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Background and Objectives: AD-MSCs (adipose-derived mesenchymal stem cells), as an easy obtainable population 
of multipotent cells, have been successfully applied in many diseases in animals. Having very similar properties and 
morphology to these collected from bone marrow, are very attractive object for regenerative medicine. 
Methods and Results: Ovine stem cells applications were considered to serve as suitable animal model for large animals 
locomotive system disorders therapy. In this research, sheep fat was collected from four different regions of the body. 
AD-MSC were isolated and cultured for morphological, morphometrical and immunophenotypical analysis. On the 
basis of conducted study, cells isolated from topographically different part of the body of given animal were almost 
identical. Morphologically and immunologically, they are very similar to other species. Moreover, application of light 
and electron microscopy, as well as immunolabeling and measurement assays allowed for detail morphological and 
biofunctional analysis of ovine adipose-derived mesenchymal stem cells in the culture.
Conclusions: Ovine subcutaneous fat from many regions of the body is rich source of stem cells, which could be used 
in locomotive system disorders experimental therapy on sheep models.
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Introduction 

  The beginning of 21th century brought the discovery of 
multilineage potential cells contained in adipose tissue 
(1). The number of researchers being exploring mesen-
chymal stem cells’ (MSC) capabilities is still increasing. 
It is almost obvious that this type of tissue has great re-
generate potential (2, 3). Substantial part of scientists has 
successfully proved, and even improved the beneficial in-
fluence of stem cells applications in orthopedics diseases, 
mainly in animals. Canine and equine cases are well 
known. In some countries, this form of therapy is already 
commercially available. However, targets list is still being 

extended for successive species, in order to find best ani-
mal models of diseases’ treatment (4). Sheep were being 
used as a suitable model for locomotive disorders treat-
ment in large animals. At present researchers are mainly 
focused on taking advantage of MSCs isolated from bone 
marrow (BM) combined with various forms of implants 
(5). It is unclear if the fat tissue, as one of the stem cell 
source, also could be exploited for these kinds of purposes 
(6, 7). In this study in order to better characterize the fu-
ture regenerative potential and possible applications of 
ovine MSCs in regenerative medicine and implantology, 
ovine white adipose tissue was analyzed. Samples were col-
lected from four different regions of the body to compare 
quantity, morphology, behavior and phenotype of cells 
with regards to regenerative purposes.

Materials and Methods

Isolation and culture process
  Two male sheep (blackbelly barbados/somalian sheep 
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hybrid x local wild sheep) were euthanatized due to stand-
ard slaughter process (8). Animals were fed only with hay 
with addition of oats. Immediately after death, subcuta-
neous fat tissue samples (5 grams) were collected into 
tubes with sterile Hank’s salt/antibiotic solution (Sigma) 
and transported to laboratory. Samples were taken from 
four different areas: back, perineum, sternum and tail 
base. Part of the material was fixed with formalin and pre-
pared for histological examination, and part was washed 
few times in solution mentioned above and placed in di-
gestion buffer, composed of 0,2% collagenase/0,25% tryp-
sin dissolved in HBSS (Sigma). Digestion process pro-
ceeded in humidified incubator, with 5%CO2, 37oC, for 
about forty minutes. Tubes with samples were shaked ev-
ery five minutes during digestion. Next, tubes were centri-
fuged at 1,200 g for 10 minutes. After that, remaining un-
digested tissues were transferred to new buffer and di-
gested again. Supernatants were discarded, and nucleated 
cells pellets, with some visible red blood cells (RBCs), 
were dissolved in DMEM/F12:Ham mixture with 10% 
FBS and and 1% antibiotic/antimycotic solutions (Sigma) 
and plated, every region separately, in T-25 culture flasks. 
Digestions were made three times. Culture vessels were 
properly signed and placed in 5%CO2, 37oC, 100% humid-
ity conditions for culture. After cells attached to surface, 
about 24 hours after, they were washed with HBSS with 
2%FBS to remove RBCs and covered with fresh nutrient. 
Medium was changed two times a week, cultures were ob-
served every day by inverted contrast-phase microscope. 
After adherent cells reached about 90% confluency, they 
were detached with EDTA/trypsin solution (Sigma), count-
ed in Thoma counting chamber and plated at 5×104 
cells/cm2 in six well plate, with high glucose DMEM/10% 
FBS/1% antibiotic. Cells were passaged regularly before 
achieving full confluency. 3×106 cells from every region 
and donor were suspended in cold serum free freezing me-
dium, frozen and stored in liquid nitrogen, using MrFrosty 
freezing box (Nalgene) placed in standard -20o freezer. 
Week after that, some part of frozen cells were thawed, 
counted for viability and plated in six-well plate to check 
resistance for freezing assay. Cultured cells were main-
tained for six passages, and than, all of them were frozen 
and stored in liquid nitrogen for future researches.

Morphological analysis
  To examine cells’ appearance and measurements, mor-
phometrical analysis by means of light microscopy were 
conducted. Some part of cells were also detached and plat-
ed on sterile glass coverslips, with scanning electron mi-
croscope destination. Immediately after adhesion (1∼2 

hours after plating) and one day after, they were washed 
three times with phosphate buffer (pH 7.4) and fixed with 
2,5% glutaraldehyde in phosphate buffer (pH 7.4) with 
DMEM at 1：1 ratio, for 30 minutes in 37oC. Afterwards, 
coverslips were washed three times again and placed in 
osmium tetroxide for 2 hours. Next, after triple washing 
in phosphate buffer (pH 7.4), cells were dried on air, sput-
tered with gold and observed in SEM. Additionally, some 
part of resected tissues were fixed in formalin, included 
in paraffin and prepared for histological analysis by stand-
ard H&E staining protocol. The measurements of the fol-
lowing parameters: cells’ length, cells’ width at the nucleus 
level, distance between cells on culture surface, nucleus di-
ameter, rounded cells’ (detached) diameter were analysed 
by means of light inverted microscope. Width and length 
of microprocesses were measured at SEM obtained pic-
tures, while lipid droplets diameter of mature adipocytes 
were measured with light microscope. Five randomly set 
fields with cells layer were photographed to measurement 
assay. Different magnifications were chosen, depending on 
analyzed structure (50× for distance between cells, 100×, 
200× and 400× for remaining measurements). Obtained 
values were averaged and tested statistically with student 
T-test for comparison.

Molecular phenotyping
  Due to ensuring that cultured cells belong to mesen-
chymal stem cells population, immunofluorescence stain-
ings were performed. Before applying antibodies (human 
MSC panel, Abcam), human and ovine antigens’ amino-
acid sequences were compared to check similarity (NCBI 
database, Bioedit software) between them. Cells from pas-
sage 2 were plated on 4-well culture coverslips and cul-
tured 1∼2 days to about 70% confluency. After that, they 
were washed three times with PBS/2%FBS solution, fixed 
with ice cold 4% paraformaldehyde for 10 minutes, wash-
ed three times again in PBS/2%FBS, and incubated with 
primary antibodies (RbIgG antiCD29, MsIgG antiCD44, 
RbIgG antiCD45, MsIgG antiCD90 and MsIgG antiCD105) 
for 1 hour in humidified atmosphere in darkness. Next, 
coverslips were rinsed three times in washing solution and 
incubated with secondary, fluorochrome conjugated anti-
bodies for 1 hour (antiRbIgG, antiMsIgG). Finally, culture 
wells were gently washed three times in PBS/2%FBS and 
filled with HBSS to examination. Fluorescence was exam-
ined by means of inverted fluorescent microscope (Zeiss) 
with camera included.
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Fig. 1. (A) Cell fixed during adhesion to surface. Ovine perineum region, scanning electron microscope, mag. 1,540×. (B) Close-up of
region marked on previous figure, mag. 6,870×.

Table 1. Average results of morphometrical analysis

Back  Perineum  Sternum  Tail base

Average length (μm) (LIM) 125,71 130,68 126,52 109,34
Average width on nucleus level (μm) (LIM) 50,35 52,08 57,67 48,56
Average nuclei diameter (μm) (LIM) 23,72 21,42 21,9 22,85
Average distance between cells in culture (μm) (LIM) 61,31 67,29 61,61 63,05
Average diameter of rounded, suspended cells (μm) (LIM) 31,02 30,77 31,78 31,16
Average length of micro processes (μm) (SEM) 3,61 3,43 2,77 4,22
Average width of micro processes (μm) (SEM) 0,21 0,17 0,2 0,23
Average diameter of lipid droplets in adipocytes (μm) (LM) 72,12 73,54 66,07 71,70

Results

Culture’s course and morphology
  Number of cells obtained by digestion was relatively 
high, comparing to number of cells from equine fat, iso-
lated with same methods by our team earlier. One day af-
ter isolation, cells had rounded shape, with excentrically 
located nucleus and low nuclear-cytoplasmic ratio. In ma-
jority of them, prominent lipid droplets were seen. Next 
day, cells were more fibroblast-like, there were more abun-
dant and at least two times bigger than at the day before. 
Washing with Hanks/FBS solution almost completely 
cleared the culture environment from RBCs. On sixth day 
in culture, cells were spindle shaped, growing tightly by 
each other, and almost reaching full confluency. In this 
stage they were passaged. The time of adhering was about 
one hour after seeding. The number of prominent nucleoli 
in majority of cells amounts to five (Fig. 1). Cells from 
different regions and individuals acted practically identi-
cally, with the same population doubling times and the 

same morphology. Thawed cells revealed almost 100% via-
bility and the same morphology and behavior than un-
freezed ones.

Morphometry
Cells from different individuals and areas were of similar 
sizes (Table 1, Fig. 2, 3). Although measured parameters 
averages values were different in particular locations, 
those differences were not statistically significant. Only 
lipid droplets diameter in adipocytes from sternum region 
was smaller than the in others areas, what was confirmed 
by T-test analysis (p＜0,01).

Immunofluorescence
Comparison of protein sequences from human and sheep 
revealed over 94% similarity between CD29 (integrin be-
ta-1) proteins and about 78% similarity between CD44 
proteins (Table 2). Unfortunately, there were no ovine 
CD90 and CD105 sequences available in the database, so 
comparison of these proteins hasn’t been done yet. Any-
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Fig. 2. (A) Length of micro processes sprouted by cell during adhesion. Ovine perineum region, scanning electron microscope, mag. 4,930×.
(B) Width of micro processes sprouted during adhesion. Ovine sternum region, scanning electron microscope, mag. 5,000×.

Fig. 3. (A) CD44 antigen on ovine MSCs from tail-base region. Phase-contrast microscope, mag. 100×. (B) Picture of same region as on
the previous figure, but in phase-contrast microscope; mag. 100×. (C) CD105 on ovine MSCs from sternum region in fluorescence, mag.
200×. (D) Picture of same region as on the previous figure in phase contrast microscope, mag. 200×.
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Table 2. Results of CD29 and CD44 antigens’ sequences from two 
hosts comparison; NCBI, BioEdit

Sequence 1: gi|166157504|ref|NP_001107242.1| integrin 
beta-1 precursor (Ovis aries)

Sequence 2: gi|18042960|gb|AAH20057.1| Integrin, beta 1 
(fibronectin receptor, beta polypeptide, antigen 
CD29 includes MDF2, MSK12) (Homo sapiens)

Identities: 0,9473684
Similarities: 0,9473684
Sequence 1: gi|169655748|gb|ACA62735.1| CD44 (Ovis aries)
Sequence 2: gi|158631979|gb|ABW75083.1| CD44 (Homo 

sapiens)
Identities: 0,7804878
Similarities: 0,7804878

way, cells from every region and both individuals, exam-
ined under inverted fluorescent microscope, showed pos-
itive reactions with all msc-markers antibodies. Express-
ion of CD90 was less pronounce, but still visible. No re-
action with CD45 antibody was noticed. In sternum re-
gion, CD105 antigen-antibody reaction was the weakest, 
basing on subjective evaluation.

Discussion

  At present, the knowledge concerning morphology of 
AD-MSC is limited. For this reason in this study, ovine 
stem cells were morphologically analysed in detailed 
manner. Stem cells isolated from fat tissue, growed in cul-
ture could be characterized by appearance and deposition 
pattern typical for mesenchymal tissue. Comparing to ca-
nine and equine adipose-derived stem cells, ovine had 
more numerous nucleoli and were relatively bigger. In the 
culture course, they adhered faster than other species cul-
tured in our facility (horse and dog) (9). Appearance of 
MSCs from different regions of body confirmed their mor-
phological similarity. Adipose-derived mesenchymal stem 
cells applications have become the one of the best ther-
apeutic factor in locomotive disorders. Bioengineers work-
ing on biodegradable implants and cell biologists cultur-
ing stem cells have cooperated on field of regenerative 
medicine, and achieved many successes. Many combina-
tions of MSC-implant seem to be effective. Although treat-
ment with these methods is well checked in dogs and hors-
es, there are still other species in which MSCs could be 
used. Some of researches have already been done in case 
of sheep (10), but only with bone marrow - derived MSCs. 
According to mentioned paper, ovine stem cells, isolated 
from fat tissue, had similar morphology and behavior to 
cells from BM, so they probably could be used in bio-
materials testing and regeneration of cartilage. Their im-

munophenotype, checked by immunofluorescent staining, 
agreed with International Society of Cellular Therapy cri-
teria (11). CD29 (integrin 1-beta) is a particle that partic-
ipate in cell adhesion. CD44 is a glycoprotein involved in 
intercellular connections, migrations and also adhesion 
(12). CD90 is a protein that function isn’t completely ex-
plored yet, probably it takes a part in cell-ECM inter-
actions (13). Staining with antibodies against it didn’t give 
effects equal with remaining markers. It could be caused 
by insufficient similarity between human and ovine CD90 
aminoacids sequence. Endoglin (CD105), as a part of TGF 
beta receptor complex, plays a crucial role in differ-
entiation and in creating the structure of growing tissue 
(14). Weaker expression in sternum-derived cells could be 
the clue that MSCs from this region have less differ-
entiation potential, so isolation from this body fragment 
should be avoided. CD45, as a marker for hematopoietic 
cells, should not be present on MSCs, as it is expressed 
by other cell lineage (15). To be sure, it should be tested 
if cells from every site of the body posses same differ-
entiation abilities, and it will be done in further resear-
ches. Anyway, this work confirms AD-MSC existence and 
similarity to BM-MSC, which enables possibilities of ther-
apeutic applications.
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