
Abstract. The aim of the present study was to determine the
serum levels of vascular endothelial growth factor in animals
in the course of pharmacological treatment against perianal
gland neoplasms. Research material comprised of tumor
tissue samples obtained from 30 dogs and blood drawn from
dogs with tumors and control group animals. The neoplasm
type was determined in accordance with the relevant WHO
classification. Immunoenzimatic determination of VEGF
levels in the blood sera was performed. In all studied
animals suffering from tumors, pharmacological tamoxifen
treatment was administered, at a dosage of 2 mg/kg
bodyweight. The medication was administered for one month.
In order to monitor the serum levels of 17-β-estradiol and
VEGF, blood was drawn from sick animals three times (on
the day of the diagnosis, as well as at one and six months
after treatment). The VEGF determination assay was
performed in accordance with the manufacturer’s guidelines
for the ELISA. In the studied group, 12 animals were
diagnosed with hepatoid gland adenomas and 18 with
hepatoid gland epitheliomas. Elevated VEGF levels were
observed in the group of dogs with hepatoid gland
ephithelioma in comparison with the control group. In the
studied groups, a decrease in serum VEGF level and a
complete remission of neoplastic lesions was observed one
month after administering tamoxifen. The VEGF levels in
dogs with hepatoid gland adenoma continued to decline with
time. In the case of dogs with hepatoid gland epithelioma,
after the initial drop one month after treatment, a rapid
increase of the growth factor level was observed, which was
significantly higher in animals suffering a relapse of the
neoplastic disease (50% of dogs). A significant correlation

was observed between 17-β-estradiol and VEGF levels in
dogs with hepatoid gland epithelioma on the day of
diagnosis (Rxy=0.64, p<0.05) and six months after treatment
(Rxy=0.54, p<0.05). Conclusion: VEGF overexpresion
observed six months after tamoxifen treatment may constitute
a prognostic factor in terms of the progression of the
neoplastic process. The level of VEGF correlates with the
level of 17-β-estradiol in serum. Apart from anti-estrogen
effects, tamoxifen also demonstrates anti-angiogenic activity.

Perianal gland tumors represent approximately 9% of skin
tumors diagnosed in dogs. They are most common in older,
unneutered male dogs or sterilized female dogs. 

Proliferative lesions in this area may originate from three
types of glands: anal glands, anal sac glands, and perianal,
hepatoid glands (1, 2). They are most often adenomas and
adenocarcinomas (3).

Epitheliomas, classified by the World Health Organization
as sebaceous and modified sebaceous gland tumors, are also
common. They are characterized by low-grade malignancy
but can infiltrate adjacent tissues and have a tendency to
relapse following pharmacological and surgical treatment
(10). Literature confirms that the tumors are hormone-
dependent (3, 37). The presence of estrogen receptors (ER)
and androgen receptors (AR) was reported both in the
perianal and surrounding tissue affected by the neoplastic
process (30). Hormone dependence is one of a number of
factors contributing to the pathogenesis of perianal tumors.
It is believed that another factor participating in oncogenesis
may also be a mutation of the gene encoding the p53 protein
and growth factor responsible for neoplastic angiogenesis. 

Angiogenesis is a process necessary for correct growth and
it involves the formation of new blood vessels from the already
existing vascular network. Physiological angiogenesis is
typically intensified during embryogenesis, ovulation,
pregnancy, and in the process of wound healing (6). It also
plays a vital part in the development of neoplastic tumors as it
conditions their growth. Newly-formed vessels not only
provide cancer cells with nutrients and oxygen but are also
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responsible for cell migration into the bloodstream, thus
increasing the risk of metastasis. Neoangiogenesis is very
closely controlled by certain ‘positive’ and ‘negative’ regulators.
In a mature organism, these are produced in equilibrium, which
prevents blood vessel carcinogenesis. When the balance is
upset, however, the production or effects of one or many pro-
angiogenic factors are intensified and angiogenesis takes place
(23). Research results obtained from humans and animals
indicate that the main factor stimulating proliferation and
migration of vascular endothelial cells is the vascular
endothelial growth factor (VEGF). VEGF is secreted by a
number of cells: T-lymphocytes, monocytes, macrophages,
activated platelets, fibroblasts, and neoplastic cells. VEGF
synthesis may also be induced by hormones, other growth
factors, and cytokines (15). A separate group of factors related
to the synthesis and expression of VEGF includes mutation of
tumor-suppressor genes and activation of oncogenes (20).

Tamoxifen has been used in cases of hormone-dependent
tumor. It is a non-steroidal, anti-estrogenic agent
categorized as one of the selective estrogen receptor
modulators. The anticancer effect of tamoxifen is mainly
due to its anti-estrogenic activity, but it also facilitates
certain alternative therapeutic mechanisms, such as
apoptosis induction, inhibiting the proliferation of
endothelial cells in the process of angiogenesis through
modulation of VEGF synthesis (5, 6).

The aim of the present study was to evaluate VEGF levels
in the serum of animals undergoing pharmacological
treatment for perianal gland tumors (at the time of diagnosis,
as well as after one and six months). 

Materials and Methods

The research material comprised tumor samples (biopsy specimens)
taken from the anal area of 30 selected male dogs aged between 6
and 14 years, treated at the Department and Clinic of Veterinary
Surgery at the University of Life Sciences in Lublin, Poland. The
control group comprised 10 healthy dogs, in general good health,
aged 2 to 7 years, brought in for sterilization. 

Blood was drawn to obtain serum for the determination of 17-β-
estradiol and VEGF levels. The level of VEGF in the serum of
research and control group animals was determined with use of the
ELISA immunoenzymatic assay (Quantikine Canine Immunoassay;
R&D Systems, INC Minneapolis, USA, supplier BIOKOM).

All animals with tumors received pharmacological treatment
tamoxifen dosed at 2 mg/kg body weight, orally in the form of
tablets. The medication was administered for one month. 

In order to monitor the serum 17-β-estradiol and VEGF levels,
blood was drawn from sick animals three times: on the day of
diagnosis, one month after the administration of the hormonal
preparation, and six months after the treatment. The level of 17-β-
estradiol in the serum of research group animals was determined
with use of the ELISA immunoenzymatic assay (Biomerieux, Marcy
l’Etoile, France). The VEGF and 17-β-estradiol determination by
ELISA assay was performed in accordance with the manufacturer’s
guidelines. 

Biopsy specimens from each tumor were taken for
histopathological examinations with the use of a skin trephine of 0.6
cm in diameter. The obtained material was delivered to the Chair of
Pathoanatomy at the Department of Veterinary Medicine of the
University of Life Sciences in Lublin. The tissue samples were
preserved for 24 h in 10% formalin, -stained and histopathologically
examined in accordance with WHO histopathological classification
of skin tumors (10). 

Samples for immunohistochemical tests were placed on silane-
coated Super Frost slides (Menzel-Glaser, Braunschweig Germany,
DAKO) and kept in an incubator in 56°C for 12 h. Xylene was used
to remove paraffin from dried slides which were subsequently
placed in solutions of decreasing alcohol concentration and distilled
water. Ki-67 antigen expression was assessed using Dako-ARKTM
set for the immunohistochemical staining of animal tissues (Animal
Research Kit, Dako) reducing the background of non-specific
reactions. Mouse monoclonal antibody (clone MIB-1) against Ki-
67 protein was used (Dako).

At ×40 magnification, the preparations were examined in terms
of Ki-67 antigen expression and an index was calculated
corresponding to the percentage of positively stained cells per 500
tumor cells. 

A statistical analysis was performed to determine whether
significant correlations existed between the VEGF levels in the
serum of animals with tumors and the control group, as well as if
statistically significant discrepancies were observed in terms of
VEGF levels after one and six months from the administration of
pharmacological treatment. 

The relation between Ki-67 staining for the two types of tumor
was calculated with the use of Pearson’s χ2 test. A significant
relation was also observed between the 17-β-estradiol levels and
VEGF levels in the blood. To verify the normality of the distribution
of the obtained results, the Shapiro–Wilk test was used. In
comparison of two groups of results, in the absence of a normal
distribution whose test function was designated as ‘Z’, the
Mann–Whitney test was used, whereas in those pertaining to more
than two groups of results regarding the same type of data measured
at different times, the Friedman ANOVA test was applied, with the
test function designated as “χ2 ANOVA”.

Results

In the research group, 12 animals were diagnosed with hepatoid
gland adenomas and 18 with hepatoid gland epitheliomas,
characterized by low malignancy (Tables I and II).

After one month of tamoxifen treatment, tumor remission
was observed in all studied dogs. In animals suffering from
hepatiod gland adenomas, remission lasted for at least six
months after treatment, whereas progression of the disease
in the form of individual nodules was observed in over 10 of
dogs with hepatoid gland epithelioma.

Expression of the proliferative antigen Ki-67 was
observed in most of the studied neoplasms; a significant
correlation was reported in terms of the incidence of Ki-67
presence in hepatoid gland adenomas and hepatoid gland
epitheliomas. In dogs diagnosed with hepatoid gland
epithelioma, the presence of Ki-67 was confirmed in 14
cases (χ2=5.93, p<0.01).
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The value of VEGF in the control group ranged between
0.1 and 12.53 pg/ml (median=11.14 pg/ml). The median
VEGF concentration in the serum of dogs with hepatoid gland
adenomas on the day of the first appointment was 13.49 pg/ml
(range=1.65-19.26 pg/ml). No statistical differences were
observed between VEGF levels in the control group and the

growth factor levels in the case of hepatoid gland adenomas.
In dogs with hepatoid gland epithelioma, the VEGF level was
higher and rayed between 9.37 and 27.11 pg/ml
(median=18.50 pg/ml). The VEGF level at diagnosis was
significantly higher for dogs with hepatoid gland epithelioma;
a breakdown of the obtained results is presented in Figure 1.
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Table I. Results of histopathological, biochemical and immunoenzymatic tests in the group of dogs with hepatoid gland adenoma.

Time point 0 Time point 1 Time point 2

Breed, gender, Ki-67 17-β-estradiol VEGF 17-β-estradiol VEGF 17-β-estradiol VEGF
age in years staining (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml)

Dachshund, ♂, 7 + 35 13.72 27 15.71 15 11.03
Mixed, ♂, 13 – 28 14.77 11 12.29 3.5 12.14
German mastiff, ♂, 6 – 12.4 8.61 6.4 5.10 3.1 3.26
Mixed, ♂, 8 – 9.46 1.65 2.21 1.37 1.6 1.02
Dachshund . ♂. 6 + 7.68 14.82 8.60 10.36 6.89 8.61
Mixed, ♂, 8 + 12.40 17.5 9.86 14.8 6.24 10.37
German Shepherd, ♂, 6 – 21 3.36 15.60 2.98 5.02 1.65
Mixed, ♂, 13 – 31 13.27 8.0 12.59 2.79 10.19
Mixed, ♂, 8 – 27 14.78 21.08 12.89 12.08 11.09
German mastiff, ♂, 7 + 8.24 6.85 2.86 6.61 1.3 3.28
Mixed, ♂, 10 – 7.42 19.26 2.02 14.82 1.02 13.92
Mixed, ♂, 9 – 9.26 4.68 2.00 1.24 2.44 0.9

Time point: 0: on the day of diagnosis, 1: one month after treatment administration, 2: six months after treatment conclusion.

Table II. Results of histopathological, biochemical and immunoenzimatic tests in the group of dogs with hepatoid gland epithelioma.

Time point 0 Time point 1 Time point 2

Breed, sex, Ki 67 17-β estradiol VEGF 17-β estradiol VEGF 17-β estradiol VEGF Tumor 
age in years (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) (pg/ml) recurrence

Mixed breed, ♂,  9 – 41 26.5 18.48 18.68 28.80 28.80 –
Mixed breed, ♂, 13 + 50 23.79 24 11.26 39 32.18 +
Mixed breed, ♂, 8 + 25 18.61 5.78 9.49 7.20 10.81 –
German Shepherd, ♂, 10 + 42 15.71 24.69 6.26 21 59.72 +
Dachshund . ♂. 8 + 28 18.39 23.79 6.67 19.00 36.51 +
Mixed breed, ♂, 13 + 52 27.11 12.00 14.81 28.00 18.39 –
Mixed breed, ♂, 12 + 27 9.37 4.89 5.97 14.6 18.34 –
Dachshund . ♂. 6 + 33 10.37 10 20.19 12 30.11 +
German Shepherd, ♂, 6 + 50 21.09 12 16.52 38 28.38 +
Mixed breed, ♂, 10 + 26 20.19 16.08 13.03 24.79 36.49 +
Mixed breed, ♂, 14 + 35 18.72 27 15.71 33 33.03 +
German Shepherd, ♂, 12 – 24 16.80 16.5 12.02 18.79 18.79 –
Dachshund . ♂. 7 + 50 26.08 24 12.6 32.41 34.8 +
German Shepherd, ♂, 6 + 24 14.20 14.8 10.68 18.00 20.04 –
Terrier, ♂, 10 – 48 12.80 28.8 10.02 32.80 34.89 +
Cocker spaniel, ♂, 9 – 22 10.47 16.80 6.24 18.20 8.24 –
Mixed breed, ♂, 13 + 18 12.40 12.20 4.26 14.20 6.02 –
Mixed breed, ♂, 11 + 36 21.20 14 12.42 33.28 42.80 +

Time point: 0: on the day of diagnosis, 1: one month after treatment administration, 2: six months after treatment conclusion.



By repeatedly monitoring VEGF levels (1 and 6 months
after treatment) we observed that the VEGF values for dogs
with hepatiod gland adenoma decreased significantly
following the pharmacological treatment, from a mean of
13.50 pg/ml to 9.40 pg/ml (χ2=22.17, p<0.001) (Figure 2). 

In hepatoid gland epitheliomas, on the other hand, significant
discrepancies in terms of VEGF expression were observed.
VEGF values one month after the treatment (mean=11.64
pg/ml) were reduced in comparison to values on the day of the
diagnosis (mean=18.50 pg/ml). However, six months after the
treatment, the VEGF values were elevated again, with a mean of
29.46 pg/ml, i.e. a level higher than that recorded on the day of
diagnosis (χ2=22.17, p<0.001) (Figure 3). 

The VEGF levels recorded six months after treatment were
also significantly higher in dogs suffering from a relapse of
their neoplastic disease (Z=3.47, p<0.001) (Figure 4). 

A statistical analysis was performed on the correlation
between 17-β-estradiolu and VEGF levels in particular
samplings. In the case of hepatoid gland adenoma, no
correlation was observed in any period with regard to
tamoxifen administration. 

A significant relation was observed between the levels of 17-
β-estradiol and VEGF in the case of hepatoid gland epithelioma:
elevated 17-β-estradiol levels correlated with increased VEGF
levels on the day of diagnosis (Rxy=0.64, p<0.05) and after six
months from tamoxifen administration (Rxy 0.54, p<0.05).

Discussion

Canine perianal glands are modified sweat glands located in
the circumanal skin area. In histological terms, they can be
described as groups of non-secretory cells similar to
hepatocytes. The cells are characterized by sexual dimorphism

as in adult females the glands regress to single- gland islets,
while in adult males they form gland masses (34). 

The presence of AR and ER has been reported superficially
on gland cells. These remain under the influence of sex
hormones and often it is difficult to distinguish gland
hypertrophy from developing adenoma or adenocarcinoma,
which are the most common types of tumor occurring in this
region. Although the tumors are initially rather small and slow-
growing, they can metastasize to regional lymph nodes, organs
of the abdominal cavity, or to lungs (2). 

In the present study of 30 cases of pathological hypertrophy
in the perianal area, 12 cases were diagnosed as hepatoid gland
adenoma, while 18 as hepatoid gland ephithelioma. Alhough
hepatoid gland ephitheliomas are non-malignant, they can
display local invasiveness and a tendency to relapse. The same
was confirmed in our research, as six months from the
administration of pharmacological treatment, relapse of
neoplastic disease was observed in more than half of the dogs. 

The factor providing significant information in terms of
the tumor’s mitotic activity is the extent of cell proliferation
(proliferation index by Ki-67). The Ki-67 nuclear antigen is
a protein found exclusively in dividing cells during active
phases of the cell cycle. Expression of the antigen was
studied in a number of canine tumors and its high levels
were shown to correlate with neoplastic metastasis and to
confer a negative prognosis in cases of canine breast cancer
(28). It was reported that Ki-67 is a useful prognostic factor
in cases of mast cell tumors (33). Some researchers point-
out that in the case of perianal gland neoplasms in dogs,
particularly epitheliomas, areas of increased anaplasia can be
observed, suggesting transition to high-grade carcinoma.
Using proliferation markers (Ki-67) may improve diagnostic
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Figure 1. Vascular endothelial growth factor in serum of dogs with
hepatoid gland adenomas and hepatoid gland epitheliomas on the day
of diagnosis compared to the control group.

Figure 2. A breakdown of  Vascular endothelial growth factor levels in
serum from dogs with hepatoid gland adenomas for each consecutive
sampling. Time point 0: at diagnosis; 1: one month after administration
of Tamoxifen; 2: six months after administration of tamoxifen.



criteria in these neoplasms, especially with regard to well-
differentiated perianal gland carcinomas (11). Periera et al.
observed that Ki-67 evaluation is useful in assessing the risk
of relapse in canine perianal gland neoplasms (29). The
research we conducted indicated a significant correlation in
terms of Ki-67 presence in hepatoid gland adenomas and
hepatoid gland epitheliomas (χ2=5.93, p<0.01). In dogs
diagnosed with hepatoid gland epithelioma, the presence of
Ki-67 was confirmed in 14 cases, possibly indicating the
tendency for transformation into a malignant tumor, a
fondling similar to that reported by Pereira et al.

Perianal gland neoplasms mainly affect unneutered dogs
over six years old and the presence of AR in tumor tissue
indicates hormone dependence of the neoplasms (26, 30, 37).
Apart from androgens, estrogens also play an important part
in the process of oncogenesis. Literature suggests that
estrogens, through reactions with receptors located in gland
cell nuclei, act as promoters of neoplastic cells. Available
literature pays considerable attention to the assessment of
estrogen levels and their impact on the elevation of VEGF
levels, which is in turn responsible for angiogenesis. Most
published studies on this topic pertain to breast cancer, both
in women and female dogs. Estrogens increase VEGF
expression in hormone-dependent tumors in women and
consequently lead to the formation of microvasculature
necessary for neoplastic expansion and metastasis (9, 13, 19).

The relation between angiogenesis, VEGF, estrogens and
their receptors has been confirmed in studies on in vitro cell
cultures. Elevated expression of VEGF and VEGFR2
receptor is regulated by estrogens (14, 19, 24, 27). Increased

VEGF expression in cases of breast cancer in women was
related to deteriorating clinical results and the response to
hormone therapy (8). A relation was also reported between
VEGF levels in peripheral blood and the severity and extent
of breast cancer metastasis, which confirms the participation
of the growth factor in stimulating tumor growth (18). VEGF
was also singled-out as an independent prognostic factor in
terms of the risk of relapse and survivability of patients with
breast cancer (7). 

VEGF expression was also reported in simple mammary
gland adenocarcinomas in dogs, which indicates that VEGF
has an autocrine function stimulating tumor cell growth (1).
It was also reported that VEGF can serve as a marker of
malignancy in breast cancer in dogs (35).

Articles have also been published where no correlation
between VEGF expression and pathological features was
observed in breast tumors in dogs. It was reported that VEGF
is independent of the histological type of neoplasm and
tissue invasion or local metastatic capacity (32).

Our study revealed, elevated VEGF levels, compared to the
control group, in the group of dogs suffering from hepatoid
gland epithelioma and the result was statistically significant.
Research indicates that VEGF overexpression (above 18.5
pg/ml) in the serum of dogs on the day of diagnosis may
indicate a possibly malignant process, but may not be treated
as a prognostic factor in hepatoid gland adenoma.

Due to the hormone dependence of breast tumors in
women, auxiliary tamoxifen therapy is typically
administered. The preparation is confirmed to actively inhibit
angiogenesis. In the 1990s, it was included by Folkman in
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Figure 3. A breakdown of Vascular endothelial growth factor levels in
hepatoid gland epitheliomas for each consecutive sampling. Time point
0: at diagnosis; 1: one month after administration of tamoxifen; 2: six
months after administration of tamoxifen.

Figure 4. Breakdown of Vascular endothelial growth factor levels in the
course of progressing hepatoid gland epiteliomas.



the so-called “Navy Protocol” treatment he administered to a
dog suffering from cancer (16).

Studies were conducted into the impact of administering
steroid hormones and antiestrogens on the level of VEGF in
breast tumor cells in women (8). Administration of
tamoxifen was reported to significantly inhibit VEGF
induction and cause anoxia in tumor cells, which resulted in
reduced angiogenesis (21, 31). Similar results were obtained
by Heer et al. They concluded that estrogens may stimulate
VEGF expression and that performing mastectomy in
combination with anti-estrogen treatment may reduce
angiogenic potential, therefore improving the prognosis of
patients with estrogen-dependent tumors (12). This effect
was observed in animal breast cancer models in vivo and
correlated with a reduced pace of tumor growth. 

Despite the widespread use of tamoxifen in the treatment
of breast tumors in women, its application in cases of breast
cancer in dogs has been proved ineffective or caused
complications such as hypertrophy of the vaginal mucosa
and pyometra (17, 36).

Attempts have also been made to treat perianal gland tumors.
In 1998, it was reported that administration of tamoxifen caused
remission of this type of tumor (17). However, there are no data
in terms of the mechanisms of the medicine’s activity.
Therefore, an attempt was made to administer the treatment to
the studied groups of animals while simultaneously studying
processes which influence tumor regression. 

In all studied groups, a statistically significant decrease in
terms of VEGF levels in the serum and complete remission
of neoplastic lesions was observed one month after the
administration of tamoxifen. In the case of hepatoid gland
adenoma, as time passed from the end of the treatment,
serum VEGF levels continued to become significantly lower.
Meanwhile, in hepatoid gland epithelioma, after the initial
VEGF decrease one month after the treatment, the levels of
the growth factor increased rapidly in all dogs and the
increase was significantly higher in animals undergoing a
relapse of the disease. It can, therefore, be hypothesized that
overexpression of VEGF observed six months after
tamoxifen treatment may constitute a prognostic factor in
terms of the progression of the neoplastic disease. 

In dogs undergoing treatment, the relationship between
VEGF and the level of 17-β-estradiol in blood serum was also
studied. It was demonstrated that such a correlation occured
only in the case of hepatoid gland epitheliomas. A decrease in
17-β-estradiol levels one month after treatment caused a drop
in serum VEGF levels, whereas an increase in 17-β-estradiol
levels six months after treatment was accompanied by an
increase in VEGF levels. These results allow us to speculate
that both 17-β-estradiol and VEGF levels may prove to be a
viable prognostic factor. Moreover, tamoxifen, apart from
antiestrogen activity, may also have antiangiogenic effects. It
is a good preparation for non-invasive treatment of benign

perianal neoplasms in dogs, whereas successful therapy in
cases of hepatoid gland epithelioma is likely to require
prolonged administration of tamoxifen or repeat treatment. 

Measurements of VEGF concentrations may facilitate the
assessment of the efficacy of antineoplastic therapy. Manders
et al. demonstrated that elevated VEGF in tumor tissue
cytosol prior to treatment corresponded to less favorable
results of hormone treatment (22). 

It has been observed that certain neoplastic cells are
immune to antiestrogen and antiprogestagen treatment. It
was also reported that such substances may in fact stimulate
tumor growth (4). It was suggested that in the case of such
neoplasms, further proliferation is influenced by VEGF (22,
25). Furthermore, clinical studies in humans indicated that
neoplasms characterized by low VEGF levels and absence of
the ER do not react to hormonal treatment or tend towards
early relapse of the disease (7). Therefore, tamoxifen
treatment as a monotherapy, particularly in the case of
malignant tumors, may prove ineffective and should be
combined with antiangiogenic treatment (7).

Currently, the treatment of patients suffering from
hormone-dependent tumors involves the use of monoclonal
antibodies against VEGF (bevacizumab) in combination with
hormonal drugs. The administration of combined
antiestrogen and antiangiogenic treatment inhibits tumor
growth and may constitute a novel therapeutic approach to
the regression of hormone-dependent tumors in humans (27). 

It seems viable to suggest also combining hormonal and
antiangiogenic therapy in the treatment of neoplasms in
dogs, although this would require further clinical studies. 

Acknowledgements

This study was supported by Grant No NN 308 29 59 37 from The
Polish Ministry of Education and Science.

References

1 Al-Dassi AN, Haines DM, Singh B and Kidney BA:
Immunohistochemical expression of vascular endothelial growth
factor and vascular endothelial growth factor receptor -2 in
canine simple mammary gland adenocarcinomas. Can Vet J 51:
1109-1114, 2010.

2 Bray J: Tumours of the Perianal Region. BSAVA Manual of
Canine and Feline Oncology, Third Edition. Dobson JM and
Lascelles BDX (eds.) Gloucester: Wiley-Blackwell; 2011.

3 Burdzińska A and Idziak M: Perianal gland tumors in dogs. Mag
Wet 16: 1130-1134, 2008 (Polish). 

4 Clarke R, Leonessa F, Welch JN and Skaar TC: Cellular and
molecular pharmacology of antiestrogen action and resistance.
Pharmacol Rev 53: 25-71, 2001.

5 Coskun U, Gunel N, Sancak B, Onuk E, Bayram M and Cihan
A: Effect of tamoxifen on serum IL-18, vascular endothelial
growth factor and nitric oxide activities in breast carcinoma
patients. Clin Exp Immunol 137: 546-551, 2004.

in vivo 28: 871-878 (2014)

876



6 Dobrzycka B, Kinalski M, Piechocka D and Terlikowski SJ: The
role of estrogens in angiogenesis in the female reproductive
system. Endokrynol. Pol 3: 210-214, 2009 (Polish).

7 Foekens JA, Peters HA, Grebenchtchikov N, Look MP, Meijer-
van Gelder ME, Geurts-Moespot A, van der Kwast TH, Sweep
CG and Klijn JG: High tumor levels of vascular endothelial
growth factor predict poor response to systemic therapy in
advanced breast cancer. Cancer Res 61: 5407-5414, 2001.

8 Gavin S and Dabrosin C: Tamoxifen inhibits secretion of
vascular endothelial growth factor in breast cancer in vivo.
Cancer Res 63: 8742-8748, 2003.

9 Gavin S and Dabrosin C: In vivo measurement of tumor estradiol
and vascular endothelial growth factor in breast cancer patients.
BMC Cancer 73: 1-6, 2008.

10 Goldschmidt MH, Dunstan RW, Stannard AA, von Tscharner C,
Walder EJ and Yager JA: Histological Classification of Epithelial
and Melanocytic Tumors of the Skin of Domestic Animals. WHO
International histological Classification of Tumors of Domestic
Animals, second series, vol. III. Armed Forces Institute of
Pathology, Washington D.C., 1998.

11 Gross TL, Ihrke P, Walder EJ and Affolter VK: Skin Diseases of
the Dog and Cat. Clinical and Histopathologic Diagnosis. 2nd ed.
Oxford, UK: Blackwell Science, Ltd 567-589, 730-731, 2005.

12 Heer K, Kumar H, Read JR, Fox JN, Monson JR and Kerin MJ:
Serum vascular endothelial growth factor in breast cancer: its
relation with cancer type and estrogen receptor status. Clin
Cancer Res 11: 3491-3494, 2001.

13 Hyder SM, Nawaz Z, Chiappetta C and Stancel GM:
Identification of functional estrogen response elements in the
gene coding for the potent angiogenic factor vascular endothelial
growth factor. Cancer Res 60: 3183-3190, 2000.

14 Hyder SM: Sex-steroid regulation of vascular endothelial growth
factor in breast cancer. Endocr Relat Cancer 13: 667-87, 2006.

15 Jarosz P and Woźniak B: Angiogenesis in cancer diseases. Prz
Med Uniw Rzesz Inst Leków 4: 498-507, 2012 (Polish).

16 Kirk E: Dog’s tale of survival opens door in cancer research.
Health and Behavior. USA Today. Retrieved 2008. http://
usatoday30.usatoday.com/news/health/2002-07-24-cover-
cancer_x.htm

17 Kłaczyński W: Effectiveness of tamoxifen-Hexal in the treatment
of neoplasms in dogs. Med Weter 54: 281-283, 1998 (Polish).

18 Litwiniuk M, Łojko A, Thielemann A, Kopczyński Z: Vascular
endothelial growth factor (VEGF) and selected clinicopathological
parameters in breast carcinoma. Contemp Oncol 11: 300-304, 2007.

19 Losordo DW and Isner JM: Estrogen and angiogenesis: A
review. Arterioscler Thromb Vasc Biol 2001 21: 6-12, 2001.

20 Lucio-Eterovic AK, Piao Y and de Groot JF: Mediators of
glioblastoma resistance and invasion during antivascular endothelial
growth factor therapy. Clin Cancer Res 15: 4589-4599, 2009.

21 Maity A, Sall W, Koch CJ, Oprysko PR and Evans SM: Low
pO2 and beta-estradiol induce VEGF in MCF-7 and MCF-7–5C
cells: relationship to in vivo hypoxia. Breast Cancer Res Treat
67: 51-60, 2001.

22 Manders P, Beex LV, Tjan-Heijnen VC, Span PN and Sweep CG:
Vascular endothelial growth factor is associated with the efficacy
of endocrine therapy in patients with advanced breast carcinoma.
Cancer 98: 2125-2132, 2003.

23 Mizia-Malarz A, Sobol G and Woś H: Angiogenesis in the
chronic inflammatory diseases and malignancies. Pol Merk Lek
141: 185-189, 2008 (Polish)

24 Mueller MD, Vigne JL, Minchenko A, Lebovic DI, Leitman DC
and Taylor RN: Regulation of vascular endothelial growth factor
(VEGF) gene transcription by estrogen receptors alpha and beta.
Proc Natl Acad Sci USA 97: 10972-10977, 2000.

25 Nicholson RI, Hutcheson IR, Hiscox SE, Knowlden JM, Giles
M, Barrow D and Gee JMW: Growth factor signaling and
resistance to selective oestrogen receptor modulators and pure
anti-oestrogens: the use of anti-growth factor therapies to treat
or delay endocrine resistance in breast cancer. Endocr Relat
Cancer 12: 29-36, 2005.

26 Park C, Yoo JH, Kim HJ, Lim CY, Kim JW, Lee SY, Kim JH,
Jang JI and Park HM: Cyclosporine treatment of perianal gland
adenoma concurrent with benign prostatic hyperplasia in a dog.
Can Vet J 51: 1279-1282, 2010.

27 Patel RR, Sengupta S, Kim HR, Klein-Szanto AJ, Pyle JR, Zhu
F, Li T, Ross EA, Oseni S, Fargnoli J and Jordan VC:
Experimental treatment of oestrogen receptor (ER)-positive
breast cancer with tamoxifen and brivanib alaninate, a VEGFR-
2/FGFR-1 kinase inhibitor: a potential clinical application of
angiogenesis inhibitors. Eur J Cancer 9: 1537-1553, 2010.

28 Pena LL, Nieto AI, Perez-Alenza D, Cuesta P and Castano M:
Immunohistochemical detection of Ki-67 and PCNA in canine
mammary tumors: Relationship to clinical and pathologic
variables. J Vet Diagn Invest 10: 237-246, 1998.

29 Pereira RS, Schweigert A, Dias de Melo G, Fernandes FV,
Sueiro FA and Machado GF: Ki-67 labeling in canine perianal
glands neoplasms: a novel approach for immunohistological
diagnostic and prognostic. BMC Vet Res 9: 83-93, 2013.

30 Pisani G, Millanta F, Lorenzi D, Vannozzi I and Poli A: Androgen
receptor expression in normal, hyperplastic and neoplastic
hepatoid glands in the dog. Res Vet Sci 8: 231-236, 2006.

31 Ruohola JK, Valve EM, Karkkainen MJ, Joukov V, Alitalo K and
Härkönen PL: Vascular endothelial growth factors are
differentially regulated by steroid hormones and antiestrogens in
breast cancer cells. Mol Cell Endocrinol 149: 29-40, 1999.

32 Santos AA, Oliveira JT, Lopes CC, Amorim IF, Vicente CM,
Gärtner FR and Matos AJ: Immunohistochemical expression of
vascular endothelial growth factor in canine mammary tumours.
J Comp Pathol 143: 268-275, 2010.

33 Scase TJ, Edwards D, Miller J, Henley W, Smith K, Blunden A
and Murphy S: Canine mast cell tumors: Correlation of
apoptosis and proliferation markers with prognosis. J Vet Intern
Med 20: 151-158, 2006.

34 Shabadash SA and Zelikina TI: Once more about hepatoid
circumanal glands of dogs. History of their discovery and
reasons for revision the structural and functional data. Izv Akad
Nauk Ser Biol 2: 176-185, 2002 (Russian).

35 Sobczyńska-Rak A: Angiogenesis in dog’s tumors. Doctoral
Dissertation 2006 (Polish). 

36 Tavares WL, Lavalle GE, Figueiredo MS, Souza AG, Bertagnolli
AC, Viana FA, Paes PR, Carneiro RA, Cavalcanti GA, Melo MM
and Cassali GD: Evaluation of adverse effects in tamoxifen
exposed healthy female dogs. Acta Vet Scand 52: 67-76, 2010. 

37 Tozon N, Kodre V, Sersa G and Cemazar M: Effective treatment
of perianal tumors in dogs with electrochemotherapy. Anticancer
Res 25: 839-45, 2005.

Received March 24, 2014
Revised May 30, 2014
Accepted June 2, 2014

Sobczyńska-Rak et al: VEGF and 17-β-estradiol Levels After Tamoxifen Treatment in Canine Neoplasms

877


