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Serum and plasma vascular endothelial
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Abstract

Vascular endothelial growth factor (VEGF) is an angiogenic factor with a key role in physiological and pathological
process. It can be measured in several organic fluids, including serum and plasma samples. The aim of this work was to
investigate the concentration of serum and plasma VEGF of healthy dogs in order to recommend optimal handling of
biological samples for accurate measurement of VEGEF. Blood samples of thirty dogs were collected into sterile EDTA
tube for plasma analysis and into clot activator tubes for serum analysis. The tubes were centrifuged within 90 minutes
of collection at 1400 xg for 10 minutes. VEGF concentration was determined using the quantitative method (ELISA).
Serum VEGF level was 26.5 + 13.3pg/mL and plasma VEGF was 11.7 + 16.4 pg/mL (p = 0.0003). There was a positive
correlation between serum VEGF and platelets (r = 0.37, p = 0.03) and a negative correlation between serum VEGF and
hemoglobin (r =-0.38, p = 0.03) and between plasma VEGF and hemoglobin (r =-0.34, p = 0.06). When compared with
serum samples it was concluded that plasma samples could be used as an optimal fluid for measuring VEGF in dogs.
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Resumo

O fator de crescimento do endotélio vascular (VEGF) é um fator angiogénico com papel importante em processos
patoldgicos e fisiologicos. O VEGF pode ser quantificado em diversos fluidos orgénicos, incluindo amostras de soro
e plasma. O presente trabalho investigou a concentracdo do VEGF no soro e no plasma de cées saudaveis a fim de
recomendar o manejo 6timo de amostras bioldgicas para a determinagdo dos niveis do VEGE Amostras de sangue de
30 caes saudaveis foram coletadas em tubos estéreis contendo EDTA para anélise do plasma e em tubos com ativador
de coagulagio para anélise do soro. Os tubos foram centrifugados apds 90 minutos da coleta a 1.400 x g por 10 minutos.
A concentragio do VEGF foi determinada com o método quantitativo de ELISA. O nivel sérico médio de VEGF foi de
26,5+13,3pg/mL e o plasmatico foi 11,7 + 16.4 pg/mL (p = 0,0003). Houve correlagio positiva entre o VEGF do soro com
as plaquetas (r = 0,37, p = 0,03) e correlagao negativa entre o VEGF do soro com hemoglobina (r =-0,38, p = 0,03) e entre
VEGF do plasma com hemoglobina (r = -0,34, p = 0,06). A comparagio dos resultado obtidos nos exames de plasma e
soro indicou que amostras de plasma podem ser utilizadas como 6timo fluido para quantificacdo do VEGF de cées
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(FRANK et al., 1995; CARMELIET et al., 1996;
FERRARA, 1999).

Vascular endothelial growth factor represents
one of the most potent agents promoting tumor
angiogenesis. VEGF has angiogenic, mitogenic and
vascular permeability enhancing activity specific for
endothelial cells, resulting in sprouting of vessels from
pre-existing microvessels (VEIKKOLA et al., 2000).
VEGEF is involved in development and growth of a
wide variety of different tumors (HYODO et al., 1998;
HEFLER etal., 1999). And plays a role in the formation
of distant metastasis (MAEDA et al., 1996). In several
types of human cancer the malignant cells produce
and release soluble VEGF (KOLCH et al., 1995).

VEGF has been measured in serum and plasma of
tumor patients. VEGF is actively secreted from tumor
tissue and its soluble form (VEGF165) is detectable in
the blood compartment (WARTIOVAARA et al., 1998;
SALGADO et al, 1999). VEGF can be released into
blood and body fluids in inflammatory or tumorous
circumstances and has been reported to be elevated in
serum (FUJIMOTO; SAKAGUCHL TAMAYA, 1999;
GARZETTLCIAVATTINLLUCARINI, 1999;SANTIN;
HERMONAT; PARHAM, 1999; QUEIROZ et al,
2012) and plasma (CLIFFORD et al., 2001; WERGIN
et al,, 2003) from patients with malignant tumors.

Recently it has been discussed in which blood
compartment VEGF should be analyzed. In vitro
experiments have indicated that plasma should
be used since VEGF in serum is released from
platelets in a time-dependent manner, making serum
measurement unreliable (BANKS et al, 1998). It
was investigated in this study the concentration of
serum and plasma VEGF of healthy dogs in order to
recommend optimal handling of biological samples

for accurate measurement of VEGE

Materials and methods

Animals
The present study was approved by the Bioethics

Committee of the Faculty of Veterinary Medicine
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and Animal Science of Universidade de Siao Paulo,
receiving the protocol number 577/2004, and made
with the free owner’s consent who authorized in
writing the participation of their animals in the study.

Blood samples were taken from thirty healthy intact
male dogs presenting to the Veterinary Hospital of
University of Sdo Paulo/Brazil for elective orchiectomy.
The mean age of dogs was four years (range from five
months to eight years), the breed of dogs were four
Labrador retriever, one Doberman and 25 German
Shepherd.

Haematological parameters of all patients were
recorded. The mean haemoglobin (hb) level was 17.1
+ 1.3 g/dL. The mean neutrophils count was 7.62 x 10°
+ 1.87 x 10°/uL. The mean platelets count was 2.04 x
10°+ 4.5 x 10%/pL.

Measument of VEGF

Blood samples of the dogs were collected into
sterile EDTA tube for plasma analysis and into clot
activator tubes for serum analysis. The tubes were
centrifuged within 90 minutes of collection at 1400 xg
for 10 minutes. The samples were stored at -80°C until
assay. VEGF concentration was determined using the
quantitative method (ELISA kit - Quantikine, R&D
System) developed to measure the soluble VEGF
levels (VEGF 121 and VEGF165) in various human
fluids. The validation of the ELISA test to measure
canine VEGF using human antibody was previously
confirmed by Clifford et al. (2001) and Gentillini et
al. (2005). The concentration values were calculated
according to the manufacturer’s protocol and obtained
in picograms per milliliter (pg/mL).

Statistical analysis

Statistical analysis (SAS Institute, Cary, NC, USA)

was performed using the ANOVA test and Pearson

correlation.

Results

Serum VEGFlevel was 26.5+13.3pg/mL, significantly
higher (p = 0.0003) compared with plasma VEGE
11.7 + 16.4 pg/mL.



Haematological parameters were within normal
limits for the specie. There was a significant positive
correlation between serum VEGF and platelets
(r = 0.37, p = 0.03). There was a significant negative
correlation between serum VEGF and hemoglobin
(r = -0.38, p = 0.03) and between plasma VEGF and
hemoglobin (r = -0.34, p = 0.06), but no significant.

Discussion

Vascular endothelial growth factor exists in four
isoforms resulting from alternative exon splicing of
its ribonucleic acid (RNA) transcript (HOUCK et al,,
1991, TISCHER et al., 1991). Of these isoforms, only
VEGF and VEGF , are secreted in soluble form,
with VEGE,
(HOUCK et al., 1992).

The main isoforms of canine VEGF are VEGF
VEGF , and VEGF .
quence display only 4.8% changed residues compared
to the human VEGF sequence (SCHEIDEGGER
et al,, 1999). We investigated the soluble isoform of

VEGF in serum and plasma of health dogs using a

being predominant soluble isoform

120°
The deduced amino acid se-

quantitative method developed to measure the soluble
VEGEF levels in human fluids because of the structural
similarity between the two species as mentioned by
the above authors. Furthermore, the reliability of this
assay for use in dogs was performed by Clifford et al.
(2001) and Gentillini et al. (2005).

Serum provides the liquid portion of the blood
without cells and clotting factors and, therefore, should
contain proteins and other molecules that represent
the whole body system. The cells and clotting factors
must be removed from the blood sample by allowing
adequate time for a clot to form. Most manufacturers of
collections systems for serum samples recommend 30-
60 min at room temperature for a clot to form and longer
if the subject was taking any kind of anticoagulant at
sample collection (ARZOUMANIAN, 2003).

Serum samples that are allowed to sit less than 30
min are likely to retain cellular elements and other

contaminants impacting future analysis. Samples that

361

sit longer than 60 min are likely to experience lysis
of cells in the clot, releasing cellular components not
usually found in the serum samples (TIMMS et al.,
2007). In this investigation the samples were allowed
to sit 90 min, which may have caused cell lysis
increasing serum VEGF when compared with plasma
VEGE

Kusumanto et al. (2003) conducted a study in
thirteen healthy subjects and found that, in healthy
people, 58% of VEGF in the bloodstream is the
fraction of granulocytes. Maloney et al. (1998)
founded that VEGF was secreted in vitro aggregation
of platelet-rich plasma induced by thrombin, collagen,
epinephrine and ADP. Furthemore, sérum VEGF
levels were increased when compared with plasma.
Salgado et al. (2001) observed a correlation between
platelet count and sérum VEGF level in the healthy
control. In the present investigation it was found a
positive correlation between serum VEGF and the
platelet in healthy dogs. These data corroborate with
hypothesis of several researchers that platelets carriers
VEGEF to the circulating blood.

Plasma does not contain significant amounts of
VEGE, indicating that VEGF measured from serum
samples is released from the blood cells during the
coagulation process. It should, therefore, be noted
that variations in samples handling may affect the
blood cell activation and, thus, the release of VEGF
to serum (WARTIOVAARA et al.,, 1998). In this study
the samples serum contained quantities of VEGF
elevated when compared with plasma. Therefore,
VEGF may have been released by cells lysis resulting
from prolonged clotting and platelet activation.

One major stimulus for increased VEGF expression
is hypoxia (HARRIS, 2002). Dunst et al. (2002)
have reported an association between anaemia and
elevated level of plasma VEGF in human patients. In
the present paper, it was found that, as the quantity of
hemoglobin was reduced, serum and plasma VEGF
concentration was increased; suggesting that, even in

the absence of anemia, the reduction in the amount of
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hemoglobin can be a stimulus for release of VEGF in
circulating blood.

VEGF has been implicated as an angiogenic
factor in human and dogs with tumors through
immunohistochemistry or blood concentration in
serum and plasma samples, therefore, the outcomes
are controversial. This study investigated VEGF
concentration in plasma and serum of healthy
dogs and revealed the plasma as the ideal fluid for
measuring VEGE. Processing and handling of serum

References

ARZOUMANIAN, L. What is hemolysis? BD Technical Services
News Bulletin, v. 2, n. 2, 2003. Disponivel em: <http://www.
bd.com/vacutainer/pdfs/techtalk/TechTalk_Jan2004_VS7167.
pdf>. Acesso em: 10 maio 2013.

BANKS, R. E; FORBES, M. A; KINSEY, S. E; STANLEY,
A,; INGHAM, E.; WALTERS, C.; SELBY, P. J. Release of the
angiogenic cytokine vascular endothelial growth factor (VEGF)
from platelets: significance for VEGF measurements and cancer
biology. British Journal of Cancer, v. 77, p. 956-964, 1998.

BREKKEN, R. A,; THORPE, P. E. Vascular endothelial growth
factor and vascular targeting of solid tumors. Anticancer
Research, v. 21, n. 6B, p. 4221-4229, 2001.

CARMELIET, P; FERREIRA, V; BREIER, G.; POLLEFEYT,
S.; KIECHENS, L.; GUTSENSTEIN, M. FAHRIG, M,
VANDENHOECK, A.; HARPAL, K. EBERHARDT, G,
DECLERCQ, C.; PAWLING, J.; MOORY, L.; COLLEN, D.; RISAU,
W.; NAGY, A. Abnormal blood vessel development and lethality
in embryos lacking a single VEGF allele. Nature, v. 380, n. 6573,
p- 435-439, 1996.

CLIFFORD, C. A,; HUGHES, D.; BEAL, M. W.,; MACKIN, A. J;
HENRY, C. J.; SHOFER, E. S.; SORENMO, K. U. Plasma vascular
endothelial growth factor concentrations in healthy dogs and
dogs with hemangiosarcoma. Journal of Veterinary Internal
Medicine, v. 15, n. 2, p. 131-135, 2001.

DUNST, J; BECKER, A.; LAUTENSCHLAGER, C.; MARKAU,
S.; BECKER, H.; FISCHER, K.; HAENSGEN, G. Anaemia and
elevated systemic levels of vascular endothelial growth factor
(VEGEF). Strahlenther Onkol Journal, v. 178, n. 8, p. 436-441, 2002.

FERRARA, N. Role of vascular endothelial growth factor in the
regulation of angiogenesis. Kidney International, v. 56, n. 3, p.
794-814, 1999.

FRANK, S.; HUBNER, G.; BREIER, G; LONGAKER, M. T;
GREENHALG, D. G; WERNER, S. Regulation of vascular
endothelial growth factor expression in cultured keratinocytes.
Implications for normal and impaired wound healing. The Journal
of Biological Chemistry, v. 270, n. 21, p. 12607-12613, 1995.

FUJIMOTO, J.; SAKAGUCHI, H.; TAMAYA, T. Expression of
vascular endothelial growth factor (VEGF) and its mRNA in
uterine cervical cancers. British Journal of Cancer, v. 80, n. 5-6,
p- 827-833, 1999.

GARZETTI, G. G,; CIAVATTINI, A.; LUCARINI, G. Vascular
endothelial growth factor expression as a prognostic index in
serous ovarian cystoadenocarcinomas: relationship with MIB1
immunostaining. Gynecologic Oncology, v. 73, n. 3, p. 396-401,
1999.

Braz. J. Vet. Res. Anim. Sci., Sdo Paulo, v. 50, n. 5, p. 359-363, 2013

can increase VEGF serum concentration. Further
research should be undertaken comparing VEGF in

these fluids of cancer patients.

Acknowledgments

This study was supported by grants from FAPESP
(Fundagdo de Amparo a Pesquisa do Estado de Sao
Paulo - Processo N° 2004/08218-6) to which the

authors are truly grateful.

GENTILINI, E; CALZOLARI, C.; TURBA, M. E.; AGNOLI, C;
FAVA, D.; FORNI, M.; BERGAMINI, P. E. Prognostic value of
serum vascular endothelial growth factor (VEGF) and plasma
activity of matrix metalloproteinase (MMP) 2 and 9 in lymphoma-
affected dogs. Leukemia Research, v. 29, n. 11, p. 1263-1269,
2005.

HARRIS, A. L. Hypoxia a key regulatory factor in tumour growth.
Nature Reviews Cancer, v. 2, n. 1, p. 38-47, 2002.

HEFLER, L; TEMPFER , C; OBERMAIR, A.; FRISCHMUTH,
K,; SLIUTZ, G.; REINTHALLER, A.; LEODOLTER, S.; KAINZ,
C. Serum concentrations of vascular endothelial growth factor in
vulvar cancer. Clinical Cancer Research, v. 5, n. 10, p. 2806-2809,
1999.

HOUCK, K. A.; FERRARA, N.; WINER, J.; CACHIANES, G; LI,
B; LEUNG, D. W. The vascular endothelial growth factor family:
identification of a fourth molecular species and characterization
of alternative splicing of RNA. Molecular Endocrinology, v. 5, n.
12, p. 1806-1814, 1991.

HOUCK, K. A;; LEUNG, D. W; ROWLAND, A. M.; WINER, J;
FERRARA, N. Dual regulation of vascular endothelial growth
factor bioavailability by genetic and proteolytic mechanisms. The
Journal of Biological Chemistry, v. 267, n. 36, p. 26031-26037,
1992.

HYODO, L; DOL T.; ENDO, H.; HOSOKAWA, Y.; NISHIKAWA,
Y.; TANIMIZU, M.; JINNO, K. ; KOTANTI, Y. Clinical significance
of plasma vascular endothelial growth factor in gastrointestinal
cancer. European Journal of Cancer, v. 34, n. 13, p. 2041-2045,
1998.

KOLCH, W,; MARTINY-BARON, G.; KIESER, A.; MARME, D.
Regulation of the expression of the VEGF/VPS and its receptors:
role in tumor angiogenesis. Breast Cancer Research and
Treatment, v. 36, n. 2, p. 139-55, 1995.

KUSUMANTO, Y. H.; DAM, W. A.; HOSPER, G. A. P.; MEIJER,
C.; MULDER, N. H. Platelets and granulocytes, in particular
the neutrophils, form important compartments for circulating
vascular endothelial growth factor. Angiogenesis, v. 6, p. 283-287,
2003.

MAEDA, K; CHUNG, Y. S.; OGAWA, Y,; TAKATSUKA, S,
KANG, S. M.; OGAWA, M.; SAWADA, T.,; SOWA, M. Prognostic
value of vascular endothelial growth factor expression in gastric
carcinoma. Cancer, v. 77, n. 5, p. 858-863, 1996.

MALONEY, J. P; SILLIMAN, C. C.; AMBRUSO, D. R.; WANG,
J; TUDER, R. M.; VOELKEL, N. E In vitro release of vascular
endothelial growth factor during platelet aggregation. American
Journal of Physiology, v. 275, pt. 2, p. H1054-H1061, 1998.



QUEIROZ, G. E; DAGLI, M. L. Z; MEIRA, S. A;; MATERA, J. M.
Serum vascular endothelial growth factor in dogs with soft tissue
sarcomas. Veterinary and Comparative Oncology, v. 11, n. 3, p.
230-235, 2013.

SALGADO, R; BENOY, I; BOGERS, ]J; WEYTJENS, R
VERMEULEN, P; DIRIX, L; MARCK, E. V. Platelets and
vascular endothelial growth factor (VEGF): a morphological and
functional study. Angiogenesis, v. 4, n. 1, p. 37-43, 2001.

SALGADO, R.; VERMEULEN, P. B.; BENOY, I.; WEYTJENS, R ;
HUGET, P; VAN-MARCK, E.; DIRIX, L. Y. Platelet number and
interleukin-6 correlate with VEGF but no with bFGF serum levels
of advanced cancer patients. British Journal of Cancer, v. 80, n.
5-6, p. 892-897, 1999.

SANTIN, A. D.; HERMONAT, P. L; PARHAM, G. P. Secretion
of vascular endothelial growth factor in adenocarcinoma and
squamous cell carcinoma of the uterine cervix. Obstetrics &
Gynecology, v. 94, n. 1, p. 78-82, 1999.

SCHEIDEGGER, P; WEIGLHOFER, W.; SUAREZ, S.; KASER-
HOTZ, B.; STEINER, R.; BALLMER-HOFER, K.; JAUSSI, R.
Vascular endothelial growth factor (VEGF) and its receptors in
tumor-bearing dogs. Biological Chemistry, v. 380, n. 12, p. 1449-
1454, 1999.

TIMMS, J. E; ARSLAN-LOW, E.; GENTRY-MAHARA]J, A,
LUQO, Z.; TJAMPENS, D.; PODUST, V. N.; FORD, J.; FUNG, E.

363

T; GAMMERMAN, A, JACOBS, I; MENON, U. Preanalytic
influence of sample handling on SELDI-TOF serum protein
profiles. Clinical Chemistry, v. 53, n. 4, p. 645-656, 2007.

TISCHER, E; MITCHELL, R; HARTMAN, T; SILVA, M,
GOSPODAROWICZ, D; FIDDES, J. C; ABRAHAM, J. A. The
human gene for vascular endothelial growth factor. Multiple
protein forms are encoded through alternative exon splicing. The
Journal of Biological Chemistry, v. 266, n. 18, p. 11947-11954,
1991.

VEIKKOLA, T; KARKKAINEN, M.; CLAESSON-WELSH, L,;
ALITALO, K. Regulation of angiogenesis via vascular endothelial
growth factor receptors. Cancer Research, v. 60, p. 203-212, 2000.

WARTIOVAARA, U,; SALVEN, P; MIKKOLA, H.; LASSILA,
R.; KAUKONEN, J.; JOUKOV, V.; ORPANA, A.; RISTMAKI, A.;
HEIKINHEIMO, M.; JOENSUU, H.; ALITALO, K.; PALOTIE,
A. Peripheral blood platelet express VEGF-C and VEGF which
are released during platelet aggregation. Thrombosis and
Haemostasis, v. 80, p.171-175, 1998.

WERGIN, M. C; BALLMER-HOFER, K; ROOS, M.
ACHERMANN, R. E; INTEEWORN, N, AKENS, M. K
BLATTMANN, H.; KASER-HOTZ, B. Preliminary study of
plasma vascular endothelial growth factor (VEGF) during low and
high-dose radiation therapy of dogs with spontaneously tumors.
Veterinary Radiology and Ultrasound, v. 45, p. 247-254, 2003.

Braz. J. Vet. Res. Anim. Sci., Sdo Paulo, v. 50, n. 5, p. 359-363, 2013



