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Abstract—Properties and characteristics of multipotent mesenchymal stem cells (MMSCs) isolated from
equine umbilical cord’s blood in vitro have been studied. The cells had morphology similar to fibroblast, high
adhesive capabilities, and immunophenotype CD31–, CD34–, CD90+. Analysis of sensitivity of MMSCs to
the equine infectious anemia virus (EIAV) was conducted. The immunocytochemical analysis detected
expression of the p26 antigen in MMSCs that are being infected with EIAV. The results obtained show that
MMSCs isolated from equine umbilical cord blood can be applied in veterinary virology.
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Problems of study of infectious processes' develop-
ment in cell culture have huge significance for
researches linked to safety of both agricultural animals
and human. Equine infectious anemia (EIA) is a viral
infection of the Perissodactyla (horses, mules, don-
keys), which is characterized by recurrent fever, ane-
mia, thrombocytopenia, and various clinical courses:
from acute to latent asymptomatic [1]. The causative
agent of EIA is an RNA-virus (EIAV) that belongs to
the Retroviridaе family of the Orthoretrovirinae sub-
family. Disease caused by the virus often has a pro-
longed incubation period [2]. The virus is closely
related to other lentiviruses that are dangerous both for
animals and human. These include two closely related
ovine viruses: visna-maedi virus; feline, bovine, sim-
ian, and human immunodeficiency viruses; puma len-
tivirus (PLV); caprine arthritis encephalitis virus [3].
Complexity of pathogenesis and insufficiency of
researches of slow retroviral infections, which include
EIA, require the investigation of sensitive cell culture
that can be used for virus cultivation in vitro. At one
time, it was believed that tissue macrophages could be
the only equine cell type that supports active replica-
tion of this virus [4]. It is known that initial cultures of
equine macrophages are quite difficult to sustain
during a prolonged time period. In this connection,
researches on the assessment of sensitivity of initial
cell cultures isolated from other tissues and organs to
EIAV were conducted. It was demonstrated that dif-
ferent EIAV strains can replicate in initial equine cell
cultures: dermal fibroblasts [5], kidney cells [6], and
endothelium cells [7]. Results of these studies had

demonstrated the ability of EIAV to replicate in cells of
nonmacrophage origin. It is known that initial cul-
tures have a number of shortcomings, including short-
term cultivation. Because of this, attempts to adapt
immortalized cell lines to the virus were undertaken.
As a consequence, it was shown that digestible cell
lines—mouse embryonic fibroblasts (MEFs) [8],
canine thymus cells (Cf2Th) [9], canine osteosarcoma
cells (D17) [10], canine macrophages (DH82) [11],
and equine monocytes (EML3C) [12]—are able to
sustain EIAV replication in vitro. However, immortal
cell lines have a number of shortcomings alongside the
advantages. They usually loose tissue or even specific
belonging when cultivated during a long period of
time. It is possible that attenuation of the virus’s viru-
lence occurs as a result of this. Mammal multipotent
mesenchymal stem cells (MMSCs) in a culture have a
number of advantages. They are able to proliferate
during long time and, in case of induction to differen-
tiation, form tissue cells of mesenchymal origin, which
allows one to consider them as a new cell model for
veterinary virology. Cells with a phenotype similar to
MMSCs can be isolated from such mammal tissues as
bone marrow, hypodermic adipose tissue, placenta,
umbilical cord blood, etc. Umbilical cord blood in the
period of foaling is a valuable material for isolation of
MMSCs [13]. Data analysis had shown that MMSCs
are obtained in order to use them in the cell-tissue
therapy of certain illnesses, especially for reparation of
bone, chondral, and connective tissues [14].

The goals of this work were to study properties and
characteristics of MMSCs isolated from equine
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umbilical cord blood and assessment of their sensitiv-
ity to the equine infectious anemia virus (EIAV)
in vitro.

EXPERIMENTAL METHODS

Blood was collected using a special double-sided
needle during the period of equine foaling (Moscow
equine factory) from the umbilical vein preliminarily
fixed with clamps; blood sampling was performed in
vacuum tubes with Li-heparin coating, not allowing
formation of clots. Minimal time between the foaling
and sample arrival to the laboratory was 5 h and max-
imal time was 10 hrs. Blood in test tubes was trans-
ported at 4°C. MMSCs were isolated from umbilical
cord blood in the density gradient Lympholyte-H
(Cedarlane, Canada) with SepMate-15 test tubes
(StemCellTechnologies, United States). To do so,
umbilical cord blood was diluted with an equal
amount of the phosphate-buffered saline (PBS) that
contained antibiotics (final concentration of penicillin
and streptomycin was 50 units/mL and 50 μg/mL,
respectively). The blood to Lympholyte-H ratio was
performed according to the instructions of the solu-
tion manufacturer. Diluted blood was layered on a test
tube’s wall and precipitated by high-speed centrifuga-
tion (800 g for 20 min). After that, the upper layer was

quickly and gently placed into a new centrifuge tube
diluted with PBS with antibiotics (to reduce solution
density) and precipitated again by centrifugation
(800 g for 10 min). Thereafter, the supernatant f luid
was drained, and PBS with antibiotics and 2% fetal
bovine serum (FBS) was added to the sediment and
precipitated (300 g for 8 min). The procedure was
repeated. After the second time, the obtained sedi-
ment was diluted with DMEM nutrient medium with
a low amount of glucose (1 g/L) that contained 10%
FBS, was thoroughly mixed, and was transferred to a
sterile cultural bottle with a surface area of 25 cm2. In
2 days of cultivation, we noticed colonies of attached
cells. The medium was replaced every 4 days, and they
were subcultivated when 90% of the monolayer was
achieved.

Morphological characteristic of MMSCs was con-
ducted visually. Cell size and form was estimated. The
estimation was conducted in native preparations. The
mitotic index for each cell population was calculated
in the logarithmic growth phase as a ratio of mitosis
number to the total number of calculated cells (at least
1 × 106) multiplied by 1000 (in 0/00). Cytogenesis time
was calculated by cell gain.

Expression of CD31, CD34, and CD90 surface
antigens was analyzed using f low cytofluorometry on
an Epics Elite Coulter (United States). To do so, cells
were removed from substrate with 0.25% tripsin solu-
tion, counted, and washed; aliquots by 2 × 105 cells
were incubated with the first mouse antibody (Becton
Dickinson, United States) against the human antigens
(CD31, CD34, CD90) in a 1 : 30 dilution (PBS with
2% FBS) at 4°C for 45 min in darkness. As second
antibodies, we used antimouse IgG labeled with phy-
coerythrin (PE) of the same brand. To infect MMSCs
with EIAV, we used liver lysate of experimentally
infected horse. MMSCs infection was conducted in
25 cm2 bottles by means of replacement of the cultural
medium with 600 μL of equine liver lysate suspension.
Inoculum was left for 1.5 h for adsorption of the virus
on cells, then it was removed, and the culture was
washed. After addition of sustaining medium in a vol-
ume of 10% of a cultural bottle, the culture was placed
into an incubator with 5% CO2 at 37°C. Uninfected
MMSCs were used as a control. As a sustaining
medium for cultivation of viruses, we used DMEM
(Dulbecco’s Modified Eagle Medium) with a low
amount of glucose (1 g/L) that was supplemented with
antibiotics (50 μg/mL of streptomycin and 50 units/mL
of penicillin). After the infection, cells were lysed by
freezing at –20°C, and the lysate was used for further
infection.

Sensitivity of MMSCs to EIAV was assessed using
the immunocytochemical assay. To do so, cells were
cultivated and infected on cover glasses. As first anti-
bodies, we used equine polyclonal antibodies against
the p26 EIAV antigen. Second rabbit antibodies were
against equine IgG labeled with f luorescein isothiocy-

Fig. 1. Equine multipotent mesenchymal stem cells
(MMSCs) isolated from umbilical cord blood: (a) 48 hrs
after isolation, (b) prior to inoculation. Equine MMSCs
stained by an antibody against p26 antigen of EIAV: (c)
uninfected MMSCs (control), (d–f) infected MMSCs.
Magnification: (a–d) 20×, (e, f) 100×.

(a) (b)

(c) (d)

(e) (f)
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anate (FITC). Expression of viral antigens in cells was
analyzed using a Carl Zeiss f luorescent microscope (at
wave length of 480 nm).

RESULTS AND DISCUSSION

It was ascertained that 100 mL of equine umbilical
cord blood is sufficient for isolation of cells with the
MMSCs phenotype. Time of delivery of umbilical
cord blood samples was 10 hrs and was not critical for
obtaining of viable MMSCs population. In 48 h after
isolation, we detected single cells that were attached to
plastic and had fibroblast-like morphology. The cells
formed clones (see Fig. 1a), and they formed mono-
layer by the tenth day of cultivation. After removal
from substrate, cells were subcultured in a 1 : 5 ratio.

As a result of cultivation in a medium for MMSCs,
cells formed colonies that were multiplied and they
were a homogenous cell population with fibroblast-
like morphology in 3 weeks. The cells had a mitotic
index of 310/00. Time of duplication of cells isolated

from umbilical cord blood varied from 52 to 72 h.

Cytofluorometric assay of CD31, CD34, and
CD90 surface antigens showed that the obtained cell

population has CD31–, CD34–, and CD90+ pheno-
type (see table) typical for MMSCs. In obtained pop-
ulations, cells were absent on whose surface we
detected the CD31 (PECAM) antigen—whose expres-
sion is typical for endothelial cells—and also CD34
(sialomucin), the marker of hematopoietic stem cells.
We had demonstrated previously the ability of these
cells, when induced, to form cells of adipose and car-
tilaginous tissue [13]. This is one of their functional
peculiarities that serves as the basic criterion for con-
formation of the phenotype of equine MMSCs iso-
lated from umbilical cord blood in vitro. It should be
noted that the data on expression of surface antigens
on MMSCs isolated from equine umbilical cord blood
is not sufficient. This is probably caused by the
absence of specific antibodies against equine antigens.
In our studies, we used mouse antibodies against
human antigens based on results of work [15], where
379 mouse antibodies was analyzed against cluster of
human molecules of differentiation on interspecific
cross-reactivity with equine leukocytes and the possi-
bility of their usage was shown. Mouse antibodies
against human antigens were also used by other
authors for identification of MMSCs [16].

Thus, from umbilical cord blood, we obtained pop-
ulations of cells with a phenotype typical for MMSCs.
Our data conforms to results obtained in different lab-
oratories that demonstrate the multipotency of
MMSCs isolated from the equine umbilical vein, and
it demonstrates that these cells are promising material
for cell-tissue equine engineering [17]. They can be
used to treat a number of orthopedic pathologies,
especially tendon and ligament injuries. Wide thera-
peutic application of these cells is caused by low

immunogenicity as well as immunosuppressive prop-
erties against T-lymphocytes.

It was of interest to assess the sensitivity of MMSCs
to EIAV in vitro. Cells prior to infection are shown in
Fig. 1b. Morphological changes in infected cultures
were not detected during the whole observation period
(54 days). Such cultures were transferable, but the
time of cell self-renewal increased up to 96–144 h.
These data are in agreement with those obtained
during infection of endothelial cells isolated from the
equine umbilical cord blood [7]. Our results show that
infection of MMSCs with EIAV does not lead to mass
cell death. The cells can be subcultivated; however, the
infection slows down cell growth of infected cultures
compared to uninfected ones. Staining of cells by anti-
body against p26 antigen (nonglycosylated protein of
CA capsid) of EIAV has detected the presence of cells
where we observed expression of viral antigen (Fig. 1d).
In control groups, stained cells were not detected
(Fig. 1c). Antigens of EIAV were detected in cyto-
plasm and perinuclear area of MMSCs (Figs. 1e, 1f).
The presence of antigen of EIAV in MMSCs indicated
the penetration of the virus to a cell and an expression
of its genes and, therefore, the sensitivity of these cells
to EIAV.

The results obtained have shown that MMSCs iso-
lated from equine umbilical cord blood can be applied
in the veterinary virology.
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