
Abstract. Background/Aim: Stem cells are widely used in
regenerative medicine and in clinical practice for the
treatment of damaged nerve tissue, myocytes, tendons, and
ligaments. The aim of the study was to monitor VEGF levels
after the administration of allogenic cellular material (SVF)
in the course of treatment of dogs suffering from degenerative
joint disease in the spinal region. Materials and Methods:
The study was conducted on 10 dogs of both genders, aged
between 6 and 13 years in which allogenic stromal vascular
fraction of stem cells (SVF) was administered intravenously.
The control group was composed of 10 clinically healthy
dogs. Before treatment and after 2- and 8-week intervals
blood samples were obtained from the study group dogs in
order to determine VEGF levels via immunoenzymatic test.
Results: in a few days after the therapy, alleviation of pain
symptoms and reduction of lameness were noticed. The VEGF
level in 2 weeks after the therapy was significantly elevated
(median: 38.77 pg/ml), while in 8 weeks a decrease was
observed (median: 18.37 pg/ml). Conlusion: Administration
of allogenic stem cells has a positive influence on elevation
of the VEGF levels in the blood serum of affected animals as
well as their regeneration capacity. 

The intensive of development of regenerative medicine and
gene therapy has contributed to the development of new stem
cell treatment methods. The characteristic trait of such cells

is their potentially unlimited capacity for division and
differentiation into various specialised cell types (1-3).

Depending on their differentiation potential, cells can be
classified as: totipotent, pluripotent, multipotent, or unipotent
(2, 4). Stem cells are present at certain stages of an
organism’s development and at certain organs, and can
therefore also be classified as: embryonic (ESC), somatic,
mesenchymal, and induced pluripotent stem cells. 

Unlike mature, tissue-specific stem cells, ESCs are pluripotent
and have the capability to differentiate into any kind of cells.
However, despite their considerable promise, the practical
usability of ECSs is limited due to potential ethical concerns and
the applicable legal regulations. On the other hand, mature,
tissue-specific stem cells are immune-compatible and their use
is not subject to ethical considerations (5). As demonstrated in
recent studies, they are capable of differentiating into cells of the
same embryonic origin (multipotency), and under adequate
conditions can also display polypotent properties. It is believed
that their function is primarily related to the regeneration of
damaged and exploited somatic cells. Furthermore, they are
tissue-specific and can generate various types of cells with
similar properties and embryonic origin (e.g. neural stem cells
are able to differentiate into neurons, astrocytes, and
oligodendrocytes) (3). The cells can be harvested from bone
marrow, blood, nerve tissue, or adipose tissue. 

The most common source of stem cells is bone marrow
where the populations of hemopoietic stem cells and
mesenchymal stem cells (MSC) have been detected (6, 7). The
cells show a high capacity for proliferation, differentiation into
adipocytes, chondrocytes, myeloblasts, and osteoblasts, as well
as expression of a variety of surface antigens (4, 8). The main
problems with obtaining MSCs relate to isolating them and
obtaining a sufficient number of cells by way of in vitro
cultivation without altering their phenotype. 

The presence of MSCs has been described and identified,
apart from bone marrow, also in tissue niches of skin, muscles,
bones, lungs, liver, blood vessels, and peripheral blood (8).
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They are activated by proinflammatory inductors and inhibit
proinflammatory mediators. Proinflammatory mediators
stimulate MSCs to secrete prostaglandin which impacts the
specific phenotypic transition of proinflammatory M1
macrophages to anti-inflammatory M2 macrophages. They
also stimulate MSCs to secrete anti-inflammatory protein
TNF-α which inhibits the production of proinflammatory
mediators (9). Said reactions allow MSCs to take part in the
process of inhibiting the inflammatory response and to
stimulate, with the produced cytokines and growth factors,
regeneration of damaged tissue (6, 9, 10).

An alternative source of mesenchymal stromal stem cells
is provided by adipose tissue. Similarly to bone marrow, it
is of mesodermal origin and contains heterogenic populations
of stromal cells. An additional advantage of using adipose
tissue over bone marrow is its significantly better availability
and therefore the possibility of obtaining larger quantities of
cells (5, 6).

The first method of isolating cells from adipose tissue was
developed in the 1960s by Rodbell and Jones (11) and
entailed homogenization of rat fat. Currently, adipose tissue
is usually obtained by liposuction or surgically (11).

Adipose-derived stem cells (ASC or ADSC) have the
ability to differentiate into adipocytes, osteocytes,
chondrocytes, and muscle cells, they also show high
angiogenic potential, both in vitro and in vivo (12). In the
presence of appropriate growth factors, ADSCs also show
the capacity to transdifferentiate into cells of other origins -
neurogenic, transhepatic, pancreatic, and haematopoietic.
The immunological phenotype of human ADSCs is similar
to that of bone marrow stem cells (13).

Similarly to bone marrow, adipose tissue is characterised
by mesodermal origin and contains populations of stromal
vascular fraction cells (SVF), with the added benefit of better
availability. The SVF shows high heterogeneity and contains,
apart from stem cells, also leukocytes, mastocytes,
fibroblasts, pericytes, endothelial cells, and adipocyte
precursors (14).

SVFs are widely used in regenerative medicine due to
their ability to differentiate into the cells of damaged tissues
and organs. An important role in this process is played by
their ability to produce hormones, growth factors stimulating
cell growth, interleukins (1, 15, 16), and extracellular matrix
proteins (16, 17). The main growth factors participating in
the initiation and multiplication of ADSCs in the course of
regeneration include transforming growth factor beta (TGF-
β)-, platelet-derived growth factor (PDGF), fibroblast growth
factor (FGF), and – vascular endothelial growth factor
(VEGF) responsible for angiogenesis (18). Moreover, growth
factors are induced by inflammatory cells, i.e. macrophages
occurring particularly in chronic conditions, and showing
chemotactic effects on pluripotent cells. The described
abilities increase the regenerative potential of ADSCs and

their possible clinical applications in the treatment of
damaged nerve tissue, myocytes, tendons, and ligaments in
cases of e.g. denervation (7, 15).  

Stem cell-induced angiogenesis, i.e. the formation of new
blood vessels, is the basis of processes with considerable
physiological and pathological significance. The most
important role in this context is attributed to VEGF. It has
been demonstrated to also mediate the survival of
hematopoietic stem cells, nerve cells, neuronal stem cells,
and lymphocytes, as well as to influence the differentiation
of megakaryocytes and dendritic cells. Moreover, VEGF
induces neurogenesis, through which endothelial cells are
stimulated and neurotrophic factors are released (7).

A therapy involving an autological stem cell transplant
requires the performance of surgery or liposuction under
general anaesthesia. Due to the age of the animals (6-13
years) and the owners’ concerns with regard to sedation, we
opted for treatment entailing the use of allogenic stromal
vascular fraction cells (SVF) obtained from the fat of young
dogs – donors.  

The goal of the conducted study was to monitor VEGF
levels after the administration of the allogenic cellular
material (SVF) in the course of treatment of dogs suffering
from nervous symptoms in the form of ataxia and limb
paresis of various degrees, caused by degenerative lesions in
the spinal region. 

Materials and Methods
The study was conducted on 10 dogs of both genders, aged between
6 and 13 years. The animals were patients of the Department and
Clinic of Animal Surgery, University of Life Sciences in Lublin,
undergoing treatment for orthopaedic and neurological disorders. 
The control group was composed of 10 clinically healthy dogs, in
good general condition, aged between 4 and 6 years, which were
brought in for sterilisation. 

In most of the sick animals, the dominant symptoms included
mobility disorders, difficulty in standing up and remaining
physiologically upright, as well as pain of varying intensity. Some
of the dogs suffered from periodic limb paresis. After orthopaedic
and neurological examinations, spine x-rays were taken in all the
animals, which confirmed the presence of advanced degenerative
lesions in the cervical, thoracic and/or lumbosacral spine.

The intensity of pain suffered by the dogs was measured with the
short form of the Glasgow Composite Measure Pain Scale score
(CMPS – SF) used in behavioural assessment of sensory pain, and
the Simple Descriptive Scale (SDS), which allows classification of
pain on a five-tier scale.

Due to the act that none of the currently available methods of
pain assessment allows a complete diagnosis and evaluation of
chronic pain intensity, apart from employing the pain measurement
scale, it was also necessary to conduct detailed interviews with the
owners. Its purpose was to verify whether any changes could be
observed in the animals’ behaviour that would suggest the presence
of pain (19). In the conducted study, the intensity of pain was
evaluated on the following descriptive scale (SDS): no pain, mild,
moderate, severe, very severe (Table I). 
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In the studied group of animals, despite the early administration
of pharmacological treatment with anti-inflammatory drugs or
physiotherapeutic treatment, the desired therapeutic effects were not
observed and the health improvement was only temporary.
Therefore, a decision was reached to treat the patients with allogenic
stromal vascular fraction cells (SVF).

Method of isolating cells. Adipose tissue material for the purposes
of isolating stem cells was harvested from female dogs aged
between 6 months and 2 years. The donors underwent general
clinical examinations. Blood tests were performed including blood
cell count and 16 biochemical parameters were measured, as well
as tests for the presence of vectorial diseases. 

Adipose tissue enclosing the broad ligament of the uterus was
harvested during sterilisation procedures and placed in a sterile
container containing 25 ml of 0.9% NaCl. The containers were
transferred to a specialised laboratory: “Kemilew Stem Cells for
Animals” in a transport container maintaining the temperature at
4˚C max.

The isolation of stromal vascular fraction (SVF) stem cells was
performed in accordance with the guidelines for sterile laboratory
work. The adipose tissue material was rinsed with buffered PBS
(Dulbecco’s & Phosphate Buffered Saline) and minced
mechanically until fragments of approx. 1-2 mm were obtained. The
obtained material was once again rinsed with PBS with the
infranatant removed using a pipette. The minced adipose tissue was
subsequently subjected to enzymatic digestion with the use of type
I collagenase (Collagenase from Clostridium histolyticum for
general use, Type I, 0.25-1.0 FALGPA units/mg solid -125 CDU/mg
solid - Sigma Aldrich, Darmstadt, Germany) at a concentration of
0.04-0.09%, for 60 min at 36˚C. After the incubation, collagenase

was neutralised with 10% DMEM. The suspension was centrifuged
(700 × g for 15 min), resuspended in PBS, and once again
centrifuged (700 × g for 15 min).

After centrifugation, the cells were suspended in PBS. The
obtained suspension was filtered through a 100 μm and 70 μm cell
strainer to remove impurities. The filtered cell suspension was
centrifuged (700 × g for 15 min). 

The final preparation of the obtained SVF suspension for
subsequent clinical application entailed quantitative and qualitative
evaluation of the cell suspension and microbiological assessment.
The percentage of living cells was determined with the use of
fluorescence microscopy after ethidium bromide staining. Cell
concentration was determined in a Fuchs-Rosenthal chamber after
trypan blue staining. The microbiological assessment of the obtained
cell suspension was performed on three media:
1. BHI broth, volume of tested solution: 0.5 ml, incubation at 38˚C,
readout after 24 h.
2. Columbia medium, volume of tested solution: 0.6 ml, incubation
at 38˚C, readout after 48 h.
3. MacConkey’s medium, volume of tested solution: 0.6 ml,
incubation at 38˚C, readout after 48 h.

The obtained suspension of SVF cells was placed in sterile 4 ml
syringes. The cell concentration was 20×106/ml. The dosage was
established at 1 ml/10 kg bm. i.e. 2×106/1 kg of body mass, based
on reports published by other authors and our own clinical
observations (10, 15, 20, 21, 22).

The doses were prepared in sterile syringes, placed inside a
transport box with a cooling insert maintaining the temperature at
4˚C max. and sent by courier mail to the laboratory of the
Department and Clinic of Animal Surgery at the University of Life
Sciences in Lublin. 

Kemilew et al: Stem Cells in the Treatment of Spinal Osteoarthritis in Dogs

1111

Table I. Description of the study group.

No       Breed, gender,                                                         Clinical                                                                   Radiological                                     Pain 
            age in years                                                           symptoms                                                                     diagnosis

1.         Alaskan malamute ♀,                      Mobility disorders, periodic rump                               Degeneration of intervertebral                       +++
            age13                                                   paresis, proprioceptive deficits                               discs and narrowing at L3/L4/L5 
2.         German Shepherd ♂,               Not putting load on the right pelvic limb and              Narrowing and wedge-like shape of the              ++++
            age 6                                             overall weakness of hindlimb muscles,                    intervertebral space at L7/ sacral bone 
                                                                difficulty standing up and moving around
3.         Hovawart ♀, age 9                          Unstable gait, neurological defects,                              Degeneration of intervertebral                      ++++
                                                                                    mobility disorders                                                           discs L6/L7
4.         Cane Corso ♂, age 6                          Lameness and periodic paresis                                 Narrowing of the intervertebral                     ++++
                                                                               of the left thoracic limb                                                   space Th10/Th11                                      
5.         Mixed ♂, age 6                                Flaccid paralysis of the hindlimbs,                              Degeneration of intervertebral                         +
                                                                                proprioceptive deficits                                                     discs L4/L5/L6                                       
6.         German Shepherd ♂,                            Stiff gait, mobility disorders                                  Spondylosis deformans Th12-L7                       ++
            age 11                                                                                                                                                                 
7.         Mixed ♀, age 8                                     Periodic pelvic limb paresis,                                   Degeneration of intervertebral                        ++
                                                                                proprioceptive deficits                                                     discs L5/L6/L7 
8.         Weimaraner ♂, age 7                        Incoordination of thoracic limbs                    Narrowing of the intervertebral space C4/C5            +++
9.         Mastiff, ♂, age 6                               Hindlimb lameness, unstable gait,                         Spondylosis deformans L4/L5/L6/L7                   ++
                                                                              unwillingness to stand up
10.       Mixed ♂, age 12                                             Hindlimb paresis                                  Narrowing of the intervertebral gap L3/L4,               +
                                                                                                                                                                 lumbar spine degeneration                              
                                                                                                                                                                                                                                           
Pain in the spinal region during the clinical examination (SDS scale): (–) – no pain; (+) – mild pain; (++) – moderate pain; (+++) – severe pain;
(++++) – very severe pain.



The allogenic stromal vascular fraction (SVF) was administered
intravenously to the study group animals. 

Prior to the treatment, as well as 2 and 8 weeks after SVF
administration, blood samples were drawn from the study group of
animals to obtain serum for immunoenzymatic tests. Blood samples
were also drawn once from the control group of animals. 

After centrifugation, the obtained blood serum was stored at the
temperature of –75˚C before conducting the assays. The levels of
VEGF (Vascular Endothelial Growth Factor) in blood serum of the
study and control group animals were determined by ELISA
immunoenzymatic assay (Quantikine Canine Immunoassay; R&D
Systems, INC Minneapolis, USA, supplier BIOKOM). The tests
were conducted in accordance with the protocol recommended by
the manufacturer. 

The owners of the animals signed a written consent to the
animal’s participation in the experiment and an agreement with
regard to monitoring the dog’s condition after stem cell
administration. The owners also agreed to bring the animals in for
check-up on specific dates and consented to the dogs’ blood being
drawn 2 and 8 weeks after the procedure. 

The research procedures were consistent with the protocol and
approved by the Local Ethics Committee No. II in Lublin (permit
no. 26/2015, 28.04.2015 to conduct experiments on animals;
experiments on animal tissues and organs).

A statistical analysis was conducted to determine whether
significant correlations could be identified between the level of VEGF
in blood serum of the test group of animals and the control group, as
well as whether statistically significant differences were observed in
VEGF levels after 2 and 8 weeks from administering the SVF therapy. 

To ensure the choice of adequate test for the purposes of the
comparisons, the normal distribution of the obtained quantitively
values relative to the Gaussian function was verified. The
Kolmogorov-Smirnov test was used for this purpose. The analysed
traits did not show normal distribution, hence in all further
calculations the non-parametric Mann-Whitney test was used when
comparing two groups of animals (test function designation - “Z”)
and the Kruskal-Wallis test when comparing larger numbers (test
function designation – “H”). 

Results
A description of the study group of animals, including results
of radiological examinations and clinical symptoms is
provided in Table I. 

After the intravenous administration o allogenic stem cells
(SVF), all study groups of animals showed signs of
significant improvement. Within one week after the injection,
considerable alleviation of pain symptoms was observed. In
six animals, complete absence of pain was reported by the
owners and confirmed in the course of a clinical examination
conducted one week after the SVF injection. In two cases a
significant reduction of lameness was observed, although the
animals experienced slight pain during the clinical
examination conducted 2 weeks after the therapy. Based on
the observation and the owners’ reports, the overall condition
of the animals improved in the entire study group after 3-4
weeks from the treatment and the effects persisted
throughout the subsequent 6-month observation period. 

The results of the immune-enzymatic determinations of
VEGF levels in the respective study periods are presented in
Table II. The VEGF values in the control group oscillated
between 0.1 and 10.37 pg/ml (median: 5.7 pg/ml). The
median of the serum VEGF levels in the blood collected
from the study group of animals on the day of the treatment,
prior to administration of the cell therapy (Time point 0) was
9.93 pg/ml [6.12-18.79 pg/ml]. These levels were
significantly higher than those in the control group
(***p<0.001). The VEGF levels monitoring in time (2 and
8 weeks after the therapy) revealed significantly elevated
VEGF levels 2 weeks after the SVF injection (Time point 1)
when it oscillated between 34.41 and 129.9 pg/ml (median:
38.77 pg/ml). At 8 weeks after the treatment (Time point 2),
a statistically significant decrease in serum VEGF levels was
observed – median 18.37 pg/ml, although they still remained
statistically higher than the VEGF levels observed in the
control group (*p<0.05) – detailed results are presented in
Table III.  

Discussion
Regenerative medicine is an interdisciplinary field of
medicine concerned with the repair and regeneration of
damaged tissues and organs with the use of stem cells. 

Adipose tissue is a good source of mesenchymal stem
cells (MSC). The autologous origin of such cells and their
ability to differentiate into lines of mesodermal origin as well
as other primordial cell layers, renders them an ideal material
for cellular therapy (22). It has been demonstrated that the
therapeutic effects of MSCs come in two distinct forms:
immunomodulation and trophic activity. The immunoactivity
of these cells is mediated by bioactive particles and through
cell-to-cell contact, and can involve dendric cells, B and T
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Table II. VEGF levels assayed by immunoenzymatic tests at the
respective time points.

No.                                                     VEGF pg/ml

                       Time point 0              Time point 1             Time point 2

1                             9.49                           39.42                          17.37
2                             6.12                           37.35                          10.21
3                             9.37                         129.8                            39.42
4                           10.37                           65.94                          21.69
5                             9.37                           34.41                            6.12
6                           10.81                         112.62                          25.94
7                           18.79                           35.06                          11.12
8                           11.26                           34.41                          18.62
9                           10.37                           78.62                          30.22
10                           8.09                           38.13                          18.12

Time point 0 – before treatment; Time point 1 – two weeks after
treatment; Time point 2 – eight weeks after treatment.



cells, and killer cells. On the other hand, trophic effects are
elicited by factors produced by MSCs, which inhibit
apoptosis, stimulate angiogenesis by secreting VEGF as well
as mitosis and differentiation of tissue–intrinsic reparative or
stem cells (23). A unique and clinically important quality of
MSCs is their capacity for immunomodulation of the
patient’s immune system by inhibiting the response to
histocompatibility antigens. MSCs administered to a
recipient with HLA (Human Leukocyte Antigen), for dogs -
DLA (Dogs Leukocyte Antigen) incompatibility will reduce
the intensity of the recipient’s immune response related to
the GvHD (Graft versus Host Disease). Due to the above,
stem cells can be transplanted not only as autologous but
also as allogenic grafts (24). We took advantage of this
particular property of the cells and allogenic stromal vascular
fraction cells harvested from the fat of young dogs were used
therapeutically in the present study. 

MSCs can be obtained from a number of sources, but
given the relative ease of harvesting cells and applying them
clinically, MSCs originating from bone marrow or adipose
tissue are most commonly used. A number of studies have
confirmed their beneficial effects in the treatment of osteo-
skeletal injuries where they can ensure the homing of natural
or artificial scaffolds implanted when there is a need to
complement missing bone of cartilage material (25, 26).
MSCs are also widely used in aesthetic medicine,
orthopaedics, and the treatment of growth disorders,
tendinitis, or joint regeneration. In reconstructive medicine,

they are commonly used in the treatment of soft tissue
defects (15, 27).

Cellular therapies have been used in various animal
species. Treatment with autologous MSCs harvested from
bone marrow proved to be an effective therapy in cases of
superficialis digital flexor tendinopathy in horses. The
relevant study pertained in particular to horses suffering from
flexor tendon injury due to overload. Cells were
administered under ultrasound control into the region of the
pathological tendon lesions. The therapeutic effects were
observed for a period of 3 years. Most horses showed full
recovery to the pre-trauma condition already 3 months after
the injection, and ultrasound and scintigraphic examinations
showed no irregularities. This contrition persisted for a
number of years (28).

MSCs have also been used in the treatment of canines
suffering from orthopaedic diseases leading to degenerative
lesions in the locomotor system due to genetic, traumatic or
dietary problems and the animal’s obesity. Secondary
accompanying symptoms in such cases include inflammation,
loss of tendon and ligament elasticity, as well as severe pain.
The treatment method of choice is usually pharmacotherapy
using non-steroidal or steroidal anti-inflammatory drugs.
However, such therapy can only alleviate the symptoms
accompanying degenerative processes and can be a
considerable burden to patients in an advanced age.
Therefore, cellular therapy has been embraced as a safer
alternative treatment method (22, 29). Nicpoń reported on
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Table III. Comparison of blood serum VEGF levels in the respective examinations.

Group                                    N                                                                                                VEGF pg/ml

                                                                        Median                          Min                                   Max                                  Mean                             SD

Control                                  10                          5.7                              0.1                                   10.37                                  4.91                             3.27
Time point 0                         10                         9.93                            6.12                                  18.79                                  10.4                             3.29
                                                                                                                                             (***)     p<0.001

Time point 0                         10                         9.93                            6.12                                  18.79                                  10.4                             3.29
Time point 1                         10                        38.77                          34.41                                 129.8                                 60.57                           35.53
                                                                                                                                             (***)     p<0.001

Time point 1                         10                        38.77                          34.41                                 129.8                                 60.57                           35.53
Time point 2                         10                        18.37                           6.12                                  39.42                                 19.88                            9.99
                                                                                                                                             (***)     p<0.001

Control                                 10                          5.7                              0.1                                   10.37                                  4.91                             3.27
Time point 2                         10                        18.37                           6.12                                  39.42                                 19.88                            9.99
                                                                                                                                             (***)     p<0.001

Time point 0                         10                         9.93                            6.12                                  18.79                                  10.4                             3.29
Time point 2                         10                        18.37                           6.12                                  39.42                                 19.88                            9.99
                                                                                                                                                (*)    p<0.05



such treatment in a group of 12 dogs suffering from cubital
joint degeneration. In that study, autologous stem cells
isolated from adipose tissue were grafted into the cubital
joint. The patients showed significant improvement, reduced
lameness, and considerable alleviation of pain (30). 

Adipose stem cells (ASCs) in their physiological state and
environment are not particularly active, but after stimulation
(e.g. in vitro culture) they can show considerable pro-
regenerative potential (31). A significant advantage of ASCs
over other types of cells relates to the fact that laboratory
tissue cultures are not necessary to reach the so-called
“therapeutic threshold” – i.e. the number of cells sufficient
for therapeutic purposes. ASCs are obtained from fat
harvested from animals. After adequate enzymatic digestion
and centrifugation, the top adipocyte fraction is obtained as
well as sedimentation of the stromal vascular fraction (SVF)
containing, among other elements, ASCs, progenitor
endothelial cells, macrophages, smooth muscle cells,
lymphocytes, pericytes, and preadipocytes. 

ASCs have been subjected to intensive scientific scrutiny
since the beginning of the 21st century and have been used as
the primary source of cells with high regenerative potential
and characteristics similar to those of mesenchymal stromal
stem cells (22). For this reason, they have been successfully
used in regenerative and reconstructive medicine. 

The key functions of ASCs include stimulation of
angiogenesis, stimulation and transformation of fibroblasts,
and mobilisation of endogenic stem cells (28). The same is
achieved through the production of cytokines and growth
factors: FGF, HGF, TGF-β, and VEGF, through paracrine
stimulation of regenerative processes (14, 31). VEGF
expression and angiogenesis are part of a process necessary
for successful tissue regeneration (32). It has been
demonstrated that inhibition of VEGF activity impairs bone
formation and expansion of hypertrophic chondrocytes, and
completely supresses the formation of new blood vessels (33). 

As reported in recent studies, the best effects are obtained
when instead of ASCs. stromal vascular fraction cells (SVF)
are used. Although their properties in terms of
immunomodulation, ant-inflammatory and proangiogenic
activity are roughly the same, they nonetheless show higher
therapeutic efficacy in comparative studies conducted on
animals (34). Moreover, SVF are easier to obtain as they do
not require isolation of various types of cells (20). 

Studies have also been conducted to determine the
correlation between the age of patients from which fat for
SVF isolation is harvested and the resulting angiogenic
potential. It has been shown that cells isolated from younger
donors show better neovascularisation capacity, and therefore
higher regenerative potential (35, 36). 

The results of our own research also suggest that cells
isolated from young animals (allogenic graft from adipose
tissue harvested in young dogs) had a significant impact by

stimulating angiogenesis and production of growth factors,
particularly VEGF whose levels increased significantly
(34.41-129.8 pg/ml) after 2 weeks from the treatment. VEGF
overexpression, relative to the control group as well as to the
study group prior to the cell injection, may be considered as
evidence for the proangiogenic effects of SVF and the
stimulation of regenerative processes in damaged tissues,
even 8 weeks after administering the treatment. 

Adipose-derived SVF continues to be studied as a
potential alternative treatment in orthopaedics, for the
regeneration of cartilage, bone, tendon and ligament damage,
as well as in the treatment of neurological disorders (37-39).

Cellular therapies with the use of adipose-derived SVF are
an element of the primary clinical treatment chosen by
American veterinarians due to the fact that can be applied
immediately or shortly after processing the material (40). Vet
Stem, as a commercial supplier operating since 2004, has been
able to isolate SVF for over 8000 domestic animals (40).

The advantage of stem cells isolated from adipose tissue
stems from their immunosuppressive and anti-inflammatory
properties which are particularly important in chronic
inflammatory conditions (41). An important trait for their
clinical applications is their ability to accumulate in the tissue
repair region. After intravenous administration, they tend to
migrate to the damaged regions identified by their inflammatory
reaction (26). This property has been used in our own research
where the cellular solution was also administered intravenously. 

For a dozen or so years, research has been conducted in
the context of veterinary medicine with the aim of verifying
the effectiveness of cellular therapies. SVF injections were
administered to dogs suffering from osteoarthrosis
/osteoarthritis of the hip joint. Clinical examinations were
conducted 4, 8, 12, and 24 weeks after the injection. The
researchers have reported a significant reduction in lameness
and pain during the orthopaedic examination, and the
therapeutic effect persisted for several months (42). 

Similar studies have been conducted by Pak et al. who used
SVF to facilitate articular cartilage regeneration (39). The cells
were injected into knee joints diagnosed with osteoarthrosis/
osteoarthritis. After 3 months, the following factors were
evaluated: the visual analogue score (VAS) for pain, function
rating index (FRI) and range of motion (ROM). A significant
overall health improvement and MRI-verified cartilage
regeneration was observed. They have also studied the
applicability of SVF in cases of iliac osteoarthrosis/osteoarthritis
and head of the femur necrosis (39). Similar results have been
reported, i.e. significantly reduced pain and lameness. 

Other researchers have also used, similarly to the present
study, stem cells obtained from fat by following standard
sterilization procedures (37, 38, 43). Cells were administered
intra-articularly in dogs suffering from elbow joint dysplasia
and osteoarthrosis/osteoarthritis. The cellular therapy
allowed elimination of lameness and pain and resulted in a
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significant improvement of the patients’ condition, as
verified in the course of a clinical examination (37, 43). In
observations reported by Kriston-Pal, several dogs showed
arthroscopically confirmed side effects in the form of
periarticular tissue swelling (43). In our own studies,
similarly to the results reported by the aforementioned
researchers, a significant reduction in pain and lameness was
observed in 6 of the 10 studied animals as early as within
days after the treatment, even though a different route of
stem cell administration was chosen. Intravenous injection
of stem cells had the added benefit of preventing the post-
injection swelling of periarticular tissues observed in the
study by Kriston-Pal (43). 

The processes of cellular regeneration are specific to the
region subjected to stem cell activity. The rate of regeneration
thereof shows considerable individual discrepancies, e.g.: the
regeneration of a damaged cartilage can take up to 2-3 months,
even though pain symptoms subside within 2 weeks of the local
intraarticular administration of stem cells. Therapeutic effects
were observed in 90% of patients suffering from degenerative
diseases, which confirms the high efficacy of the method (44). 

Wei et al. have recently demonstrated that the therapeutic
effects of ASCs are due to the paracrine effects of the growth
factors they secrete. Based on those results, the potential
therapeutic applications ASCs in the treatment of spinal cord
damage and cerebral stroke have been suggested (12, 45).

Similar results were obtained in our study group where
elevated VEGF levels were observed after the administration
of stem cells. It can be assumed that overexpression of
VEGF was significantly conducive to the therapeutic effect
observed also in our research. 

VEGF affects both the vascular and the nervous system. In
vitro, it participates in protecting neurons against the effects
of toxic factors such as: hypoxia or oxidative stress. It shows
neuroprotective properties, stimulates the growth of new
neurons, and increases the perfusion of ischaemic areas (17).
Elevated VEGF levels were observed in in vivo studies on rats
suffering from ischaemia of the central nervous system. By
inducing angiogenesis and restoring oxygen supply in the
damaged tissue, VEGF was instrumental in reducing
ischaemia and the extent of brain damage (17, 46, 47).

VEGF plays a vital role, not only in the context of
vascularisation, but also in neuron proliferation and
development of coordinated vascular and neuronal networks.
There is a growing body of evidence to suggest that VEGF
is essential to the survival of motor neurons, and improper
regulation or decrease in VEGF levels may lead to neuronal
degeneration observed in diseases of the nervous system (16,
17, 33, 46, 47). However, it remains difficult to ascertain
whether its restorative and neuroprotective effects stem from
direct effects of VEGF on the nervous system or rather
constitute a secondary effect of VEGF-induced angiogenesis
and improved cell perfusion in the damaged region (33, 47).

Cellular therapy continues to be intensively developed and
has the potential to offer a wide range of therapeutic
applications, however, the molecular mechanisms entailed in
stem cell activity require further, in-depth study.

Conclusion

The administration of allogenic stem cells resulted in elevation
of the VEGF levels in blood serum of sick animals. It can be
assumed that the same can affect the organism’s regenerative
capacity and, in the context of some diseases, inhibit the
development of pathological lesions. VEGF overexpression
may be considered as evidence for the proangiogenic effects
of SVF and the stimulation of regenerative processes in
damaged tissues. 
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