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Abstract
Several types of collagen contain cryptic antiangiogenic noncollagenous domains that are released upon

proteolysis of extracellular matrix (ECM). Among those is Arresten, a collagen-derived antiangiogenic factor
(CDAF) that is processed from a1 collagen IV. However, the conditions under which Arresten is released from
collagen IV in vivo or whether the protein functions in tumor suppressor pathways remain unknown. Here, we
show that p53 induces the expression of a1 collagen IV and release of Arresten-containing fragments from the
ECM. Comparison of the transcriptional activation of COL4A1 with other CDAF-containing genes revealed that
COL4A1 is a major antiangiogenic gene induced by p53 in human adenocarinoma cells. p53 directly activated
transcription of the COL4A1 gene by binding to an enhancer region 26 kbp downstream of its 30 end. p53 also
stabilized the expression of full-length a1 collagen IV by upregulation of a(II) prolyl-hydroxylase and increased
the release of Arresten in the ECM through a matrix metalloproteinase (MMP)-dependent mechanism. The
resulting upregulation of a1 collagen IV and production of Arresten by the tumor cells significantly inhibited
angiogenesis and limited tumor growth in vivo. Furthermore, we show that immunostaining of Arresten
correlated with p53 status in human prostate cancer specimens. Our findings, therefore, link the production
of Arresten to the p53 tumor suppressor pathway and show a novel mechanism through which p53 can inhibit
angiogenesis. Cancer Res; 72(5); 1–10. �2012 AACR.

Introduction
The tumor suppressor functions of p53 are primarily derived

from its ability to act as a sequence-specific transcription
factor and regulate expression of a diverse array of genes. The
most extensively studied p53 target genes are those that
mediate cell autonomous effects such as cell-cycle arrest,
senescence, and apoptosis (1). However, p53 can also upregu-
late genes that limit tumor growth by inhibiting effects such as
metastasis and angiogenesis.
The ability of p53 to limit angiogenesis has been shown in

several studies in which p53 mutation in prostate (2, 3), colon
(3–5), head and neck (6), and breast cancers (7) was shown to

correlate with increased microvessel density (MVD). This
notion was further supported by animal models showing that
reversal of the angiogenic switch required p53 (8) and that p53
could induce tumor dormancy by limiting angiogenesis (9, 10).

p53 negatively regulates angiogenesis by both inhibiting the
production of proangiogenic factors such as VEGF and by
increasing production of antiangiogenic ones such as throm-
bospondin (TSP-1) (11). p53 has also been shown to induce
production of antiangiogenic factors derived from collagen
such as endostatin and tumstatin (12). There are seven col-
lagens identified to date that contain antiangiogenic activity in
their noncollagenous 1 (NC1) domains (13–20). Experiments
using transgenic mice have suggested that even modest
increases in the levels of these factors can significantly slow
tumor growth (21). Conversely, mice lacking expression of the
precursor of tumstatin, a3 collagen IV, showed increased rates
of tumor growth (22).

Several studies suggest that production of collagen-derived
antiangiogenic factors (CDAF) may function in the p53 tumor
suppressor pathway. A rate-limiting enzyme in collagen bio-
synthesis, a(II) prolyl-hydroxylase, was shown to be a tran-
scriptional target of p53 (12). In addition, genome-wide screens
for p53-binding sites have suggested that two collagen genes,
COL18A1 (23) and COL4A1 (24), are targets of p53. These genes
encode a1 collagen XVIII and a1 collagen IV that include the
CDAFs endostatin and Arresten, respectively. In the current
study, we show that p53 upregulates the expression of the
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COL4A1 gene leading to release of the C-terminal noncolla-
genous domain ofa1 collagen IV, which contains Arresten. We
propose these effects to be a p53-mediated response to limit
tumor angiogenesis.

Materials and Methods
Additional details are provided in the Supplemental online

Materials.

Cell lines and virus
H1299 and PC3 cells were purchased from American Type

Culture Collection. HCT116 cells (p53 wild-type and null) were
a gift from Bert Vogelstein (25). Cell lines were routinely
authenticated by immunoblot analysis of p53. Human umbil-
ical vein endothelial cells (HUVEC) were bought from Clo-
netics. Ad-p53 and Ad-lacZ adenovirus have been described
previously (12).

Western blotting
Whole-cell extracts were obtained by harvesting cells and

boiling in 1X Laemmli buffer. Endogenous proteins in condi-
tioned media were precipitated with 15% TCA. V5-His–tagged
collagen fragments in the conditionedmediawere precipitated
with TALON Superflow Metal Affinity Resin (BD Biosciences).

Quantitative real-time PCR
RNA was isolated using TRIzol (Sigma). Reverse transcrip-

tionwas conductedwith QuantiTect Reverse Transcription Kit
(Qiagen), and PCR reactions were carried out by QuantiTect
SYBR Green PCR Kit (Qiagen). The 18S ribosomal RNA was
used as internal control.

Chromatin immunoprecipitation
Chromatin immunoprecipitation (ChIP) experiments were

conducted as previously described (26).

Analysis of tumors in mice
Animal experiments were approved by the McGill Animal

Ethics Committee. A total of 10 � 106 H1299-COL4A1-V5 or
control [empty vector (EV)] cells were injected subcutaneously
into the back of nu/nu mice (Charles River). Tumor growth in
vivo was measured as previously described (12). MVD was
measured as previously described (27).

Collagen deposition assay
Immunofluorescence was carried out using a rabbit poly-

clonal antibody against total collagen IV (Abcam ab6586) or
normal rabbit g-globulin (Innovative Research).

Endothelial tube formation assay
HUVECs were plated onto Matrigel (BD Bioscience) in the

presence of endothelial growth media (EGM-2) (Lonza) con-
ditioned on H1299-COL4A1-V5 or H1299-EV stable cell lines.
Tube complexity was measured as the number of branches in
each field.

Tissue microarrays
Ethics approval for sample collection included in this study

was obtained from the ethics board of the Research Center of

Universit�e de Montr�eal Hospital Center (Montr�eal, QC,
Canada). Patients signed an informed consent form.

Statistical analysis
Two-tailed Student t test was carried out for most experi-

ments. One-way ANOVA was used for analysis of the quanti-
tative real-time PCR (qRT-PCR) data. Analyses of the chromo-
some conformation capture (3C) data were done using the
Kolmogorov–Smirnov test. For tissue microarray (TMA)
Mann–Whitney and Kruskal Wallis tests were used to show
mean expression differences between groups. Correlations
between the various variables were evaluated using the Spear-
man rho. For all statistical tests, differences were considered
significant when P value was less than 0.05.

Results
COL4A1 is a major transcriptional target of p53

Several types of collagen have been reported to contain
cryptic antiangiogenic domains (13–20). We have previously
shown that p53 can enhance the secretion of these factors;
however, the relative importance of the various collagens in the
p53 pathway has yet to be elucidated. In Figure 1A, qRT-PCR
analysis was used to compare the ability of p53 to induce
expression of collagens known to contain antiangiogenic
activity as well as the well-characterized antiangiogenic p53
target, TSP-1. An adenoviral vector expressing p53 (Ad-p53)
was used to reintroduce p53 into H1299 cells that lack p53
expression. Figure 1A and C show that COL4A1 expression
measured by qRT-PCR was induced over 200-fold by p53
relative to controls, which was far greater than all other
antiangiogenic collagens tested.

COL4A1 expression was also compared in HCT116 cells that
express wild-type p53 relative to HCT116 cells in which p53 has
been deleted (28). Addition of 5-fluorouracil (5-FU) to these
cells results in the stabilization of p53 and induction of p53-
dependent genes such as p21 (Fig. 1D). Figure 1B shows that
COL4A1 mRNA was the most highly induced antiangiogenic
collagen in p53 wild-type but not p53�/� cells following
treatment with 5-FU, confirming that induction occurs under
conditions using endogenous p53. Surprisingly, induction of
COL4A1 far exceeded that of the well-known antiangiogenic
p53 target TSP-1 in both H1299 and HCT116 cells.

The mechanism by which p53 enhances expression of
COL4A1 seems to be unique from other p53 targets. The
collagen type IV family consists of six different genes (a1-
a6) arranged in pairs with a head-to-head orientation on three
different chromosomes in the human genome. The COL4A1
and COL4A2 gene are structured in this manner and share a
common promoter sequence (29). Sequence analysis of the
promoter of COL4A1/A2 did not reveal any canonical p53-
binding site. However, genome-wide analysis for p53-binding
sites reported the presence of a perfect p53-binding site 26 kbp
downstream from the 30 end of the COL4A1 gene (ref. 24; Fig.
2B). To confirm the occupancy of p53 on the putative-binding
site, ChIP was carried out. Binding of p53 to the putative-
binding site was significantly enriched compared with a gene
desert control region (Fig. 2A). Because the identified p53-
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binding site is 26 kbp away from the 30 end of COL4A1, we then
asked whether the distant p53 site interacts with the promoter
through long range looping interactions as are often observed
with transcriptional enhancers. Using 3C technique (30), a
greater proximity between the promoter of COL4A1 and its 30

p53-binding site was observed upon p53 expression (Fig. 2B).
This result suggests that p53 induces COL4A1 expression from
a 30 end enhancer by a long-range mechanism.

p53 expression stimulates the production of Arresten
We then examined the effect of p53 expression on the

production of the full-length a1 collagen IV. Figure 3A shows
that expression of p53 in H1299 cells results in no significant
change in full-length a1 collagen IV protein levels in whole-
cell extracts. However, because previous studies have shown
that soluble antiangiogenic fragments of a1 collagen IV can
be released from the extracellular matrix (ECM; ref. 15), we
analyzed the conditioned media by Western blotting. Inter-
estingly, the conditioned media from p53-expressing cells
showed the appearance of NC1 containing proteins of
approximately 80 and 30 kDa in size (Fig. 3A, right). To
confirm that the bands in the conditioned media are derived
from a1 collagen IV, a stable cell line was derived expressing

full-length COL4A1 containing the V5-His epitope tag fused
to the C-terminus. Using this cell line (H1299/COL4A1-V5),
NC1-containing peptides were purified from conditioned
media using metal affinity resin and detected with anti-
V5 antibody. Figure 3B shows that COL4A1-expressing cells
produce an 80 kDa product similar to that observed with the
endogenous protein. Expression of p53 in the H1299/
COL4A1-V5 cells results in enhanced production of Arresten
(Fig. 3B), suggesting that p53 can also stimulate the pro-
duction of the protein post-transcriptionally as the trans-
gene is under the control of an exogenous promoter. These
results show that p53 expression can enhance the expression
and processing of Arresten.

To confirm that p53-dependent induction of Arresten could
be observed without the need for overexpression of p53 or
COL4A1, we used the p53 wild-type and p53�/� HCT116 cell
lines described earlier. Figure 3C shows that when wild-type
HCT116 cells are treated with 5-FU, an 80 kDa Arresten band is
observed in the conditioned media, which is barely detectable
in conditioned media from p53�/� cells. The increase in a1
collagen IV protein is specific to the soluble C-terminal frag-
ment as no significant increase in the full-length protein is
observed in whole-cell extracts (Fig. 3C, top).

Figure 1. COL4A1 is the major CDAF parent collagen induced by p53. A, qRT-PCR quantification of the induction of CDAF parent collagens and
TSP-1 inH1299cells at 30hours followingAd-p53orAd-LacZ infection.PCOL4A1¼0.03,PCOL15A1¼0.039,n¼3.B, qRT-PCRquantification of the induction of
CDAF parent collagens and TSP-1 following activation of endogenous p53 after 30 hours of 5-FU treatment in HCT116 wild-type (WT) or p53�/� cells.
P ¼ 0.033, n ¼ 3. C, top, expression of COL4A1 and p21 by RT-PCR in H1299 cells following infection with Ad-p53 or Ad-LacZ at 0, 12, 24, and
30 hours post infection [time post infection (t.p.i)]. Glycerol-3-phosphate dehydrogenase (GPDH) was used as a loading control. Immunoblot against p53 on
the whole-cell extract (WCE) was carried out to confirm expression of p53.Tubulin was used as a loading control. Bottom, qRT-PCR quantifying induction of
COL4A1 relative to time 0 hour in Ad-lacZ- or Ad-p53–infectedH1299 cells.P¼ 0.005 (24 hours),P¼ 0.030 (30 hours), n¼ 3. D, top, immunoblot ofWCE from
5-FU–treated HCT116 WT and p53�/� cells confirming p53 stabilization and induction of the p21 target gene. Tubulin was used as a loading control.
Bottom, qRT-PCR quantifying induction of COL4A1 relative to time 0 hour following activation of endogenous p53 with 5-FU (375 mmol/L) in HCT116
WT or p53�/� cells. P ¼ 0.022 (24 hours), P ¼ 0.033, n ¼ 3. �P < 0.05, ��P < 0.01.
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p53-induced Arresten production is independent of
caspase activation and requires matrix
metalloproteinase activity

Expression of p53 can result in the induction of apoptosis,
and therefore, the activation of caspases. To determine wheth-
er the processing of a1 collagen IV into Arresten was depen-
dent upon caspase activity, H1299 cells were treated with the
caspase inhibitor zVAD-fmk. Supplementary Figure S1 shows
that zVAD-fmk prevented the activation of caspase-3 but had
no effect on the appearance of Arresten in the conditioned
media in response to p53.

Release of the antiangiogenic peptides from parent collagen
requires proteolysis. Previous studies have implicated matrix
metalloproteinase (MMP) in the production of tumstatin,
which is derived from a3 collagen IV (22). To determine
whether MMP activity is required for Arresten production,
cells were treated with the MMP inhibitor, GM6001. Figure 3D
shows that addition of GM6001 reduced levels of Arresten in
the conditionedmedia of cells expressing p53 but did not affect
full-length collagen in whole-cell extract. These data indicate
that production of Arresten is not a consequence of apoptosis
induced by p53 but rather is part of an antiangiogenic program
whereby a1 collagen IV expression is increased and processed
into Arresten by MMP activity.

Prolyl-hydroxylase activity stimulates the production of
a1 collagen IV and Arresten

We have previously reported that a rate-limiting enzyme in
collagen production, a(II) collagen prolyl-hydroxylase [a(II)
PH], is a target gene of p53 (12). We, therefore, asked whether
a(II)PH could potentiate the production of Arresten. Figure 4A
shows that cell lines overexpressing a(II)PH were capable of

producing more full-length a1 collagen IV than control cells
when transfected with a plasmid encoding the COL4A1 gene.
Moreover, the conditioned media of a(II)PH-expressing cells
contained more of the fully processed Arresten peptide (Fig.
4A, right).

To confirm that prolyl-hydroxylase activity is essential for
Arresten production, we examined the effect of an inhibitor of
a(II)PH, ethyl-3,4-dihydroxy benzoate (EDHB), on a1 collagen
IV and Arresten production. Figure 4B shows that EDHB
reduced levels of Arresten in conditioned media after p53
expression. Taken together, these results suggest that p53
increases production of Arresten in a process that is dependent
upon the a(II)PH enzyme.

a1 collagen IV expression is antiangiogenic and inhibits
tumor formation

The H1299/COL4A1-V5 cells release an NC1-containing
peptide of approximately 80 kDa in size into the conditioned
media (Fig. 3B). We, therefore, determined whether these
cells secrete antiangiogenic activity. Figure 5A and B show
that conditioned media from H1299/COL4A1-V5 cells sig-
nificantly inhibited tube formation of HUVECs and
increased HUVEC cell death in vitro. It should be noted that
even though this is a stable population of COL4A1-expres-
sing cells, the level of Arresten released by these cells is less
than that observed when endogenous Arresten is induced by
p53 (Supplementary Fig. S2). The antiangiogenic effect of
COL4A1 expression in this system is, therefore, unlikely to be
an artifact of overexpression.

The p53-dependent induction of COL4A1 expression and
production of Arresten may represent a mechanism to limit
tumor angiogenesis and growth. To test this possibility, H1299/

Figure 2. COL4A1 is a direct transcriptional target of p53. A, ChIP analysis of the COL4A1 p53-binding site following infection of H1299 cells with Ad-LacZ or
Ad-p53. Binding to the p21 promoter and chromosome (chr) 22 were used as positive and negative controls, respectively. Fold enrichment of COL4A1
p53-binding site over the chromosome 22 region by ChIP-qPCR, was normalized to mouse IgG. P ¼ 0.006, n ¼ 4. B, diagram showing the COL4A1 and
COL4A2 genes on chromosome 13, aswell as the putative p53-binding site 26 kb downstreamof the 30 end ofCOL4A1 (highlighted in yellow). Graph showing
interaction frequencies of the COL4A1 promoter with various regions of chromosome 13 containing the COL4A1 and COL4A2 genes as determined
by 3C technique. Values represent the ratio of interaction frequencies of Ad-p53–infected H1299 cells over Ad-LacZ controls in each region.P¼ 0.015, n¼ 2.
�P < 0.05, ��P < 0.01.
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COL4A1-V5 or vector control cells were transplanted on the
backs of nude mice. Figure 5D shows that H1299/COL4A1-V5
tumors displayed significantly slower rates of tumor growth
relative to vector alone (EV). This effect was not due to
differences in cell growth or apoptosis as no major changes
in these parameters were observed (Fig. 5C). Histologic exam-
ination of tumors revealed that MVD within the a1 collagen
IV–expressing tumors was significantly lower suggesting that
the slower tumor growth was due to an antiangiogenic effect
(Fig. 5E).

Expression of p53 remodels collagen IV matrix and
inhibits tube formation

Type IV collagen serves as a major reservoir for antiangio-
genic factors that can be released by proteolysis, but converse-
ly, stable collagen IV matrix is an essential component of
vascular basement membranes and is, therefore, essential for
angiogenesis (31, 32). Because p53 expression in tumor cells
increases the production of peptides derived from a1 collagen
IV, this suggests that p53 may promote remodeling of collagen
IVmatrices to prevent angiogenesis. To form stable protomers

Figure 3. Expression of p53 stimulates the extracellular release of a1 collagen IV NC1 fragments. A, left, immunoblot showing expression of a1 collagen 4
in the whole-cell extract (WCE) of H1299 cells following infection with Ad-LacZ or Ad-p53. Expression of p53, p21, and tubulin were monitored as controls.
Release of endogenous COL4A1-NC1 fragments were analyzed by immunoblotting the conditioned media (CM). Ponceau red staining was used as a
loading control. B, immunoblots of WCE and CM of H1299/COL4A1-V5 or empty vector control (EV) cells infected with Ad-LacZ or Ad-p53. V5-Tagged full-
length or C-terminal a1 collagen 4 fragments were detected using an antibody against V5. Expression of p53 and tubulin were analyzed as controls. C,
immunoblots ofWCEandCMofHCT116WTandp53-null cells treatedwith orwithout 5-FU. Induction of p53 in theWCEwasmonitored ascontrol, and tubulin
wasusedas loading control. Induction of endogenousCOL4A1-NC1inWCEandCMwasexaminedasdescribed in (A). Ponceau red stainingof themembrane
was used as a loading control for the CM. D, immunoblots onWCE and CMof H1299 cells infectedwith Ad-lacZ or Ad-p53 in the presence of the global MMP
inhibitor, GM6001, or DMSO as control. Expression of COL4A1-NC1 in the WCE and its NC1 fragments in the CMwere detected as in (A). Expression of p53
and tubulin in the WCE were monitored as controls. Ponceau red staining of the membrane was used as loading control for the CM.
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and assemble into amatrix, botha1 anda2 collagen IVmust be
present. These proteins associate in a heterotrimeric triple-
helix and subsequently assemble into a large-scale matrix
through interactions with the globular NC1 domains (32). We,
therefore, examined the effect of p53 on collagen IV deposition
of tumor cells. H1299 cells do not form any appreciable
collagen IV matrix due to lack of baseline expression of both
a1 and a2 collagen IV (see Fig. 3 and Supplementary Fig. S3).
The prostate cancer cell line PC3, however, expresses both a1
and a2 collagen IV and forms a robust collagen IV matrix (Fig.
6B). Importantly, PC3 cells also completely lack expression of
p53, which allows the effects of p53 reexpression to be
addressed.

Figure 6A shows that botha1 anda2 collagen IV are present
in PC3 cells and when p53 is reintroduced, NC1 fragments are
released in the conditioned media. The extent of collagen
deposition on the surface of these cells was examined by
immunofluorescence. Figure 6B shows that p53 expression
following matrix deposition completely abolished the collagen
IVmatrix surrounding these cells. In this experimental system,
p53 expression did not result in any appreciable induction of
apoptosis or changes in cell morphology (Supplementary Fig.
S4).

Remodeling of the collagen IVmatrix by p53 could represent
a potential antiangiogenic mechanism destabilizing the base-
ment membrane essential for angiogenesis. We, therefore,
investigated the effect of p53-conditioned media on tube
formation of endothelial cells growing on reconstituted base-

ment membranes (Matrigel). Matrigel monolayers were incu-
bated with conditioned media from p53-expressing or control
cells. After 72 hours, the conditioned media was removed and
HUVECs were added to the treated Matrigel and assessed for
tube formation. Figure 6C shows that Matrigel treated with
p53-conditioned media was unable to support tube formation.
Intriguingly, addition of theMMP inhibitor GM6001 to the p53-
conditioned media during Matrigel treatment blocked this
effect, suggesting that the inhibition of tube formation was
dependent upon MMP activity.

A previous study has shown that p53 can transcriptionally
activate expression of the MMP2 gene, which encodes a col-
lagenase well known to degrade type IV collagen (33). We,
therefore, determined whether p53 is able to induce MMP2
expression in PC3 cells. Supplementary Figure S5A shows that
infection of PC3 cells with Ad-p53 resulted in a 4-fold induction
of theMMP2 gene. To determinewhetherMMP2 activity is able
to release the Arresten NC1 domain from PC3 cells, a hemag-
glutinin (HA)-tagged cDNA expressing MMP2 was transfected
into PC3 cells. Supplementary Figure S5B shows that expres-
sion of MMP2 induced the appearance of a similar 80 kDa
Arresten band observed upon p53 expression.

These data suggest that p53 affects collagen IV by two
mechanisms that can inhibit angiogenesis. First, p53 enhances
production of the antiangiogenic factor Arresten. Second, p53-
dependent inductionofMMP2or other ECMproteases remodel
existing collagen IV networks into a destabilized state that
cannot support attachment and migration of endothelial cells.

Figure 4. a(II) Prolyl hydroxylase
stabilizesa1collagen IVexpression
and increases the extracellular
release of its NC1 fragments. A,
immunoblots of whole-cell extract
(WCE) and conditioned media (CM)
from FLAG-tagged a(II)PH-
expressing (P4HA2-FLAG) cells
lines (PH1, 2, and 3) or controls (C1,
2, and 3) transfectedwith COL4A1-
V5 or EV. Expression of enhanced
GFP (eGFP) was monitored to
normalize for transfection
efficiency. FLAG antibody was
used to detect expression of a(II)
PH. Expression of COL4A1-V5 in
the WCE and CM were detected
using a V5 antibody. Tubulin was
used as a loading control. B,
immunoblots of WCE and CM from
H1299 cells infected with Ad-LacZ
or Ad-p53 in the presence of EDHB
or vehicle. Expression of full-length
a1 collagen IV in the WCE and its
NC1 fragments in the CM were
detected as in Fig. 3A. Expression
of p53 and tubulin in theWCEwere
monitored as controls. Ponceau
red staining of the membrane was
used as loading control for the CM.
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p53 mutation correlates with Arresten expression in
human prostate cancer
Because p53 increases production of Arresten in vitro, we

then asked whether p53 status in primary human cancers
correlate with expression of Arresten. A TMA containing 99
cases of prostate cancer was used for these studies. A summary
of the clinicopathological parameters of the patient cohort
present on this TMA is shown in Supplementary Table S1. Even
though p53mutations are not as common in prostate cancer as
in other carcinomas, when present they correlate with poor
patient survival (34). Prostate cancers carrying p53 mutations
are believed to be a small but highly aggressive subgroup
that has a high risk of progression even after radical prosta-
tectomy. To identify tumors that contain p53 mutations,
immunohistochemistry was carried out to visualize nuclear
accumulation of p53. Nuclear accumulation of p53 correlates
with the presence of missense mutations in the TP53 gene
(35–37). A duplicate set of TMAs was also stained with the
samemonoclonal antibody against Arresten used in the earlier
experiments.

In agreement with previous studies, we find that the p53
mutation correlates with several negative diagnostic outcomes
including bone metastasis (correlation coefficient ¼ 0.345,
P < 0.001) and overall mortality (correlation coefficient ¼
0.348, P < 0.001). Mutant p53 was detected in 17% of the cases
examined, which fits well with previously reported p53 muta-
tion frequencies in prostate cancer (36). Interestingly, presence
of mutant p53 significantly correlated with lack of Arresten
staining within the tumor (correlation coefficient ¼ �0.211, P
¼ 0.036). In normal prostate tissue, very little staining was
observed for either p53 or Arresten (Supplementary Fig. S6A).
Representative tumors are shown in Fig. 7. These data provide
clinical relevance to the in vitrofindingswe have described thus
far and show that loss of p53 activity in human tumors results is
reduced levels of Arresten.

Discussion
Several types of collagen have been shown to have potent

antiangiogenic domains that can be released by proteolysis of

Figure 5. Release of a1 collagen IV
NC1 fragments result in an
antiangiogenic effect in vitro and
inhibits tumor growth in vivo. A,
endothelial tube formation assay
conducted with EGM-2 media
conditioned on H1299/COL4A1-V5
or empty vector control (EV) cells and
quantification of tube complexity. P
¼ 0.0093, n ¼ 3.
B, trypan blue quantification of
HUVEC cell death following
treatment with EGM-2 media
conditioned on H1299/COL4A1-V5
or EV cells. P ¼ 0.012, n ¼ 3.
C, growth rates of stable H1299/
COL4A1-V5 and EV cells in vitro. D,
left, representative images of tumors
derived from H1299/COL4A1-V5 or
EV cells. Right, in vivo assessment of
H1299/COL4A1-V5 (n ¼ 10) or EV (n
¼ 8) tumor volumes and growth rates
following injection. P ¼ 0.027 and
P ¼ 0.042. E, left, representative
images of hematoxylin and eosin
(H&E)- and CD31-stained sections of
H1299/COL4A1-V5 or EV tumors. F,
quantification of MVD in H1299/
COL4A1-V5 tumor sections and EV
controls.
P ¼ 0.006, n ¼ 5. �P < 0.05,
��P < 0.01.
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ECM (31). Our previous work has suggested that these factors
can be mobilized downstream of the p53 pathway (12). The
relative importance of each of the various types of antiangio-
genic collagen in the p53 pathway remains unclear. In the
current study, we show that the collagen gene COL4A1, which
contains the antiangiogenic peptide Arresten, is the most
highly induced CDAF containing collagen in response to
p53. We show that p53 is able to increase Arresten production,
through three distinctmechanisms. First, p53 is able to directly
increase transcription of the COL4A1 gene that contains
Arresten. Second, a(II)PH, which we have previously charac-

terized as a p53 target gene also potentiates the production of
full-length a1 collagen IV and Arresten (12). Finally, p53
promotes the MMP-dependent remodeling of the collagen IV
matrix in the ECM, which further enhances the processing of
a1 collagen IV. Because a stable collagen IV matrix in vascular
basement membranes is required to form vessels (31, 32),
remodeling of collagen IV in the ECM would prevent the
association of endothelial cells with the destabilized matrix
and be potentially antiangiogenic.

We observe a predominant 80 kDa C-terminal fragment of
a1 collagen IV released upon p53 activation in H1299, HCT116,

Figure 6. p53-induced remodeling
of the collagen IV matrix results in
an antiangiogenic effect. A, left,
immunoblot showing expressionof
a1 collagen IV (COL4A1-NC1) in
the whole-cell extract (WCE) of
PC3 cells following infection with
Ad-LacZ or Ad-p53. a1 and a2
Collagen IV were detected using
antibodies raised against the NC1
domains. Expression of p53 and
tubulinweremonitored as controls.
Right, release of endogenous
COL4A1-NC1 fragments was
analyzed by immunoblotting the
conditioned media (CM) using the
same antibody used for the WCE.
Ponceau red staining of the
membrane was used as a loading
control. B, representative images
of matrix deposition by PC3 cells,
analyzed by immunofluorescence
following infection with Ad-lacZ,
Ad-p53, or mock infection. ECM
was detected using an antibody
against total collagen IV. Normal
rabbit IgG was used to detect
background staining. C, tube
formation assay of HUVEC cells,
Matrigel pretreated with CM from
H1299 cells infected with Ad-p53,
Ad-lacZ, or mock, in the presence
of GM6001 or vehicle control.
Treatment ofMatrigel inmedia with
noprior conditioningwas also used
as a control (NC). DAPI,
40,6-diamidino-2-phenylindole.
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and PC3 cells. This peptide is considerably larger than the 26-
kDa NC1 domain that has been previously shown to have
antiangiogenic activity (15). The actual size of Arresten present
in vivo has never been reported. Although the 80-kDa species is
the predominant form of Arresten released from cells in
culture, we cannot rule out that additional processing steps
could take place in vivo.
Our data support an antiangiogenic function for p53 in

which collagen IV is shed from cells into the tumor micro-
environment. This would result in Arresten and possibly
other collagen IV–derived antiangiogenic factors inhibiting
endothelial cell growth and tube formation. Of the six type
IV collagens, five of these have been reported to possess
domains that are antiangiogenic (18). These collagens rep-
resent an enormous quantity of antiangiogenic potential
that can be released by proteolysis of basement membrane
with MMPs or other ECM-degrading enzymes. Measurement
of physiologic serum concentrations of these factors in
humans has never been reported and it would be interesting
to determine whether serum levels of Arresten or other

factors correlate with clinical parameters such as overall
survival in patients with cancer.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Acknowledgments
The authors thank Bert Vogelstein for cell lines and Isabelle Gamache for

invaluable technical assistance.

Grant Support
This research was supported by grants from the Canadian Institute of Health

Research (CIHR) to J.G. Teodoro (MOP-86752 and MOP-115195) and J. Dostie
(MOP-86716). J.G. Teodoro and J. Dostie are both CIHR New Investigators and
FRSQ Research Scholars. S. Assadian. was supported by a Canderel/FRSQ
studentship and CIHR doctoral award. W. El-Assaad was supported by a
postdoctoral fellowship from the CIHR cancer training program. X.Q.D. Wang
is supported by a scholarship from the Cole Foundation.

The costs of publication of this article were defrayed in part by the payment of
page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received July 15, 2011; revised November 28, 2011; accepted December 12,
2011; published OnlineFirst January 17, 2012.

References
1. Vousden KH, Lu X. Live or let die: the cell's response to p53. Nat Rev

Cancer 2002;2:594–604.
2. Yu EY, Yu E,Meyer GE, BrawerMK. The relation of p53 protein nuclear

accumulation and angiogenesis in human prostatic carcinoma. Pros-
tate Cancer Prostatic Dis 1997;1:39–44.

3. Takahashi Y, Bucana CD, Cleary KR, Ellis LM. p53, vessel count, and
vascular endothelial growth factor expression in human colon cancer.
Int J Cancer 1998;79:34–8.

4. Faviana P, Boldrini L, Spisni R, Berti P, Galleri D, Biondi R, et al.
Neoangiogenesis in colon cancer: correlation between vascular

Figure 7. Correlation of p53 status
with COL4A1-NC1 staining in
prostate cancer TMAs.
Representative prostate cancer
specimens highlighting the
correlation of p53 with COL4A1-NC1
staining. Top, tumors with high
(mutated) p53 score indices and low
H11 staining. Bottom, tumors with
low p53 score indices and high H11
staining. Correlation coefficient ¼
�0.211, P ¼ 0.036,
n ¼ 99.

p53 Inhibits Angiogenesis by Inducing Arresten

www.aacrjournals.org Cancer Res; 72(5) March 1, 2012 OF9

Research. 
on April 20, 2017. © 2012 American Association for Cancercancerres.aacrjournals.org Downloaded from 

Published OnlineFirst January 17, 2012; DOI: 10.1158/0008-5472.CAN-11-2348 

http://cancerres.aacrjournals.org/


density, vascular endothelial growth factor (VEGF) and p53 protein
expression. Oncol Rep 2002;9:617–20.

5. KangSM,MaedaK,OnodaN,ChungYS, Nakata B, Nishiguchi Y, et al.
Combined analysis of p53 and vascular endothelial growth factor
expression in colorectal carcinoma for determination of tumor vascu-
larity and liver metastasis. Int J Cancer 1997;74:502–7.

6. Gasparini G, Weidner N, Maluta S, Pozza F, Boracchi P, Mezzetti M,
et al. Intratumoralmicrovessel density andp53protein: correlationwith
metastasis in head-and-neck squamous-cell carcinoma. Int J Cancer
1993;55:739–44.

7. Gasparini G, Weidner N, Bevilacqua P, Maluta S, Dalla Palma P, Caffo
O, et al. Tumor microvessel density, p53 expression, tumor size, and
peritumoral lymphatic vessel invasion are relevant prognostic markers
in node-negative breast carcinoma. J Clin Oncol 1994;12:454–66.

8. Giuriato S, RyeomS, Fan AC, Bachireddy P, Lynch RC, RiothMJ, et al.
Sustained regression of tumors uponMYC inactivation requires p53 or
thrombospondin-1 to reverse the angiogenic switch. Proc Natl Acad
Sci U S A 2006;103:16266–71.

9. Holmgren L, Jackson G, Arbiser J. p53 induces angiogenesis-restrict-
ed dormancy in a mouse fibrosarcoma. Oncogene 1998;17:819–24.

10. Gautam A, Densmore CL, Melton S, Golunski E, Waldrep JC. Aerosol
delivery of PEI-p53 complexes inhibits B16-F10 lung metastases
through regulation of angiogenesis. Cancer Gene Ther 2002;9:28–36.

11. Teodoro JG, Evans SK, GreenMR. Inhibition of tumor angiogenesis by
p53: a new role for the guardian of the genome. J Mol Med 2007;85:
1175–86.

12. Teodoro JG, Parker AE, Zhu X, Green MR. p53-mediated inhibition of
angiogenesis through up-regulation of a collagen prolyl-hydroxylase.
Science 2006;313:968–71.

13. O'Reilly MS, Boehm T, Shing Y, Fukai N, Vasios G, Lane WS, et al.
Endostatin: an endogenous inhibitor of angiogenesis and tumor
growth. Cell 1997;88:277–85.

14. Ramchandran R, Dhanabal M, Volk R, Waterman MJ, Segal M, Lu H,
et al. Antiangiogenic activity of restin, NC10 domain of humancollagen
XV: comparison to endostatin. Biochem Biophys Res Commun
1999;255:735–9.

15. ColoradoPC,TorreA,KamphausG,MaeshimaY,HopferH, Takahashi
K, et al. Anti-angiogenic cues from vascular basement membrane
collagen. Cancer Res 2000;60:2520–6.

16. Kamphaus GD, Colorado PC, Panka DJ, Hopfer H, Ramchandran R,
Torre A, et al. Canstatin, a novel matrix-derived inhibitor of angiogen-
esis and tumor growth. J Biol Chem 2000;275:1209–15.

17. Maeshima Y, Colorado PC, Torre A, Holthaus KA, Grunkemeyer JA,
Ericksen MB, et al. Distinct antitumor properties of a type IV collagen
domain derived from basement membrane. J Biol Chem 2000;275:
21340–8.

18. Overall CM, Blobel CP. In search of partners: linking extracellular
proteases to substrates. Nat Rev Mol Cell Biol 2007;8:245–57.

19. Petitclerc E, Boutaud A, Prestayko A, Xu J, Sado Y, Ninomiya Y, et al.
New functions for non-collagenous domains of human collagen type
IV. Novel integrin ligands inhibiting angiogenesis and tumor growth in
vivo. J Biol Chem 2000;275:8051–61.

20. Xu R, Yao ZY, Xin L, Zhang Q, Li TP, Gan RB. NC1 domain of human
type VIII collagen (alpha 1) inhibits bovine aortic endothelial cell

proliferation and causes cell apoptosis. Biochem Biophys Res Com-
mun 2001;289:264–8.

21. Sund M, Hamano Y, Sugimoto H, Sudhakar A, Soubasakos M, Yerra-
malla U, et al. Function of endogenous inhibitors of angiogenesis as
endothelium-specific tumor suppressors. Proc Natl Acad Sci U S A
2005;102:2934–9.

22. Hamano Y, Zeisberg M, Sugimoto H, Lively JC, Maeshima Y, Yang
C, et al. Physiological levels of tumstatin, a fragment of collagen IV
alpha3 chain, are generated by MMP-9 proteolysis and suppress
angiogenesis via alphaV beta3 integrin. Cancer Cell 2003;3:
589–601.

23. Miled C, Pontoglio M, Garbay S, Yaniv M, Weitzman JB. A genomic
map of p53 binding sites identifies novel p53 targets involved in an
apoptotic network. Cancer Res 2005;65:5096–104.

24. Wei CL,WuQ, Vega VB, Chiu KP, Ng P, Zhang T, et al. A global map of
p53 transcription-factor binding sites in the human genome. Cell
2006;124:207–19.

25. Bunz F, Dutriaux A, Lengauer C, Waldman T, Zhou S, Brown JP, et al.
Requirement for p53 and p21 to sustain G2 arrest after DNA damage.
Science 1998;282:1497–501.

26. Aparicio O, Geisberg JV, Sekinger E, Yang A, Moqtaderi Z, Struhl K.
Chromatin immunoprecipitation for determining the association of
proteins with specific genomic sequences in vivo. Curr Protoc Mol
Biol 2005;Chapter 21:Unit 21.3.

27. Weidner N, Semple JP, Welch WR, Folkman J. Tumor angiogenesis
andmetastasis–correlation in invasive breast carcinoma. NEngl JMed
1991;324:1–8.

28. Oren M, Rotter V. Mutant p53 gain-of-function in cancer. Cold Spring
Harb Perspect Biol 2010;2:a001107.

29. Soininen R, Huotari M, Hostikka SL, Prockop DJ, Tryggvason K. The
structural genes for alpha 1 and alpha 2 chains of human type IV
collagen are divergently encoded on opposite DNA strands and have
an overlapping promoter region. The Journal of biological chemistry
1988;263:17217–20.

30. Dekker J, Rippe K, Dekker M, Kleckner N. Capturing chromosome
conformation. Science 2002;295:1306–11.

31. Kalluri R. Basement membranes: structure, assembly and role in
tumour angiogenesis. Nat Rev Cancer 2003;3:422–33.

32. Khoshnoodi J, Pedchenko V, Hudson BG. Mammalian collagen IV.
Microscopy Research and Technique 2008;71:357–70.

33. Bian J, Sun Y. Transcriptional activation by p53 of the human type IV
collagenase (gelatinaseAormatrixmetalloproteinase 2) promoter.Mol
Cell Biol 1997;17:6330–8.

34. Ling C, ZuoD, Xue B,MuthuswamyS,MullerWJ. A novel role for 14-3-
3sigma in regulating epithelial cell polarity. Genes Dev 2010;24:
947–56.

35. Kalluri R, Zeisberg M. Fibroblasts in cancer. Nat Rev Cancer 2006;6:
392–401.

36. Xue W, Zender L, Miething C, Dickins RA, Hernando E, Krizha-
novsky V, et al. Senescence and tumour clearance is triggered
by p53 restoration in murine liver carcinomas. Nature 2007;445:
656–60.

37. Martins CP, Brown-Swigart L, Evan GI. Modeling the therapeutic
efficacy of p53 restoration in tumors. Cell 2006;127:1323–34.

Assadian et al.

Cancer Res; 72(5) March 1, 2012 Cancer ResearchOF10

Research. 
on April 20, 2017. © 2012 American Association for Cancercancerres.aacrjournals.org Downloaded from 

Published OnlineFirst January 17, 2012; DOI: 10.1158/0008-5472.CAN-11-2348 

http://cancerres.aacrjournals.org/


 Published OnlineFirst January 17, 2012.Cancer Res 
  
Sarah Assadian, Wissal El-Assaad, Xue Q.D. Wang, et al. 
  
Arresten
p53 Inhibits Angiogenesis by Inducing the Production of

  
Updated version

  
 10.1158/0008-5472.CAN-11-2348doi:

Access the most recent version of this article at:

  
Material

Supplementary

  
 http://cancerres.aacrjournals.org/content/suppl/2012/01/15/0008-5472.CAN-11-2348.DC1

Access the most recent supplemental material at:

  
  

  
  

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgDepartment at

To order reprints of this article or to subscribe to the journal, contact the AACR Publications

  
Permissions

  
.permissions@aacr.orgDepartment at

To request permission to re-use all or part of this article, contact the AACR Publications

Research. 
on April 20, 2017. © 2012 American Association for Cancercancerres.aacrjournals.org Downloaded from 

Published OnlineFirst January 17, 2012; DOI: 10.1158/0008-5472.CAN-11-2348 

http://cancerres.aacrjournals.org/lookup/doi/10.1158/0008-5472.CAN-11-2348
http://cancerres.aacrjournals.org/content/suppl/2012/01/15/0008-5472.CAN-11-2348.DC1
http://cancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
mailto:permissions@aacr.org
http://cancerres.aacrjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


