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Abstract. Specific and sensitive enough molecular biomarkers 
are lacking to accurately predict the survival of non-small 
cell lung cancer (NSCLC) patients. ARHGEF5 and Src 
have been shown to play an important role in tumorigenesis. 
However, the involvement of ARHGEF5 and Src in NSCLC 
remains unknown. Therefore, we evaluated the expression 
of ARHGEF5 and Src in resected NSCLC tissues and the 
correlation of co-expression of ARHGEF5 and Src and the 
prognosis of patients with resected NSCLC. Positive expres-
sion of ARHGEF5 was detected in 133 cases of 193 patients 
(68.91%). A total of 193 NSCLC patients (male: 145; female: 
48; average age: 61.84 years; age range: 31-84) were enrolled 
in this study, of which 99 cases were squamous cell carci-
nomas (SCCs) (51.30%) and 94 cases were adenocarcinomas 
(ADCs) (48.70%). The expression of ARHGEF5 was mainly 
located in the cytoplasm of tumor cells, but not in the corre-
sponding adjacent lung tissues. The levels of ARHGEF5 were 
significantly associated with age, differentiation and tumor 
stage. ARHGEF5 protein expression was associated with Src 
protein expression in NSCLC (χ2=11.874, P<0.01) and in ADC 
(χ2=12.194, P<0.01), but not in SCC. Co-immunoprecipitation 
revealed that there was a physical interaction between Src 
and ARHGEF5 in lung cancer cells. The patients with 
ARHGEF5(+)/Src(+) had a shorter survival time compared 
with the other patients (29.37 months versus 39.90 months, 
P=0.029). In conclusion, ARHGEF5/Src can be considered as 
a prognostic biomarker and a therapeutic target for patients 
with resected NSCLC.

Introduction

Lung cancer is one of the most common malignant tumors 
in the world, with non-small cell lung cancer (NSCLC) 
accounting for 80-85% of all cases. Although many methods 
have been developed for the treatment of NSCLC, such 
as surgical resection, chemotherapy and radiotherapy, the 
prognosis of NSCLC remains poor and the 5-year survival 
rate is only about 50% (1). In recent years, although many 
single tumor biomarkers which may be predictive of response 
and prognosis, including epidermal growth factor receptor 
(EGFR), the canonical Wnt pathway and Notch3 have been 
developed, there is still lack of specific and sensitive enough 
molecular biomarkers to accurately predict the survival of 
NSCLC patients (2-4).

Rho guanine nucleotide exchange factor 5 (ARHGEF5) 
is a member of guanine nucleotide exchange factors family 
(GEFs) (5,6). Some studies have shown that ARHGEF5 can 
prompt the tumor metastasis and infiltration through its 
effects on adhesion and cytoskeletal functions by activating 
Rho GTPase (7,8). Debily et al (9) revealed that ARHGEF5 
is overexpressed in breast tumor, and might play a crucial role 
in breast tumor progression. ARHGEF5 expression leads to 
altered growth properties and tumorigenesis in mouse (5). 
Xie et al (10) also showed that ARHGEF5 mRNA levels 
were dramatically elevated in NSCLC cell lines compared to 
normal lung tissue. However, the expression of ARHGEF5 in 
the lung cancer tissues is unknown.

Src, a member of the Src family of tyrosine kinases, is a 
key regulator of cellular proliferation, survival, motility and 
invasiveness (11). In NSCLC, overexpression of Src has been 
shown to play an important role in tumor development and 
metastases. ARHGEF5 is crucial for Src-induced podosome 
formation (12). Overexpression of ARHGEF5 promotes actin 
stress fiber remodeling through activating RhoA, and the 
activation of RhoA or Cdc42 is required for Src-induced podo-
some formation.

In light of the above mentioned considerations, we exam-
ined the expression of ARHGEF5 and Src in resected NSCLC 
tissues and evaluated the correlation between ARHGEF5 and 
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Src. Furthermore, we explored the relationship between the 
expression of ARHGEF5 and Src and the prognosis of resected 
NSCLC patients.

Materials and methods

Patients and cell lines. Consecutive cohorts of NSCLC tumors 
resected from 193 NSCLC patients from July, 2010 to December, 
2011 were analyzed. Information on baseline demographics, 
clinicopathological characteristics and surgical approach was 
collected after review of clinical notes and histopathology 
reports. Patients who did not receive a curative resection and 
had a previous history of cancer, pre-surgical chemotherapy 
or radiotherapy were excluded. All patients gave their written 
informed consent for participation in this study. This study was 
approved by the Southwest Hospital Ethics Committee. Another 
four NSCLC tissue samples as well as their corresponding 
normal tissues adjacent to resection margins from patients for 
western blot analysis were also obtained.

Normal human bronchus epithelial cell (HBE) and NSCLC 
cells H322, SPC-1, H1650 (adenocarcinima) and H520 (squa-
mous cell) were obtained from Academy of Military Medical 
Science (Beijing, China) and maintained in RPMI-1640 or 
DMEM (Trace, Melbourne, Australia) supplemented with 10% 
fetal bovine serum (FBS), 100 U/ml penicillin, and 100 µg/ml 
streptomycin at 37˚C, in a humid atmosphere of 5% CO2.

Tissue microarray. Tissue microarrays (TMAs) were 
constructed as previously described (13). Briefly, using the 
H&E sections as templates, representative areas of each tumor 
were identified and marked on a section of the donor block. 
Approximately 4 µm-thick (1.5-mm diameter) tissue cylinders 
were punched from each donor paraffin block using a TMA 
instrument (Beecher Instruments; Silver Spring, MD, USA). 
The donor cores were placed into the corresponding recipient 
block holes that were punched in advance using the same 
TMA instrument. To better represent each case, two tumor 
and two normal tissue cores that were located adjacent to 
the tumor were punched from each case. After construction, 
recipient blocks were placed into an oven at 37˚C for 20 min, 
rapidly removed, and pressed down by a slide for a moment to 
flatten the surface. Serial 4 µm-thick sections were cut with 
a Leica microtome (Leica Microsystems; Wetzlar, Germany) 
and mounted onto polylysine-coated slides.

Immunohistochemistry. All tissue sections were routinely 
dewaxed, rehydrated, and prepared for immunohistochem-
istry. Sodium citrate buffer (pH 6.0) was used as an antigen 
retrieval solution, and the sections were blocked with 5% BSA, 
and incubated with 1:50 polyclonal rabbit anti-ARHGEF5 
(11379-1-AP, Proteintech Group), 1:50 polyclonal goat anti-
Src antibody (AF3389, R&D) overnight. The tissue sections 
were then incubated with secondary antibodies and DAB 
reagent (Gene Tech, Shanghai, China), and counterstained 
with hematoxylin, followed by dehydration and visualization 
with 3.3-diaminobenzidine (Gene Tech, Shanghai, China). 
Negative controls were performed in each case by replacing 
the primary antibody with PBS.

Expression of ARHGEF5 and Src was evaluated as the 
percentage of positive cells in a specimen, and by staining 

intensity as previously described (14). The percentage of 
positive cells was evaluated quantitatively and scored as 0 for 
staining of ≤1% of total cells counted, 1 for staining of 2-25%, 
2 for staining of 26-50%, 3 for staining of 51-75%, and 4 for 
staining of >75% of the cells examined. Intensity was graded 
as follows: 0, no signal; 1, weak; 2, moderate; and 3, strong 
staining. A total ‘staining score’ of 0-12 was calculated and 
graded as negative (-, score 0-1), weak (+, score 2-4), moderate 
(++, score 5-8), or strong (+++, score 9-12). The staining score 
was evaluated by two experienced pathologists. Discrepant 
cases were reviewed in a multi-head microscope and reported 
as a consensus.

Fluorescent immunohistochemistry. Immunofluorescent 
staining was conducted to localize the expression of Src and 
ARHGEF5. The frozen surgically resected sections from 
NSCLC patients were fixed for 20 min in 4% paraformalde-
hyde. The lung tissues of patient were then rinsed 3 times with 
PBS for 5 min each time, and incubated in a protein-blocking 
solution for 20 min at room temperature. After incubation 
with the primary antibody against either human ARHGEF5 
(1:50; 11379-1-AP, Proteintech Group) or human Src (1:50; 
AF3389, R&D) overnight at 4˚C, followed by incubation with 
the secondary antibody (either myc-conjugated IgG, 1:50, 
Santa Cruz; or Cy3-conjugated IgG, 1:50, Beyotime) at 37˚C 
for 1 h, the cells and lung tissue of patient were counterstained 
with Hoechst 33342 to reveal the nuclei. Cells or slides 
without incubation primary antibodies were served as negative 
controls. The cells or slides were then analyzed by confocal 
laser scanning microscopy.

Western blot analysis. Tumor cells or cell lines were lysed in 
lysis buffer: 50 mmol/l Tris-HCl (pH 8.0), 150 mmol/l NaCl, 
0.5% NP40, 0.5% sodium deoxycholate, and Protease Inhibitor 
Cocktail Set III (Calbiochem). The protein concentration was 
determined using a Bio-Rad protein assay (Bio-Rad) with 
bovine serum albumin as standard. Each lysate (10 µg) were 
resolved on 10-12% denaturing polyacrylamide gels (with 
3% polyacrylamide stacking gel) and transferred electro-
phoretically onto a nitrocellulose membrane (GE Healthcare 
Biosciences). After blocking with 5% nonfat dry milk in TBST, 
the membrane was incubated with a rabbit polyclonal anti-
human ARHGEF5 antibody or a goat polyclonal antihuman 
Src antibody for 1 h at room temperature. Immunoreactive 
proteins were incubated with horseradish peroxidase-conju-
gated mouse HRP-linked IgG antibody (1:700 dilution in 
TBSTT with 2% dry milk) (GE Healthcare Biosciences) for 
1 h at room temperature. After washing with TBST, the reac-
tants were developed using the enhanced chemiluminescence 
kit (GE Healthcare Biosciences).

Co-immunoprecipitation and immunoblot analyses. The 
Co-immunoprecipitation analysis was performed as previ-
ously described (15). In briefly, H322 or H1650 cell lysate were 
immunoprecipitated overnight with 3 µg of the Polyclonal 
Goat anti-Src antibody (AF3389, R&D). Immunoprecipitates 
were collected on protein A/G beads (30 µl per immuno-
precipitation). Beads were washed three times in lysis buffer, 
resuspended in 35 µl of Laemmli sample buffer, and resolved 
on 7.5% SDS-polyacrylamide gels. Proteins were transferred 
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to nitrocellulose membranes (Protran; Schleicher and Schuell), 
immunoblotted with the Polyclonal Rabbit anti-ARHGEF5 
(11379-1-AP, Proteintech Group), and subjected to chemilumi-
nescent detection.

Statistical analysis. SPSS 18.0 (SPSS Inc., Chicago, IL, USA) 
was used to perform the statistical analysis. Chi-square test and 
likelihood ratio test were used to illustrate the significance of 
various clinical characteristics. The χ2 test was used to assess 
the association between clinical features and the expression 
of biological factors. OS and the 95% confidence intervals 
(CIs) were evaluated by the Kaplan-Meier method comparing 
the different groups by log-rank test. The Cox proportional 
hazards model was used to evaluate the prognostic role of each 
single studied parameter on OS, in univariate and multivariate 
analyses. P-values were considered statistically significant at 
<0.05.

Results

Clinical characteristics of the patients. The patient clinical 
characteristics are summarized according to the histologic 
types (Table I). A total of 193 NSCLC patients (male, 145; 
female, 48; average age, 61.84 years; age range, 31-84) were 
enrolled in this study, of which 99 cases were squamous cell 
carcinoma (SCC) (51.30%) and 94 cases were adenocarci-
nomas (ADC) (48.70%). Of the patients enrolled in the study, 
83 cases (43.01%) had tumor metastasis in the lymph nodes 
and 110 cases (56.99%) did not (Table I).

Expression of ARHGEF5 in NSCLC. As shown in Fig. 1, 
ARHGEF5 expression was detected in the ADC and SCC 
tissues, but not in the adjacent tissues. The ARHGEF5 was 
mainly located in the cytoplasma of tumor cells. In all 193 cases, 

ARHGEF5 was positive in 133 cases (68.91%) and negative 
in 60 cases (31.09%) (Table II). According to the histological 
subtypes, ARHGEF5 was detected in 64 of 94 cases of ADC 

Figure 1. ARHGEF5 expression in tumor and adjacent tissues. The ARHGEF5 expression was determined by immunostaining. Expression of ARHGEF5 in 
ADC tissue (A, x50; D, x200), SCC tissue (B, x50; E, x200) and adjacent tissue (C, x50; F, x200).

Table I. Characteristics of the NSCLC patients.

Characteristics Cases (%)

Histology
  SCC 99 (51.30)
  ADC 94 (48.70)
Age (years)
  <60 70 (36.27)
  ≥60 123 (63.73)
Gender
  Male 145 (75.13)
  Female 48 (24.87)
Pathologic Stage
  I 68 (35.23)
  II 61 (31.61)
  III 64 (33.16)
Tumor Grade
  I 15 (7.78)
  II 108 (55.96)
  III 70 (36.27)
Lymph node metastasis
  Positive 83 (43.01)
  Negative 110 (56.99)
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(68.09%) and 69 of 99 cases of SCC (69.70%) (Table II). 
The level of ARHGEF5 in poorly differentiated tumors was 
significantly higher than that in moderately-to-well differenti-
ated tumors (P=0.032, Table II). Younger patients (<60 years) 
also exhibited higher ARHGEF5 expression than older ones 
(P=0.043, Table II). Furthermore, the level of ARHGEF5 was 
significantly associated with tumor stage (P=0.027, Table II).

In addition, we examined the expression of ARHGEF5 
in lung cancer tissues and NSCLC cell lines by western blot-
ting. The level of ARHGEF5 protein was obviously higher in 
tumor tissues than in adjacent tissues (Fig. 2A). Similar results 
were observed in NSCLC cell lines than in human broncho-
epithelial (HBE) cells (Fig. 2B).

Table II. Relationship between the clinical characteristics and the expression of ARHGEF5.

Characteristics ARHGEF5 positive ARHGEF5 negative Total P-value
 cases (%) cases (%)

Histology
  SCC 69 (69.70) 30   99 0.931
  ADC 64 (68.09) 30   94
Gender
  Male 103 (71.03) 42 145 0.299
  Female 30 (62.5) 18   48
Age (years)
  ≥60 78 (63.41) 45 123 0.043
  <60 55 (78.57) 15   70
Differentiation
  Well/ moderately 71 (57.72) 52 123 0.032
  Poorly 52 (74.29) 18   70
Tumor stage
  I 39 (57.35) 29   68 0.027
  II 48 (78.69) 13   61
  III 45 (70.31) 19   64
Lymph node metastasis
  Yes 60 (72.29) 23   83 0.469
  No 73 (66.36) 37 110

Table III. Correlation between ARHGEF5 and Src expression in the tumor tissues of NSCLC patients.

Subtypes Group ARHGEF5 (+) ARHGEF5 (-) Total P-value

NSCLC Src (+) 110 35 145 0.001
 Src (-)   23 25   48
 Total 133 60 193
SCC Src (+)   50 17   67 0.107
 Src (-)   18 14   32
 Total   68 31   99
ADC Src (+)   59 18   77 0.000
 Src (-)     5 12   17
 Total   64 30   94

Figure 2. Western blot analysis of ARHGEF5 expression in the NSCLC 
tissues and lung cancer cell lines. (A) The ARHGEF5 expression in the 
NSCLC tissues (T) and adjacent normal tissues (N). (B) The ARHGEF5 
expression in the lung cancer cell lines.
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Expression of Src in NSCLC. As shown in Table III, among 
the 133 NSCLC patients with positive ARHGEF5 expression, 
110 cases (56.99%) showed positive Src expression, whereas 
23 cases showed negative Src expression. In contrast, among 
the 60 patients with negative ARHGEF5, 25 patients showed 
negative Src expression, whereas 35 patients showed posi-
tive Src protein expression. Among the 64 ADC patients 

with positive ARHGEF5 expression, 59 showed positive Src 
expression, whereas 5 patients had negative Src expression. In 
contrast, among the 30 patients with negative ARHGEF5, 12 
patients showed negative Src expression, whereas 18 patients 
had positive Src protein expression. A significant correla-
tion between ARHGEF5 and Src expression in NSCLC 
(χ2=11.874, P=0.001) and in ADC (χ2=12.194, P=0.000) was 
found. However, there was no correlation between ARHGEF5 
and Src expression in SCC.

ARHGEF5 interacts with Src directly in NSCLC. To confirm 
the interaction between ARHGEF5 and Src, fluorescent 
immunohistochemistry and co-immunoprecipitation were 
performed with the tumor tissues and lung cancer cell lines, 
respectively. It was shown that ARHGEF5 and Src were 
co-expressed in NSCLC patient tumor tissues (Fig. 3) and 
the interaction between Src and ARHGEF5 was revealed by 
co-immunoprecipitation in NCI-H322 cells and NCI-H1650 
cells (Fig. 4).

Survival analysis. A total of 107 patients completed the overall 
survival (OS) follow-up and 86 patients were lost to follow-up. 
The median follow-up time was 34.29 months. There was a 
significant difference in the OS time of patients in different 
clinical stages (Fig. 5). To further explore whether there 
was a correlation between the co-expression of ARHGEF5 
and Src and OS time, the patients were stratified into 2 
groups according to ARHGEF5 and Src expression: group 1, 
ARHGEF5(+)/Src(+) patients (n=56); group 2, other patients 
(n=51). The median survival times for group 1 and group 
2 were 29.37 months and 39.90 months, respectively. The 
patients in ARHGEF5(+)/Src(+) group showed a worse OS 
compared with the other patients (29.37 months versus 39.90 
months, P=0.029, Fig. 6).

Discussion

In the present study, we assessed the expression of ARHGEF5 
in NSCLC tissues and the possible correlation of ARHGEF5 
and Src co-expression with the survival time of NSCLC 
patients. The results revealed a significant increase of 
ARHGEF5 expression in NSCLC tissues and cultured cell 
lines compared with in matched adjacent tissues and HBE 

Figure 3. Lung cancer tissues were stained with anti-ARHGEF5 and anti-Src antibodies. Immunofluorescent staining of NSCLC tissues was performed with 
(A) anti-Src antibody or (B) anti-ARHGEF5 antibody. (C) Merged image. Scale bar 50 µm.

Figure 4. Western blot analysis of ARHGEF5 protein by anti-Src Co-IP.

Figure 5. Kaplan-Meier survival plot by stage of 107 patients with resected 
NSCLC.
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cells, respectively. Notably, an interaction between ARHGEF5 
and Src was detected in both NSCLC tissues and cultured lung 
cancer cells. Among the cases completing the OS follow-up, 
the patients with ARHGEF5(+)/Src(+) showed a worse OS 
time compared with the other patients.

In the development and progression of human lung cancer, 
many recent studies have revealed a link with the deregulation 
of GEFs (16). The expression of Rac1-GEF Tiam1 is higher 
in high-metastatic cells than in low-metastatic cells, and 
downregulation of Tiam1 can reduce the invasiveness of high-
metastatic human giant-cell lung cancer cells (17). ECT2, a 
member of the human Dbl family GEFs, is overexpressed in 
the lung and esophageal cancers. Furthermore, high level of 
ECT2 was found to be associated with poor prognosis of lung 
cancer patients (18). Aberrant expression of Vav1 was found 
in 42% of 78 lung cancer cell lines examined and 46% of 57 
human primary lung cancer specimens and the depletion of 
Vav1 expression in H358 and H441 lung cancer cells resulted 
in the reduction of colony formation in soft agar in vitro and 
tumor size in nude mice (19,20). A recent study showed that 
Vav2- and Vav3-deficiency reduced microvascular density, 
tumor cell growth and survival in the transplanted B16 mela-
noma and Lewis lung carcinoma models in vivo (21). In the 
present study, we showed that ARHGEF5 was also highly 
expressed in the resected NSCLC tissues and cultured lung 
cancer cell lines. In addition, we showed that ARHGEF5 was 
closely correlated with age, tumor stage and differentiation. It 
is well known that younger NSCLC patients usually display a 
more aggressive disease course (22,23). In the present study, 
we found that the expression of ARHGEF5 in young patients 
(<60 years) was significantly higher than that in older patients 
(>60 years). Since the tumor stage and differentiation had a 
high correlation with the prognosis, the level of ARHGEF5 
might correlate with the prognosis of NSCLC patients. Thus, 
the overexpression of ARHGEF5 in young patients may be 
related to the aggressive disease course.

High levels of Src kinase activity, which can promote tumor 
cell growth and differentiation (24,25) have been observed in 
many cancer types, including lung cancer (26-28). Src may 
stimulate tumorigenesis in NSCLC in a variety of ways, 
such as the signal transducer and activator of transcription 
3 (STAT-3) and focal adhesion kinase (FAK)-related path-
ways, both of which are involved in tumor survival (29,30). 
Src activates the VEGF pathway via STAT-3 (31) and in 
response to hypoxia in human lung adenocarcinoma cells, 
thus increasing the blood supply to the oxygen-starved 
tumor (32). In this study, we found that Src was extensively 
expressed in NSCLC tissues. Then we further analyzed the 
co-expression of ARHGEF5 and Src in SCC and ADC, the 
results showed that the positive rate of ARHGEF5 and Src 
co-expression was higher in ADC (62.77%) than in SCC 
(50.51%) and the expression of ARHGEF5 was associated 
with the expression of Src ADC (χ2=12.194, P=0.000), but not 
in SCC. Furthermore, it has been reported that ARHGEF5 is 
able to be phosphorylated by Src and then bound to Src to 
form a complex with Src and PI3K (12). Our results showed 
that there was a dynamic interaction between ARHGEF5 
and Src in the lung cancer tissues and lung cancer cell lines, 
indicating that the Src-ARHGEF5 pathway may play a role in 
the tumorigenesis and development of ADC rather than SCC.

To explore the clinical significance of co-expression of 
ARHGEF5 and Src in patients with resected NSCLC, we 
analyzed the correlation of ARHGEF5 and Src co-expres-
sion and the OS in NSCLC patients. Noteworthy, we found 
patients with ARHGEF5(+)/Src(+) had a significantly 
shorter OS than the other patients. Therefore, ARHGEF5/
Src can be considered a candidate prognostic biomarker 
for patients with resected NSCLC. Furthermore, activation 
of STAT-3 and FAK by Src is required for anchorage-
dependent and -independent cell growth in a range of 
human tumors including NSCLC (30). Therefore, Src, a 
cellular tyrosine kinase, offers a particularly promising 
molecular target for anticancer therapy, as inhibition of Src 
may lead to the inhibition of multiple signaling pathways, 
and thereby the inhibition of tumor progress. However, 
although a number of Src inhibitors are currently being 
investigated as potential therapies for NSCLC, such as 
dasatinib (11,33), the antitumor activity of Src inhibitors 
is limited. Thus, the combination with other signal protein 
inhibitors is often needed (34). In the present study, we 
showed that ARHGEF5 was overexpressed in the lung 
cancer tissues and correlated with tumor stage and differ-
entiation. In addition, co-expression of ARHGEF5 and Src 
was correlated with the prognosis of NSCLC patients and 
there was an interaction between ARHGEF5 and Src in the 
lung cancer tissues. These findings suggest that inhibition 
of both Src and ARHGEF5 in NSCLC may be a promising 
cancer therapy for patients with resected NSCLC.

In conclusion, our study found an obvious expression of 
ARHGEF5 in the NSCLC tissues and lung cancer cell lines. 
The expression of ARHGEF5 correlated with age, tumor stage 
and the differentiation. In addition, Src was also expressed in 
the NSCLC tissues, and co-expression of Src and ARHGEF5 
correlated with shorter OS time, indicating ARHGEF5/Src 
can be considered as a prognostic biomarker and a therapeutic 
target for patients with resected NSCLC.

Figure 6. The overall survival rate between the both ARHEGF5/Src positive, 
and the other patients.
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