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Vascular Endothelial Growth Factor Concentrations in Body Cavity
Effusions in Dogs

Craig A. Clifford, Dez Hughes, Matthew W. Beal, Carolyn J. Henry, Kenneth J. Drobatz, and
Karin U. Sorenmo

Vascular endothelial growth factor (VEGF) has potent angiogenic, mitogenic, and vascular permeability enhancing properties
specific for endothelial cells. VEGF is present in high concentrations in inflammatory and neoplastic body cavity effusions and
has been implicated in the pathogenesis of neoplastic and inflammatory effusion formation. In this study, VEGF was quantitated
by solid-phase enzyme-linked immunoadsorbent assay (ELISA) in samples of pericardial, pleural, and peritoneal effusions (N�
38) from dogs (N� 35) with neoplastic and non-neoplastic diseases. VEGF was detected in 37 of 38 effusions (median, 754;
range, 18–3,669 pg/mL) and was present in much higher concentrations than in previously established normal concentrations for
canine plasma (median,�1 pg/mL; range,�1–18 pg/mL) or in those previously noted in the plasma of dogs with hemangiosarcoma
(HSA; median, 17 pg/mL; range,�1–67 pg/mL). In 4 dogs with HSA, the concurrent plasma VEGF concentration was much
lower than in the abdominal effusion (P � .029). No significant correlation was demonstrated between VEGF effusion concentration
and effusion total protein content or nucleated cell count. Mean VEGF concentrations were significantly higher in pericardial
(median, 3,533; range, 709–3,669 pg/mL) and pleural effusions (median, 3,144; range, 0–3,663 pg/mL) compared to peritoneal
effusions (median, 288; range, 18–2,607 pg/mL;P � .05). There was no marked difference demonstrated between effusions
associated with malignant and nonmalignant diseases. Further studies are necessary to elucidate the role of VEGF in body cavity
effusion formation in dogs.
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Vascular endothelial growth factor (VEGF) is a dimeric
heparin-binding glycoprotein with a molecular

weight of approximately 45 kDa that has been shown to
promote neovascularization.1–5 VEGF is produced by nu-
merous cell types including tumor cells, macrophages,
platelets, megakaryocytes, lymphocytes, neutrophils,
smooth muscle cells, keratinocytes, osteoblasts, astrocytes,
and mesangial cells.1–5 Two VEGF receptors have been
identified: Flt-1 and Flk-1 kinase insert domain-containing
receptor (Flk-1/KDR). The interaction between VEGF and
Flk-1/KDR is thought to be important for tumor angiogen-
esis, increased vascular permeability, and effusion forma-
tion.2,6–9 VEGF is a potent mitogen that is specific for en-
dothelial cells, thereby promoting angiogenesis. It is 50,000
times more potent than histamine in its ability to increase
vascular permeability.9 VEGF production and release are
stimulated by hypoxia, inflammatory mediators, and neo-
plasia.1–9 VEGF is expressed by a variety of tumors, and
high serum or plasma VEGF concentrations often are as-
sociated with a high tumor burden, the presence of metas-
tasis, and a poor response to therapy in people.10–18 VEGF
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is believed to be a causative factor in the pathogenesis of
both neoplastic and non-neoplastic effusions; however,
most studies have focused on neoplastic effusions.19–34Pre-
clinical in vivo studies demonstrated the VEGF effusion
concentration in human patients was directly correlated
with progression of effusion.19,20 Furthermore, blockade
of VEGF activity in animal models by means of anti-
VEGF antibodies or VEGF receptor tyrosine kinase in-
hibitors leads to a marked reduction in effusion vol-
ume.20–22,24,25,27,31,33Some studies in people demonstrate
higher VEGF concentrations in neoplastic effusions com-
pared to non-neoplastic effusions, but non-neoplastic infec-
tious and inflammatory effusions also have high VEGF
concentrations.23–25,28–34The presence of VEGF in non-neo-
plastic inflammatory effusions most likely is due to other
inflammatory mediators and hypoxia stimulating the pro-
duction and release of VEGF, which then contributes to
further effusion accumulation.24,28–30,32,33Anti-VEGF agents
block the biologic activity of VEGF in in vitro assays and
have entered phase I clinical trials in human patients with
cancer.21,25

If VEGF is shown to play a similar role in dogs, specific
therapy may be developed against either VEGF or VEGF
receptors to control effusion formation or, ideally, to limit
tumor spread. To date, only a small number of studies have
examined VEGF in dogs, and none have examined VEGF
concentrations of effusions.35–38 The main purpose of this
study was to determine the concentration of VEGF in peri-
cardial, pleural, and peritoneal fluid of dogs with various
diseases. Secondary aims were to investigate whether any
correlation existed between effusion VEGF concentration,
total solids, and nucleated cell counts and to compare ef-
fusion VEGF concentrations between dogs with neoplastic
and non-neoplastic disease.

Materials and Methods
Study Population and Sample Preparation

Thirty-eight body cavity effusion samples (pericardial, pleural, or
peritoneal) were obtained from 35 client-owned dogs presented to the
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Veterinary Hospital of the University of Pennsylvania between August
1999 and April 2000. Medical records were reviewed retrospectively
to establish the cause of effusion in each patient. Diagnostic testing
was performed at the discretion of each clinician and included histor-
ical information, physical examination findings, clinical pathology
tests (CBC, serum chemistry, urinalysis, coagulation panel, and bile
acid analysis), microbiology, diagnostic imaging (radiography, echo-
cardiography, and abdominal ultrasound), effusion fluid analysis (cy-
tology and total protein content), and histopathological examination of
surgical biopsy or postmortem specimens. Effusion samples were ob-
tained via paracentesis or during surgery. Portions of the effusion sam-
ples (5 mL) were placed into glass tubes containing 3.8% sodium
citrate at a 9 : 1 ratioa and immediately centrifuged at 3,000 rpm. Ef-
fusion supernatant was separated and stored at�80�C until assayed.
This study was performed in accordance with the University of Penn-
sylvania’s ‘‘Use of Client-Owned Animals’’ Protocol.

All samples were examined for total protein content, and 27 samples
had cytologic analysis. Both protein content and cytologic analysis
were performed before freezing the samples. Effusion fluid was cat-
egorized as neoplastic on the basis of cytologic or histologic findings.
A diagnosis of neoplasia was made based on cytology in 6 dogs and
on histopathology in 17 dogs (3 dogs were diagnosed by both meth-
ods). Effusions were designated non-neoplastic if a non-neoplastic
cause was identified and the clinical evaluation indicated no evidence
of neoplasia.39 In 4 of the 8 dogs with hemangiosarcoma (HSA), con-
comitant plasma samples were obtained as part of this and another
study.37

VEGF Assay

Effusion samples were assayed for VEGF by solid-phase enzyme-
linked immunoadsorbent assay (ELISA) with antibodies that recognize
secreted VEGF (VEGF 165).b One hundred fifty microliters of assay
diluent was added to each well of the microtiter plate, which had been
coated with anti-VEGF monoclonal antibody. Fifty microliters of ef-
fusion then was pipetted into each well and incubated for 2 hours at
room temperature to bind VEGF in the sample to the antibody-coated
plate. The plate was washed four times with buffer solution to remove
unbound VEGF. Two hundred microliters of antibody-linked anti-
VEGF polyclonal antibody was added to all wells and incubated for
3 hours at room temperature to allow the secondary anti-VEGF anti-
body to bind to the immobilized VEGF. The plate was washed again,
200�L of antibody-linked enzyme substrate was added, and the prep-
aration was incubated for 20 minutes at room temperature. Fifty mi-
croliters of a stop solution (2 M sulfuric acid) was added, and samples
were analyzed on a microtiter plate reader at an optical density of 450
nm. All samples were run in duplicate, and calibration on the micro-
titer plate included standard serial dilutions of recombinant human
VEGF. The optical density of the standard solutions was plotted against
their corresponding concentrations to generate a standard curve and
allow determination of all VEGF concentrations for all samples. All
samples in this study were batched and analyzed at one time by an
outside laboratory.c This assay has been validated previously for mea-
surement of canine VEGF, and the inter- and intra-assay variability
reported by the manufacturer is less than 10%.35,40

Statistical Analysis

Frequency distribution analysis initially was performed. For non-
normally distributed data, VEGF concentrations are given as the me-
dian and range. VEGF concentrations from pleural, pericardial, and
peritoneal effusions were compared by one-way analysis of variance
and a Tukey test. The differences between plasma and abdominal
VEGF effusion concentrations in HSA dogs were evaluated by the
Mann-Whitney rank sum test. The Wilcoxon rank sum test was used
to compare VEGF concentrations between dogs with neoplastic and
non-neoplastic diseases. Spearman rank correlation was used to assess

correlations between VEGF concentrations and nucleated cell counts
and total protein concentrations.P values� .05 were considered sig-
nificant. Statistical analysis was performed with 2 statistical software
packages.d,e

Results

A total of 38 effusion samples from 35 dogs were ana-
lyzed for VEGF. The underlying causes (Table 1) were HSA
(n � 8), congestive heart failure (CHF) (n� 5), pleural
and peritoneal effusions secondary to cardiac tamponade (n
� 3) due to idiopathic pericardial effusion (IPE), mesothe-
lioma (n � 3), lymphoma (n� 3), septic peritonitis (n�
2) (perforated small intestine and bladder wall abscess), IPE
(pericardial effusion sample) (n� 2), lung lobe torsion (n
� 2), malignant histiocytosis (n� 2), bronchiogenic car-
cinoma (n� 2), hemothorax due to anticoagulant rodenti-
cide intoxication (n� 1), fungal pericarditis (n� 1), liver
disease (n� 1), idiopathic chylous effusion (n� 1), ma-
lignant melanoma (n� 1), and chemodectoma (n� 1).
The 2 dogs with IPE were still alive with no signs of sys-
temic disease or neoplasia 1.5 years after presentation. The
pleural and peritoneal samples secondary to cardiac tam-
ponade were obtained from the 2 dogs with IPE (the cause
of the cardiac tamponade); however, these samples were
listed under the etiology of cardiac tamponade and not IPE
specifically to avoid confusion as to the site of the effusion
and to more accurately group them according to their path-
ophysiologic cause. Of the 2 dogs with IPE, 1 had both
pleural and peritoneal effusion (before pericardiocentesis),
and 1 had only peritoneal effusion. Fourteen dogs had pleu-
ral effusions, 17 had peritoneal effusions, and 7 had peri-
cardial effusions.

VEGF was detectable in 37 of 38 effusions analyzed.
One dog with hemothorax due to anticoagulant rodenticide
intoxication had an undetectable VEGF concentration in the
pleural effusion. Effusion VEGF concentrations ranged
from 18 to 3,669 pg/mL (median, 754; mean, 1,553).

Effusion VEGF concentrations varied widely, and no sig-
nificant difference was demonstrable (P � .3174) between
the neoplastic (median, 1,468 pg/mL; range, 18–3,663 pg/
mL) and non-neoplastic effusion groups (median, 448 pg/
mL; range, 0–3,669 pg/mL) (Table 1). Etiologies with 1
individual per group are listed as ‘‘Miscellaneous’’ for pur-
poses of the table. Specifically, values for these groups are
as follows: rodenticide intoxication (0 pg/mL), fungal peri-
carditis (3,631 pg/mL), idiopathic chylous effusion (705 pg/
mL), malignant melanoma (3,663 pg/mL), chronic liver
failure (88 pg/mL), and chemodectoma (3,648 pg/mL).
Higher VEGF concentrations were noted in pericardial and
pleural effusions compared to peritoneal effusions (mean,
2,773 � 1,393, 2,062� 1,577, and 682� 851 pg/mL,
respectively;P � .05). No correlation was found between
VEGF concentration and total protein content or nucleated
cell count in samples with cytologic examination (data not
shown). In the 4 dogs with HSA with concurrent plasma
(25, 54, �1, and 67 pg/mL) and effusion samples (218,
450, 18, and 3,459 pg/mL), effusion VEGF concentrations
were significantly higher than those of plasma (P � .029).
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Table 1. Diagnosis and effusion VEGF concentrations for 35 dogs with body cavity effusions.

Diagnosis
Site of Effusion

(n)
Patients

(n)

VEGF Concentration

Median
(pg/mL)

Range
(pg/mL)

Congestive heart
failure

Peritoneal (4)
Pleural (1)

5 194 146–511

Cardiac tamponadea Pleural (1)
Peritoneal (2)

347 288–769

Lung lobe torsion Pleural (2) 2 NA 349–3,645
Peritonitis Peritoneal (2) 2 NA 2,392, 2,607
Idiopathic pericardial effusion Pericardial (2) 2 NA 3,533, 3,669
Miscellaneousb Pleural (3)

Pericardial (2)
Peritoneal (1)

6 3,631 0.0–3,663

Hemangiosarcoma Pericardial (3)
Peritoneal (5)

8 579 18–3,459

Mesothelioma Pleural (3) 3 2,748 173–3,508
Lymphosarcoma Peritoneal (2)

Pleural (1)
3 2,148 824–3,652

Bronchogenic carcinoma Pleural (2) 2 NA 2,757–3,144
Malignant fibrous

histiocytoma
Peritoneal (1)
Pleural (1)

2 NA 85–2,759

VEGF, vascular endothelial growth factor.
a Three effusion samples under this category were obtained from the 2 dogs because of idiopathic pericardial effusions.
b Contains individuals with effusions resulting from rodenticide intoxication, fungal pericarditis, idiopathic chylous effusion, malignant mela-

noma, chronic liver failure, or chemodectoma.

Discussion

Increased permeability of the small capillaries within
body cavities may play an important role in effusion for-
mation. Regardless of cause, increased permeability of ves-
sels may enable extravasation of large proteins, which not
only may produce an oncotic pull of fluid into the respec-
tive body cavity but also may impair lymphatic drainage
and decrease fluid efflux.

The ability of soluble factors (such as VEGF) to produce
fluid accumulation via increased permeability has been doc-
umented in animal models and in people.20–34VEGF can be
produced by numerous cell types and is a powerful inducer
of increased vascular permeability.1–5 High VEGF concen-
trations have been noted in benign and malignant effusions
in people.28–32,41 VEGF also is believed to play a central
role in effusion formation in murine tumor models and hu-
man ovarian cancer lines.2,19,20,24,42Much of this work has
involved the use of mouse models in which tumors are
transplanted into the peritoneal cavity. Within several days
of tumor transplantation, small blood vessels located in tis-
sues lining the body cavity and mesentery become hyper-
permeable, leading to extravasation of a protein-rich exu-
date into the peritoneal cavity.19 In these models, tumor cell
number, hyperpermeability, VEGF concentration, and as-
cites volume were found to increase in parallel.19 A recent
study has further clarified the role of VEGF in effusion
formation by means of a newly developed model for ma-
lignant pleural effusions associated with human lung ade-
nocarcinoma cells.43 Increased peritoneal effusion accu-
mulation occurred in mice administered a cell line that
highly expresses VEGF, compared to a low expression cell
line from which little effusion accumulation was noted.43

Finally, effusion formation and effusion VEGF concentra-

tions decrease after administration of either anti-VEGF an-
tibody or agents that interfere with VEGF signaling (recom-
binant human interferon�, phosphokinase receptor inhibi-
tors).21,27,31These studies suggest that VEGF is more likely
to be the cause (or part of the cause) than the result of the
effusions.

Clinically healthy dogs usually have plasma VEGF con-
centrations�1 pg/mL, and dogs with HSA have plasma
VEGF concentrations�70 pg/mL.37 Effusion VEGF con-
centrations were extremely high compared to plasma, re-
gardless of the underlying cause. All but 2 samples had
VEGF concentrations in excess of 70 pg/mL, with 16 ex-
ceeding 1,000 pg/mL and 10 exceeding 3,000 pg/mL. This
phenomenon may represent local VEGF production. Simi-
lar results have been documented in people, in which VEGF
effusion concentrations were 5- to 10-fold higher than those
of matched serum samples.29 In one study, VEGF effusion
concentrations measured over a 9-week period demonstrat-
ed a continual steep rise compared to only a moderate in-
crease in concentrations in matched serum samples.29

Low VEGF concentrations were noted in effusions from
dogs with CHF, liver disease, rodenticide intoxication, car-
diac tamponade, and idiopathic chylous effusions. The eti-
ologies of the above-mentioned effusions, with the excep-
tion of idiopathic chylous effusion, often are not associated
with inflammation or neovascularization, and low VEGF
concentrations would be expected.

Concurrent plasma VEGF concentrations from 4 dogs
with HSA were markedly lower than VEGF effusion con-
centrations. This difference may represent intratumoral con-
centrations of VEGF released during tumor rupture into the
body cavity.44 Alternatively, increased concentrations in
these effusions also may represent local VEGF release from
metastases within the body cavity.
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High VEGF concentrations were observed in dogs with
peritonitis, fungal pericarditis, and IPEs (pericardial sam-
ples), as well as in 1 dog with lung lobe torsion. High
VEGF concentrations in effusions resulting from inflam-
matory conditions have been noted in several studies in
people.28–32,41 IPEs have been hypothesized to be the result
of an inflammatory process.45–47Histologically, the presence
of numerous thrombi in vessels is common in pericardial
tissue of dogs with IPE, and these thrombi may serve as a
stimulus for VEGF release.45–47

High VEGF concentrations were noted in most of the
neoplastic effusions. Both samples from effusions associ-
ated with pulmonary carcinomas had high VEGF concen-
trations. This phenomenon also has been noted in effusions
from human patients with lung carcinomas.26,28,30,41 Al-
though several of the other neoplastic effusions had high
VEGF concentrations, the small sample size precluded
comparisons among groups. Low VEGF concentrations
were noted in a few neoplastic effusions. The origin of
effusions in patients with neoplasia may be multifactorial.
Tumor implants lining body cavities can produce changes
in osmotic and oncotic pressures, leading to fluid accumu-
lation.48 Compression by tumors can cause lymphatic ob-
struction and tumor rupture, or invasion into blood vessels
can yield a hemorrhagic effusion.48 In dogs with low VEGF
concentrations, it is possible that the effusions resulted from
mechanisms other than fluid production by tumor cells. Cy-
tokines other than VEGF may be involved in effusion for-
mation. Interleukin-8, angiogenin, and tumor necrosis fac-
tor have been shown to increase vascular permeability.49,50

The theory that localized hypoxia due to high intra-abdom-
inal pressure from the effusion may have led to VEGF pro-
duction in some effusions is plausible but unlikely, because
many of the dogs with CHF had large effusions but low
VEGF concentrations. It also is possible that thrombosis or
inflammation may have led to the local production of
VEGF in some effusions. Some studies have demonstrated
a causative role for VEGF in effusion formation.21,27,31,42,43

In the present study, without further testing, we are unable
to determine whether VEGF was the result or the cause of
the effusion.

A previous study in humans demonstrated no correlation
between VEGF effusion concentration and effusion nucle-
ated cell count.28 Although not the primary goal of this
study, it would have been interesting to compare VEGF
concentrations and cytology for all samples rather than just
a subset. Such a comparison may have identified differenc-
es not detected because of small sample size. Finally, it also
would have been interesting to compare neoplastic cell
counts (not performed on all samples) and VEGF concen-
trations to see if a correlation existed.

The main limitation of this study was the small sample
size within each subgroup, which prevented elucidation of
potential differences among etiologic categories. Failure to
demonstrate a statistically significant difference could have
been the result of inadequate power (type 2 error). With the
observed variability, a sample size of 145 dogs per group
would be necessary to determine whether these data (neo-
plastic versus non-neoplastic) represent a type 2 error. It is
unlikely that the variability in data was a result of experi-
mental error, because the inter- and intra-assay variation

associated with this kit, reported by the manufacturer, is
�10%. The biologic activity of VEGF in the samples in
this study was not determined, but several previous studies
have demonstrated high biologic activity of VEGF in neo-
plastic effusions.21,24,25

VEGF was present in high concentrations in body cavity
effusions in dogs, but concentrations were highly variable.
The effects of VEGF on permeability likely contribute to
the pathogenesis of some effusions (tumor associated and
inflammatory). However, the process of effusion formation
is complex and may involve multiple cytokines and growth
factors. Further studies to determine the biologic activity of
VEGF in effusions and the effect of VEGF inhibitors on
effusion accumulation are needed to determine the role of
VEGF in effusion formation. If a causative role is estab-
lished for VEGF in effusion formation in dogs, novel anti-
VEGF therapies may be useful.

Footnotes
a Glass tubes containing 3.8% sodium citrate, Becton Dickinson, Va-

cutainer Systems, Franklin Lakes, NJ
b ELISA test kit, R & D Systems, Minneapolis, MN
c Laboratory analysis, University of Delaware, Department of Animal

and Food Science, Newark, DE
d STATA 6.0 for Windows, College Station, TX
e Sigma Stat, Version 2.0, Jandell Corporation, San Rafael, CA

Acknowledgments

The authors wish to acknowledge R & D Systems for
making this project possible by supplying the ELISA test
kit and Dr Sandra S. Cloud for her technical assistance.

References
1. Ferrara N, Houck KA, Jakemen LB, et al. The vascular endo-

thelial growth factor family of polypeptides. J Cell Biochem 1991;47:
211–218.

2. Dvorak HF, Brown LF, Detmar M, et al. Vascular permeability
factor/vascular endothelial growth factor, microvascular hyperperme-
ability, and angiogenesis. Am J Pathol 1995;146:1029–1039.

3. Tischer E, Mitchell R, Hartmen T, et al. The human gene for
vascular endothelial growth factor. Multiple protein forms are encoded
through alternative exon splicing. J Biol Chem 1991;266:11947–
11954.

4. Ferrara N. The role of vascular endothelial growth factor in the
regulation of blood vessel growth. In: Bicknell R, Lewis CE, Ferrara
N, ed. Tumor Angiogenesis. New York, NY: Oxford Press Inc; 1997:
185–199.

5. Berse B, Brown LF, Van De Walter L, et al. Vascular perme-
ability factor (vascular endothelial growth factor) gene is expressed
differentially in normal tissues, macrophages and tumors. Mol Biol
Cell 1992;3:211–220.

6. De Vries C, Escobedo JA, Ueno H, et al. The fms-like tyrosine
kinase, a receptor for vascular endothelial growth factor. Science 1992;
255:989–991.

7. Vaisman N, Gospodarowicz D, Neufield G. Characterization of
the receptors for vascular endothelial growth factor. J Biol Chem 1990;
265:19461–19466.

8. Waltenberger J, Claesson-Welsh L, Siegbahn A, et al. Different
signal transduction properties of KDR and Flt1, two receptors for vas-
cular endothelial growth factor. J Biol Chem 1994;269:26988–26995.



168 Clifford et al

9. Senger DR, Galli SJ, Dvorak AM, et al. Tumor cells secrete
vascular permeability factor that promotes accumulation of ascites flu-
id. Science 1983;219:983–985.

10. Salven P, Manpaa H, Orpana A, et al. Serum vascular endothe-
lial growth factor is often elevated in disseminated cancer. Clin Cancer
Res 1997;3:647–651.

11. Salven P, Ruotsalainen T, Mattson K, et al. High pretreatment
serum concentrations of vascular endothelial with poor outcome in
small-cell lung cancer. Int J Cancer (Ped Oncol) 1998;79:144–146.

12. Dirix LY, Vermeulen PB, Pawinski A, et al. Elevated concen-
trations of the angiogenic cytokines; basic fibroblast growth factor and
vascular endothelial growth factor in sera of cancer patients. Br J Can-
cer 1997;76:238–243.

13. Kumar H, Heer K, Lee PW, et al. Preoperative serum vascular
endothelial growth factor can predict stage in colorectal cancer. Clin
Cancer Res 1998;4:1279–1285.

14. Hayashibara T, Fujimoto T, Miyanishi T, et al. Vascular endo-
thelial growth factor at high plasma concentrations is associated with
extranodal involvement in adult T cell leukemia patients. Leukemia
1999;13:1634–1635 (letter).

15. Duque JL, Loughlin KR, Adam RM, et al. Plasma concentra-
tions of vascular endothelial growth factor are increased in patients
with metastatic prostate cancer. Urology 1999;54:523–527.

16. Davies MM, Jonas SK, Kaur S, et al. Plasma vascular endo-
thelial but not fibroblast growth factor concentrations correlate with
colorectal liver metastasis vascularity and volume. Br J Cancer 2000;
82:1004–1008.

17. Jinno K, Tanimizu M, Hyodo I, et al. Circulating vascular en-
dothelial growth factor (VEGF) is a possible tumor marker for metas-
tasis in human hepatocellular carcinoma. J Gastroenterol 1998;33:376–
382.

18. Miyake H, Hara I, Yamanaka K, et al. Elevation of serum con-
centration of vascular endothelial growth factor as a new predictor of
recurrence and disease progression in patients with superficial uroth-
elial cancer. Urology 1999;53:302–307.

19. Nagy JA, Masse EM, Herzberg KT, et al. Pathogenesis of as-
cites tumor growth: Vascular permeability factor, vascular hyperper-
meability, and ascites fluid accumulation. Cancer Res 1995;55:360–
368.

20. Luo JC, Toyoda M, Shibuya M. Differential inhibition of fluid
accumulation and tumor growth in two mouse ascites tumors by an
antivascular endothelial growth/permeability factor neutralizing anti-
body. Cancer Res 1998;58:2594–2600.

21. Yano S, Herbst RS, Shinohara H, et al. Treatment for malignant
pleural effusion of human lung adenocarcinoma by inhibition of vas-
cular endothelial growth factor receptor tyrosine kinase phosphoryla-
tion. Clin Cancer Res 2000;6:957–965.

22. Mesiano S, Ferrara N, Jaffe RB. Role of vascular endothelial
growth factor in ovarian cancer: Inhibition of ascites formation by
immunoneutralization. Am J Pathol 1998;153:1249–1256.

23. Aoki Y, Tosato G, Nambu Y, et al. Detection of vascular en-
dothelial growth factor in AIDS-related primary effusion lymphomas.
Blood 2000;95:1109–1110.

24. Zebrowski BK, Yano S, Liu W, et al. Vascular endothelial
growth factor levels and induction of permeability in malignant pleural
effusions. Clin Cancer Res 1999;5:3364–3368.

25. Verheul HM, Hoekman K, Jorna AS, et al. Targeting vascular
endothelial growth factor blockade: Ascites and pleural effusion for-
mation. Oncologist 2001;5(suppl 1):45–50.

26. Luo JC, Yamaguchi S, Shinkai A, et al. Significant expression
of vascular endothelial growth factor/vascular permeability factor in
mouse ascites tumors. Cancer Res 1998;58:2652–2660.

27. Shibuya M, Luo JC, Toyoda M, et al. Involvement of VEGF
and its receptors in ascites tumor formation. Cancer Chemother Phar-
macol 1999;43:S72–S77.

28. Cheng D, Rodriguez RM, Perkett EA, et al. Vascular endothe-
lial growth factor in pleural fluid. Chest 1999;116:760–765.

29. Kraft A, Weindel K, Ochs A, et al. Vascular endothelial growth
factor in the sera and effusions of patients with malignant and non-
malignant disease. Cancer 1999;85:178–187.

30. Thickett DR, Armstrong L, Millar AB. Vascular endothelial
growth factor (VEGF) in inflammatory and malignant pleural effu-
sions. Thorax 1999;54:707–710.

31. Yanagawa H, Takeuchi E, Suzuki Y, et al. Vascular endothelial
growth factor in malignant pleural effusions associated with lung can-
cer. Cancer Immunol Immunother 1999;48:396–400.

32. Yeo KT, Wang HH, Nagy JA, et al. Vascular permeability factor
(vascular endothelial factor) in guinea pig and human tumor and in-
flammatory effusions. Cancer Res 1993;53:2912–2918.

33. Zebrowski BK, Liu W, Ramirez K, et al. Markedly elevated
levels of vascular endothelial growth factor in malignant effusions.
Ann Surg Oncol 1999;6:373–378.

34. Aoki Y, Tosato G. Role of vascular endothelial growth factor/
vascular permeability factor in the pathogenesis of kaposi’s sarcoma-
associated herpesvirus-infected primary effusion lymphomas. Blood
1999;94:4247–4254.

35. Scheidegger P, Weiglhofer W, Suarez S, et al. Vascular endo-
thelial growth factor (VEGF) and its receptors in tumor-bearing dogs.
Biol Chem 1999;380:1449–1454.

36. Anderson CR, Lana SE, Pelphrey A, et al. Vascular endothelial
growth factor (VEGF) and microvessel density in canine osteosarco-
ma. Proceedings of the 18th Annual Veterinary Cancer Society, 1998:
12.

37. Clifford CA, Hughes D, Beal MW, et al. Plasma vascular en-
dothelial growth factor (VEGF) concentrations in normal dogs and
dogs with hemangiosarcoma. J Vet Intern Med 2001;15:131–135.

38. Thamm DH, Dickerson EB, Akhtar N, et al. Biological and
molecular characterization of a canine hemangiosarcoma cell line. Pro-
ceedings of the 18th Annual Veterinary Medical Forum, American
College of Veterinary Internal Medicine, 2000:735.

39. Meyer DJ, Harvey JW. Evaluation of effusions. In: Meyer DJ,
Harvey JW, ed. Veterinary Laboratory Medicine: Interpretation and
Diagnosis, 2nd ed. Philadelphia, PA: WB Saunders; 1998:255–260.

40. Gu JW, Adair TH. Hypoxia-induced expression of VEGF is
reversible in myocardial vascular smooth muscle cells. Am J Physiol
1997;27:628–633.

41. Lim SC, Jung SI, Kim YC, et al. Vascular endothelial growth
factor in malignant and tuberculous pleural effusions. J Korean Med
Sci 2000;15:279–283.

42. Kumar R, Yoneda J, Bucana CD, et al. Regulation of distinct
steps of angiogenic molecules. Int J Oncol 1998;12:749–757.

43. Yano S, Nokihara H, Hanibuchi M, et al. Model of malignant
pleural effusion of human lung adenocarcinoma in SCID mice. Oncol
Res 1997;9:573–579.

44. Kuhnen C, Lehnhardt M, Tolnay E, et al. Patterns of expression
and secretion of vascular endothelial growth factor in malignant soft-
tissue tumours. J Cancer Res Clin Oncol 2000;126:219–225.

45. Miller MW, Sisson DD. Pericardial disorders. In: Ettinger SJ,
Feldman EC, ed. Textbook of Veterinary Internal Medicine, 5th ed.
Philadelphia, PA: WB Saunders; 2000:923–936.

46. Stepien RL, Whiteley NT, Dubielzig RR. Idiopathic or meso-
thelioma-related pericardial effusion: Clinical findings and survival in
17 dogs studied retrospectively. J Small Anim Pract 2000;41:342–347.

47. Aronsohn MG, Carpenter JL. Surgical treatment of idiopathic
pericardial effusion in the dog: 25 cases (1978–1993). J Am Anim
Hosp Assoc 1999;35:521–525.

48. Salisbury SK. Surgery for oncologic emergencies. In: Morrison
WB, ed. Cancer in Dogs and Cats: Medical and Surgical Management.
Baltimore, MD: Williams and Wilkins; 1998:241–264.

49. Ceyhan BB, Ozgun S, Celikel T, et al. IL-8 in pleural effusion.
Respir Med 1996;90:215–221.

50. Aboulghar MA, Mansour RT, Serour GI, et al. Elevated con-
centrations of angiogenin in serum and ascites fluid from patients with
severe ovarian hyperstimulation syndrome. Hum Reprod 1998;13:
2068–2071.


