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Serum concentration and immunostaining of vascular endothelial

growth factor in dogs with multicentric lymphoma

Concentracao sérica e imunomarcacao do fator de crescimento do

endotélio vascular em caes com linfoma multicéntrico

Sabrina Marin Rodigheri'"; Sabryna Gouveia Calazans?; Reneé Laufer Amorim®;
Andrigo Barboza De Nardi*; Julio Lopes Sequeira®; Carlos Roberto Daleck*

Abstract

Vascular endothelium growth factor (VEGF) is one of the most specific regulators of tumor angiogenesis
and lymphangiogenesis. Moreover, VEGF plays a role in tumorigenesis through activation of an
autocrine signaling pathway that enables cancer cells to stimulate their own growth. The aim of this
study was to investigate VEGF serum levels and immunoexpression in canine multicentric lymphomas
and correlate these parameters with the prognostic factors of this cancer. Sixteen dogs were evaluated
(eight clinically healthy and eight diagnosed with multicentric lymphoma). The animals underwent
blood sampling to measure VEGF serum concentrations and lymph node biopsy to evaluate VEGF
immunoexpression. The VEGF immunoreactivity score was higher (p=0.0003) in the lymph nodes of
dogs with multicentric lymphoma (8.50+2.33) than in those of healthy dogs (1.87+1.80). There was no
significant difference in the VEGF serum concentrations between healthy dogs and dogs with lymphoma
(p=0.08). Immunophenotype, clinical stage and grade of malignancy influenced the life expectancy of
dogs with lymphoma. Our results showed that VEGF is expressed in high amounts in the lymph nodes
of dogs with multicentric lymphoma and may be responsible for the growth, survival and migration of
tumor cells.
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Resumo

O fator de crescimento do endotélio vascular (VEGF) ¢ um dos mais especificos reguladores da
angiogénese e da linfangiogénese tumoral, além de influenciar na tumorigénese mediante ativagdo de
um circuito de sinaliza¢do autocrina que permite que as células neoplasicas estimulem seu proprio
crescimento. O objetivo desse estudo foi investigar os niveis séricos e a imunomarca¢do do VEGF
nos linfomas multicéntricos caninos e correlacionar esses parametros com fatores prognosticos da
neoplasia. Foram avaliados 16 cdes, sendo oito clinicamente sadios e oito com diagnostico de linfoma
multicéntrico. Os animais foram submetidos a coleta de sangue para mensuragdo da concentracao
sérica do VEGF e biopsia de linfonodo para avaliagdo da imunomarca¢do do VEGF. O escore de
imunomarca¢do do VEGF foi superior (p=0,0003) nos linfonodos de caes com linfoma multicéntrico
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(8,50+2,33) em comparagdo ao escore dos linfonodos de cées sadios (1,87+1,80). Nao houve diferenga
significativa entre as concentragdes séricas do VEGF de caes sadios e de cdes com linfoma (p=0,08).
Imunofenotipo, estadiamento clinico e grau de malignidade influenciaram na sobrevida dos caes
com linfoma. Os resultados obtidos permitiram concluir que o VEGF esta expresso em quantidades
elevadas nos linfonodos de caes com linfoma multicéntrico, podendo ser responsavel pelo crescimento,

sobrevivéncia e migragdo das células tumorais.

Palavras-chave: Oncologia, angiogénese, linfangiogénese, tumorigénese, VEGF

Introduction

Lymphomas are a heterogeneous group of
cancers derived from lymphoid cells. They are
commonly diagnosed in dogs, representing seven to
24% of canine cancers and 83% of hematopoietic
tumors. Multicentric lymphoma is the anatomical
form exhibiting the highest prevalence in dogs. It
is characterized by varying degrees of involvement
of the lymphoreticular system, and it can affect the
lymph nodes, liver, spleen and bone marrow (VAIL
etal., 2013).

Several studies have been performed to identify
the prognostic factors associated with a therapeutic
response, remission period and life expectancy in
dogs with multicentric lymphoma. The main factors
investigated include age, sex, breed, weight, clinical
stage, cell morphology and immunophenotype
(GREENLEE et al., 1990; TESKE et al., 1994).

The of
microenvironment is

survival tumor «cells in a

dependent on sufficient
amounts of oxygen and nutrients and on the cell’s
ability to eliminate toxins (CASTRO JUNIOR et
al., 2006). Angiogenesis is a process that leads to
the formation of new blood vessels from an existing
vascular bed, and it is essential for cancer growth
and progression (FOLKMAN, 1995). Lymphatic
vessels are also important components of the tumor
microenvironment because they act directly on
tissue homeostasis and immunosurveillance and
constitute the mechanism for the metastatic spread
of cancer to local lymph nodes and distant organs
(WROBEL et al., 2006).

Vascular endothelial growth factor (VEGF) is
considered one of the most important mediators

of tumor angiogenesis and lymphangiogenesis
(HIRAKAWA 2005). VEGF is a
multifunctional  glycoprotein  that
mitogenic activity in endothelial cells, vascular
permeability, cell survival and the production of

et al.,

stimulates

several molecules involved in neovascularization
processes (FERRARA, 2004).

Recent studies have revealed that VEGF
production by tumor cells and the activation of
VEGF receptors on the surface of cancer cells
activates an autocrine signaling pathway that enables
cancer cells to stimulate their own growth, survival
and migration. Thus, it is believed that VEGF may
act in tumorigenesis, regardless of angiogenesis and
lymphangiogenesis (SENGER, 2010; PERROT-
APPLANAT; DI BENEDETTO, 2012; CAO et al.,
2012).

Immunostaining  and  increased  serum
of VEGF have been found
in different solid and hematopoietic cancers
in humans (FERRARA, 2004; PERROT-
APPLANAT,; DI BENEDETTO, 2012; DUSE et
al., 2013). In dogs, VEGF expression is evident in
malignant mammary gland tumor (MAIOLINO et
al., 2000), squamous cell carcinoma (RESTUCCI
et al., 2003), poorly differentiated seminoma
(MILLANTA et al., 2006), meningioma (PLATT
et al., 2006), mast cell tumor (REBUZZI et al.,
2007), oral melanoma (TAYLOR et al., 2007) and
lymphoma (WOLFESBERGER et al., 2008) cells.
Studies have shown elevated plasma concentrations
of VEGF in dogs with hemangiosarcoma and
lymphoma (CLIFFORD et al., 2001; GENTILINI
et al., 2005; ARESU et al., 2012).

concentrations
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Given the high incidence of lymphoma in dogs
and the association of VEGF with the induction and
progression of cancer, this study aimed to investigate
the serum concentration and immunostaining of
VEGF in dogs with multicentric lymphoma and
correlate these parameters with the main prognostic
factors of this cancer.

Materials and Methods

A total of 16 dogs, including males and females
of different sizes, with or without a defined breed,
were selected. Of these, eight dogs were clinically
healthy, and eight were diagnosed with multicentric
lymphoma through cytological analysis of the
lymph nodes. Blood was collected from the
animals for a complete blood count, biochemical
serum evaluation (alanine aminotransferase and
creatinine) and quantification of VEGF serum
concentration. Additionally, excisional biopsy of
the popliteal lymph node was performed for VEGF
immunostaining. Samples from the dogs with
lymphoma were collected at the time of diagnosis,
prior to any treatment.

In dogs with lymphoma, chest X-ray, abdominal
ultrasound and bone marrow cytology were
performed to determine the cancer stage, according
to the protocol proposed by the World Health
Organization (GREENLEE et al., 1990). Popliteal
lymph node samples were used to determine
the histopathological classification (degree of
malignancy) according to the Kiel System, and
the neoplasm immunophenotype was determined

through immunohistochemistry.

Blood samples from animals were obtained
by jugular venipuncture, and the serum was
separated and stored at -20°C. VEGF serum
concentrations were quantified using a commercial
sandwich enzyme-linked immunosorbent assay
(ELISA) kit (Human VEGF-C Immunoassay,
Quantikine®, R&D Systems, Minneapolis, USA)
following the manufacturer’s instructions. For
this assay, a monoclonal antibody in solid phase

and a peroxidase-conjugated polyclonal antibody
against recombinant human VEGF were used.
All of the samples were assayed in duplicate. The
optical density was determined at 450 nm using a
microplate reader. The VEGF serum concentration
was determined by linear regression analysis.
Validation of the ELISA test using the human
antibody to quantify canine vascular endothelial
growth factor has been confirmed in previous
studies (SCHEIDEGGER et al., 1999).

For immunohistochemistry, 3-micron-thick
sections of paraffin-embedded specimens were
placed on slides previously treated with a liquid
organosilane-based adhesive (A3648 - SIGMA).
The slides were kept in an incubator at 60°C for
24 hours and then subjected to deparaffinization,
hydration, antigen recovery and endogenous
peroxidase blocking. To determine the VEGF
immunoreactivity, an anti-VEGF monoclonal
antibody (Cat. No. M7273, DakoCytomation®) at a
1:25 dilution and the Envision Dual Link kit (Cat.
No. K4063, DakoCytomation) were used. Signal
development was performed with the chromogenic
substrate diaminobenzidine (DAB - Dako - Cat.
No. K34466). For lymphoma immunophenotyping,
anti-CD3 (Cat. No. A0452, DakoCytomation®) and
anti-CD79 (Cat. No. M7050, DakoCytomation®)
primary antibodies were used. The slides were
examined by light microscopy. Negative controls
were included for all of the reactions: the primary
antibody was replaced by immunoglobulins (Igs)
from the animal species in which the primary
antibody was raised (rabbit CD3-Igs; mouse

CD79a and VEGF-Igs).

To determine the VEGF
five fields of each sample were analyzed at 40x

immunostaining,

magnification. In each field, the percentage of
stained cells (Table 1) and the staining intensity
(weak=1, moderate=2 or strong=3) were measured.
The mean was determined for each field, and a score
from zero to 12 was obtained from the product of
the score of the percentage of labeled cells by the
staining intensity score.
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Table 1. Score attributed to the percentage of cells stained
with anti-VEGF antibody in the lymph nodes of healthy
dogs and dogs with multicentric lymphoma.

Percentage of stained cells Score
<5% 0
5-25% 1
26 - 50% 2
51-75% 3
>75% 4

After the tests and sample collection, all
of the animals diagnosed with multicentric
lymphoma underwent antineoplasm chemotherapy
with  L-asparaginase, vincristine sulfate,
cyclophosphamide, doxorubicin and prednisone
(VAIL et al., 2013). The survival period from
diagnosis to death was recorded for each animal.

Data were subjected to the Cramér-von
Mises test for the normality of residuals and
then to the multiple comparison test. For group

comparisons, the Mann Whitney test was used.
The Kruskal-Wallis test and Dunn’s post test were
used to compare the different clinical stages. The
correlation between the animals’ survival and the
VEGF immunostaining and serum concentration
was assessed through the Spearman test. Kaplan-
Meier survival testing was performed to assess the
association between survival and clinical stage.
For all of the tests, differences were considered
significant when p < 0.05.

Results

In the current study, multicentric lymphoma was
diagnosed in eight dogs aged four to 15 years, with
five females and three males. The distribution of
dogs with lymphoma in regard to age, sex, clinical
stage, degree of malignancy, immunophenotype,
serum concentration of VEGF, score of VEGF
immunostaining and survival time are shown in
Table 2.

Table 2. Identification, age, sex, clinical stage, degree of malignancy, VEGF serum concentration, VEGF
immunostaining score and survival time in dogs with multicentric lymphoma.

Age VEGEF serum VEGF Survival

1D (years) s P bM concentration (pg/mL)  Score (days)
1 7 M A% B Low 0.00 6 10

2 10 M \% T High 0.00 8 7

3 3 F I B High 149.86 12 240

4 4 M A% T High 13.06 8 5

5 4 F 11 B Low 35.86 8 320

6 4 F I B High 58.66 8 30

7 5 F v B High 172.66 6 30

8 15 F v B High 252.46 12 30

ID: animal identification. CS: clinical stage. IP: immunophenotype. DM: degree of malignancy.

For sex, M: male, F: female.

No animals were classified as stages I and II,
three dogs (37.5%) were classified as stage IlI,
two (25%) as stage IV and three (37.5%) as stage
V. Two dogs (25%) had low-grade malignant
lymphoma, and six (75%) had highly malignant

2652

lymphomas. Regarding the immunophenotype,
two animals (25%) had T-cell lymphoma (high-
level), and six (75%) had B-cell lymphoma
(two with low-grade and four with high-grade
malignant lymphomas).
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Serum concentrations of VEGF ranged from
0 to 58.66 pg/mL in healthy dogs and from 0 to
252.46 pg/mL in dogs with lymphoma. Although
the mean VEGF serum concentration in dogs with

lymphoma (47.26) was higher than the mean found
in healthy dogs (0.00), there was no significant
difference between the two groups (p=0.08)
(Figure 1).

Figure 1. Comparison of VEGF serum concentrations (pg/mL) in healthy dogs and dogs with multicentric lymphoma

(p=0.08).
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and the clinical stage in dogs with multicentric
lymphoma was identified (p=0.04) (Figure 2).
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Dogs at stage IV showed higher VEGF serum
concentrations than dogs at stages III (p>0.05) and
V (p<0.05).

Figure 2. Comparison between VEGF serum concentration and the clinical stage of canine multicentric lymphomas
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On the  VEGF
immunostaining score was significantly higher
(p=0.0003) in the lymph nodes of dogs with
lymphoma (8.50+2.33) than in the lymph nodes of
healthy dogs (1.87+1.80) (Figure 3).

immunohistochemistry,

Figure 3. Comparison of VEGF immunostaining scores
in the lymph nodes of healthy dogs and dogs with
multicentric lymphoma (p=0.0003).
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VEGF expression was characterized by diffuse
cytoplasmic staining in normal and neoplastic

lymphocytes. In the lymph nodes of healthy dogs,
VEGF immunostaining was observed in 87.5% of
the cases, with scores between 0 and 6 (Figure 4). In
dogs with lymphoma, VEGF immunostaining was
found in 100% of cases, with scores between 6 and
12 (Figure 5).

Figure 4. Photomicrograph of a lymph node from
a healthy dog. Positivity for anti-VEGF primary
antibody is observed in less than 25% of the

lymphocytes, characterizing a score of 1. EnVision,
3,3’-diaminobenzidine (DAB), Mayer hematoxylin.
Magnification: 400X.

Figure 5. Photomicrograph of a lymph node from a dog with lymphoma. Positivity for anti-VEGF primary antibody
was observed in over 75% of neoplastic lymphocytes, characterizing a score of 8. EnVision, 3,3’-diaminobenzidine

(DAB), Mayer hematoxylin. Magnification: 400X.

No correlation was found between the VEGF  with multicentric lymphoma (p=1.00). Moreover,

there was no correlation between VEGF serum

immunostaining score and clinical stage in dogs

2654
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concentration and VEGF immunostaining score
(p=0.2250). It was also not possible to establish a
correlation between serum concentration and VEGF
immunostaining with the immunophenotype and
the degree of malignancy of lymphomas due to the
predominance of animals with high-grade malignant
lymphomas and immunophenotype B.

The survival time of the animals ranged from
five to 320 days, and 62.5% of the animals (n=5)
survived less than 35 days. No correlation was
survival time and VEGF
serum concentration (p=0.61) or immunostaining

observed between

(p=1.02) in dogs with multicentric lymphoma. It
was observed that dogs with T-cell lymphoma had
a significantly shorter life expectancy than dogs
with B-cell lymphoma (p=0.0039). Moreover, dogs
diagnosed with advanced neoplasm stages (stages
IV and V) had the lowest survival rates.

Discussion

Although it is well known that the growth
and spread of solid tumors require intense
neovascularization, the influence of angiogenesis
and lymphangiogenesis in the progression
of hematopoietic neoplasms is not yet clear
(BERTOLINI et al., 1999; GILES et al., 2004;
KOSTER; RAEMAEKERS, 2005; HIRAKAWA et
al., 2007; KOPIC et al., 2011).

Researchers have found a correlation between
VEGEF expression and prognostic factors for non-
Hodgkin’s human lymphomas, concluding that
VEGF immunostaining may be an effective method
to evaluate the biological behavior of lymphomas
(HAZAR et al., 2003; KORKOLOPOULOU et al.,
2005).

In the current study, 75% of canine multicentric
lymphoma samples showed high scores [8, 9 or 12]
on VEGF immunostaining. VEGF immunostaining
has been detected in 33.8% of human patients
with non-Hodgkin’s lymphoma (HAZAR et al.,
2003). Wolfesberger et al. (2007) found high

levels of VEGF expression in 60% of canine
lymphoma samples. Out of the six animals with
high immunostaining scores, five (83%) had high-
grade malignant lymphomas. The expression of
VEGF was also evaluated in different histological
types of human non-Hodgkin’s lymphoma, where
higher immunoreactivity was found in biologically
aggressive tumors (JORGENSEN, 2005).

Upon evaluating normal lymph nodes, a lack
of VEGF immunostaining was observed only in
one sample. Six samples (75%) showed lower
immunostaining scores (1 and 2) and one (12.5%)
presented a moderate immunostaining score (6).
Wolfesberger et al. (2007) also observed VEGF
immunostaining in normal lymph nodes of dogs,
suggesting that VEGF expression may be required
to maintain the physiological microcirculation of

lymph nodes.
In the immunohistochemical technique
employed here, anti-VEGF-A  monoclonal

antibody was used, which is an important inducer
of tumor angiogenesis and lymphangiogenesis
(RUAN et al., 2009). Our results showed that the
VEGF-A immunostaining score was significantly
higher (p=0.0003) in the lymph nodes of dogs
with lymphoma compared with the lymph nodes
of healthy dogs.

Wolfesberger et al. (2008) found a significant
difference between VEGF expression in the lymph
nodes of healthy dogs and dogs with lymphoma.
Kopic et al. (2011) reported a greater number of
blood vessels in the lymph nodes of individuals with
lymphoma compared with reactive lymph nodes in
addition to finding a positive correlation between
tumor vasculature and the degree of malignancy
Studies
also shown the importance of lymphangiogenesis

for non-Hodgkin’s lymphomas. have

in multicentric lymphoma because neoplastic
lymphoid cells invade the lymph nodes and other
organs through lymphatic vessels (HIRAKAWA et
al., 2005; KADOWAKI et al., 2005; WROBEL et
al., 2006).
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In the present study, no correlation was observed
between VEGF immunostaining and the clinical
stage and life expectancy of dogs with multicentric
lymphoma. Similar results have been obtained by a
few researchers who reported significantly greater
tumor remission rates in patients with negative VEGF
immunostaining but found no correlation between
VEGF expression, vascular microdensity, patient’s
sex and age, clinical stage, degree of malignancy
and patient survival (HAZAR et al., 2003). A recent
study showed VEGF immunostaining in 79% of
canine lymphoma samples; however, no correlation
was found between VEGF immunostaining and
animal survival (WOLFESBERGER et al., 2012).

In patients with cancer, VEGF may originate
from cancer cells, tumor-infiltrating inflammatory
cells or circulating inflammatory cells. It is believed
that VEGF present in the tumor microenvironment
may move to the circulation and accumulate in
lymphocytes and platelets (SALVEN et al., 1997).
Studies show that VEGF detected in serum samples
is released from blood cells during the coagulation
process (SALVEN et al., 2000).

Salven et al. (1997) found that patients with
lymphoma exhibit significantly higher VEGF serum
concentrations than healthy people. Furthermore,
they demonstrated a negative influence of high serum
VEGF concentration on patient survival. Giles et al.
(2004) observed increased serum levels of VEGF
in patients with lymphoma without chemotherapy.
Additionally, they showed that life expectancy was
significantly longer in patients with below-average
VEGF concentration before chemotherapy.

study, the VEGF
concentrations ranged from 0 to 58.66 pg/mL in
healthy dogs and from 0 to 252.46 pg/mL in dogs
with multicentric lymphoma. In a previous study,

In the present serum

changes from 0 to 23.28 pg/mL were observed
in healthy dogs and from 0 to 189.84 pg/mL in
dogs with lymphoma (GENTILINI et al., 2005).
The lack of a correlation between VEGF serum
concentration and VEGF immunostaining show that

circulating levels of VEGF do not reflect the tumor
microenvironment.

Salven et al. (2000) found that the VEGF
serum concentration may vary from undetectable
to 1290 pg/mL in a study performed with people
with non-Hodgkin’s lymphoma, where one-third
of patients had concentrations equal to or greater
than 390 pg/mL. Moreover, they found that serum
concentrations of VEGF and basic fibroblast
growth factor (bFGF) are prognostic factors
that negatively influence patient survival. Other
researchers found that elevated serum levels of
VEGF and interleukin-6 before chemotherapy are
associated with low survival rates in people with
non-Hodgkin’s lymphoma (NIITSU et al., 2002). In
the present study, no significant correlation between
VEGF serum concentration and survival in dogs
with multicentric lymphoma was observed. The
small number of dogs with lymphoma evaluated
here might have led to type 2 error.

High VEGF serum concentrations in dogs
diagnosed with stage III or IV neoplasm and low
serum levels in dogs diagnosed with stage V was
found. Salven et al. (2000) showed no correlation
between serum concentrations of VEGF and the
clinical stage of human non-Hodgkin’s lymphomas.
In a study using dogs, a significant correlation
between VEGF serum levels and substage “b”
lymphomas was found (GENTILINI et al., 2005).

Wolfesberger et al. (2008) reported significantly
higher VEGF plasma levels in dogs with T-cell
lymphoma and high-grade malignant lymphomas.
Here, it was not possible to establish a correlation
between VEGF
immunophenotype and degree of malignancy
of lymphomas due to the predominance of
animals with highly malignant lymphomas and
immunophenotype B.

serum concentration and the

The average lifespan of a dog with multicentric
lymphoma is 60 days without chemotherapy and
360 days with systemic polychemotherapy. The
high incidence of canine lymphoma and low life
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expectancy suggest that new therapeutic approaches
are needed to increase the lifespan of affected
animals (VAIL et al., 2013).

In the present study, the survival time of dogs
ranged between five and 320 days (mean of 120
days). The prevalence of high-grade malignant
lymphomas in advanced stages (III, IV and [V) may
explain the low life expectancy of the animals. The
two dogs with T-cell lymphoma diagnosed with
more advanced stages of the neoplasm (stage V)
exhibited a survival time shorter than 10 days. The
immunophenotype, clinical stage and the degree of
malignancy may influence the therapeutic response
and life expectancy of canine lymphoma (VAIL et
al., 2013).

Several studies on tumor angiogenesis and
lymphangiogenesis have been developed aiming
to detect biomarkers to aid in the early diagnosis,
prognosis and treatment of different neoplasms
(LAMONTAGNE, 2005).
advances in treatments involving the inhibition
of tumor angiogenesis and VEGF blocking in
human cancer therapy (FERRARA, 2004). The
anti-VEGF monoclonal antibody bevacizumab
inhibits tumor angiogenesis by blocking binding
of VEGF to VEGFR-1 and VEGFR-2 receptors;
however, it does not inhibit binding of VEGF to
neurophilin, a VEGF receptor predominantly
expressed in tumor cells. This mechanism of
action explains the inefficacy of controlling
tumor progression with the use of bevacizumab
only in different types of neoplasms (VAN
METER; KIM, 2010).

There have been

Studies have shown that the growth and
progression of lymphomas are mediated by two
mechanisms: autocrine stimulation of tumor
cells via the expression of VEGF and its receptors
by neoplastic cells, and the paracrine effect of a
pro-angiogenic tumor microenvironment (CAO

et al., 2012).

Conclusions

Although VEGF did not prove to be a significant
prognostic factor, it is involved in the development
of canine multicentric lymphomas. Thus, further
studies should be performed to clarify the roles of
VEGF signaling pathways in canine lymphoma,
allowing the development of more -effective

therapies.
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