013-5C, Lot

#690231).

Cell culture

Mesenchymal stem cells (MSC) were maintained in MSCBM

medium (Mesenchymal Stem Cell Basal Medium, Lonza, PT-3238),

and HDF were maintained in Dulbecco’s modified Eagle medium

(DMEM) (Gibco, 12800-017; 10% Foetal Bovine Serum-FBS-Sigma,

F0926, Pen/Strep-Gibco, 15140-122). The cells were kept in ideal

cultivation conditions in an incubator at 37°C under 6% CO2. The

cells were grown in MSCBM (Lonza, PT-3238) supplemented with

1% penicillin–streptomycin (5000 U mL�1–5 lg mL�1, Gibco,

15140-122). The cells were inspected daily using an inverted

microscope (Olympus, Japan), and the culture medium was

changed every 3–4 days to maintain the adherent cells. Samples

from passages 2, 4 and 6 were separated for the following

experiments.

Characterization of the cell population by flow cytometry

The following cells types bone marrow (HMSC), skin dermis (SMSC)

and adipose tissue (AMSC) mesenchymal stem cells and human

dermal fibroblasts (HDF) were analysed by flow cytometry with the

FACSAria instrument (Becton Dickinson Immunocytometry

Systems, San Jose, USA), using the following antibodies: anti-CD14

(MAB1219F, Chemicon, Billerica, MA, USA, clone 2D-15C), anti-

CD29 (555 443, Becton Dickinson- BD, San Jose, CA, USA, clone

MAR4), anti-CD45 (557833, BD, clone 2D1), anti-CD73 (550257,

BD, clone AD2), anti-CD90 (555 595, BD, clone 5E10), anti-

CD105 (611315, BD, clone 35/CD105) and HLA-DR (555811, BD,

clone G46-6).

To prepare the samples, each cell pellet was resuspended in

1 mL BSA blocking buffer (BD Pharmingen, USA, Stain Buffer, 554

657), incubated for 15 min at room temperature and added to the

antibodies at the volumes indicated by the manufacturer. Each

solution was incubated for 30 min in the dark, and the samples

were then centrifuged for 3 min at 6300 rpm. The supernatant

was discarded and the pellet resuspended in 0.5% formaldehyde

(Merck, Darmstadt, Germany, 1004965000). The samples were

analysed in the cytometer within a maximum period of 7 days

after the fixation in formaldehyde. For the analysis of the samples,

the cells were centrifuged for 3 min at 6300 rpm and resuspended

in 500 lL PBS (Sigma, D1283). The samples were kept on ice until

the analysis.

Stem cell differentiation

For each cell line, in the passages 2, 4 and 6, a volume of cell sus-

pension was plated in 12-well plates at a concentration of 10 000

cells per well, to determine the cell differentiation in osteogenic,

adipogenic and chondrogenic cell types. After the cells reached

80–90% confluence, the MSCBM medium (Lonza, PT-3238) was

removed and specific differentiation media were added. The follow-

ing StemPro (Invitrogen/Gibco, USA) kits were used: for osteogenic

differentiation, A10066-01; for adipogenic differentiation,

A1007001; and for chondrogenic differentiation, A1007001. The

media were replaced every 3–4 days, and the samples remained in

the induction media for 21–28 days; after this period, the osteo-

genic, adipogenic and chondrogenic cells were stained, respectively,

with Oil Red O (Sigma, O0625), Alizarin Red S (Sigma, A5533)

and Safranin O (Sigma, S2255), which allowed the differentiated

cells to be visualized and documented photographically.

PCR array for stem cells

In the passages of interest, 300 000 cells were resuspended in

1 mL PBS (Sigma, P4244); the entire volume was transferred to an

Eppendorf tube and centrifuged again for 3 min at 6300 rpm. The

supernatant was removed and the cell pellet kept frozen at –80°C
until the moment of RNA extraction, which was performed using

the RNeasy Mini Kit (Qiagen, Germany, 74106) according to the

protocol provided by the manufacturer. RNA quantitation was

conducted with a Nanodrop spectrophotometer at the 260 nm and

280 nm wavelengths. The cDNA was obtained using an RT2 First

Strand Kit (SABiosciences, Germany) in the Veriti thermocycler

(Applied Biosystems). After the cDNA acquisition, the RT2 SYBR

Green qPCR Mastermix Kit (SABiosciences) was used for the

preparation of PCR plates (RT2 Profiler PCR Array: Human Stem

Cell) (SABiosciences, PAHS 405) as recommended by the

manufacturer’s protocol. The following genes were included in this

array: cell cycle regulators: APC, AXIN1, CCNA2, CCND1, CCND2,

CCNE1, CDK1, CDC42, EP300, FGF1, FGF2, FGF3, FGF4, MYC,

NOTCH2, PARD6A and RB1; chromosome and chromatin

modulators: KAT2A, HDAC2, KAT8, KAT7, RB1 and TERT; genes

regulating symmetric/asymmetric cell division: DHH, NOTCH1,

NOTCH2, NUMB and PARD6A; self-renewal markers: HSPA9,

KAT8, KAT7, NEUROG2, SOX1, SOX2; cytokines and growth

factors: BMP1, BMP2, BMP3, CXCL12, FGF1, FGF2, FGF3, FGF4,

GDF2, GDF3, IGF1 and JAG1; genes regulating cell–cell communi-

cation: DHH, DLL1, GJA1, GJB1, GJB2 and JAG1; cell adhesion

molecules: APC, BGLAP, CD4, CD44, CDH1, CDH2, COL9A1,

CTNNA1, CXCL12 and NCAM1; metabolic markers: ABCG2,

ALDH1A1, ALDH2 and FGFR1; embryonic cell lineage markers:

ACTC1, ASCL2, FOXA2, PDX1 (IPF1), ISL1, KRT15, MSX1,

MYOD1 and T; haematopoietic cell lineage markers: CD3D, CD4,

CD8A, CD8B and MME; mesenchymal cell lineage markers: ACAN

(AGC1), ALPI, BGLAP, COL1A1, COL2A1, COL9A1 and PPARG;

neural cell lineage markers: CD44, NCAM1, SIGMAR1, S100B and

TUBB3; signalling pathways important for stem cell maintenance:

Notch pathway: DLL1, DLL3, DTX1, DTX2, DVL1, EP300, KAT2A,

HDAC2, JAG1, NOTCH1, NOTCH2 and NUMB; Wnt pathway:

ADAR, APC, AXIN1, BTRC, CCND1, FRAT1, FZD1, MYC, PPARD

and WNT1 [18].

A Step One Plus thermocycler (Applied Biosystems, LL-TAG

TC002) was used for the reaction. The analyses were conducted

with the aid of the SABiosciences online program.

Statistical analysis

All data are expressed as the mean � SD. The GRAPH PAD INSTAT

software (version 3.01 for Windows XP; Graph Pad Software,

San Diego, CA, USA) was used in the statistical analyses. The RT2
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Profiler PCR Array Data Analysis, version 3.4. (SABiosciences) (Stu-

dent’s t-test) was used for PCR array analyses.

Results

Morphological features of MSC from different sources and of

fibroblasts

To better characterize MSC, we used cells derived from the follow-

ing sources: bone marrow (HMSC), skin dermis (SMSC) and adipose

tissue (AMSC). The fibroblast population of this study was obtained

from skin dermis (HDF). As illustrated in Fig. 1, all cell types

proved to be able to adhere to plastic dishes, which is consistent

with a fibroblast-like morphology. The same phenotype is main-

tained across all the passages studied in this investigation, namely

P2, P4 and P6. They are all very similar, which makes it

impossible to distinguish MSC (of different origins) from fibroblasts.

Cell surface proteins

In a position paper dated 2006, Dominici [19] suggests that the

Mesenchymal and Tissue Stem Cell Committee propose a definition

of human MSC, based on a set of standards. One of the criteria is

that 95% of the MSC population must express CD105, CD73 and

CD90, as measured by flow cytometry, and must not express

CD45, CD34, CD14 or CD11b, CD79a or CD19 and HLA class II.

Other reports also concur that these are the most commonly used

markers for the identification of mesenchymal stem cells [19–22].
For the immunophenotyping experiments conducted to detect

cell surface proteins, the following markers were chosen for the

positive detection: CD29 (b1 integrin), CD73 (ecto-5-nucleotidase),

CD90 (Thy-1) and CD105 (endoglin) [2, 21]. The markers selected

for the negative detection were CD14, CD45 (haematopoietic

marker) and HLA-DR.

As shown in Fig. 2, MSCs from different sources (HMSC, SMSC

and AMSC) had the same immunophenotypical profile when

positive and negative cell surface proteins were compared. How-

ever, fibroblasts and other cells were also observed to have very

similar profiles; therefore, immunophenotyping criteria are not

sufficient for sorting these cells out in a mixed population of MSC

and HDF.

MSC differentiation into specialized cell types

One important feature described for MSC characterization is its

differentiation potential into at least three specialized cell types

derived from different tissues (fat, bone and cartilage). Fig. 3 shows

that the isolated cells have the capacity to differentiate into adipo-

cytes, chondrocytes and osteocytes, respectively. In addition, these

cells do not lose their ability to differentiate along the passages

examined in this study (data not shown).

Fig. 3 (top) shows the differentiation into adipocytes, as well as

the fat globules stained with Oil Red. This result clearly indicates

that all the cell types investigated in this study, including fibro-

blasts, have the potential to differentiate into adipocytes, even

though these lipid droplets are smaller than those formed by other

stem cells (HMSC, SMSC and AMSC).

A differentiation into osteoblasts with calcium deposits has also

been observed. It should be noted that all cells (HMSC, SMSC,

AMSC and HDF) have a cell differentiation potential, which is high-

lighted by the Alizarin Red staining.

For the detection of cells differentiated into chondrocytes, we

used a smear technique (Fig. 3, bottom). The cartilage deposit was

stained with Safranin, and unstained, nucleus-containing cells were

Figure 1 Optical microscopy of MSC cells (HMSC, SMSC, AMSC) from three different culture passages: P2, P4 and P6. Note: There are no morphological differ-

ences among the investigated cells and the analysed passages. Magnification 20X.
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labelled with haematoxylin counterstain. The performance of this

protocol differed from the previous ones in that the pellets were

cultured, and after the differentiation time, the slide was smeared

and then stained. The differentiated cell morphology is shown

below. Clearly, all the MSC types were able to differentiate into

chondrocytes. This proved to be true also for fibroblasts, although

in smaller proportions.

Differentially expressed genes

To study the genes that are differentially expressed by mesenchymal

stem cells as compared to fibroblasts, we performed a PCR array

(SABiosciences) with key genes which are known to be expressed by

stem cells.

Fig. 4 shows the data in a heatmap analysis, where the red bars

represent genes that expressed at least 2 times more than the

control, and pale-green bars stand for genes that expressed at least

2 times less than the control. The averages are indicated by other

colours, as shown in the sidebar of Fig. 4. As illustrated in

Fig. 4A, most of the 90 genes analysed in this study did not show

a statistically significant difference in comparison with the different

populations of MSC (HMSC, SMSC) and adult fibroblasts, although

the adipose stem cells (AMSC) appeared to differ the most from

fibroblasts.

Only 20 genes were differentially expressed, 16 of which showed

a statistically significant difference (P < 0.05) exclusively for

AMSC, that is, this population displayed a larger difference in gene

expression than fibroblasts (Fig. 4a). The differentially expressed

genes are shown in Table I. The four genes expressed in more than

one MSC population in comparison with HDF are illustrated in

Fig. 4b, where they are coded as FOXA2, KRT15, NCAM1 and

NOTCH1.

Discussion

The use of cell cultures for cosmetic purposes has been growing in

the past 20 years. Cell cultures of fibroblasts and stem cells are

used for experiments designed to determine the efficacy and safety

of active ingredients and formulations which claim to provide a

number of different benefits, such as anti-ageing and anti-wrinkle

effects, increased collagen production, improved appearance of

sagging skin, among others.

(A)

(B)

Figure 2 Immunophenotyping of known cell surface markers for MSC. (a) Histograms. (b) Graph representation of Positive: CD29, CD73, CD90, CD105; Nega-

tive: CD14, CD45 and HLA-DR. The markers were analysed for all cell types: MSC (HMSC, SMSC and AMSC) and HDF. Note: All markers followed the profiles

for MSC specificity, including HDF.
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Figure 3 Cell Differentiation. HMSC, SMSC, AMSC (all MSC) and HDF were subjected to three different types of cell differentiation: adipogenesis (fat globules

highlighted by staining with Oil Red); osteogenesis (calcium deposits highlighted by staining with Alizarin Red); and chondrogenesis (cartilage deposits were

stained with Safranin). Note: All the analysed cells are able to differentiate into the three cell types. Magnification 20X.

(A)

(B)

Figure 4 Gene expression. (a) Heatmap showing differential gene expression among the cells analysed in this study: HDF, HMSC, SMSC and AMSC. The right

part of panel A illustrates the heatmap of the 31 genes that exhibit statistically significant differences (P < 0.05). Note: AMSC displays the largest number of

differences among all the other groups, including fibroblasts. (b) Barplot indicating the 4 genes which are different in more than one group of MSC in compari-

son with HDF.
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In the 1990s, a few companies began marketing a therapy

based on the injection of fibroblasts isolated from the patient, with

the purpose of increasing the number and activity of fibroblasts in

the dermis, smoothing wrinkles and expression lines, and

improving the aspect of sagging skin. The treatment is indicated

for the correction of facial contour problems, such as folds in the

nasolabial area, wrinkles, acne scars and other defects of the

dermis [9, 10]. In addition, platelet-rich plasma can be used for its

ability to stimulate tissue regeneration [23], mesenchymal stem

cells have been used for wound healing, tissue repair and cosmetic

repair [24, 25], and some synthetic chemical carriers could be

used to deliver cells that are capable of healing wounds [26].

Therefore, to ascertain the purity of the culture being used is

extremely important for the safety and efficacy of the clinical treat-

ments and also for obtaining reliable results.

Mesenchymal stem cells are known to be present in different

human tissues. Among the best characterized MSC are those

derived from bone marrow (HMSC) [27–31] and adipose tissue

(AMSC) [17, 29–31]. Another rich source of MSC is the skin,

where they are found in the sheath tissue surrounding the hair

follicles, whence they engender many cell types, especially fibro-

blasts and subcutaneous fat cells [30, 32–34]. Another stem cell

reservoir is the skin’s adipose tissue found in the hypodermis; in

addition to differentiating into numerous cell types, these cells are

capable of secreting a number of growth factors that control the

regeneration process of the skin [35, 36].

According to the International Society for Cellular Therapy, the

minimum requirements for a population of cells to be classified as

mesenchymal stem cells are as follows: cells isolated from a

population of mononuclear cells and cultured for their potential to

adhere selectively to the plastic surface; the expression of CD105,

CD73, CD29 and CD90 must be present, and CD34, CD45, CD14

or CD11b, CD79 or CD19 and HLA-DR should not be expressed in

more than 95% of cells in a culture; the cells may be differentiated

into bone, fat and cartilage [2, 19, 37]. However, there is no single

marker or characteristic that can distinguish these cells from other

cell types.

Fibroblasts are mesenchymal cells that are essential in embryo-

genesis and in adult functions such as extracellular matrix (ECM)

syntheses and wound healing processes. Also, the interaction of

stromal and epithelial cells is vital for the morphogenesis of tissues

and organs [38].

In a review article, Hematti [39] wrote that researchers have

been trying to find an MSC marker for more than 40 years. Never-

theless, no further progress has been made to circumvent the

problem that these cells are indistinguishable from fibroblasts in

many properties, such as their morphology, cell surface markers,

differentiation potential, gene expression profile and immunological

features. The author also pointed out that fibroblasts share a thera-

peutic potential with MSC [39]. Other authors and studies, how-

ever, have demonstrated that the contamination with fibroblasts

can be one of the reasons why promising cell therapies are failing

in the pre-clinical testing stages [8].

In the present study, we show that MSC from different sources–
bone marrow (HMSC), skin (SMSC) and adipose tissue (AMSC

derived from lipoaspirate)–share MSC features such as adhesion to

plastic (Fig. 1), cell surface markers (Fig. 2), cell differentiation

(Fig. 3) and expression of related stem cell genes (Fig. 4). The same

experimental conditions were employed with fibroblasts to compare

these cell types, which share the same embryonic origin and

morphological aspects.

The first requirement for mesenchymal stem cell characterization

was met for all MSC and fibroblasts (HDF) in this study: to adhere

to plastic with a fibroblast-like morphology. As all cell types had

the same cell morphology (Fig. 1), it was impossible to distinguish

one from the other.

Table I Fold change and statistical analysis of MSCs in comparison with HDF

Gene

Fold change comparing to HDF p-value comparing to HDF

HMSC SMSC AMSC HMSC SMSC AMSC

1 ALDH2 2.5748 0.7145 21.3351 0.378634 0.633846 0.001301

2 BTRC 2.5384 0.5653 19.5605 0.186988 0.436798 0.017782

3 CCNE1 10.3436 1.8074 4.7513 0.346957 0.367831 0.016075

4 CDC42 7.8911 0.2066 24.2587 0.067791 0.252591 0.000177

5 DLL1 4.7122 0.8626 23.3601 0.148275 0.622254 0.022569

6 DTX2 1.3861 0.7322 6.4473 0.448389 0.450983 0.001249

7 FZD1 2.0681 0.1001 10.1682 0.378148 0.118999 0.006207

8 GJA1 3.6043 0.4788 13.109 0.392558 0.417931 0.000819

9 HSPA9 6.5692 0.4817 4.2122 0.350938 0.208552 0.002726

10 MYOD1 3.2376 0.8005 0.0002 0.36391 0.617674 0.018462

11 KAT8 18.8326 1.0661 5.5917 0.341059 0.942638 0.001356

12 NUMB 9.4361 0.7085 29.7889 0.367712 0.353457 0.001368

13 CD4 0.7287 0.6161 0.02 0.566095 0.165416 0.008604

14 COL2A1 1.1635 0.5159 0.008 0.282484 0.241616 0.045228

15 NEUROG2 18.9124 0.5336 0.0228 0.327521 0.294812 0.043332

16 SOX2 6.6933 0.6899 0.0084 0.197205 0.485203 0.014782

17 FOXA2 0.0992 1.4495 0.0116 0.004809 0.329726 0.009158

18 KRT15 0.6344 0.0991 0.0142 0.56013 0.008016 0.005917

19 NCAM1 0.2342 0.6482 0.0524 0.005078 0.253575 0.003165

20 NOTCH1 1.4589 0.3453 0.1162 0.341123 0.006064 0.000173
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Considering the specific MSC immunophenotyping, we conducted

flow cytometer analyses for the different cell surface markers. As

shown in Fig. 2, all the analysed cell types, including HDF, showed

a very similar profile, for both the positive (CD29, CD73, CD90 and

CD105) and the negative markers (CD14, CD45 and HLA-DR).

Previous studies had already shown that mesenchymal stem

cells and fibroblasts express the same stem cell surface markers

CD44, CD73 and CD105 and are negative for haematopoietic

markers such as CD14, CD34 and CD45. Both cells also express

fibroblast markers (i.e. collagen I and II, HSP47, valentine, FSP,

Stro-1 and aSMA) [1, 33, 39–41]. Chen and co-workers [1] have

suggested that dermal fibroblasts are a heterogeneous population

containing progenitors with various levels of differentiation

potentials and that nestin–vimentin + fibroblasts may represent a

novel type of multipotent adult stem cells in human dermis [1].

One of the acceptance criteria of MSC is their capacity to differ-

entiate into at least three different cell types (adipocytes,

chondrocytes and osteocytes), because of which they are considered

multipotent. Furthermore, this differentiation potential has been a

criterion for distinguishing MSCs from fibroblasts, because fibro-

blasts were described as being unable to differentiate [21, 42]. We

found that the all MSC cells, as well as HDF, were able to differenti-

ate (Fig. 3) and exhibit the characteristics of these stem cells.

Fibroblasts have been reported to have the potential for osteoblas-

tic, chondrogenic and adipogenic differentiation [11, 33, 43]. The

differentiation of dermal fibroblasts decreases over later passages [1].

They also play a part in immunological tolerance, tissue repair and

inflammation [39]. In 2008, Covas and co-workers [12] found that

MSC, pericytes and fibroblasts showed a similar pattern of gene

expression, but their immunophenotype and differentiation

experiments led them to conclude that fibroblasts are differentiated

cells with a still restricted differentiation potential. Recently,

adipose-derived and dermal fibroblasts have been reported to exhibit

distinct dynamics of differentiation into mesodermal cell types under

similar experimental conditions (similar early mechanisms for differ-

entiation into adipocytes and osteoblasts but different molecular

mechanisms for chondrogenic differentiation) [44].

Numerous genes have been described as participants in

processes related to the characterization of stem cells and their

plasticity, differentiation potential, cycle regulation, signalling,

maintenance and specificity. In our study, we used PCR arrays

(SABiosciences) to evaluate 90 genes, 69 of which exhibited a sim-

ilar level of gene expression for all the cells being studied (HMSC,

SMSC, AMSC and HDF).

In 2002, Chang and co-workers [38] showed that embryonic

and adult fibroblasts from different body areas displayed distinct

transcriptional patterns when analysed by microarray platforms,

suggesting that fibroblasts at different locations in the body should

be considered different cell types. However, additional studies

involving other experiments, such as cell differentiation and

immune-phenotyping, are required to determine whether these

cells can be considered different cell types. Our work suggests that,

depending on the effectiveness that one wishes to evaluate, the

choice of the body site from which the fibroblasts were isolated can

make a difference. For example, to study anti-ageing photoprotec-

tion, perhaps the facial skin would be more suitable, as it is

exposed to the sun much longer than other parts of the body.

Only 20 genes were differentially expressed with P < 0.05 for

stem cells in comparison with HDF. AMSC had the largest number

of genes which were significantly different from those expressed

by HDF (Table I). The results of the analyses for gene expression

profiling indicate that AMSC shows the largest differences with

respect to the gene expression by HDF and the other MSCs (HMSC

and SMSC). Only four genes (FOXA2, KRT15, NCAM1 and NOTCH1)

provided differential expressions in more than one MSC source.

FOXA2 (Forkhead box A2) belongs to the forkhead/winged helix

transcription factor family and plays a leading part in the

endodermal lineage development [45]. This function has been

extensively described for MSC obtained from different sources, as

well as for fibroblasts in the differentiation of endodermal cells–par-
ticularly insulin-producing cells [36, 45, 46] and hepatocytes [47].

In this investigation, we have shown that fibroblasts express higher

amounts of FOXA2 transcripts when compared with HMSC and

AMSC cells. However, there was no significant difference between

HDF and SMSC.

Keratin 15 (KRT15) and neuronal cell adhesion molecules

(NCAM/CD56) were also found to be expressed at higher levels in

HDF when compared with HMSC and AMSC cells. Interestingly,

KRT15 is described as a bulge stem cell marker [48], whereas Garza

and co-workers [49] demonstrated that the KRT15 expression is

associated with small-sized stem cell properties and dormancy in

mice and human models. NCAM1 is described as a neural stem cell

marker related to neural mesodermal progenitors [50, 51].

NOTCH1 also showed higher levels of gene expression in HDF in

comparison with AMSC. Significant statistical differences were also

observed between HDF and SMSC. However, no significant difference

was detected between HDF and HMSC. NOTCH1 is a transmembrane

protein that can determine cellular differentiation pathways [52,

53]. NOTCH1 is also reported to play a role in pancreatic develop-

ment [54, 55] and osteoblast differentiation [52, 53].

Zhu and co-workers [31] compared adipose (AMSC) and bone

marrow mesenchymal stem (BMSC) cells as to their phenotype,

double time, differentiation potential and T-lymphocyte activation,

proliferation and suppression. The main differences reported by the

authors were the faster proliferation rate and higher number of

stem cell progenitors in the AMSC. However, AMSC were less

efficient than BMSC in suppressing T-lymphocyte proliferation and

activation. The authors showed, in conclusion, that adipose tissue

is a better source of MSC, because cell origin and abundance were

decisive factors in stem cell applications [31].

Conclusion

Based on these data, we found that genes expressed almost

exclusively by fibroblasts are chiefly related to cell differentiation.

This demonstrates the potential of these cells to differentiate into

other cell types, confirming the differentiation data presented in

this article. Furthermore, our data show closer similarities

between MSC and HDF, and larger differences with respect to

AMSC. These genes may be targeted for further studies in stem

cell characterization.

In this article, we have unified the major characteristics

described for mesenchymal stem cells by extracting them from

different sources (bone marrow, fat and skin) and comparing them

with dermal fibroblasts. We found that characteristics such as

morphology, surface markers and differentiation potential are very

similar for all the cells which were analysed. The gene expression

profile of MSC and fibroblasts is also very similar: only four genes

were differentially expressed (FOXA2, KRT15, NCAM1 and

NOTCH1), which is primarily related to the differentiation potential

of these cells. Therefore, future studies should be carried out to bet-

ter characterize stem cells for their safety in testing the efficacy of
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active ingredients and formulations for cosmetic proposes,

autologous fillers and clinical applications.
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