











Specifically, ANG expression represses DNMT3b,
causing hypomethylation of the MMP2 promoter leading
to increase ability to transcribe the MMP2 gene (Figure 5).
Interestingly, expression of ANG, DNMT3b and MMP2
is correlated with disease free survival in human bladder
cancer.

We found that ANG regulates methylation status
of the MMP2 promoter and that ANG changes genome-
wide DNA methylation status. Accumulating evidence
suggest that expression of MMPs is primarily regulated
at the transcriptional level [21, 22], although the factors
governing the expression of specific MMPs in different
tissues have yet to be fully defined. The intricate
transcriptional regulation of MMPs involves mechanism
as promoter polymorphisms, epigenetic regulation [22],
and post-transcriptional processes [23]. MMP2 gene
promoter hypomethylation (and mRNA overexpression)
had been previously described in periapical granulomas
[24], but this is the first description in bladder cancer.

DNA methylation is a covalent modification of the
genome, which plays a key role in regulating chromatin
structure but also recruit remodeling enzymes to reposition
nucleosomes, thereby modulating processes, such as
transcription, DNA repair, replication and recombination
[25, 26]. Alterations of DNA methylation pattern are one of
the most consistent epigenetic changes in human cancers.
The results from this study demonstrated the association
among ANG, MMP2 gene promoter methylation and
mRNA expression, suggesting that ANG regulates MMP2
expression by regulating DNA methylation of MMP2
promoter. Previous studies have shown the correlation
between genome-wide DNA methylation and clinical
outcomes [3]. Indeed, our global DNA methylation
microarray analysis showed that gene manipulation
of ANG affected a variety of pathways, including cell
migration, pathways in cancer, angiogenesis and tumor
suppressor genes. Most of those tumor suppressor genes
also had changes in their expression levels, which correlate

Figure 5: A hypothetical representation of the regulatory pathway underlying ANG-induced MMP2 expression. Based
on this study, ANG has two different effects on the cells a) induces DNMT3a expression, b) represses DNMT3b expression. Reduced
DNMT3b levels lead to hypomethylation of the MMP2 promoter, which induces MMP2 gene transcription. Thus, expression of MMP2
contributes to increase invasive potential of bladder cancer and reduced disease free survival.
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to the poor outcome observed in patients with high
expression of ANG. Although DNA abnormal methylation
had been shown to result in anomalous silencing of several
tumor suppressor genes in most types of cancer [3, 27],
this is the first report to show ANG ability to induce DNA
abnormal methylation leading to bladder tumorigenesis.
This anomalistic methylation could be a useful therapeutic
target in cancer [28], specially considering that several
clinical trials have been developed recently to explore the
use of DNA methylation inhibitors in cancer treatment
[29, 30].

We report that downregulation of DNMT3Db in the
presence of ANG leads to increased MMP2 expression.
To determine the mechanism by which ANG regulates
DNA methylation of MMP2 promoter, we profiled
DNMTs levels. DNMT3a and DNMT3b function as
de novo methyltransferases that play important roles in
normal development and diseases, with DNMT3b being
able to methylate a broader spectrum of target sequences
[6]. DNMTT has been classically described as the major
maintenance methyltransferase [31]. However, there are
recent reports that DNMT1 works together with DNMT3b
in silencing genes in human cancer cells [32]. Herein we
show that ANG overexpression does not change DNMT1
levels, but it does down-regulate DNMT3b and up-regulate
DNMT3a. These results corroborate previous study that
alterations in the expression of methyltransferases are
related to tumor development [7]. The fact that ANG
overexpression in the UROtsa cells caused a more
conspicuous change for the methyltransferases than the
knockdown in RT112 probably explains the differences
in the amount CpG islands affected between these cell
lines. Furthermore, we also noted that downregulation of
DNMT3b, but not DNMT3a induced hypomethylation
of the MMP2 promoter. These results reveal ANG
oncogenic properties, since it was able to change the
methylation status of a diverse array of cancer related
genes, specifically MMP2.

MMPs are known to affect extracellular matrix
(ECM) remodeling, angiogenesis, apoptosis, epithelial-
to-mesenchymal transition and cell proliferation and thus
induce aggressive invasion and metastasis of different
cancer types, including bladder cancer [33]. In fact, a
significant body of literature has described MMP9 to be
upregulated in bladder cancer. In two large epidemiologic
studies, genetic changes in MMP9 gene were associated
with the development of invasive bladder cancer and
affected overall survival [34]. Futhermore, the secretion of
MMP9 protein was increased in invasive bladder cancers
[35]. Data related to MMP2 in bladder cancer is scarce.
However in the same setting where urinary MMP9 was
elevated, Gerards et al. and Sier et al. noted MMP2 to be
increased. Previously, Miyake et al. reported the positive
correlation of gene and protein expression of MMP2 in
ANG expressing cell lines all leading to tumor growth via
angiogenesis [8]. In this study, elevated ANG expression

was found to lead to the overexpression of MMP2 by
hypomethylation of its promoter allowing for more
efficient transcription through DNMT3b down regulation.
The results suggest that the MMP2 gene is amplified in
ANG-overexpressing bladder cancer cells, supporting
ANG’s oncogenic characteristics. In addition to these
bladder cancer cell lines, MMP2 gene amplification may
occur in bladder tumors with high ANG levels. In our
analysis of a publicly available database, it was suggested
that ANG and MMP2 genes are amplified in a subset of
bladder cancers. The results analyzed using GEO database
also show that muscle invasive bladder cancer specimens
had increased levels of ANG and MMP2 compared to
non-muscle invasive bladder cancer (Supplemental Figure
3). These findings suggest that the MMP2 gene may be
a mechanism underlying ANG overexpression in bladder
cancer and thus may promote bladder cancer growth and
angiogenesis.

ANG requirement for the cellular survival,
proliferation and angiogenesis of ANG-overexpressing
bladder cancer cells is in accordance with the oncogenic
model in which the growth and survival of cancer cells
can be suppressed by the inactivation of a single oncogene
[36]. Overexpression of certain oncogenes, such as Ras
and Myc, is linked to poor clinical outcomes. The current
study demonstrated that, similar to Ras and Myc, high
expression of ANG correlated with reduced disease
specific survival in a human bladder cancer tumor set (n
=78). Our results indicate that the ANG gene is amplified
in human bladder cancer, leading to reduced expression
of DNMT3b and increased expression of MMP2. In
fact, on univariate analysis, adverse expression of
ANG-DNMT3b-MMP2 and hypomethylation of MMP2
promoter was associated with a hazard ratio [HR] of
17.00, (95% confidence interval [CI] = 2.24 - 129.04, p
=0.006) the strongest predictor of disease free survival in
this study. Thus, it is tempting to speculate that the adverse
expression of ANG-DNMT3b-MMP2 may be utilized as
a prognostic factor for human bladder cancer. Together,
our results suggest the oncogenic properties for ANG in
human bladder tumorigenesis.

In summary, we demonstrate that ANG is
overexpressed in approximately 45% of bladder tumors.
This results in overexpression of MMP2, a reduction in
DNMT3b and deep changes in the methylation status
genome wide. Such molecular alterations are associated
with higher rates of muscle invasive bladder cancers
as well as a reduction in disease specific survival, thus
attesting to ANG and MMP2 ability to further risk
stratify patients that may require a more aggressive, even
personalized, management plan. Therefore, the study
provides novel evidence that ANG plays an important
role in the promoter activation of the tumor oncogenic
gene MMP2, which likely contributes to ANG oncogenic
activity.
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MATERIALS AND METHODS

Cells lines

A panel of human bladder cancer cell lines (UM-
UC-14, RT112, RT4, 5637, UM-UC-3, TCCSUP) was
provided by the Pathology Core of the Bladder Cancer
SPORE at MD Anderson Cancer Center. These cells were
authenticated by DNA fingerprinting using the AmpFISTR
Amplification or AmpFISTR Profiler PCR Amplification
protocols (Life Technologies, Carlsbad, CA). The human
bladder cancer cell line T24 (ATCC, Manassas, VA) and
the benign human bladder cell line UROtsa (gift from Dr.
Donald Sens at the University of North Dakota School
of Medicine, Grand Forks, ND) were authenticated
by Genetic Resources Core Facility at Johns Hopkins
(Baltimore, MD). Cell lines were maintained in DMEM
or RPMI 1640 media as previously described [37]. All cell
lines were confirmed to be mycoplasma free.

Stable transfection of cell lines

UROtsa cells, which had reduced levels of ANG,
were stably transfected to express ANG (UROtsa*N¢
and UROtsa®™PTY) as previously described [8]. Stable
transfectants were maintained in media containing 1,200
png/ml of G418 for UROtsa clones.

Transient transfection of small interfering RNA
(siRNA)

RT112 cells, which had elevated levels of ANG,
were transfected with synthesized commercial ANG
or scrambled (Scr) negative control siRNA (Life
Technologies) using 6 well plates with a 100-pmol of
siRNA and 9 pl of INTERFERin (Polyplus-transfection
Inc., NY, USA) for 72 hrs according to manufacture’s
instruction. RT112 cells treated with siRNA for ANG or
Scr are named as RT112KP-ANG and RT 1125, respectively.

RT112 and UROtsa cells were transfected with
synthesized commercial siRNA for MMP2, DNMT3a,
DNMT3b or Scr siRNA (Life Technologies) for 48 or
72 hrs. For promoter methylation analysis, cells were
incubated for 48 hrs after the first siRNA transfection,
then performed second transfection (following the same
protocol) and incubated for extra 48 hrs.

Immunoblotting

Cell lysis and immunoblotting were performed
using standard protocols as previously described [8].
Antibody details are available in Supplementary Material.
The immunoblots were visualized using Clarity Western

enhanced 512 chemiluminescence substrate (Bio-Rad,
Hercules, CA) and a digital darkroom (C-Digit Blot
Scanner, Li-Cor Biosciences, Lincoln, NE).

Quantitative reverse transcriptase-PCR

Total RNA extraction was performed using RNeasy
mini kit according to manufacturer’s instruction (Qiagen,
Germantown, MD). cDNA was synthesized using qScript
cDNA SuperMix (Quanta Biosciences, Gaithersburg,
MD). Real-time PCR was performed with MyiQ2 Two-
Color Real-Time PCR Detection System (Bio-Rad). The
standard real-time PCR reaction volume was 20 pl, and
consisted of 10 pl of PerfeCTa SYBR Green FastMix
(Quanta Biosciences), 7 ul RNAse-free H,O, 1 pl (final
concentration of 1 puM) forward primer, 1ul (1 pM)
reverse primer and 1 pl (0.5 ng/ul) cDNA. All reactions
were performed in triplicate. Primer sets can be found
in Supplementary Material. Relative concentrations of
mRNA levels were calculated after normalization to
B-actin using absolute quantification.

Measurement of secreted ANG by ELISA

Cells were seeded onto 6-well plate at a density of
1.5 x 10° cells/well. After 48 hrs, the conditioned media
were collected and centrifuged to remove any dead or
floating cells. Conditioned media was analyzed by ELISA
for ANG (ab99970; Abcam, San Francisco, CA) according
to manufacturer’s instructions and read using a microplate
reader (Synergy HT, BioTek, Winooski, VT USA). All
reactions were performed in triplicate.

MMP2 zymograph

MMP2 zymograph were performed as previously
described [38]. Areas showing enzyme activity show up
as regions of negative staining.

Regional DNA methylation analysis

DNA extraction was performed using Ultra
Clean Tissue & Cells DNA Isolation Kit according
to manufacturer’s instruction (Mo Bio Laboratories,
Carlsbad, CA). Methylation status of CpG islands of
the MMP2 promoter was assessed by MethylScreen
technology using the Epitect methyl II PCR assay (Qiagen)
according to manufacturer’s instruction. Percentages of
unmethylated and hypermethylated CpG values were
calculated using a quantitation algorithm provided by the
manufacturer (EpiTect Methyl II PCR Assay Handbook -

Qiagen).
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Ilumina 450 K methylation microarray

DNA extraction was performed from UROtsa*No,
UROtsaf™y, RT112XP-ANG and RT1125 cells according
to manufacturer’s instruction (Ultra Clean Tissue & Cells
DNA Isolation Kit, Mo Bio Laboratories). After bisulfite
treatment, using EZ DNA methylation kit (Zymoresearch,
USA) the whole genome was amplified, enzymatically
fragmented and hybridized to the Illumina Infinium
Human Methylation 450 Bead Chip kits (Illumina, Inc.,
San Diego, USA). Following hybridization, allele specific
single-base extension and staining were performed
and then the BeadChips were imaged on Illumina Bead
Array Reader. The image intensities were extracted using
Illumina’s Bead Scan software (Illumina iScan scanner).
The fluorescent signals from methylated and unmethylated
alleles represented methylation data point from which the
background intensity was then subtracted. Array data
export processing and analyses were performed using
Illumina GenomeStudio v2011.1 (Methylatioin Module
v1.9.0) and the statistical computing package R 3.0.2

(http:/ /www.r-project.oto). The statistical significance
of the expression data was determined using the fold-
change. Hierarchical cluster analysis was performed using
complete linkage, and Euclidean distance was used as a
measure of similarity. The bisulfite treatment, microarray
service and analysis of the array were provided by
Macrogen Inc. (Seoul, South Korea). The results from the
microarray can be accessed on the Geo-NCBI database,
accession number GSE69463.

RT? profiler PCR Arrays for angiogenesis

RNA was extracted and converted to cDNA as
described above. RT? Profiler ‘human angiogenesis’ PCR
array (Catalog # PAHS-024ZA; SA Biosciences) was
analyzed according to the manufacturer’s instruction

(www.sabiosciences.com/pcrarraydataanalysis.
php) using MyiQ2 Two-Color Real-Time PCR Detection
System (Bio-Rad). Relative fold changes in mRNA levels
were calculated after normalization to housekeeping
control gene targets using the comparative Ct method.

DNA and RNA from human samples

Total DNA and RNA were extracted and purified
from 78 human bladder tumor samples using AllPrep
DNA/RNA/Protein Mini Kit (Catalog # 8004, Qiagen)
according to manufacturer’s instruction.

Statistical analysis

Disease-free survival (DFS) curves were obtained
using the Kaplan-Meier method, and compared by the log-
rank test for each prognostic variable. Variables with effect
on survival in univariate analysis were included in the
Cox proportional hazard regression model. Multivariate
analysis was performed to identify independent prognostic
variables using a stepwise Cox proportional hazards
regression model. Statistical analysis was performed with
SPSS. A p value less than 0.05 was considered significant.

Study approval

Institutional Review Board approval at the
University of Hawaii Cancer Center was obtained prior to
analyses of human bladder tumors.
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