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Dexamethasone and lenvatinib inhibit migration and
invasion of non-small cell lung cancer by regulating
EKR/AKT and VEGF signal pathways
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Abstract. Migration and invasion is one of the most important
features in tumor metastasis and development. Non-small
cell lung cancer (NSCLC) is one of the most common types
of cancer globally, and has been linked to air contamina-
tion. Evidence indicates that cysteine-rich angiogenic
inducer 61 (CYRO6I) is associated with the migration and inva-
sion of NSCLC. Overexpression of CYRG61 protein promotes
the migration and the transition of tumor-derived vascular
endothelial cells in NSCLC. However, the association between
CYRO61 and NSCLC remains poorly understood. Lenvatinib is
an oral multi-target drug that targets various receptors upon
tumor angiogenesis. Dexamethasone is widely approved for
combination therapy in patients with NSCLC. In the current
study, the expression and function of CYR61 in NSCLC
was analyzed during the progression of NSCLC. Inhibitory
effects on migration and invasion induced by lenvatinib and
dexamethasone were determined by migratory and invasion
assays. Migratory pathways of extracellular signal-regulated
kinases (ERK) and protein kinase B (AKT) were also investi-
gated by targeting vascular endothelial growth factor (VEGF)
and CYRG6I via synergistic treatment with transforming growth
factor-p1 (TGF-p1) and dexamethasone. Therapeutic outcomes
of combined treatment with lenvatinib and dexamethasone
were assessed in NSCLC-bearing mice. The results of the
present study indicate that cooperative treatment of lenvatinib
and dexamethasone significantly inhibited TGF-f1-induced
cell migration and suppressed tumor growth (P<0.01). Notably,
the results demonstrated that dexamethasone eradicated the
promotion effects of TGF-f1 on the AKT/epithelial-mesen-
chymal transition process and lenvatinib extinguished tumor

Correspondence to: Professor Daye Zhang, Department of
Pharmacy, Tianjin Chest Hospital, 261 Taierzhuang Road, Jinnan,
Tianjin 300222, P.R. China

E-mail: zhangdayeedu@163.com

Key words: dexamethasone, lenvatinib, cysteine-rich protein 61,
vascular endothelial growth factor, non-small cell lung cancer

cell metastasis by targeting VEGF. The results of the current
study also demonstrate that dexamethasone suppressed the
expression of CAG-I and enhanced expression of matrix
metalloproteinase-1. Synergistic treatment for NSCLC was
demonstrated to be efficacious. In conclusion, dexamethasone
inhibited AKT/ERK phosphorylation and lenvatinib antago-
nism bound VEGF leading to the limitation of migration and
invasion of cancer cells in NSCLC.

Introduction

Lung cancer is a respiratory disease, which is associated
with global air contamination (1). Non-small cell lung
cancer (NSCLC) is a type of cancer that initiates in the
non-small cells of the lung and occupies the highest occurrence
rate among all cancer cases (2). NSCLC, including squamous
cell carcinoma, large cell carcinoma and adenocarcinoma,
accounts for >80% of all lung cancer cases (3-5). Although
studies have provided therapeutic improvements for NSCLC,
the poor survival rate (overall 5-year survival rate, <15%) of
patients with NSCLC is primarily attributed to critical clinical
problems, including tumor cell diffusion and metastasis (4,6,7).
Migration and invasion of NSCLC is the primary cause of the
poor survival rate during treatment and recurrence for patients
with NSCLC (8,9). Therefore, investigating effective agents
that inhibit migration and invasion and providing individual-
ized medication for NSCLC has become the focus for treating
patients with cancer (10,11).

Lenvatinib is a multi-targeted tyrosine kinase inhibitor
targeting fibroblast growth factor receptor (FGFR)1-4, platelet
derived growth factor receptor (PDGFR)-f, Ret, vascular
endothelial growth factor receptor (VEGFR)1-3 and Kit and is
used to treat patients (12,13). PDGFR-f, Ret, FGFR1-4, VEGF
and Kit-mediated angiogenesis have been demonstrated to
target molecules associated with the progression and neoplasm
metastasis of NSCLC (14). In addition, the antitumor activi-
ties of lenvatinib against various human tumors have been
assessed in clinical and preclinical experiments to confirm
efficacy (15,16). Target agents that suppressed the VEGF signal
pathway have demonstrated beneficial outcomes in NSCLC,
which suggests that the VEGF signal pathway is important and
lenvatinib is an effective anticancer drug (17). Furthermore,
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lenvatinib has also demonstrated clinical benefits via the
targeting of PDGFR-f3, Ret, VEGFRI1-3, FGFR1-4 and Kit
pathways in metastatic renal cell carcinoma (18,19). A previous
study indicated that lenvatinib administration with carboplatin
and paclitaxel extended the overall survival in patients with
NSCLC (14). However, the association between lenvatinib and
migration and invasion remains unknown.

Dexamethasone is commonly applied as an anti-emetic
drug in combination with chemotherapy. A previous study
evaluated the pharmacokinetics and safety of drugs combined
with dexamethasone in patients with multiple myeloma and
renal impairment (20). Han ez al (21) reported that dexametha-
sone inhibited transforming growth factor (TGF)-f1-induced
cell migration by regulating the extracellular signal-regulated
kinases (ERK) and protein kinase B (AKT) pathways in
human colon cancer cells via the cysteine-rich angiogenic
inducer 61 (CYR61). CYRG61 is amember of the CYR61/connec-
tive tissue growth factor/nephroblastoma overexpressed
protein family, which is mediated in cellular adhesion,
survival, migration, mitogenesis, differentiation, prolifera-
tion, invasion, survival and angiogenesis and the metastasis
of cancer cells (22). CYR61 may have an essential role as an
oncogene and a tumor suppressor for suppressing angiogenesis
by supplying oxygen and nutrients to tumor cells (23).

The aim of the present study was to elucidate the molecular
mechanism of migration and invasion in NSCLC progression and
investigate the synergistic effects of TGF and dexamethasone
on NSCLC for improved therapy. In addition, the therapeutic
outcomes and molecular mechanism were investigated via
cooperative treatment with lenvatinib and dexamethasone,
which inhibited human NSCLC migration and invasion via
mediated EKR/AKT and VEGF signaling pathways.

Materials and methods

Cell culture. H1975 and H358 cells were purchased from
American Type Culture Collection (Manassas, VA,USA). H1975
and H358 cells were cultured in RPMI 1640 medium supple-
mented with 10% fetal bovine serum (FBS; Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) at 37°C in an atmo-
sphere containing 5% CO, and reasonable humidity (45-60%).

MTT assay for viability. H1975 and H358 cells were cultured in
96-well plates to form a ~90% monolayer. Subsequently, dexa-
methasone, TGF-f1 (20, 40 and 100 mg/ml), lenvatinib (20,
40 and 100 mg/ml) or dexamethasone (20, 40 and 100 mg/ml
plus TGF-p1 (20, 40 and 100 mg/ml) were added into cells
for 12 h at 37°C (all Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany). A total of 10 uI MTT at a concentration of 5 mg/ml
(Amresco LLC, Solon, OH, USA) was added to the cells and
incubated for 4 h at 37°C. Subsequently, dimethyl sulfoxide
was added for incubation for 30 min at 37°C to dissolve the
precipitate, following the removal of the supernatant. The
results were determined using a spectrophotometer (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) at 570 nm.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was isolated from H1975 and H358
cells prior to or following treatment with TGF-$1, lenvatinib or
dexamethasone using an RNAeasy Mini kit (Qiagen Sciences,
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Inc., Gaithersburg, MD, USA). Total RNA (1 ug) was reverse
transcribed into cDNA using an RT kit (Qiagen Sciences,
Inc.) and the quality was confirmed by 2% agarose gel elec-
trophoresis. Template cDNA (10 ng) was subjected to qPCR
using a SYBR Green Master Mix (Bio-Rad Laboratories,
Inc.). PCR was performed using the following conditions:
Preliminary denaturation at 94°C for 2 min, 45 cycles of 94°C
for 30 sec, the annealing temperature was reduced to 56°C for
30 sec and a final step of 72°C for 10 min. All the forward
and reverse primers were synthesized by Invitrogen (Table I)
(Thermo Fisher Scientific, Inc.). Relative mRNA expression
changes were calculated according to the 244°4 method (24).
Results were expressed as the n-fold f-actin compared with
the relative control.

Cell viability assay. H1975 and H358 cells were cultured in
24-well plates at a concentration of 1x10%ml and a total column
volume of 500 ul. Following overnight culture, H1975 and
H358 cells were treated with TGF-f1 (20, 40 and 100 mg/ml),
lenvatinib (20, 40 and 100 mg/ml) or dexamethasone (20, 40
and 100 mg/ml plus TGF-f1 (20, 40 and 100 mg/ml) or PBS
as a control. These concentrations were selected as they maxi-
mally inhibited cell growth, as confirmed as aforementioned.
The viability of H1975 and H358 cells was examined using
a Cell Counting kit-8 according to manufacturer's protocol
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan)
following 12 h.

Cell invasion and migration assays. H1975 cells were treated
with TGF-p1, lenvatinib or dexamethasone and PBS-treated
cells were used as control. For the invasion assay, cells were
suspended at a density of 1x10° in 500 ul serum-free Dulbecco's
modified Eagle's medium (Gibco; Thermo Fisher Scientific,
Inc.). H1975 cells were treated with TGF-f31, lenvatinib or
dexamethasone and inserted into the top of a BD BioCoat
Matrigel Invasion Chamber (BD Biosciences, Franklin Lakes,
NIJ, USA) according to the manufacturer's protocol. For the
migration assay, H1975 cells were inoculated with TGF-f1,
lenvatinib or dexamethasone for 12 h at 37°C and a control
insert (BD Biosciences) instead of a Matrigel Invasion
Chamber. Cells were fixed with 4% paraformaldehyde for
30 min and then stained with 0.2% crystal violet for 30 min
at 37°C (Sigma-Aldrich; Merck KGaA). The tumor cells that
had successfully invaded and migrated were counted in at least
three randomly selected stained-fields using light microscopy
(Olympus BX51; Olympus Corporation, Tokyo, Japan) for
each membrane at magnification, x40.

Scratch wound healing assays. H1975 and H358 cells were
cultured in RPMI 1640 medium supplemented with 10%
FBS until a 50-60% monolayer of cells was observed in the
culture dishes. A sterile pipette tip was scratched across the
surface of the culture dish to disturb the monolayer. TGF-§1
(20 ng/ml), dexamethasone (20 M) and combined treatment
(20 ng/ml TGF-p1 and 20 uM dexamethasone) were added into
the RPMI-1640 medium following surface scratching. Images
of H1975 and H358 cells were captured 12 h post-treatment
using a digital camera (DSC-RXO; Sony Corporation, Tokyo,
Japan). ImagelJ software (version 3.60; National Institutes of
Health, Bethesda, MA, USA) was used to analyze the scratches.
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Table I. Sequences of primers used in the study.
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Gene Sequence reverse (5'-3") Forward

CYR61 ATCGAGATCTGGAGAAGGCGGAG GGCGCGG ATCGAGATCTAATGGAGCCAGGGGAGGCG
VEGFR1 AAGAGAGCTTCCGTAAGGCG GCATCCTCTTCAGTTACGTCC
VEGFR2 GGAAGCTCCTGAAGATCTGT GAGGATATTTCGTGCCGCGC

VEGFR3 AGTCACACGTCATCGACACC ATTGGGACAGCTTGGATCAC

FGFR1 CACATCGAGGTGAACGGGAGTAAG CGCATCCTCAAAGGAGACATTCC
FGFR2 GGAAAGTGTGGTCCCATCTGA TCCAGGTGGTACGTGTGATTG

FGFR3 CATTGGAGGCATAAGCTG AGCACGGTAACGTAGGGTGT

FGFR4 GCAACTCCATCGGCCTTTCCTACCAG AGAACCAGTGAGCCTGATACATACAG
Vimentin E-cadherin TGGAGGAATTCTTGCTTTGC CGTACATGTCAGCCAGCTTC

Slug TATTTGGTTGGTCAGCACAGG GACGCAATCAATGTTTACTCG

MMP-1 TTCCACAGGTCCCACAAC GCATTCCTCACAGCCAAC

MMP-9 TGGGCTACGTGACCTATGACAT GTATGGTCGTGGCTCTAAGC

CPI GGGATTCCCTGGACCTAAAG GGAACACCTCGCTCTCCA

Fibronectin CCAGGCAGTACAATGTGGGT TGGAATAGAGCTCCCAGGCT
Cytochalasin-D GGTATTCAGCCAAACGACCA CCTCTCACTCGGTTCTCGAT

G-actin CCAGGGCTTTTCAAAAATGA CCGATCCAATCTGTTCTGGT

p-actin CGGAGTCAACGGATTTGGTC AGCCTTCTCCATGGTCGTGA

MMP, matrix metalloproteinase; CPI, collagen type I; FGFR, fibroblast growth factor receptor; VEGFR, vascular endothelial growth factor receptor;

CYRG61, cysteine-rich angiogenic inducer 61.

Western blot analysis. H1975 and H358 cells were treated with
lenvatinib (40 ng/ml), TGF-B1 (40 ng/ml), dexamethasone
(20 M) and combined treatment for 12 h. H1975 and H358 cells
were harvested by scraping, lysed in RIPA buffer and homog-
enized at 4°C for 10 min. Proteins (20 ug) were separated by
12% SDS-PAGE assays followed by transfer to polyvinylidene
fluoride membranes (EMD Millipore Billerica, MA, USA).
The membranes were blocked with 5% bovine serum albumin
(Sigma-Aldrich; Merck KGaA) at 4°C for 12 h and then incu-
bated with ERK (cat. no. ab196883), AKT (cat. no. ab8805),
Snail (cat.no.ab180714), VEGFRI1 (cat.no. ab36844), VEGFR2
(cat. no. ab2349), VEGFR3 (cat. no. ab27278), FGFR1-4
(cat. no. ab10646), FGFR2 (cat. no. abl0648), FGFR3 (cat.
no. ab137084), FGFR4 (cat. no. ab178396)(all dilution 1:1,000)
and B-actin (dilution 1:2,000; cat. no. ab8226) primary anti-
bodies for 12 h at 4°C. All primary antibodies were purchased
from Abcam (Cambridge, MA, USA). The membranes were
subsequently incubated with secondary rabbit anti-mouse anti-
bodies (dilution 1:5,000; cat. no. PI-1000; Vector Laboratories,
Inc.) for 2 h at 37°C. Protein expression was analyzed using
a biotin-labeled chemi-luminescence detection system (cat.
no. Z370398; Sigma-Aldrich; Merck KGaA). Densitometric
quantification of the immunoblot data was performed using
Quantity-One 1.1 (Bio-Rad Laboratories, Inc.) software.

Apoptosis assay. H1975 (1x10%) and H358 (1x10%) cells
were treated with lenvatinib (40 ng/ml), TGF-p1 (40 ng/ml),
dexamethasone (20 #M) or combined treatment for 12 h at
37°C. The cells were incubated with PBS and the apoptosis
of the suspended cells was analyzed by flow cytometry. Cells
were collected and suspended with Annexin V-FITC and PI
(Annexin V-FITC/PI Apoptosis Detection kit; BD Biosciences)

for 30 min at 4°C according to the manufacturer protocol.
Fluorescence was measured using a fluorescence-activated
cell sorting flow cytometer (FCS Express™ 4 IVD,
BD Biosciences) and analyzed using Quantity One software
(version 3.0; Bio-Rad Laboratories, Inc.).

Animal study. A total of 80 specific pathogen-free female
C57BL/6 (6-week-old; 26-32 g) mice were purchased from
Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai,
China). All mice were treated in accordance with the Guide
for the Care and Use of Laboratory Animals of Tianjin Chest
Hospital (Tianjin, China) and the study was approved by the
Ethics Committee of Tianjin Chest Hospital (Tianjin, China).
All mice were housed under controlled temperatures (23+2°C)
in 50% humidity, in a 12 h light/dark cycle with free access
to food and water. Mice were subcutaneously implanted with
H1975 tumor cells (1x107) using a syringe and divided into
four groups (n=20 per group). Treatment was initiated on day
7 following tumor implantation when the tumor diameter
reached 5-6 mm. Xenograph mice were intravenously injected
with 500 ng lenvatinib, 500 ng dexamethasone or synergistic
treatment with PBS as control. Treatment was continued once
a day for 14 days. Tumor volumes were calculated according
to a previous study (25).

Statistical analysis. All data were presented as the mean + stan-
dard error of the mean from triplicate experiments. All data were
analyzed using SPSS Statistics 19.0 (IBM Corp., Armonk, NY,
USA). Unpaired data were determined by Student's t-test and
comparisons of data between multiple groups were analyzed
via analysis of variance. Kaplan-Meier was used to estimate
the risk of relapse and re-treatment during 120-day treatment.
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Figure 1. Effects of dexamethasone on TGF-f1-induced migration and invasion in NSCLC. (A) Cell viabilities did not change in dexamethasone-treated and
TGF-f1-treated H1975 and H358 cells at different doses compared with the control. (B) TGF-f1 promoted and dexamethasone inhibited migration of NSCLC
H1975 and H358 cells following 12-h exposure compared with control cells. (C) Dexamethasone treatment eliminated the effect of TGF-f1-induced promotion
of migration at 20, 40 and 100 mg/ml following 12-h exposure, as compared with untreated and TGF-f1-treated cells. (D) TGF-f1 promoted and dexametha-
sone inhibited the invasion of NSCLC H1975 and H358 cells at dose of 40 mg/ml following 12-h exposure compared with control cells. (E) Dexamethasone
treatment eliminated the effect of TGF-f1-induced promoted invasion at dose >40 and 100 mg/ml following 12-h exposure compared with untreated and
TGF-Bl1-treated cells. (F) TGF-f1 enhanced CYRG6! expression and dexamethasone inhibited CYR61 expression and reversed TGF-f1-enhanced effects
in NSCLC H1975 and H358 cells. “P<0.01 vs. the TGF-B1 group; #P<0.01 vs. the control group. Data are presented as mean + standard error of the mean.
TGF-f1, transforming growth factor; NSCLC, non-small cell lung cancer; CRY61, cysteine-rich angiogenic inducer 61.

P<0.05 was considered to represent statistically significant
differences.

Results

Dexamethasone inhibits TGF-f51 induced migration and inva-
sion in NSCLC. It has been demonstrated that the expression
of TGF-f1 is associated with the prognosis of human cancer
and TGF-B1 enhanced CYRG6I expression, which leads to the
migration and invasion of tumor cells (26). Although the role
of TGF-f1 in NSCLC is not understood, dexamethasone has
been demonstrated to inhibit migration and invasion in human
colon cancer cells in a previous study (21). To investigate
the suppressive effects of dexamethasone in human NSCLC
H1975 and H358 cells, tumor cell viability and migration were
evaluated via MTT and scratch-wound assays, respectively.
The results in Fig. 1A indicate that there were changes in the
viability of cells treated with TGF-f1 and dexamethasone
(20, 40 and 100 mg/ml) compared with non-treated control

cells. As presented in Fig. 1B, dexamethasone treatment
(20 mg/ml) significantly suppressed H1975 and H358 cell
migration following 12-h exposure, as compared with untreated
and TGF-B1-treated cells (P<0.01). The results revealed that
20 mg/ml of TGF-p1 and 20 mg/ml of dexamethasone exhib-
ited the maximal inhibitory effect on H1975 and H358 cells.
Therefore, 20 mg/ml of TGF-B1 in combination with 20 mg/ml
of dexamethasone was selected as the final dose.

Notably, migration data also demonstrated that TGF-§
promoted the migration and invasion of NSCLC H1975
and H358 cells. As presented in Fig. 1C, 20 ng/ml TGF-f31
significantly enhanced the migration of H1975 and H358 cells,
as compared with control cells (P<0.01). By contrast, dexa-
methasone (20 mg/ml) significantly inhibited the migration
of H1975 and H358 cells when administered with 20 ng/ml
TGF-p1 (P<0.01).

In order to confirm the effects of dexamethasone on the
migration of H1975 cells, Transwell assays were used to further
assess the invasion of H1975 and H358 cells. The results
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Figure 2. Lenvatinib inhibited tumor growth of NSCLC and downregulated VEGFR and FGFR. (A) Treatment with 20, 40 and 100 mg/ml lenvatinib
(A) significantly inhibited the growth of H1975 and H358 cells and (B) significantly induced the apoptosis of H1975 and H358 cells following 48-h treat-
ment compared with control cells. (C) Treatment with 40 mg/ml lenvatinib downregulated VEGFR1-3 expression in H1975 cells compared with untreated
controls. (D) Treatment with 40 mg/ml lenvatinib downregulated FGFR1-4 expression in H1975 cells compared untreated control. (E) Treatment with
40 mg/ml lenvatinib downregulated protein expression of VEGFR1-3 and FGFR1-4 in H1975 cells compared with untreated controls. “P<0.01 vs. control;
"P<0.01 vs. lenvatinib 20 mg/ml. Data are presented as mean + standard error of the mean. NSCLC, non-small cell lung cancer; VEGFR, vascular endothelial

growth factor receptor; FGFR, fibroblast growth factor receptor.

in Fig. 1D indicate that dexamethasone significantly inhib-
ited the tumor cell invasion induced by TGF-f1 (P<0.01). In
conclusion, these results suggest that dexamethasone not only
affects tumor cell viability but also inhibits TGF-p1-dependent
tumor cell migration and invasion. To investigate the influence
of dexamethasone on tumor cell migration through CYR61
modulation, CYR61 was analyzed. The results in Fig. 1E and F
indicate that CYRG61 expression was significantly increased
following treatment with TGF-f1 and significantly decreased
following dexamethasone treatment (P<0.01).

Lenvatinib suppresses the growth of NSCLC by binding
with VEGFRI-3. Lenvatinib was reported to be an adjuvant
therapy combined with carboplatin and paclitaxel in patients
with NSCLC (14). In order to analyze the cell-killing effects
of lenvatinib, the current study used an MTT assay to assess
the inhibitory effects on the viability of H1975 and H358 cells.
In Fig. 2A, growth of H1975 and H358 cells is demonstrated to
be inhibited following treatment with 40 mg/ml lenvatinib for
48 h. It was also demonstrated that lenvatinib at a concentration
of >40 mg/ml was enough to inhibit tumor cell growth. For
further analysis, the apoptosis of two human NSCLC cell lines,
H1975 and H358, was examined by FACS following lenvatinib
treatment FACS. As presented in Fig. 2B, the apoptosis rate of
H1975 and H358 was significantly decreased following treat-
ment with lenvatinib at a concentration of 40 mg/ml compared
with a concentration of 10 mg/ml. It was also observed that a

lenvatinib dose =20 mg/ml was enough to significantly reduce
the rate of apoptosis in H1975 and H358 cells compared with
the untreated control.

Previous reports indicate that treatment with lenvatinib
exhibited an effective outcome in patients with cancer (14).
However, few studies analyzing the use of lenvatinib for NSCLC
have been completed (14,27). In the current study, the expres-
sion of VEGFRI1-3 and FGFR1-4 protein in H1975 and H358
was analyzed, compared with normal lung cells. As presented
in Fig. 2C, the mRNA expression level of VEGFR1-3 in control
H1975 cells was significantly higher than lenvatinib-treated
cells (P<0.01). RT-qPCR demonstrated that FGFR1-4 mRNA
expression was significantly decreased in lenvatinib-treated
H1975 cells compared with the non-treated control (Fig. 2D;
P<0.01). The results in Fig. 2E demonstrated that VEGFR1-3
protein expression was decreased in lenvatinib-treated H1975
cells compared with untreated cells. These results indicated
that the growth of H1975 and H358 cells was suppressed
following treatment with lenvatinib.

Dexamethasone inhibits the epithelial-mesenchymal transi-
tion (EMT) process via the AKT/ERK signaling pathways. In
consideration of the inhibitive effects of dexamethasone on
TGF-pl-induced cell migration and invasion, the present study
hypothesized that the TGF-f1-induced EMT signal pathway
was inhibited by dexamethasone. Therefore, the underlying
mechanism of dexamethasone on the expression of important
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transition; AKT, protein kinase B; ERK, extracellular signal-regulated kinases; TGF-f1, transforming growth factor-f1; MMP, matrix metalloproteinase;

CPI, collagen type I.

EMT markers, including Vimentin, E-cadherin and Slug was
assessed. The results in Fig. 3A demonstrate that the expres-
sion levels of Vimentin, E-cadherin and Slug were significantly
elevated when treated with TGF-f1 in H1975 cells, whereas
dexamethasone significantly decreased this elevated expression
(P<0.01), compared with a control. Furthermore, to confirm that
dexamethasone inhibited the EMT process via the AKT/ERK
signaling pathway, protein expression of EKR, AKT and Snail
induced by TGF-f was markedly promoted and eliminated this
effect following dexamethasone treatment (Fig. 3B).

A previous study indicated that degradation of the extracel-
lular matrix (ECM) by MMP proteins is associated with tumor
cell migration (28). The results presented in Fig. 3C indicate
that Cytochalasin-D and G-actin were significantly upregu-
lated in TGF-pl1-treated tumor cells, whereas dexamethasone
canceled-out this effect (P<0.01), compared with a control.
However, the expression levels of MMP-1, MMP-9, collagen
type I and fibronectin, which are important ECM proteins with
a vital role in cell migration, were enhanced following TGF-31
treatment and were significantly decreased after treatment
with TGF-B1 and dexamethasone in H1975 cells, compared

with a control (P<0.01; Fig. 3D). These results suggested
that dexamethasone suppressed the migration-promoting
proteins and promoted the migration-inhibiting proteins in
TGF-p1-induced EMT process, which may be beneficial in
the treatment of cancer cell migration and invasion in the
EKR/AKT pathway.

Efficacy of synergistic treatment of dexamethasone and
lenvatinib in NSCLC-bearing mice. To investigate whether
the synergistic treatment of dexamethasone and lenvatinib are
effective agents for NSCLC in vivo, NSCLC-bearing mice were
established for further analysis. The anti-tumor efficacy of dexa-
methasone and lenvatinib was assessed in the NSCLC mouse
model. As presented in Fig. 4A, tumor size was significantly
inhibited in xenograph mice treated with dexamethasone and
lenvatinib compared with the mice treated with PBS or a single
agent (P<0.01). In addition, 120-day long-term survival analysis
revealed that the combined treatment of dexamethasone and
lenvatinib significantly increased the survival rate compared
with single dexamethasone or lenvatinib treatment (Fig. 4B). As
expected, the results in Fig. 4B demonstrated that synergistic
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Figure 4. Dexamethasone and lenvatinib demonstrated beneficial therapeutic and inhibitory migration effects in NSCLC-bearing mice. (A) Dexamethasone
and lenvatinib presented an effective cooperative treatment for NSCLC-bearing mice compared with single agent and control treatments. (B) Survival time was
prolonged following cooperative treatment of dexamethasone and lenvatinib during 120-day observation compared with single agent and control treatments.
(C) Combined treatment of dexamethasone and lenvatinib enhanced tumor clearance rate for NSCLC-bearing mice compared with single agent and control
treatments. (D) Tumor metastasis rate was limited following treatment with dexamethasone and lenvatinib in a 120-day observation period compared with
single agent and control treatments (n=15 in each experimental group). "P<0.05 and “P<0.01 vs. the PBS control group; and “P<0.01 vs. the dexamethasone
#P<0.01 vs. the lenvatinib or dexamethasone group. NSCLC, non-small cell lung cancer; PBS, phosphate-buffered saline.

treatment (n=15 in each group) prolonged the survival of
NSCLC-bearing mice compared with single agent and control
mice. Fig. 4C also indicated that synergistic treatment of dexa-
methasone and lenvatinib against NSCLC was effective enough
to partially protect the animals and significantly increased the
percentage of tumors eliminated in the combined treatment
group compared with the dexamethasone, lenvatinib and PBS
groups, which translated into long-term survival and tumor-free
living. Furthermore, Fig. 4D indicates that the inhibition of
tumor metastasis in NSCLC-bearing mice was significantly
increased in the combined therapy group compared with the
dexamethasone, lenvatinib and PBS groups (P<0.01). Results
showed that combined therapy group demonstrated significant
difference compared to dexamethasone or lenvatinib group
(P<0.01). However, there was no significant difference between
the dexamethasone group and the lenvatinib group.

Discussion
An increased occurrence of cancer has been associated with

industrial pollution and destruction of the ecological environ-
ment in the last century (29). The increased rate of morbidity

and mortality from lung cancer has become a particular
problem and an increase in diagnosis has occurred in recent
years (30). NSCLC is the type of primary lung cancer and
is difficult to detect in the early stages. Thus, the majority
of NSCLC patients are diagnosed with advanced stage lung
cancer (31). As conventional radiation and chemotherapy
exhibits little efficacy for NSCLC, more frequent recurrence
and metastasis has occurred. In addition, a poor survival rate
(<15%) of patients with NSCLC was determined in over a
5-year observation (32). Therefore, investigating novel agents
to target metastasis-promoting factors has become a focus for
the treatment of patients with NSCLC.

A previous study reported that CYRG6I regulated migration
in the EMT process and induced apoptosis in various cancer
cells (33). In addition, CYR61 mediated Src signaling in triple
negative breast cancer cells and was modulated by phos-
phoinositide 3-kinase/AKT signaling in prostate cancer (34,35).
TGF-p1 has been demonstrated to upregulate CYRG61 expres-
sion, which leads to migration and invasion in colon cancer cells
and osteosarcoma cells (21,36). In the current study, CYR61
expression was demonstrated to be superfluous in H1975 and
H358 cells compared with normal lung cells. The CYR61
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signaling pathway was indispensable in the EMT process. In
addition, dexamethasone inhibited TGF-f1-induced CYR61
expression and regulated N-cadherin, fibronectin, vimentin
and E-cadherin expression, which was similar to a previous
study (21). Furthermore, dexamethasone treatment significantly
suppressed H1975 cells migration at dose of 20 uM following
12-h exposure compared with untreated cells in vitro and
inhibited tumor metastasis in xenograph mice in vivo.

Evidence of targeting VEGF-mediated pathways in a number
of cancer tissues or tumors has demonstrated available treatment
options (15,37,38). Lenvatinib is a multi targeted anti-cancer
target-therapeutic drug and studies have demonstrated that it
is an efficient anticancer agent in patients with advanced solid
tumors (39). However, single-agent therapy has to improve
targeted treatment to overcome a low response rate and metastasis
for patients with cancer (40). Therefore, combined treatment may
be an ideal therapeutic regimen. In the current study, VEGFR1-3
and FGFR1-4 expression was detected and cytotoxic effects on
H1975 and H358 cells were assessed. Notably, the migration of
H1975 and H358 cells was observed to be suppressed following
treatment with lenvatinib in vitro and in vivo.

Preclinical observation with combination therapy
conferred relative advantages to single drug treatment and
further study is required to evaluate the overall efficacy (41).
The current exploratory analysis of tumor treatment and
long-term survival indicated that treatment with lenvatinib and
dexamethasone once daily exhibited a clear tumor regression
and resulted in a survival rate of 80% in a 120-day period in
xenograph mice. Furthermore, the median metastasis-limit
survival during 120-day observation in NSCLC mice model
reached 66.67%. The results of the current study indicated that
synergistic treatment of dexamethasone and lenvatinib against
NSCLC is effective enough to partially protect the animals
and eliminate the tumors in experimental mice, which trans-
lated into long-term survival and tumor-free living.

In conclusion, two anticancer agents, dexamethasone and
lenvatinib, were administered once daily in the present study.
Notably, the data is suggestive of a NSCLC mice model,
although dexamethasone downregulated the expression of
EKR and AKT, and lenvatinib downregulated VEGFR and
FGFR, which led to the reversal of TGF-Bl-induced cell
migration. Dexamethasone and lenvatinib inhibited the migra-
tion and invasion of NSCLC by regulating the EKR/AKT
and VEGEF signal pathways. The current study suggests that
the beneficial effects of cellular targeted therapy may further
elucidate the mechanisms and this regimen is clinically appli-
cable, but requires further study.
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