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Fig. 3. Specific binding of Peptide-25N to immobilized vimentin protein. (A) Binding of Peptide-25N to immobilized vimentin protein was verified by adding anti-vimentin
mAD clone VIM3B, unrelated anti-a-actin mAb clone ASM-1 or vehicle. The data are shown as the mean and S.D. from four samples. 'P < 0.005. (B) Binding of Peptide-25N to
immobilized vimentin protein was investigated by adding soluble vimentin. Background of the system is also shown. The data are shown as the mean and 5.0, from four

samples.
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Fig. 4. Contribution of vimentin in binding of Peptide-25 to cell surface of BAECs. (A) The expression of vimentin on cell surface of BAECs was analyzed by FACS. A, Mouse
1gG2a as a negative control; B, anti-vimentin mAb (VIM3B4), The intensity of VIM3B4 (B) was significantly higher than that of contrel (A) (P < 0.001). (B) Binding of biotin-
labeled {25N) or unlabeled (25U) peptide to BAECs was measured as described in Section 2. In some experiments, anti-vimentin mAb (VIM3B4) was added. The data are

shown as the mean and 5.D. of eight samples. "P < 0.01,
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Fig. 5. Contribution of vimentin in LTGF-p activation by Peptide-25. Ta detect
activity of TGF-fi, migration assay was performed in the presence of Peptide-25 or
Peptide-21 (negative control) as described in Section 2. In some experiments anti-
vimentin mAb or mouse IgG1 as a negative control was added. The data are shown
as the mean and SD of four samples. P<005and P<001.

Glu113 to Arg131 in the LAP molecule) could not augment LTGF-f
binding to cells and activation [9]. Therefore, we concluded
that vimentin is involved in the latent TGF-f activation by
Peptide-25.

4. Discussion

Vimentin is one of the cytoskeletal proteins classified as an
intermediate filament. However, vimentin is secreted by activated
macrophages in response to inflammatory signals for efficient kill-
ing of microorganisms [13], suggesting the involvement of vimen-
tin in immune function, Macrophages are thought to be the
principle source of TGF-§ during inflammatory response [14] and
active TGF-f3 is thought to be involved in various inflamed diseases
such as rheumatoid arthritis [15)]. One of the mechanisms of LTGF-
[ activation is partial enzymatic cleavage or degradation of LTGF-§
by such as plasmin, matrix metalloprotease, and calpain [5,6.8] and
the inflamed discases show the elevated activity of those cell-asso-
ciated proteases [5,16]. We speculate the mechanism of LTGF-p
activation by the LAP fragments as following: (1) degradation of
LAP by elevated proteolysis on cell surface generates LAP frag-
ments, (2) active TGF-f is released from latent complex and exerts
its activities, (3) the LAP fragments bind to vimentin on cell sur-
face, (4) binding of LTGF-p to the cell surface is augmented by
the LAP fragment, and (5) the additional activation occurs. To our
knowledge, this is the first report indicating that vimentin is in-
volved in the LTGF-p activation mechanism. The precise mecha-
nisms remain to be elucidated how the LAP fragments and
vimentin can work together to draw the LTGF-f complex to the cell
surface. It is critical to control the excessive activation of LTGF-[3
for the treatment. We expect to develop a new type of TGF-f inhib-
itors through the study of activation of LTGF-[i.
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Vasohibin-1 is a recently identified negative feedback inhibitor or
suppressor of angiogenesis induced by vascular endothelial growth
factor (VEGF)-A. The status of vasohibin-1 in human breast carcinoma
has not been examined. We examined 151 breast specimens including
98 cases of invasive ductal carcinoma (IDC), 12 of ductal carcinoma
in situ (DCIS), 16 of fibroadenoma (FA), six of inflammatory lesion,
nine of fibrocystic change and seven of non-pathological breast tissue.
We immunolocalized vasohibin-1 and compared its immunoreactivity
to that of VEGF-A, basic fibroblastic growth factor (bFGF), VEGF
receptor 2 (Flk-1), CD31, CD34 and Ki-67/MIB-1. The correlation of
vasohibin-1 immunoreactivity with overall survival (0S), and disease-
free survival (DFS) of the patients with breast carcinoma was also
evaluated. In addition, we evaluated Ki-67 and €D31, and Ki-67 and
vasohibin-1 double-immunostaining for further characterization of
neovascularization. Vasohibin-1 was detected in endothelial cells of
human breast and its immunodensity was significantly higher in IDC
and inflammatory lesions than the other types (P < 0.001). In addition,
a significant positive correlation was detected between vasohibin-1
and VEGF-A, bFGF or Flk-1 (P <0.001). There was also positive
associations between vasohibin-1 and OS (P = 0.004) and between
vasohibin-1 and DFS (P <0.001) in carcinoma cases. Results of
double-immunostaining demonstrated the ratio of Ki-67-positive
cells among vasohibin-1-positive endothelial cells (46.5%) was
significantly higher than those among CD31-positive cells (23.5%).
This is the first study demonstrating the status of vasohibin-1 in
human breast lesions, which indicates that vasohibin-1 is associated
with neovascularization and may especially play important roles in
the regulation of intratumoral angiogenesis in human breast cancer.
(Cancer S¢i 2009; 100: 88-94)

Angiogcﬂesis or the formation of new blood vessel
networks, not only plays a pivotal role in human normal
development, but also in pathophysiological conditions such as
inflammatory diseases and neoplasms. Angiogenesis is generally
regulated by an in situ balance between stimulatory and
inhibitory factors of angiogenesis.!” However, this “angiogenic
homeostasis™ may be disrupted in pathological conditions such
as cancer and dysregulated or excessive production and/or secretion
of angiogenesis inducers result in excessive formation of abnormal
blood vessels. In general, various biological phenomena in
physiological conditions are under stringent control by numerous
negative feedback systems as seen in endocrine mechanisms the
including hypothalamic—pituitary—adrenal system (o maintain
their homeostasis. However, little has been known about such
negative feedback mechanisms of angiogenesis in both
physiological and pathological conditions,

Vasohibin-1 has been very recently identified as one of the first
established negative feedback regulators of angiogenesis.*™
This interesting factor was identified as one of vascular endothelial
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growth factor (VEGF)-induced genes with anti-angiogenic prop-
erties in endothelial cells (EC) using cDNA microarray analysis, 4%
Vasohibin-1 was subsequently demonstrated to be specifically
expressed in EC in response lo angiogenic stimulators such as
VEGF and basic fibroblastic growth factor (bFGF)."**" Vasohibin-
1 is also abundantly present in human placenta and fetus®** in
which angiogenic events markedly occur in vivo. VEGF-A is the
most potent factor for angiogenesis among known VEGF family
members, stimulating protease synthesis, migration and prol-
iferation of EC.™” In addition, the great majority of VEGF-A-
mediated signals are transduced via VEGF receptor 2 (Flk-1)®
and protein kinase C8 (PKC38), one of the signals located in
important downstream intrasignaling pathway of Flk-1, and they
also induced vasohibin-1 expression markedly.” Yoshinaga
et al. demonstrated that the VEGF-A-mediated induction of
vasohibin-1 was preferentially mediated via the Flk-1 signaling
pathway in human endometrial carcinoma.” However, the status
of vasohibin-1 in other human malignancies has not been exam-
ined in detail.

Therefore, in this study, we first immunolocalized vasohibin-1
in human breast disorders including breast cancer in order to
examine whether this factor is expressed in endothelial cells or
not in human breast tissues. We then correlated the findings with
various clinicopathological factors of the cases including micro-
vessel density (MVD)Y'™"" in order to correlate the status of
vasohibin-1 with vascularity of the lesions. We also correlated
vasohibin-1 immunoreactivity with ncovascularization or prolif-
erating endothelial cells using double immunostaining of Ki-67
in order to further characterize vasohibin-1 expression and its
clinical and/or biological significance in human breast disorders.

Materials and Methods

Breast tissue specimens. We retrieved 151 Japanese female
cases of breast tissues [rom surgical pathology files of Tohoku
University Hospital (Sendai, Japan). These subjects were operated
on between 1995 and 1998 at the Department of Surgery,
Tohoku University Hospital. The median age of the patients
was 48 years (range, 15-81). The protocol for this study was
approved by the Ethics Committee at Tohoku University School
of Medicine (Sendai, Japan). The relevant clinicopathological
information including age, histological type, stage classification,
histological grade for invasive ductal carcinoma (IDC), grading
scheme for ductal carcinoma in sirw (DCIS) (van Nuys
classifications'”” for DCIS and Tlmic) are summarized in
Table 1. Histological findings were 98 cases of IDC including
eight cases of Tlmic, 12 of DCIS, 16 fibroadenoma (FA), six of
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Table 1. Clinicopathological characters of examined cases

Histolegical type

IDC 98

(T1mic) 8

DCls 12

FA 16
Inflammatory lesion 6

Fibrocystic change 9
Non-pathological breast tissue 7

Age, years (range)

All cases 48 years (15-81)
IDC 53 years (28-81)
DCIS 47 years (40-81)
FA 39 years (15-52)

Inflammatory lesion
Fibrocystic change
Non-pathological breast tissue
UICC stage grouping

49 years (35-70)
47 years (39-48)
40 years (34-48)

Stage 0 T2
Stage | 38
Stage Il 36
A 23
1B 13
Stage Il 18
I A 8
1B 6
1 c 4
Stage IV 6
Histological grade (for IDC)
G1 34
G2 42
G3 14
Van Nuys scheme (for DCIS and T1mic)
Group 1 8
Group 2 12

DCIS, ductal carcinoma in situ; FA, fibroadenoma; IDC, invasive ductal
carcinoma; UICC, International Union Against Cancer staging.

inflammatory lesion, nine of fibrocystic change and seven of

non-pathological breast tissue taken from the lumpectomy

specimen for breast cancer operation, In the nine cases of

fibrocystic change, we evaluated vessels in the areas adjacent to
adenosis or ductal hyperplasia. Stage grouping was based on
TNM Classification of Malignant Tumaors Sixth Edition by the
International Union Against Cancer (UICC)."" The tumor grade
was determined according to the criteria of Elston and Ellis.""

Immunohistochemistry. We performed immunohistochemical
staining for vasohibin-1, Flk-1, CD31, Ki-67, VEGF-A and FGF-2.
The specimens had been fixed in 10% formalin, embedded in
paraffin, cut into 4-pum thick sections and placed on glue-coated
glass slides. Sections were deparaffinized in xvlene, and hydrated
with graded alcohols and distilled water. Endogenous peroxidase
activity was blocked by 3% hydrogen peroxidase for 10 min at
room temperature. Antigen retrieval was performed using Autoclave
(TOMY SX-500 HIGH PRESSURE STEAM STERILIZER, TOMY
SEIKO CO., LTD, Tokyoe, Japan) in 10 nmol ethylene diamine
tetra acctate (EDTA; pH 8) for vasohibin-1 and in citrate buffer
for Flk-1, CD31, Ki-67 and FGF-2, heated at 121°C for 5 min,
and for VEGF-A using microwave in citrate buffer for 15 min.
Sections were subseguently incubated for 30 min at room
temperature (RT) in a blocking solution of 10% rabbit serum
(Nichirei Biosciences, Tokyo, Japan) for vasohibin-1, Flk-1,
CD31, CD34 and Ki-67, and a blocking solution of 10% goat
serum (Nichirei Bioscience) for VEGF-A and FGF-2, and then
immunostained for 16 h at 4°C with primary antibodies. The

Tamaki et al.

primary antibodies of vasohibin-1. Flk-1. CD31, Ki-67, VEGF-1 were
mouse monoclonal antibodies, whereas the primary antibody
against FGE-2 was a rabbit polyclonal antibody, and were used
as follows: antihuman vasohibin-1 monoclonal antibody®'®
diluted at 1:3200; anti-VEGFR-2 (Flk-1; Santa Cruz Bio-
technology, Santa Cruz, CA, USA) diluted at 1:3200; anti-CD31
(Dako, Copenhagen, Denmark) diluted at 1:40; anti-CD34
(Nichirei Bioscience) diluted at 1:100, Ki-67 (Dako) diluted
1:300; anti-VEGF-A (Laboratory Vision, Fremont, CA, USA)
diluted at 1:50; and anti-FGF-2 (Santa Cruz Biotechnology)
diluted at 1:100. Antihuman vasohibin-1 monoclonal antibody
(mAb) was raised against the synthetic fragment (Gly286-
Arg299) of human vasohibin-1 as described by Watanabe
et al.”’ The specificity and sensitivity of this mAb was confirmed
by both western blotting and immunohistochemical analysis.”™
For vasohibin-1, Flk-1, CD31, CD34 and Ki-67 immuno-
histochemistry, secondary antibody reactions were performed
using biotinylated rabbit antimouse antibody (Nichirei Bio-
science) at a dilution of 1:100 for 30 min at RT and peroxidase-
conjugated avidin (Nichirei Bioscience) was used according to
the manufacturer’s instructions. Envision (Dako) was used for
immunostaining of VEGF-A and FGF-2. Reacted sections were
visualized using 3,3’-diaminobenzidine-tetrachloride (DAB)/30%
H,0, in 0.05 mol/L. Tris buffer (pH 7.6) and counterstained
with hematoxylin—cosin (HE) for nuclear staining.

Double staining procedure. For the quantification of prolifer-
ating endothelial cells, Ki-67/CD31 and Ki-67/vasohibin-1
double-labeling immunohistochemical staining was performed.
A mAb directed against Ki-67 (Dako) was diluted at 1:300
following antigen retrieval using Autoclave in a citrate buffer,
and incubated for 30 min at RT in a blocking solution of 10%
rabbit serum (Nichirei Bioscience). A secondary antibody
reaction was performed using biotinylated rabbit antimouse
antibody (Nichirei Bioscience) at a distribution of 1:100 for
30 min at RT. Peroxidase-conjugated avidin (Nichirei Bioscience)
was subsequently used in this study. DAB was used to visualize
the binding of the first antibody. Antigen retrieval was then
performed using a microwave for 15 min in 10 nmol EDTA
(pH 8) for vasohibin-1 and in a citrate buffer for CD31. The
reacted sections were then incubated for 30 min with antibodies
against vasohibin-1 diluted at 1:3200 and CD31 (Dako) diluted
at 1:40. Following the reaction with biotinylated rabbit antimouse
antibody (Nichirei Bioscience) diluted at 1:100 as a secondary
antibody and alkaline phosphatase-conjugated avidin (Nichirei
Bioscience), an alkaline phosphatase substrate kit 11l (Vector
Laboratories, Burlingame, CA, USA) was employed./'*!"

Immunohistochemical analysis. Two of the authors (K. T. and
Y. M.) independently evaluated the immunohistochemical staining
of the tissue sections, They were blinded to the clinical course of
the patients and the average of numbers counted by the two
invesligators was used for subsequent analysis. We used Olympus
(Tokyo. Japan) BX350 and 20X objectives for the analysis.

The number of microvessels was counted within the tumor of
IDC and FA, whereas in DCIS, the number of vessels in the
stroma among intraductal components was evaluated. In inflam-
matory lesions, fibrocystic change and non-pathological breast
tissues, the greatest number of vessels in the tissue sections was
determined as MVD. "2 Microvessels were identified based
on the architecture, lumen lined by endothelial cells, comple-
mented by positivity of the endothelial cells with anti-CD31
after scanning the immunostained section at low magnification
(%40 and x100).""" The areas with the greatest number of
distinctly highlighted microvessels were selected, and counted at
one higher power (x200).""“'""" Any immunostained endothelial
cells or clusters separated from adjacent vessels were counted as
a single microvessel, even in the absence of vessel lumen. Each
single count was defined as the highest number of microvessels
identified at the “hot spot”, Vasohibin-1- and Flk-1-positive signals
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Fig. 1. Representative illustrations of histological and immunchistochemical findings of breast carcinoma cases examined. (A,B) Two invasive
ductal carcinoma (IDC) cases stained positively for CD31 and vasohibin-1, whereas (C) a ductal carcinoma in situ (DCIS) case stained positive only

for CD31 and not for vasohibin-1. (Original magnification, x200.)

were counted in the hot spot in which the highest number of
anti-CD3 1 -positive vessels was identified. We also counted the
average of vasohibin-1-positive vessels in 10 representative
fields per case (x200). We defined vasohibin-1-positive ratio as
the number divided by the number of vasohibin-1-positive vessels
by that of CD31-positive vessels in the hot spot. An evaluation
of Ki-67 immunoreactivity was performed at high power field
(%400) and used as a marker of cell proliferation. More than 500
tumor cells from each of three different representative fields
were evaluated and the labeling index was subsequently obtained.
VEGF-A immunoreactivity was evaluated using grading, inter-
preting both relative immunointensity and the proportion of
tumor cells associated with an unequivocal positive reaction.'?%
Relative immunointensity was graded O (no staining) to 3 (strong
staining), percentage of cells staining positive as 0 (no tumor
cells positive), | (positive staining in <10% of the wmaor cells),
2 (positive staining in 10-50% of the tumor cells) and 3 (positive
staining in >50% of the tumor cells)."*" A semiquantitative
method was used to evaluate the degrees of FGF-2 immunos-
taining ranging from 0 (no expression), 1 (weak), 2 (moderate) to
3 (highest level of expression).*" The proportion of proliferating
endothelial cells (CD31 and vasohibin-1-positive vessels) was
defined as the number of endothelial cells with Ki-67-stained
nuclei divided by the total number of endothelial cells.
Analyzes of OS and disease-free survival (DFS) curves were
performed by employing the Kaplan-Meyer method. The segre-
gation point of the parameter at 21 for vasohibin-1-positive
vessels was determined by the Cox proportional hazards regression
model. The values of survival rates represented estimated survival
rates. Factors independently associated with 08§ and DFS —
vasohibin-1, MVD, VEGF-A and Ki-67 — were identified by
multivariate analyses using multiple regression analysis.

90

Statistical analysis, such as the one-factor ANova and simple
regression analysis, were performed using StatMate I for
Windows ver. 3.18 (ATMS, Tokyo, Japan). The results were
considered significant at P < 0.05.

Results

MVD. The representative findings of immunostaining for HE,
CD31 and vasohibin-1 are illustrated in Fig. |. The average
number of microvessels detected by CD31 was 24.6+8.3 in
1DC, 2174017 in DCIS, 2635157 4n FA, 3424 154 i
inflammatory lesions, 20.6 £ 14.4 in fibrocystic change and
13.6 £10.3 in non-pathological breast tissue, respectively.
Statistically significant differences of MVD among the lesions
were delected only between IDC and non-pathological breast
tissue (P = 0.001),

Vasohibin-1 immunohistochemistry. Vasohibin-1 immunoreactivity
was detected only in endothelial cells (Fig. ). Vasohibin-1-
positive microvessels in the hot spot were 20.9 +7.7 in IDC,
5.3+5.5 in DCIS, 4.6 £4.1 in FA, 23.7 £9.7 in inflammatory
lesions, 4.6 £6.3 in fibrocystic change and 1.3+ 1.8 in non-
pathological breast tissue. There were statistically significant
differences between IDC and four other histological types of
breast tissues examined (DCIS, FA, fibrocystic change and
non-pathological breast tissue; £ < (0.001) (Fig. 2A). The ratio
of vasohibin-1/CD3 1" was 0.857 £ 0.193 in IDC, 0.279 + 0.308
in DCIS, 0.183 £0.146 in FA, 0.713 £ 0.200 in in{lammatory
lesions, 0.237 +0.332 in fibrocystic change and 0.112 £ 0,136
in non-pathological breast tissue. There were significant
differences between IDC and all other histological types
(P <0.001) (Fig. 2B). The average number of vasohibin-1-positive
vessels per 10 fields (x200) were 15.3+6.1in IDC, 44 +4.1 in

doi: 10,1111/].1349-7006.2008.01015.x
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Fig. 2.

Analysis of vasohibin-1 immunohistochemistry according to histological subtypes. (A) Number of vasohibin-1-positive vessels in the

‘hotspot’. (B) Vasohibin-1-positive ratio defined as the vasohibin-1-positive vessels/CD31-positive vessels, (€) Average of vasohibin-1-positive vessels
in 10 different fields. The lower boxes are the statistical analysis compared with invasive ductal carcinoma (IDC) cases.

DCIS, 29+2.6 in FA, 15.7+£5.0 in inflammatory lesions,
3.1 £4.1 in fibrocystic change and 0.7 + 0.7 in non-pathological
breast tissue. There were also statistically significant differences
between IDC and four histological types (DCIS, FA. fibrocystic
change and non-pathological breast tissue. P < 0.001). No sign-
ificant differences were detected between IDC and inflammatory
lesions (P = 0.781) (Fig. 2C).

Correlation between vasohibin-1-positive vessels and Ki-67
labeling index in carcinoma cells. A significant positive correlation
was detected between the number of vasohibin- I-positive vessels
and Ki-67 labeling index in breast tumor cells (£ < (0,.001).

Correlation between vasohibin-1-positive vessels and VEGF-A
status in carcinoma cells. The number of vasohibin-1-positive
vessels was 5.8 + 5.5 in VEGF-A of score 0, 11.0 + 9.4 of score
2, 15.1£10.0 of score 3, 17.5 £ 10.1 of score 4, 22.1 £ 8.9 of
score 5 and 22.7+5.7 of score 6. There was a statistically
significant association between vasohibin-1 in the vessels and
VEGF-A scores in carcinoma cells (P < 0.001) (Fig. 3A).

Correlation between vasohibin-1-positive vessels and FGF-2 in
carcinoma cells. The number of vasohibin-l-positive vessels was
6.3 1+6.1 in FGF-2 of score 0, 19.1 £ 6.5 of score 1,219+ 7.2
of score 2 and 26.8 + 8.4 of score 3. A statistically significant
association was detected between vasohibin-1 immunoreactivity
in the vessels and FGF-2 scores in carcinoma cells (P < 0.001)
(Fig. 3B).

Correlation between vasohibin-1 and Flk-1 in microvessels in breast
carcinoma. A significantly positive correlation  was  detected
between vasohibin-1 and Flk-1 positive ratios in microvessels
(P < 0.001) (Fig. 3C).

Correlation between vasohibin-1 and clinical stage of breast
carcinoma cases. The number of vasohibin-I-positive vessels was

Tamaki et al.

53+5.5 in TNM Stage 0, 19.6 £6.7 in Stage I, 18.7+ 8.6 in
Stage II A, 22.1 £8.3 in Stage Il B, 23.8 £ 5.8 in Stage III A,
28.7+7.5 in Stage IIl B, 23.0+7.5 in Stage III C and
21.2+5.6 in Stage IV, Statistically significant differences were
detected only between IDC and DCIS (P < 0.001) with no
significant differences among the different stages of IDC.

Correlation between vaschibin-1 and histological grades of breast
carcinoma cells. The number of vasohibin-1-positive vessels among
different groups of carcinoma cases and histological grade was
184475 in grade I, 20.8 7.0 in grade II and 28.0+ 8.0 in
grade III. There were statistically significant differences of
vasohibin-1 density between grade I and 111, and grade 11 and 111
cases (P < 0.001) with no significant difference between grade 1
and II cases (P = 0.14684).

Correlation between vasohibin-1 and overall survival or DFS in
breast carcinoma patients. Patients were tentatively classified into
two different groups according to the number of vasohibin-1-
positive vessels: 0-20 and 21 or more. The 10-year overall
survival rates were 0.932203 and 0.72549 among these (wo
groups, respectively. (The total 10-year overall survival rate in
this cohort of patients was 0.838836.) Statistically significant
differences in the 0-20 and 21 or more groups was P = 0.004
(Fig. 4A). The 10-year DFS were 0.92736 and 0.708333,
respectively, in these two groups. Statistically significant
differences were also detected in the 0-20 and 21 or more
groups was at P £ 0.001. (The total 10-year DFS rate was 0.81777;
Fig. 4B.) The following variables were included in the multivariate
analysis of OS: vasohibin-1, MVD, VEGF-A and Ki-67. This
multivariate analysis demonstrated that vasohibin-1 was associated
with VEGF-A (P = 0.038) and Ki-67 (P < 0.001), but was not
associated with MVD (P = 0.083). The multivariate analysis of
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Fig. 3. (A) Result of the correlation between vasohibin-1-positive vessels and vascular endothelial growth factor (VEGF)-A expression in the tumor
cells. (B) Result of the correlation between vasohibin-1-positive vessels and fibroblastic growth factor (FGF)-2 expression in the tumor cells. (C)
Correlation between vasohibin-1 and Flk-1 in the 'hot spot’.
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Fig. 4. Summary of analysis of (A) overall survival and (B) disease free survival in relation to the status of vasohibin-1 expression. Patients were
tentatively classified into two different groups according to the number of vasohibin-1-positive vessels; 0-20 and 21 or more.

DFS also revealed that vasohibin-1 was associated with VEGF-  Discussion

A (P =0.004) and Ki-67 (P < 0.001), but was not associated

with MVD (P =0.081). One of the most important functions of vasculature in general
Double immunostaining with Ki-67 in microvessels. Ki-67/  is to supply nutrients the distal organs. Three major types of

vasohibin-1 double immunostaining analysis demonstrated that  regulation occur in the maintenance of vasculature: (i) vasodilation;

Ki-67 labeling index of vasohibin-1-positive vessels was 460.5%  (ii) changes in capillary permeability; and (iii) growth and

(33.3-62.5%), whereas that of CD31-positive vessels was 23.5%  development of new vesscls, also known as angiogenesis.*+%

(12.7-37.5%) (Fig. 5A,B). Angiogenesis is a pivotal event in various biological processes
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Fig. 5. Representative illustrations of double
immunostaining for determining proliferating
endothelial cells. (A) CD31/Ki-67 double staining;
(B) vasohibin-1/Ki-67 double staining (arrow). (A)

&)

200 pm 200 pm

1

CD31 and (B) vasohibin-1 were colored blue, and
Ki-67 was colored brown.

under both physiological and pathological conditions. Physiological
conditions include embryonic development, reproduction and
wound healing, and pathological conditions include cancers and
inflammatory conditions."' /n siru balance belween angiogenesis
stimulators such as VEGF and bFGF and inhibitors such as
thrombospondin-1 (TSP-1) and pigment epithelium derived
factor (PEDF) is generally considered to regulate the process of
angiogenesis.'"' Negative feedback regulation is considered one
of the most important physiological mechanisms with which
bodies are endowed, and has been demonstrated to be involved
in a wide range of biological phenomena.”™ This regulation is
most effectively performed through the factors produced in
endothelial cells but the endothelium-derived negative feedback
regulators of angiogenesis have not been elucidated. Vasohibin-
| is therefore the first secretory anti-angiogenic factor from
endothelial cells themselves induced by VEGF in EC.H#
The other anti-angiogenic regulator has been very recently
identified and termed vasohibin-2 but this factor lacks the
property of VEGF-A or bFGF inducibility in contrast to vasohibin-
1.%% Vasohibin-1 immunoreactivity was exclusively detected in
endothelial cells in the present study, which is also consistent
with results of previous studies of endometrial carcinoma in
lung carcinoma® and ischemic retina.”” This is the first study
to examine the status of vasohibin-1 in human breast disease
in which angiogenesis also plays important roles in both
physiological and pathological conditions.

Breast cancer has also been considered an angiogenic-dependent
disease as in other human malignancies and angiogenesis has
been demonstrated to play an essential role in breast cancer
development, invasion and metastasis."** MVD assessed by
CD31, CD34 and Factor VIII is generally considered as a gold-
standard surrogate marker of tumor angiogenesis and has been
also proposed by some investigators to identify patients at high
risk of recurrence more precisely than classical indicators.'!"

In this study, we first examined how the vasohibin-1 expression
was correlated to the MVD status. Vasohibin-1 immunodensity
tended to be concordant with MVD in human breast tssues but
they were not always parallel. The vasohibin-1 immunodensity
was significantly higher in IDC than in DCIS but there was no
difference of MVD between these two lesions. In addition,
results of double immunostaining analysis which could simulta-
neously demonstrate two different proteins in the same cells,
demonstrated the significant positive correlation between Ki-
67-positive proliferating vascular endothelial cells, which may
represent neovascular formation''®'” and vasohibin-1-positive
endothelial cells. Indeed, the Ki-67 labeling index among
vasohibin-1-positive endothelial cells was significantly higher
than Ki-67 in all CD31-positive endothelial cells. These results

Tamakietal

CD31/Ki-67 double-labeling

Vasohibin-1/Ki-67 double-labeling

will clearly indicate that vasohibin-1 is considered a more
appropriate biomarker for intratumoral neovascularization
compared to CD31, which may detect all the vasculature including
both resting and proliferating endothelial cells.

Results of our study also demonstrated the positive correlation
between vasohibin-1 and VEGF-A or bFGF in carcinoma cells
or FIk-1 in intratumoral endothelial cells, which also suggest that
the vasohibin-1 in vasculature in human breast carcinoma is induced
by VEGF-A, bFGF/FIk-1 signaling pathway. PKCS was reported to
play an important role in an induction of vasohibin-1 in endothelial
cells.™ Therefore, vasohibin-1 is supposed to be induced in the
downstream of VEGF-A, bFGF/FIk-1 signaling pathway. Further
investigations are necessary (o reach the final conclusion.

The expression of vasohibin-1 in EC was proposed 1o be
regulated either positively or negatively by certain factors at the
transcriptional level, and this may influence the process of
angiogenesis.""” Another in vivo study also demonstrated the
significantly positive correlation between vasohibin-1 and Flk-1
expression in vasculature of human endometrial carcinoma,”
Significantly higher vasohibin-1 immunodensity in IDC than
DCIS in our present study of human breast also indicate that the
anti-angiogenic compensatory mechanism may be operational in
mvasive breast carcinoma, possibly in response to induction of
angiogenesis by various factors related to carcinoma invasion
into the surrounding stroma.

Results of several recent studies demonstrated the possible
correlation between VEGF status in carcinoma cells and clinical
oulcome in breast cancer patients. VEGE was proposed to be
correlated with worse DES and overall survival rates especially
in the patients with early-stage breast cancer.* VEGF expression
in carcinoma cells was also reported as an independent prognostic
marker in both node-positive and node-negative breast cancers.”™
Many previous immunohistochemical studies of MVD assessed
by CD31, CD34 or Factor VIII antigen in human breast cancer
demonstrated that high MVD in invasive ductal carcinoma is
usually correlated with a greater likelihood of metastatic disease,''”
shorter relapse-free intervals and reduced overall survival in
patients with node-negative breast cancer.''" We therefore exam-
ined whether vasohibin-1 immunoreactivity is correlated with
OS and DFS of the patients. Results of our study demonstrated
that the cases with a higher number of vasohibin-1-positive vessels
tended to be associated with better and statistically significant
OS. In addition, a statistically negative or inverse correlation
was detected between vasohibin-1 immunodensity and DFS, These
results all suggest that an evaluation of the number of vasohibin-
I-positive vessels may become one of the prognostic markers
for metastasis and prognosis but it awaits further investigations
to establish this approach as a surrogate marker such as MVD.
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Recently, newer targeted therapies toward the control of
tumor neovascularization such as anti-VEGF therapy have been
developed in phase II and III clinical trials and demonstrated
the clinical effects such as reduction of tumor angiogenesis
and inhibition of solid tumors proliferation, either alone or in
combination with chemotherapy.™*** In our present study,
vasohibin-1 immunohistochemical staining was demonstrated to
reasonably reflect the status of angiogenesis, and vasohibin-1
itself may be considered for anti-VEGF and anti-angiogenesis
drugs to control tumor angiogenesis in future,
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Expression of Vasohibin, an Antiangiogenic Factor,
in Human Choroidal Neovascular Membranes

RYOSUKE WAKUSAWA, TOSHIAKI ABE, HAJIME SATO, MADOKA YOSHIDA, HIROSHI KUNIKATA,
YASUFUMI SATO, AND KOH]JI NISHIDA

® PURPOSE: To determine whether vasohibin, an antian-
giogenic factor produced by vascular endothelial cells, is
expressed in the choroidal neovascular (CNV) mem-
branes obtained from human eyes with age-related
macular degeneration (AMD) or polypoidal choroidal
vasculopathy (PCV).

® DESIGN: Retrospective, interventional case series.

® METHODS: The medical charts of 21 eyes of 21 patients
with AMD or PCV who underwent surgical removal of
the CNV membrane were reviewed. The removed tissues
were immunostained for von Willebrand Factor (vWF),
vascular endothelial growth factor (VEGF), and vaschibin.
The levels of the messenger ribonucleic acid of VEGF,
VEGFR2, and vasohibin were determined by real-time
reverse-transcriptase polymerase chain reaction (RT-PCR)
from the CNV membranes excised from nine AMD and
nine PCV patients.

® RESULTS: The patients were divided into three groups;
four patients were placed in the most active group
(Group H), 13 in the less active group (Group E), and
four in the nonactive group (Group S). Immunohisto-
chemistry showed that vasohibin, vWF, and VEGF were
expressed in the vascular endothelial cells in the CNV
membranes and in the polypoidal vessels. RT-PCR
showed that there was a strong correlation between the
level of expression of VEGFR2 and vasohibin (P =
.0002). Eyes with a lower vasohibin-to-VEGF ratio
tended to have larger subretinal hemorrhages or vitreous
hemorrhages, whereas eyes with higher vasohibin-to-
VEGEF ratio had subretinal fibrosislike lesions. Statistical
analysis of the vasohibin-to-VEGF ratio among the three
groups was significant (P = .0209).

¢ CONCLUSIONS: Vasohibin is expressed in human CNV
membranes. Qur results indicate that the vaschibin-to-
VEGF ratio may be related with the activity of the CNV.

AlOLcom| .
”—_J Supplemental Material available at AJO.com.
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HREE FACTORS HAVE BEEN SUGGESTED TO CONTRCOIL

vasculogenesis and angiogenesis. These factors are:

vascular endothelial growth factors (VEGFs) and
VEGF receptors, angiopoietins (Ang) and Tie receprors,
and the ephrins and Eph receprors. ' The Ang-Tie system
stabilizes the vascular wall, and the ephrin-B2-EphD4
system is required for the differentiation of vascular endo-
thelial cells (ECs) during the earliest stages of arterial and
venous development. The VEGFs and VEGF receptors play
important roles in vasculogenesis, angiogenesis, and stabiliza-
tion of mature vessels. VEGF receptor 2 (VEGFR2) is well
accepted as the receptor that mediates functional VEGF
signaling in ECs.

Neovascularization is the major cause of blindness in
many ocular diseases. Age-relared macular degeneration
(AMD) is the most common cause of central vision loss in
the elderly population of developed countries,” and the
development of choroidal neovascularizations (CNVs) is
characteristic of the exudative form of AMD. A CNV
leads to subretinal hemorrhages, exudartive lesions, serous
retinal detachmenr (RD), and disciform scars.

Endothelial cells, retinal pigment epithelial (RPE) cells,
and macrophage-like mononuclear cells have been re-
ported to be the major cellular components of CNV
membranes, and they produce many different kinds of
proangiogenic and antiangiogenic factors.”'* VEGF is one
of the proangiogenic factars that plays major roles in the
development of CNVs. '

Polypoidal choroidal vasculopathy (PCV), first de-
scribed by Yannuzzi and associates, is characterized by an
abnormal network of choroidal vessels with polyp-like
dilations at the terminals of the branches.'* Whether PCV
represents a kind of CNV is still being debated, but PCV
resembles AMD clinically and is relatively more common
in the Japanese'’ and Chinese persons than in White
persons.'® Recent studies have demonstrated that VEGF
was expressed in the ECs and RPE cells of a PCV lesion.'!

Vaschibin recently was reported to be a VEGF-inducible
gene in human cultured ECs,'” and it is a secretory protein
made up of several processed forms, for example, 27, 32,
36, 42, and 44 kDa."® It has been reported that recombi-

Seiryo-cho, Aocba-ku, Senda 980-8574, Miyagi, Japan; c-mail: : :
ckd19390@rio.odn.ne.p nant vaschibin inhibited the network formation of ECs in
0002-9394/08/$34.00 © 2008 BY ELSEVIER INC. ALL RIGHTS RESERVED, 1
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TABLE 1. Clinical Characteristics of 11 Patients with Age-Related Macular Degeneration and 10 with Polypoidal
Choroidal Vasculopathy

Case No. Age (yrs) Gender Diagnosis TAP Classification Lesion Size* Subgroup Analysis
1 56 M AMD Predominantly classic 0.9 E IHC
2 72 M AMD Minimally classic 2.8 E IHC
3 73 F PCV Occult 3.4 E IHC
4 76 M AMD Minimally classic 4.0 H RT-PCR
5 65 M AMD Occult 4.8 H RT-PCR
6 49 F AMD Predominantly classic 1.3 E RT-PCR
7 85 M AMD Predominantly classic i | E RT-PCR
8 68 F AMD Minimally classic g E RT-PCR
9 64 M AMD Minimally classic 3.3 E RT-PCR
10 78 M AMD Minimally classic 4.1 E RT-PCR
11 73 M AMD Staining" 1.4 s RT-PCR
12 65 M AMD Staining’ 1.9 ] RT-PCR
18 76 M PCV Ocoult 6.2 H RT-PCR
14 56 M PCV Vitreous hemorrhage? H RT-PCR
15 69 M PCV Minimally classic 23 E RT-PCR
16 f M PCV Minimally classic 3.0 E RT-PCR
17 73 E PCV QOccult 1.1 E RT-PCR
18 65 M PCV Qccult 2.0 E RT-PCR
19 66 F PCV Qceult 2.2 E RT-PCR
20 66 M PCV Staining' 1.8 S RT-PCR
21 72 M PCV Staining' 3.2 S RT-PCR

AMD = age-related macular degeneration; F = female patients; Group E = exudative lesion excluded in subgroup H; Group H = massive
subretinal hemorrhage or vitreous hemorrhage; Group S = quiescent lesion including disciform scar; IHC = immunohistochemistry; M =
male; PCV = polypoidal choroidal vasculopathy; TAP = Treatment of Age-Related Macular Degeneration with Photodynamic Therapy Study;

RT-PCR = raverse-transcriptase polymerase chain reaction.

*In disk diameters,

TNot applicable to TAP classification because of quiescent lesion.
*Not applicable to TAP classification because of dense vitreous hemorrhage. Diagnosed with angiography before vitreous hemorrhage.

vitro'" and also inhibited the retinal neovascularizaion in
the mouse model of oxygen-induced ischemic retinopa-
thy.!” Vasohibin is different from other angiogenic
inhibitors because it is induced selectively in ECs by
proangiogenic factors such as VEGF and basic fibroblast
growth factor (bFGF).'"*Y Vasohibin is considered to be
an intrinsic and highly specific negative feedback regulator
of activated ECs engaged in the process of angiogenesis.

The purpose of this study is to determine whether
vasohibin is expressed in human CNV membranes ob-
tained from eyes with AMD or PCV. We also examined
the relationship between the degree of expression of
vaschibin, VEGF, and VEGFR2 and considered whether
the level of expression of these genes was related to the
clinical manifestations among the patients.

METHODS

® SUBJECTS AND TREATMENTS: We reviewed the med-
ical records of 11 eyes of 11 AMD patients and 10 eyes of
10 PCV partients who had undergone vitrectomy and

3, AMERICAN JOURNAL OF OPHTHALMOLOGY

surgical removal of a CNV with or without autologous iris
. 3

pigment epithelial cell transplantation.”’ These were the

initial treatment and were performed between May 10,

1996 and April 15, 2003. Photodynamic therapy was not

available in Japan ar that rime.

In addition to the routine ophthalmologic examination,
fluorescein angiography and indocyanine green angiogra-
phy (ICGA) were performed on all patients, and optical
coherence tomaography (OCT) was performed on 12 pa-
tients before and after the surgery. The criteria used to
determine whether surgery was required were: best-cor-
rected visual acuity (BCVA) less than 0.2, progressive
deterioration of vision during the three months before
surgery, and other factors as described.*!

The eyes were classihed retrospectively into three sub-
groups according to the clinical indings: eyes in Group H
had massive subretinal hemorrhage that extended beyond
the temporal retinal vessel arcade or a vitreous hemor-
rhage; eyes in Group E had active exudative lesions such as
subretinal hemorrhage, hard exudates, and serous RD
within the vascular arcade; and eyes in Group S had
resolved and no exudative lesions at the time of surgery,
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but these patients had undergone surgery for the transplan-
tation of autologous iris pigment epithelial cells. The
clinical characteristics of the patients are summarized in

Table 1.

¢ TISSUE PREPARATION AND IMMUNOHISTOCHEMIS-
TRY: The CNV membranes from rwo patients with
AMD and one patient with PCV were fixed in 4%
formalin and embedded in parafiin. Serial 5-pm sections
were cut, and adjacent sections were stained with
hematoxylin and eosin.

Immunchistochemical staining for the von Willebrand
Factor (vWF), VEGF, and vaschibin was performed using
the horseradish peroxidase (HRP) method. All steps were
performed at room temperature unless otherwise stated,
Bricfly, sections were deparaffinized, rchydrated, and then
treated with 3% hydrogen peroxide to block endogenous
peroxidase activity. After blocking with 1% bovine serum
albumin in phosphate buffered saline (PBS) for 30 min-
utes, rabbit polyclonal antibodies against vWF (1:500;
DAKQ, Glostrup, Denmark), rabbit polyclonal antibodies
against VEGF (1:200; Santa Cruz Biotechnology, Santa
Cruz, California, USA), or mouse monoclonal antibodies
against vasohibin (1:1000; made by Watanabe and associ-
ates) were applied to the sections overnight at 4 C.'" The
following moring, the sections were incubated in biotin-
conjugated antirabbit immunoglobulin (Ig) G or anti-
mouse IgG antibodies (Vector Laboratories, Burlingame,
California, USA) for 30 minutes. The slides then were
incubated with HRP-conjugated streptavidin (Vector
Laboratories) for 30 minutes. Brown chromogen diami-
nobenzidine (Sigma-Aldrich, St Louis, Missouri, USA)
was used for all sections. The sections were washed three
times with PBS between cach step. For control, preim-
mune rabbit 1gG or mouse lgG was used instead of the
primary antibody. Sections were examined under a
standard light microscopy.

® PREPARATION OF TOTAL RIBONUCLEIC ACID AND REAL-
TIME REVERSE-TRANSCRIPTASE POLYMERASE CHAIN REAC-
TION: The CNV membranes from nine eyes with AMD
and from nine eyes with PCV were separately mixed with
denaturing ribonucleic  acid
(mRNA) was prepared using QuickPrep micromRNA
Purification Kit (Amersham Biosciences, Buckingham-
shire, Unired Kingdom) according to the manufacturer’s
instructions. The purified mRNA was reverse-transcribed

solution, and messenger

into complementary deoxyribonucleic acid (¢cDNA) using
First-Strand ¢cDNA  Synthesis Kit (Amersham Bio-
sciences). One microliter of ¢cDNA was used for real-
time reverse-transcriptase polymerase chain reaction
(RT-PCR) amplification using a Light Cycler (Roche,
Meylan, France) and the Light Cycler FastStart DNA
Master SYBR Green | reagent Kit (Roche).

The primers for VEGF** and VEGFR2'? were synthesized

from the reported sequences. Primers for vasohibin and
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TABLE 2. Semiquantitative Reverse-Transcriptase
Polymerase Chain Reaction Conditions Used for the
Amplification of Vasohibin and Other mRNAs

Annaaling
Gene Sequence of Primers Temperature
Vasohibin 5'-CTTACCTGCTTGCTGTCTGC-3' 59C
5'-CATGGATGGTGACTAAGGCC-3’
VEGF 5'-GCAGAATCATCACGAAGTGG-3' 58C
5 -AAGGACTGTTCTGTCGATGG-3'
VEGFR2 5'-CCAGATGAACTCCCATTGGATG-3' 56 C
5-CTCTTGCTCCTCAGGTAAGTGGAC-3'
GAPDH  5-AAGGTGAAGGTCGGAGTCAA-3' 55C

5'-TTGAGGTCAATGAAGGGGTC-3'

GAPDH = glyceraldehyde-3-phosphate-dehydrogenase; mRNA =
messenger ribonucleic acid; VEGF = vascular endothelial growth
factor; VEGFR2 = vascular endothelial growth factor receptor 2.

glyceraldehyde-3-phosphate-dehydrogenase  (GAPDH)
were designed to be intron spanning to preclude ampli-
fication of genomic DNA using GeneWorks version
2.45N  (IntelliGenetics; Mountain View, California,
USA) computer software.

The sequence of the primers and the experimental
conditions for optimized amplification are summarized in
Table 2. PCR conditions were: step 1, 95 C for 10 minutes;
step 2, 95 C for 10 seconds; hybridization temperature as
indicated in Table 2 for 10 seconds; and 72 C for 10
seconds. Step 2 was repeated for 45 eycles. All data were
normalized to the GAPDH transcript level, thus giving the
relative transcript level.

The relative transcript level of VEGF, VEGFR2, and
vasohibin obtained from the CNV membranes of eyes with
AMD or PCV were compared using the Mann-Whitney U
test. The correlations berween the transcription level of
VEGF, VEGFR2, and vasohibin were calculated by the
Pearson simple correlation coefficient. The relative tran-
script level of vasohibin and the transcription ratio of
vasohibin to VEGF also were compared among Groups H,
E, and S using Mann—Whitney U test.

RESULTS

® CLINICAL CLASSIFICATION AND CHARACTERIZATION:
The 21 eyes (11 with AMD and 10 with PCV) were
divided into three groups according to the clinical indings:
Group H included four eyes that had the most active
lesions, Group E had 13 eyes with less active lesions,
and Group S had four eyes whose lesion were not active
(Table 1). The median visual acuity was 0.02 in Group H,
0.04 in Group E, and 0.05 in Group S. The median size of
the CNV estimated from the ICGA images®® was 2.4 disk
diameters (DD) in Group H, 1.3 DD in Group E, and 1.7
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FIGURE 1. Images demonstrating the expression of vasohibin on the vascular endothelial cells (ECs) within the choroidal
neovascularization (CNV) membrane obtained from an eye with age-related macular degeneration [AMD] (Cases 1 and 2 in Table 1).
(Top left) Case 1: fundus photograph showing exudative lesion with subretinal hemorrhage. (Top right) Case 1: optical coherence
tomogram showing CNV above the retinal pigment cepithelium (RPE) layer. (Second row left) Photomicrograph of CNV membrane
from Case 1 showing fibrovascular tissuc beneath the outer segments of the photoreceptors. The brown linear structure under the
CNV membrane is a sheet of RPE cells (stain, hematoxylin and eosin; original magnification, x200). (Second row right)
Photomicrograph showing vasohibin of CNV membrane from Case 1. Vasohibin is expressed on vascular ECs and some of the
photoreceptor outer segments (stain, immunchistochemical staining for vasohibin; original magnification, % 200). (Third row left)
Photomicrograph showing CNV membrane from Case 2 (stain, hematoxylin and eosin; original magnification, x400). (Third row
right) Photomicrograph showing vasohibin in CNV membrane from Case 2 (stain, immunohistochemical staining for vasohibin,
original magnification, x400). (Bottom left) Photomicrograph showing von Willebrand Factor (vWF) original magnification, x 400
in Case 2. (Bottom right) Photomicrograph showing vascular endothelial growth factor (VEGF) in Case 2 (stain, immunohisto-
chemical staining for VEGF; original magnification, x400). Arrows point to vascular ECs that are positive for each staining.
Asterisks indicate the vessel lumens. Bar = 200 pum (second row); 20 pm (third row and bottom).
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FIGURE 2. Images demonstrating that vasohibin is expressed on vascular ECs in dilated abnormal vessels obtained from an eye with
polypoidal choroidal vasculopathy [PCV] (Case 3 in Table 1). (Top left) Fundus photograph showing orange-colored lesion with
exudation. (Top right) Indocyanine green angiogram (ICGA) showing abnormal polypoidal choroidal vessels (PCV). (Middle left)
Photomicragraph of CNV membrane showing dilated abnormal choroidal vessels under the disrupted RPE layer. The vessels are
surrounded by loose connective tissue (stain, hematoxylin and eosin; original magnification, %x200). (Middle right) Photomicro-
graph showing vaschibin in CNV membrane (original magnification, x200). (Bottom far left) Photomicrograph showing
hematoxylin and eosin staining results (original magnification, x400). (Bottom near left) Photomicrograph showing immunohis-
tochemistry results for vasohibin (original magnification, x400). (Bottom near right) Photomicrograph showing results for vWF
(original magnification, x400). (Bottom far right) Photomicrograph showing results for VEGF (original magnification, x400).
Arrows point to vascular ECs in polyp-like dilated vessels, positive for each staining. Asterisks indicate the vessel lumens. Bar =
200 pm (Middle); 20 pm (Bottom).

ure 1, Second row left). The photoreceptor-like cells were
stained by mouse monoclonal antibody against opsin
(1:1000; Sigma-Aldrich; data not shown). Immunohisto-

DD in Group S. The differences in these values in the

three groups were not statistically sienihcant

chemistry demonstrated that vWF, a marker of ECs,
stained the inside of rhe vascular lumens. Vasohibin,

® IMMUNOHISTOCHEMISTRY: Vasohibin-positive  cells
were detected in all specimens. The results from Cases |

and 2 with AMD (Table 1) are shown in Figure 1. The
type Il CNV membrane (Figure 1, Top row) was removed
and histologic examination revealed that the CNV mem-
brane included not only fibrous tissue and vessels but also
possible photoreceptor outer segment and RPE cells (Fig-

VoL. xx, NO. xx

VEGF, ar both were present in some of the ECs (Figure 1,
Third row and Bottom). Interestingly, the outer segments
of the photoreceptors also were positive for vasohibin. The
results from Patient 3 with PCV are shown in Figure 2 and
Table 1. Vasohibin and VEGF were present in some of the
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FIGURE 3. Scatterplot showing quantitative reverse transcriptase-
polymerase chain reaction (RT-PCR) results demonstrating a strong
positive correlation between the expression level of vascular endothe-
lial growth factor receptor 2 (VEGFR2) and vasohibin (Pearson
simple correlation coefficient, r = 0.858; P < .01). GAPDH =
glyceraldehyde-3-phosphate-dehydrogenase.

ECs of the dilated abnormal choroidal vessels (Figure 2,
Second row and Bottom).

® REAL-TIME REVERSE-TRANSCRIPTASE POLYMERASE
CHAIN REACTION: The tissues from the nine eyes with
AMD (two from Group H, five from Group E, and two
from Group S) and nine specimens from nine eyes with
PCV (two from Group H, five from Group E, and two from
Group S) were used for the RT-PCR analysis. The average
degree of gene expression of VEGFE, VEGFR2, and vaso-
hibin was not significantly different between patients with
AMD and PCV (P = .508, .500, and .627, respectively).
However, there was a strong positive correlation between
the level of expression of VEGFR2 and vasohibin (r =
0.858; P = .000173; Figure 3). The correlations between
VEGF and VEGFR2 (r = 0.322; P = .283) and between
VEGF and vasohibin (r = 0.145; P = .565) were not
significant.

The expression of vasohibin ranged from 0.1 to 1.36
(median, 0.945) in Group H, from 0.71 to 6.41 (median,
2.61) in Group E, and from 1.46 to 10.93 (median, 6.985)
in Group S. The level of expression in Group H was
significantly lower than that in Group E (P = .0109) and
Group § (P = .0209). The difference between Groups E
and S was not significant (P = .2578).

The ratio of vasohibin to VEGF ranged from 0.04 to
0.54 (median, 0.135) in Group H, from 0.19 to 0.68
(median, 0.40} in Group E, and from 0.65 to 4.50 (median,
1.32) in Group S. The difference between Groups H and E
(P = .0477), between Groups E and S (P = .0109) and
that between Groups H and S (P = .0209) were significant
(Figure 4).
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DISCUSSION

EARLIER STUDIES HAVE SHOWN THAT VEGF*"'" BFGF,*
transforming growth factor-B,” tumor necrosis factor-a
(TNF-a),'” pigment epithelium-derived factor (PEDF),""
and other cytokines were expressed in surgically excised
CNV membranes in patients with AMD and PCV. VEGF
was expressed in the ECs, RPE cells, and macrophage-like
mononuclear cells in the CNV membranes. Our results
also showed that VEGF is expressed in the ECs in the
lesions of eyes with AMD and PCV. Secreted VEGF
stimulates the migration of ECs, proliferation of ECs, and
canalization of the vessels through VEGFR2,"? and thus
must play an important part in the development of a
CNV." These findings have led to the develop anti-VEGF
treatments for AMD. %3

A large number of endogenous antiangiogenic factors
have been identified.”® PEDF, a 50-kDa noninhibitory
member of the serine protease inhibitor gene family, is a
well-described antiangiogenic factor.”™" It is expressed in
the RPE cells and also in CNV membranes,'' comea, and
ciliary epithelium. It is secreted into the interphotorecep-
ror matrix, aqueous humor, and vitreous. The concentra-
tion of PEDF in the vitreous and aqueous decreases with
increasing age and is very low in AMD patients.”? It has
been suggested that the level of PEDF in CNV membranes
is enhanced by stimulation of VEGF receptor 1. This may
constitute a negative feedback loop against the VEGE-
induced neovascularization,”**"

Vasohibin, however, was reported to be an antiangio-
genic factar produced by ECs.'” We have also found that
vasohibin is expressed on a part of the ECs of choroidal
vessels, retinal vessels, and RPE cells of normal mouse eyes
(see Supplemental Figure available at AJO.com). How-
ever, the physiologic funcrion of the vasohibin secreted by
ECs and RPE cells has not been determined. Our immu-
nohistochemical results demonstrated the expression of
vasohibin on ECs in human CNV membranes and on the
abnormally dilated vessels of PCV. In addition, the RT-
PCR findings showed a strong positive correlarion berween
the expression of VEGFR2 and vaschibin but not other
combinations, such as VEGF and VEGFR2. Shimizu and
associates reported that vasohibin was expressed by human
cultured ECs, and the level increased after stimulation by
VEGFR2.*" QOur findings also showed the possibility chat
vasohibin is secreted by the ECs in CNV membranes after
the stimulation of VEGFRZ. Shen and associates showed
that a knockdown of the mRNA of vasohibin in ischemic
retinas caused a significant elevation of the mRNA of
VEGFR2 in mice."” However, they reported a significant
negative correlation between vasohibin and VEGFR2. The
discrepancy between our results and those of Shen and
associates may be because the excised CNV membrane was
only from a limited area, and also because the stage of the
discase may have been different. We examined only the
CNV membrane, and not all of the retina and choroid.

MONTH 2008

—93—



[ |
g E S R
I | ]
o]
4
&
Ww
g 3
_‘g ® AMD
z oPCY
> (o}
] .

——
GroupH  GroupE  Group S

FIGURE 4. Images demonstrating the relationship between the transcription ratio of vasohibin/VEGF and the activity of the lesion.
Higher transcription ratio of vasohibin/VEGF is associated with less active lesions. (Top left) Fundus photograph from a
representative case in Group H showing massive subretinal hemorrhage (Case 13, vasohibin/VEGF = 0.09). (Top middle) Fundus
photograph from a representative case in Group E showing exudative lesion (Case 6, vasohibin/VEGF = 0.67). (Top right) Fundus
photograph from a representative case in Group S showing disciform scar (Case 20, vasohibin/VEGF = 4.50). (Bottom) Graph
showing a significant difference between Groups H and E, between Groups E and 8, and between Groups H and S (*P < .05,
*##P < 01, Mann-Whitney U test). Bar indicates median.

Furthermore, most of the excised CNVs were considered to However, we have tried to estimate the participation of
P

vasohibin using semiquantitative methods of RT-PCR

and immunohistochemistry. We observed that the cases

with massive hemorrhage showed markedly lower levels

be very active for neavascularization. The level of expres-
sion of vasohibin in the CNV membranes in our study may
MEGE,
TNF-, and many other factors have been reparted to

not have been sufficient to suppress VEGFR2.

of vasohibin expression, although staristical analysis was not

control VEGFR2 expression.”’** We suggest that high
levels of vasohibin may downregulate VEGFR2 in CNV
membranes.

It is difficulr to draw any conclusion on the relationship
between vasohibin and clinical manifestations from our
experimental results because of the small sample number.

VOL. xx, NO. xx
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as significant as that of comparison of the vasohibin-to-
VEGF ratio. The cases with low a vasohibin-to-VEGF
expression ratio had larger subretinal hemorrhages or
vitreous hemorrhages, and inversely, cases with a higher
vasohibin-to-VEGF ratio had low exudative activity
such as fibrosis. Although our sample number was small,
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we suggest that lower vasohibin expression together
with higher VEGF expression represent an active, that
is, hemorrhagic or exudative, CNV, and conversely,
high vasohibin expression together with lower VEGF
expression represent decreased exudative activity in the
CNV. Watanabe and associates reported that VEGF and
hFGF increased the expression of vasohibin, and hyp-
oxia and TNF-u inhibited VEGF-stimulated vasohibin
expression in vitro.'” However, a correlation between
VEGF and vasohibin expression in vivo still has not

been reported. Further examinations on the balance
between VEGF and vasohibin would be important
for determining their relationship with the acrivity of
CNV membranes. Animal models and clinically avail-
able samples may help in answering this question. If
vasohibin, ather than PEDF, is a negative feedback
regulator, it may provide us an alternative target for
antineovascularization therapy. Experiments on the sup-
pression of neovascularization are
laboratory.

ongoing in our
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SUPPLEMENTAL FIGURE. Immunohistochemistry demonstrated vasohibin was expressed on a part of endothelial cells of
choroidal vessels, retinal vessels, and retinal pigment epithelial (RPE) cells. Arrows indicate retinal or choroidal vessels and
arrowheads for RPE layer. These regions are positive for vasohibin. A 8-week-old, Male Institute of Cancer Research (ICR) mice
was used (original magnification, % 200). After anesthesia with ketamine hydrochloride (100 mg/kg body weight) the mice were
killed. The eyes were enucleated and fixed in 4% formalin overnight at 4 C. They were cryoprotected in 10% to 20% sucrose-
phosphate buffered saline (PBS) and then sectioned (10 pum). Immunohistochemical staining for vashohibin was performed using
the horseradish peroxidase (HRP) method. All steps were performed at room temperature unless otherwise stated. Briefly, sections
were treated with 3% hydrogen peroxide to block endogenous peroxidase activity. After blocking with 1% bovine serum albumin
in PBS for 30 minutes, rabbit polyclonal antibodies against vasohibin (1:400; made by Watanabe and associates) were applied to
the sections overnight at 4 C. The following morning, the sections were incubated in HRP-conjugated anti-rabbit IgG antibody
overnight at 4 C. Brown chromogen diaminobenzidine was used for all sections. Nuclei were stained with methylgreen. The sections
were washed three times with PBS between each step. For control, preimmune rabbit 1gG was used instead of the primary antibody.
Sections were examined under a standard light microscope. All treatments of the animals conformed to the ARVQO Statement for
the Use of Animals in Ophthalmic and Vision Research.
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Expression of vasohibin as a novel endothelium-
derived angiogenesis inhibitor in endometrial cancer
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We have previously reported on vasohibin as a novel endothelium-
derived vascular endothelial growth factor (VEGF)-inducible
inhibitor of angiogenesis. The aim of our present study was
to define the role of vasohibin in endometrioid endometrial
adenocarcinoma. We collected 78 sections of endometrial carcinoma
for assessment using immunohistochemistry. Twenty-seven were
well differentiated (G1), 25 were moderately differentiated (G2),
and 26 were poorly differentiated endometrioid adenocarcinomas
(G3). We also included 12 sections of normal cyclic endometria, six
of which were in the proliferative phase and six were in the
secretory phase. We investigated the expression of vasohibin, and
compared it to VEGF receptor-2 (VEGFR-2: KDR/flk-1), CD34, Ki-67,
VEGF-A, and D2-40 (as a lymphatic vessel marker). We assessed the
ratio of vasohibin- and VEGFR-2-positive vessels in the stroma
of endometrial carcinoma. Immunochistochemical assessment
was classified as negative or positive based on staining intensity.
Vasohibin was selectively expressed on vascular endothelial cells in
both cyclic endometria and endometrial carcinomas. Vasohibin was
highly expressed in the normal functional endmetrium of the
secretory phase, especially in the spiral artery, and was highly
expressed in all grades of endometrioid adenocarcinomas. The
stromal endothelial cells in G3 expressed vasohibin and VEGFR-2
more frequently than these in G1. In endometricid adenocar-
cinomas, there was a significant correlation between the expression
percentage of vasohibin and that of VEGFR-2 (P < 0.0001, r# = 0.591).
This is the first study to elucidate the correlation between
expression of vasohibin in the stromal endothelial cells and that of
VEGFR-2 in human carcinomas. (Cancer Sc¢i 2008; 99: 914-919)

Endomclrial carcinoma is one of the most common
gynecologic malignancies in women worldwide, and its
incidence, especially that of endometrioid endometrial
carcinoma, has recently increased.' The morbidity of
endometrial cancer is rapidly increasing in Japan. In order to
predict the behavior of aggressive tumors, various lactors and/or
phenomena associated with endometrial cancer have been
studied extensively. It is well recognized that angiogenesis, the
process of formation of new vessels, is requisite for tumor
growth and enables hematogenous spread of tmaor cells
throughout the body. Several studies have documented the
association between the microvessel density (MVD) and/or
the extent of endothelial proliferation and tumor stage, as well
as recurrence of endometrial cancer.”” Angiogenesis is
determined by the local balance between angiogenic stimulators
and inhibitors. The expression of various angiogenesis
stimulators, such as vascular endothelial growth factors
(VEGFs), angiopoietins, and thymidine phosphorylase, has been
described in endometrial cancer.®'¥ However, the significance
of endogenous angiogenesis inhibitors in endometrial cancer is
poorly documented.

We recently isolated a novel angiogenesis inhibitor, vaso-
hibin, which is specifically expressed in endothelial cells (ECs).
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Its basal expression in quiescent ECs is low, but it is induced in
response o angiogenic stimuli, such as VEGF-A and fibroblast
growth factor (FGF)-2, and inhibits angiogenesis in an autocrine
manner."*'*' We therefore propose that vasohibin inhibits angio-
genesis as a negative feedback regulator. Among the VEGF
family members, VEGF-A is the most important lactor for ang-
iogenesis, and most of the VEGF-A-mediated signals for
angiogenesis are transduced via VEGF receptor-2 (VEGFR-
). We observed that the VEGF-A-mediated induction of
vasohibin was preferentially mediated via the VEGFR-2 signal-
ing pathway.''®

In the present study, we aimed to elucidate the significance of
vasohibin in human endometrium and its disorder(s). We also
studiecd MVD and lymphatic vessel density (LVD). Physiologi-
cal periodic angiogenesis is observed in functional endometria.
We therefore enrolled functional endometria and endometrioid
adenocarcinoma, as endometriotic-type endometrial adenocarci-
noma, and compared the expression ol vasohibin and VEGFR-
2, Our analysis revealed a significantly positive correlation
between vasohibin and VEGFER-2 in endometrial cancer. This is
the first study to profile the expression of vasohibin, a negative
feedback regulator of angiogenesis, in gynecologic malignancy.

Materials and Methods

Tissue specimens and clinical data. Seventy-cight endometrioid
endometrial carcinomas (27 well differentiated, 25 moderately
differentiated, 26 poorly differentiated; 50 stage 1, 3 stage 11, 20
stage 11, 5 stage 1V) were retricved from the surgical pathology
files of Tohoku University Hospital, Sendai, Japan. The average
age of the patients was 55.6 + 10.7 years. The protocol for this
study was approved by the Ethics Committee at Tohoku
University School of Medicine (Sendai, Japan). Each patient
provided written informed consent before her surgery. None
of the patients examined had received nradiation, hormonal
therapy, or chemotherapy prior to surgery. The clinico-
pathological findings of the patients, including age, histology,
stage. grade, and preoperative therapy was retrieved by
extensive review of the charts. A standard primary treatment for
endometrial carcinoma at Tohoku University Hospital was
surgery consisting of total abdominal hysterectomy, salpingo-
oopholectomy, pelvic and/or para-aortic lymphadenectomy,
and peritoneal washing cytology. The lesions were classified
according to the Histological Typing of Female Genital Tract
Tumors by the World Health Organization, and staged according
to the International Federation of Gynecology and Obstetrics
system.'""'"® Patients with subtypes other than endometrioid or
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