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Abstract: The effi cacy of approaches in which vascular disrupting agents (VDA) are used in combination with conventional 
chemotherapy and/or radiation therapy in the treatment of cancer might be improved if there were a better understanding 
of the cellular and molecular changes induced in normal and malignant cells as a result of VDA exposure. Toward this goal, 
murine endothelial cells were treated in vitro with ANG501, a novel stilbene VDA developed in our laboratory, and altera-
tions in gene expression determined by genome-wide microarray analysis and subsequently confi rmed by Western blot 
analysis. Among the genes that were shown to be induced upon brief exposure to non-cytotoxic doses of ANG501 were 
several involved in the control of cell cycle progression and apoptosis, including p21Waf1 and the heat shock/stress proteins 
hsp25, hsp70 and anti-B-crystallin. Refl ecting such induction, functional studies confi rmed that normal cell cycling is 
temporarily inhibited following treatment with ANG501 such that the majority of cells accumulate at the radiation-sensitive 
G2/M phase of the cell cycle at 6 hr. The effects were transient and by 24 hr normal cell cycling had largely resumed. 
Combination experiments confi rmed that endothelial cells treated 6 hr previously with ANG501 were more readily killed 
by radiation. Importantly, signifi cant effects were evident at clinically relevant radiation doses. Taken together these fi ndings 
emphasize the need to consider the radiosensitizing activity of VDAs when developing therapies in which these promising 
compounds are used in combination with radiation.

Keywords: vascular disrupting agent (VDA), combretastatin, radiosensitization, p21Waf1

Introduction
Vascular disrupting agents (VDAs) provide a promising new approach to the treatment of cancer. Unlike 
conventional chemotherapeutics, most of which act directly on tumour cells, VDAs instead target the 
blood vessels upon which the survival and growth of a tumour mass depends.1 Of the VDAs that have 
so far progressed to human trials, most, including ZD6126, combretastatin A4 (CA4P), MN029 and 
AVE8062E, bind to and disrupt tubulin.1–3 They mediate their effects by inducing the immature endo-
thelial cells lining the structurally abnormal blood vessels that supply a growing tumour mass to round 
up and detach from the basement membrane.4 Intravascular coagulation is induced leading to vessel 
blockage and the cessation of nutritive blood fl ow.4 Without the oxygen and nutrients required to main-
tain viability, a massive necrotic response quickly results particularly within central regions of a tumour 
mass.4 Specifi city is conferred by the fact that while endothelial cells in immature blood vessels rely 
on a tubulin cytoskeleton for the maintenance of their elongated shape, in more mature non-proliferating 
endothelial cells this function is largely supplanted by actin.5–7 Importantly, in contrast to established 
cytotoxic agents such as vinblastine or colchicine that bind to and destabilize tubulin or microtubule-
stabilizing cytotoxins such as paclitaxel and docetaxel, the depolymerizing activity of VDAs is rapidly 
reversible.4,8 As the compounds also have a relatively short plasma elimination half-life following 
intravenous administration,9–11 the toxicities commonly associated with the use of tubulin-directed 
anti-mitotic drugs are not seen with VDAs.11,12

A characteristic of VDA therapy, however, is the persistence around the edge of a treated tumour of 
a thin layer of viable cells that are believed to survive because they obtain their oxygen and nutrients, 
not from the tumour-associated neovasculature, but instead by diffusion from unaffected normal vessels 
present in surrounding non-malignant tissues.8,13 In the absence of further treatment, this so called 
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“viable rim” can serve as a reservoir from which 
malignant cells can invade and repopulate the 
necrotic central regions of a treated tumour.8,13 
Thus, VDAs are generally most effective when 
used in combination with conventional cytotoxic 
agents or radiation therapy that kill the compara-
tively well-oxygenated and mitotically active cells 
remaining within the viable rim.14–16

Up to this point the nature and timing of the 
regimens in which VDAs are used together with 
conventional cancer therapies have been deter-
mined largely empirically, guided mostly by 
physiologic considerations.17–24 Often overlooked 
is the fact that exposure of cells in the viable rim 
to a VDA might alter, in a positive or negative 
manner, their sensitivity to subsequent treatment 
with ionizing radiation and/or chemotherapeutic 
agents. If so, then understanding the cellular and 
molecular changes induced in both normal and 
malignant cells by VDA treatment may prove key 
to the design of more effective combination thera-
pies involving VDAs and other modalities.

Our initial efforts in this regard have focused 
on the impact of VDA treatment on the radiation 
sensitivity of the endothelial cell component of the 
viable rim. The survival and proliferation of tumour 
cells that repopulate areas of necrosis following 
VDA treatment is critically dependent upon the 
re-establishment of an effective vascular supply 
and treatments that prevent angiogenesis have been 
shown to improve the effi cacy of VDA treatment 
in initial studies.25,26 The spatial and temporal 
nature of radiation therapy makes it particularly 
attractive in this regard.

In the present study, we demonstrate that while 
brief exposure to ANG501, a novel stilbene devel-
oped in our laboratory that is closely related to the 
tubulin depolymerizing VDA combretastatin-A4, 
had little or no effect on the long-term survival and 
proliferation of murine endothelial cells (SVEC) 
in vitro, genome-wide microarray analysis and 
Western blot studies indicated that various function-
ally important genes are nevertheless induced. 
Among the genes that showed enhanced expression 
were a number involved in the regulation of cell 
cycle progression and apoptosis including p21Waf1 
and various members of the heat shock family. 
These genes are of particular interest as it has long 
been appreciated that cells vary in their sensitivity 
to the cytotoxic effects of ionizing radiation at 
different stages in the cell cycle.27,28 Subsequent 
studies confi rmed that endothelial cells treated with 

ANG501 do indeed transiently arrest in the radiation 
sensitive G2/M phase of the cell cycle and are more 
readily killed by therapeutically useful doses of 
radiation. Thus, while VDA treatment clearly has 
profound effects on the physiology of solid tumours, 
it is argued that the nature and timing of changes 
in endothelial cell and/or tumour cell gene expres-
sion need to be taken into account in order to obtain 
optimal results when VDAs are used in combination 
with radiotherapy and/or chemotherapy.

Materials and Methods

The ANG500 series
The ANG500 series includes a number of novel 
stilbenes closely related to the well-characterized 
VDA combretastatin-A4 differing from it only as 
a result of the replacement of the methyoxy group 
at position 4 of the B-ring with a variety of other 
groups (Table 1).

Vascular disrupting and anti-tumour 
activity of ANG501 and related 
compounds in vivo
The in vivo vascular disrupting and anti-tumour 
activity of the various members of the ANG500 
series were determined using the murine adeno-
carcinoma NT (CaNT).13,29 These studies were 
carried out under a project license issued by the 
Home Offi ce (London, United Kingdom) and per-
formed according to established United Kingdom 
Coordinating Committee on Cancer Research 
guidelines.

Briefl y, tumours were initiated by the subcuta-
neous injection of 50 μl of a crude tumour cell 
suspension into the fl ank of 12–16 week old syn-
geneic CBA/Gy f TO mice. Animals were selected 
for treatment when their tumours achieved a mean 
geometric diameter of approximately 5–6 mm 
(150–300 mg).

The effect of drug treatment on perfused/
functional vascular volume was assessed using 
the fl uorescent perivascular stain Hoechst 33342. 
Although VDAs are characterized by rapidly 
reversible tubulin depolymerizing activity, the 
vascular occlusion that results is longer lasting 
and slow to resolve. While maximal reduction in 
blood fl ow is generally evident 4–6 hr after VDA 
treatment, the degree of recovery by 24 hr is 
fairly modest.30 Studies in which ischemia was 
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induced by applying metal clamps across the base 
of subcutaneously implanted tumours indicated 
that greater than 99% of tumour cells were killed if 
blood fl ow was interrupted for 2 hr.31,32 Although, 
early studies suggested that at least 15 hr of ves-
sel occlusion was necessary to achieve long-term 
tumour control,33 in the case of C3H mammary 
tumours maintained at 37 °C, a 6 hr period of 
ischemia was curative in 3 of 7 treated tumours.31,32 
Similar results have been reported for the CaNT 
tumour used in the present study.34 Based on these 
considerations, a 6 hr time point was chosen to 
evaluate the vascular disrupting activity of the 
various compounds in the ANG500 series, while 
tumour necrosis was determined at 24 hr.

Briefl y, 100 mg/kg of each compound were 
injected i.v. into groups of tumour-bearing animals. 
Although this particular dose is less than 1/5 MTD 
for both CA4P8 and ANG510 (data not shown), 
little additional benefi t was seen when higher 
concentrations drug were used.8 Six hr after VDA 
administration, the mice received an i.v. injection 
of Hoechst 33342. They were sacrifi ced approxi-
mately 1 min later, their tumours excised and 
frozen sections prepared and examined. Percent 
vascular volume was determined by examination 
under UV irradiation using a Chalkley grid and 
point scoring system as previously described.29

For VDAs to be effective, it is necessary that the 
vascular shutdown they produce is of suffi cient 
magnitude and duration to trigger substantial tumour 
cell death. To determine whether this is the case 
with respect to the various members of the ANG500 

series, tumours were excised from animals treated 
24 hr earlier by i.v. injection of 100 mg/kg of each 
drug and fi xed in 10% buffered formalin. After 
standard paraffi n wax processing, 5 μm sections 
were cut, stained with hematoxylin and eosin and 
scored subjectively for necrosis in blinded fashion 
as previously described,13 using the following scale: 
0%–10% necrosis = Grade 1; 11%–20% = Grade 2; 
21%–30% = Grade 3; 31%–40% = Grade 4; 41%–
50% = Grade 5; 51%–60% = Grade 6; 61%–70% = 
Grade 7; 71%–80% = Grade 8; 81%–90% = Grade 9; 
and 91%–100% = Grade 10.

Effect of ANG501 on endothelial cell 
survival and proliferation
The SV40 (strain 4A) transformed murine axillary 
lymph node-derived endothelial cell line SVEC4-10 
was purchased from the American Type Culture 
Collection (ATCC) (Manassas, VA). Cells were 
maintained at 37 °C in an atmosphere containing 
5% CO2 in Dulbecco’s Modifi ed Eagles Medium 
supplemented with 10% bovine serum, 2 mM 
L-glutamine, 50 units/ml penicillin, and 50 μg/ml 
streptomycin sulfate (DMEM + 10% FBS).

A standard clonogenic assay was used to deter-
mine the effect of ANG501 treatment on the long-
term survival and proliferative potential of SVEC 
cells. Briefl y, serial dilutions of ANG501 were added 
to log phase SVEC cultures and the plates incubated 
at 37 °C for 30 min. Adherent and non-adherent 
cells were then harvested and pooled. Treated cells 
were washed 3 times in Hanks balanced salt solution 
(HBSS) and resuspended in DMEM + 10% FCS. 
After careful counting, aliquots of each cell suspen-
sion were added to 10 cm tissue culture plates and 
medium added to a fi nal volume of 10 ml. Plates 
were incubated undisturbed at 37 °C in an atmo-
sphere containing 5% CO2. Approximately 14 days 
later, plates were fi xed and stained with a solution 
containing 1% methylene blue in methanol and 
the number of colonies determined using a ColCount 
Imager (Oxford Optronix Ltd., Oxford, U.K).

Microarray analysis
Genome wide microarray analysis was carried out 
to identify genes induced by treatment with 
ANG501. Briefl y, RNAs isolated from control 
SVEC and SVEC treated 4 hr previously with 
ANG501 (50 μg/ml, 30 min) were compared using 
a two color (Cy3 and Cy5) approach and Agilent 
Whole Mouse Genome Oligo Microarrays 

Compound R-group Reduction Vascular 
Volume % (N) Necrosis Score (N)

CA4 OMe 93 ± 2 (3) 9.0 ± 0 (3)

ANG501 Me 88 ± 7 (6) 7.7 ± 1 (7)

ANG504 F 27 ± 11 (3) 2.7 ± 0.7 (3)

ANG505 Cl 16 ± 12 (3) 3.0 ± 0.6 (3)

ANG508 Et 20 ± 14 (3) 5.0 ± 1.3 (6)

OH

OMeMeO

MeO

R

A series of related stilbenes carrying various substitutions at position 4 of the B-ring (R) were 
generated and tested in vivo for their effects on tumor blood flow and necrosis as described in the
Materials and Methods section.

Table 1. Structure and activity of compounds in the ANG500 series.
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(SA Biosciencies, Frederick, MD). More than 
41,000 genes and transcripts encompassing the 
entire mouse genome were represented on the 
arrays with enriched content sourced from UCSC, 
RefSeq, RIKEN, NIA, Ensembl, UCSC Goldenpath 
and Unigene databases. Signal data was collected 
using an Agilent 2565A Fluorescent Scanner 
(SA Biosciencies, Frederick, MD).

Western blot analysis
Polyclonal rabbit antibodies directed against heat 
shock protein 25 (HSP 25), HSP 40 and alpha 
B-crystallin (Cryab) and mouse monoclonal anti-
bodies (mAbs) directed against HSP70 and p21Waf1 
were purchased from Stressgen/Assay Designs 
(Ann Arbor, MI).

Alexa Fluor® 680-conjugated goat anti-mouse 
IgG (H + L) and affinity-purified IRDye800-
conjugated affi nity-purifi ed donkey anti-rabbit IgG 
secondary antibodies were purchased respectively 
from Invitrogen (Carlsbad, CA) and Rockland 
Immunochemicals, Inc., (Gilbertsville, PA).

Briefl y, SVEC cells were harvested at various 
time points after treatment with ANG501 (50 μg/ml 
for 30 min), washed in PBS and solubilized by 
incubating the cell pellets for 15 min on ice at 
approximately 2 × 107 cells/ml in a lysis buffer 
containing 10 mM Tris pH 7.5, 150 mM NaCl, 
2 mM EDTA, 1% NP-40. Nuclei and detergent 
insoluble material were removed by centrifugation 
and the lysates stored at −80 °C until required. 
Thawed samples were added to an equal volume 
of non-reducing sample buffer (125 mM Tris, 20% 
(v/v) glycerol, 4.6% (w/v) SDS, pH 6.8) and incu-
bated at 100 °C for 5 min. Total cellular proteins 
were separated by SDS-PAGE and transferred 
onto nitrocellulose membranes. The fi lters were 
incubated overnight at 4 °C in PBS containing 5% 
(w/v) milk protein then incubated for 8–12 hr with 
monoclonal or polyclonal antibodies directed 
against proteins of interest. After extensive wash-
ing, fi lters were incubated for a further 1–2 hr with 
an appropriate fluorescent-labeled secondary 
antibody. After additional washing, protein prod-
ucts were visualized using a Odyssey Infrared 
Imager (LI-COR Biotechnology, Lincoln, NE).

Cell cycle analysis
SVEC cells were harvested by trypsinization at 
various time points after treatment with ANG501 

(50 μg/ml for 30 min). The cells were washed twice 
in PBS and the pellets resuspended at approxi-
mately 1 × 106 cells/ml in 70% ethanol. Samples 
were stored at −20 °C until all time points had been 
collected. Fixed cells were pelleted by centrifuga-
tion at 1000 rpm for 10 min then resuspended with 
gentle mixing at approximately 1 × 106/ml in a 
staining solution containing 500 μg/ml propridium 
iodide and 100 μg/ml RNase A. Cells were stained 
for a minimum of 4 hr then analyzed using a 
FACScan (BD Biosciences, Immunocytometry 
Systems, Mountain View, CA). Cell cycle phase 
distributions were determined using the CellFit 
software package.

Effect of ANG501 treatment 
on the radiosensitivity 
of endothelial cells
SVEC cells treated 6 hr earlier with ANG501 
(50 μg/ml, 30 min) to induce cell cycle arrest were 
exposed to a range of radiation doses between 1–10 
Gy and the percentage of surviving cells determined 
using a clonogenic assay as described above.

Results

Vascular disrupting ability of ANG501
Previous structure/function studies have suggested 
that the in vitro cytotoxic activity of CA4P and related 
stilbenes is critically dependent upon the presence 
of a methyoxy group at position 4 of the “B” ring of 
the molecule in question (Table 1). Whether the 
vascular disrupting activity of CA4P has a similar 
requirement has not, however, been systematically 
examined. As shown in Table 1, it is clear that certain 
substitutions at position B4 do indeed reduce or 
abolish the vascular disrupting ability of CA4P. 
Importantly, however, ANG501, a analogue of CA4P 
that has a methyl group rather than a methoxy at 
position 4 of the B ring retained vascular disrupting 
activity, inducing a similar degree of vascular shut-
down and intratumoural necrosis following i.v. 
administration as CA4P itself (Table 1).

Effect of ANG501 on endothelial 
cell morphology and adherence
ANG501 induces rapid changes in endothelial cell 
morphology. As shown in Figure 1, even brief 
exposure to the drug caused SVEC to round up and 
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detach from the plastic surface upon which they 
were growing. Changes were evident as early as 
5 min after the addition of ANG501 and virtually 
all cells were non-adherent after 1 hr of treatment. 
Importantly, the effect was reversible and upon 
removal of ANG501, treated cells rapidly reat-
tached and quickly regained their normal extended 
morphology (Fig. 1).

Anti-mitotic activity of ANG501
Although treatment with ANG501 induces dramatic 
changes in the shape and adherence properties of 
endothelial cells (Fig. 1), exposure to the drug at 
concentrations up to 100 μg/ml for 30 min, had 
little or no effect on long-term viability, as deter-
mined using a standard clonogenic assay (Fig. 2a). 
Mean colony area was also not reduced, suggesting 
that the proliferative potential of individual clono-
gens was not signifi cantly impacted by drug treat-
ment (Fig. 2b).

Effect of ANG501 on endothelial 
cell gene expression
In order to identify changes induced by ANG501 
treatment that could potentially modify the 
response of endothelial cells to ionizing radiation 
and/or other modalities, genome wide microarray 
analysis was carried out comparing RNA isolated 
from control cells with RNA isolated from SVEC 
4 hr after treatment with ANG501 (50 μg/ml, 
30 min). Among the functionally important genes 

that appeared to show elevated expression relative 
to untreated cells were the heat shock proteins 
HSP25, HSP70 and anti-B crystallin and the 
cell cycle regulator p21Waf1 (data not shown). 
Western blot analysis confi rmed that the changes 
observed at the RNA level were refl ected by 
corresponding alterations in protein expression 
(Fig. 3). Of particular interest, p21Waf1 which is 
barely detectable in untreated SVEC is rapidly 
induced following exposure to ANG501, with 
maximum expression occurring around 4 hr and 
returning to near pre-treatment levels by 24 hr 
(Fig. 3).

Effect of ANG501 on cell cycle
p21Waf1 is a key regulator of the cell cycle. Corre-
lating with the induction of p21Waf-1, brief exposure 
to ANG501 (50 μg/ml, 30 min) caused proliferat-
ing endothelial cells to accumulate in G2/M. The 
effect was transient. Although almost all cells 
were blocked at G2/M 6 hr after treatment (Fig. 4), 
by 24 hr normal cycling had largely resumed 
(Fig. 4).

Effect of ANG501 on radiosensitivity
In general, cells in G2/M show elevated sensitivity 
to ionizing radiation. Refl ecting this fact, clono-
genic assays demonstrated that the survival of 
endothelial cells following exposure to radiation 
was reduced if they were treated 6 hr earlier 
with ANG501 (50 μg/ml, 30 min) (Fig. 5). 

Untreated

ANG501 50 μg/ml 30 min 
ANG501 50 μg/ml 30 min 

8 hours post wash

(a) (b)   ANG501 50 μg/ml 5 min 

(c) (d)

Figure 1. Effect of ANG501 treatment on endothelial cell morphology and adherence.  ANG501 was added to non-confl uent monolayers of 
SVEC cells at a fi nal concentration of 50 μg/ml and digital images collected regular intervals. After 30 min incubation at 37 °C, cells were 
harvested by gentle pipetting, washed to remove drug, replated and additional images were collected.
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Importantly, the radiosensitizing effect of ANG501 
was statistically signifi cant at clinically relevant 
radiation doses (p = 0.0005 and p = 0.002 at 2 and 
4 Gy respectively) (Fig. 5).

Discussion
Although VDAs induce substantial intratumoural 
necrosis, their effect on tumour growth when used 
in a monotherapy setting is often rather modest. 
This apparent paradox can be explained by the 

presence around the edge of a treated tumour of a 
thin layer of viable cells that are believed to survive 
because they receive the oxygen and nutrients they 
require to remain viable from established vessels 
in surrounding normal tissues, which unlike the 
structurally immature vessels found within 
tumours, are not affected by VDA treatment.8,13 
Unless prevented by additional treatment, the cells 
present in this “viable rim” can proliferate and 
rapidly repopulate necrotic regions of a treated 
tumour allowing progressive growth to resume.8,13 
It is for this reason that VDAs are generally most 
effective when used in combination with other 
therapies. Thus far, most of the approaches that 
have been used in conjunction with VDAs were 
chosen because of their assumed activity against 
the malignant cell population. It was reasoned that 
since tumour cells in the viable rim are relatively 
well-oxygenated and have a high mitotic index 
they will be relatively sensitive to conventional 
cytotoxic therapies.35–40 However, since successful 
repopulation of the necrotic areas of a VDA-treated 
tumour requires the provision of adequate levels 
of oxygen and nutrients, it follows that this process 
will be critically dependent upon revascularization. 
Clearly, if angiogenesis can be inhibited, then the 
rapid regrowth of tumours that often occurs after 
VDA treatment might be slowed and/or prevented. 
In support of this conclusion, animal studies 
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Figure 2. Cytotoxic activity of ANG501.  A standard clonogenic assay 
was used to determine the effect of ANG501 treatment on the survival 
and proliferation of endothelial cells. Briefl y, serial dilutions of ANG501 
were added to log phase SVEC cultures and the plates incubated at 
37 °C for 30 min. Adherent and non-adherent cells were then har-
vested and pooled and aliquots of the resultant cell suspension plated 
in 10 cm tissue culture dishes. Cultures were incubated undisturbed 
for approximately 14 days later after which they were fi xed and stained 
with a solution containing 1% methylene blue in methanol. The total 
number (A) and surface area (B) of the colonies produced was 
determined using a ColCount Imager.
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Figure 3. Effect of ANG501 on endothelial cell gene expression. 
Alterations in the expression of genes of interest upon ANG501 
treatment (50 μg/ml for 30 min) was determined by Western blot 
analysis.
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in which VDA treatment was followed by 
anti-angiogenic therapy greatly extended the period 
of growth delay obtained.25,26,41 However, for this 
effect to be durable it is necessary that the 
anti-angiogenic drugs be maintained more or less 

indefi nitely. If treatment is stopped for any reason, 
angiogenesis quickly resumes resulting in revas-
cularization of tumour tissue and the resumption 
of tumour growth.42 An alternative approach, and 
the one we favor, is to instead kill the endothelial 
cells in and around the viable rim that survive VDA 
treatment thus irreversibly preventing their ability 
to revascularize the tumour. Specifi cally, it was 
hypothesized that while endothelial cells in normal 
tissues are relatively resistant to the vascular 
disrupting effects of VDAs as a result of their 
dependancy on actin rather than tubulin for the 
maintenance of cell shape, exposure of such cells 
to the drug in the course of treatment might nev-
ertheless induce changes that might be exploited 
in the development and/or optimization of effective 
combination therapies.

The spatial and temporal nature of radiation 
therapy makes it well suited for use in conjunction 
with VDA treatment. A number of such studies 
have been undertaken and encouraging results 
obtained in most cases.17,35–37,40,43–49 The order and 
timing in which the two therapies were used was 
important. Specifi cally, if radiation was given 

Figure 4. Effect of ANG501 on endothelial cell cycle progression. SVEC cells harvested at various time points after treatment with ANG501 
(50 μg/ml for 30 min) were fi xed in ethanol and stained with a solution containing 500 μg/ml propridium iodide and 100 μg/ml RNase A. 
DNA content a) was determined by FACScan analysis. Cell cycle phase distributions b) were estimated using the CellFit software 
package.

0 hr 6 hr 24 hr

N 2N N 2N N 2N

a)

0 6 24 0 6 24 0 6 24

0

20

40

60

%
 T

ot
al

 c
el

ls G1
G2/M

b)

Time (hr)

0
0

20
40

60
80

10
0

0 0

20

10
10

20
30

40
50

60
70

80

40
60

80
10

012
200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000

C
ou

nt
s

C
ou

nt
s

C
ou

nt
s

0 2 4 6 8 10 12 14 16
0

100

200

300

Untreated
ANG501

Radiation dose (Gy)

C
ol

on
y 

nu
m

be
r

#

*

*p = 0.0005
#p = 0.002

Figure 5. Effect of ANG501 on radiosensitivity. SVEC cells treated 
6 hr earlier with ANG501 (50 μg/ml for 30 min) to induce cell cycle 
arrest were exposed to a range of radiation doses between 1–10 Gy 
and a clonogenic assay used to determine the impact of treatment 
on cell survival and proliferation.
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immediately after administration of a VDA there 
was little improvement in outcome.19,36,37,40,49,50 
Explanations for this finding have generally 
focused on physiologic considerations and in 
particular, the possibility that the vessel shutdown 
induced by VDA treatment may produce transient 
hypoxia.19,49,50 As hypoxic cells show enhanced 
radiation resistance, any benefi t that might result 
from prior treatment with a VDA will only be 
evident when this situation resolves. Thus 
Masunaga et al49 have shown that there is an 
inverse temporal relationship between the degree 
of tumour control obtained with the hypoxic cyto-
toxin tirapazamine and radiation following admin-
istration of the VDA ZD6126. Tirapazamine was 
most effective when given within 1 hr of VDA 
treatment and had little activity if given after 24 hr.49 
Radiation, in contrast, gave little additional benefi t 
at the 1 hr time point and was most effective when 
administered 24 hr after VDA treatment, particu-
larly in the case of larger tumours.49

Up to this point, the effect of VDA treatment 
on the intrinsic radiation sensitivity of normal and 
malignant cells has not been determined. This is 
an important variable that needs to be taken into 
consideration in order to achieve maximum benefi t 
when VDAs are used in combination with radiation 
therapy in the treatment of solid tumours. In this 
regard, the results of the present study demon-
strate that in addition to effects on cell shape and 
adherence, brief exposure of endothelial cells to 
ANG501, a novel stilbene VDA closely related to 
combretastatin A4, induces expression of a number 
of functionally important proteins including 
p21Waf1 and the stress response genes HSP25, 
HSP70 and anti-B-crystallin. Although viability 
remains high, treated cells also transiently arrest 
in G2/M. As G2/M is generally the most radiation 
sensitive stage of the cell cycle27,28 it came as no 
surprise that endothelial cells treated with ANG501 
also showed increased sensitivity to the cytotoxic 
effects of ionizing radiation. It was encouraging, 
however, that signifi cant effects were evident at 
low, therapeutically useful, doses of radiation.

Although a reasonable possibility, it remains to 
be determined whether these various events are 
functionally linked. p21Waf1 is a key regulator of 
cell cycle progression. Generally speaking, if pres-
ent at low levels, it is sequestered by cyclin D upon 
mitogenic stimulation promoting the activation of 
cyclin D-dependent kinases 4 and 6, thereby 
facilitating the rapid movement of cells through 

the cell cycle. High levels of p21Waf1, in contrast, 
act to inhibit cyclin E-dependent kinase 2 resulting 
in cell cycle arrest. In mature endothelial cells, loss 
of one p21 allele resulted in decreased p21 protein 
expression and increased proliferative activity.52 
Apoptotic responses were also reduced while blood 
vessel formation in response to angiogenic stimuli 
in vivo was signifi cantly increased.52 Thus, as with 
other cell types,53 alterations in the level of p21Waf1 
can have profound effects on the cycling behavior 
of endothelial cells.

The mechanism by which ANG501 produces 
transient increases in the expression of p21Waf1 is 
unclear. p21Waf1 is controlled both transcriptionally 
by p53 and post-transcriptionally via proteosome-
dependent degradation. Previous studies have 
shown that various tubulin-binding anti-mitotic 
agents including paclitaxel, nocodazole, vinblas-
tine, and colchicine54 can also induce expression 
of p21Waf1. Taxol, has similarly been reported to 
induce p21Waf1 in a dose- and time-dependent 
fashion.55 In this instance, the effect appeared 
largely independent of p53 but involved activation 
of c-raf-1.55 Taken together, these studies suggest 
that perturbation of tubulin polymerization/
depolymerization may trigger the upregulation of 
p21Waf1 expression.

The enhanced expression of certain heat shock 
proteins including HSP25, HSP70 and anti-
B-crystallin following treatment of endothelial 
cells with ANG501 may also have important 
functional consequences. Heat shock proteins are 
induced in response to a broad range of stress-
related stimuli including heat, radiation and 
infection. They function as molecular chaperones 
playing a key role in protein folding.56 They 
also facilitate the generation of specifi c immune 
responses against both tumour antigens and 
infectious agents.56 Importantly, heat shock proteins 
have been implicated in the control of cell cycling 
under both normal57,58 and stress-induced condi-
tions.59 Of potential relevance to the present study, 
elevated levels of HSP70 have been shown to 
reduce p21Waf1 expression and ameliorate G2/M 
arrest in response to radiation, reducing the mag-
nitude of radiation-induced cell death.60

Tubulin destabilizing agents such as colchicine 
have been shown to induce HSP70 (HSP74) 
expression in the absence of  elevated temperature.61 
Interestingly, the tubulin stabilizing agent Taxol 
did not produce similar induction even when cells 
were exposed to elevated temperatures.61
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It is evident from the studies described above, 
that other tubulin destabilizing agents such as 
colchicine produce changes in gene expression and 
cell cycling that are similar to those triggered by 
ANG501 treatment. Indeed, colchicine has been 
shown to induce G2/M arrest and function as an 
effective radiation sensitizer in vitro.62 Paclitaxel 
has also been shown to induce G2/M arrest and 
sensitize breast and lung adenocarcinomas to 
radiation.63,64 It is important to emphasize, how-
ever, that the new generation VDAs have an impor-
tant advantage over conventional tubulin-directed 
cytotoxic agents that facilitates their use as radia-
tion sensitizers in the context of vascular targeted 
therapy. Specifi cally, the reversible nature of the 
tubulin depolymerizing activity of VDAs, which 
is central to the tumour specifi city of these mole-
cules, also ensures that the cell cycle arrest induced 
by treatment is transient and can be triggered with-
out the massive apoptotic response and subsequent 
toxicity associated with conventional anti-mitotic 
tubulin-binding agents.

Taken together, the results of the present study 
emphasize the need to consider the possible impact 
of VDA treatment not only on tumour physiology 
but also on intrinsic radiation sensitivity when 
developing or optimizing approaches in which 
these novel compounds are used in combination 
with radiation therapy in the treatment of solid 
tumours. The question of sequence and timing is 
likely to be particularly important in the context 
of fractionated radiation regimens. It is encourag-
ing in this regard that non-cytotoxic doses of 
ANG501 can signifi cantly enhance the sensitivity 
of endothelial cells to clinically relevant doses of 
radiation. Although the absolute increase in radia-
tion-induced cell death achieved by addition of 
ANG501 is reasonably modest, if  repeated through-
out the course of a fractionated radiation regimen, 
then the impact on tumour survival would be 
dramatic.

Acknowledgements
These studies were supported by a pilot grant from 
the Women’s Cancers Better Than Ever Program. 
The Arizona Center is the recipient of a Cancer 
Center Support Grant from the National Cancer 
Institute (CA23074).

Disclosure
The authors report no confl icts of interest.

References
 1. Hinnen P, Eskens FA. Vascular disrupting agents in clinical development. 

Br J Cancer. 2007;96:1159–65.
 2. Cai SX. Small molecule vascular disrupting agents: potential new drugs 

for cancer treatment. Recent Pat Anticancer Drug Discov. 2007;2:
79–101.

 3. Lippert J Wr. Vascular disrupting agents. Bioorg Med Chem. 2007;15:
605–15.

 4. Blakey DC, Westwood FR, Walker M, et al. Antitumor activity of the 
novel vascular targeting agent ZD6126 in a panel of tumor models. 
Clin Cancer Res. 2002;8:1974–83.

 5. Gotlieb AI. The endothelial cytoskeleton: organization in normal and 
regenerating endothelium. Toxicol Pathol. 1990;18:603–17.

 6. Galbraith SM, Chaplin DJ, Lee F, et al. Effects of combretastatin A4 
phosphate on endothelial cell morphology in vitro and relationship to 
tumour vascular targeting activity in vivo. Anticancer Res. 2001;21:
93–102.

 7. Lee JS, Gotlieb AI. Microtubules regulate aortic endothelial cell actin 
microfi lament reorganization in intact and repairing monolayers. Histol 
Histopathol. 2005;20:455–65.

 8. Chaplin DJ, Hill SA. The development of combretastatin A4 phosphate 
as a vascular targeting agent. Int J Radiat Oncol Biol Phys. 2002;
54:1491–6.

 9. Blakey DC, Ashton SE, Westwood FR, Walker M, Ryan AJ. ZD6126: 
a novel small molecule vascular targeting agent. Int J Radiat Oncol 
Biol Phys. 2002;54:1497–502.

10. Dowlati A, Robertson K, Cooney M, et al. A phase I pharmacokinetic 
and translational study of the novel vascular targeting agent combre-
tastatin a-4 phosphate on a single-dose intravenous schedule in patients 
with advanced cancer. Cancer Res. 2002;62:3408–16.

11. Beerepoot LV, Radema SA, Witteveen EO, et al. Phase I clinical 
evaluation of weekly administration of the novel vascular-targeting 
agent, ZD6126, in patients with solid tumors. J Clin Oncol. 2006;24:
1491–8.

12. LoRusso PM, Gadgeel SM, Wozniak A, et al. Phase I clinical evalua-
tion of ZD6126, a novel vascular-targeting agent, in patients with solid 
tumors. Invest New Drugs. 2008;26:159–67.

13. Davis PD, Dougherty GJ, Blakey DC, et al. ZD6126: a novel vascular-
targeting agent that causes selective destruction of tumor vasculature. 
Cancer Res. 2002;62:7247–53.

14. Thorpe PE. Vascular targeting agents as cancer therapeutics. Clin 
Cancer Res. 2004;10:415–27.

15. Siemann DW, Chaplin DJ, Horsman MR. Vascular-targeting therapies 
for treatment of malignant disease. Cancer. 2004;100:2491–9.

16. Siemann DW, Horsman MR. Targeting the tumor vasculature: a strategy 
to improve radiation therapy. Expert Rev Anticancer Ther. 2004;4:321–7.

17. Siemann DW, Rojiani AM. The vascular disrupting agent ZD6126 
shows increased antitumor effi cacy and enhanced radiation response 
in large, advanced tumors. Int J Radiat Oncol Biol Phys. 2005;
62:846–53.

18. Raben D, Ryan A. Vascular-targeting agents and radiation therapy 
in lung cancer: where do we stand in 2005? Clin Lung Cancer. 2005;
7:175–9.

19. Wachsberger PR, Burd R, Marero N, et al. Effect of the tumor vascular-
damaging agent, ZD6126, on the radioresponse of U87 glioblastoma. 
Clin Cancer Res. 2005;11:835–42.

20. O’Reilly MS. Radiation combined with antiangiogenic and antivas-
cular agents. Semin Radiat Oncol. 2006;16:45–50.

21. Hoang T, Huang S, Armstrong E, Eickhoff JC, Harari PM. Augmenta-
tion of radiation response with the vascular targeting agent ZD6126. 
Int J Radiat Oncol Biol Phys. 2006;64:1458–65.

22. Ahmed B, Landuyt W, Griffi oen AW, Van Oosterom A, Van den Bogaert W, 
Lambin P. In vivo antitumour effect of combretastatin A-4 phosphate 
added to fractionated irradiation. Anticancer Res. 2006;26:307–10.

23. Hori K, Furumoto S, Kubota K. Tumor blood fl ow interruption after 
radiotherapy strongly inhibits tumor regrowth. Cancer Sci. 2008;99:
1485–91.



10

Dougherty et al

Cancer Growth and Metastasis 2009:2

24. Nielsen T, Murata R, Maxwell RJ, Stodkilde-Jorgensen H, Ostergaard L, 
Horsman MR. Preclinical studies to predict effi cacy of vascular changes 
induced by combretastatin a-4 disodium phosphate in patients. Int J 
Radiat Oncol Biol Phys. 2008;70:859–66.

25. Siemann DW, Shi W. Effi cacy of combined antiangiogenic and vascu-
lar disrupting agents in treatment of solid tumors. Int J Radiat Oncol 
Biol Phys. 2004;60:1233–40.

26. Shi W, Siemann DW. Targeting the tumor vasculature: enhancing 
antitumor effi cacy through combination treatment with ZD6126 and 
ZD6474. In Vivo. 2005;19:1045–50.

27. Terasima T, Tolmach LJ. Changes in x-ray sensitivity of HeLa cells 
during the division cycle. Nature. 1961;190:1210–11.

28. Terasima T, Tolmach LJ. X-ray sensitivity and DNA synthesis in syn-
chronous populations of HeLa cells. Science. 1963;140:490–2.

29. Davis PD, Tozer GM, Naylor MA, Thomson P, Lewis G, Hill SA. 
Enhancement of vascular targeting by inhibitors of nitric oxide synthase. 
Int J Radiat Oncol Biol Phys. 2002;54:1532–6.

30. Salmon HW, Siemann DW. Effect of the second-generation vascular 
disrupting agent OXi4503 on tumor vascularity. Clin Cancer Res. 
2006;12:4090–4.

31. Chaplin DJ, Horsman MR. The infl uence of tumour temperature on 
ischemia-induced cell death: potential implications for the evaluation 
of vascular mediated therapies. Radiother Oncol. 1994;30:59–65.

32. Chaplin DJ, Horsman MR. The effect of artifi cially induced ischemia 
on tumour cell survival. Adv Exp Med Biol. 1994;345:437–43.

33. Denekamp J, Hill SA, Hobson B. Vascular occlusion and tumour cell 
death. Eur J Cancer Clin Oncol. 1983;19:271–5.

34. Parkins CS, Hill SA, Lonergan SJ, Horsman MR, Chadwick JA, 
Chaplin DJ. Ischaemia induced cell death in tumors: importance of  tempe-
rature and pH. Int J Radiat Oncol Biol Phys. 1994;29:499–503.

35. Li L, Rojiani A, Siemann DW. Targeting the tumor vasculature with 
combretastatin A-4 disodium phosphate: effects on radiation therapy. 
Int J Radiat Oncol Biol Phys. 1998;42:899–903.

36. Wilson WR, Li AE, Cowan DS, Siim BG. Enhancement of tumor 
radiation response by the antivascular agent 5,6-dimethylxanthenone-
4-acetic acid. Int J Radiat Oncol Biol Phys. 1998;42:905–8.

37. Siemann DW, Rojiani AM. Enhancement of radiation therapy by the 
novel vascular targeting agent ZD6126. Int J Radiat Oncol Biol Phys. 
2002;53:164–71.

38. Siemann DW, Rojiani AM. Antitumor effi cacy of conventional anti-
cancer drugs is enhanced by the vascular targeting agent ZD6126. 
Int J Radiat Oncol Biol Phys. 2002;54:1512–7.

39. Siemann DW, Mercer E, Lepler S, Rojiani AM. Vascular targeting 
agents enhance chemotherapeutic agent activities in solid tumor 
therapy. Int J Cancer. 2002;99:1–6.

40. Siemann DW, Horsman MR. Enhancement of radiation therapy by 
vascular targeting agents. Curr Opin Investig Drugs. 2002;3:
1660–5.

41. Siemann DW, Shi W. Dual targeting of tumor vasculature: combining 
Avastin and vascular disrupting agents (CA4P or OXi4503). Anticancer 
Res. 2008;28:2027–31.

42. Mancuso MR, Davis R, Norberg SM, et al. Rapid vascular regrowth 
in tumors after reversal of VEGF inhibition. J Clin Invest. 2006;116:
2610–21.

43. Horsman MR, Murata R, Breidahl T, et al. Combretastatins novel vascular 
targeting drugs for improving anti-cancer therapy. Combretastatins and 
conventional therapy. Adv Exp Med Biol. 2000;476:311–23.

44. Horsman MR, Murata R. Vascular targeting effects of ZD6126 in a 
C3H mouse mammary carcinoma and the enhancement of radiation 
response. Int J Radiat Oncol Biol Phys. 2003;57:1047–55.

45. Murata R, Overgaard J, Horsman MR. Combretastatin A-4 disodium 
phosphate: a vascular targeting agent that improves that improves the 
anti-tumor effects of hyperthermia, radiation, and mild thermoradio-
therapy. Int J Radiat Oncol Biol Phys. 2001;51:1018–24.

46. Murata R, Siemann DW, Overgaard J, Horsman MR. Interaction 
between combretastatin A-4 disodium phosphate and radiation in 
murine tumors. Radiother Oncol. 2001;60:155–61.

47. Landuyt W, Ahmed B, Nuyts S et al. In vivo antitumor effect of vascular 
targeting combined with either ionizing radiation or anti-angiogenesis 
treatment. Int J Radiat Oncol Biol Phys. 2001;49:443–50.

48. Masunaga S, Sakurai Y, Suzuki M et al. Combination of the vascular 
targeting agent ZD6126 with boron neutron capture therapy. Int J Radiat 
Oncol Biol Phys. 2004;60:920–7.

49. Masunaga S, Nagasawa H, Nagata K, et al. Dependency of the effect 
of a vascular disrupting agent on sensitivity to tirapazamine and gamma-
ray irradiation upon the timing of its administration and tumor size, 
with reference to the effect on intratumor quiescent cells. J Cancer Res 
Clin Oncol. 2007;133:47–55.

50. Siemann DW, Shi W. Targeting the tumor blood vessel network to 
enhance the effi cacy of radiation therapy. Semin Radiat Oncol. 2003;
13:53–61.

51. Zhao D, Jiang L, Hahn EW, Mason RP. Tumor physiologic response 
to combretastatin A4 phosphate assessed by MRI. Int J Radiat Oncol 
Biol Phys. 2005;62:872–80.

52. Bruhl T, Heeschen C, Aicher A, et al. p21Cip1 levels differentially 
regulate turnover of mature endothelial cells, endothelial progenitor 
cells, and in vivo neovascularization. Circ Res. 2004;94:686–92.

53. Weinberg WC, Denning MF. P21Waf1 control of epithelial cell cycle 
and cell fate. Crit Rev Oral Biol Med. 2002;13:453–64.

54. Johnson KR, Young KK, Fan W. Antagonistic interplay between anti-
mitotic and G1-S arresting agents observed in experimental combina-
tion therapy. Clin Cancer Res. 1999;5:2559–65.

55. Blagosklonny MV, Schulte TW, Nguyen P, Mimnaugh EG, Trepel J, 
Neckers L. Taxol induction of p21WAF1 and p53 requires c-raf-1. 
Cancer Res. 1995;55:4623–6.

56. Basu S, Srivastava PK. Heat shock proteins: the fountainhead of  innate 
and adaptive immune responses. Cell Stress Chaperones. 2000;5:443–51.

57. Nakamura S, Tatuno I, Noguchi Y, et al. 73-kDa heat shock cognate 
protein interacts directly with P27Kip1, a cyclin-dependent kinase 
inhibitor, during G1/S transition. Biochem Biophys Res Commun. 
1999;257:340–3.

58. Gangalum RK, Schibler MJ, Bhat SP. Small heat shock protein alphaB-
crystallin is part of cell cycle-dependent Golgi reorganization. J Biol 
Chem. 2004;279:43374–7.

59. Nakai A, Ishikawa T. Cell cycle transition under stress conditions 
controlled by vertebrate heat shock factors. EMBO J. 2001;20:2885–95.

60. Lee SJ, Choi SA, Lee KH et al. Role of inducible heat shock protein 70 
in radiation-induced cell death. Cell Stress Chaperones. 2001;6:273–81.

61. Clark BD, Brown IR. Altered expression of a heat shock protein in the 
mammalian nervous system in the presence of agents which affect 
microtubule stability. Neurochem Res. 1987;12:819–23.

62. Liu CY, Liao HF, Shih SC, et al. Colchicine sensitizes human hepato-
cellular carcinoma cells to damages caused by radiation. World J 
Gastroenterol. 2005;11:4237–40.

63. Liebmann J, Cook JA, Fisher J, Teague D, Mitchell JB. Changes in radia-
tion survival curve parameters in human tumor and rodent cells exposed 
to paclitaxel (Taxol). Int J Radiat Oncol Biol Phys. 1994;29:559–64.

64. Liebmann J, Cook JA, Fisher J, Teague D, Mitchell JB. In vitro studies 
of Taxol as a radiation sensitizer in human tumor cells. J Natl Cancer 
Inst. 1994;86:441–6.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


