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Abstract: Non-small cell lung cancer (NSCLC) constitutes the main cases of lung cancer and is the world’s most
common and lethal cancer owing to regional invasion or distant metastasis. Growing morbidity and lethality demon-
strates that valid molecular target in management of NSCLC metastasis is still absence. The receptor of advanced
glycation end-products (RAGE) has been identified as an oncogenic gene and appears to promote the growth and
metastasis of various cancers. Here, we investigated if RAGE targeted by RNA interference (RNAi) might have certain
effect on the restraint of the growth of NSCLC and tumor metastasis. Wound healing and Transwell invasion assays
indicated that RAGE favored the metastatic capabilities of NSCLC H1975 cells. Besides, soft-agar colony assay re-
vealed that silencing RAGE significantly blocked colony-forming capability of H1975 cells in vitro. Furthermore, we
observed that RAGE participated in H1975 cells growth, metastasis and epithelial-mesenchymal transition (EMT) by
regulating interdict crux intracellular signaling pathways, including phosphatidylinositol-3 kinase/serine-threonine
kinase (PIBK/AKT) and V-Ki-ras2 kirsten rat sarcoma viral oncogene homolog/RAF proto-oncogene serine/threo-
nine-protein kinase (KRAS/RAF-1). In xenograft model, significantly reduction intumor growth and Ki67 expression
was demonstrated in nude mice inoculation with RAGE down-regulation H1975 cells. To conclude, our study dem-
onstrated that RAGE played a crucial role in the metastasis and growth of NSCLC by regulating PI3K/AKT and KRAS/

RAF-1 signaling pathways, thereby might be a promising therapeutic target for NSCLC.
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Introduction

Non-small cell lung cancer (NSCLC) is one of
the most common primary lung cancers andisa
leading cause of death [1], despite a range of
treatment options such as chemotherapy, clini-
cal resection, and radiotherapy. Advanced and
aggressive NSCLCs are highly invasive, meta-
static, and resistant to treatment approaches.
The most common sites of lung cancer metas-
tasis are the lymph nodes, liver, adrenals, brain
and bones [2]. For patients diagnosed in the
terminal stages of NSCLC that present with
metastatic, surgical tumor removal, chemo-
therapy, radiation or targeted therapies are all
largely ineffective with a poor prognosis [3].
NSCLC cancer cells metastasis, the single most
critical prognostic factor, is still poorly under-

stood and a highly complex phenomenon.
Consequently, searching for more effective
therapeutic targets to combat NSCLC metasta-
sis is crucial [4]. Central to this aim is a better
understanding of the genetic changes and
molecular events that occur during NSCLC
growth and metastasis [5].

Abnormalities in the levels of several growth
factor receptors such as epidermal growth fac-
tor receptor (EGFR) and the receptor for
advanced glycation end-products (RAGE) are
associated with different types of human can-
cers, including NSCLC [6]. RAGE, a member of
the immunoglobulin super family, has been sug-
gested to be involved in the survival, growth,
and metastatic spread of various cancers and
increased risk of multifarious malignant neo-
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plasms [7]. RAGE is typically expressed at a low
basal level in healthy tissue, although it is more
highly expressed in lung tissue, implying a pul-
monary function [8]. Recent studies proposed
that up-regulation of RAGE is an important
event in lung tumor development, and serum-
soluble RAGE (sRAGE) serves as an effective,
convenient, and sensitive diagnostic biomarker
for lung cancer [9]. RAGE expression increases
during tumorigenesis and progression of lung
carcinogenesis, and has also been shown to
play a part in the formation of primary lung neo-
plasms and progression to more advanced,
aggressive lung adenocarcinomas, including
NSCLC [10]. Investigation into the role of RA-
GE in tumor development indicate the involve-
ment of certain intracellular signaling cas-
cades, including phosphatidyl inositol 3-kinase
(P13K), serine-threonine kinase (AKT), V-Ki-
ras2 Kirsten rat sarcoma viral oncogene homo-
log (K-RAS), and Mitogen-activated protein
kinase (MAPK) [11]. These signaling pathways
act cooperatively to control genes involved with
various tumor cellular functions, including cell
proliferation, survival, tumor angiogenesis, ap-
optosis, and metastasis [12]. Despite this
research, the underlying mechanism of RAGE
and its role in NSCLC growth and metastasis
remain elusive, limiting targeted therapeutic
options.

Owing to the likely involvement of RAGE in can-
cer development, we investigated the effects of
targeting the gene in NSCLC metastasis. This
showed that reducing expression of RAGE
inhibited proliferation and suppressed cell inva-
sion, metastasis, and migration in NSCLC can-
cer cells. In addition, we investigated possible
molecular mechanisms and found that RAGE
down-regulation blocked PI3K/AKT and KRAS/
RAF-1 signaling pathways in NSCLC cells, thus
decreasing NSCLC proliferation, epithelial-mes-
enchymal transition (EMT), and metastasis.

Materials and methods
Cell lines

The human non-small cell lung carcinoma cell
lines H1975, A549, HCC827, H1650 and
human bronchial epithelial cells BEAS-2B used
as control were purchased from the Chinese
Academy of Sciences Cell Bank of Type Culture
Collection (CBTCCCAS, Shanghai, China). The
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NSCLC cell lines were maintained in RPMI-
1640 or DMEM medium supplemented with
10% FBS, streptomycin (100 ug/mL) and peni-
cillin (100 ug/mL). BEAS-2B cells was cultured
in LHC-8 medium supplemented with 10% FBS.
All cells maintained in an incubator with a
humidified atmosphere containing 5% CO, at
37°C.

RNA interference

RAGE siRNA was synthesized by Biomics Bio-
technologies co. Ltd (Shanghai, China). H1975
cells were transfected with RAGE siRNA (sense,
5-GACCAACUCUCUCCUGUAUTT-3’ and antise-
nse, 5-AUACAGGAGAGAGUUGGUCTT-3’ or non-
specific siRNA (0.5 pg/well for 96 well plates
and 2 pg/well for 6 well plates) using the
Lipofectamine 2000 (Invitrogen) according to
the manufacturer’'s recommendations. After 48
h post-transfection, H1975 cells were used for
western blot, clonogenicity, invasion, migration
and proliferations assay [13].

Cell proliferation assay

Cell viability was determined by the CellTiter
96® AQueous one solution cell proliferation
assay (MTS) (Promega). H1975 cells was seed-
ed in 96-well cell culture plastic plates at a
density of 1 x 10° cells/well. After incubation
for 24 h, 48 h or 72 h, respectively, 20 ul of One
Solution reagent was added to each well and
incubation was continued for additional 4 h.
The absorbance was measured at 490 nm
using Synergy™ HT Multi-Mode Microplate
Reader (Bio-Tek, Winooski, VT, USA) [14].

Colony formation assay

H1975 cells colony formation assay was per-
formed to measure the growth ability of single
H1975 cell to grow into a colony in vitro. Briefly,
after transfecting H1975 cells with RAGE siRNA
or scrambled control for 48 h, the transfected
H1975 cells were seeded in complete RPMI-
1640 media at a density of 2 x 10* cells in 60
mm dishes, which containing a top layer of 1%
agar and a bottom layer of 10% agar. The plates
were incubated for 4 weeks at 37°C and then
stained with 0.1% crystal violet. Colonies with
greater than 50 cells were counted manually.
For clonogenicity assay, H1975 cells (1 x 10°%)
were plated onto a 6-well tissue culture plate in
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1640-medium and incubated at 37°C. Cells
were allowed to grow in complete medium for 5
days. Then cells were counted under the micro-
scope. Five random fields were counted under
a light microscope [15].

Wound healing analysis

Cell migration ability of RAGE silenced H1975
cells were detected by the scratch assay. After
RAGE siRNA transfection, H1975 cells were
seeded in 6-well plastic plates at the density of
3 x 10°% cells/well. After 24 h, H1975 cells
reached 90-100% monolayer confluence. A
straight scratch was artificial created in the cell
monolayers with 100 pl sterile pipette tip. Cells
debris by the scratch was removed with phos-
phate buffer saline (PBS) and cultures were
then supplemented with fresh 1640 medium
for 48 h at 37°C. Migration images were cap-
tured using an inverted microscope (CarlZeiss,
Hallbergnoos, Germany). The scratch wound
widths were measure under microscope and
the relative percentage of wound closure was
determined by comparing to control cells [16].

Migration assay

The effect of RAGE siRNA on H1975 cells migra-
tion was evaluated by Transwell migration
assay. After RAGE siRNA transfection for 48
hours, 200 pl 5 x 10 H1975 cells were plated
into the upper chamber of the Transwell cham-
ber with a non-coated polycarbonate mem-
brane (8.0 ym, Corning). Total 600 ul RPMI-
1640 medium containing 10% FBS was added
to the Transwell lower chamber. After incuba-
tion for 6 h, an H1975 cell on the lower surface
of polycarbonate membrane was fixed with 4%
paraformaldehyde and was stained with 0.1%
crystal violet. The non-migrated H1975 cells on
the upper-side of the polycarbonate membrane
were removed with a cotton swab. Image of the
H1975 cells which migrated to the under-sur-
face of the membrane was captured at 5 differ-
ent microscopic fields. The number of migrated
H1975 cells was counted from five randomly
fields per polycarbonate membrane [17].

Invasion assay

2 x 10* H1975 cells was plated into the top-
chamber of the Transwell with Matrigel-coated
(2 mg/ml, BD Matrigel™) polycarbonate mem-
brane and allowed to invasive for 6 h. Total 600
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pul RPMI-1640 medium with 10% FBS was
added to the Transwell lower chamber as a che-
mo-attractant. H1975 cells remaining on top of
the polycarbonate membrane were removed
with a cotton swab. The invasive cells were
fixed in 4% paraformaldehyde and the polycar-
bonate membrane was mounted in Hoechst
33258. Invasion cells were analyzed using fluo-
rescence microscopy and the number of inva-
sion cells was counted from five randomly
selected fields per polycarbonate membrane
[18].

Gelatin zymography

After siRAGE transfection, the medium was
changed to serum-free RPMI 1640. H1975
cells were cultured for 24 h, and the condi-
tioned media were collected. The media were
electrophoresed on 10% precast polyacryl-
amide gels containing 0.1% gelatin (Sigma). The
enzymatic activity of MMP-2 and MMP-9 was
measured using a gelatin zymography kit (Life
Technology) according to the manufacturer’s
protocol [19].

MMP-2/9 activity analysis

The activity of MMP-2/9 was determined by
QuickZyme MMP-2/9 activity assay (QucikZy-
me BioSciences) according to the manufactur-
er's instructions. Briefly, after RAGE siRNA
transfection for 48 h, H1975 cells were washed
with fresh medium and replaced with serum-
free medium. After 24 h, the medium was col-
lected and centrifuged at 10000 g for 10 min-
utes. The cell supernatant was added to the
96-well strip which previous coated with MMP-
2/9 antibody and incubated at 4°C overnight.
After washing with wash buffer for 3 times, 50
ul assay buffer was added into the well, fol-
lowed by adding 50 pl detection reagent. After
incubation at 37°C for 1 h, OD405 was mea-
sured with Synergy™ HT Multi-Mode Microplate
Reader (Bio-Tek, Winooski, VT, USA) [20]. The
relative activity of MMP-2/9 was determined by
comparing to H1975-Scr cells.

Immunocytochemistry

H19750r BEAS-2Bcells were seeded on glass
coverslips. After 24 h, they were fixed by pre-
cold acetone, then rinsed three times with PBS.
The cells were permeabilized in 0.1% Triton
X-100 and incubated with 1% BSA/PBS to block
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nonspecific binding. Subsequently, the cells
were immunostained by incubating with rabbit
monoclonal antibody against RAGE (diluted
1:500, Epitomics) overnight at 4°C. After being
washed with PBS, cells nuclei were counter-
stained with Mayer’'s hematoxylin solution
(Amber Scientific, Midvale, WA). Images were
taken and analyzed using the ZEN 2011 imag-
ing software on a Zeiss invert microscope
(CarlzZeiss, Hallbergnoos, Germany) under 200-
fold maghnification.

Western blot analysis

H1975 cells were transfected with RAGE siRNA
for 48 h. Whole-cell lysates were prepared with
RIPA buffer containing protease and phospha-
tase inhibitors. Equal amounts of cell lysates
(30 pg) were loaded on 10% SDS-PAGE and
transferred onto PVDF membranes. After mem-
branes were blocked, they were incubated with
monoclonal antibody against RAGE (1:1000,
Signalway Antibody), AKT (1:500, Signalway
Antibody) and p-AKT Serd73 (1:10000, Epito-
mics), p-mTOR Ser2448 (1:5000, Epitomics)
and phosphor-PI3K Tyr458 (1:1000, Cell Sig-
naling Technology), PI3K (1:1000, Cell Signaling
Technology), mTOR (1:1000, Cell Signaling
Technology), p-p70s6k Ser371 (1:1000, Cell
Signaling Technology), p70s6k (1:1000, Cell
Signaling Technology), p-KRAS Ser181 (1:1000,
Cell Signaling Technology), p-RAF-1 Ser289
(1:2000, Cell Signaling Technology), Twist
1:1000, Cell Signaling Technology), E-cadherin
1:1000, Cell Signaling Technology), N-cadherin
1:1000, Cell Signaling Technology), Slug
1:1000, Cell Signaling Technology) and GPADH
(1:5000, Bioworld Technology) followed by in-
cubation with goat anti-rabbit 1gG (H&L) HRP
(1:20000, Bioworld Biotechnology). All target
proteins were detected by the ECL Gel system
(Millipore, Braunschweig, Germany) and were
visualized with the ChemiDoc XRS system (Bio-
Rad, Hercules, CA, USA) [21].

P

Quantitative real-time PCR

Total RNA was isolated using the TRIzol reagent
(Invitrogen) according to the manufacturer’s
recommendations. The cDNA was then synthe-
sized with 1 pg total RNA using a PrimeScript
RT reagent kit (TakaraBio) according to the pro-
tocol. QRT-PCR was performed using IQTM
SYBR Green supermix and the iQ5 real-time
detection system (Bio-Rad Laboratories). The
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comparative cycle threshold (Ct) method was
applied to quantify the expression levels
through calculating the 2(-*2Ct) method. The
primers used for PCR were as follows (sense
and antisense, respectively): GAPDH: 5-TGTG-
GGCATCAATGGATTTGG-3’ (forward) and 5-AC-
ACCATGTATTCCGGGTCAAT-3’ (reverse); RAG:
5-GTGTCCTTCCCAACGGCTC-3’ (forward) and
5-ATTGCCTGGCACCGGAAAA-3’ (reverse); RAF-
1: 5-GGGAGCTTGGAAGACGATCAG-3’ (forward)
and 5’-ACACGGATAGTGTTGCTTGTC-3’ (reverse);
KRAS: 5-ACAGAGAGTGGAGGATGCTTT-3’ (for-
ward) and 5-TTTCACACAGCCAGGAGTCTT-3’
(reverse); mMTOR: 5-ATGCTTGGAACCGGACC-
TG-3’ (forward) and 5-TCTTGACTCATCTCTCG-
GAGTT-3’ (reverse); AKT: 5’-AGCGACGTGGCTAT-
TGTGAAG-3’ (forward) and 5’-GCCATCATTCTTG-
AGGAGGAAGT-3’ (reverse); PI3K: 5'-GGCGAAA-
CGCCCATCAAAAA-3’ (forward) and 5-GACTC-
CCGTGCAGTCATCC-3’ (reverse); p70s6k: 5'-CG-
GGACGGCTTTTACCCAG-3’ (forward) and 5-TT-
TCTCACAATGTTCCATGCCA-3’ (reverse). The GA-
PDH RNA expression was used to normalize
the target genes levels.

Xenograft tumor assay

Female BALB/c nu/nu mice (4-6-weeks-old)
were obtained from Shanghai Slack laboratory
animal co., LTD and maintained in specific
pathogen-free conditions. All experimental pro-
tocols were approved by the Committee for the
Care and Use of Laboratory Animals of People’s
Hospital of Xinjiang Uygur Autonomous Region
and all experiments were performed in accor-
dance with the approved guidelines and regula-
tions. For the subcutaneous tumor model,
H1975 cells transfected with RAGE siRNA or
control siRNA suspended with PBS at a concen-
tration of 1 x 10° cells/ul. A volume of 0.1 ml
H1975 cells was subcutaneously injected into
the right flank of anesthetized mice (n = 3 for
each group) and the mice were observed for 4
weeks. The xenograft tumor volume was mea-
sured every 3 days and calculated as (W? x
L)/2, where W and L refer to the shorter and
longer dimensions of the tumor, respectively.
The H1975 tumor specimen were fixed in 10%
formalin, embedded in paraffin and sectioned
at 5 um. For immunohistochemical assay, en-
dogenous peroxidases were blocked in 3%
hydrogen peroxide. Immunohistochemistry for
Ki67, p-PI3K, p-AKT, p-mTOR, p-KRAS, p-RAF-1
and p-p70s6k were carried out on tumor tissue
sections using Biogenex IHC detection system

Am J Transl Res 2017;9(6):2760-2774



Silencing RAGE inhibits NSCLC metastasis and growth

Cancer
vS.
Normal

Analysis Type by Cancer

Bladder Cancer

Brain and CNS Cancer
Breast Cancer
Cervical Cancer
Colorectal Cancer
Esophageal Cancer
Gastric Cancer

Head and Neck Cancer
Kidney Cancer
Leukemia

Liver Cancer

Lung Cancer
Lymphoma
Melanoma

Myeloma

Other Cancer
Ovarian Cancer
Pancreatic Cancer
Prostate Cancer

Sarcoma

Significant Unique Analyses B 6
Total Unique Analyses

1 5 10 10 5 1

EEOC0OO .

B

Log2 median-centered ratio

@]

Free Survival Probabili

RAGE

Bhattacharjee Lung Statistics (47 samples)

2.5
2.0 &
1.6
1.0
0.5

-0.56
-1.0
-1.6

i
g
ao

-3.0

1.0

0.4 0.6 0.8
1

0.2

1

0.0

hbb
mon

P-value: 2.23E-5
Fold change: 5.288

—

e m—

1. Lung (17)
2. Lung Carcinoid Tumor (20)

HR =1.52 (1.25-1.84)
logrank P = 2E-05

1

Expression
low
< — high

T T

1
100 150 200

Time months

Number at risk

Low 492
High 490

213
157

20 3
24 6

-

Figure 1. RAGE expression in various tumor types. A. The graphic compared the number of datasets that had RAGE
over-expression (red, left column) and RAGE under-expression (blue, right column) in cancer tissue versus normal
tissue. B. RAGE analysis in lung cancer (Oncomine database). Box plots derived from Bhattacharjee lung statistics
database in Oncomine comparing expression of RAGE in normal tissue (left plot) and lung cancer tissue (right plot).
P = 2.23E-5. Fold change = 5.288. C. Kaplan-Meier plots analysis of overall survival in lung cancer stratified by the
expression of RAGE. In red: patients with high expression of RAGE and in black, patients with low expression of RAGE
gene. P = 2.E-05. The P value was calculated by the log-rank test.

according to manufacturer’'s guidelines with
anti-Ki67 antibody [22].

Statistical analysis

The data were presented as mean + SD. The
differences between groups were evaluated by
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either two-tailed Student’s t test or one-way
ANOVA followed by post hoc Dunnett’s test. The
GraphPad Prism 5 software was used to do the
statistical calculations. Probability values of
0.05 were considered as statistically signifi-
cant.
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Figure 2. RAGE is over-expressed in NSCLC. A. Western blotting analysis of the expression levels of RAGE in various
NSLCL cell lines (H1975, A549, H1650 and HCC827) and human bronchial epithelial cells BEAS-2B. B. Expression
of RAGE was quantified, normalized to that in BEAS-2B cells. The result was presented from three independent
experiments. *P < 0.05 and **P < 0.01 vs. the BEAS-2B cells. C. qRT-PCR analysis of RAGE mRNA levels in various
NSCLC cell lines. PCR values were normalized to the mRNA level of GAPDH. Data was presented as the mean + SD
from three independent measurements. **P < 0.01 compared with the BEAS-2B cells. D. Representative immuno-
histochemical analysis of RAGE (arrows) and cell nucleus (blue) in H1975 and BEAS-2B cells.

Results
RAGE is highly expressed in NSCLC cell lines

We extracted data on the expression for RAGE
from the Oncomine database for esophageal,
lung, kidney, and ovarian cancers, focusing on
clinical specimens, and compared them to
healthy-patient datasets. The Oncomine analy-
sis showed significant levels of RAGE over-
expression in lung cancer, but strong RAGE
under-expression in other cancer types, includ-
ing kidney cancer (Figure 1A). RAGE levels in
human lung cancer tissues were examined with
available datasets from the public Oncomine
database. As shown in Figure 1B, representa-
tive results from the Bhattacharjee dataset
[23] exhibited a considerably higher level of
RAGE expression in lung cancer tissues in con-
trast to the normal lung tissues (P < 0.05). We
also tested for the effect of differential RAGE
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expression on patient free survival by Kaplan-
Meier plotter analysis (http://kmplot.com/anal-
ysis/). As shown in Figure 1C, this analysis
showed a correlation between over-expression
of RAGE and lower survival rates. Non-small
cell lung cancer (NSCLC) represents 80% of the
total lung cancer cases and is comprised of
adenocarcinoma, adenosquamous carcinoma,
squamous cell carcinoma and large cell carci-
noma (LCC) subtypes. To investigate any asso-
ciation between RAGE and NSCLC, a western
blot was carried out to measure the expression
of RAGE in several non-small cell carcinoma
cell lines (H1975, A549, H1650 and HCC827).
All four cell lines, especially the H1975 cells,
had an elevated level of RAGE expression com-
pared to the healthy (non-neoplastic) human
bronchial epithelial cells BEAS-2B (Figure 2A).
The expression of RAGE in the immunoblot
assay results was normalized between sam-
ples, using a GAPDH control. As shown in Figure

Am J Transl Res 2017;9(6):2760-2774
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Figure 3. Effect of silencing RAGE on H1975 cells proliferation and colony formation. A. H1975 cells were transfect-
ed with control siRNA or siRNA against RAGE. After 48 hours of post transfections, RAGE expression determined by
western blot in cells. B. H1975 cells were transfected with control siRNA or siRNA against RAGE. RT-PCR analysis in-
dicated effective down-regulation of RAGE after siRNA transfection. The data were indicated as mean + SD. As indi-
cated by the comparison, *P < 0.05 and **P < 0.01. C. H1975 cells were transfected with RAGE siRNA for 48 h and
completed cells were exposed to complete medium) for 24 hours, 48 hours and 72 hours respectively. The viability
of cell was decided using MTS assay kit. The data were indicated as mean + SD. The data are indicated as mean
+ SD (As indicated by comparisons, *P < 0.05, **P < 0.01). D. The inhibiting of RAGE expression blocked colony
forming capabilities of H1975 cells. In 48 hours after transfection, H1975 cells could grow in 1% agar in RPMI-1640
attached with 10% FBS for total 14 days. The representative pictures of H1975 cells anchorage-independent growth
were shown. The data were indicated as mean + SD of triplicates experiments. **P < 0.01 compared with the cells
transfected with scrambled siRNA. E. Number of multicellular colonies was reduced by RAGE siRNA. Colonies with
> 50 cells per colony were counted. The average number of established colonies per field was presented as mean

+ SD (n = 5 fields). **P < 0.01 versus control.

2B, the expression of RAGE was higher in A549
(2.2-fold), H1650 (4.8-fold), HCC827 (5.1-fold),
and most significantly in H1975 (5.9-fold), com-
pared to that in the healthy BEAS-2B cells. The
NSCLC H1975 cell line is a widely-used model
to study the growth and metastasis of lung can-
cer, characterized by its high metastatic poten-
tial and malignancy. We elected to use this cell
line for our subsequent experiments based on
its elevated RAGE expression. By real-time
RT-PCR, we also confirmed that RAGE expres-
sion was significantly up-regulated in a variety
of human NSCLC cell lines by comparing the
expression to that in the healthyBEAS-2B cells
(Figure 2C). Finally, cell immunohistochemistry
demonstrated that RAGE is more highly ex-
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pressed in H1975 cells relative to that in BEAS-
2B cells (Figure 2D).

Silencing RAGE with siRNAs in H1975 cells
inhibits growth and colony formation

To examine the functional role of RAGE in
H1975 cells, we knocked down RAGE through
the transfection of targeted siRNA. Both pro-
tein and mRNA of RAGE were efficiently deplet-
ed in transfected H1975 cells (Figure 3A and
3B). Since RAGE has the ability to accelerate
the multiplication of tumor cells, we next exam-
ined the malignant proliferation of RAGE-
silenced H1975 tumor cells. As shown in Figure
3C, silencing RAGE reduced the survivability of

Am J Transl Res 2017;9(6):2760-2774
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Figure 4. RAGE silencing suppresses H1975 cells migration and invasion. A. Wound healing assay was finished to
examine the movement of H1975 cells after the silencing of RAGE. Two days later after siRNA was transfected, the
cells were supervised at O h and 48 h with the focused wound healing capacity. The rate that moves towards the
scratched area decided the migration rate, which was determined by the Image J software. B. H1975 cells were de-
cided by un-coated Transwell Boyden chambers determined the migratory abilities of H1975 cells. Post transfection
H1975 cells could movement across the bottom of Transwell through pores. The migrated cells were stained with
0.1% crystal violet and counted in five random microscopic field images. C. H1975 cell invasion was examined in the
matrigel-coated Transwell chambers. Cells invaded the matrigel-coated insert were stained and fixed with Hochest
33258. Invasive cells were quantitative by counting in five random microscopic field images. All experiments were
done in triplicate and the data were indicated as mean + SD. **P < 0.01 in comparison with the control group.

H1975 cells 48 hours post-transfection com- cancer cells. Soft agar analysis of H1975 cells
pared to control H1975 cells transfected with was conducted to evaluate whether RAGE
scrambled siRNA. Next, we investigated the knockdown influenced the colony-forming abili-
effect on anchorage-independent growth, a ty of NSCLC cells. Results shown in Figure 3D
well-known and important characteristic of indicate that transiently silencing RAGE dra-
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Figure 5. RAGE silencing inhibits EMT of H1975 cells. A. H1975 cells were transiently transfected scrambled con-
trol or siRAGE, the morphological change of transfected cells was examined 5 days later by microscope. B. RAGE
silencing inhibited the expression of several mesenchymal markers and accelerated epithelial marker. Total proteins
lysates from RAGE silenced H1975 cells and scrambled control were analyzed for the expression of N-cadherin,
E-cadherin, Slug, and Twist with internal control GAPDH. GAPDH functioned as an internal control. C. Gelatin zy-
mography of activated MMP-2 and MMP-9 in the siRNA control-transfected and siRAGE-transfected H1975 cells.
D. Activity of MMP-2/9 in control cells and RAGE siRNA cells was determined by MMP-2/9 activity assay. The data
were indicated as mean + SD of triplicates experiments. *P < 0.05, **P < 0.01 compared with the siRNA control.

matically rescued the colony forming capacity
of H1975 cells. We further examined if RAGE
siRNA would be sufficient to prevent H1975 cell
tumorigenicity. Using an in vitro clonogenic
assay, we found that down-expressed RAGE
was sufficient to significantly reduce the num-
ber of tumor colonies of H1975 cells (Figure
3E). Taken together, the results indicated a cru-
cial carcinogenicrole for RAGE in the growth of
aggressive lung cancer cells.

RAGE silencing suppressed H1975 cell migra-
tion and invasion

Decreased colony-forming ability is often
accompanied by a decreased metastatic poten-
tial in tumor cells. The effectiveness of wound
healing was used to assess any role for RAGE in
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regulating the metastatic ability of H1975 cells.
An artificial wound was scratched into a mono-
layer to monitor the migrating progress of both
control and RAGE siRNA transfected H1975
cancer cells. As indicated in Figure 4A, H1975
cells transfected with RAGE siRNA exhibited
reduced migratory capability compared to con-
trol cells transfected with scrambled siRNA.
Control H1975 cells reformed an integrated
monolayer within 48 hours, whereas an inte-
grated monolayer was not reformed within 48 h
in RAGE suppressed H1975 cells. Suppressed
migration of RAGE silenced H1975 cells was
confirmed by a Transwell migration assay. RAGE
siRNA-transfected H1975 cells showed consis-
tently less migration across the chamber com-
pared to cells transfected with scrambled
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Figure 6. Silencing RAGE inhibits PIBK/AKT and KRAS/RAF-1 in H1975 cells. A. gRT-PCR analysis of PI3K, AKT,
mTOR, KRAS, RAF-1 and p70s6k mRNA levels in H1975-siRAGE and H1975-Scr cells. PCR values in H1975-siRAGE
cells were compared to the levels of H1975-Scr cells. Data was presented as the mean + SD from three indepen-
dent measurements. B. H1975 cells were transfected with RAGE siRNA or control siRNA and then were subjected to
western blot for measuring protein levels of phosphor-PI3K, t-PI3K, phosphor-AKT and t-AKT respectively. C. H1975
cells were transfected with RAGE siRNA or control siRNA and then were subjected to western blot for measuring
protein levels of phospho-p70s6k, t-p70s6k, phosphor-mTOR and t-mTOR respectively. D. The levels of phosphor-
KRAS, t-KRAS, phosphor-RAF-1 and t-RAF-1 in indicated H1975 cells were examined by western blotting. GAPDH

was used as a loading control.

SiRNA, (Figure 4B). Cell invasion is one of the
most important steps in tumor cells leaving
their initial site and eventually entering the lym-
phatic system and the blood circulation. We
performed Matrigel invasion assays and used
Transwell invasion chambers to mimic the
basement membrane of tumors and estimate
the invasion potential of RAGE siRNA-transfect-
ed H1975 cells in vitro. RAGE-silenced H1975
cells displayed reduced migratory ability and a
major reduction of invasion ability compared to
control cells transfected with scrambled siRNA-
transfected (Figure 4C). In conclusion, these
results strongly indicated that blocking RAGE
expression suppressed the migration ability
and the invasive properties of H1975 NSCLC
cells.
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Silencing RAGE blocks EMT in H1975 cancer
cells

Epithelial-mesenchymal transition (EMT) is the
first step of cancer cell invasion and the start of
the metastatic cascade. Cells which undergo
EMT will obtain stem cell-like properties such
as increased cell multiplication and metasta-
sis. To find out what role, if any, RAGE may play
in the EMT process, the morphological altera-
tions and epithelial or mesenchymal marker
changes in RAGE-siRNA H1975 cells were
assessed by microscopy. As shown in Figure
5A, whereas control H1975 cells maintained
cell-cell adhesion, down-expression of RAGE in
H1975 cells by siRNA infection damaged cell-
cell connections, with cells becoming scattered
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and gaining a variable cell shape. Levels of
EMT-related factors such as E-cadherin, Twist
and Slug were significantly increased upon
silencing RAGE in H1975 cells (Figure 5B). No-
tably, western blot analysis of RAGE-suppressed
cells showed decreased expression of N-ca-
dherin; loss of this cell-cell adhesion molecule
is supposed to promote invasion and metasta-
sis (Figure 5B). Matrix metalloproteinases
(MMP), which are capable of degrading the vari-
ous structural components of the ECM, play a
critical role in tumor invasion and metasta-
sis. Up-regulation of matrix metalloproteinase
(MMP)-2/9 has been considered one of the
markers for the metastasis of tumor cells. To
determine if reduced RAGE expression affects
the activity of MMP-2/9, we tested the effect of
RAGE silencing on the activity of MMP-2/9 by
gelatin zymography. As expected, both MMP-9
and MMP-2 were significantly down-regulated
after RAGE siRNA transfection (Figure 5C).
Consistent with this result, the activities of
MMP-2/9 were reduced inH1975 cells trans-
fected with RAGE siRNA (Figure 5D). These
data indicate that silencing RAGE in H1975
cells results in the inhibition of proteins involved
in EMT and metastasis in NSCLC.

Silencing RAGE alters the levels of key signal-
ing molecules in H1975 cells metastasis

To clarify the signaling pathways involved in
RAGE-mediated H1975 cell metastasis, we
next compared the transcriptional profile of
genes involved in metastasis between H1975-
SiRAGE cells and control cells by real-time PCR.
We verified that RAGE coordinates multiple
potential regulators of cellular signaling path-
ways involved in tumor cell multiplication, inva-
sion, migration and EMT. This comprehensive
approach revealed that the mRNA levels of sev-
eral pro-metastasis molecules, including mam-
malian target of rapamycin (mTOR), KRAS, RAF-
1, and protein kinase B (AKT),were not inhibited
by siRAGE (Figure 6A). Western blot analysis
was performed to determine the expression
levels of the AKT/PI3K signaling cascade in
RAGE siRNA-transfected cells, including down-
stream and up-stream effectors. As shown in
Figure 6B, the basal level of AKT activation
(p-AKT) was significantly down-regulated in
H1975 cells transfected with RAGE siRNA, and
the total AKT levels remained stable. Phosph-
atidylinositol 3-kinase (PI3K) is an important
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upstream regulator of AKT and its expression
was hindered by RAGE suppression compared
to that in the control cells transfected with a
scrambled siRNA. Activating P13K leads to the
phosphorylation of AKT and this triggers the
activation of mTOR and the downstream effect
or kinase p-p70s6k. Consistently, the active
forms of mTOR and p70s6k were inhibited in
cells with silenced RAGE (Figure 6C). Therefore,
we conclude that RAGE silencing hinders the
phosphorylation of AKT, PI3K, mTOR, and
p-70s6k in H1975 cells and hence hinders cell
multiplication and metastasis. KRAS and Raf-1
kinase signaling is one of the most commonly
regulated pathways in most cancers, including
NSCLC. This pathway may control multiplica-
tion, survival, motility, mitosis, apoptosis and
differentiation. KRAS and RAF-1 are particularly
attractive targets for the development of drugs
that could cure cancer. Hence, we investigated
the effects of RAGE silencing on the expression
of KRAS and RAF-1. As shown in Figure 6D,
RAGE silencing led to effective reduction of
p-KRAS andp-RAF-1with no changes in total
protein levels. In summary, our results suggest
that the PIBK/AKT and KRAS/RAF-1 pathways
act downstream of RAGE and are involved in
the metastasis and proliferation of NSCLC.

Silencing RAGE suppresses growth of tumor in
vivo

Although demonstrated in vitro, we next want-
ed to confirm that RAGE down-regulation could
inhibit tumorigenesis in vivo. For this purpose,
we implanted H1975 cells transfected with
either RAGE siRNA or scrambled controls in the
right flanks of nude mice (n = 3). Mice weights
and subcutaneous tumors volumes were ana-
lyzed quantitatively once every 3 days. Tumor
growth was significantly reduced when RAGE
was silenced in H1975 cells, as visually shown
in Figure 7A. We found that RAGE silencing
markedly inhibited weight and tumor volume
compared to controls. The average tumor vol-
ume in all experimental mice implanted with
RAGE-silenced H1975 cells was 472 mm?® (+
175), as compared with 1376 mm?3 (+ 121) for
the control group by the endpoint of the experi-
ment (Figure 7B). Accordingly, the tumors
induced by the RAGE-siRNA H1975 cells were
lighter in weight compared to the scramble con-
trol tumors (Figure 7C). Consistently, cellular
proliferation antigen, Ki67 staining in the tumor
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Figure 7. Down-regulation of RAGE suppresses H1975 cells growth in vivo. A. Xenografted tumor of H1975 cells
transfected with siRNA RAGE or control siRNA in nude mice. B. Quantitative analysis of tumor volumes. The graph
shown changes in the volume of tumors. The data are the mean + SD (n = 3). C. Weights of xenografts established
by subcutaneous transplantation with siRNA RAGE-transfected and control-siRNAH1975 cells (n = 3) **P < 0.01
compared to the mice inoculated withH1975-Scr cells. D. Representative images of the Ki67-stained tumor sections
from mice inoculated with control or sSiRAGE H1975 cells (upper). Quantification of the number of Ki67 positive cells
was shown in the bar graph below. n = 3 in each group. Data in this figure were presented as the mean £+ SD. **P <
0.01 compared to the mice inoculated with H1975-Scr cells. E. Mice bearing H1975-siRGAE tumor xenograft were
sacrificed at the end of the experiment. The tumor tissues were removed for immunohistochemistry analysis with
phosphor-KRAS, phosphor-RAF-1, phosphor-AKT, phosphor-PI3K, phospho-p70s6k and phosphor-mTOR antibodies.

tissues from xenografts was markedly inhibited
when compared to those from mice inoculated
with H1975-Scr (Figure 7D). Furthermore, we
evaluated the effects of RAGE down-regulation
on PI3K/AKT and KRAS/RAF-1 to investigate
the mechanism of the tumor growth inhibitory
effect induced by RAGE siRNA. As shown in
Figure 7E, the phosphorylation of PI3K, AKT,
KRAS, RAF-1, mTOR, and p70s6k in the siRAGE-
treated group were significantly suppressed.
These data strongly indicated that RAGE was
implicated in NSCLC cell line growth in vivo.

Discussion
The receptor for advanced glycation end prod-

ucts (RAGE) is a member of the immunoglobu-
lin superfamily of cell surface molecules. It
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binds many inflammatory ligands, including the
S100 family of proteins, amyloid-B peptide,
high mobility group box 1 peptide (HMGB-1)
and AGE (advanced glycation end products)
[24]. The expression and levels of serum RAGE
are dramatically higher in patients with cancer
and the gene is implicated in a wide range of
malignant tumor types. However, any potential
role for RAGE in non-small cell lung cancer
(NSCLC) has not been completely elucidated
[25]. Our study investigated the potential func-
tion of RAGE in NSCLC, demonstrating that
RAGE is involved in NSCLC growth and metas-
tasis. We have shown that RAGE expression
was increased significantly in NSCLC cell lines
and other human non-small cell lung carcinoma
tissues. RAGE has been predicted to partici-
pate in tumor cell migration and cell invasion
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owing to its involvement in the expression of
key pro-metastasis molecules. Our experi-
ments show that the migratory and invasive
potential of NSCLC cells are significantly atten-
uated by the knockdown of RAGE via siRNA. In
addition, we identified RAGE as a factor involv-
ed in epithelial-mesenchymal transition (EMT),
with depletion of RAGE leading to a transmuta-
tion from mesenchymal to epithelial markers in
cell lines. Anchorage-independent growth and
decreased proliferation was observed in RAGE-
silenced cancer cells, demonstrating that the
ability for NSCLC cells to proliferate aberrantly
was significantly inhibited. Finally, our in vivo
studies indicate that RAGE siRNA inhibited
NSCLC tumor growth and proliferation in a mo-
use model. Our data therefore demonstrates
that RAGE may be involved in NSCLC growth
and metastasis, consistent with research on
other cancers [26].

Tumor metastasis is a contributor to the poor
prognosis of patients with NSCLC, with EMT
considered a key initial event [27]. During
metastasis, polarized epithelial and non-motile
cells lose the junctions between cells and turn
into individual, motile, non-polarized, and inva-
sive mesenchymal cells. It is possible to control
and induce EMT through growth and differenti-
ation factors such as TGF-B, Wnt and Notch, as
well as the tyrosine kinase receptor pathway
[28]. Migration and invasion are known to be
essential parts of cancer cell metastasis to dis-
tant organs. In a recent research [29], RAGE
was observed to be an important driving force
for EMT in a variety of tumor types. Similar to
previous results, when we reduced RAGE ex-
pression, we observed reduced migratory capa-
bility and motility in NSCLC H1975 cells. Redu-
cing expression of RAGE resulted in increased
E-cadherin, a hallmark of epithelium-liked tu-
mor cells. Our data also shows that RAGE
knockdown leads to the enhancement of other
important regulators of EMT, such as Slug and
Twist, and decreased the levels of mesenchy-
mal protein N-cadherin. This demonstrates that
this is a close relationship between RAGE
expression, NSCLC metastasis, and EMT.

The signal transduction cascade downstream
of RAGE, such as the PI3K/AKT and KRAS/
RAF-1 pathways, was effectively suppressed by
RAGE knockdown. Hyper-activated AKT and
PI3K have been found in many cancers, includ-
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ing NSCLC, and are involved in increased prolif-
eration, cell growth, metastasis, and angiogen-
esis [30]. Our data demonstrate that RAGE
silencing negatively regulated the PI3K/AKT
tyrosine kinase activities. It also affects path-
ways even further downstream, including
mMTOR/p70S6K. RAS genes and other compo-
nents of the RAS/RAF pathway are frequently
associated with several hematopoietic malig-
nancies and many other cancers. Notably, the
RAGE siRNA reduced the phosphorylation acti-
vation of KRAS and RAF-1 simultaneously in
NSCLC cells. The levels of mTOR, the signaling
effect or molecule of PI3K/AKT, were also sig-
nificantly suppressed by RAGE silencing and
may contribute to the observed decreased pro-
liferation of NSCLC cells. Significantly, RAGE
silencing blocked the phosphorylation of the
mTOR downstream target p70S6K. Overall, our
research proves that silencing RAGE signaling
inhibits the downstream PI3K/AKT pathways.

In conclusion, our study shows that the expres-
sion of RAGE is up-regulated in NSCLC cells,
and silencing RAGE in NSCLC cells inhibits colo-
ny-forming ability, proliferation, migration, and
the invasive potential. Our data demonstrate
that this may be through inhibition of EMT, as
key molecular pathways controlling EMT are
affected by RAGE silencing in NSCLC cells,
included the PIBK/AKT and KRAS/RAF-1 signal-
ing cascades. All this highlights the potential of
targeting RAGE as a therapeutic strategy for
NSCLC.
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