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Summary 

Ovine bone marrow-derived mesenchymal stromal cells (oBM-MSCs) represent a good animal 

model for cell-based therapy and tissue engineering. Despite their use as a new therapeutic tool for 

several clinical applications, the morphological features of oBM-MSCs are yet unknown. Therefore, 

in this study the ultrastructural phenotype of these cells was analysed by transmission electron 

microscopy (TEM). The oBM-MSCs were isolated from the iliac crest, cultured until they reached 

near-confluence. After trypsinization, they were processed to investigate their ultrastructural features 

as well as specific surface marker proteins by flow cytometry and immunogold electron microscopy. 

Flow cytometry displayed that all oBM-MSCs lacked expression of CD31, CD34, CD45, HLA-DR 

whereas expressed CD44, CD58, HLAI and a minor subset of cell population exhibited CD90. TEM 

revealed the presence of two morphologically distinct cell types: cuboidal electron-lucent cells and 

spindle-shaped electron-dense cells, both expressing CD90 antigen. Most of the electron-lucent cells 

showed glycogen aggregates, dilated cisternae of RER, moderately developed Golgi complex, and 

secretory activity. The electron-dense cell type was constituted by two different cell-populations: type 

A cells with numerous endosomes, dense bodies, rod-shaped mitochondria and filopodia; type B cells 

with elongated mitochondria, thin pseudopodia and cytoplasmic connectivity with electron-lucent 

cells. These morphological findings could provide a useful support to identify “in situ” the cellular 

components involved in the cell-therapy when cultured oBM-MSCs are injected. 

 
Key words: ovine, bone marrow, MSCs, flow cytometry, transmission electron microscopy 
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1. Introduction 

The mesenchymal stromal cells (MSCs), first described by Friedenstein et al. (1970) as population 

of bone marrow stromal cells that were able to adhere to the plastic culture substrate, are multipotent 

cells present in bone marrow which can replicate as undifferentiated cells and have differentiation 

potential giving rise to mesenchymal tissue lineages such as bone, cartilage, fat, tendon, muscle, and 

marrow stroma (Prockop, 1997; Pittenger et al., 1999). These cells can also become neurons, cardiac 

muscle cells and corneal keratocytes under specific conditions (Makino et al., 1999; Holden and 

Vogel, 2002; Jiang et al., 2002; Dezawa et al., 2004; Takayama et al., 2009). 

In human , MSCs are defined by several key features: they strongly adhere to a plastic surface in 

culture; they are clonogenic; they show a surprising proliferation rate (self-renewing); they exhibit a 

remarkable plasticity, being able to differentiate into many mature cell types of mesodermal and non 

mesodermal origin (multipotency) (Bruder et al., 1997; Pittenger et al., 1999; Woodbury et al., 2000; 

Payushina et al., 2006). In addition to these features, the Mesenchymal and Tissue Stem Cell 

Committee of the International Society for Cellular Therapy (ISCT) considers the MSCs as plastic- 

adherent cells which express the surface markers CD73, CD90 and CD105 and lack expression of 

CD14 or CD11b, CD34, CD45, CD79 or CD19 and HLA-DR (Dominici et al., 2006). Besides the 

markers defined by the ISCT, additional surface proteins have been reported to be expressed by 

human MSCs including CD29, CD44, CD106 and CD166 (Pittenger et al., 1999; Barry and Murphy, 

2004). 

In contrast to human MSCs, no uniform characterization criteria are available to date for animal 

origin MSCs in general, including ovine MSCs. For example, in ovine bone marrow derived MSCs 

(oBM-MSCs) the expression of CD90 has been detected by Rentsch et al.(2010) but not by McCarty 

et al.(2009) and Rozemuller et al. (2010). 

Due to their low immunogenicity and lack of alloreactivity MSCs are considered as optimal 

candidates for transplantation procedures (Bartholomew et al., 2002; Gotherstrom, 2007; Nauta and 

Fibbe, 2007; Mobasheri et al., 2009). Recently, numerous experimental studies have demonstrated 

that oBM-MSCs are good animal model for cell-based therapy and tissue engineering. oBM-MSCs 

are able to promote bone formation in induced osteonecrosis (Feitosa et al., 2010), tibial defect (Field 

et al., 2011) and in a ceramic bone substitute (Boos et al., 2011). Additionally, these cells permit the 

regeneration of injured growth plate cartilage (McCarty et al., 2010) and articular chondrocytes 

(Marquass et al., 2011). Lastly, oBM-MSCs are effective in regeneration of tendon tissue after 

induced tendinitis (Crovace et al., 2008; Lacitignola et al, 2014). 
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In spite of their considerable importance in the cell-based therapy, detailed ultrastructural studies 

of the adult MSCs are scarce in mammals (Seed et al., 1986; Pasquinelli et al., 2007; Karaöz et al., 

2011) and lack in ovine. The objective of this study was to examine the ultrastructural features of 

the oBM-MSCs. Since in the tissues of adult mammals a diffuse network of MSCs exists, the 

knowledge of their ultrastructural characteristics could represent the basis to identify “in situ” the 

niches in which such cells reside. Consequently this could provide a functional support for maturation 

of precursors of the primary cellular compartments in adult tissues as it has been suggested for humans 

(Pasquinelli et al., 2007). 

 
2. Materials and methods 

2.1. Bone marrow harvesting 

This study was part of a larger research that included the harvest of ovine bone marrow. The ethical 

committee of the University of Bari in accordance with National animal welfare legislation, and in 

compliance with the guidelines outlined in the NRC Guide for the Care and Use of Laboratory 

Animals, approved the use of ewes (Bergamasca breed, 2 years of age, female, 45 kg in weight, not 

inbred) for the study. 

Bone Marrow (BM) samples were obtained from the iliac crest of 2 healthy sheeps according to 

Crovace et al. (2008). The procedure was performed under sedation with diazepama (0.05 mg/kg ) 

and local anaesthesia with lidocaine chlorhydrateb 2% (20 ml) around the tuber coxae. After aseptic 

preparation of skin, a 14 gauge (1.0 mm) jamshidi needle was inserted in the tuber coxae to a depth 

of 3–4 cm. A 20 ml heparinazed (2500 I.U. heparin/20 ml BM) syringe was attached to the needle 

to obtain BM. 

 
2.2. Cell Culture 

The BM were diluted 1:1 in PBS, then stratified 1:1 on Biocoll Separating solution (FICOLL, 

gradient 1,077 g/ml, Biochrom, Berlin,Germany) and centrifuged at 2000 rpm x30 min and were 

seeded in flasks at a concentration of 4–5 x 106 cells/cm2 in complete medium (Coon’s) at 37°C in a 

humid 5% CO2/air (carbogen) atmosphere. Non-adherent cells were discarded after 3 days and 

adherent cells were cultured until they reached near-confluence (10 days) (Fig. 1). The cultures of 

BMSCs were trypsin-treated in a routine manner and, after collection in Falcon tubes, the detached 

cells were rinsed in PBS and centrifuged twice at 1200 rpm for 10 min. 

 

2.3. Flow cytometric analysis 
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Flow cytometric analysis was used to characterize the cell-surface antigen expression of oBM- 

MSCs using antibodies against positively (CD44, CD58, CD90 and HLAI) and negatively 

(CD31,CD34, CD45 and HLA-DR) markers associated with MSC populations. After trypsinization, 

cells were resuspended with FACS buffer (pH 7.2 PBS, BSA 0.5%, sodium azide 0.02%) at a 

concentration of 0.1 x 106/100 μl and were labelled for 30 min at room temperature in the dark using 

10 l (1:10 dilution) of fluorochrome-unconjugated mouse primary antibodies anti-ovine CD44 

(Serotec®, Milan, Italy) and anti-human CD90 (BD Biosciences Pharmingen, San Diego, CA) or 

fluorochrome-conjugated monoclonal anti-ovine antibodies anti-CD45FITC,anti- HLA I FITC, anti-

CD31PE, anti-CD34PE, anti-CD58PE, and anti- HLA-DR PE (Serotec®, Milan, Italy). Then the cells 

were washed with FACS buffer to remove non-conjugated antibodies and those incubated with anti 

CD44 and CD90 were incubated with fluorescein isothiocyanate (FITC)-Goat anti-mouse IgG (H+L) 

secondary antibody (R&D®, dilution 1:10) for 30 minutes at room temperature in a dark room. Epics 

`XL-MCL’ (Beckman Coulter) flow cytometer was used to analyse fluorescent phenotypic marker 

signals. At least 10,000 events for test sample were acquired. The negative control assay was 

performed by the reaction of each primary antibody with the respective peptide antigen. Sample 

histogram elaboration was performed with EXPO 32 software to assess fluorescent distribution (Fig. 

2). 

 
2.4. Electron microscopy 

The pellets were fixed with 2.5% glutaraldehyde in 0.1 M phosphate buffer (TBS), pH 7.3, for 2 h 

at room temperature, and post-fixed or not with 1% OsO4 in the same buffer for 1 h. Samples were 

dehydrated in an ethanol series and embedded in Epon 812. 

Semithin sections (1 μm thick) were cut and stained with saturated, borax-buffered toluidine blue 

dye solution and examined under light microscopy to study the general morphology. 

Ultrathin sections (50-70 nm) with silver interference were cut, picked up on copper grids and 

stained with uranyl acetate and lead citrate. 

 
2.5. Immunoelectron microscopy 

Ultra-thin sections were mounted on formwar-coated gold grids and incubated overnight with the 

mouse antibody against human CD 90 (BD Biosciences Pharmingen, San Diego, CA) diluted 1:50 

in blocking buffer (TBS 0.1M, pH 7.4 + BSA1%) at 4 °C. Grids were rinsed with TBS (0.1M, pH 

7.4), and then incubated at a dilution of 1:20 of 10-nm gold-conjugated anti mouse IgG (Sigma) in 

TBS for 1 h at RT. After several rinses in TBS, the grids were lightly stained with uranyl acetate 

and lead citrate. Negative controls were performed by substituting the primary antibody with TBS. 
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The grids were observed under a Morgagni 268 electron microscope (FEI, Hillsboro, Oregon, 

USA). 

 
3. Results 

3.1. Expression of cell surface markers 

Cultured MSC represented a heterogeneous population of cells. We found that oBM-MSCs were 

uniformly positive for CD44, CD58, and HLA I expression, whereas a minor population of cells 

exhibited CD90. oBM-MSCs lacked expression of the endothelial marker (CD31), hematopoietic 

markers (CD34 and CD45), and immunological marker (HLA-DR) (Fig. 2)., thus confirming a MSC 

immunophenotype. 

 
3.2. Light microscopy 

Semithin sections stained with toluidine blue showed that sBM-MSCs contained two distinct kinds 

of cells: weakly stained large cuboidal cells and strongly stained spindle-shaped cells (Fig. 3). 

 
3.3. Transmission electron microscopy 

TEM observations revealed the presence of two cell types: electron-lucent cells and electron- dense 

cells. sBM-MSCs exhibited large, irregularly and euchromatic nuclei with one or two nucleoli. 

The electron-lucent cells were cuboid in shape and in the cytoplasm were distributed intermediate 

filaments, elongated mitochondria with dense matrix, glycogen that sometime constitutes large 

aggregates in the peripheral zone (Figs. 4A,B). Scattered in the cytoplasm it was the rough 

endoplasmic reticulum (RER) with prominent dilated cisternae containing moderately electron-dense 

material (Figs. 4A,B). Golgi complex was moderately developed (Fig. 4C). In addition, the release of 

moderately electron-dense material from secretory vesicles (Fig. 4D) as well as receptor-mediate 

endocytosis were observed (Fig. 4E). Lastly, cell junctions with other light cells and with dark cells 

were present (Figs. 4B,F). 

Some electron-lucent cells appeared to be characterized by endocytic vesicles, primary and 

secondary lysosomes, residual bodies and vacuoles giving the cytoplasm a multivacuolated 

appearance (Figs. 5A,B). Moreover, the presence of elongated mitochondria with electron-dense 

matrix were another common feature (Fig. 5B). 

Two sub-populations of electron-dense cells were distinguished: type A and type B cells (Figs. 

6A,D). Type A dark cells were sferoid in shape, and showed numerous filopodia on their surface (Fig. 

6A). Their cytoplasm displayed glycogen aggregates, large vesicles containing different type 
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of matrix (Fig. 6A), RER profiles, scarce lipid droplets, endocytic vesicles (Fig. 6B), as well as rod- 

shaped mitochondria with pale matrix (Fig. 6C). Type B electron-dense cells were spindle-shaped 

cells with high content of glycogen which constituted large aggregates (Fig. 6E). RER profiles were 

moderately scattered in the cytoplasm which showed elongated mitochondria with dense matrix (Fig. 

6E). The nucleus, irregular in shape, contained finely dispersed heterochromatin. The cell surface 

showed thin pseudopodia (Fig. 6D) as well as intercellular junctions and cytoplasmic connections 

with electron-lucent cells (Figs. 6E,F). 

The immunogold electron microscopy revealed that surface CD90 antigen is expressed in both 

electron-lucent cells and electron-dense cells (Figs. 7A,B). 

 
4. Discussion 

Bone marrow contains at least two kinds of stromal cells, hematopoietic stem cells and stem 

cells for nonhematopoietic tissues (Friedenstein et al.,1970), referred as mesenchymal stem cells or 

marrow stromal cells (MSCs). The ability of MSCs to differentiate into many mature cell types of 

mesodermal and nonmesodermal origin allows their use in the mammal regenerative medicine, 

including sheep. 

There is very little information available on the cell surface characteristics of oBM-MSCs, because 

of the paucity of antibodies specific for sheep. However, in this study the used anti-ovine antibodies 

against CD31, CD34, CD45, HLA-DR did not positively react with oBM-MSC. This is consistent 

with the absence of expression in human MSCs of the endothelial and haematopoietic markers (CD34, 

CD45, HLA-DR) (Dominici et al., 2006). The absence of leukocyte antigen HLA- DR expression 

confirmed the immunosuppressive potential of ovine. In addition, these cultured cells strongly 

expressed surface antigens such as CD44, CD58 and HLAI which are typically expressed in MSCs 

(De Girolamo et al., 2013. Furthermore, our cell cultures contained a minor population of cells (12%) 

expressing CD90, a further positive MSC marker (Wiesmann et al., 2006) which in ovine MSCs was 

previously displayed only by Rentsch et al. (2010) (although the percentage of positive cells was not 

reported) but not by other researchers (McCarty et al.,2009; Rozemuller et al.,2010; Kalaszczynska 

et al., 2013). This result could depend on the cross-reactivity of the antibodies used 

The present study for the first time demonstrates the ultrastructural features of cultured oBM- 

MSCs, which are considered profitably models for cell-based therapy in sheep (Crovace et al., 

2008; Feitosa et al., 2010; McCarty et al., 2010; Boos et al.,2011; Field et al., 2011; Marquass et al. 

2011; Lacitignola et al., 2014). 



8  

Cultures of oBM-MSCs consisted of large cuboidal electron-lucent cells and spindle-shaped 

(flattened) electron-dense cells. The immunoelectron microscopy revealed that both the cell types 

expressed the CD90 surface antigen. In accordance with the flow cytometric analysis, this result 

demonstrates that our investigated cells are MSCs. Indeed, CD90 is commonly used as a positive 

surface marker for MSC (Ghilzon et al., 1999; Dominici et al., 2006; Wiesmann et al., 2006). Previous 

studies demonstrated that human BM-MSCs contain at least two morphologically distinct kinds of 

cells (Colter et al., 2001). 

Most of the electron-lucent cells showed the ultrastructural features described in the literature for 

the MSCs, such as the presence of glycogen aggregates, dilated cisternae of RER, moderately 

developed Golgi complex (Baharvand and Matthaei, 2003; Pasquinelli et al., 2007; Karaöz et al., 

2011). In addition, in this study the presence of a secretory activity was observed. This suggests that 

oBM-MSCs contain the glycoprotein synthesis machinery and that the secretion of glycoproteins may 

occur. These macromolecules are crucial for the development, growth, functioning of the cells 

because they have structural, modulatory and recognition properties (Varki and Lowe, 2009). MSCs 

have great therapeutic potential because of their secretion of a great variety of cytokines and growth 

factors that mediate anti-apoptotic, angiogenic, immunoregulatory and anti-scarring processes, along 

with others (Meirelles and Nardi., 2009; Somoza et al., 2015). 

Some of electron-lucent cells showed multivacuolated cytoplasm due to the presence of endocytic 

vesicles and lysosomes, which suggest that these cells are involved in the endocytotic and digestive 

activity of molecules from the culture medium. On the basis of these ultrastructural feature it is 

possible to infer that these two sub-population of electron-lucent cells could represent different stages 

of activity of the same cell type. The presence of clear blisters, vacuoles and vesicles, evocative of 

intense endocytic activity have been described in hBM-MSCs (Colter et al., 2001; Pasquinelli et al., 

2007; Karaöz et al., 2011). 

The electron-dense oBM-MSCs population was constituted by cells containing glycogen 

aggregate, RER profiles and filopodia. However, this oBM-MSCs population seems to be constituted 

by two different cell-types: type-A cells and type-B cells. The prominent feature of type A cells was 

the presence of numerous endosomes, dense bodies and filopodia not implicated in cell- to-cell 

interations. This suggests that they are involved in endocytotic activity and are migrating cells. 

Type B cells displayed some large vacuoles, but their main characteristic was the presence of 

thin pseudopodia some of them involved in the intercellular junction with electron-lucent cells. In 

addition, points of contact with light cells were established where cytoplasmic connectivity was seen. 

This suggests that oBM-MSCs can also communicate by a direct intercellular cytoplasmic 
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molecule transfer. This type of cell-to-cell communication need ATP consumption because long 

mitochondria were seen in their proximity. Recent reports have shown that intercellular transfer of 

organelles as well as membrane components and cytoplasmic molecules can be mediated by cellular 

extensions (Gurke et al., 2008; Hurtig et al., 2010). However, conventional intercellular junctions 

have been observed in the hBM-MSCs by Karaöz et al. (2011). 

The above described ultrastructural features suggest that oBM-MSCs contain different cell sub- 

populations. This is also supported by the morphology of mitochondria that were elongated with dense 

matrix in electron-lucent cells and type-B dark cells , whereas they were rod-shaped in type- A dark 

cells. It is well known that mitochondria morphology can differ among cell-types. It has been recently 

reported that at least two morphologically distinct forms of BM derived cells are distributed in the 

mouse cornea using BM transplantation. Most of BM-derived cells have a macrophage lineage, while 

some cells in the corneal stroma do not (Takayama et al., 2009). 

In conclusion, the present study show that oBM-MSCs contain at least two morphologically 

distinct kinds of cells. These ultrastructural findings could provide a morphological support to identify 

“in situ” the cellular components involved in the cell-therapy and tissue engineering when cultured 

oBM-MSCs are injected. 
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Legends 

Fig. 1. Morphological characteristics of oBM-MSCs culture. The cells exhibit flattened or fibroblast-

like morphology. Scale bar= 260 μm. 

Fig. 2. Flow cytometric analysis of oBM-MSCs. The mean fluorescence intensity of cell populations 

is reported on the x-axis. Black line curves show the fluorescence peaks and gray line curves represent 

the negative control. The positive cells are gated in M1. 

Fig. 3. Light micrograph of oBM-MSCs culture showing the presence of cells different in shape and 

staining intensity. Toluidine blue staining. Scale bar = 10 μm. 

Fig. 4. Electron micrographs showing electron-lucent cells. e, endosome; g, glycogen aggregate; 

Ga, Golgi apparatus; m, mitochondrium; N, nucleus; rER, rough endoplasmic reticulum; arrow, 

coated vesicle suggestive of receptor-mediated endocytosis; arrowhead, secretory vesicles; double 

arrowheads, intercellular junctions. Scale bars: A= 2 μm; B= 0.5 μm; C,D,E,F = 0.1 μm. 

Fig. 5. Electron micrographs of electron-lucent cells characterized by vacuoles and secondary 

lysosomes. B shows high magnification of the square-marked zone from A. m, mitochondrium. Scale 

bars: A= 2.5 μm; B= 0.5 μm. 

Fig. 6. Electron micrographs of type A (A,B,C) and type B (D,E,F) electron-dense cells. g, glycogen 

aggregate; l, lipid drop; m, mitochondrium; N, nucleus; rER, rough endoplasmic reticulum; arrow, 

filopodia; double arrows, intercellular junctions; double arrowheads, pseudopodia. Circled area 

shows cytoplasmic connections between electron-lucent cells and type B electron-dense cells. Scale 

bars: A= 2 μm; B= 0.2 μm; C,E= 0.3 μm; D= 1 μm; F = 0.5 μm. 

Fig. 7. Electron micrographs showing immunogold labelling of CD90 antigen on oBM-MSCs culture 

surface (arrow). dc, electron-dense cell; lc, electron-lucent cell. Scale bars: A = 0.25 μm; B= 

0.30 μm. 
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