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Abstract. Non‑small cell lung cancer (NSCLC) is the most 
frequent type of human lung cancer; lung cancer is responsible 
for the highest rates of cancer‑associated mortality in the world. 
Cysteine‑rich angiogenic inducer‑61 (CYR‑61) has been identi-
fied as a tumorigenesis‑, development‑ and metastasis‑related 
gene, and is reported to enhance proliferation, migration and 
invasion through hepatocyte growth factor (HGF)‑induced scat-
tering and the metastasis‑inducing HGF/Met signaling pathway 
in tumor cells and xenograft models. CYR‑61 is a protein that 
promotes human lung cancer cell metastasis and is closely 
related to the patient's prognosis in NSCLC. The purpose of 
the present study was to investigate whether CYR‑61 may serve 
as a dual potential target for gene therapy of human NSCLC. 
In the present study, an antibody targeted against CYR‑61 
(anti‑CYR‑61) was constructed and the therapeutic effects and 
underlying mechanism of this antibody in NSCLC cells and mice 
with NSCLC was investigated. It was observed that NSCLC cell 
viability, migration and invasion were inhibited while cell apop-
tosis was induced by the neutralization of CYR‑61 protein by 
anti‑CYR‑61. Western blotting demonstrated that extracellular 
signal‑regulated kinase (ERK) and protein kinase B (AKT) 
expression levels in NSCLC cells were decreased following 
treatment with anti‑CYR‑61. In addition, it was observed that 
inhibition of NSCLC cell viability was achieved by the suppres-
sion of the epithelial‑mesenchymal transition signaling pathway. 
ERK and AKT phosphorylation levels were downregulated in 
NSCLC cells and tumors following anti‑CYR‑61 treatment. 
Analysis of a murine model indicated that tumor growth was 

inhibited and tumor metastasis was significantly suppressed 
(P<0.01) following anti‑CYR‑61 treatment for CYR‑61. In 
conclusion, CYR‑61 may serve as a potential target for gene 
therapy for the treatment of human NSCLC.

Introduction

Lung cancer is a respiratory disease that is responsible for the 
highest rates of cancer‑associated mortality and air contamina-
tion worldwide (1). Small cell lung cancer (SCLC) and non‑small 
cell lung cancer (NSCLC) are two main types of human lung 
cancer that are characterized by tumor morphology (2), and 
they account for ~95% of all lung cancer (3). NSCLC which 
has the highest incidence among all kinds of cancer originates 
from non‑small cells in the lungs (4). NSCLC, which is also the 
most frequent type of lung cancer, can be divided into squamous 
cell carcinoma, large cell carcinoma and adenocarcinoma deter-
mined by tumor cell genetics. According to the clinical statistics 
investigations of lung cancer cases >80% of newly diagnosed 
NSCLC patients were in middle or severe stage (5‑7).

Though increasing research has endeavored to improve the 
efficacy of treatment for patients with NSCLC, the survival rate 
remained poor, with <15% survival observed in the 5 years after 
clinical treatment (6,8,9). In addition, the majority of newly diag-
nosed patients with NSCLC are in the advanced stage. Previous 
research has reported that migration and invasion in NSCLC 
are predominantly responsible for the poor survival rate during 
treatment and recurrence for patients with NSCLC (10,11). As 
a result, the exploration for effective agents for the inhibition of 
migration and invasion has become critically important for the 
treatment of cancer patients (12,13). The present study investi-
gated H358 NSCLC cell migration and invasion. Furthermore, 
the inhibitory effects of anti‑cysteine‑rich angiogenic inducer‑61 
(CYR‑61) on H358 NSCLC cell migration and invasion were 
analyzed in vitro and in vivo.

CYR‑61 is a member of the CYR‑61/connective tissue growth 
factor/nephroblastoma overexpressed (CCN) protein family (14). 
Previous studies have demonstrated that CYR‑61 promotes 
human lung cancer cell migration and metastasis and it is closely 
related to patient prognosis in NSCLC (15,16). In addition, 
CYR‑61 is involved in tumor cell mitogenesis, cellular adhesion, 
migration, differentiation, wound healing, angiogenesis and 
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survival (17). Previous reports have demonstrated the important 
roles of CYR‑61 in cancer development and metastasis, indi-
cating that CYR‑61 may be an important target for gene therapy 
and tumor suppression (16, 17). In addition, CYR61 has been 
demonstrated to induce angiogenesis by supplying oxygen for 
tumor cells during proliferation (18).

Many studies have focused on the functions of the 
CCN protein family in cancer biology  (17,19). A study by 
Barnett et al (7) reported that CYR‑61 demonstrated potential 
as an oncogene or a tumor suppressor, depending on tumor cell 
type. Clinically, expression of CYR‑61 has been associated 
with the prognosis of breast cancer and prostate cancer (20). 
However, few studies have investigated the function of CYR‑61 
in NSCLC. Therefore, the present study investigated the expres-
sion of CYR‑61 in NSCLC cells and tumors. Results indicated 
that CYR‑61 was expressed at higher levels in NSCLC cells, 
when compared with normal lung cells of MRC‑5. Furthermore, 
an antibody against CYR‑61 (anti‑CYR‑61) was constructed and 
its therapeutic effects in mice with NSCLC were investigated.

Recently, numerous studies have indicated that mechanistic 
target of rapamycin (mTOR) may regulate tumor cell growth, 
migration and cancer metastasis (21,22). Epithelial‑mesenchymal 
transition (EMT) has an essential role in tumor growth, migra-
tion and cancer metastasis. In addition, the EMT process 
reduces tumor cell adhesion and results in tumor cells gaining 
migratory and invasive properties through cell‑cell connec-
tions  (23). Previous research has indicated that CYR‑61 is 
associated with NSCLC migration and cancer metastasis (17). 
However, little is known about the signaling mechanisms 
regulating mTOR, CYR‑61 and EMT in NSCLC. Therefore, 
the present study examined the association between CYR‑61 
and EMT in NSCLC cells. EMT biomarker expression levels 
of vimentin, fibronectin, α‑smooth muscle actin (SMA) and 
N‑cadherin were analyzed. Mitogen‑activated protein kinase 
(MAPK) and phosphoinositide 3‑kinase (PI3K)/protein 
kinase B (AKT)/mTOR signaling pathways in EMT were also 
investigated in vitro and in vivo in NSCLC cells and tissues, 
respectively.

The aim of the present study was to determine the effects 
of anti‑CYR‑61 on CYR‑61‑associated invasion and metastasis 
in NSCLC through MAPK/EMT signaling pathways. It was 
concluded that CYR‑61 may be considered as a potential prog-
nostic biomarker for NSCLC, and anti‑CYR‑61 may provide a 
potential minimally invasive therapy for NSCLC.

Materials and methods

Ethics statement. The present study was carried out in strict 
accordance with the approval and recommendations from the 
Ethics Committee of the Care and Use of Laboratory Animals 
of Qilu Hospital of Shandong University (Jinan, China). All 
surgery and euthanasia were performed under sodium pento-
barbital anesthesia, and all efforts were made to minimize 
suffering.

Cell culture. The H358 NSCLC cell line and MRC‑5 normal 
lung cell line were purchased from American Type Culture 
Collection (Manassas, VA, USA). The cell lines were cultured 
in RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine 

serum (Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) at 
37˚C, 5% CO2 and 100% humidity.

Construction of full‑length anti‑CYR‑61 antibody. A mouse 
anti‑human CYR‑61 monoclonal antibody was constructed using 
a conventional approach and screened by fluorescence‑activated 
cell sorting (FACS). The full length of the anti‑CYR‑61 antibody 
was constructed, as previously described (24). The single chain 
variable fragments of the mouse anti‑human CYR‑61 mono-
clonal antibody (Sino Biological, Beijing, China) were cloned 
and inserted into a Pklight vector (termed Pklight‑anti‑CYR‑61 
vector; Biovector NTCC, Inc., Beijing, China). The constant 
domain heavy chain Fc and light chain fragments of mouse 
anti‑human CYR‑61 monoclonal antibody were subcloned 
into the Pklight‑anti‑CYR‑61 vector. Pklight‑anti‑human 
CYR‑61 monoclonal antibody and IREX‑enhanced green fluo-
rescent protein (EGFP) were subcloned into the Peedual12.4 
vector (BioVector NTCC, Inc.), which contained the gluta-
mine synthetase gene. The CHO‑K1SV cell line (American 
Type Culture Collection) was cultured in Iscove's modified 
Dulbecco's medium (Sigma‑Aldrich; Merck KGaA) supple-
mented with 10% fetal bovine serum and 2 mM L‑glutamine. 
Peedual12.4‑anti‑human CYR‑61 monoclonal antibody was 
transfected into the fluorescein isothiocyanate (Shanghai Xinyu 
Biotechnology Pharmaceutical Co., Ltd.)‑labeled CHO‑K1SV 
cells (1x105  cells/ml) using Lipofectamine  2000 (Tiangen 
Biotech Co., Ltd., Beijing, China). CHO‑K1SV cells were 
washed and resuspended in 0.01 mol/l pH=7.4 PBS twice. 
The cells were identified and sorted in a flow cytometer at 
488 nm. Thus, anti‑human CYR‑61 monoclonal antibody and 
EGFP were stably expressed in the CHO‑K1SV cells. Stable 
and high expression of anti‑CYR‑61 antibodies in bacterial 
cells was screened using FACS (BD Biosciences, Franklin 
Lakes, NJ, USA). Data analysis and statistics were performed 
using BD Accuri™ C6 Plus (BD Biosciences) and GraphPad 
Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA).

MTT assay. A total of 3,000 of H358 cells were cultured into 
each well of a 96‑well plate and cells were used to investigate 
the inhibitory effects of anti‑CYR‑61 on cell viability when 
~90% cell confluence was reached. Anti‑CYR‑61 (1:1,000) or 
30 µl PBS (control) were added into each well of the 96‑well 
plate and incubated at 37˚C for 12 h. Subsequently, 10 µl MTT 
(5 mg/ml; Sigma‑Aldrich; Merck KGaA) was added to the cells 
and incubated at 37˚C for 4 h. Following this, dimethylsulfoxide 
(Amresco, LLC, Solon, OH, USA) was added for incubation for 
30 min to dissolve the precipitate after the supernatant had been 
removed. Results were determined using a spectrophotometer 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) at 540 nm.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from H358 cells and a 
normal lung cell line MRC‑5 cells with or without treatment 
of anti‑CYR‑61 using an RNeasy mini kit (Qiagen Sciences, 
Inc., Gaithersburg, MD, USA), according to the manufac-
turer's protocol. RNA (1.0 µg) was reverse transcribed into 
cDNA using QuantiTect Reverse Transcription kit (Qiagen 
Sciences, Inc.), according to the manufacturer's protocol. The 
primers (Table I) were designed using Primer Express software 
(version 2.0; Thermo Fisher Scientific, Inc.) qPCR analysis was 
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performed using the SYBR® Premix™ Ex Taq™ (Perfect Real 
Time; Takara Biotechnology Co., Ltd., Dalian, China) in a total 
volume of 20 µl using a 7300 Real‑Time PCR System (Thermo 
Fisher Scientific, Inc.), according to the manufacturer's protocol. 
The thermocycling conditions were as follows: 95˚C for 30 sec, 
and 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec. All relative 
mRNA expression levels were calculated using the by 2‑ΔΔCq 
method (25). Results were expressed as the n‑fold relative to the 
housekeeping gene, β‑actin.

ELISA. The affinity of anti‑CYR‑61 was examined for its 
target antigens, CYR‑61, using ELISA in H358 cells. CYR‑61 
(0.2‑1.4 mg/ml) was added into an enzyme‑linked‑immuno 
microplate and incubated at 4˚C for 12  h. Anti‑CYR‑61 
(4 µg/ml) was added to the wells and incubated for 60 min at 
37˚C, and bovine serum albumin (BSA; Atlanta Biologicals, 
Inc., Flowery Branch, GA, USA) was used as a control. 
Subsequently, 100 µl human horseradish peroxidase‑conjugated 
CYR‑61 antibodies (1:1,000; eBioscience, Inc.; Thermo Fisher 
Scientific, Inc.) was added and incubated at 37˚C for 60 min. 
The 3,3'‑diaminobenzidine/H2O2 system was used for the detec-
tion of anti‑CYR‑61 affinity. Results were analyzed at 450 nm 
using an ELISA plate reader (Bio‑Rad Laboratories, Inc.).

Cell invasion and migration assays. H358 cells were treated 
with anti‑CYR‑61 and non‑treated H358 cells were used as 
control. H358 cells were adjusted to a density of 1x106 cells in 
500 µl serum‑free RPMI‑1640 medium for the invasion assay. 
H358 cells were treated with anti‑CYR‑61 (1:1,000) for 12 h at 
room temperature and then added to the tops of BD BioCoat 
Matrigel Invasion Chambers (BD Biosciences), according to the 
manufacturer's protocol. Transwell chambers (Costar; Corning 
Incorporated, Corning, NY, USA) with 8 µm diameter pores 
were utilized. Matrigel (100 µl; BD Biosciences, San Jose, CA, 
USA) was added to the Transwell apparatus. A total of 106 H358 
cells in 100 µl serum‑free culture medium (Gibco; Thermo 
Fisher Scientific, Inc.) was placed in the upper chamber and 
500 µl complete culture medium containing 20% fetal bovine 
serum (Sigma‑Aldrich; Merck KGaA) was added to the lower 
chamber as a chemoattractant. Following incubation at 37˚C 
for 24 h, Transwell chambers were stained with 0.4% crystal 
violet for 5 min at room temperature and washed with PBS three 
times. Non‑migrating and non‑invading cells were carefully 
wiped from the upper chambers with cotton wool. Results were 
examined using a CX21 Olympus light microscope (Olympus 
Corporation, Tokyo, Japan; magnification, x100).

For the migration assay, H358 (1x104) cells were inoculated 
with anti‑CYR‑61 (1:1,000) for 12  h at room temperature 
and Control inserts (BD Biosciences) were used instead of a 
Matrigel Invasion Chamber. Tumor cell invasion and migration 
were observed in at least three stained fields in every membrane 
using a light microscope at a magnification of x100. The inva-
sion and migration assays used 24 well dishes.

Apoptosis assay. Apoptosis was determined by staining 
H358 cells with Annexin  V‑PE/ and 7‑aminoactinomycin 
(BD Biosciences) for 15 min at 25˚C in the dark, and flow 
cytometry analysis was performed. The Annexin V‑positive 
cells were counted as early apoptotic cells. 7‑amino actino-
mycin‑positive cells were counted as necrotic cells. Double 

positive cells were counted as late apoptotic cells. Double nega-
tive cells were counted as live cells.

Animal study. A total of 50 female specific pathogen‑free 
C57BL/6 mice (aged 6‑8  weeks; weighing 20±2  g) were 
purchased from Shanghai Slack Experimental Animals Co., 
Ltd., (Shanghai, China). The mice were given free accessible 
to food and water, and were housed at 20˚C with 60% humidity 
and 12 h light/dark cycle. C57BL/6 mice were subcutaneously 
implanted with H358 tumor cells and were divided into two 
groups (20 per group). Treatments were initiated on day 5 after 
tumor implantation when the tumor diameter had reached 
6‑8 mm. H358‑bearing mice were intravenously injected with 
anti‑CYR‑61 or 10 µl PBS as a control. The treatment was 
administered once daily for 14 days. Tumor volumes were 
calculated according to previous study (26). The survival rate 
for animals treated with anti‑CYR‑61 (1:1,000) or 10 µl PBS 
was detected during a 120‑day observation period.

Western blotting. Total protein was extracted using CytoBuster™ 
Protein Extraction Reagent (EMD Millipore, Billerica, MA, 
USA) and protein concentration was measured by the DC™ 
Protein Assay (Bio‑Rad Laboratories, Inc.) using the Bradford 
method (27). A total of 40 µg of protein from each sample were 
separated by 10% SDS‑PAGE and transferred to an equilibrated 
polyvinylidene difluoride membrane (GE Healthcare, Chicago, 
IL, USA). The membrane was blocked by 5% milk in 0.1% 
Tween 20 in Tris‑buffer solution (TBS) at room temperature 
for 1 h. After incubation with specific primary antibody at 4˚C 
overnight and the membranes were washed four times with 
TBS, 10 min each time. The membranes were then incubated 
with horseradish peroxidase‑conjugated secondary antibodies 
(1:800; cat. no. ab7090; Abcam, Cambridge, MA, USA) at 37˚C 
for 30 min and the proteins were detected by enhanced chemi-
luminescence (GE Healthcare) and quantified using an image 
analyzer Quantity One System (Bio‑Rad Laboratories, Inc.). The 
primary antibodies directed against CYR‑61 (cat. no. ab24448), 
extracellular signal‑regulated kinase (cat. no. ab54230), AKT 
(cat. no. ab8805), phosphorylated (p)ERK (cat. no. ab79483), 
pAKT (cat. no. ab8933), fibronectin (cat. no. ab23750), SMA 
(cat. no.  ab21027) and N‑cadherin (cat. no.  ab98952) were 
purchased from Abcam (Cambridge, UK) all at a dilution of 
1:500 and were incubated at 4˚C overnight. Primary antibodies 
directed against Caspase 8 (1;800; cat. no, sc81656), 9 (1;800; 
cat. no. sc56076) and 10 (1;800; cat. no. sc134299), Fas ligand 
(FasL; 1;800; cat. no. sc33716), Fas‑associated protein with 
Death Domain (FADD; 1:800; cat. no.  sc5559), apoptotic 
protease activating factor 1 (Apaf‑1; 1:800; cat. no. sc135836), 
B cell lymphoma‑2 antagonist/killer (Bak; 1:800; cat. 
no. sc517390), B cell lymphoma‑2‑associated X protein (Bax; 
1:800; cat. no. sc20067), vimentin (1:800; cat. no. sc80975) were 
purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, 
USA). The housekeeping proteins β‑actin (1:500; cat. no. 3700) 
and GAPDH (1:500; cat. no. 97166) were purchased from Cell 
Signaling Technology, Inc. (Danvers, MA, USA). Density 
analysis was performed using Image J v.1.49 (National Institutes 
of Health, Bethesda, MD, USA).

Histological immunostaining. For immunostaining, H358 cells 
or tumors from xenograft mice with NSCLC were fixed using 

https://www.spandidos-publications.com/10.3892/etm.2018.6274
https://www.spandidos-publications.com/10.3892/etm.2018.6274


LI et al:  CYR-61 AS AN IMMUNOTHERAPY TARGET FOR NON-SMALL CELL LUNG CANCER TREATMENT 733

10% formaldehyde at room temperature for 24 h and subse-
quently embedded in paraffin. Following this, tumor samples 
were sliced into 4‑µm‑thick sections and antigen retrieval was 
also performed with 0.1 M citrate buffer for 15 min at 100˚C, 
rehydrated in a descending series of ethanol (100, 95, 85, 80 
and 75%) watched in xylene in tumor sections. After blocking 
by 10% BSA at room temperature for 1 h, H358 cells and 
tumor sections were incubated with pERK (cat. no. ab192591), 
pAKT (cat. no. ab38449) and CYR‑61 (cat. no. ab24448; all 
1:600; Abcam) primary antibodies at 37˚C for 2 h. Following 
washing three times with TBST, HRP‑conjugated goat 
anti‑rabbit Immunoglobulin G secondary antibodies (1:800; 
cat. no.  ab97051; Abcam) were incubated 30 min at 37˚C. 
Specimens were then visualized using a binocular light micro-
scope (Eclipse E100‑LED; Nikon Corporation, Tokyo, Japan) 
at a magnification of x200. A Ventana Benchmark automated 
staining system (Ventana Medical Systems, Inc., Tucson, AZ, 
USA) was used for observation of CYR‑61.

Statistical analysis. All data were presented as the mean ± stan-
dard deviation of triplicates. Unpaired data were compared 
using Student's t‑tests and comparisons of data between multiple 
groups were made using one‑way analysis of variance with a 
post‑hoc Tukey's test using SPSS 17.0 software (SPSS, Inc., 
Chicago, IL, USA). Kaplan‑Meier tests were used to estimate 
the survival rate during 120‑day long‑term treatment. P<0.05 
was considered to indicate a statistically significant difference.

Results

CYR‑61 expression and anti‑CYR‑61 characteristics. In order 
to analyze the role of CYR‑61 in NSCLC, mRNA and protein 

expression levels of CYR‑61 were detected in the NSCLC cell 
line H358 and a normal lung cell line MRC‑5 by RT‑qPCR anal-
ysis and western blotting. The results demonstrated that CYR‑61 
mRNA expression levels were significantly higher (P<0.01) and 
protein expression levels were markedly higher in the H358 cell 
line compared with the levels in the MRC‑5 cell line (Fig. 1A). 
These findings suggested that CYR‑61 was a potential molec-
ular target for NSCLC. Therefore, a full‑length antibody was 
constructed to target CYR‑61, termed anti‑CYR‑61, which was 
screened by flow cytometry. The population of CYR‑61 posi-
tive cells began to reduce 1 h after anti‑CYR‑61 treatment, and 
reduced to its lowest level 3 h after the treatment (Fig. 1B). An 
ELISA assay of anti‑CYR‑61 demonstrated a high affinity with 
CYR‑61 (Fig. 1C). Western blotting revealed that anti‑CYR‑61 
was 76 kDa under non‑reducing conditions (Fig. 1D). Western 
blotting also demonstrated that anti‑CYR‑61 was able to specifi-
cally bind with CYR‑61. These results indicated that CYR‑61 
was upregulated in NSCLC cell lines and that the anti‑CYR‑61 
antibodies we constructed exhibited high affinity for CYR‑61.

Effect of anti‑CYR‑61 on CYR‑61‑induced NSCLC viability, 
migration and invasion. To identify the function of CYR‑61 in 
NSCLC, we investigated the inhibitory effects of anti‑CYR‑61 
on cell viability, migration and invasion of H358 cells. As 
demonstrated in Fig. 2A and B, H358 cell viability was signifi-
cantly inhibited following treatment with anti‑CYR‑61, which 
decreased CYR‑61 expression (P<0.01). In migration and inva-
sion assays, anti‑CYR‑61 treatment inhibited the migration and 
invasion of H358 cells (Fig. 2C and D). These results indicated 
that anti‑CYR‑61 may have potential therapeutic effects by 
inhibiting NSCLC cell viability, migration and invasion by 
targeting CYR‑61.

Table I. Primer sequences utilized in RT‑qPCR.

Gene	 Primer	 Sequence

CYR‑61	 Forward	 5'‑CAAGGAGCTGGGATTCGATG‑3'
	 Reverse	 5'‑AAAGGGTTGTATAGGATGCGAG‑3'
Bak	 Forward	 5'‑CACCTTACCTCTGCAACCTAG‑3'
	 Reverse	 5'‑TGCAACATGGTCTGGAACTC‑3'
Bax	 Forward	 5'‑AGTAACATGGAGCTGCAGAG‑3'
	 Reverse	 5'‑AGTAGAAAAGGGCGACAACC‑3'
Caspase‑9	 Forward	 5'‑GTTTGAGGACCTTCGACCAG‑3'
	 Reverse	 5'‑GCATTAGCGACCCTAAGCAG‑3'
Apaf‑1	 Forward	 5'‑CCTCTCATTTGCTGATGTCG‑3'
	 Reverse	 5'‑TCACTGCAGATTTTCACCAGA‑3'
Caspase‑10	 Forward	 5'‑AATCTGACATGCCTGGAG‑3'
	 Reverse	 5'‑ACTCGGCTTCCTTGTCTAC‑3'
Caspase‑8	 Forward	 5'‑ATGCAAACTGGATGATGACA‑3'
	 Reverse	 5'‑TTCATATCTTCAGCAGGTCT‑3'
FasL	 Forward	 5'‑AACCAAGTGGACCTTGAGACCACA‑3'
	 Reverse	 5'‑TTCACATGGCAGCCCAGAGTTCTA‑3'
FADD	 Forward	 5'‑CCTGGTACAAGAGGTTCAGC‑3'
	 Reverse	 5'‑CTGTGTAGATGCCTGTGGTC‑3'
β‑actin	 Forward	 5'‑ACCTTCTACAATGAGCTGCG‑3'
	 Reverse	 5'‑CCTGGATAGCAACGTACATGG‑3'
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Effect of anti‑CYR‑61 on NSCLC cell migration and the AKT 
and ERK signaling pathways. To further investigate the effects 
and mechanism of anti‑CYR‑61 on cell migration, we analyzed 
ERK and AKT expression and phosphorylation levels in H358 
cells prior to and following treatment with anti‑CYR‑61. 
As demonstrated in Fig. 3A and B, anti‑CYR‑61 treatment 
significantly suppressed AKT and ERK protein expression and 
phosphorylation compared with untreated controls (P<0.01), 
indicating a reduction in AKT and ERK activity in NSCLC 
cells treated with anti‑CYR‑61. Immunofluorescence also indi-
cated that expression and phosphorylation levels of AKT and 
ERK were inhibited in H358 cells treated with anti‑CYR‑61 
(Fig. 3C and D). These results suggested that the inhibitory 
effect of anti‑CYR‑61 on migration may involve AKT and ERK 
phosphorylation and the ERK and AKT signaling pathways.

Role of anti‑CYR‑61 on cell apoptosis. As the results demon-
strated that anti‑CYR‑61 regulated NSCLC cell migration 
through phosphorylation of ERK and AKT process, the apoptotic 
effects of anti‑CYR‑61 on H358 cells by blocking the CYR‑61 
were analyzed. NSCLC H358 cells were treated with or without 
anti‑CYR‑61. Results demonstrated that anti‑CYR‑61 signifi-
cantly promoted H358 cell apoptosis compared with the control 
cells (P<0.01; Fig. 4A). In addition, the relationship between 
anti‑CYR‑61 and apoptosis signaling pathways in H358 cells 
was investigated. Results indicated that FasL, FADD, caspase‑8 
and ‑10 mRNA expression levels were significantly elevated by 
anti‑CYR‑61 treatment compared with the control cells (P<0.01; 

Fig. 4B). Western blot analysis also revealed that FasL, FADD, 
caspase‑8 and ‑10 protein expression levels were markedly 
upregulated following treatment with anti‑CYR‑61 compared 
with control cells (Fig. 4C). However, no significant difference 
in the expression levels of Bak, Bax, Apaf‑1 and caspase‑9 were 
observed between anti‑CYR‑61‑treated cells and the control 
cells (Fig. 4D and E). These results suggested that anti‑CYR‑61 
has an important role in regulating exogenous cell apoptosis 
signaling pathways for NSCLC cells.

Anti‑tumor effects of anti‑CYR‑61 in mice with NSCLC. 
Following observation of the inhibitory effects of anti‑CYR‑61 
on NSCLC cell viability in vitro, the anti‑tumor efficacy of 
anti‑CYR‑61 in H358‑bearing mice was investigated in vivo. As 
illustrated in Fig. 5A, tumor growth was significantly inhibited 
21 days after anti‑CYR‑61 treatment, as determined via tumor 
volume, compared with PBS‑treated mice (P<0.01). In addition, 
immunohistology demonstrated that CYR‑61 expression was 
downregulated in anti‑CYR‑61‑treated tumors compared with 
PBS‑treated tumors (Fig. 5B). In agreement with the in vitro 
results, the findings demonstrated that AKT and ERK expres-
sion were decreased in tumors from experimental mice treated 
with anti‑CYR‑61 on day 25 compared with control mice 
treated with PBS (Fig. 5C). To analyze the relationship between 
anti‑CYR‑61 and the EMT process in vivo, EMT biomarker 
expression levels of vimentin, fibronectin, SMA and N‑cadherin 
were analyzed. The results in Fig. 5D demonstrated that the 
protein expression levels of EMT markers were decreased 

Figure 1. Expression of CYR‑61 in NSCLC and normal lung cell line and the characteristics of anti‑CYR‑61. (A) Reverse transcription‑quantitative polymerase 
chain reaction and western blot analyses were used to analyze the expression of CYR‑61 in H358 NSCLC cells and MRC‑5 normal lung cells. Data are 
presented as the mean ± SD of triplicate samples. (B) Fluorescence‑activated cell sorting was used to screen anti‑CYR‑61affinity. 1st, 2nd and 3rd represent 
the population of CYR‑61 positive cells 1, 2 and 3 h after anti‑CYR‑61 treatment, respectively. (C) ELISA was used to analyze the affinity of anti‑CYR‑61 
for its target protein, CYR‑61. Data are presented as the mean ± SD of triplicate samples. (D) Western blotting was used to analyze the purified anti‑CYR‑61. 
**P<0.01 vs. MRC‑5 cells. CYR‑61, cysteine‑rich angiogenic inducer‑61; SD, standard deviation; TERTR‑FAM96A, telomerase reverse transcriptase‑family 
with sequence similarity 96 member A; NSCLC, non‑small cell lung cancer.
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in anti‑CYR‑61‑treated tumors compared with PBS‑treated 
tumors. Furthermore, it was observed that the survival rate 
of Anti‑CYR‑61 treatment is significantly higher than that 
of PBS treatment after day 40 during a 120‑day observation 
period (P<0.01; Fig. 5E). Anti‑CYR‑61 treatment significantly 
inhibited tumor metastasis compared with PBS‑treated mice 
(P<0.01; Fig. 5E and F). In conclusion, our findings suggested 
that anti‑CYR‑61 presented potential anti‑cancer efficacy in 
NSCLC treatment in murine model.

Discussion

The incidence and mortality rate of human lung cancer has been 
growing rapidly in recent years and is one of the most threat-
ening types of malignant tumors to health and survival (28). 
NSCLC represents more than 85% of lung cancer cases 
according to statistical clinical data (29). Therefore, NSCLC has 
attracted much attention to identify anti‑cancer agents, ranging 
from molecular markers to immunotherapy, in order to improve 

Figure 3. Downregulation of ERK and AKT phosphorylation induced by anti‑CYR‑61. (A) Expression levels of ERK were analyzed using western blotting 
after treatment with anti‑CYR‑61. (B) Expression levels of AKT were analyzed by western blotting after treatment with anti‑CYR‑61. (C) Phosphorylation 
levels of ERK were analyzed in tumor sections following treatment with anti‑CYR‑61. Red arrows demonstrate positive pERK expression. (D) Phosphorylation 
levels of AKT were analyzed in tumor sections after treatment with anti‑CYR‑61. Red arrows demonstrate positive pAKT expression. Data are presented as 
the mean ± standard deviation of triplicate samples. **P<0.01 vs. the Control. ERK, extracellular signal‑regulated kinase; AKT, protein kinase B; CYR‑61, 
cysteine‑rich angiogenic inducer‑61; p, phosphorylated.

Figure 2. Inhibitory effects of anti‑CYR‑61 on H358 cells in vitro. (A) MTT assays were used to analyze the inhibitory effects of anti‑CYR‑61 on H358 
cell viability. (B) Immunofluorescence (using Alexa Fluro® conjugated Goat anti‑rabbit Immunoglobulin G) was used to detect CYR‑61 expression after 
anti‑CYR‑61 treatment. (C) Migration analysis was performed to determine the effect of anti‑CYR‑61 on H358 cell migration. (D) Invasion analysis was 
performed to determine the effect of anti‑CYR‑61 on H358 cell invasion. C and D were stained using hematoxylin and eosin. Data was presented as the 
mean ± standard deviation of triplicate samples. **P<0.01 vs. the control. CYR‑61, cysteine‑rich angiogenic inducer‑61.
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Figure 5. Therapeutic and metastasis effects of anti‑CYR‑61 in H358‑bearing mice. (A) Tumor growth was analyzed during a 24‑day short‑term observation 
period. Data are presented as the mean ± SD. **P<0.01 vs. PBS on day 21. (B) CYR‑61 expression was analyzed after anti‑CYR‑61 treatment and DAB staining. 
Black arrows, in situ CYR‑61 (C) Phosphorylation levels of ERK and AKT were analyzed by western blotting in tumors following treatment with anti‑CYR‑61. 
(D) EMT biomarker expression levels were analyzed by western blotting in tumors following treatment with anti‑CYR‑61. (E) Long‑term survival probability 
was compared over a 120‑day observation between the anti‑CYR‑61 and PBS treatment groups. It was demonstrated that the survival rate of Anti‑CYR‑61 
treatment was significantly higher than that of PBS treatment after day 40 during the 120 day observation period. (F) NSCLC metastasis was analyzed in 
experimental mice. Data are expressed as the mean ± SD. **P<0.01 vs. PBS. CYR‑61, cysteine‑rich angiogenic inducer‑61; ERK, extracellular signal‑regulated 
kinase; AKT, protein kinase B; EMT, epithelial‑mesenchymal transition; PBS, phosphate‑buffered saline; NSCLC, non‑small cell lung cancer; p, phosphory-
lated; SMA, α‑smooth muscle actin; SD, standard deviation.

Figure 4. Effect of anti‑CYR‑61 on apoptosis in NSCLC cells. (A) Fluorescence‑activated cell sorting was used to evaluate the apoptosis of H358 cells after 
anti‑CYR‑61 treatment. Apoptosis‑related (B) mRNA and (C) protein expression levels in an exogenous cell apoptosis signaling pathway were analyzed 
in anti‑CYR‑61‑treated cells. Apoptosis‑related (D) mRNA and (E) protein expression levels in the mitochondrial apoptosis pathway were analyzed 
in anti‑CYR‑61‑treated cells. Data are presented as the mean ± standard deviation of triplicate samples. **P<0.01 vs. the control. CYR‑61, cysteine‑rich 
angiogenic inducer‑61; NSCLC, non‑small‑cell lung cancer; FasL, Fas ligand; FADD, Fas‑associated protein with Death Domain; Bak, B cell lymphoma‑2 
antagonist/killer; Bax, B cell lymphoma‑2‑associated X protein; Apaf‑1, apoptotic protease activating factor 1.
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the treatment and prognosis of patients with NSCLC. Notably, 
the majority of newly diagnosed NSCLC cases are often in the 
moderate or severe stage, decreasing the recovery probability 
and survival period (30). Therapeutic protocols for advanced 
NSCLC have expanded to include a number of targeted inter-
ventions, including chemotherapy, radiotherapy, small molecule 
target therapy, personalized treatment and immunotherapy (31). 
Various types of treatment for NSCLC have been introduced 
with different mechanisms of action; they have been shown to 
change tumor architecture and the tumor microenvironment, 
however the outcomes were not promising as an early reduction 
in tumor mass was not achieved (32). The reasons of treat-
ment failure were predominantly that these treatments failed 
to control NSCLC migration and inhibit invasion in patients 
during treatment periods.

CYR‑61 is a secreted protein of the CCN family that is 
associated with the extracellular matrix signaling pathway. 
Previous research has indicated that CYR‑61 is potent in regu-
lating tumor cell activities, such as tumor cell growth, apoptosis, 
proliferation, migration, adhesion, differentiation and the EMT 
process, in the majority of human cancer cells (17). A study by 
Sabile et al (33) reported that CYR‑61 signaling was regulated 
by phosphorylation of AKT and ERK in osteosarcoma tumor 
and lung cancer cells. In addition, a study by Chen et al (34) 
described that phosphorylation of AKT and ERK was signifi-
cantly associated with the migration and invasion of prostate 
carcinoma PC‑3 cells. In the present study, a full‑length antibody 
target for CYR‑61 was constructed and its anti‑tumor efficacy in 
a murine model of lung cancer was investigated. In agreement 
with results from a previous report (35), the present study demon-
strated that anti‑CYR‑61 treatment inhibited phosphorylation of 
the AKT and ERK signaling pathway in human NSCLC cells. 
Furthermore, it was demonstrated that anti‑CYR‑61 inhibited 
tumor growth and downregulated EMT biomarker expression 
of vimentin, fibronectin, SMA and N‑cadherin.

In a previous report, CYR‑61 expression was demonstrated 
to be downregulated via inhibition of the ERK and AKT 
pathways, resulting in suppression of colon cancer cell migra-
tion (19). A study by Lee et al (36) suggested that activities 
of CYR‑61 protein were modulated through extracellular 
acidification and the PI3K/AKT signaling pathway in prostate 
carcinoma cells. Furthermore, Chen et al (34) indicated that 
transforming growth factor‑β induced CYR‑61 production to 
enhance tumor cell migration and invasion in vitro and in vivo. 
These observations were supported in the present study in 
NSCLC cells and the results of the present study also suggested 
that inhibition of CYR‑61 production is beneficial for inhibiting 
NSCLC cell viability, migration and invasion via the AKT and 
ERK signaling pathways.

In the present study, CYR‑61 production in human NSCLC 
cells and normal lung cells was investigated. The critical role 
of the CYR‑61 signaling pathway for the EMT process was 
confirmed in NSCLC H358 cells. Previous research has reported 
that activation of ERK and the PI3K/AKT signal pathway has an 
important role in regulation of tumor cell migration (37). In the 
present study, antibody targeting of CYR‑61 not only inhibited 
viability of NSCLC H358 cells, it also suppressed migration of 
NSCLC H358 cells in vitro and in vivo.

In conclusion, the aim of the present study was to inves-
tigate the association between CYR‑61 and the prognosis of 

NSCLC in a murine model. Anti‑CYR‑61was demonstrated 
to be a potential anti‑tumor agent for NSCLC by targeting 
CYR‑61, which led to inhibition of migration by decreasing 
the production of CYR‑61 via suppressing phosphorylation 
of AKT and ERK. Taken together, the therapeutic efficacy 
of anti‑CYR‑61 was examined and the results suggested that 
this targeted strategy may represent an attractive method of 
inhibiting tumor cell migration for the treatment of NSCLC.
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