
Abstract. Background/Aim: Placental growth factor
(PlGF) is up-regulated in major malignant diseases or
following antiangiogenic therapy, although it is present in
low levels under normal physiological conditions. TB403, a
monoclonal antibody against PlGF, was investigated in
clear cell renal cell carcinoma (ccRCC) xenografts since it
has been proposed as a potential target in oncology.
Materials and Methods: Human ccRCCs were implanted in
athymic nude mice to evaluate the efficacy of TB403 and to
excise xenograft tumors for molecular experiments. Results:
TB403 did not significantly inhibit tumor growth in
treatment-naïve or sunitinib-resistant ccRCC xenografts.
Gene expression profiling resulted in over-expression of the
C1orf38 gene, which induced immunoreactivity in
macrophages. Angiogenesis PCR arrays showed that
VEGFR-1 was not expressed in ccRCC xenografts.
Conclusion: PlGF blockade did not have a broad
antiangiogenic efficacy; however, it might be effective on-
target in VEGFR1-expressing tumors. The inhibition of
VEGF pathway may induce the activity of tumor-associated-
macrophages for angiogenesis escape.

Worldwide, 170,000 patients are newly-diagnosed with renal
cell carcinoma (RCC) every year resulting in 72,000 deaths
per year (1). The treatment of advanced clear cell RCC
(ccRCC) has significantly changed over the past several

years by inhibiting the vascular endothelial growth factor
(VEGF) or mammalian target of rapamycin (mTOR)
pathways (1-4). In particular, sunitinib is a first-line therapy
for advanced ccRCC patients based on significant advantages
over interferon-alpha (IFN-α) in a phase III trial (4).
However, the development of ccRCC resistance to sunitinib
is a major clinical problem. There is a need for the
investigation of novel targets for antiangiogenic agents.

Placental growth factor (PlGF) is a VEGF homolog that
exclusively binds Flt1 (VEGFR1) and co-receptor
neuropilin-1 (NRP1), which does not contain a tyrosine
kinase domain. PlGF, a disease-specific cytokine with low
serum levels in healthy subjects, increases in malignant,
inflammatory and ischemic disorders and is secreted by
various cell types, including vascular endothelial cells,
smooth muscle cells and many different tumor cells (5). It is
a potential prognostic biomarker in breast, lung and colon
cancers as higher PlGF circulating levels are associated with
more aggressive disease (6-8). In colorectal cancer patients
with metastatic disease, serum PlGF levels increase
following the administration of bevacizumab in combination
with chemotherapy (9). The fact that plasma PlGF
concentrations is reported to increase in patients with RCC
receiving sunitinib suggests a potential correlation between
this mechanism and angiogenic rescue (10). PlGF may play
a role in resistance to certain antiangiogenic therapies and its
inhibition may overcome its resistance.

According to Fischer et al., treatment with an anti-PlGF
monoclonal antibody (mAb) reduces microvascular density
(MVD) and inhibits primary tumor growth in a variety of
murine tumor models (11). However, in a contrasting study,
blocking PlGF does not result in growth inhibition in most
of their tumor models (12 murine and 3 human tumor cell
lines), although the antibodies used were able to inhibit PlGF
activity in vivo (12). Importantly, the anti-PlGF mAb
(αPlGF) was shown to inhibit metastasis of B16F10
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melanoma cells and the growth of a primary tumor murine
cell line over-expressing VEGFR-1 (11, 13). In addition,
efficacy in these models was not associated with a reduction
in tumor MVD and, as a result, an alternative mechanism
involving vascular normalization has been proposed.

TB403 (RO5323441) is a humanized recombinant
immunoglobulin G isotype 1 (IgG1) mAb that binds to both
human and murine PlGF and is not cross-reactive with
human VEGF (hVEGF) (14). Several ongoing studies have
been registered in the ClinicalTrial.gov database. For
example, a study of TB403 monotherapy in patients with
metastatic treatment, refractory colorectal or ovarian cancer
(NCT01148758) and a phase I study evaluating TB403 in
combination with bevacizumab in patients with recurrent
glioblastoma (NCT01308684), are underway (8, 15).

This study aimed to investigate the therapeutic potential
of TB403 in RCC xenograft models and sunitinib-resistant
tumors and examine its underlying mechanism(s) through
gene expression profile analysis before and after treatment. 

Materials and Methods

Reagents. TB403 (Roche diagnostics, Penzberg, Germany) was
prepared as a 25 mg/ml stock solution in histidine buffer (20 mmol/l
histidine, 140 mmol/l sodium, pH6.0). Bevacizumab and sunitinib
were purchased from the clinical pharmacy at the National Cancer
Centre Singapore. All drugs were kept in aliquots and stored
in –20˚C.

Cells and cell culture. 786-O, A-498 and Caki1 RCC cell lines were
purchased from the American Type Culture Collection (ATTC,
Manassas, VA, USA). SN12C cells were obtained from the National
Cancer Institute (Bethesda, MD, USA). The cells were maintained
in RPMI 1640 (Invitrogen, Carlsbad, CA, USA ) supplemented with
10% FBS (Gibco, Carlsbad, CA, USA) without antibiotics in a
humidified incubator containing 5% CO2 at 37˚C. All cell lines
were used within 10 passages. The cells were passaged for less than
six-months in our laboratory after receipt or resuscitation. No
independent authentication of these cells was done by the authors.

Murine tumor xenografts. All experiments involving animals were
conducted under approved protocols granted by the SingHealth
Institutional Animal Care and Use Committee. Tumor
subcutaneous implantation was performed as described previously
(16). Six- to eight-week-old female athymic nude mice were
obtained from the Animal Resource Centre (Canning Vale, Western
Australia). All cell lines were inoculated with medium in the right
flank of mice (3-5×106 cells/mouse). Antibodies were
administered by intraperitoneal injection once per week for four
weeks at the doses indicated in the corresponding figure legends
when tumors had reached an average volume of 200 to 300 mm3.
After four weeks, the experiment was terminated and tumors were
resected for immunohistochemistry and microarray analysis. The
procedure for the sunitinib resistant model was performed as
described previously (17). Sunitinib was administered by oral
gavage once daily at the dosages of 40 mg/kg (for 786-O
xenografts) or 80 mg/kg (for SN12C xenografts) once tumors had

grown to an average volume of 200 to 300 mm3. The tumor
growth ratio was determined by dividing the tumor volume
measured at an indicated time by the tumor volume at the start of
sunitinib treatment. Tumors that increased >25% of initial volume
were considered sunitinib-resistant. Non–tumor-bearing mice were
given a single administration of TB403, sunitinib, bevacizumab or
anti-ragweed mAb at the doses indicated in the corresponding
figure legends. 

Immunohistochemistry. Tumors obtained from xenograft models
were fixed in 10% neutral buffered formalin (10% formaldehyde,
phosphate-buffered) overnight and embedded in paraffin. From each
case, a representative tissue block consisting of predominantly
viable tumor tissue was selected from hematoxylin and eosin
staining. For immunohistochemical (IHC) studies, this validation
was performed on the Leica Bond III automated system (Leica
Microsystems, Wetzlar, Germany) as described previously (18).
Specimens were deparaffinized and antigen was retrieved on the
instrument. All slides were incubated with the first primary
antibody, CD31 (SC-1506; Santa Cruz Biotech, TX, USA), at a
dilution of 1:100 for 15 min, with post primary polymer for eight
min, blocked with 3% hydrogen peroxide for five minutes and 3,3-
diaminobenzidine (DAB, brown chromogen) for 10 minutes. The
secondary antibody, (ab97049; ABCAM, Cambridge, UK), was
incubated at a dilution of 1:500 for 15 minutes and hematoxylin-
counterstained for five minutes. These incubations were performed
at room temperature. Between incubations, sections were washed
with Tris-buffered saline (bond wash solution). All scoring was
carried out by a pathologist who was blinded to the other
experimental outcome at the Histology Facility, Agency of Science,
Technology and Research (A*STAR) in the assessment of
immunohistochemical staining and tissue histology.

RNA extraction and microarray analysis. Total RNA was extracted
from frozen xenograft tumor specimens using the TriPure Isolation
Reagent (Roche Diagnostics, Penzberg, Germany) according to the
manufacturer’s instruction. After DNase treatment (Promega,
Madison, WI, USA) to eliminate genomic DNA, RNA was further
cleaned up using the Qiagen RNeasy Mini kit (Qiagen, Hilden,
Germany). The quantity of the RNA was determined by an
absorbance at 260nm with a Nanodrop (ThermoScientific, Waltham,
MA, USA) and the integrity of the RNA was analysed by a
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA) using
the Agilent RNA 6000 Nano kit. Only samples with RNA integrity
numbers (RINs) greater than 8.0 were used. cDNA was synthesized
by the RT2 First Strand kit (SABiosciences, Hilden, Germany)
following the company's instructions. Gene expression profiling was
carried out using Human Affymetrix U133 plus 2.0 chips
(Affymetrix Inc., Santa Clara, CA, USA). Data were robust multi-
array average (RMA) normalized and analysed using the Partek
Genomics Suite (Partek Inc., St. Louis, MO, USA) (19).

Angiogenesis PCR array. The Human Angiogenesis RT2 Profiler
PCR Array and RT2 SyBR Green/ROX PCR Mastermix were
purchased from SABiosciences and PCR was performed on a
ABI7900HT, Fast Real-Time PCR system (Applied Biosystems)
following the manufacturer’s protocol. This platform is designed to
profile the expression of 84 key genes related to angiogenesis
including growth factors and receptors, chemokines, as well as
cytokines. For PCR analysis, data were analysed using the ΔΔCt
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method normalized to housekeeping genes (e.g., ACTB, B2M,
GAPDH, HPRT and RPL13A), where a significant threshold was
defined as a 3-fold change in gene expression (20).

Human and murine ELISA. Human and murine PlGF, VEGF and
sFlt1 were measured in cell culture supernatants and blood plasma
using the Quantikine Immunoassay kit (R&D systems, Minneapolis,
MN, USA) following the manufacturer’s instructions.

Statistical analysis. Statistical analysis was performed using the
GraphPad Prism, version 5.0 (GraphPad Software Inc., La Jolla,
CA, USA). The ANOVA test was used for quantitative data that
showed a normal distribution. Nonparametric data sets were
analysed using the Kruskal-Wallis nonparametric test. p-Values
≤0.05 were considered significant. 

Results
Anti-PlGF antibody does not inhibit growth of ccRCC
xenografts. To investigate the effect of TB403 and the
crosstalk between ccRCC tumor cells and their
microenvironment, mice bearing ccRCC tumors were
treated with TB403. Endothelial cells, fibroblasts and
macrophages are implicated in the PlGF production. Thus,
the use of a xenograft with specific ELISA allowed us to
investigate PlGF expression derived from the tumor
(human) or host (murine). There were no significant
differences detected in ccRCC tumor growth between the
control group and TB403-treated groups in any of the
dosages tested (Figure 1A-1C). hPlGF was produced in low
or non-detectable amounts in control treated tumors (<10
pg/ml, n=3), although circulating murine PlGF (mPlGF)
levels were significantly elevated in the 30 mg/kg of the
TB403 group compared to the control and the non-tumor
bearing mice (healthy group) (Figure 1D). Plasma levels of
human and murine VEGF were not affected following
TB403 administration (Figure 1E-1F). To further
evaluateTB403, an antibody against mPlGF, 5D11D4 was
also investigated together with TB403 to compare their
abilities to block ccRCC tumor growth (Figure 1G). We
found that both TB403 and 5D11D4 failed to inhibit RCC
tumor growth. Interestingly, the circulating mPlGF level
significantly increased with TB403 administration (Figure
1H), whereas no increase in the 5D11D4 treatment group
was detected. In addition, there was no body weight loss in
the mice treated with TB403 or 5D11D4 (data not shown).
These results indicate that TB403 does not inhibit ccRCC
tumor growth and stimulates excess mPlGF production
through host stromal cells.

Phenotypic resistance of ccRCC xenografts and elevated
mPlGF level. Despite the efficient efficacy of sunitinib to
ccRCC, the development of sunitinib resistance is a major
clinical concern. We expected that PlGF would be a
potential key regulator in sunitinib-resistant ccRCC. SN12C

xenograft mice were treated with 80 mg/kg of sunitinib, as
described in the Materials and Methods. Nineteen mice (out
of 54) showed phenotypic resistance during the first round
of this treatment and another 11 mice showed resistance
during the second round treatment (Figure 2A). 786-O
xenograft mice were treated with sunitinib at 40 mg/kg
continuously for 35 days. Nineteen mice developed
resistance on day 14 and another 10 mice also showed
resistance by day 35 (Figure 2B). To assess if there were
alterations in PlGF levels after the development of sunitinib-
resistant tumors, ELISA-based analysis was conducted on
murine plasma. We observed a significant increased mPlGF
levels in the sunitinib-resistant group as compared with the
sunitinib-sensitive group (Figure 2C). To identify if PlGF is
functionally involved in the sunitinib resistance, resistant
tumors were treated with TB403 monotherapy or
combination therapy with sunitinib. Treatment with
sunitinib-alone or sunitinib in combination with TB403 did
not reduce the growth of resistant tumors any further in
SN12C and 786-O xenografts; however, the tumor ratio was
slightly increased in the TB403 treatment group (p<0.05)
(Figure 2D-2E). Furthermore, the plasma levels of mPlGF
were significantly higher in the TB403-treated group than
the sunitinib-treated alone (Figure 2F-2G). These results
indicate that TB403 had no effect on the growth of
sunitinib-resistant ccRCC tumor xenografts and treatment
with TB403 excessively increased plasma levels of mPlGF.

In addition, previous literature shows that in contrast to
anti-VEGF mAb, αPlGF did not cause any significant
reduction in tumor vasculature (12, 13). To determine if
TB403 could affect angiogenesis in ccRCC tumors, MVD
(CD31-positive vessels) was quantified in sections from
A498 and 786-O tumors and SN12C sunitinib-resistant
tumors at the endpoint of the treatment (Figure 3A-3C). Our
findings showed, once more, that TB403 treatment did not
cause a reduction in MVD.

Hierarchical cluster analysis of microarray and angiogenesis
profiling arrays. To elucidate possible gene expression
changes, especially angiogenesis related-genes in the tumor
following TB403 administration, gene expression profiling
was carried out using a human Affymetrix U133 plus 2.0
chip on TB403 or control ccRCC xenografts. The
hierarchical clustering shows 63 genes with more than 1.3-
fold change, although the expression levels of the VEGF
family remained unchanged after TB403 administration
(Figure 4). For example, two genes, C1orf38 and GLIPR1,
statistically have a significant difference in all three ccRCC
models. Increased expression of C1orf38 is involved in
macrophage inflammatory response and down-regulation of
GLIPR1 is associated with cancer activity indicating that
tumor-associated macrophage may be up-regulated to
produce excess PlGF.
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Figure 1. TB403 treatment does not inhibit tumor growth. (A-C) Tumor size was measured and mice were randomly selected to one of four
experimental groups (n=6-10). Error bars represent SD. (D-F) Plasma levels in mice bearing ccRCC tumors (n=5-9; *p<0.05, **p<0.01 versus
control). (G-H) Effect of TB403, 5D11D4 or anti-ragweed on the growth of Caki1 tumor (n=4; ***p<0.001). 
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Figure 2. The effect of TB403 for sunitinib-resistant RCC xenografts. (A) SN12C ccRCC xenografts were treated with sunitinib (80 mg/kg)
intermittently. Tumor growth ratios for each group are presented as mean±95%CI (***p<0.001). (B) 786-O ccRCC xenograft were treated with
sunitinib (40mg/kg) continuously for 35 days (***p<0.001). (C) Plasma mPlGF levels in these sunitinib-sensitive and -resistant mice (n=3-5). (D) All
treatment for sunitinib-resistant SN12C xenograft mice started on day 71 and stopped on day 85. (E) Starting from day 36 to 50, the sunitinib-resistant
786-O xenograft mice were treated by three kinds of treatment. (F, G) Plasma mPlGF levels. Bars represent SD (*p<0.05, ***p<0.001 versus control).
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Figure 3. TB403 does not induce antiangiogenesis. Tumor sections were analysed by immunofluorescence using CD31, an endothelial cell marker.
Microvessel area in the tumor sections was measured and percent area was calculated in each group. Columns and mean represent bars and SD,
respectively. (n=3-6) (total magnification for each image displayed, ×10). Scale bar, 0.10 mm.
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Figure 4. Gene expression profile on RCC xenografts. Hierarchical clustering showing the identification of 63 genes (p<0.001) in SN12C, 786-O and
A498 xenografts treated with TB403 or anti-ragweed mAb.



For independent confirmation, RT2 Profiler PCR array was
performed to identify 84 different angiogenic mediators. Our
data showed that the expression of VEGF family and other
angiogenic factors, including angiopoietin family and
epithelial growth factor, was not significantly changed in the
TB403-treated tumors (Table I). As RCC tumors are known
to be hypervascular tumors, VEGF-A was expressed in three
RCC tumor models and was not affected by TB403.
However, the mean cycle threshold (Ct) value of Flt1 was
close to 35 cycles suggesting that Flt1 was not expressed in
RCC tumors. Taken together, TB403 does not affect
angiogenic gene expression in human ccRCC tumors and up-
regulates genes related to macrophage and cancer activity.

mPlGF up-regulation is a host response to antiangiogenesis.
To further investigate the role of host tissue in the secretion of
mPlGF into the circulation, TB403 and 5D11D4 were
administered to non–tumor bearing mice. The circulating
mPlGF levels were significantly higher in the TB403 group
than the control group. In contrast, circulating mPlGF was
negligible in 5D11D4-treated and in the combination group
(Figure 5A). Circulating mPlGF levels with TB403 also
increased in a dose-dependent manner (Figure 5B). Consistent
with previous literature, administration of sunitinib slightly
increased PlGF levels; however, bevacizumab did not increase
mPlGF levels in the circulation (11, 12). The circulating
mVEGF levels were also evaluated in non–tumor-bearing
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Figure 5. Circulating mPlGF and mVEGF levels in non–tumor-bearing nude mice. (A) mPlGF levels in TB403 (30 mg/kg) group, control group 
(25 mg/kg anti-ragweed mAb), 5D11D4 (30 mg/kg) and combination (each 15 mg/kg of TB403 and 5D11D4). (B) Circulating mPlGF levels with
different dose of TB403. (C) The levels of VEGF in plasma. (n=3-5; *p<0.05, ***p<0.001 versus control), error bars represent SD. 



mice. The levels of VEGF did not change significantly after
TB403 treatment (Figure 5C). These findings suggest that
elevated mPlGF levels appear as a systemic response that
occurred regardless of tumor implantation.

Discussion

This study provides the results of PlGF inhibition in ccRCC
tumor models: First, the blockade of PlGF did not inhibit tumor
growth of ccRCC xenografts. Second, PlGF expression was
significantly up-regulated after antiangiogenesis therapy. Third,
tumor-associated macrophages may have contributed to the
increased PlGF level for angiogenesis and tumorigenesis escape.
Forth, VEGFR1, Flt1 was not over-expressed in ccRCC cells.

The inhibition of internal biological pathways such as
VEGF and mTOR has produced critical effects for metastatic
ccRCC although tumors eventually acquire resistance to
treatment due to microenvironmental change (3). Here we
show that PlGF is produced only in negligible amounts by
ccRCC. However, stromal cells produced increasing amounts
of mPlGF after antiangiogenesis administration indicating
that PlGF would be a key regulator for angiogenesis escape.
As such, PlGF is a pleiotropic cytokine and drives a self-
sustaining, reinforcing vicious cycle, whereby it would
induce not only the recruitment and activation of
macrophages and fibroblasts to release other angiogenic
factors but also proliferation and migration of tumor cell
expressing functional Flt1 (5). In contrast, it has been
validated that PlGF is an antagonist to inhibit VEGF-A
function through the formation of inactive VEGF-A/PlGF
heterodimers, which reduce the amount of the active VEGF-
A/VEGF-A homodimers (21, 22).

It has also been shown that anti-PlGF blockade reflects the
modulation of innate immune responses rather than inhibition
of angiogenesis and is likely due to direct inhibition of tumor
growth that is dependent on VEGFR-1 or NRP1 signalling (23,
24). In our study, Flt1 was not over-expressed in RCC
xenografts and PlGF reactivity was also not observed in the
anti-VEGFR-resistant model; that is, TB403 was not
efficacious in tumor growth, survival and intratumoral MVD in
RCC xenografts. Importantly, plasma PlGF levels are increased
in patients with colorectal cancer, RCC and glioblastoma by
anti-VEGF therapies (9, 25). Consistent with our results, it is
interesting that these therapies up-regulate VEGF-A and PlGF
in mice without tumors and that production of PlGF by tumors
has been implicated in the relapse of human xenograft tumors
after radio-immunotherapy (26, 27). This suggests that PlGF
contributes to the angiogenic escape induced by the blockade
of the VEGF pathway.

Differences between the human and mouse species exist
according to pharmacokinetic and pharmacodynamic
parameters, immune responses and tumor microenvironment.
It has been reported that a cross-reactive antibody to neutralize

hPlGF and mPlGF inhibited ccRCC tumor growth; however,
our results showed that both, TB403 and 5D11D4, failed to
inhibit it (13). Since the reasons for such discrepancy remain
unclear, it may be hypothesised that is dependent on the
different specificity of the antibodies and species of mouse
used (12-14). Furthermore, previous studies have reported that
treatment with αPlGF at 50 mg/kg inhibits angiogenesis, tumor
growth and metastasis of various tumors, although the dose
used for other monoclonal antibodies (i.e., bevacizumab) is
usually within the range of 1-10 mg/kg in pre-clinical research
and 5-15 mg/kg, clinically (11, 12). Thus, it is indicated that
the effect of αPlGF might be due to off-target effects (11).

Higher serum mPlGF levels occurred in mice bearing
tumor cells and in non–tumor-bearing mice following TB403
administration. It was also reported that the induction of
angiogenic growth factors is a host response to antiangiogenic
therapy following the administration of sunitinib or VEGF-A
inhibitor in non–tumor-bearing mice and antiangiogenic
therapy, which target both PlGF and VEGF, increases
circulating mPlGF levels (12, 26). It was indicated that PlGF
would be a potential regulator to induce another pathway for
angiogenensis escape. Our findings suggested that TB403
might lead to the PlGF host response induced by anti-
angiogenic therapies that will not be disallowed with the use
of αPlGF. The increased secretion of PlGF into the
circulation, upon administration of antiangiogenic therapies,
could potentially promote more aggressive disease. PlGF
over-expression conferred protection against apoptosis and
induced a survival phenotype in brain tumor endothelial cells
and macrophages in xenografts (5). The factors that may
contribute to anti-angiogenic resistance and tumor escape are
not clearly defined and have been the subject of several
review articles (5, 28).
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Table I. Comparison of the respective Ct value.

Ct Value SN12C A498 786-O 

Symbol Anti-Rag TB403 Anti-Rag TB403 Anti-Rag TB403

VEGFA 23.62 23.82 19.05 19.79 18.53 18.37
VEGFC 22.26 21.88 24.57 25.26 22.67 22.25
FIGF 30.06 30.45 28.46 29.20 30.97 30.58
KDR 29.17 28.89 34.92 33.81 36.17 35.62
PGF 34.04 35.06 30.86 31.31 25.29 24.91
FLT1 35.67 35.91 32.79 32.64 34.59 34.17
HIF1A 19.36 19.32 20.16 20.89 25.02 24.38
NRP1 23.04 22.99 21.25 21.44 21.94 22.22

The respective Ct values were obtained by qRT-PCR amplification for
the expression of human angiogenesis in ccRCC xenograft tumors.
Tumors were grown in immunodeficient mice and excised at the
endpoint of this study. The experiment was repeated three times with
three individual tumors in each of the cell lines.



In tumors, PlGF is not only produced by malignant cells but
also by endothelial cells, pericytes, cancer-associated fibroblasts,
tumor-associated macrophages and various other inflammatory
cells in the tumor stroma (5, 11). Consistent with previous
literature, our results indicated that PlGF levels would be induced
by the recruitment of macrophages for tumor inflammation (29).
The inhibition of the VEGF pathway probably up-regulates the
expression of other chemoattractants, such as PlGF, FGF2 and
G-CSF for macrophage activity (11, 30). In conclusion, PlGF
blockade did not have a broad antiangiogenic or antitumor
efficacy in RCC; however, it might be effective on-target in
functional VEGFR1- or NRP1-expresseing tumors. The
increased level of PlGF into the circulation, upon administration
of antiangiogenic therapies, could be a potential biomarker.
Similar therapeutic strategies may offer some clinical benefits in
certain cancers. The approach of PlGF inhibition needs further
investigation and should be preceded by molecular studies in the
context of well-designed preclinical models for improved
treatment of RCC in the future.

Financial Support

All funding: This work was supported by the Roche-SingHealth
Translational and Research Hub grant entitled, “Role of placenta
growth factor in antiangiogenic therapeutic related resistance in RCC”.

Conflicts of Interest

The authors declare no conflicts of interest.

Acknowledgements
The Authors would like to express their gratitude to Keith Rogers
from the Histology facility for immunohistochemical staining, the
Confocal and High Content Screening facility of Basement Shared
Facilities (BSF), Agency of Science, Technology and Research
(A*STAR) for their services. We would also like to thank Sabrina
Noyes for proofreading and formatting the manuscript.

References

1 Rini BI, Escudier B, Tomczak P, Kaprin A, Szczylik C, Hutson TE,
Michaelson MD, Gorbunova VA, Gore ME, Rusakov IG, Negrier S,
Ou YC, Castellano D, Lim HY, Uemura H, Tarazi J, Cella D, Chen
C, Rosbrook B, Kim S and Motzer RJ: Comparative effectiveness
of axitinib versus sorafenib in advanced renal cell carcinoma
(AXIS): a randomised phase 3 trial. Lancet 378: 1931-1939, 2011.

2 Motzer RJ, Bander NH and Nanus DM: Renal-cell carcinoma.
N Engl J Med 335: 865-875, 1996.

3 Rini BI and Atkins MB: Resistance to targeted therapy in renal
cell carcinoma. Lancet Oncol 10: 992-1000, 2009.

4 Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski
RM, Rixe O, Oudard S, Negrier S, Szczylik C, Kim ST, Chen I,
Bycott PW, Baum CM and Figlin RA: Sunitinib versus
interferon alfa in metastatic renal-cell carcinoma. N Engl J Med
356: 115-124, 2007.

5 Fischer C, Mazzone M, Jonckx B and Carmeliet P: FLT1 and its
ligands VEGFB and PlGF: drug targets for anti-angiogenic
therapy? Nat Rev Cancer 8: 942-956, 2008.

6 Escudero-Esparza A, Martin TA, Douglas-Jones A, Mansel RE
and Jiang WG: PGF isoforms, PLGF-1 and PGF-2 and the PGF
receptor, neuropilin, in human breast cancer: prognostic
significance. Oncol Rep 23: 537-544, 2010.

7 Zhang L, Chen J, Ke Y, Mansel RE and Jiang WG: Expression of
placental growth factor (PlGF) in non-small cell lung cancer
(NSCLC) and the clinical and prognostic significance. World J
Surg Oncol 3: 68, 2005.

8 Wei SC, Liang JT, Tsao PN, Hsieh FJ, Yu SC and Wong JM:
Preoperative serum placenta growth factor level is a prognostic
biomarker in colorectal cancer. Dis Colon Rectum 52: 1630-
1636, 2009.

9 Kopetz S, Hoff PM, Morris JS, Wolff RA, Eng C, Glover KY,
Admin R, Overman MJ, Valero V, Wen S, Lieu C, Yan S, Tran
HT, Ellis LM, Abbruzzese JL and Heymach JV: Phase II trial of
infusional fluorouracil, irinotecan, and bevacizumab for
metastatic colorectal cancer: efficacy and circulating angiogenic
biomarkers associated with therapeutic resistance. J Clin Oncol
28: 453-459, 2010.

10 Motzer RJ, Michaelson MD, Redman BG, Hudes GR, Wilding
G, Figlin RA, Ginsberg MS, Kim ST, Baum CM, DePrimo SE,
Li JZ, Bello CL, Theuer CP, George DJ and Rini BI: Activity of
SU11248, a multitargeted inhibitor of vascular endothelial
growth factor receptor and platelet-derived growth factor
receptor, in patients with metastatic renal cell carcinoma. J Clin
Oncol 24: 16-24, 2006.

11 Fischer C, Jonckx B, Mazzone M, Zacchigna S, Loges S,
Pattarini L, Chorianopoulos E, Liesenborghs L, Koch M, De Mol
M, Autiero M, Wyns S, Plaisance S,Moons L, van Rooijen N,
Giacca M, Stassen JM, Dewerchin M, Collen D and Carmeliet P:
Anti-PlGF inhibits growth of VEGF(R)-inhibitor-resistant tumors
without affecting healthy vessels. Cell 131: 463-475, 2007.

12 Bais C, Wu X, Yao J, Yang S, Crawford Y, McCutcheon K, Tan C,
Kolumam G, Vernes JM, Eastham-Anderson J, Haughney P,
Kowanetz M, Hagenbeek T, Kasman I, Reslan HB, Ross J, Van
Bruggen N, Carano RA, Meng YJ, Hongo JA, Stephan JP, Shibuya
M and Ferrara N: PIGF blockade does not inhibit angiogenesis
during primary tumor growth. Cell 141: 166-177, 2010.

13 Yao J, Wu X, Zhuang G, Kasman IM, Vogt T, Phan V, Shibuya
M, Ferrara N and Bais C: Expression of a functional VEGFR-1
in tumor cells is a major determinant of anti-PlGF antibodies
efficacy. Proc Natl Acad Sci USA 108: 11590-11595, 2011.

14 Snuderl M, Batista A, Kirkpatrick ND, Ruiz de Almodovar C,
Riedemann L, Walsh EC, Anolik R, Huang Y, Martin JD, Kamoun
W, Knevels E, Schmidt T, Farrar CT, Vakoc BJ, Mohan N, Chung
E, Roberge S, Peterson T, Bais C, Zhelyazkova BH, Yip S,
Hasselblatt M, Rossig C, Niemeyer E, Ferrara N, Klagsbrun M,
Duda DG, Fukumura D, Xu L, Carmeliet P and Jain RK: Targeting
placental growth factor/neuropilin 1 pathway inhibits growth and
spread of medulloblastoma. Cell 152: 1065-1076, 2013.

15 Nielsen DL and Sengeløv L: Inhibition of placenta growth factor
with TB-403: a novel antiangiogenic cancer therapy. Expert Opin
Biol Ther 12: 795-804, 2012.

16 Huang D, Ding Y, Li Y, Luo WM, Zhang ZF, Snider J,
Vandenbeldt K, Qian CN and Teh BT: Sunitinib Acts Primarily on
Tumor Endothelium rather than Tumor Cells to Inhibit the Growth
of Renal Cell Carcinoma. Cancer Res 70: 1053-1062, 2010.

ANTICANCER RESEARCH 35: 531-542 (2015)

540



17 Huang D, Ding Y, Zhou M, Rini BI, Petillo D, Qian CN,
Kahnoski R, Futreal PA, Furge KA and Teh BT: Interleukin-8
mediates resistance to antiangiogenic agent sunitinib in renal cell
carcinoma. Cancer Res 70: 1063-1071, 2010.

18 Fatima N, Cohen C, Lawson D and Siddiqui MT: TTF-1 and
Napsin A double stain: a useful marker for diagnosing lung
adenocarcinoma on fine-needle aspiration cell blocks. Cancer
Cytopathol 119: 127-133, 2011.

19 Irizarry RA, Bolstad BM, Collin F, Cope LM, Hobbs B and
Speed TP: Summaries of Affymetrix GeneChip probe level data.
Nucleic Acids Res 31: e15, 2003.

20 Pfaffl MW: A new mathematical model for relative quantification
in real-time RT-PCR. Nucleic Acids Res 29: e45, 2001.

21 Schomber T, Kopfstein L, Djonov V, Albrecht I, Baeriswyl V,
Strittmatter K and Christofori G: Placental growth factor-1
attenuates vascular endothelial growth factor-A-dependent tumor
angiogenesis during beta cell carcinogenesis. Cancer Res 67:
10840-10848, 2007.

22 Eriksson A, Cao R, Pawliuk R, Berg SM, Tsang M, Zhou D,
Fleet C, Tritsaris K, Dissing S, Leboulch P and Cao Y: Placenta
growth factor-1 antagonizes VEGF-induced angiogenesis and
tumor growth by the formation of functionally inactive PlGF-
1/VEGF heterodimers. Cancer Cell 1: 99-108, 2002.

23 Hattori K, Heissig B, Wu Y, Dias S, Tejada R, Ferris B, Hicklin
DJ, Zhu Z, Bohlen P, Witte L, Hendrikx J, Hackett NR, Crystal
RG, Moore MA, Werb Z, Lyden D and Rafii S: Placental growth
factor reconstitutes hematopoiesis by recruiting VEGFR1(+)
stem cells from bone-marrow microenvironment. Nat Med 8:
841-849, 2002.

24 Murakami M, Iwai S, Hiratsuka S, Yamauchi M, Nakamura K,
Iwakura Y and Shibuya M: Signaling of vascular endothelial
growth factor receptor-1 tyrosine kinase promotes rheumatoid
arthritis through activation of monocytes/macrophages. Blood
108: 1849-1856, 2006.

25 Rini BI, Michaelson MD, Rosenberg JE, Bukowski RM, Sosman
JA, Stadler WM, Hutson TE, Margolin K, Harmon CS, DePrimo
SE, Kim ST, Chen I and George DJ: Antitumor activity and
biomarker analysis of sunitinib in patients with bevacizumab-
refractory metastatic renal cell carcinoma. J Clin Oncol 26:
3743-3748, 2008.

26 Bagley RG, Ren Y, Weber W, Yao M, Kurtzberg L, Pinckney J,
Bangari D, Nguyen C, Brondyk W, Kaplan J and Teicher BA:
Placental Growth Factor Upregulation Is a Host Response to
Antiangiogenic Therapy. Clin Cancer Res 17: 976-988, 2011.

27 Taylor AP, Rodriguez M, Adams K, Goldenberg DM and
Blumenthal RD: Altered tumor vessel maturation and
proliferation in placenta growth factor-producing tumors:
potential relationship to post-therapy tumor angiogenesis and
recurrence. Int J Cancer 105: 158-64, 2003.

28 Ferrara N, Gerber HP and LeCouter J: The biology of VEGF and
its receptors. Nat Med 9: 669-676, 2003.

29 Lin EY, Li JF, Gnatovskiy L, Deng Y, Zhu L, Grzesik DA, Qian
H, Xue XN and Pollard JW: Macrophages regulate the
angiogenic switch in a mouse model of breast cancer. Cancer
Res 66: 11238-11246, 2006.

30 Casanovas O, Hicklin DJ, Bergers G and Hanahan D: Drug
resistance by evasion of antiangiogenic targeting of VEGF
signaling in late-stage pancreatic islet tumors. Cancer Cell 8:
299-309, 2005.

Received September 5, 2014
Revised October 4, 2014

Accepted October 9, 2014

Bessho et al: PlGF Blockade Does Not Inhibit ccRCC Tumor Growth

541


