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Abstract

Background—Gastrin-releasing peptide (GRP) and its receptor, GRP-R, are critically involved
in neuroblastoma tumorigenesis; however, the molecular mechanisms and signaling pathways that
are responsible for GRP/GRP-R-induced cell migration and invasion remain unclear. Here, we
sought to determine the cell signals involved in GRP/GRP-R-mediated neuroblastoma cell
migration and invasion.

Methods—Human neuroblastoma cell lines, SK-N-SH, LAN-1 and IMR-32, were used for our
study. Transwell migration and invasion assays were performed after GRP (10~7 M) stimulation.
cDNA GEArray® Microarray Kit was used to determine GRP-R-induced gene expression changes.
Protein and membrane expression of integrin subunits were confirmed by Western blotting and
flow cytometry analysis. SiRNA transfection was performed using Lipofectamine 2000. For
scratch assay, a confluent monolayer of cells in 6-well plate were wounded with micropipette tip
and observed microscopically at 24 to 72 h.

Results—GRP increased neuroblastoma cell migration and expressions of MMP-2 while
TIMP-1 level decreased. GRP-R overexpression stimulated SK-N-SH cell migration, and
upregulated integrin a.2, a3, and 1 protein as well as mMRNA expression. Targeted silencing of
integrin B1 inhibited cell migration.

Conclusions—GRP/GRP-R signaling contributes to neuroblastoma cell migration and invasion.
Moreover, integrin p1 subunit critically regulates GRP-R-mediated neuroblastoma cell migration
and invasion.
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INTRODUCTION

Neuroblastoma, a neural crest cell-derived tumor, is the most common extracranial solid
tumor of infants and children, accounting for approximately 10% of all childhood-related
death.! Since roughly 50% of patients will have metastatic disease at the time of diagnosis,?
there have been considerable efforts aimed at delineating the cellular mechanisms that
contribute to metastatic progression in neuroblastoma, leading to poor overall survival.
Clinicopathologic data has shown that older age at diagnosis (> 18 months), MYCN
amplification, unfavorable histology, and DNA ploidy are factors that portend a ‘high-risk’
classification and are associated with poor prognosis.t The poor survival seen in patients
with metastatic or refractory neuroblastoma underscores the need for improved
understanding of the molecular mechanisms that govern tumor cell migration and invasion.

Gastrin-releasing peptide (GRP) is a gut neuropeptide with mitogenic properties that is
secreted by neuroblastoma in an autocrine/paracrine fashion.3 We have previously shown
that GRP binds to its cell surface receptor, GRP-R, to stimulate neuroblastoma growth, and
that GRP-R overexpression increases tumorigenicity and metastatic potential in
neuroblastoma cells.* ° Further, increased expression of GRP-R is found in more
undifferentiated neuroblastoma that are associated with metastatic disease and dismal patient
outcomes. Conversely, we have also reported that targeted silencing of GRP-R through
stable transfection can inhibit tumor growth and metastasis in vivo;8 however, the exact
cellular mechanisms responsible for distant organ metastasis in neuroblastoma are not
clearly defined.

A multitude of intra- and extra-cellular signaling pathways coordinate to exert molecular
changes that ultimately allow cancer cells to progress beyond the primary tumor. Integrins
are a group of heterodimeric transmembrane surface glycoproteins that play a key role in the
regulation of cell-to-cell and cell-to-extracellular matrix (ECM) attachments, yet also
possess the capacity to transmit information from the extracellular milieu that can regulate
cellular growth, survival, and migration.” As key mediators of tumor progression, integrins
allow cells to adapt to changing microenvironments during metastatic progression, and it is
not surprising that changes in membrane integrin expression have been identified in various
types of cancer.® The association between integrin expression and GRP/GRP-R signaling in
neuroblastoma is heretofore undefined. In this study, we examine the effects of GRP/GRP-R
signaling on neuroblastoma cell tumorigenicity, and determine the role of integrin as it
relates to GRP-R-mediated neuroblastoma cell migration and invasion.

MATERIALS AND METHODS

Cell culture and transfection assays

Human neuroblastoma cell lines, SK-N-SH, LAN-1 and IMR-32, were purchased from
American Type Culture Collection (Manassas, VA). Cells were cultured in RPMI 1640
media (Cellgro Mediatech Inc., Herndon, VA) supplemented with 10% fetal bovine serum
(FBS) (Sigma Aldrich) in a humidified atmosphere of 5% CO, at 37°C. The plasmid
pEGFP-GRP-R construct was previously described.> Briefly, pEGFP-GRP-R was
constructed by inserting GRP-R cDNA fragment to pEGFP (N3) at restriction enzyme Nhel
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and EcoR | site. For transfections, 5 x 10° cells were seeded per well in a 6-well plate and
transfected the next day with Lipofectamine 2000 (Life Technology). Stably transfected
cells were established by selection with G418 at 300 ug/ml for 2 weeks. Cells were seeded
on culture plates, serum-starved for 24 h and then treated with GRP (100 nM). Small
interference (si) RNAs against integrin a2, a3 and 1 were from Santa Cruz Biotechnology,
Inc., along with non-targeting scrambled sequences that were used as controls.

Migration, invasion, and scratch assays

For transwell migration, transwell filters (8 pm; Corning, Lowell, MA) were coated on the
lower chamber with 5 pg/ml collagen type | (BD Biosciences) overnight and then blocked
with 2.5% BSA/PBS for 1 h. 1 x 10° cells in serum-free media added to the upper chamber
and incubated for 6 h. Cells were fixed with 4% paraformaldehyde, stained with DAPI, and
counted. Assay was performed in duplicate, and counting was from five randomly selected
microscopic fields (200X magnification). For invasion assay, the transwell filters were
coated with 1/30 diluted Matrigel (BD Biosciences). Cells (1.5 x 10°) in serum-free media
were added to the upper chamber and GRP (100 nM) was added to the lower chamber. After
48 h incubation, cells were fixed with 4% paraformaldehyde, stained with DAPI, and
counted. For wound healing, confluent monolayer of cells in 6-well plate was wounded
using 200 L tip and incubated and observed microscopically at 24 to 72 h. Wound closure
was calculated by measuring the remaining space in the microscopic images.

Flow cytometry

Cell surface expression of integrins was measured using the integrin antibodies as
previously described.® Cells were trypsinized, washed once by adding 0.1%BSA/PBS and
spun down. Cell pellets were resuspended in 0.1%BSA/PBS and adjusted to 1 x 108
cells/mL. Integrin antibody (1 pg) was added to 1 mL of cell solution and incubated for 1 h
at 4°C on a shaker, then the cells were washed with 0.1%BSA/PBS three time by
centrifugation at 300g for 3 min. Allophycocyanin (APC)-conjugated secondary anti-mouse
antibody (1:250) was added and incubated for 30 min at 4°C (excitation at 633 nm). Cells
were washed three times and resuspended for flow cytometry analysis. Cells without
primary antibody incubation was used as negative control. Flow cytometry was performed
using a FACSCalibur System (BD Bioscience), and data were collected for viable cells
according to side and forward scatter. Integrin expression on the cell surface was quantitated
with fluorescence intensity.

Western blot analysis

Whole cell lysates were collected using cell lysis buffer (Cell Signaling) supplemented with
proteinase inhibitors (Roche, Indianapolis, Indiana). Protein concentrations were quantified
using a Protein Assay kit from Bio-Rad (Hercules, CA). Protein (30 pg) was fractionated by
electrophoresis on 4-12% NuPAGE Novex Bis-Tris gels (Life Technology), transferred to
polyvinylidene difluoride membranes, and probed with antibodies. The bands were
visualized by an enhanced chemiluminescent detection system according to the
manufacturer’s instructions (Amersham Inc.).
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Materials

Primary antibody for GRP-R was purchased from Abcam (Cambridge, MA). Matrix
metalloproteinase (MMP)-2 antibody was purchased from Calbiochem (Darmstadt,
Germany), tissue inhibitor of metalloproteinase (TIMP)-1 from Bethyl Laboratories
(Montgomery, TX) and ERK1/2 from Cell Signaling Technology (Danvers, MA). B-actin
antibody was from Sigma-Aldrich (St. Louis, MO). Integrin antibodies and all secondary
antibodies against mouse and rabbit 1gG were purchased either from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA) or from Dr. Kathleen L. O’Connor (Markey Cancer
Center, University of Kentucky at Lexington). GRP was obtained from TOCRIS Bioscience
(Bristol, United Kingdom) and Matrigel was purchased from BD Bioscience (San Jose, CA).
RNA isolation kit was from Life Technology (Grand Island, NY) and cDNA GEArray®
Microarray was from SuperArray Bioscience Corporation (Qiagen, Valencia, CA).

Statistical analysis

All results are shown as mean + SEM. Statistical analysis was performed with Student’s t-
test. p values <0.05 were considered to be statistically significant.

RESULTS

GRP stimulated neuroblastoma cell migration and invasion

To assess the ability of GRP to stimulate cell motility, serum-starved SK-N-SH and LAN-1
cells were cultured with or without GRP. Cell migration and invasion assays were
independently performed on each cell line using transwell system and relative values were
calculated, as well as cell count quantification to measure invasion. GRP treatment
significantly increased SK-N-SH cell migration (Fig. 1LA). Similar results were observed
with LAN-1 cells (data not shown). Furthermore, cell counts after GRP-induced invasion
were significantly higher when compared to controls (Fig. 1B). Given the important role of
MMP and TIMP in modulating the ECM during cell movement, we next wanted to
determine whether GRP stimulation leads to altered expression of MMP or TIMP.10 GRP
significantly upregulated MMP-2 expression in SK-N-SH cells when compared to controls,
while the expression of TIMP-1, a known inhibitor of both MMP-2, was decreased after
GRP treatment (Fig. 1C). Upregulation of MMP-2 was also noted after GRP in IMR-32 cells
(data not shown). Taken together, these results suggest a critical role for GRP-mediated
neuroblastoma metastasis.

GRP-R overexpression increased integrin a2, a3, and p1 expression in SK-N-SH cells

GRP stimulation is known to stimulate neuroblastoma cell growth and proliferation;11
however, its relationship to tumor progression and cell motility is less defined. In order to
better understand the cellular mechanisms underlying GRP/GRP-R mediated neuroblastoma
cell motility, we established stably transfected GRP-R overexpressing SK-N-SH cells. We
then performed gene expression analysis using a cDNA GEArray® Microarray kit to
identify target genes that may be altered as a result of GRP-R signaling. We found that
GRP-R overexpressing SK-N-SH human neuroblastoma cells showed increased mRNA
levels of integrin a2, a3, and B1 (Fig. 2A). Correlative to mRNA, integrin a2, a3, and 1
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protein levels were also increased as measured by Western blotting when compared to
controls (Fig. 2B). In addition, these increased expression of integrin a2, a3, and $1 on cell
membrane of GRP-R overexpressing SK-N-SH cells were further confirmed using flow
cytometry (Fig. 2C), indicating the functional level of integrin a2, a3, and p1 were
increased. Consistent with GRP-induced cell migration in Figure 1A, stable transfection of
GRP-R overexpressing SK-N-SH cells also resulted in a concomitant increase in cell
migration (Fig. 2D). Hence, our results support a positive correlation between GRP-R and
integrin expression, indicating that GRP-R is important for a cellular function of cell
migration in neuroblastoma cells by regulating integrin.

Integrin B1 regulates SK-N-SH cell migration

Since GRP-R overexpression induced SK-N-SH cell migration and increased integrin
expression, we sought to better characterize this cellular process. First, we used siRNA to
silence integrin a2, a3, and B1 expression in SK-N-SH cells, then performed wound healing
assays at 24, 48, and 72 h to determine the effects on cell migration (Fig. 3A). Wound
unclosure was measured microscopically and relative values determined. Targeted silencing
of integrin B1 (silntegrin B1) significantly decreased cell migration at 72 h after wounding
when compared to siRNA targeted at integrin a2 and a3 (Fig. 3B). Western blot analysis
was used to confirm the specificity of siRNA (Fig. 3C).

Integrin B1 is a critical regulator of cell migration in GRP-R overexpressing SK-N-SH cells

Given the measurable result of integrin B1 silencing on cell migration in SK-N-SH cells, we
then sought to identify the effect of integrin 1 knockdown in GRP-R overexpressing SK-N-
SH cells. Scratch assays were established with silntegrin 1 in GRP-R overexpressing cells
and measured at 24, 48, and 72 h for wound unclosure as a function of cell migration (Fig.
4A). siRNA inhibition of integrin f1 decreased cell migration in GRP-R overexpressing SK-
N-SH cells at 72 h after wounding compared with the non-targeted control GRP-R
overexpressing cells (Fig. 4B). Western blot analysis was used to confirm the specificity of
silntegrin B1 (Fig. 4C).

DISCUSSION

In this study, we found that GRP treatment led to increased migration and invasion of
neuroblastoma cells. GRP-R overexpression not only stimulated neuroblastoma cell
migration, but also led to the upregulation of mMRNA, protein, and membrane expression of
integrin subunits a2, a3, and 1. Moreover, silencing of integrin p1 led to inhibition of cell
migration suggesting its role as a potential key regulator of GRP-R-mediated neuroblastoma
cell migration and invasion.

As a neuroendocrine tumor, neuroblastoma exhibits mitogenic response to neuroendocrine
peptides such as GRP. In fact, GRP/GRP-R signaling has been shown to induce
neuroblastoma cell growth through the PI3K/Akt pathway.12 The “high-risk’ group of
neuroblastoma remains difficult to cure due to its refractoriness to treatment protocols,
propensity to metastasize and disease relapse. Hence, discerning molecular mechanisms
involved in GRP-R-mediated neuroblastoma cell migration and invasion may shed novel
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insights to clinically aggressive phenotype. In this study we found that signaling through the
GRP/GRP-R axis results in neuroblastoma cell migration and invasion through upregulation
of a2, a3, and B1 integrin subunits. Further, we also show that integrin $1 expression is
particularly critical to GRP-R-mediated cell migration as evidenced by the significant
decrease observed in neuroblastoma cell migration upon inhibition of integrin 1 with
SIRNA.

It has been reported that GRP can stimulate cell migration in prostatel3 and breast cancers!#
through binding to its cognate receptor, GRP-R. Similar studies using the GRP analog,
bombesin, have shown that bombesin/GRP-R signaling enhances the migratory and invasive
capacity of colorectal carcinoma cells in a dose-dependent fashion,1® albeit the exact
molecular mechanisms still remain unclear. While the role of GRP-R signaling in
neuroblastoma tumorigenesis has been established,® the effects of such signaling events as
they relate to cell migration and invasion have not been examined. Here, we show that both
GRP treatment and GRP-R overexpression led to increased motility of SK-N-SH
neuroblastoma cells. The ability of a cancer cell to negotiate the ECM is paramount for
tumor progression. Neoplastic cells take advantage of enzymatic digestion of the ECM by
MMPs to accomplish these tasks. Interestingly, treatment of SK-N-SH cells with GRP led to
increased expression of MMP-2 while expression of the MMP-inhibiting enzyme TIMP-1
was downregulated, suggesting that GRP may play a secondary role in modulating the
extracellular environment to allow for tumor cell motility through the ECM. In fact, it is
known that MMPs play a crucial role in tumor progression through regulation of the tumor
microenvironment,16 and that dysregulation of the balance between MMP proteolysis and
TIMP expression is linked to cancer cell invasion.1” Further studies examining the
relationship between GRP signaling and regulation of the MMP/TIMP balance in
neuroblastoma tumor progression will be needed.

Since cell migration and invasion, as well as intravasation and extravasation, are
fundamental processes of cancer cells during metastasis, we sought to determine genes that
may reflect cellular changes in tumor progression. As such, our data showed that GRP-R
overexpression led to upregulation of integrin a2, a3, and B1 mRNA, these were further
corroborated with Western blotting and flow cytometry. Collectively, our findings show that
GRP-R overexpression increases the expression of integrin a2, a3, and g1 in SK-N-SH
cells, and outlines a potential relationship between GRP/GRP-R-induced cell migration/
invasion and integrin expression. It further emphasizes the role of neuroendocrine signaling
in neuroblastoma tumor progression, which underscore the notion that cell-ECM interactions
can regulate molecular signaling in response to mitogenic factors, such as FAK .18

As the prominent receptor for the ECM, integrins function beyond simple cell adhesion and
can influence numerous cellular functions in response to signals from the environment.
Previous studies have suggested that changes in integrin expression by tumor cells can
modulate growth and survival, as well as cell adhesion and migration.1 Of particular
interest in the present study is the relationship of GRP/GRP-R-induced integrin expression
to cell migration and invasion. We found that stable knockdown of integrin a2, a3, and p1
subunits in SK-N-SH cells resulted in a marked decrease in cell migration. In fact, the
decrease in cell movement observed on scratch assay was most significant after integrin f1
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silencing. These effects could not be rescued with GRP-R overexpression, suggesting the
crucial role of integrin 1 in GRP-R-mediated cell motility. Dysregulation of cell adhesion
molecules, particularly integrins, is well established in human cancers, and overexpression
of the integrin f1 subunit is associated with increased metastatic potential in breast?® and
lung cancers.2! Although previous reports have suggested that decreased integrin f1 in
neuroblastoma leads to increased cell migration in vivo,?2 our study findings do not
corroborate such.

In conclusion, our data show that GRP and its receptor, GRP-R, provide a significant
molecular access point for the induction and stimulation of neuroblastoma tumor cell
maotility through cellular mechanisms that likely involve the modulation of integrin subunit
expression, particularly integrin p1. The role of B1 integrin expression in cell attachment and
invasion has been implicated in other cancers.23 Further studies will be needed to determine
the exact molecular mechanisms underlying GRP-mediated integrin expression and how
these interactions contribute to the metastatic potential of neuroblastoma.

Acknowledgments

Grants: R0O1 DK61470 from the National Institutes of Health.

The authors thank Karen Martin for assistance with graphics and Eric Long for critical review of the manuscript.

References

1. Maris, GBJ. Neuroblastoma. In: Poplack, PPD., editor. Principles and Practice of Pediatric
Oncology. 530 Walnut Street, Philadelphia, PA 19106 USA: Lippincott Williams & Wilkins; 2006.
p. 933-70.

2. London WB, Castel V, Monclair T, et al. Clinical and biologic features predictive of survival after
relapse of neuroblastoma: a report from the International Neuroblastoma Risk Group project. J Clin
Oncol. 2011; 29:3286-92. [PubMed: 21768459]

3. Gustafson WC, De Berry BB, Evers BM, et al. Role of gastrointestinal hormones in neuroblastoma.
World J Surg. 2005; 29:281-6. [PubMed: 15706438]

4. Kim S, Hu W, Kelly DR, et al. Gastrin-releasing peptide is a growth factor for human
neuroblastomas. Ann Surg. 2002; 235:621-9. discussion 9-30. [PubMed: 11981207]

5. Qiao J, Kang J, Cree J, et al. Gastrin-releasing peptide-induced down-regulation of tumor suppressor
protein PTEN (phosphatase and tensin homolog deleted on chromosome ten) in neuroblastomas.
Ann Surg. 2005; 241:684-91. discussion 91-2. [PubMed: 15849504]

6. Qiao J, Kang J, Ishola TA, et al. Gastrin-releasing peptide receptor silencing suppresses the
tumorigenesis and metastatic potential of neuroblastoma. Proc Natl Acad Sci U S A. 2008;
105:12891-6. [PubMed: 18753628]

7. Kim C, Ye F, Ginsberg MH. Regulation of integrin activation. Annu Rev Cell Dev Biol. 2011,
27:321-45. [PubMed: 21663444]

8. Felding-Habermann B. Integrin adhesion receptors in tumor metastasis. Clin Exp Metastasis. 2003;
20:203-13. [PubMed: 12741679]

9. Mierke CT, Frey B, Fellner M, et al. Integrin alpha5betal facilitates cancer cell invasion through
enhanced contractile forces. J Cell Sci. 2011; 124:369-83. [PubMed: 21224397]

10. Chirco R, Liu XW, Jung KK, et al. Novel functions of TIMPs in cell signaling. Cancer Metastasis

Rev. 2006; 25:99-113. [PubMed: 16680576]
11. Kang J, Ishola TA, Baregamian N, et al. Bombesin induces angiogenesis and neuroblastoma
growth. Cancer Lett. 2007; 253:273-81. [PubMed: 17383815]

Surgery. Author manuscript; available in PMC 2015 February 02.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Leeetal.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Page 8

Ishola TA, Kang J, Qiao J, et al. Phosphatidylinositol 3-kinase regulation of gastrin-releasing
peptide-induced cell cycle progression in neuroblastoma cells. Biochim Biophys Acta. 2007;
1770:927-32. [PubMed: 17379415]

Festuccia C, Angelucci A, Gravina G, et al. Bombesin-dependent pro-MMP-9 activation in
prostatic cancer cells requires betal integrin engagement. Exp Cell Res. 2002; 280:1-11.
[PubMed: 12372334]

Chao C, Ives K, Hellmich HL, et al. Gastrin-releasing peptide receptor in breast cancer mediates
cellular migration and interleukin-8 expression. J Surg Res. 2009; 156:26-31. [PubMed:
19631337]

Saurin JC, Fallavier M, Sordat B, et al. Bombesin stimulates invasion and migration of Isrecol
colon carcinoma cells in a Rho-dependent manner. Cancer Res. 2002; 62:4829-35. [PubMed:
12183443]

Egeblad M, Werb Z. New functions for the matrix metalloproteinases in cancer progression. Nat
Rev Cancer. 2002; 2:161-74. [PubMed: 11990853]

Deryugina El, Quigley JP. Matrix metalloproteinases and tumor metastasis. Cancer Metastasis
Rev. 2006; 25:9-34. [PubMed: 16680569]

Lee S, Qiao J, Paul P, et al. FAK is a critical regulator of neuroblastoma liver metastasis.
Oncotarget. 2012; 3:1576-87. [PubMed: 23211542]

Kato H, Liao Z, Mitsios JV, et al. The Primacy of betal Integrin Activation in the Metastatic
Cascade. PL0S One. 2012; 7:e46576. [PubMed: 23056350]

Huck L, Pontier SM, Zuo DM, et al. betal-integrin is dispensable for the induction of ErbB2
mammary tumors but plays a critical role in the metastatic phase of tumor progression. Proc Natl
Acad Sci U S A. 2010; 107:15559-64. [PubMed: 20713705]

Shibue T, Weinberg RA. Integrin betal-focal adhesion kinase signaling directs the proliferation of
metastatic cancer cells disseminated in the lungs. Proc Natl Acad Sci U S A. 2009; 106:10290-5.
[PubMed: 19502425]

Meyer A, van Golen CM, Kim B, et al. Integrin expression regulates neuroblastoma attachment
and migration. Neoplasia. 2004; 6:332-42. [PubMed: 15256055]

Wang D, Muller S, Amin AR, et al. The Pivotal Role of Integrin betal in Metastasis of Head and
Neck Squamous Cell Carcinoma. Clin Cancer Res. 2012; 18:4589-99. [PubMed: 22829201]

Surgery. Author manuscript; available in PMC 2015 February 02.



1duosnuely Joyny vd-HIN 1duosnuely Joyny vd-HIN

1duosnuely Joyny vd-HIN

Leeetal. Page 9

>
N
5

vy

3001

o

L
I$%
S

GRP (107M) —  +
MMP-2
TIMP-1 . s
B-actin "— —

o

o
- 4N
o a o
S & o

Cell Migration
(relative value)
5
Invasive Cell Numbers
fo))
£

0- 0-
GRP (107M) — + GRP (107M) — +

Figure 1. GRP increased cell migration and invasion by differential expression of MMP-2 and
TIMP-1

(A) GRP treatment (107 M) for 24 h increased SK-N-SH cell migration in transwell plates
(*= p <0.05 vs. control). (B) GRP stimulated the number of SK-N-SH cells in Matrigel-
coated transwell plates (*= p <0.05 vs. control). (C) Increased MMP-2 but decreased
TIMP-1 expressions were observed in SK-N-SH cells after GRP treatment. $-actin was used
to demonstrate equal protein loading.
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Figure 2. GRP-R overexpression upregulated integrin a2, a3, and 1 expression in SK-N-SH
cells and stimulated constitutive cell migration

(A) GRP-R overexpression resulted in increased mMRNA levels of integrin a2, a3, and 1
(boxed areas) as measured by SuperArray. (B) Western blot analysis was performed with
indicated antibodies in GRP-R overexpressing cells. Total ERK1/2 expression was probed to
demonstrate equal protein loading. (C) Increased levels of integrin a2, a3, and 1
membrane expression in GRP-R overexpressing cells as measured by flow cytometry. (D)
GRP-R overexpressing cells with stimulated cell migration rate (*= p <0.05 vs. control).
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Figure 3. Silencing of integrin a2, a3, and B1 in SK-N-SH cells
(A) SK-N-SH cells were transfected with siRNA against integrin a2, a3, and 1. After 48 h,

scratches were made using 200 pl tips. Wound closure was measured from microscopic
images at 24, 48, and 72 h after wounding (100X magnification). (B) Data are representative
of the mean distance of unclosure from three independent experiments (*= p <0.05 vs.
SINTC). (C) Western blot analysis was performed with indicated antibodies in the cells. -
actin was used to demonstrate equal protein loading.
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Figure 4. Silencing of integrin B1 decreased cell migration in GRP-R overexpressing SK-N-SH
cells

(A) GRP-R overexpressing SK-N-SH cells were transfected with siRNA against integrin 1.
After 48 h, scratches were made using 200 pl tips. Wound closure was measured from
microscopic images at 24, 48, and 72 h after wounding (100X magnification) (B) Data are
representative of the mean distance of unclosure from three independent experiments (*= p
<0.05 vs. siNTC). (C) Western blot analysis was performed with indicated antibodies in the
cells. B-actin was used to demonstrate equal protein loading.
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