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Summary

The aim of the present study was to monitor VEGF expression in the blood serum of dogs suffering from
squamous cell carcinoma in correlation with the speed of metastasis. The research material consisted of tumour
tissue and blood samples collected from 26 dogs of various breeds, aged between 5 and 15 years, and 10 control
group animals. Blood samples were centrifuged, and the serum obtained was examined by immunoenzymatic
assays to determine vascular endothelial growth factor (VEGF) levels. The study group animals were observed
for a period of 6 months, during which their blood was drawn twice for immunoenzymatic tests. In all study
group animals, elevated blood serum VEGF levels were observed on the day of surgery compared with the
control group. In 14 cases, disease relapse was observed with metastases to the bones or lungs. In all relapsing
animals, significantly higher blood serum VEGF levels were observed.

VEGF levels are closely related to the neoplastic process, but the exact mechanism of the factor’s involvement
in neoplastic progression remains unclear, as does the complexity of the angiogenic processes. Studies of the
mechanisms affecting tumour proliferation and the monitoring of VEGF levels can facilitate better diagnostics
and prognostics, as well as improve the effectiveness of cancer treatment and the planning of new therapeutic
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strategies for both human and animal patients.
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Squamous cell carcinoma (carcinoma spinocellulare,
carcinoma planoepitheliale, spinalioma, SCC) is a ma-
lignant tumour originating from keratinized epidermal
cells or non-cornified stratified epithelium. Its clinical
picture can be varied and depends on the location of
the lesions. It is characterised by quick growth and
tendency to metastasise to surrounding tissues (26).
Growths can originate from the skin and subcutaneous
tissues as well as epithelial cells: in the oral cavity,
stomach, lungs, vagina and bladder.

The growth of the original tumour as well as the
occurrence of metastasis is largely dependent on neo-
angiogenesis, i.e. the formation of blood vessels in tu-
mour tissue and the so-called angiogenic phenotype of
the tumour cells (18). As a result of angiogenic switch,
permanent genetic modifications occur, which lead to
uncontrolled production of pro-angiogenic factors, i.e.
VEGF FGF, IL-6, and IL-8, inducing neovascularisa-
tion in the tumour (2, 6, 23).

VEGF (vascular endothelial growth factor) plays
a key part in tumour progression. It is synthesised by

numerous cells, including endothelium, macrophages,
T lymphocytes, smooth muscles, keratocytes, fibro-
blasts, and tumour cells (2, 5, 21, 23). Its expression is
largely conditioned by not only tumour cells but also
the extracellular matrix and tumour microenvironment
cells (6). It is a cytokine with a documented angiogenic
effect on the activity of vascular endothelium cells (20).
The most important factor inducing the expression of
VEGF is hypoxia, due to which HIF 1 alpha protein
(Hypoxia Inducible Factor) is expressed, facilitating
the adaptation of tumour cells to the lower oxygen
concentrations in their environment (17, 20). HIF 1
alpha protein intensifies the synthesis and expression
of VEGF, which binds with VEGF receptors on the
surface of endothelium cells and activates intracel-
lular transmission tracts. This leads to activation of
kinases and phospholipases, initiation of endothelial
cells’ migration, proliferation and increased blood ves-
sel permeability (4). It has been confirmed that apart
from its vascular role, VEGF also activates enzymes
responsible for the destruction of the extracellular
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matrix and influences the migration of macrophages
and formation of Bcl-2 protein, which protects cells
against apoptosis (5, 18). The vascular growth factor
also shows autocrynic qualities, since it functions as
a factor facilitating the survival of tumour cells by
protecting them against hypoxia, as well as chemo-
therapy- and radiotherapy-induced stress (5).

Many publications have been published to date dis-
cussing the role of angiogenesis in various tumours in
humans and animals alike. It has been demonstrated
that the number of newly formed blood vessels impacts
the development and progression of the disease (20).
Furthermore, effective blood supply facilitates the
penetration of tumour cells into the blood stream and
initiation of metastasis (2).

The aim of the present study was .
cell carcinoma
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After obtaining the results of histopathological tests
from the initial group of 160 animals, 26 dogs diagnosed
with squamous cell carcinoma were selected. The resected
lesions included 11 tumours on the skin of the trunk, 6 in
the digit region, and 9 in the oral cavity.

The group of animals selected for the study were observed
for a period of 6 months, during which blood was drawn
twice for immunoenzymatic tests (one and six months after
tumour resection). Control radiological examinations of the
lungs or bones and/or abdominal cavity ultrasounds were
performed.

The control group comprised 10 dogs aged 2 to 7 years,
in general good health, brought in for sterilization.

The owners consented to the participation of the dogs in
both the control group and the study group.

Tab. 1. Results of the immunoenzymatic test in the group of dogs with squamous

to monitor VEGF expression in the
blood serum of the animals studied
and to correlate it with their general

health and the speed of metastasis.

Material and methods

The study was performed on 160
oncology patients treated at the
Department and Clinic of Veterinary
Surgery at the University of Life Sci-
ences in Lublin, Poland. The dogs,
aged between 5 and 15 years, were of
various breeds. In all animals, prior
to the surgical removal of the tumour,
general chest x-rays were performed
to exclude the presence of metastasis
to the lungs.

Tissue material obtained during
surgery was submitted for tests to
the Pathoanatomy Unit at the Depart-
ment of Veterinary Medicine at the
University of Life Sciences in Lublin.
Tumour specimens were preserved for
24 hours in 10% formalin, pH = 7.2,
and then progressed through increas-
ing concentrations of alcohol solu-

tions, acetone and xylene to paraffin
blocks in a tissue processor (Leica
TP-20). Preparations intended for his-
topathological analysis were stained
with hematoxylin and eosin, and
subsequently analysed under a light
microscope (Nikon Eclipse E-600).
Microscopic evaluation of specimens
were conducted in accordance with the
World Health Organization (WHO)
histopatological classification of skin
tumours (8).

On the day of surgery, blood was
drawn from the animals to obtain
blood serum for immunoenzymatic
assays.

Time point 0 Time point 1 Time point 2
Breed, sex, age in years Tum Tum
VEGF (pg/ml) | VEGF (pg/mi) recllllrreonrce VEGF (pg/ml) recllllrre(::ce
SCC in the oral cavity
Mixed breed, 4, 10 63.80 74.86 + 87.51
Mixed breed, ¢, 11 24.12 46.22 + 64.68
Collie rough, &, 12 29.08 18.47 12.02
German shepherd, &7, 10 65.21 119.28 + 307.18
Cocker spaniel, 2, 9 26.52 42.28 + 68.59
Dachshund, £, 10 21.18 17.50 11.08
German shepherd, &, 6 46.62 52.76 + 58.77
German mastiff, 5, 8 99.19 128.64 + 166.10
Mixed breed, &, 7 26.82 48.40 + 65.43
SCC in the digit region
Bulmastiff, 2, 9 28.30 24.20 164.80 +
Rottweiler, 7, 10 107.18 86.92 128.41 +
Mixed breed, &, 11 65.28 22.21 14.13
Labrador retriever, 7, 9 87.51 42.69 99.19 +
Schnauzer Giant, 7, 8 65.21 42.76 18.59
Boxer, 2, 8 34.66 89.82 307.18 +
SCC on the skin of the trunk
German shepherd, ¢, 12 52.55 24.30 13.09
Mixed breed, ¢, 9 164.10 29.87 84.77 +
Poodle, 7, 14 35.40 32.21 21.33
Yorkshire terrier, 7, 6 28.30 13.42 11.08
Mixed breed, 2, 10 24.62 22.63 19.87
Mixed breed, &, 6 80.11 20.19 128.19 +
Boxer, 4,5 68.29 32.63 88.36 +
Maltese, 2, 6 54.82 13.21 11.09
Mixed breed, ¢, 11 64.10 22.89 14.82
German shepherd, 9, 9 64.22 27.40 26.20
Boxer, 4, 7 79.46 24.69 21.18

Explanations: time point 0: on the day of surgery; 1: one month after surgery; 2: six

months after surgery; (+): metastases
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The blood samples were separated by centrifugation, and
the vascular endothelial growth factor (VEGF) content was
determined in blood serum. The tests were performed with
the ELISA immunoenzymatic assay (Quantikine Canine
Immunoassay; R&D Systems, INC Minneapolis, USA, sup-
plier BIOKOM). All stages of the determination were per-
formed in accordance with the vendor’s recommendations.

Statistical analysis was carried out to verify any signifi-
cant correlations between the level of VEGF in the serum
of sick animals and of the control group, and to determine
whether VEGF values may prove useful in monitoring the
health of an animal in the post-surgery period of at least
six months. The Mann-Whitney test was used to verify the
significance of discrepancies observed between the two
groups when the variables were not normally distributed.

Results and discussion

Patient characteristics and blood serum VEGF levels
in the study group animals are presented in Tab. 1.

On the day of the surgery, elevated blood serum
VEGEF levels were observed in all study group animals,
ranging from 21.18 to 307.18 pg/ml (compared to the
control group levels of 0.1-13.04 pg/ml). The result
was statistically significant (P < 0.0001) — Fig. 1. In
fourteen dogs under observation, disease relapse oc-
curred with metastases to the bones or lungs. In seven
dogs suffering from oral cavity tumours, the remission
period lasted only one month. In two cases, the relapse
occurred in the oral cavity soft tissue; in three animals
metastases to the jaw or mandible bone were observed;
and in the remaining two dogs metastases to lung tissue
were diagnosed.

The blood serum VEGF levels were higher than on
the day of the surgery, although the results were not sta-
tistically significant (P> 0.05). Statistical significance
for blood serum levels in the cases of oral cavity SCC
was observed only after 6 months (P < 0.05) — Fig. 2.
In seven dogs, metastases were observed six months
after the surgery. In four animals initially diagnosed
with tumours in the digit region, metastases were found
in long limb bones (P < 0.01). The remaining three
cases were metastases to the lungs in animals initially
diagnosed with trunk skin SCC.

In all relapsing animals, significantly higher blood
serum VEGF levels were observed, which oscillated
between 46.28 and 307.18 pg/ml (median = 93.77 pg/
ml). In comparison to the VEGF levels observed on the
day of surgery, the results were statistically significant
(P<0.01) - Fig. 3.

In dogs suffering from trunk skin SCC that showed
signs of remission after tumour resection, blood serum
VEGEF levels were significantly lower (P < 0.05) —
Fig. 4.

Numerous locations, macroscopic pictures of the
lesions, and symptoms related to the presence of
squamous cell carcinoma have already been discussed.
Despite considerable variability of its location, the
macroscopic characteristics of squamous cell carci-
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Fig. 1. VEGF in the blood serum of dogs suffering from
squamous cell carcinoma compared to the control group
Explanations: Time point: 1 — SCC in the oral cavity on the day
of surgery; 2 — SCC in the digit region on the day of surgery;
3 — SCC on the skin of the trunk on the day of surgery
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Fig. 2. Blood serum VEGF levels in dogs diagnosed with
tumour relapse (metastases) in cases of oral SCC
Explanations: Time point: 1 —on the day of surgery; 2 — one month
after surgery; 3 — six months after surgery
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Fig. 3. VEGF levels in the blood serum of metastatic dogs
compared to the control group

Explanations: Time point: 1 — on the day of surgery; 2 — one
month after surgery
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Fig. 4. VEGF levels in the blood serum of dogs suffering from
trunk skin SCC in the period of remission

Explanations: Time point: 1 — on the day of surgery; 2 — one
month after surgery
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Fig. 5. Histopathology: Squamous cell carcinoma — keratin
pearls. Original magnifications: 200 x; hematoxylin-eosin
staining

noma reveal a number of common features. Cancer
cells display the ability to produce keratin and deposit
it extracellularly in the form of so-called keratin pearls
(Fig. 5). Keratin is treated as a foreign body and causes
a strong irritant reaction, which results in inflammation
in the region of the lesion (9).

Tumour cell morphology depends on the degree
of tumour differentiation, which affects the natural
course of the disease and the effectiveness of treatment.
Cancers characterised by high or medium differentia-
tion typically progress more slowly (usually locally),
and metastases are observed mainly in the lymph
nodes. Metastasis to distant organs is relatively rare
(10-20% of cases). Cancers with low differentiation
and non-differentiated tumours are characterised by
faster local growth (high rate of local recurrence), show
a tendency for early metastasis to the lymph nodes and
much more commonly metastasise to distant organs —
up to 40% (9, 10, 26).
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Squamous cell carcinomas constitute approxi-
mately 5% of all skin tumours diagnosed in dogs (26).
Lesions are most often observed in scarcely hirsute
or non-pigmented skin regions exposed to UV radia-
tion. Tumour cells often proliferate to the dermis and
subcutaneous, tissue, and are characterised by local
aggressivity, with infrequent distant metastases ob-
served in the late stages of the disease (9). In the case
of tumours located in the regions of the head, neck or
trunk, no breed or age predispositions have been ob-
served. The only exception is SCC in the digit region,
which has been demonstrated to display both breed and
age predispositions, being the most common in large
breed dogs: Rottweiler, Labrador, Giant Schnauzer or
Dachshund, aged 8-10 years (10, 26). Initially, the tu-
mour develops in the form of a lesion accompanied by
a swelling in the digital or interdigital region. In time,
it grows larger and becomes ulcerated. The process
can last up to several months and be accompanied by
deteriorating symptoms of lameness. The most effec-
tive treatment of digital SCC involves radical surgery
with resection of the tumour and amputation of the
affected digit or digits.

Some authors report that despite radical surgery, in
5.7-24.1% of cases metastases occur to the humerus
bone, femoral bone, or spine, less frequently to the
pelvic bone. This fact affects the survival rate of sick
dogs, which fluctuates at approximately 57% survival
up to one year after surgery and 36% survival up to
two years (10, 29).

The same was confirmed in the present study, in
which four out of six animals showed symptoms of
bone metastases in the period of six months after
a surgical resection of the tumour.

Squamous cell carcinoma is one of the three most
common malignant tumour types observed in canine
oral cavities. Factors facilitating accelerated develop-
ment of the lesions include increased exposure to harm-
ful environmental conditions and chronic parodontitis.
Lesions are located on the gums, soft and hard palate,
tongue, and buccal mucosa (26). Due to their location,
lesions often remain unnoticed by the owner until
advanced stages of the disease. The tumours often
infiltrate oral mucosa and splanchnocranium muscles.
In advanced stages, metastasis to cranial bones and
local lymph nodes occur, which affects the extent of
necessary surgical intervention. In such cases, resec-
tion should extend to the maxillary or mandibular bone
(maxilectomy or mandibulectomy).

Microscopically, oral SCC belongs to the group of
differentiated tumours with a relatively high potential
for metastasis, also to the lungs. The same was con-
firmed in the present study. In the group of dogs anal-
ysed, in seven cases (77.7%) bone and lung metastases
were observed fairly soon — within one month of the
radical resection.

Neovascularisation within the tumour tissue is con-
sidered a condition of tumour progression. Chronic,
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VEGF-induced activation of endothelial cell division
leads to the reconstruction of the existing blood ves-
sels and formation of news ones, which results in their
growth and increased permeability. In this way, VEGF,
produced in large quantities by the tumour, becomes
a factor responsible for penetration of the endothelial
barrier, thus allowing tumour cells to infiltrate beyond
the vascular bed and form metastases (5, 11, 18).

Some authors report a positive correlation between
the level of VEGF expression and the clinical symp-
toms of tumour malignancy, such as tumour advance-
ment, metastasis and relapse (7, 24).

Elevated VEGF expression, both in terms of mRNA
in the tumour tissue and the protein itself in the
blood serum or urine, has been reported in various
tumours in humans, including colorectal cancer, gas-
tric cancer, breast cancer, pulmonary cancer, prostate
cancer, kidney cancer, and bladder cancer (5, 6, 11,
20, 21).

Elevated levels of VEGF in comparison to its levels
in the blood serum of healthy animals have also been
reported in veterinary oncology. Overexpression of
VEGF has been reported in cases of cancer of the
skin, oral cavity, lactiferous gland, spleen tumours, as
well as in dogs suffering from multicentric lymphoma,
hemangiosarcoma and soft tissue sarcomas (1, 3, 7,
10, 12, 14, 15, 17, 22, 24, 25, 27, 28).

Troy et al. (25), who compared glycoprotein levels
in healthy dogs with those observed in the blood serum
of dogs suffering from cancer, reported significantly
higher VEGF levels in the sick animals (2.5-274 pg/
ml), which reached prognostic values. Other research-
ers have proved that high levels of VEGF in the blood
serum of animals suffering from malignant melano-
mas were correlated with shorter survival periods
(P =0.002), and overexpression of the growth factor
was significantly higher in dogs in advanced stages of
the disease (24).

Similar results were reported by Wergin and Kaser-
Hotz (27), who observed that the blood serum VEGF
level in dogs suffering from oncological conditions
was not affected by their age, sex or body mass, but did
correlate with particular types of tumours (P = 0.02).
The highest VEGF levels were reported in malignant
tumours, especially in melanomas and sarcomas, which
confirms the close correlation between VEGF and
tumour aggressivity.

Other researchers (14) compared VEGF overex-
pression in tumours with VEGF in a group of healthy
animals (P < 0.01), and hypothesised that it could
constitute a promising biomarker of neoplastic trans-
formation.

De Queiroz et al. (16) observed increased VEGF
expression in cases of soft tissue sarcomas in dogs.
They reported that VEGF was present not only in
tumour cells, but also in the peritumour region. In
subsequent studies conducted on a group of 25 dogs,
they also observed that the blood serum VEGF level
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in sick animals was reduced after the resection of the
sarcoma (15).

In the present study, conducted in a group of dogs
suffering from squamous cell carcinoma, similar results
were obtained. Expression of VEGF in the blood serum
of' most animals with a skin tumour located on the trunk
decreased already within one month after the surgery.
Growth factor levels showed a general downward trend
until the end of the observation period (six months).
The results obtained confirm Gross’s conclusions with
regard to the low metastasis potential of squamous skin
carcinoma of the skin. This may be related to the early
diagnosis of lesions, which can be more easily noticed
by the owners compared with e.g. lesions in the oral
cavity. Moreover, skin tumours offer the possibility of
a precise as well as macroscopically and microscopi-
cally radical resection of the lesion.

The incidence and survival rates in cases of oral
SCC in humans are the subject of intensive studies
conducted worldwide (12, 20, 27). The presence of
VEGF has been reported not only in tumour cells as
such, but also in tumour stroma, which significantly
impacts the uncontrolled hyperplasia of the tumour
and the incidence of metastases (13). Those studies
have made it possible to use the expression of VEGF
and its receptors as a significant prognostic factor in
cases of SCC of the oral cavity in humans as well as
SCC of'the oral cavity and nasal epithelium in animals.
Thus it is possible to monitor the development and
local relapse of the disease, as well as the incidence of
distant metastases (19).

The present research indicated that the increase in
blood VEGF levels in dogs suffering from skin SCC in
the digital region and SCC of the oral cavity correlated
with the incidence of local relapse or distant metastases
to lung or bone tissues (P < 0.01).

The results obtained suggest that VEGF may serve
as a diagnostic and prognostic marker in cases of squa-
mous cell carcinoma of the skin and oral cavity in dogs.

VEGEF levels are closely related to the neoplastic
process, but the exact mechanism of the factor’s in-
volvement in neoplastic progression remains unclear,
as does the complexity of the angiogenic processes.
Studies of the mechanisms affecting tumour prolifera-
tion and the monitoring of VEGF levels can facilitate
better diagnostics and prognostics, as well as improve
the effectiveness of cancer treatment and the planning
of new therapeutic strategies for both human and ani-
mal patients.
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