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Abstract
Gastrin-releasing peptide (GRP), the mammalian equivalent of bombesin (BBS), is a trophic factor
for highly vascular neuroblastomas; its mechanisms of action in vivo are unknown. We sought to
determine the effects of BBS on the growth of neuroblastoma xenografts and on angiogenesis. BBS
significantly increased the growth of SK-N-SH and BE(2)-C human neuroblastomas; tumors
demonstrated increased expression of angiogenic markers, PECAM-1 and VEGF, as well as
phosphorylated (p)-Akt levels. RC-3095, a BBS/GRP antagonist, attenuated BBS-stimulated tumor
growth and angiogenesis in vivo. GRP or GRPR silencing significantly inhibited VEGF as well as
p-Akt and p-mTOR expression in vitro. Our findings demonstrate that BBS stimulates neuroblastoma
growth and the expression of angiogenic markers. Importantly, these findings suggest that novel
therapeutic agents, targeting BBS-mediated angiogenesis, may be useful adjuncts in patients with
advanced-stage neuroblastomas.
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Introduction
Neuroblastoma is the most common extracranial solid tumor in infants and children, accounting
for more than 8-10% of all childhood cancers [1]. In particular, patients older than one year of
age often present with more aggressive disease and have a dismal prognosis [1,2]. This subset
of advanced-stage tumors, and the resultant metastases, are characterized by florid
vascularization, which contributes to a rapid tumor progression [3,4]. Vascular endothelial
growth factor (VEGF) is a key mediator of carcinogenic neovascularization, and has been
associated with poor prognosis in solid tumors [4-8]. VEGF and its receptors are also expressed
in human neuroblastoma tumors and cell lines [4,9,10]. Higher levels of VEGF in
neuroblastomas correlate with unfavorable histology and aggressive tumor behavior [4,10].
However, the exact cellular mechanisms involved in stimulation of angiogenesis and tumor
progression in neuroblastomas are relatively unknown.
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Derived from neuroendocrine precursor cells, neuroblastomas produce and respond to various
hormones, including gastrin-releasing peptide (GRP) [11]. We have previously shown that
GRP stimulates neuroblastoma cell growth by an autocrine and/or paracrine mechanism [12].
We also found that the expression of GRP receptor (GRPR), a member of the G-protein coupled
receptor (GPCR) family, is notably increased in poorly-differentiated neuroblastomas [12].
Bombesin (BBS), the amphibian analogue of GRP, also binds to GRPR with high affinity to
stimulate growth [13-16]. However, the intracellular signaling mechanisms involved in these
peptide-mediated proliferative processes are unclear.

In this study, we sought to determine the trophic effects of BBS on the growth of neuroblastoma
xenografts and to further elucidate BBS-mediated mechanisms of angiogenesis. We
determined that exogenous BBS treatment enhances neuroblastoma growth and stimulates
mediators of the angiogenic pathway, whereas, inhibition of BBS/GRP with an antagonist,
RC-3095, suppresses tumor progression and vascularization. Moreover, small interfering RNA
against GRP (siGRP) or GRPR (siGRPR) decreased VEGF expression and secretion in
neuroblastoma cells.

Materials and Methods
Reagents

BBS peptide was obtained from Bachem (Torrance, CA). Antibody against VEGF, GRP,
platelet endothelial cell adhesion molecule (PECAM)-1, and horseradish peroxidase (HRP)-
conjugated secondary antibodies were purchased from Santa Cruz Biotechnology, Inc. (Santa
Cruz, CA). Phosphorylated (p)-Akt (Ser473), total Akt, and p-mTOR antibodies were obtained
from Cell Signaling Technology (Beverly, MA). GRPR antibody was from Abcam, Inc.
(Cambridge, MA). RC-3095, fetal bovine serum (FBS), and β-actin antibody were purchased
from Sigma-Aldrich (St. Louis, MO). pEGFP (GFP) vector was obtained from Clontech
Laboratories (Mountain View, CA). Non-targeting control siRNA (siNTC), siGRP and
siGRPR were purchased from Dharmacon, Inc. (Lafayette, CO). All cell culture related
products were from Cellgro Mediatech, Inc. (Herndon, VA), unless otherwise specified.
RNAqueous kit was obtained from Ambion, Inc. (Austin, TX). Lipofectamine 2000 and Hanks
Balanced Salt Solution (HBSS) were from Invitrogen (Rockville, MD). Cell Counting Kit-8
(CCK-8) was obtained from Dojindo Molecular Technologies, Inc. (Gaithersburg, MD).
Reagents for immunohistochemistry were purchased from either Dako Corporation
(Carpinteria, CA) or Richard-Allan Scientific (Kalamazoo, MI). Immunoblot polyvinylidene
difluoride (PVDF) membrane was from Bio-Rad Laboratories (Hercules, CA). VEGF enzyme-
linked immunosorbant assay (ELISA) kit was purchased from R&D Systems, Inc.
(Minneapolis, MN).

Cell culture, siRNA, plasmid transfection
Human neuroblastoma cell lines, SK-N-SH and BE(2)-C, were purchased from American Type
Culture Collection (Manassas, VA). Cells were maintained in RPMI 1640 or EMEM medium
with L-glutamine supplemented with 10% FBS. The cells were maintained at 37°C in a
humidified atmosphere of 95% air and 5% CO2. For siRNA transfection assays, 6 × 106 cells/
400 μl for BE(2)-C or 9 × 106 cells/400 μl for SK-N-SH cells were transfected with siNTC,
siGRP or siGRPR by electroporation and seeded onto 100 mm dishes. Setup conditions were
400 V, 500 μF for BE(2)-C and 250 V, 950 μF for SK-N-SH cells. The following day, medium
was replaced and the cells were replated onto 60 mm dishes (5-10 × 105 cells). Cells were
harvested 2 and 3 days after transfection for various assays. For BBS treatment, the cells were
seeded onto 6-well plates for 24 h and then maintained in serum-free conditions overnight.
After BBS treatment, cells were harvested for immunoblotting. For GFP plasmid transfection,
SK-N-SH cells were transfected with Lipofectamine 2000 according to the manufacturer's
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instructions. A stable cell line (GFP-SK-N-SH) was established with G418 treatment at a dose
of 300 μg/ml for 2 weeks. The transfected clones were identified by FACS A219 cell sorter
(BD Biosciences, San Jose, CA) on the basis of GFP fluorescence. GFP expression was ∼70%,
as determined by fluorescence-activated cell sorting. GFP-SK-N-SH cells were then used for
orthotopic xenografts.

RNA isolation and real time RT-PCR
Total cellular RNA extraction was carried out using RNAqueous kit and real-time RT-PCR
was performed by the method previously described [17]. Applied Biosystems (Foster City,
CA) assays-on-demand 20× assay mix of primers and TaqMan MGB probes (FAM™ dye-
labeled) for the target genes, human GRP (NM_002091, Hs00181852_m1), human VEGF
(NM_003376, Hs00173626_m1), and pre-developed 18S rRNA (VIC™-dye labeled probe)
TaqMan® assay reagent (P/N 4319413E) were utilized.

Xenograft studies
Male athymic nude mice (4-6 weeks old) were obtained from Harlan Sprague Dawley
(Indianapolis, IN) and housed in sterile cages in a temperature-controlled pathogen-free room
with an alternating 12 h light and dark cycle. The mice were fed autoclaved chow and tap water
ad libitum and allowed to acclimate for 1 week. All studies were approved by the Institutional
Animal Care and Use Committee at UTMB.

In the first experiment, mice were anesthetized using halothane and xenografts were established
by subcutaneous (s.c.) injection of 2 × 106 SK-N-SH cells/100 μl HBSS onto the bilateral flanks
using a 26-gauge needle. After two days, the mice were randomized into three experimental
groups: I (vehicle control; 0.01 M acetic acid in saline) injection only], II (BBS; 10 μg/kg/
injection), and III (BBS; 20 μg/kg/injection). All injections were administered intraperitoneal
(i.p.) q 8 h. In the second experiment, the mice were anesthetized using halothane and a small
left flank incision was created under sterile conditions to expose the kidney. An inoculum of
2 × 106 SK-N-SH cells in 0.1 ml of HBSS was injected into the superior pole of the left kidney
using a 27-gauge needle and then the abdominal wound was closed in one layer with staples.
After ten days, the mice were randomized into two experimental groups: I (control) and II
(BBS; 20 μg/kg/i.p. injection, q 8 h). In the third experiment, xenografts were initiated by s.c.
injection of 5 × 105 BE(2)-C cells in 0.1 ml of HBSS onto bilateral flanks of mice using a 26-
gauge needle. Two days after injection, the mice were randomized into four groups: I (control),
II (BBS; 20 μg/kg/s.c. injection, t.i.d.), III (BBS/GRP antagonist, RC-3095; 10 μg/kg/s.c.
injection, q 12 h), and IV (BBS plus RC-3095). For all in vivo experiments, tumor growth was
assessed bi-weekly by measuring the two greatest perpendicular tumor dimensions with vernier
calipers (Mitutoyo, Tokyo, Japan) and body weights were recorded weekly. The tumor volumes
were calculated as follows: tumor volume (mm3) = [tumor length (mm) × tumor width
(mm)2]/2. At sacrifice, tumors were excised, weighed, and snap frozen in liquid nitrogen for
storage at -80°C until the assay. Blood was also collected for ELISA.

Immunoblotting
Whole-cell lysates or tissues were prepared as previously described [17,18]. Briefly, total
protein (30-50 μg/lane) was resolved on NuPAGE Novex 4-12% Bis-Tris gels and
electrophoretically transferred to PVDF membranes. Target proteins were detected by using
rabbit, mouse or goat anti-human antibodies (1:200-1000 dilutions) for 3 h at room temperature
(RT) or overnight at 4°C. The membranes were washed and incubated with secondary
antibodies (1:5000 dilution) conjugated with HRP. Immune complexes were visualized using
the enhanced chemiluminescence system. Equal protein loading was confirmed by blotting the
same membrane with β-actin antibody.
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Cell viability assay
SK-N-SH and BE(2)-C cells were seeded onto 96-well plates (8-12 × 103 cells/well) in RPMI
1640 or EMEM culture medium with 10% FBS. The following day, either serum-free medium
only or BBS in serum-free medium was added. Cell viability was assessed 3 days after
treatment using CCK-8 assay kit. In this tetrazolium-based assay, the formazan dye produced
by metabolically active cells was quantified by measuring the absorption of dye solution in a
scanning multi-well spectrophotometer at 450 nm. The values, corresponding to the number
of viable cells, were read at OD 450 nm. Experiment was repeated three times, and similar
results were obtained.

Immunohistochemistry
Neuroblastoma xenografts were fixed in formalin overnight and embedded in paraffin wax.
Tumor sections (5 μm) were mounted on glass slides. Sections were de-paraffinized with
xylene, rehydrated with ethanol, antigen retrieval performed with 10 mM sodium citrate buffer,
and then blocked with blocking solution, for 20 min at RT. Slides were incubated with primary
antibodies (VEGF or PECAM-1) overnight at 4°C. They were washed with buffer three times
for 5 min each and incubated with secondary antibodies for 30 min at RT. Sections were
developed with DAB reagent. The reaction was terminated by immersing slides in dH2O and
sections were counterstained in hematoxylin. Slides were then dehydrated with ethanol and
xylene. Coverslips were mounted and slides were left to dry.

VEGF ELISA
For in vitro studies, supernatant of cultured cells was collected 3 days after transfection. For
in vivo studies, mice blood was collected into tubes with EDTA to prevent coagulation,
centrifuged at 2 × 103 rpm at RT for 15 min, and plasma was stored at -80°C. For assay, plasma
samples were thawed, centrifuged, and VEGF levels were measured using human VEGF
ELISA kit according to manufacturer's instructions.

Statistical analyses
Tumor size and body weight were analyzed using analysis of variance (ANOVA) for a two-
factor experiment with repeated measures on time in SK-N-SH in vivo experiments. All effects
were assessed at the 0.05 level of significance and all interactions of the effects were assessed
at the 0.15 level of significance as the experiment-wise error rates. Fisher's least significant
difference procedure was used for multiple comparisons with 0.005 as the comparison-wise
error rate. Data analysis was conducted using PROC MIXED with LSMEANS option and
Satterthwaite approximation for the denominator degrees of freedom in SAS®, Release 9.1
(SAS Institute Inc., Cary, NC). In BE(2)-C in vivo experiments, the p values were analyzed by
one-way ANOVA for comparison among the treatment groups. Image J (NIH) was used to
perform the densitometric analysis of protein expression from immunoblots. A p value of <
0.05 was considered significant.

Results
Bombesin increases SK-N-SH cell growth and VEGF expression

BBS is a trophic factor for a host of cancers, including breast, colon, and prostate [16]; its role
in angiogenesis in neuroblastoma is not well understood. We sought to determine the trophic
and angiogenic effects of BBS on human neuroblastoma cells. BBS treatment for 3 days
significantly increased cell viability by 15% in SK-N-SH cells (Fig. 1A). As shown in Figure
1B, this increase was associated with a nearly 5 fold upregulation of VEGF expression. We
also found that p-Akt, a known upstream regulator of VEGF [19], was rapidly increased by 7
fold at 5 min after BBS treatment (Fig. 1C). Similar to SK-N-SH, another human neuroblastoma
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cell line, BE(2)-C, also showed a significant increase in cell viability after BBS treatment (data
not shown). These results demonstrate that BBS is an important stimulator of the angiogenic
pathway and growth in neuroblastoma cells.

Bombesin stimulates growth of SK-N-SH xenografts
To further assess the growth stimulatory actions of BBS on neuroblastoma, we next examined
the effects of BBS on neuroblastoma xenografts. SK-N-SH cells were injected onto bilateral
flanks subcutaneously in athymic nude mice and then mice were randomized to receive either
vehicle or BBS. Tumor volume was measured twice weekly and the xenografts were observed
daily until sacrifice. As shown in Figure 2A, SK-N-SH tumor volume was significantly
increased by treatment day 40 in mice receiving BBS injections at a dosage of 20 μg/kg q 8 h
when compared to the control group receiving vehicle alone. Mice receiving BBS at a lower
dosage of 10 μg/kg/injection also showed appreciably enhanced tumor volume by treatment
day 40; this significant growth stimulatory effect of BBS was delayed to day 43 when compared
to the higher dosage of BBS. The trophic actions of BBS were sustained until the end of
treatment at day 45. Interestingly, BBS stimulation of SK-N-SH tumor growth was similar
with either 10 or 20 μg/kg dosage after 43 days of treatment. At sacrifice, tumor weight in mice
receiving BBS correlated with tumor volume data; however, a statistical difference in tumor
weight was noted only in the higher BBS dosage group (20 μg/kg) due to considerable tumor
size variability (Fig. 2B). We next wanted to further examine the trophic actions of BBS in
orthotopically-established SK-N-SH tumors. We chose the BBS dosage of 20 μg/kg/injection
based on our previous experiment. Similar to the heterotopic xenograft study, significantly
increased growth was noted in the orthotopic xenografts of mice treated with BBS at 6 weeks
(Figs. 2C, D), further confirming the role of BBS as a trophic factor for neuroblastoma growth
in vivo.

Bombesin induces the expression of angiogenic markers in SK-N-SH in vivo
In order to elucidate the effects of BBS on angiogenesis in vivo, we analyzed SK-N-SH
heterotopic tumor sections for VEGF, an important signaling protein involved in both
vasculogenesis and angiogenesis, and PECAM-1, a marker for microvessels. As shown in
Figure 3A, BBS-treated tumors showed enhanced expression of VEGF. Moreover, BBS-
treated tumors also showed increased expression of PECAM-1 (Fig. 3B). For both
immunohistochemical studies, VEGF and PECAM-1 appeared as dark brown staining in blood
vessels and adjacent tissues. In addition, there was also an enhanced p-Akt expression by nearly
2-fold in SK-N-SH tumors as noted by Western blot analysis at sacrifice following BBS
treatment (Fig. 3C). These data confirm our in vitro findings and further support our hypothesis
that BBS regulates angiogenesis in neuroblastoma.

GRP antagonist inhibits BE(2)-C growth and VEGF expression in vivo
BBS upregulation of angiogenic markers was further confirmed using an antagonist to BBS/
GRP in vivo. Human neuroblastoma BE(2)-C cells were implanted subcutaneously in athymic
nude mice. Mice were then randomized to receive vehicle, BBS, and/or the BBS/GRP
antagonist, RC-3095. As shown in Figure 4A, RC-3095 treatment significantly suppressed BE
(2)-C neuroblastoma growth when compared to BBS treatment alone or control group.
Additionally, RC-3095, in combination with BBS, also attenuated tumor growth comparable
to control group (Fig. 4A). Western blot analysis showed induction of VEGF (3.2-fold) and p-
Akt (2.2-fold) protein expression in BBS-treated mice when compared to vehicle treated mice
(Fig. 4B). Correlative to tumor volume inhibition, RC-3095 treatment also blocked BBS-
mediated VEGF and p-Akt expression (Fig. 4B). When tumor sections were examined for
VEGF protein expression using immunohistochemistry, RC-3095 treatment significantly
attenuated BBS-induced increases in VEGF expression in BE(2)-C xenografts (Fig. 4C),
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further suggesting an important role of BBS as an inducer of angiogenesis in neuroblastomas.
As shown in Figure 4D, ELISA analysis of plasma VEGF levels also clearly demonstrated
significantly suppressed levels of plasma VEGF with RC-3095 treatment, alone and/or in
combination with BBS. This further suggests BBS as a pro-angiogenic factor for
neuroblastomas in vivo. In all three in vivo experiments, mice tolerated the injections of either
BBS or RC-3095 without any detectable systemic toxicity.

GRP/GRPR silencing inhibits angiogenic effectors in neuroblastoma cells
We next assessed the effects of endogenous GRP or GRPR knockdown on VEGF expression.
SK-N-SH and BE(2)-C cells were transfected with either siGRP, siGRPR or siNTC. Efficacy
of siGRP transfection in SK-N-SH cells was confirmed by quantitative RT-PCR, which showed
significantly decreased GRP mRNA levels (Fig. 5A). Transfection efficacy of siGRP in BE
(2)-C cells was confirmed by Western blotting (Fig. 5B). Western blot analysis showed a
significant decrease in VEGF protein expression with GRP silencing when compared to siNTC
in both SK-N-SH and BE(2)-C cells (Fig. 5A, B). This was also associated with a decrease in
upstream regulators of the angiogenic pathway, p-Akt and p-mTOR [19] (Fig. 5A, B). As
shown in Figure 5C, VEGF mRNA levels were significantly decreased in BE(2)-C cells
transfected with siGRP, suggesting regulation of VEGF at the transcription level. This decrease
in mRNA levels correlated with marked reduction in VEGF secretion into cell culture media
with GRP knockdown (Fig. 5C). Since GRP binds with high affinity to its receptor GRPR, we
then transfected BE(2)-C cells with siGRPR to confirm GRP/GRPR-mediated angiogenic
effects in neuroblastoma cells. Transfection efficacy of siGRPR in BE(2)-C cells was
confirmed by Western blotting. We also noted a significant decrease in VEGF protein
expression with GRPR silencing when compared to siNTC-transfected cells (Fig. 5D).
Consistent with the effects of GRP silencing on VEGF mRNA and secretion, GRPR
knockdown in BE(2)-C cells also showed a reduction of VEGF mRNA as well as its peptide
secretion into the cell culture media (Fig. 5D), further confirming that specific GRP binding
to its cell surface receptor, GRPR, is critical to induce VEGF activation in neuroblastoma cells.
In addition, similar to our in vivo findings with RC-3095, GRP-silenced neuroblastoma cells
showed a significant decrease in cell viability in comparison to control cells (data not shown).
These results further suggest an angiogenic role for GRP in neuroblastoma progression.

Discussion
In our current study, we show that BBS treatment enhances tumor growth and stimulates the
expression of angiogenic markers in neuroblastoma, both in vivo and in vitro. Inhibition of
BBS/GRP with an antagonist, RC-3095, or siRNA significantly suppresses tumor progression
and vascularization. Moreover, BBS induces activation of Akt, a major effector of
phosphatidylinositol 3-kinase (PI3K), suggesting an important role for this signaling pathway
in the regulation of angiogenesis and growth in neuroblastoma.

Neuroblastomas are archetypical solid tumors, where vascular proliferation is a hallmark and
corresponds to tumor prognosis [3,4]. The significance of neovascularization in
neuroblastomas is supported by numerous studies on anti-angiogenic strategies [21-24]. In
particular, specific blockade of VEGF resulted in the inhibition of tumor growth and decreased
recruitment of preexisting blood vessels in neuroblastoma in vivo models [22-24]. We have
shown that BBS increases angiogenic markers, VEGF and PECAM-1, in neuroblastomas in
vivo and/or in vitro.

Since human neuroblastomas actively secrete GRP [11], the mammalian analogue of BBS,
these observations further underscore the relevance of the growth factor properties of GRP.
Levine et al. [25], noted that GRP treatment in prostate cancer cells stimulated pro-angiogenic
factors NF-κB, IL-8, and VEGF. We have also observed an increase in IL-8 gene transcription
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in neuroblastoma cells upon treatment with GRP (Qiao et al., preliminary results). Recently,
it was reported that GRP can directly stimulate endothelial cell migration and cord formation
in vitro and tumor angiogenesis in vivo; these effects were reversed upon treatment with a GRP
antagonist [26]. The pro-angiogenic property of BBS/GRP was also confirmed in studies in
which antagonists decreased angiogenesis in breast cancer, renal cell carcinoma, and
glioblastoma models [27-29]. Likewise, we noted a reduction in neuroblastoma tumor size and
VEGF expression in vivo with RC-3095 (Fig. 4). The antagonist, RC-3095, shows potential
for treatment of a number of solid malignancies; however a current phase 1 clinical trial
provided promising, yet inconclusive results due to pharmacokinetic concerns [30]. In addition
to pharmacologic inhibition, we also noted that GRP silencing in neuroblastoma cells
significantly reduced VEGF expression and secretion, while also decreasing protein expression
of p-Akt and p-mTOR, upstream regulators of VEGF (Fig. 5). Therefore, we propose that
targeting BBS/GRP may prove to be useful as adjuvant treatment in highly vascularized
neuroblastomas.

We show that BBS activates the PI3K pathway in vivo and in vitro. Phosphorylation of Akt, a
PI3K downstream effector, regulates cellular signals that are critical for cell survival and
angiogenesis [31,32]. Tan et al. [19], showed that PI3K activation up-regulated VEGF
expression in prostate cancer cells and that activated Akt stimulates mTOR by phosphorylation
and promotes VEGF transcription [19]. We also demonstrate the activation of Akt and mTOR
in our model, with subsequent VEGF upregulation. In conclusion, we have, for the first time,
demonstrated that BBS stimulates neuroblastoma growth and the expression of angiogenic
markers in vivo, and have also elucidated possible molecular mechanisms through regulation
of PI3K and VEGF signaling pathways. Novel strategies targeting GRP-mediated tumor
growth may be beneficial in patients with highly vascularized, advanced-stage neuroblastomas.
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Figure 1. BBS stimulates cell growth, VEGF and p-Akt expression in SK-N-SH cells
(A) Effects of BBS (10-7 M) on SK-N-SH cell viability were determined using CCK-8 kit (Data
represent mean ± SEM values of eight replicate experiments; * p < 0.05 vs. control). (B) SK-
N-SH cells were treated with BBS (10-7 M) for one day after overnight serum-free conditions.
Cell lysates were prepared and analyzed by Western blot for VEGF. (C) SK-N-SH cells were
treated with BBS (10-7 M) for 5 min after overnight serum-free condition. Cell lysates were
prepared and analyzed by Western blot for p-Akt and total Akt. Experiments were repeated on
two separate occasions.
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Figure 2. BBS promotes SK-N-SH growth in vivo
(A, B) Tumor volumes and tumor weights of subscapular SK-N-SH xenografts in mice treated
with vehicle or BBS (i.p.) for 45 days as described in “Materials and Methods” (4-6 mice/
group). (C, D) Tumor volumes and tumor weights of orthotopic SK-N-SH xenografts at
sacrifice, established by injecting cells into left kidney of mice and treated with vehicle or BBS
(20 μg/kg/injection; i.p.) for 43 days as described in “Materials and Methods” (5-6 mice/group).
Data from all figures represent mean ± SEM; * p < 0.05 vs. control.

Kang et al. Page 11

Cancer Lett. Author manuscript; available in PMC 2009 July 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. BBS induces angiogenesis in SK-N-SH xenografts
(A) Representative sections of SK-N-SH tumors from vehicle- or BBS-treated mice stained
with anti-human VEGF antibody (brown); magnification, X400. (B) Representative sections
of SK-N-SH tumors from vehicle- or BBS-treated mice stained with anti-human PECAM-1
antibody (brown); magnification X200. (C) Expression of p-Akt in SK-N-SH tumor tissue
samples from mice treated with BBS or vehicle; five representative tumors are shown (Data
represent mean ± SEM; * p < 0.05 vs. control).
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Figure 4. GRP antagonist inhibits BE(2)-C tumor growth and angiogenesis
(A) Tumor volumes in nude mice with BE(2)-C cells treated with vehicle, BBS (20 μg/kg/
injection; s.c., t.i.d.), and/or RC-3095 (10 μg/kg/injection; s.c., q 12 h), as described in
“Materials and Methods” (5-6 mice/group). (B) Expression of p-Akt and VEGF in BE(2)-C
tumor tissue samples (three representative tumor samples from each group are shown). (C)
Representative sections of BE(2)-C tumors stained with anti-human VEGF antibody (brown);
magnification, X400. (D) VEGF plasma levels from mice detected by ELISA. Data from all
figures represent mean ± SEM; * p < 0.05 vs. control.

Kang et al. Page 13

Cancer Lett. Author manuscript; available in PMC 2009 July 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5. GRP/GRPR siRNA attenuates angiogenesis in human neuroblastoma cells
(A) Western blot analysis of p-Akt, p-mTOR and VEGF protein expression in SK-N-SH cells
at 3 d post-transfection with siNTC or siGRP (left panel). Quantitative RT-PCR for GRP
mRNA levels in SK-N-SH cells at 2 d post-transfection with siNTC or siGRP (right panel).
(B) Western blot analysis of p-Akt, GRP, p-mTOR and VEGF protein expression in BE(2)-C
cells at 3 d post-transfection with siNTC or siGRP. (C) Quantitative RT-PCR analysis for
VEGF mRNA level in BE(2)-C cells at 2 d post-transfection with siNTC or siGRP (left
panel). VEGF levels in BE(2)-C using human VEGF ELISA kit. Cell culture supernatants were
harvested at 3 d post-transfection with siNTC or siGRP (right panel). (D) BE(2)-C cells were
transfected with siNTC or siGRPR for various assays. GRPR and VEGF protein expression
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was determined by Western blot analysis at 3 d post-transfection (left panel). VEGF mRNA
levels were assessed by quantitative RT-PCR at 2 d post-transfection (middle panel) and VEGF
levels in cell culture supernatants were measured by ELISA at 3 d post-transfection (right
panel). Data from all figures represent mean ± SEM; * p < 0.05 vs. control.
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