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General introduction



Angiogenesis 1s extremely important for the development and
metastasis of solid tumors because tumor-associated vessels can supply
oxygen and nutrition to tumor cells (Folkman, 1990). Angiogenesis is
modulated by many factors because angiogenesis is a complex process that
involves endothelial cell migration in response to chemotactic factors,
endothelial cell prolifelation, capillary budding, establishment of capillary
loops, and neovascular remodeling(Carmeliet, 2003; Jain, 2003; Yancopoulos
et al., 2000). These angiogenesis factors have been investigated as tumor
prognostic factors. Among them, vascular endothelial growth factor (VEGF)
plays a central role in angiogenesis and mediates vascular permeability by
binding to its receptors, flt-1 and flk-1 (Leung et al., 1989). Up-regulated
VEGF in many human solid tumors correlate with a poor prognosis. Recently
combination therapy using anti-VEGF drug received accelerated approval
from the US Food and Drug Administration (FDA) for use in the first-line
treatment of patients with metastatic breast cancer.

However, expression of and correlation among angiogenic factors
including VEGF and its receptors in canine tumors are still poorly
understood, although several studies have demonstrated significant
correlation among angiogenic factors, microvessel density, and tumor grade
I mammary gland tumors, squamous cell carcinoma, meningioma,
melanoma and prostate tumors in dogs(Chevalier et al., 2002; Maiolino et al.,
2000; Platt et al., 2006; Rawlings et al., 2003; Restucci et al., 2002). This
study was aimed to investigate the expression of angiogenic factors, mainly
VEGF, and the correlation between these factors and vascular marker,
including endothelial markers and intratumoral microvessel density in
canine tumors. For this purpose, the author examined canine mammary
gland tumors because of the reason as follows. 1) human breast cancer has
been well investigated for angiogenesis and was beginning to be treated with
anti-VEGF drug. 2) mammary gland tumors are the most common
neoplasms in female dogs and have both benign and malignant counterparts.
3) it is comparable between tumor tissues and non-neoplastic tissues in the
same cases because non-neoplastic mammary tissues were resected together
in most cases. Thus, in chapter 1, the author examined the expression and
distribution of VEGF and its receptor, flt-1 and flk-1, in the normal canine
tissues. In chapter 2, the author evaluated two endothelial markers in

canine mammary tumors. One is a pan-endothelial marker, vWF, and the



other is recently used as a marker of “activated” endothelial cells, endoglin.
In chapter 3, the author investigated the expression of VEGF and its
receptor in canine mammary tumors to evaluate the correlation among these
factors and the potential as markers of tumor aggressiveness. The author
also analyzes the correlation of VEGF and its regulator, HIF-1a and COX-2,

In canine mammary tumors.



Chapter 1

Expression and distribution of vascular endothelial growth factor
and 1ts receptor, flt-1 and flk-1, in the normal canine tissues



Abstract

Angiogenesis is essential for tumor progression and is regulated by
several angiogenic factors such as vascular endothelial growth factor (VEGF).
Recently, VEGF-targeting therapy was received from FDA, but side effects of
the therapy have been reported. Therefore, it is important to clarify the
distribution and function of VEGF and its receptors in normal physiology.
Thus, the author investigated the expression and distribution of VEGF and
its receptor, flt-1 and flk-1 in 13 normal canine tissues using
immunohistochemistry, RT-PCR and real-time RT-PCR.
Immunohistochemical staining showed that both VEGF and flt-1 were
expressed in many tissues and their mRNAs were detected in all organs
examined by RT-PCR. Levels of VEGF164 and flt-1 mRNA expression were
high in tissues containing many intensely immunopositive cells. The
expression levels of VEGF164, flt-1, and flk-1 mRNA tended to be similar.
These results indicated that VEGF, flt-1, and flk-1 are closely associated in
canine, as in human tissues, and quantifying their mRNAs might be helpful

in evaluating angiogenesis.



Introduction

Recently anti-VEGF therapy has demonstrated clinical benefit in
metastatic colorectal cancer, non-small-cell lung cancer, and breast
carcinomas(Ferrara et al., 2004). However, the side effects of anti-VEGF
therapy, including proteinuria, hypertension, and thrombus, have been
reported(Gordon and Cunningham, 2005). This suggested that VEGF and its
receptors have crucial roles not only in tumor angiogenesis but in
non-neoplastic tissues. Therefore, it is important to clarify the distribution
and function of VEGF and its receptors in normal tissues.

At least four isoforms of VEGF (VEGF 120, 164, 182, 188) have been
identified in the dog and they are produced by alternative splicing during
transcription(Jingjing et al., 2000). Although each isoforms has specific
biological activities, VEGF164 has been considered to be the most
predominant form in tumor associated angiogenesis(Dvorak et al., 1995;
Keyt et al., 1996; Soker et al., 1997).

The expression and distribution of the mRNAs and proteins for these
angiogenic factors in normal canine tissues have not been well understood.
Therefore, the present study examines VEGF, flt-1, and flk-1 expression in
normal canine tissues using immunohistochemistry, RT-PCR, and real-time
RT-PCR.



Materials and methods

Samples

Six normal beagle dog tissue samples including lung, renal cortex,
heart, adrenal, liver, skin, thyroid, intestine, bladder, mesenteric lymph node,
pancreas, and spleen were kindly provided by Dr. Nakagaki (Nippon
veterinary and life science university, Tokyo, Japan). Four mammary gland
tissue samples from four normal beagle dogs were kindly provided by Dr.
Fujii (Azabu university, Kanagawa, Japan). These samples were confirmed

as normal using hematoxylin-eosin (HE) staining.

Immunohistochemistry of VEGF and flt-1

Immunohistochemical staining was performed using a universal
immunoenzyme polymer method. Four-micron thick sections were cut from
paraffin blocks and mounted on silane-coated glass slides and dried in a
37 °C oven. Slides were deparaffinized in xylene, rehydrated in graded
ethanol, and rinsed in distilled water. Endogenous peroxidase was blocked
with hydrogen peroxide 0.3% in absolute methanol for 20 min. The primary
antibodies, polyclonal rabbit anti-human VEGF (A-20; Santa Cruz
Biotechnology, Santa Cruz, CA, USA) diluted 1 in 100 and polyclonal rabbit
anti-human flt-1 (C-17, Santa Cruz Biotechnology) diluted 1 in 50 were
applied overnight at 4 °C. After rinsing in PBS (three times for 5 min each),
1n both staining, peroxidase-labeled goat anti-rabbit IgG (Histofine® Simple
Stain MAX-PO kit; Nichirei, Tokyo, Japan) was used as the second antibody
for 20 min at room temperature. After rinsing in PBS (three times for 5 min
each), immunoreactions was visualized with DAB and hematoxylin was used
as counterstain. Negative controls included normal rabbit IgG (Chemicon,

Temecula, CA, USA) instead of primary antibody at the same concentration.

Qualitative and quantitative anal lysis of gene expression

Total RNA was isolated from the normal canine tissues with a TRIzol
Reagent (Invitrogen Life Technologies, Carlsbad, CA, U.S.A.) follows the
manufacturer’s instructions. Genomic DNA was digested by incubation with
1 Ung DNase I (Promega, Madison, WI, USA) for 30 minutes at 37°C. The
quantity of RNA was determined using absorption at 260 nm on a
spectrophotometer. The first-strand complementary DNA (cDNA) was



reverse transcribed from 2 pg total RNA using the SuperScript First-Strand
Synthesis System III for RT-PCR (Invitrogen Life Technologies) primed by an
random primer in 20 pl final volume. After reverse transcription, the cDNA
was diluted 1:10 with sterile distilled water (DW) and used as a template for
the RT-PCR and real-time RT-PCR analysis.

Oligonucleotide primers (Table 1) were designed to amplify ¢cDNA
fragments of canine all isoforms of VEGF, flt-1, flk-1, and
glyceraldehydes-3-phosphate dehydrogenase (GAPDH). The PCR reaction
with Takara Taq (Takara Shuzo, Ohtsu, Japan) proceeded as follows:
denaturation at 94°C for 5min, 40 cycles of denaturation at 94°C for 30 sec,
annealing at 58°C for 1min, extension at 72°C for 1 min and final extension
at 72°C for 5 min. The PCR products were separated on 2% agarose gels and
stained with ethidium bromide.

Real-time PCR proceeded in duplicate on ABI PRISM 7700 Sequence
Analyzer (Applied Biosystems, Foster City, CA, USA) using the primer sets
for VEGF164, flt-1, and flk-1 and TagMan Universal PCR Mastermix®
(Applied Biosystems). Expression levels of each mRNA were standardized
against 18S ribosomal RNA(Applied Biosystems) in corresponding samples
and then the amount of expression relative to that in the liver was calculated.

Values are expressed as means* SE of six dogs.



Results

Immunohistochemistry

Table 2 shows the immunohistochemical findings obtained from
normal canine tissues using both anti-VEGF and -flt-1 antibodies. The
staining profiles did not significantly differ according to vessel size or
between arteries and veins. Anti-VEGF antibody weakly reacted with some,
whereas anti-flt-1 antibody moderately reacted with many vascular smooth
muscle cells. However, neither antibody reacted with endothelial cells.
Bronchiolar and alveolar epithelial cells, as well as bronchiolar smooth
muscles were intensely stained with both antibodies (Figure 1A). In the
kidney, glomeruli were negative, whereas proximal, distal and collecting
tubules were weakly stained for both antibodies. The myocardium was
moderately and diffusely stained with both antibodies. Anti-flt-1 antibody
moderately stained the secretory cells of the adrenal cortex and medulla,
whereas anti-VEGF antibody moderately stained only cortical cells. In the
liver, hepatocytes and the bile duct reacted with both antibodies, whereas
Kupffer cells were immunopositive only against anti-VEGF antibody. The
epidermis, sebaceous and apocrine glands, as well as erector pili muscles in
the skin were moderately to strongly positive for both VEGF and flt-1.
Anti-VEGF and anti-flt-1 antibody strongly reacted with upper and hair
follicles, respectively. No thyroid structures other than vessels were positive
for both antibodies. Anti-VEGF antibody weakly stained the goblet cells and
muscularis of the intestine, whereas anti-flt-1 antibody was weakly to
moderately reactive in the muscularis, the nerve plexus, and intensely
stained in the microvilli. The transitional epithelium of the bladder
moderately reacted with both antibodies and intensely with anti-flt-1
antibody in umbrella cells (Figure 1B). Anti-flt-1 antibody reacted with some
lymphocytes in T-cell regions of lymph nodes, whereas anti-VEGF antibody
weakly reacted with lymphocytes in both T-cell and B-cell regions. No
pancreatic structures were VEGF-positive except for the vessels, whereas
intercalated ducts and islets weakly reacted with flt-1 antibody. In the spleen,
only vascular smooth muscle cells reacted with both antibodies. The
mammary epithelial cells were negative to weakly positive for VEGF and
moderately positive for flt-1. The mammary myoepithelial cells were
negative for both VEGF and flt-1.



Qualitative analysis of gene expression

Bands corresponding to VEGF120, VEGF164, and VEGF182 or
VEGF 188 appeared after RT-PCR for VEGF in all normal canine tissues
examined. The VEGF182 and VEGF188 products migrated as a single band
on the gel because the sizes of these cDNAs were similar. More VEGF164
1isoform was expressed than any other isoform. All normal tissues in all dogs
examined expressed flt-1 and flk-1 mRNA (Figure 2).

Quantitative analysis of gene expression

The degree of expression of VEGF164 was correlated with that of
flt-1 and flk-1 mRNA, the high level expression of both VEGF164, flt-1 and
flk-1 mRNA was seen in the lung, renal cortex, heart, and adrenal though

expression levels were low in pancreas, lymph node, and spleen (Figure 3).
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Discussion

The present study found that VEGF and flt-1 were expressed in all
normal canine tissues at the protein level and VEGF, flt-1, and flk-1 in
mRNA level. These results are consistent with findings in human, mouse, rat,
and guinea pig tissues(Berse et al., 1992; Claffey et al., 1992; Monacci et al.,
1993). Consistent with the relatively high level of VEGF expression in the
lung and heart, the capillaries of these organs are considered to be more
permeable than those of many other tissues. The high level of VEGF
expression in the renal cortex could be because renal glomeruli have an
exceptionally permeable filtration system(Berse et al., 1992). The reasons for
the negative staining of the renal gromeruli for both VEGF and flt-1 may
include that the limit of detection and major VEGF receptor in the glomeruli
is not flt-1 but flk-1(Masuda et al., 2001). The findings that the level of
VEGF expression in the spleen was low despite the abundance of vessels
indicate that only a few cells express VEGF under normal conditions.
Neutralizing VEGF in the lung results in alveolar endothelial cell
apoptosis(Kasahara et al., 2000), significant capillary regression in
pancreatic islets, thyroid, adrenal cortex, pituitary, choroid plexus,
small-intestinal villi, and epididymal adipose tissue(Kamba et al., 2006).
These results indicate that VEGF functions in vascular preservation, a
notion supported by the results of the present study. The results that
vascular smooth muscle cells stained with both VEGF and flt-1 antibodies
were consistent with those reported by Berse et al. (Berse et al., 1992). Those
suggested that VEGF plays a role in maintaining not only the vascular
endothelium but also vascular smooth muscle cells by autocrine and
paracrine manners. The expression levels of VEGF164, flt-1, and flk-1
mRNA among tissues tended to correlate in the present study, indicating
that they are closely associated in canine tissues. flk-1 has more tyrosine
kinase activity than flt-1. This suggested flk-1 is the main receptor that
mediates the angiogenic effect of VEGF and flt-1 adjust the signaling (Fong
et al., 1995) (Shalaby et al., 1995) (Hiratsuka et al., 1998). But some reports
have demonstrated that increased flt-1 correlates with that of VEGF and
tumor grade(Pallares et al., 2006). Yonemaru et al. (Yonemaru et al., 2006)
recently reported that VEGF and its receptors might be associated with the
malignant proliferation of canine hemangiosarcoma. In addition, flt-1 plays

11



an important role in the pulmonary metastasis of tumors(Hiratsuka et al..
2002). Therefore tumor characteristics might be better understood by
studying flt-1 expression. The present study showed that intensely VEGF or
flt-1 immunopositive tissues also expressed high levels of their mRNAs,
indicating that quantifying these mRNAs would help to evaluate
angiogenesis In canine tissues. Approaches that target VEGF might become
a therapeutic strategy against canine tumors, and advances in
understanding the role of VEGF in normal physiology will provide msight
into the basis of side-effects attributed to the administration of VEGF

inhibitors.
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Table 1

Sequence of primers and probes for RT-PCR or real-time RT-PCR

Gene Sequence Amplicon size

VEGF (all isoforms) F 5-TTCTGTATCAGTCTTTCCTGGTGAG-3" 405, 534, 606 bp
VEGF (all isoforms) R 5-CGAAGTGGTGAAGTTCATGGATG-3’

VEGF164 F 5-CCCACTGAGGAGTTCAACATCAC-3 143 bp
VEGF164 R 5-CAGGGATTTTCTTGCCTTGCT-3

VEGF164 probe 5-TGCGGATCAAACCTCATCAAGGCC-3

fit-1F 5-GATGCACAGTGAAATACCCGAAA-3 147 bp
flt-1R 5-CAGGTTATTCGCTTCCCATCA-3

flt-1 probe 5-AGATCGTCATCCCCTGCCGGGT-3’

flk-1F 5-CGTGATATCTCTGGTTGTGAATGTC-3° 149 bp
flk-1R 5-GCCAGTACCAGCGGATGTG-3

flk-1 probe 5-TGGCACCACGCAGTCGCTGAC-3

GAPDH F 5-GGGGCCATCCACAGTCTTCT-3 229 bp

GAPDH R 5-GCCAAAAGGGTCATCATCTC-3
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Table 2A. Results of immunohistochemistry for VEGF in normal

canine tissues.

Dog no.

| 2 3 4 5 6
g
pe | alveolar cells ++ - + + + R
pe Il alveolar cells et e e +++ ot .
onchial epithelium e o ++ ++ ++
onchiolar smooth muscle ++ ++ ++ ++ et pa
ney
omerulus = = - = . o
oximal tubule + - + 4+
stal tubule + - 4 —+ L
llecting tubule 4 - 4+ + ++
it ++ ++ ++ -+ b
enal gland
omerulosa +4 + g 4 Ly =
sciculate + + + + 4
ticularis Es + o 4 L 5
2dulla = - - = . =
gr
spatocytes - + 4 + ks
le ducts + - + Y iefe
ipffer cell - + g " 4t I
1
iidermis/hair ++2) ++4a) ++a) +-+2) ++a) L a)
baceous glands + ++ ++
yocrine glands o R e e 4+ 4
rector muscle ++ et ++ ++ +++ et
roid - - — NA = ~
stine
icrovilli — = _ _ . B
iterocyte - — + + d .
uscularis - + T + 4
irve plexus - - = - + .
dder
ithelium ++ ++ ++ Jobe 44 e
uscularis B - - + ++ R
aph node
cell region 4 + + _ 4 i
cell region + - + = 4 +
creas
sini - N - = N =
Icts = = _ i N B
ets ~ = _ & B =
gen s = - _ _ B

14

- = negative; + = weak; ++ = intermediate; +++ = strong reaction; NA = not available

a) upper follicles: strongly positive



Table 2B. Results of immunohistochemistry for flt-1 in normal canine tissues.

Dog no.
| 2 3 4 5 6

Lung

Type 1 alveolar cells +=+ ++ ++ e ++
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a) lower follicles: strongly positive
b) umbrella cells: strongly positive
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Table 2C. Results of immunohistochemistry for VEGF in normal canine tissues.

Dog no.

Mammary epithelial cell +

Mammary myoepithelial cell =

- = negative; + = weak; ++ = intermediate; +++ = strong reaction

Table 2D. Results of immunohistochemistry for flt-1 in normal canine tissues.

Dog no.

Mammary gland Tt ++

Mammary myoepithelial cell =

- = negative; + = weak; ++ = intermediate; +++ = strong reaction
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(A) Dog 1. Immunohistochemical staining for VEGF in lung. Bronchiolar
epithelial cells, bronchiolar smooth muscle layer and vascular smooth muscle in
the lungs are immunopositive for VEGF. Bar = 100pm. (B) Dog 1.
Immunohistochemical staining for flt-1 in urinary bladder. The transitional
epithelium, umbrella cells, and vascular smooth muscle cells are immunopositive
for flt-1. Bar = 100pm.
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Figure 2

o e

o EFETLIIITIII]
1 2 3 4 5 6 7 8 9 10 11 12

RT-PCR findings of dog 6. Tissues are numbered as follows: 1, lung; 2,renal cortex; 3,
heart; 4, adrenals; 5, liver; 6, skin; 7, thyroid; 8, intestinal mucosa®; 9, bladder®; 10,
lymph node; 11, pancreas; 12, spleen. (A) RT-PCR for VEGF shows VEGF120 (405
bp), VEGF164 (534 bp), and VEGF188 (606 bp). Among VEGF isoforms, VEGF164
was most intensely stained. (B) RT-PCR for flt-1. All tissues examined expressed flt-
1 mRNA. (C) RT-PCR for flk-1. All tissues examined expressed flk-1 mRNA. (D) RT-
PCR for GAPDH to verified RNA integrity.

dIntestinal mucosa and bladder specimen obtained by scratching luminal surface.
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Figure 3

Relative amounts of mMRNAs
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Expression levels of mRNAs encoding VEGF164, flt-1, and flk-1 in normal canine
tissues. The mRNA expression was evaluated by real-time PCR. The data were
normalized by 18S ribosomal RNA level in each sample. Levels of each mRNA in
tissues are expressed relative to those in liver. The data are shown as means £ SE of
six dogs. Intestinal mucosa and bladder specimen obtained by scratching luminal
surface.
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Chapter 2

Evaluation of endothelial markers in dogs
with benign mammary gland tumor
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Abstract

Tumor angiogenesis is essential for tumor growth. Although
intratumoral microvessel density correlates with prognosis in many tumors,
some study showed no correlation between these factors. Recently, it has
been demonstrated that endoglin is highly expressed on activated
endothelial cells and is suggested as a more useful angiogenesis marker than
pan-endothelial markers such as vWF and CD31. In the present study, the
author evaluated the expression of vWF mRNA, endoglin mRNA, and
proliferation activity in vascular endothelial cells in canine normal, adjacent
non-neoplastic, and benign mammary gland tumors. The author also
investigated the correlation between the expression of VEGF164 mRNA and
the expression levels of vWF or endoglin mRNAs. Expression levels of
endoglin and VEGF164 mRNAs were quantified by real-time RT-PCR.
Sections of formalin-fixed, paraffin-embedded tissues were analyzed using
immunofluorescense double staining for PCNA and vWF. The percentage of
endoglin mRNA expression was significantly higher in tumor tissues than
adjacent non-neoplastic tissues. The proliferation activity of endothelial cells
and the percentage of anti-VEGF positive microvessels were increased from
normal to adjacent and from adjacent to tumor tissues. Both the percentage
of PCNA-positive endothelial cells and VEGF-positive microvessel were
significantly higher in endoglin mRNA positive tissues than those in
endoglin mRNA negative tissues. Although the expression levels of endoglin
mRNA were positively correlated with both the expression levels of
VEGF164 mRNA and vWF mRNA, the correlation between endoglin and
VEGF164 mRNAs shows stronger correlation than the correlation between
endoglin and vWF mRNAs. Thus, the present study indicates that VEGF
may play an important role in the positive regulation of vascular endothelial
cell activity and endoglin mRNA may be a better angiogenic marker than
vWF mRNA.

21



Introduction

From the results of chapter 1 that suggest VEGF is regulated at
transcriptional level in canine tissues, it is thought that the amount of VEGF
mRNA reflects the degree of tumor angiogenesis. To evaluate the degree of
angiogenesis, intratumoral microvessel density (IMVD) and the amounts of
endothelial marker gene expression are used and many clinical studies have
demonstrated the correlation between IMVD or the amount of endothelial
marker expression and tumor growth. Although most of these studies
showed a positive correlation between IMVD or endothelial marker and
prognosis (de Jong et al., 2000) (Weidner et al., 1992), some studies have fail
to find these correlation (Siitonen et al., 1995). A possible reason for this
discrepancy between these results may be the target of endothelial marker
used 1n the evaluation of angiogenesis. In most reports, antibodies against
pan-endothelial cells, such as anti-von Willebrand factor (vWF) and
anti-CD31 antibodies, have been used as endothelial markers. These
antibodies can react with not only newly formed blood vessels but also
normal blood vessels just trapped in the tumor tissues(Miller et al., 1999).
The mammary tissues intended in the present study contains abundant
vessels 1n normal conditions and angiogenic evaluation with pan-endothelial
marker included these normal blood vessels. Thus, pan-endothelial cell
antibodies may not be the ideal markers to evaluate tumor-associated
anglogenesis in canine mammary gland tumors.

Proliferation activities of vascular endothelial cells in human breast
carcinoma was significantly higher than those in adjacent non-neoplastic
tissues (Vartanian and Weidner, 1994). It has been demonstrated that
endoglin (CD105) is highly expressed on activated endothelial cells, but
weakly or not expressed on normal vessels(Kumar et al., 1996; Wang et al.,
1994). Therefore it is suggested endoglin is more useful as an angiogenesis
marker than pan-endothelial cell markers. Some tumor-associated markers
are known as a post-transcriptional regulator but some angiogenic marker
mRNA expressions, including vWF and endoglin, directly correlate with the
degree of angiogenesis (Zanetta et al., 2000) (Bellone et al., 2007). Although
several studies have demonstrated significant correlation among angiogenic
factors and endothelial markers in human tumors, little studies were

reported for endoglin expression and proliferation activity of vascular
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endothelial cells in canine tumors (Fosmire et al., 2004). Therefore, it is
unclear the utility of endoglin as angiogenesis marker in canine mammary
tumors.

In this study, the author evaluated the correlation among the
expression of vVWF mRNA, endoglin mRNA, and proliferation activity in
vascular endothelial cells in canine normal, adjacent non-neoplastic, and
mammary gland tumors. The author also investigated the correlation among
the gene expression of VEGF164, the rate of VEGF-positive microvessel, and
the expression levels of vWF and endoglin mRNAs. For these analysis, the
author investigated benign mammary gland tumors but not malignant
mammary gland tumors because malignant tumor cells tend to infiltrate

adjacent structures which may influence the results of adjacent tissues.
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Materials and methods

Samples

Samples were classified into 3 groups: (1) 4 mammary gland in 4
healthy female beagle dogs (normal mammary gland), the same as those
used in chapter 1, (2) 10 normal mammary glands from 10 tumor bearing
dogs (adjacent to tumor) (Dog 5-8, 10, 12-16), these samples were confirmed
as normal using HE staining, (3) 13 benign mammary gland tumors
(complex adenoma) from 13 dogs, the same dogs used in adjacent tissues.
The profiles of the samples are presented in Table 1. All the samples were
obtained by surgery at Azabu University Veterinary Teaching Hospital
(Kanagawa, Japan) and private clinics. These samples were fixed with 10%

formalin or frozen at —80°C prior to analysis.

Immunohistochemistry

Formalin-fixed, deparaffinized tissue sections were
immunohistochemically stained using universal immunoenzyme polymer
method. The primary antibody were polyclonal rabbit anti-VEGE antibody
(A-20; Santa Cruz Biotechnology) diluted 1 : 100. Peroxidase-labeled goat
anti-rabbit IgG (Histofine® Simple Stain MAX-PO kit; Nichirei) was used as
the second antibody and the immunoreactions was visualized with DAB.
Negative controls included normal rabbit IgG (Chemicon, Temecula, CA.
USA) instead of primary antibody at the same concentration.

Double immunostaining for proliferating cell nuclear antigen (PCNA)
and vWF was also accomplished using fluorescence antibody method. Briefly,
deparaffinized sections were incubated with polyclonal rabbit anti-vWF
antibody (Dako, Glostrup, Denmark), prediluted, for 2 h. After the samples
were rinsed with PBS, they were incubated with FITC-conjugated
anti-rabbit IgG antibody (Chemicon), diluted 1 : 500, for 30 min. After
incubation, samples were rinsed with PBS and then incubated with
monoclonal mouse anti-PCNA antibody (Dako), diluted 1 : 100, for 2 h. After
the samples were rinsed with PBS, they were incubated with
rhodamine-conjugated anti-mouse IgG antibody (Chemicon), diluted 1 : 200,
for 30 min. The samples were then rinsed and mounted with Vectashield
with DAPI (Vector Laboratories, Inc., Burlingame, CA). All reactions were

conducted at room temperature. The images were captured using
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fluorescence microscopy system.

Gene expression analysis

Total RNA was isolated from the sample stored in a frozen condition
with a TRIzol Reagent (Invitrogen) follows the manufacturer’s instructions.
Genomic DNA was digested by incubation with 1 U/pg DNase I (Promega) for
30 minutes at 37°C. The quantity of RNA was determined using absorption
at 260 nm on a spectrophotometer. The first-strand ¢cDNA was reverse
transcribed from 2 pg total RNA using the SuperScript First-Strand
Synthesis System III for RT-PCR (Invitrogen) primed by an random primer
in 20 pl final volume. After reverse transcription, the cDNA was diluted 1:10
with sterile DW and used as a template for the RT-PCR analysis of endoghn
and vVWF and real-time RT-PCR analysis of endoglin, vWF, and VEGF164.
The PCR reaction with Takara Taq (Takara Shuzo) proceeded as follows:
denaturation at 94°C for 5min, 40 cycles of denaturation at 94°C for 30 sec,
annealing at 58°C for 1min, extension at 72°C for 1 min and final extension
at 72°C for 5 min. The PCR products were separated on 2% agarose gels and
stained with ethidium bromide. The specific TagMan probe (Applied
Biosystems) and primer pairs described in Table 2 were designed using
Primer Express software (Applied Biosystems) based on their sequence. For
analysis of ribosomal 18S RNA, TagMan ribosomal 18S RNA (Applied
Biosystems) were used in this study. All PCR amplifications were carried out
in duplicate for each sample, and the mean values of mRNA expression were
calculated as the ratio to those of ribosomal 18S RNA. Values are expressed

as means + SE.

Assessment of immunostaining

The percentage of PCNA-positive vascular endothelial cells defined
as the ratio of positively stained cells (red) that also had concomitant positive
cytoplasmic staining (green) with vWF to the total cell count. For this
analysis, more than 200 individual endothelial cell nuclei were counted in
each case. The percentage of VEGF-positive microvessels defined as the ratio
of VEGF-positive microvessels which have VEGF-positive endothelial cells to
total microvessel count. For this analysis, more than 100 microvessels were

counted in each case. Values are expressed as means + SE.
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Statistical analysis

Fisher’s exact test was used to compare the frequency of endoglin
mRNA expression, PCNA-positive endothelial cells, and VEGF-positive
microvessels among normal, adjacent, and tumor tissues. The Pearson
correlation coefficients was used to assess the relationship among the
expression levels of VEGF164, vWF, and endoglin mRNAs and
PCNA-positive vascular endothelial cells. A p-value of < 0.05 was considered

to be statistically significant difference.
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Results

Immunohistochemistry

Proliferation activity of intratumoral vascular endothelial cells were
counted using with anti-PCNA antibody and compared to those of normal
and adjacent non-neoplastic mammary tissues (Figure 1A). The percentage
of positively labeled endothelial cells with anti-PCNA antibody increased
from normal (0%) to adjacent tissues (2.6%) and from adjacent to tumor
tissues (27.8%). The percentage of anti-VEGF positive microvessels was seen
in 0% of normal, 21.2% of adjacent, 60.7% of tumor tissues. Both percentage
of PCNA-positive endothelial cells and VEGF-positive microvessels
significantly increased from normal to adjacent and from adjacent to tumor
tissues (Table 3).

endoglin mRNA expression

The percentage of vVWF and endoglin mRNAs expression were
assessed and compared among normal, adjacent non-neoplastic, and tumor
mammary tissues. Although vVWF mRNA expression was detected in all
samples examined, endoglin mRNA expression was detected in 1 of 4 (25.0%)
normal, 4 of 10 (40.0%) adjacent non-neoplastic, and 11 of 13 (84.6%) tumor
tissues (Table 3) (Figure 1B). The percentage of endoglin mRNA expression
was significantly higher in tumor tissues than adjacent non-neoplastic

tissues.

Correlation between the expression of endoglin mRNA and the percentage of
VEGF-positive microvessels or PCNA-positive vascular endothelial cells

The percentage of PCNA-positive vascular endothelial cells was 5.4 +
3.0 in endoglin mRNA negative and 19.9 + 4.2 in endoglin mRNA positive
tissues, respectively (Figure 2A). The percentage of VEGF-positive
microvessels was 13.2 £ 3.9 in endoglin mRNA negative and 51.9 + 6.5 in
endoglin mRNA positive tissues, respectively (Figure 2B). Both the
percentage of PCNA-positive endothelial cells and VEGF-positive
microvessels were significantly higher in endoglin mRNA positive tissues

than those in endoglin mRNA negative tissues (p<0.05).

Compare the correlation between the endothelial marker and proliferating
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marker

Two samples (1 adjacent tissue and 1 tumor tissue) were not
detectable by real-time RT-PCR. Expression levels of endoglin mRNA were
positively correlated with the percentage of PCNA-positive endothelial cells
(Spearman’s r = 0.699, p < 0.05), although vWF mRNA did not show
significant correlation (Spearman’s r = 0.625 and p > 0.05) (Figure 3).
Although the expression levels of endoglin mRNA were positively correlated
with the both expression levels of VEGF164 mRNA (Spearman’s r = 0.783, p
< 0.05), and vVWF mRNA (Spearman’s r = 0.643 and p < 0.05) (Figure 4), the
correlation between endoglin and VEGF164 mRNAs shows stronger

correlation than the correlation between endoglin and vWF mRNAs.
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Discussion

Angiogenesis plays an essential role in tumor progression providing
the nutrients and growth factors for growth. Many experimental models and
many studies in human tumors have shown that tumor-associated
anglogenesis involves endothelial cell proliferation (Vartanian and Weidner,
1994) (Vartanian and Weidner, 1995) (Hobson and Denekamp, 1984). In
human cancers, studies of endothelial cell proliferation using breast cancer
have been reported (Edel et al., 2000) (Vartanian and Weidner, 1994). The
expression of endoglin, appears exclusively associated with the endothelial
cells in the newly formed blood vessels and in the immature tumor vessels,
have been investigated as a vascular endothelial marker and showed positive
correlation with prognosis (Minhajat et al., 2006) (Fonsatti et al., 2001). The
present study investigated the gene expression of endoglin and correlation
between endoglin and proliferation activity and VEGF expression on
microvessels in benign mammary gland tumor of dogs.

The present study has shown that the percentage of endoglin mRNA
expression was significantly higher in tumor tissues compared to
non-neoplastic adjacent tissues although vWF mRNA expression was
detected in all tissues examined. This results suggest endoglin mRNA is
weakly or not at all expressed on normal vessels and the expression of
endoglin 1is regulated at transcriptional level in canine mammary tumors,
which is congruent with human cancers(Bellone et al., 2007; Miller et al.,
1999).

In this study, the author found significantly elevated both
PCNA-positive vascular endothelial cells and VEGF -positive microvessels in
tumor tissues compared to non-neoplastic mammary gland tissues. This
finding indicates that, in canine mammary gland tumor associated
angiogenesis, proliferation activity of vascular endothelial cells are
up-regulated in tumor tissues and endothelial cells in tumor tissues may be
activated by VEGF. The present study has also shown that the positive
correlation between endoglin mRNA expression and PCNA-positive vascular
endothelial cells. This result is accordance with those reported for human
breast cancer that endoglin is a sensitive marker for microvessel
proliferation (Bodey et al., 1998). The present study has also shown that the

positive correlation between endoglin mRNA expression and both the
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percentage of VEGF-positive and PCNA-positive endothelial cells. These
results suggest endoglin mRNA may be a useful angiogenic marker in canine
mammary tumors because PCNA-positive and VEGF-positive endothelial
cells are thought to be endothelial cells of newly formed blood vessels. The
expression level of endoglin mRNA showed stronger correlation with
VEGF164 mRNA expression compared with the correlation between the
expression levels of vWF and VEGF164 mRNAs. These results were
consistent with the findings that VEGF is one of the strongest endothelial
mitogens (Kushlinskii and Gershtein, 2002) and endoglin expresses on
activated endothelial cells. These results also suggest the expression levels of
VEGF164 mRNA seem to be directly associated with VEGF functions.
Finally, the present study indicates that endoglin mRNA may be a

useful angiogenic marker than vWF mRNA in canine mammary tumors.
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Table 1

Details of 17 dogs and their diagnosis and the size of tumor

——

Dog Sex ( ep ) Breed diagnosis tun(lor )Size
no. years cm
1 female ND beagle Normal =
2 female ND beagle Normal =
a female ND beagle Normal —
4 female ND beagle Normal -
B spayed 14 mongrel Complex adenoma 4x3x2
6 female 9 miniature dachshund Complex adenoma 3x2x]
7 female 11 golden retriever Complex adenoma Ix1x1
8 female 10 Kishu Complex adenoma Ix1lx1.5
9 female 3 American cocker spaniel Complex adenoma 1.2x1.2x0.8
10 female 14 pomeranian Complex adenoma ND
11 female 8 welsh corgi Complex adenoma ND
12 female 8 shih tzu Complex adenoma 3x2x2
13 female 1 shih tzu Complex adenoma 5x3x2
14 female 6 papillon Complex adenoma I1x1x1l
15 female 10 miniature dachshund Complex adenoma ND
16 female ND shiba Complex adenoma Sx3x%x2
17 spayed 8 shiba Complex adenoma ND
ND =no data
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Table 2

Sequence of primers and probes for PCR and real-time RT-PCR

Gene Sequence Amplicon size
VEGF164 F 5-CCCACTGAGGAGTTCAACATCAC-3 143 bp
VEGF164 R 5-CAGGGATTTTCTTGCCTTGCT-3’

VEGF 164 probe 5-TGCGGATCAAACCTCATCAAGGCC-3

vWF F 5-AAAGCGGTGGTTATCCTAGTCACA-3° 112bp
vWF R 5-ACCGATCCCCGATTCCAA-3

vWF probe 5-AGGCCGCCAGATCCAACCGAGT-3

endoglin F 5-CCGGAAACCCACAGAACTATCT-3 84 bp

endoglin R

endoglin probe

"CACAGCGGGCAGGACAAG-3
"CAGCCCTGGCCTGCCTGACAA-3

(@)

(@]




Table 3

No. of

Percentage of

Positive rate

Samples endoglin mRNA - et
expression
Normal 4 25.0% 0% 0%
Adjacent 10 40.0% 2.6 £ 0.65%" 201.2 = 3.37%
Tumor 13 84.6%" 27.8 = 2.77%"* 60.7 = 4.19%""

Percentage of endoglin mRNA expression, PCNA-positive endothelial cells, and
VEGF-positive microvessels. The data are shown as mean = S.E. * p<0.05 vs
normal, T p<0.05 vs adjacent tissues.
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Figure 1

endoglin

vWF

A) Dog 12. Immunofluorescense double staining of mammary tumor tissue for PCNA
and vVWF. Combined images of PCNA-immunostaining (red) and vWF-immunostaining

(green). The arrow shows PCNA-positive endothelial cells. B)RT-PCR. Expression of
endoglin and vWF mRNAs in normal, adjacent, and tumor tissues.

34



Figure 2 (%)
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Box plot representing the median value, 25% and 75%, 10% and 90% and observations
<10% or > 90%. A) Correlation between the expression of endoglin mRNA and the rate
of PCNA-positive endothelial cells. endoglin mRNA-positive tissues showed high rates
of PCNA positivity (p<0.05). B) Correlation between the expression of endoglin mRNA
and the rate of VEGF-positive microvessels. endoglin mRNA-positive tissues showed
high rates of VEGF positivity (p<0.05). These data were obtained from endoglin mRNA-
positive tissues (n = 11) and endoglin mRNA-negative tissues (n = 14).



Figure 3
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A) Correlation between the expression levels of vVWF mRNA and percentage of PCNA
positive endothelial cells. (Pearson’s r=0.625, p=0.096)

B) Correlation between the expression levels of endoglin mRNA and percentage of PCNA
positive endothelial cells. (Pearson’s r=0.699, p=0.043)
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Figure 4
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A) Correlation between the expression levels of vWF and VEGF164 mRNAs. (Pearson’s
r=0.643, p=0.048)

B) Correlation between the expression levels of endoglin and VEGF164 mRNAs
(Pearson’s r=0.783, p=0.017)



Chapter 3

Expression of vascular endothelial growth factor and
its related factors in canine mammary tumors
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Abstract

The growth of solid tumors is dependent on angiogenesis. The early
investigator demonstrated that VEGF and flk-1 correlated with intratumoral
microvessel density and were greater in malignant than in benign mammary
gland tumors of dog, however, little is known about expression of flt-1 and
expressions of VEGF, flt-1, and flk-1 mRNAs in canine mammary tumors.
Solid tumor tissues have been used for quantitative analysis of angiogenic
factor gene expression, but these tissues are composed of two distinct
compartments, the neoplastic cells themselves and tumor stroma. The
recently developed techniques of laser microdissection (LMD) and
quantitative RT-PCR are powerful tools that allow the measurement of
mRNA expression levels in tumor cells and stroma separately. Although
several factors regulate VEGF expression, the main stimulation factor for
VEGF expression is hypoxia. Intratumoral hypoxia is a potent inducer of
tumor angiogenesis. Hypoxia-inducible factor 1 (HIF-1) is one of the most
mmportant factors induced by hypoxia. Overexpression of HIF-1a is reported
In many types of cancers in humans and HIF-la considered to be a
transcriptional activator of VEGF in cancer cell lines. However, only few
studies report about the expression of HIF-la in canine tumors.
Cyclooxygenase (COX) is a key enzyme in the conversion of arachidonic acid
to prostaglandins, which contributes to the regulation of angiogenesis.
COX-2 is highly expressed in many canine tumors, including mammary
tumors, however little is known about the correlation between COX-2 and
tumor-associated angiogenesis in canine mammary tumors. In the present
study, the author investigated the expression levels of VEGF164, flt-1, and
flk-1 mRNA and angiogenesis marker, microvessel density and expression
levels of endoglin mRNA, in benign and malignant canine mammary tumors
to evaluate the potential as a malignancy markers. The author also
investigated the relationship among HIF-1a, COX-2, and VEGF in canine
mammary tumors. In addition, the author examined the mRNA expression
levels in neoplastic cells and stromal cells separately using laser
microdissection method. The percentage of VEGF positive cells increase from
adjacent to benign, and from benign to malignant tumor tissues however
those of flt-1 were not increased significantly. The amount of VEGF164 and
flk-1 mRNA in tumor tissues increased from adjacent tumor tissues although
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flt-1 has not shown significant difference among adjacent, benign, and
malignant tissues. The amounts of VEGF164 mRNA in tumor epithelial cells
of benign and malignant tumors were significantly higher than mammary
epithelial cells of adjacent mammary tissues although there is no significant
difference between benign and malignant tumor tissues. The present study
showed significant correlation between the expression levels of HIF-1a and
VEGF164 or COX-2 mRNA although there is no correlation between
VEGF164 and COX-2 mRNA expressions. Microvessel density and
expression levels of endoglin mRNA were greater in benign and malignant
tumors than in adjacent tissues although there is no significant difference
between benign and malignant tumors. These results indicates that VEGF in
canine mammary tumors is mainly expressed in tumor epithelial cells but
not in stromal cells and suggests VEGF expressed in tumor epithelial cells
binds flk-1. Although it is not shown the correlation between tumor
aggressiveness and the gene expression levels of VEGF164, flt-1, flk-1,
COX-2, and HIF-1aq, the expression of VEGF164, flk-1, and COX-2 mRNAs
are increased in canine mammary tumors. These results indicate these
angiogenesis related factors plays an important role in canine mammary
tumors. The author also suggests the COX-2/HIF-1a/VEGF pathway possibly

playing an important role in canine mammary tumors.
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Introduction

It is well known that solid tumors, including mammary tumors,
require the growth of new blood vessels into them in order to supply oxygen
and nutrients(Folkman, 1990). VEGF is one of the most important factors
that stimulate angiogenesis and is considered as a prognostic factor and
target of drug therapy(Gasparini et al., 1997; Grunstein et al., 1999;
Klement et al., 2000; Soh et al., 2000). Therefore, further detailed analysis of
the mechanism of angiogenesis in tumor tissues is very important. In canine
mammary tumors, VEGF and its receptor flk-1 have also been detected and
discussed as factors of tumor aggressiveness (Restucci et al., 2002) (Restucci
et al., 2004). However, little is known about expression of flt-1 and
expression of VEGF, flt-1, and flk-1 mRNAs.

Solid tumor tissues have been used for quantitative analysis of
anglogenic factor gene expression, but these tissues are composed of two
distinct -compartments, the neoplastic cells themselves and tumor stromal
cells including inflammatory cells, fibroblast, and endothelial cells. From the
result of chapter 1 that many type of cells, including stromal cells, express
VEGF in normal tissues, it is thought that VEGF is expressed not only
tumor cells but also stromal cells in tumor tissues. Therefore, it is unclear
that up-regulation of VEGF gene expression in tumor tissue is attributed to
tumor cells and/or stromal cells. The recently developed techniques of laser
microdissection (LMD) and quantitative RT-PCR are powerful tools that
allow the measurement of mRNA expression levels in tumor cells and stroma
separately.

Although several factors regulate VEGF expression, the main
stimulation factor for VEGF expression is hypoxia(Wenger and Gassmann,
1997). Hypoxia-inducible factor 1 (HIF-1) is one of the most important
factors induced by hypoxia (Wang et al., 1995). HIF-1 is a heterodimeric
protein that consists of two subunits, HIF-1a and HIF-18. While HIF-18 is
constitutively expressed, HIF-la is targeted to proteosome degradation
under normal oxygen conditions and is rapidly induced under hypoxic
conditions. Overexpression of HIF-1a is reported in many types of cancers in
humans (Ioachim et al., 2006) (Maxwell et al., 1997) and HIF-1a considered
to be a transcriptional activator of VEGF in cancer cell lines (Jones et al.,
2001). However, only few studies report about the expression of HIF-1a in
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canine tumors.

Cyclooxygenase (COX) is a key enzyme in the conversion of
arachidonic acid to prostaglandins and two isoforms of COX have been
characterized. While COX-1 is expressed constitutively in many tissues and
many cell types, COX-2 is usually absent in normal cells but can be induced
by several factors, such as growth factors, cytokines, and tumor promoters.
Some studies have suggested that COX-2 and prostaglandin (PG) Es, one of
major (PG) products, is a potent inducer of angiogenic factor, including VEGF,
in tumors (Form and Auerbach, 1983) (Wang et al., 2005). It is reported that
COX-2 is highly expressed in many canine tumors, including mammary
tumors (Kirkpatrick et al., 2002) (Queiroga et al., 2007), but little is known
about the correlation between COX-2 and tumor-associated angiogenesis in
canine tumors.

The aims of this chapter were to clarify the expressions and the
distributions of VEGF and VEGF-related factors and the relationship
between.VEGF and its regulator, HIF-1a and COX-2, and to evaluate the
relationship between tumor aggressiveness and expression of angiogenesis
factors in caine mammary tumors. For these objectives, the author
investigated the expression levels of VEGF164, flt-1, flk-1, HIF-1a, COX-2,
and endoglin mRNAs, immunohistochemical expressions of VEGF, flt-1, and
COX-2, and IMVD in normal, adjacent, benign and malignant canine
mammary tumors to evaluate the potential as markers of tumor
aggressiveness. In addition, the author examined the expression levels of
neoplastic cells and stromal cells separately using LMD and quantitative
RT-PCR methods.



Materials and methods

Samples

Samples were classified into 4 groups: (1) 4 mammary glands in 4
healthy female beagle dogs (normal mammary gland), the same as those
used in chapter 1 and 2, (2) 18 normal mammary glands from 18
tumor-bearing dogs (adjacent to tumor) (Dog 5-8, 10, 12-16, 18-20, 22, 24, 25,
27, 28), these samples were confirmed as normal using HE staining and a
part of these samples were the same as those used in chapter 2, (3) 13 benign
mammary gland tumors diagnosed as complex adenoma from 13 dogs, the
same as those used in chapter 2, (4) 11 malignant mammary gland tumors
diagnosed as tubulopapillary carcinoma from 11 dogs. Mammary tumors
were diagnosed according to the WHO classification system of canine
mammary tumors (Misdorp, 1999). The profiles of the samples are shown in
Table 1. All the samples were obtained by surgery at Azabu University
Veterinary Teaching Hospital (Kanagawa, Japan) and private clinics. These
samples were fixed with 10% formalin or frozen at -80°C prior to analysis.

Immunohistochemistry

All samples were fixed in 10% formalin and embedded in paraffin.
Sections (4 pm in thick) were deparaffinized in xylene and hydrated in
graded alcohols. For VEGF and flt-1, no pretreatment was used. For COX-2,
before the immunohistochemical procedure, tissue samples in 0.01M citrate
buffer (pH 6.0) were heated for 10 min in a microwave oven. Endogenous
peroxidase was blocked with 0.3% hydrogen peroxide in absolute methanol
for 20 minutes. The primary antibodies were polyclonal rabbit anti-VEGF
antibody (A-20; Santa Cruz Biotechnology), diluted 1 : 100, polyclonal rabbit
anti-flt-1 antibody (C-17; Santa Cruz Biotechnology), diluted 1 : 50, and
polyclonal rabbit anti-COX-2 antiserum (Cayman Chemical Company, Ann
Arbor, MI, USA), diluted 1 : 300. Tissue sections were incubated with
primary antibody overnight at 4°C. After washing, section were incubated
with Histofine Simple Stain MAX-PO (Nichirei) for 20 min at room
temperature. To demonstrate the immunolabeling, DAB was used as a
chromogen, and hematoxylin was used as a counterstain. Negative controls
included normal rabbit IgG instead of primary antibody at the same

concentration.
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Total RNA extraction

Total RNA was isolated from the normal canine tissues with a TRIzol
Reagent (Invitrogen Corp., Carlsbad, CA, USA) follows the manufacturer’s
instructions. Genomic DNA was digested by incubation with 1 U/ng DNase I
(Promega, Madison, WI, USA) for 30 minutes at 37°C. The quantity of RNA
was determined using absorption at 260 nm on a spectrophotometer. The
first-strand complementary DNA (cDNA) was reverse transcribed from 2 pg
total RNA using the SuperScript First-Strand Synthesis System III for
RT-PCR (Invitrogen) primed by an random primer in 20 pl final volume.
After reverse transcription, the cDNA was diluted 1:10 with sterile distilled
water (DW) and used as a template for the real-time PCR analysis.

Laser microdissection

Frozen tissue samples embedded in Tissue-Tek OCT compound
(SAKURA Finetechnical, Tokyo, Japan) were cut into 8 pm sections in a
cryostat. These frozen sections mounted on glass slides covered with PEN
foil (Leica Microsystems, Wetzlar, Germany) were fixed using air drying for 1
min, with 70% ethanol for 15 sec, and then washed with ultrapure water for
15 sec. The sections were stained with 0.05% toluidine blue solution, pH 4.1,
(Wako Pure Chemical Industries, Osaka, Japan) for 20 sec , and washed
twice with ultrapure water for 15 sec each. The stained sections were air
dried and tumor epithelial cells and stromal cells were collected into two
separate tube caps filled with an appropriate volume of buffer RLT (RNeasy
Plus Micro Kit) (Qiagen, Valentia, Calif., U.S.A.) with the Laser
Microdissection System (Leica Microsystems) (Figure 1). Fig. 4—1 shows
TB-stained sections before and after LMD. The total RNAs were extracted
using RNeasy Plus Micro Kit according to the manufacturer’s instructions.
cDNAs for quantitative PCR were synthesized from 12 pl of the total RNA
solution using a Sensiscript RT kit (Qiagen), 1pM random primer
(Invitrogen), and 10U of RNasin ribonuclease inhibitor (Promega) in a 20pl

final volume.

Quantitative PCR
The specific TagMan probe (Applied Biosystems) and primer pairs
described in table 2. For analysis of ribosomal 18S RNA, TagMan ribosomal
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18S RNA (Applied Biosystems) were used in this study. All PCR
amplifications were carried out in duplicate for each sample, and the mean
values of mRNA expression were calculated as the ratio to those of ribosomal
18S RNA.

Intratumoral microvessel density

To assess the IMVD, the immunolabelled sections were scanned at
low magnification (x100) to identify the areas of the tissues with the highest
number of immunolabelled microvessels, so called “hot spot” (Weidner et al.,
1991). For microvessel scoring, images of the hotspot areas were captured
using picture analysis system (Mac Scope, MITANI Corp.) and 10 fields at

high magnification (x400) were selected and counted the density.

Scoring of immunohistochemistry

The percentages of VEGF-, flt-1-, and COX-2-positive neoplastic
epithelial cells were defined as the ratio of positively stained cells to the total
cell count at high magnification (x400). At least 1000 neoplastic cells were

counted.

Statistical analysis

Fisher’s exact test was used to compare the percentages of VEGF-,
flt-1-, and COX-2-positive normal mammary epithelial cells or neoplastic
epithelial cells among normal, adjacent, benign tumor, and malignant tumor
tissues and to compare the expression levels of VEGF 164 between normal or
neoplastic mammary epithelial cells and stroma. The Pearson correlation
coefficients were used to assess the relationship among the expression levels
of VEGF164, COX-2, and HIF-1a mRNAs. A p-value of < 0.05 was considered

to be statistically significant difference.
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Results

Immunohistochemistry

Immunohistochemical stainings for VEGF, flt-1, and COX-2 were
performed on normal, adjacent, and benign and malignant mammary tumor
tissues. In tumor tissues, VEGF was localized in tumor epithelial cells,
vascular endothelial cells, vascular smooth muscle cells, and macrophages
and showed diffuse pattern in cytoplasm. In normal and non-neoplastic
adjacent tissues, VEGF was detected in some vascular smooth muscle cells
and macrophages and little in normal mammary epithelial cells. Some tumor
specimens showed the strong staining in neoplastic cells that abutting
necrotic area (Figure 1). flt-1 was detected not only tumor epithelial cells but
also normal mammary epithelial cells diffusely and often restricted in
cellular pole. flt-1 was also detected in vascular endothelial cells and
vascular smooth muscle cells in all sample tissues (Figure 2). COX-2 was
detected in the cytoplasm with diffuse to coarsely granular patterns of tumor
epithelial cells, vascular endothelial cells, vascular smooth muscle cells, and
macrophages in tumor tissues. In normal and adjacent tissues, COX-2 was
detected in macrophages and some normal mammary epithelial cells (Figure
3).

The results of VEGF, flt-1, and COX-2 staining are shown in Figure 4,
Figure 5, and Figure 6, respectively. The percentage of VEGF-positive cells
significantly increased from normal and adjacent to benign, and from benign
to malignant tumor tissues however those of flt-1 was not increased
significantly. The percentage of COX-2-positive cells in benign and
malignant tissues significantly increased from normal and adjacent tissues,
although there 1s no significant correlation between benign and malignant
tumor tissues. In all results of immunostaining, there are no significant

correlation between normal and adjacent tissues.

Quantification analysis of gene expression

Eleven samples (4 adjacent tissue and 3 benign and 4 malignant
tumor tissue) were not detectable by real-time RT-PCR. Expression levels of
VEGF164, flt-1, flk-1, HIF-la and COX-2 mRNAs in normal, adjacent,

benign tumor, and malignant tumor tissues were determined using
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quantitative RT-PCR method. However the amount of VEGF164 and flk-1
mRNAs in benign and malignant tumor tissues increase from normal and
adjacent tissues, expression level of flt-1 mRNA show no significant
difference among normal, adjacent, benign tumor, and malignant tumors. In
contrast, the expression level of flt-1 has not shown significant difference
among adjacent, benign, and malignant tissues (Figure 7). Although the
expression level of HIF-la mRNA increased from normal and adjacent
tissues to benign and malignant tumor tissues (Figure 8), there is no
significant correlation among these tissues. The level of COX-2 mRNA
expression significantly increased from adjacent to tumor tissues. In all the
gene expression examined, there is no correlation between benign and

malignant tumor tissues (Figure 9).

LMD

The author determined the amount of VEGF164 mRNA expression in
the normal mammary epithelial cells and stroma isolated from
non-neoplastic adjacent tissues and tumor epithelial cells and stroma from
benign tumor tissues using LMD method (Figure 10). The amounts of
VEGF164 mRNA in tumor epithelial cells of benign tumors were
significantly higher than normal mammary epithelial cells of adjacent
mammary tissues although there is no significant difference between those

in stroma from adjacent and tumor tissues (Figure 11).

Intratumoral microvessel density and endothelial marker

Microvessel density was greater in benign and malignant tumors
than in normal and adjacent mammary tissues although there is no
significant difference between benign and malignant tumor tissues (Figure
12, 13). Similarly, the expression levels of endoglin mRNA was greater in
benign and malignant tumors than in normal and adjacent tissues although
there 1s no significant difference between benign and malignant tumors
(Figure 14).

Correlation among the expression of HIF-1a, COX-2, and VEGF164 mRNA
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A statistically positive correlation was observed between VEGF164
and HIF-la mRNAs (Spearman’s r = 0.5494, p = 0.0036) (Figure 15A).
Furthermore, between HIF-la and COX-2 mRNAs have significant
difference (Spearman’s r = 0.7091, p = 0.0268) (Figure 15B). However, there
was no significant correlation between VEGF164 and COX-2 mRNAs
(Spearman’s r = 0.6429, p = 0.1389) (Figure 15C).
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Discussion

In this chapter, the author examined the expression of VEGF and its
related factors, flt-1, flk-1, HIF-la, and COX-2 in normal, adjacent
non-neoplastic, and benign and malignant mammary tissues of dogs. The
results of the present study show that the amount of VEGF164 mRNA
increased 1n benign and malignant tumor tissues as well as
immunohistochemical staining. These findings are in agreement with the
result in chapter 1 suggested that VEGF expression is up-regulates at
transcriptional level. Strong staining against VEGF in neoplastic cells were
seen 1n abutting necrotic area. This may be considered that abutting necrotic
area 1s likely to be hypoxic and the hypoxia induces both increasing
transcription and decreasing degradation of VEGF mRNA (Levy et al., 1995)
(Ikeda et al., 1995). Many studies are reported about expression of VEGF
mRNA but mostly these used a mixture of neoplastic cells and stromal cells.
These samples may yield confusing data. In the present study, the author use
LMD method to separate neoplastic epithelial cells from stroma in tumor
tissues. In chapter 2, the author shows the results of immunohistochemical
analysis for VEGF on endothelial cells that the percentages of VEGF-positive
microvessel are increased in tumor tissues. In this chapter, the expression
level of VEGF164 mRNA in tumor epithelial cells but not stromal cells
significantly increased than that in adjacent tissues. These results suggest
tumor epithelial cells up-regulate mRNA synthesis of VEGF164 and secret
into vascular endothelial cells in a paracrine manner. The results that
obtained with flt-1 and flk-1 mRNAs showed expression level of flk-1 mRNA
was significantly higher in benign and malignant tumor tissues than normal
and adjacent tissues but not of flt-1. These results are concurrent with the
report that flk-1 is the main receptor that mediates the angiogenic effect of
VEGF in tumor tisseus (Yoshiji et al., 1999) (Takahashi et al., 1995). The
present study showed no significant correlation between the expression of
HIF-1a mRNA and sample types, including adjacent, benign, and malignant
tumor tissues. On the other hand, expression level of COX-2 mRNA was
significantly increased in benign and malignant tumor tissues than normal
and adjacent tissues. These results suggested that the gene expression levels
of VEGF164, flk-1, and COX-2 are increased in tumor tissues but those

should not be regarded as a marker of tumor aggressiveness.
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Both the expression levels of endoglin mRNA and IMVD were
significantly increase in benign and malignant tumor tissues although no
statistically significant differences of those appeared between benign and
malignant canine mammary tumor tissues. These results suggested that
anglogenesis occurs in canine mammary tumor but there is no difference at
the degrees of angiogenesis between benign and malignant tumors. These
results may be explained that canine mammary gland tumors are known
that has a lot of variation in their histology and biologic behavior within the
same diagnosis (Misdorp, 1999).

Hypoxia is considered that one of the most potent inducer of VEGF
expression (Wenger and Gassmann, 1997). In fact, the results presented in
this chapter demonstrated a strong VEGF staining abutting necrotic area.
VEGF expression is regulated at transcriptional level by HIF-1a in response
to hypoxia and growth factor (Forsythe et al., 1996). Although the expression
levels of HIF-la mRNA did not show significant difference between
non-neoplastic tissues and tumor tissues, significant correlation was found
between the expression levels of HIF-1a mRNA and VEGF164 mRNA. This
findings are agreement with the report that HIF-la is a transcriptional
activator of VEGF (Jones et al., 2001). In the present study, the author also
found a significant correlation between HIF-1la mRNA and COX-2 mRNA.
PGE,, prostaglandin product of COX-2, mediates the hypoxic induction of
VEGF in human cancers (Lukiw et al., 2003) (Hemmerlein et al., 2004) (Zhi
et al., 2005) and it is reported HIF-1a mediates COX-2 and VEGF pathway
(Huang et al., 2005). Some studies support the COX-2/HIF-1a/VEGF
pathway possibly playing an important role in tumor angiogenesis. A study
In prostate cancer cells found that NSAIDs reduce HIF-1 protein levels but
the inhibitory effect might be COX-2 independent. Studies on a lung cancer
cell line investigated the role of HIF-1la and the results showed that an
HIF-1la transcriptional inhibitor suppressed VEGF expression induced by
COX-2 (Rapisarda et al., 2002) (Jung et al., 2003). The results in this chapter
support the COX-2/HIF-1a/VEGF pathway in canine mammary gland tumor
related angiogenesis.

In summary, the present study indicates VEGF in canine mammary
tumors 1s mainly expressed in tumor epithelial cells but not in stromal cells
and suggests VEGF expressed in tumor epithelial cells binds flk-1, main
receptor that mediates the angiogenic effect of VEGF. Although 1t 1s not
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shown the correlation between tumor aggressiveness and the gene
expression levels of VEGF164, flt-1, flk-1, COX-2, and HIF-la, the
expression of VEGF164, flk-1, and COX-2 mRNAs are increased in canine
mammary tumors. These results indicate these angiogenesis related factors
plays an important role in canine mammary tumors. The author also
suggests the COX-2/HIF-1a/VEGF pathway possibly playing an important

role 1n canine mammary tumors.
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Table 1

Details of 17 dogs and their diagnosis and the size of tumor

Wi
oS Guanm
T/——f;n'lale ND beagle Normal -

9 female ND beagle Normal =

3 female ND beagle Normal -

4 female ND beagle Normal =

5  spayed 14 mongrel Complex adenoma 4x8x2
¢ female 9 miniature dachshund Complex adenoma 3x2x1
|7 female 11 golden retriever Complex adenoma Ix1x1

§ female 10 Kishu Complex adenoma 1x1x1.5
9  female 3 American cocker spaniel Complex adenoma 1.2x1.2x0.8
10 female 14 pomeranian Complex adenoma ND

11 female 8 welsh corgi Complex adenoma ND

12 female 8 shih tzu Complex adenoma dzxlx2
13 female 1. shih tzu Complex adenoma Bx3x2
14 female 6 papillon Complex adenoma 1xlx1
Llé female 10 miniature dachshund Complex adenoma ND

’16 female ND shiba Complex adenoma 5x3x2
17 spayed 8 shiba Complex adenoma ND

18  female 8 papillon Tubulopapillary carcinoma 4x4x2
19  female 9 miniature dachshund Tubulopapillary carcinoma 16x1x1
20 female 10 mongrel Tubulopapillary carcinoma 2x12x1
1121 spayed ND mongrel Tubulopapillary carcinoma ND

22 female 8 golden retriever Tubulopapillary carcinoma 5x4dx4
i23 female 10 pekingese Tubulopapillary carcinoma Ix2x1
24 female 9 welsh corgi Tubulopapillary carcinoma 1.5x12x1
% spayed 10 yorkshire terrier Tubulopapillary carcinoma S 1lxd
2% female 14 pomeranian Tubulopapillary carcinoma 2x2x1
27 female 8 shih tzu Tubulopapillary carcinoma 15x1.65% 10
8 female 10 miniature dachshund Tubulopapillary carcinoma 3x3x2
29 female ND shiba Tubulopapillary carcinoma ND
Mmale 10 mongrel Tubulopapillary carcinoma 5x4x4
ND = no data 52



Table 2

Sequence of primers and probes for PCR and real-time RT-PCR

—

Gene Sequence Amplicon size
FGFIM F 5-CCCACTGAGGAGTTCAACATCAC-3 143 bp
bEGF164 R 5-CAGGGATTTTCTTGCCTTGCT-3

BGF164 probe  5-TGCGGATCAAACCTCATCAAGGCC-3

W F 5-AAAGCGGTGGTTATCCTAGTCACA-3 112 bp
WF R 5-ACCGATCCCCGATTCCAA-3

F probe 5-AGGCCGCCAGATCCAACCGAGT-3

ploglin F 5-CCGGAAACCCACAGAACTATCT-3 84 bp
mdoglin R 5-CACAGCGGGCAGGACAAG-3

indoglin probe 5-CAGCCCTGGCCTGCCTGACAA-3

[F-la F 5-TGCTGACCCGGCACTCA-3’ 108 bp
[F'la R 5-GGACTAGCTGGCTGATCTTGAATC-3

t

}HF-la probe 5-CAGAGTCACTGGAACTTTCTTTTACTATGCCCCA-3’

tox-z F 5-CGTCCGCGCAGCAAA-3 142 bp
0X-2 R 5-TGTCAGAAATTCCGGTGTTGAG-3’

.C%Z probe 5-ACCCGAACAGGATTCTACGGCGAAAA-3




Figure 1

Immunohistochemical staining for VEGF. (A) Dog 13. Non-neoplastic adjacent tissue. (B)
Dog 13. Benign tumor. (C) Dog 20. Malignant tumor. (D) Dog 21. Neoplastic cells abutting

necrotic area showed strong staining. Asterisk shows necrotic area. Bar = 50 pm (A-C) or
200 pm (D).
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Figure 2

Immunohistochemical staining for flt-1. (A) Dog 13. Non-neoplastic adjacent tissue. (B)
Dog 13. Benign tumor tissue. (C) Dog 20. Malignant tumor tissue. Bar = 50 pm.
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Figure 3

Immunohistochemical staining for COX-2. (A) Dog 13. Non-neoplastic adjacent tissue. (B)
Dog 13. Benign tumor tissue. (C) Dog 20. Malignant tumor tissue. Bar = 50 pm.
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Semi-quantitative analysis of immunohistochemical staining
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Figure 6 )
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Semi-quantitative analysis of immunohistochemical staining
for COX-2. " p <0.05 vs normal, T p < 0.05 vs Adjacent tissues.

Figure 7

] VEGF164
B3 1k 1

(/18s mRNA)

Normal gz
Benign gz

Malignant g

Adjacent tissue

Quantitative analysis of gene expression for VEGF164, flt-1, and flk-1.
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Figure 8 159
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Expression levels of HIF-1a mRNA. There are no significant correlation
among normal, adjacent, and benign and malignant tumor tissues.

Figure 9 101
8 C.8
= xR
: o e
E e
723
g+
0

Normal
Benign|
Malignant

Adjacent tissue

Expression levels of COX-2 mRNA. * p < 0.05 vs normal, " p < 0.05 vs
adjacent tissues.
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Figure 10

LMD method. The mammary epithelial cells could be observed easily and distinguished
from other component in the frozen sections stained with toluidine blue (TB) solution
(A). The mammary epithelial cells were dissected exactly by the UV laser (B).



Figure 11
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Real-time RT-PCR using LMD methods. VEGF164 mRNA was up-regulated in neoplastic
epithelial cells. In contrast, there is no significant difference in stromal cells. "p <0.05 vs
adjacent tissue
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Figure 12
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Figure 13
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Figure 15
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A) Correlation between the expression levels of HIF-1a and VEGF164 mRNAs.
(Pearson’s r=0.549, p=0.004)
B) Correlation between the expression levels of HIF-1a and COX-2 mRNAs (Pearson’s
r=0.709, p=0.027)
() Correlation between the expression levels of VEGF164 and COX-2 mRNAs (Pearson’s
r=0.643, p=O.139)
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Conclusions

This study shows the expression of angiogenic factors and vascular

endothelial markers in canine mammary tumors both protein and gene

levels. As the results, the author concluded as follows.

1.

VEGF and its receptor, flt-1 and flk-1, are distributed in normal canine
tissues and the expression levels of these factors among tissues tended to
be similar.

endoglin, activated endothelial cell marker, is expressed In canine
mammary tumors and has correlation with endothelial cell proliferation
and expression of VEGF. Comparing the vWF, endoglin may be the better
anglogenic marker to assess angiogenesis.

VEGF in canine mammary tumors is mainly expressed in tumor
epithelial cells but not in stromal cells and suggests VEGF expressed in
tumor epithelial cells binds flk-1. Although it is not shown the correlation
between tumor aggressiveness and the gene expression levels of
VEGF164, flt-1, flk-1, COX-2, and HIF-1q, the expression of VEGF 164,
flk-1, and COX-2 mRNAs are increased in canine mammary tumors.
These results indicate these angiogenesis related factors plays an
important role in canine mammary tumors. The author also suggests the
COX-2/HIF-1a/VEGF pathway possibly playing an important role in

canine mammary tumors.
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Japanese Abstract

MRS MR IR A ME IZ X D BBEXLREN/RIGE INS 2D, MEFHLEIZEED
RELEBIERICEETH D, MEBHEIIZSORFLIEEL Ty, =
NOOMEFREER FITEEO FEE T L L THENITORLTWS, FOH
T4 & N HEFEK F vascular endothelial growth factor (VEGF) X, o L
7 I=THoH -1 R flk-1 EREETHI LICLVMEHEDOFR LA REE %
B, £ FOEL DEFSAIZE TR, EEHEASKEND VEGF BHI1XF1% & B
BELTWDZENMEIN, IBABRICBITIEERY—F v hEENTE
V. EETEH VEGF FEx AW FARESEBEEIE IO T 5 E —RIRDIE
FiEE LTT AU @ FDA ICREAEINTW3S,

BEFHEBUIZBNTIE, WO DA XDEE ClE #HAER M/ & &
B, BEOC7 L — ROBEICOWTHERTONR TS HLDOD, EEIZBIT
VEGF 2D Lt 74 —2 80 MEHAERFORBELCMEHERFROBEE T
EELC Do TWARY, b FOBETIMEREICHEL TE OFERTD
NTNDHD, A XUZENTH AL FIER, HLBRERIRECRETSEETH Y,
RMELEMOEENFET S, £, £ < OERFTHRHEHEIZIEEF T O
BEEN S HITH T 5720, F—OEF| TR & FIEEEH O FLARMERE & tL# 4
HZEHLAERETHAHZ Enn, VEGF RMEFHARFOER I T HENREL #E
#rL. $1 VEGF B2 ERAHE KD L5 IR DA EMRH D, Z DL 5 &)
O, BAFFEITA XOHRESE IO L THMEFHFEREZEH T 5720 O EEHEA
e LT, VEGF 2L e LEEMEFHFERFRBEOEMEDEZEL L TOF
i e MEFERFRBLOMEFRAE L OBELZASHCTEI L ZENE L,
REMBEFAR O FEVMFOREBELZIT- T,

FB1E: EFAXHEZKBITA VEGF BLULE 7 ¥ —flt-1., flk-1 ORI L4
i DR TR

WETIINAICKTBEEE L TH VEGF 2L BV L AD TWA 08, BilfE
AL RERBEL 2->TWD, i VEGF MIEFO M & H4 LA b &E %
FoTWaZlitkseExbh, EERMMKICIK TS VEGF OERAMBER &
NTETWS, IHETIIA XOEFICE WV TH VEGF L EBEMEST% & OEE
MESINTETNEA, EFMEBLICEIT S VEGF ORBHMAIZDH - T
WV, £ZTARETIZEREA XOMMBKG F : i, Bk, Ok, 818, T K&,
FARBR. BB . BERE. U o/ B, BENE. RS, 4 61 ILARDICH T 5 VEGF B X
L7 —flt-1, flk-1 OBBRESHEALNICTHZEEZBHE LT,
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VEGF KO flt-1 DAL F AR BUL B MEER DRk 4 72 807 2 BT A 73 2
bhc, EOMBRBICHHFET HME Tk, TEEEEF VEGE, fit-1 & &ic—
HTHMEL T LD, NEMIBICEHBRIZA SN2 o1, £1-. 8 - &I,
&S A X7 L EOBEIC LB E VD ITHR bz -7-, RT-PCR (Z X ViR
E{T 2T X TOEFHMME T VEGF, flt-1, flk-1 O#ETFRELAERIHL, -
NOPEEREBECHIEFAICREB LTS Z EARANT, VEGF (291 C
. BEDOTA Y 7+ —LARHREN, 2ORCTHELAEWLHEMERZ O &
Wbid VEGF164 ORBRENKR LS ~7-, £7-. TBH RT-PCR TIIEH
#IZFB1T 5 VEGF164 & flt-1, flk-1 B F B NIITE UERE % 5 Lize BLE
DFERM S, VEGF & fit-1, k-1 RIEERA XOEBICENTHEBE L T 5
ZEDHER I NI, F£72, VEGF164 B XU flt-1 13, REHEGIEEMIC & 28
JEDPEBRL T LMD EH - 1000 C mRNA ORI E < . REME
DY I3 T2 JEfig72 £ TIiE mRNA OFBE LD ho7- 2 L e VEGF & fit-1
FEE LNV THREBITON TV Z ERTRR I NT-,

F2E A XORMIBIERIZEIT 5N~ — 5 —O

F1EORERNGEBMAKICR T VEGF 0BEFREENMEH A2 K
RILIENEBEZOND, TOMEHEZTMT 5 HikL LT, BIETIIH)
MEFEERLMENE~—V—ORBENBNLNTEY . %< OIEE & H
EOFHE L FEMBBEEL TWAZ ERRMESN TS —FT, 5 ABE L
BRNEVWOIRELH D, TORBHEBEROR—IL, #RFMHA SN T
V% von Willebrand factor (vWF)X° CD31 22 NI ENE~—H—Th 1 .
FEMEDOH RO TEFOMECHRER L CVAH I LICEBETSZ 0 E2 5
No, FAAETHRL LTV HHBRMEKIZIES TLMENEE ICHEET 5 EE
THY, MERNE~—I—Z AWM TIEEZAENE T OBEED M
bEHICE £, MEFEOERZFIMAHERNTESELRH S, ZDLH 7R
BFRNL, LV ERICERBMEEICSTA2MEFELTIML., 70EYEr%d)
COREZRD ZENLETHD, TETIHIEMHE L SN - N MIRICE < RH
T % endoglin AEB SN TE TWVAHDS, A XiZF1T 5% endoglin DA FAMEITR &
TR, EZTERETIE, EEA XOWLR. BHILIREE R OEERS
R DIEREFE DO FLAR % VT endoglin mRNA D345 L. endoglin ® 1
XOHBRER BT 2HEME~—H— L LTOTNESEZRI LT,

RT-PCR (2L Y | endoglin mRNA OF B E | BIEFLIRES CIZEFAR. 3
EEMILMELBRL T, AEICE VI ENTREANT, REMGILFE TIL.
proliferating cell nuclear antigen (PCNA)2SEE & 72 - 7= if & PN RZ Sl DB &
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B LU VEGF B & 22 o 72 & DEIE A, endoglin mRNA 2RI L T -
MECTHERICEWZ LARENT, £7-. VEGF mRNA O %3 83 vWF mRNA
#ELE LY L endoglin mRNA B & & 8V VERA R L 72, PCNA X VEGF (-
Gtttz RTARIIHENEDONE THELEZOLNDZ L0 b, endoglin
mRNA DREHED A X OFREF BV THEHRED~v—H— L LTHAT,
FAELNEOREZKMT 5 Z LRS-,

EI3E A XOIIRIEEICIIT S VEGF BLUOZOBEERFORE

VEGF OREBFAE ZI3kx 2R F 2385 L TWBH2, O THIEBHEEN
DIEMES P LB REEZBoTVALEEILNT VD, ( XOWLBIEEC T
UL LITEEER B A b, ZOEEEIEBRBRECR>THEEEZLND
ZEDL, A XOREBICBWTLIEREED VEGF ORBICEE L T 51
REMEN D D, (KBARFHE A T hypoxia-inducible factor (HIF)-la | TS &
D MIRENORBRBEMT 5RENL2EFTH Y . KEEFELME F Tl VEGF 0fs
BZTlES LT EBMLNTWA, £7-., cyclooxygenase-2 (COX-2) 738 %%
HIZOEFETHOND A, COX-2 (ZLVFEHEIN D prostaglandinEs
(PGE2)?% HIF-la 2/ L TOEHEL2FET L LOHELH S, AZETIE, T
A XOFMR L IFEFTILR. BHILRES. EMALIREEY FV T VEGF &
LFOZDVLE TSI —DRBLE 2 EThE~—I—L LTOFERERTE SN
72 endoglin & DEEE L UFFERF L L THOHIF-1la BLUNCOX-2 L DEE %
HOMZL, CHOMEFHERERFOEEEDEL L TOFMETHZ &
AWML L TREZIT--,

R FHIRE T, LR BRI 1T 5 VEGE O A1 IEE
BEILAR, RYERES, BMEBOMECHEICHEML T, It (o0 T
INLORICHEEENRA LN -T2, COX-2 REBIIEEM F MmN
Fiifa, mEFRmME, v/ n7y—Y CHEREIN, FEEETILIRE L
THREBGHEM CHEMEENEEICE o208, BUIEE L EMEEORICAES
REFRO DN hoT, BIEFRBREIZI O TYH VEGF164 & flk-1, COX-2
O mRNARRBITFEBEBEHMIR & L L TREM R OEMIEE TH B2 MR
DO, flit-1 mRNA IZOWTIE IO DRICEBRENED N7,
%72, HIF-la mRNA [Z5W T BRMEESE RS L OEMIEE TORE &IIEEE
LR K D b @M A b, /NI E % & endoglin mRNA D58 813
FEREGEERFLAR & HB L CREBARR CHEICHM L T -2y, BMAEE - B E
BOMICHEEZITA LN > 7=, Laser microdissection(LMD)i % i\ C jiE

B CIIIES ML & RME A, FERERE T b AR L R A B L . JENEIE
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ER TR & A O VEGF164 mRNA 384 it L /- 68 . BB L
MOV TIRIFREBH AR EA ML 0 b EBICEVRRER L2, BE
COVTHINLOMIZENBO LA oTz, £12. BONET RTORE
CBEWT, EFA XOHIREEBEREBA X OEBHRALBOBIZE T L LN
(EE

UED#ERN G, VEGF164 & flk-1, COX-2 ® mRNA (ZAEE S 351 T8
MUTWBZ EBBALAE Rt BME L OBEIRL DNA T, £
flit-1 IZREBEBE THEERBNIRD SN T, VEGF DL & 7% — ¢ LTitE
(Z flk-1 PIEFHBAN TOMEFAEICEHE L TWA I ENRBEI N, S50,
BEFHkIZ 31T D5 VEGF 164 mRNA 3B OBAEMEMIA CTide < . EICEE
M ERMICHRT A Z ERBE N, SEIOKENS . HIF-la mRNA %
BISREEAAIC SV TRAMER 2% 51, COX-2 3 L U VEGF164 & 0 %
RO LN, A XDOILIRIEEIZ BV T COX-2HIF-1a/VEGF &8 0 5 1E
LTWDAREMED B X bz,

b, KFZEIZLY VEGF £ DLt 7 4% —flt-1, flk-1 ® mRNA L 0X
VEGF L flt-1 DX RV ENRA XOEFHEB THEHEHICREL TV B - L 23T
&, VEGF & flt-1 N&EE L~ THRHEIRTWS - EMTRMEINT, FT-.
A XOIBIEZI BT HMEHFH L ~— N —L LT endoglin EEFRENEHT
HOFREME TR LT, 4 XOIBIERICEBT 5 VEGF o#ANT T &S/
HELTEY, flk-1 %N L CMEHLELEES TS L 2RE L, VEGF &
COX-2D X /37 ERBUTMEFHEDEE 2 KB+ 5 endoglin B 7 R H &
HIZA XOFMRIEE TN L, VEGF # o <27 GidIEE L0 L 72 4 5lhett
e llc, ¥o, A XOBBOMEHEIZHBVTE COX-2/HIF-1a/VEGF &5
PEFETDARRENTBEINZ, Zhbicky, IEFEBERFONFH L
ORFEOBE T NOABIZEL L TWAZ AT, b hOILE L [k
A XDOIREFE TORMEFTERNERH TH 5 AN TR I N,
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