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Figure 1. Central Hypothesis. VEGFR-expressing (green) and VEGFR-negative
(red) macrophages are found in the tumor microenvironment. The initiation of anti-
VEGF therapy reduces both tumor size and macrophage infiltration. In this phase,
macrophages expressing VEGFR predominate. With continued anti-VEGF therapy,
resistance emerges and VEGFR-negative macrophages are found in abundance in

the microenvironment.
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Methods

Cell lines and tissue culture

IG10 cells were maintained in DMEM-F12 supplemented with 5% fetal
bovine serum, 1x insulin-transferrin-sodium selenite supplement (Roche
Diagnostics, Indianapolis, IN), and 0.1% gentamicin sulfate (Gemini Bioproducts,
Calabasas, CA). OVCARS5 was maintained in DMEM with 10% fetal bovine serum,
and 0.1% gentamicin sulfate. SKOV3ip1 was maintained in RPMI 1640
supplemented with 15% fetal bovine serum and 0.1% gentamicin sulfate. All cell
lines were routinely screened for mycoplasma and experiments were performed at

60-80% cell confluence.

Immortomouse macrophages

Immortomouse macrophages, a kind gift from Dr. Robert Langley, were
maintained in DMEM with 10% fetal bovine serum, and 0.1% gentamicin sulfate.
These conditionally immortalized cells are derived from the immortomouse (Jackson
Laboratory, Bar Harbor, ME) and bear a transgene which allows interferon-
inducible expression of a thermolabile large tumor antigen (TAg) (and the small
tumor antigen) from the SV40 thermosensitive A58 (tsA58) strain directed to
widespread tissues by the interferon-inducible Class | antigen promoter from the
mouse H-2Kb locus. The tsA58 TAg gene product is functional at the 33°C, but is
rapidly degraded at 39.5°C (75). In this way, immortomouse macrophages could be
cultured at 33°C, where they proliferate as an immortalized cell line, but fail to

proliferate after incubation at 39.5°C.

Animal studies
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All animal work was done in accordance with protocols approved by the MD
Anderson Institutional Animal Care and Use Committee. Female athymic nude
mice and immune competent (C57BL/6) mice were purchased from the Animal
Production Area of the National Cancer Institute-Frederick Cancer Research and
Development Center (Frederick, MD). All animals were cared for in accordance to
the guidelines set forth by the American Association for Accreditation of Laboratory
Animal Care and the US Public Health Service policy on Human Care and Use. All

animals used were 8-12 weeks old at the time of injection.

In vivo model of ovarian cancer and tissue processing

For all animal experiments, cells were harvested using trypsin-EDTA,
neutralized with FBS-containing media, washed, and re-suspended to the
appropriate cell number in HBSS prior to injection. 1G10 (1x10°) cells were
transduced with lentivirus-encoding luciferase and injected into C57BL/6 mice. Mice
were imaged once weekly for luminescent signals using a Xenogen IVIS system.
For syngeneic experiments, B20 mAb, a murine monoclonal VEGF-A and VEGFR-2
antibody (Genentech Inc, San Francisco, CA) was administered intraperitoneally at
5mg/kg, twice weekly. For nude models, bevacizumab was given intraperitoneally at
6.25 mg/kg, twice per week. Zoledronic acid was given intraperitoneally at 1 mg/kg,
once weekly. At the time of necropsy, the weight, number, and distribution of tumors
were recorded. Individuals who performed necropsies were blinded to the treatment
group assignments. Tissue specimens were fixed with either formalin or optimal
cutting temperature compound (OCT) (Miles, Elkhart, IN), or snap frozen in liquid

nitrogen.

18



Quantitative real-time PCR

The total RNA from either cell lines or tumor tissue was extracted using a
Qiagen RNeasy Kit (Qiagen, Valencia, CA). Using 1 pg of RNA, cDNA was
synthesized using a Verso cDNA kit (Thermo Scientific, Houston, TX) per the
manufacturer's instructions. cDNA was then subjected to amplification by real-time
PCR using specific primer sequences (100 ng/uL) as specified in Table 2. For real-
time RT-PCR, we obtained quantitative values (each sample was normalized on the

basis of its 18S content) as previously described (76).

Table 2. PCR primer sequences.

Gene Forward Sequence Reverse Sequence

VEGFR1 | 5-CGGAAGGAAGACAGCTCATC-3' | 5-CTTCACGCGACAGGTGTAGA-3

VEGFR3 | 5-CCCCGGTGTCAATCACATA-3 5-CTCTGCCTCGGACTCCTC-8

Methylation-specific PCR

MethPrimer software (http://www.urogene.org/methprimer/) was used for the
prediction of the CpG islands of the murine VEGFR1 promoter regions and for
design of methylation-specific primers. CpG islands of the promoter are seen in

Figure 2.
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Figure 2. VEGFR-1 promoter CpG islands. VEGFR-1 promoter CpG islands are
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shown above, as predicted using MethPrimer software. Actual CpG sequences are

shown along the bottom as red dashes.

Using this software, appropriate primers were designed (VEGFR1
methylated sense: 5’- GGAGTTTGTAAGGATTTTTTGAGC-3’, VEGFR1 methylated
antisense: 5- CGACACCTCCTTCTAATAACGTC-3’, VEGFR1 un-methylated
sense: 5- GGAGTTTGTAAGGATTTTTTGAGTG-3', VEGFR1 un-methylated
antisense: 5- CCAACACCTCCTTCTAATAACATC-3'. Total DNA was isolated from
control, AVA sensitive, and AVA resistant immortomouse macrophages cells using
Phenol:Chloroform extraction, followed by treatment with bisulphite using a
methylation kit (EZ DNA Methylation-Gold; Zymo Research, Orange, CA). Using
real-time PCR, as described above, quantification of methylation in AVA resistant

samples was compared to AVA sensitive samples.

Immunoblotting

For immunoblotting, lysates from cultured cells were prepared using modified
RIPA buffer (50 mM Tris—=HCI [pH 7.4], 150 mM NaCl, 1% Triton, 0.5%
deoxycholate) plus 25 pg/mL leupeptin, 10 pg/mL aprotinin, 2 mM EDTA, and 1 mM
sodium orthovana. Protein concentrations were determined using a BCA Protein
Assay Reagent kit (Pierce Biotechnology, Rockford, IL). Lysates were loaded and
separated on 8% sodium dodecyl sulfate—polyacrylamide gels. Proteins were
transferred to a nitrocellulose membrane by semidry electrophoresis (Bio-Rad
Laboratories, Hercules, CA) overnight, blocked with 5% milk for 1 hour and then
incubated at 4°C with primary antibody overnight. After washing with TBST, the
membranes were incubated with horseradish peroxidase (HRP)—conjugated horse
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anti-mouse IgG (1:2000, GE Healthcare, UK) for 2 hours. HRP was visualized by
use of an enhanced chemiluminescence detection kit (Pierce). To confirm equal
sample loading, the blots were probed with an antibody specific for beta-Actin (0.1

pg/mL; Sigma). Densitometric analysis was performed using Imaged.

Gene Expression Microarray

Immortalized murine macrophages were treated with AVA for 2 weeks (anti-
VEGF sensitive) and 6 weeks (anti-VEGF resistant) then RNA was extracted using
mirVana RNA isolation labeling kit (Ambion, Grand Island, NY). Five hundred
nanograms of total RNA were used for labeling and hybridization on a MurineWg-6
v2 Beadchip (lllumina, San Diego, CA) according to the manufacturer’s protocol.
After the bead chips were scanned with an lllumina BeadArray Reader (lllumina),
the microarray data were normalized using the quantile normalization method in the
Linear Models for Microarray Data (LIMMA) package in the R language
environment. The expression level of each gene was transformed into a log2 base

before further analysis.

Reverse Phase Protein Arrays (RPPA)

Immortalized murine macrophages were treated with AVA for 2 weeks
(sensitive) and 6 weeks (resistant). Cells were harvested at 80% confluence and
lysed in modified radioimmunoprecipitation assay (RIPA) buffer (50 mmol/L Tris,
150 mmol/L NaCl, 1% Triton X-100, 0.5% deoxycholate, 25 pg/mL leupeptin, 10
pMg/mL aprotinin, 2 mmol/L EDTA, and 1 mmol/L sodium orthovanadate). RPPA
analysis was performed at the University of Texas, M.D. Anderson Cancer Center

RPPA Core Facility using the methods described at the following web address:
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http://www.mdanderson.org/education-and-research/resources-for-

professionals/scientific-resources/core-facilities-and-services/functional-proteomics-

rppa-core/index.html. Samples were probed with 161 antibodies by CSA
amplification approach and visualized by DAB colorimetric reaction. Slides were
scanned on a flatbed scanner to produce a 16-bit TIFF image. Spots from TIFF
images were identified and the density was quantified by MicroVigene. Relative
protein levels for each sample were determined by interpolation of each dilution
curves from the "standard curve" (supercurve) of the slide (antibody). All data
presented is in fold-change compared to the baseline (control treatment). Positive
fold-change was calculated by dividing each linear value (>1.0) with average control
linear value for each antibody tested, while negative fold-change (for linear values
<1.0) was also calculated (using the following formula: [-1/linear fold-change]) as in

log 2.0 value.

Cytokine Assay

Supernatant from cultured control, AVA sensitive and AVA resistant murine
macrophages were stored at —20°C for batch analyses to measure cytokines.
Supernatants were evaluated for cytokines/chemokines using the Milliplex MAP
murine cytokine/chemokine panel (Millipore, MA). Cytokine levels were measured in
50 uL of supernatant by Multiplex cytometric bead array (Multiplex) assay on a
Luminex 100 Analyzer (Luminex Corp., Austin, Texas). The inter-variability for all
inflammatory cytokines tested was less than 10%, indicating the highly reliability of

the Multiplex-Luminex method of cytokine assay.

Migration and invasion assays
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Modified Boyden chambers (Coster, Boston, MA) were coated with 0.1%
gelatin (migration) or extracellular matrix components (invasion). Untreated, AVA
sensitive and AVA resistant immortomouse macrophages cells were suspended in
100 pL of serum-free media following one hour of exposure to AVA and added into
the upper chamber. Complete media for cells containing 10% FBS (500 uL) was
added to the bottom chamber as a chemo-attractant. The chambers were incubated
at 37°C in 5% CO2 for 6 hours (migration) or overnight (invasion). After incubation,
cells were fixed, stained, and counted in 5 random fields using light microscopy at

200x.

Cell Viability Assay

Immortalized murine macrophages sensitive and resistant to AVA therapy (1
x 10* in 100 pL) were plated in a 96-well plate. After 24 hours, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide or MTT, was added to each
well. The plate was incubated at 37°C for 20 minutes and then absorbances were

read at 570 nm (Ceres UV 900C; Bio-Tek Instrument Inc, Winooski, VT).

Immunostaining

All staining was performed in formalin-fixed, paraffin-embedded 8-um thick
tumor sections or OCT-embedded frozen tissue sections. Following
deparaffinization, rehydration, and antigen retrieval or fixation, 3% H202 was used
to block endogenous peroxidase activity for 10 minutes. Protein blocking of non-
specific epitopes was done using either 5% normal horse serum, 1% normal goat
serum, or 4% fish gelatin in either PBS or TBS-T for 20 minutes. Slides were

incubated with primary antibody for CD68 (Santa Cruz, 1:400), VEGFR1 (AbCam,
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1:500), CD-31 (Pharmingen, 1:800 for mouse tissue), overnight at 4 °C. For
immunohistochemistry, after primary antibody was washed with PBS, the
appropriate amount of horseradish peroxidase-conjugated secondary antibody was
added and visualized with 3,3’-diaminobenzidine chromogen and counterstained
with Gill’'s hematoxylin #3. For immunofluorescence, secondary antibody staining
was performed with either Alexa 594 or 488 (Molecular Probes). Nuclear staining
was performed with Hoechst 33342 (1:10,000; Molecular Probe H3570). Light field
images were obtained using a Nikon Microphot FXA microscope and Leica DFC320
digital camera, and immunofluorescent images were obtained using a Zeiss
Axioplan 2 microscope and Hamamatsu ORCA-ER digital camera. To quantify
microvessel density, we examined 5-10 random fields at 100x magnification for
each tumor (5 tumors per group) and counted the microvessels within those fields
as previously described (77). A vessel was defined as an open lumen with at least
one adjacent CD31-positive cell. Multiple positive cells beside a single lumen were
counted as one vessel. Quantification was performed by two investigators in a
blinded fashion. For immunofluorescent quantification, VEGFR1 expression was
determined using Photoshop by calculating the mean pixel density for each

representative image.

Statistical analysis

Differences in continuous variables such as tumor weight were analyzed
using the Mann-Whitney rank sum test. Two-tailed P values of no more than 0.05
were deemed statistically significant. Normally distributed continuous variables were

compared using the student t-test. Differences in variables that were not normally
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