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Abstract: Vav1 has been reported to be involved in human cancers, however, the expression and clinical significance 
of Vav1 in NSCLC are not fully understood. In the present study, we examined the expression of Vav1 in 170 NSCLC 
patients who underwent radical resection by the immunohistochemical analyses. The association between the Vav1 
expression and clinicopathological variables was analyzed. The multivariate Cox proportional hazards model was 
conducted to determine the prognostic value of Vav1 on the long-term survival. The results showed that the elevated 
Vav1 expression was correlated positively with lymph node metastasis (P<0.001), T stage (P<0.001) and poor his-
tological differentiation (P<0.001). Patients with negative or low Vav1 expression had better prognoses than those 
with high Vav1 expression (P<0.001). Multivariate analysis indicated that Vav1 was independent prognostic factor 
for overall survival (OS) (HR 2.079, 95% CI 1.564 to 2.762, P<0.001) and disease-free survival (DFS) (HR 1.810, 
95% CI 1.391 to 2.356, P<0.001). Our findings showed that overexpressed Vav1 was correlated with aggressive 
tumor behavior. Val1 was an independent factor for NSCLC prognosis, which may serve as a novel prognostic factor 
and potential target to improve the long-term outcome of NSCLC.
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Introduction

As many Non-small cell lung cancer (NSCLC) 
patients are in the advanced stage at the time 
of initial diagnosis, they have the aggressive 
and early metastatic character, which cause 
poor long-term prognosis. The 5-year survival 
rate of NSCLC is only lower than 15%, though 
the diagnosis and treatment had improvements 
in recent years [1]. Therefore, it is still neces-
sary to explore the novel predictive makers and 
ideal treatment to improve the out-come of 
NSCLC.

The Vav family (Vav1-3) of Rho-guanine nucleo-
tide exchange factors (GEFs) was supposed to 
be able to control a diverse array of signaling 
pathways, while Vav proteins are modular and 
contain the Dbl-homology domain [2-4]. 
Recently, the expression of Vav1 was mainly 
found in hematopoietic system, and was 
involved in normal development and homeosta-
sis [5]. Vav1 plays a crucial role in the matura-

tion and function of both myeloid and lymphoid 
cells [6], and the loss of Vav1 may result in 
impaired immune system activity [7, 8]. 
Intriguingly, despite the oncogenic form of Vav1 
has not been detected in clinical human tumors, 
its wild-type form has recently been implicated 
in several human malignancies, such as neuro-
blastoma [9], breast cancer [10], pancreatic 
ductal adenocarcinomas (PDA) and ovarian 
cancer [11, 12]. Furthermore, Vav1-positive 
pancreatic tumors are associated with 
decreased survival in patients [11]. Notably, 
even in the presence of oncogenic K-Ras, Vav1 
RNAi abrogates neoplastic cellular proliferation 
in vitro and in vivo [11]. These findings suggest 
that ectopic Vav1 expression may play an 
important role in human cancer [13]. 

However, the expression of Vav1 in NSCLC pri-
mary tissues, and its clinical significance in 
NSCLC has not been reported. In the light of 
these considerations, the aims of the present 
study were to explore the clinical value and 

http://www.ajcr.us


Vav1 expression and prognosis of NSCLC

2492 Am J Cancer Res 2015;5(8):2491-2497

prognosis factors of Vav1 in NSCLC patients 
after resection.

Materials and methods

Ethics statement

Our study protocol was approved by the Insti- 
tutional Ethics Review Board of Tianjin First 
Center Hospital, Tianjin, China. 

Patients and paraffin-embedded tissue sam-
ples

Tissue samples were obtained from 170 
patients with Ι-ΙΙΙA NSCLC who underwent surgi-

cal resection at the Department of Lung Cancer, 
Cancer Institute and Hospital of Tianjin Medical 
University between 2006 and 2007. All histolo-
gy sections and paraffin blocks were obtained 
from the Department of Diagnostic Pathology, 
Cancer Institute and Hospital of Tianjin Medical 
University. All the patients were Chinese. The 
stage of each patient was diagnosed by two 
certified pathologists according to the proce-
dures outlined by the International Association 
for the Study of Lung Cancer (IASLC) TNM 7th 
[14]. The grade of differentiation was based on 
World Health Organization criteria (Version 
2004) and separated into three subgroups as 
follows: well, moderate and poor [15]. The clini-
copathologic characteristics of patients are 
summarized in Table 1. Patients were followed 
until 29 February 2012. The follow-up period 
ranged from 2 to 86 months (average: 47.1 
months; median: 51.5 months). The end point 
was cancer-related death.

Immunohistochemistry

Paraffin blocks of tumors were cut into 5-mm 
slices and mounted on saline-coated slides. 
Sections were deparaffinized in xylene and 
rehydrated in graded alcohols. Antigen retrieval 
was performed by immersing the sections in 10 
mM sodium citrate buffer (citric acid and sodi-
um citrate, pH 6.0) for 20 minutes at 98°C in a 
water bath. Endogenous peroxidase activity 
was blocked in 3% hydrogen peroxide in water. 
Sections were incubated with rabbit anti-Vav1 
(Acris, Germany) used at a dilution of 1:50 at 
4°C overnight. The sections were then washed 
three times with phosphate-buffered saline 
(PBS) and incubated with the corresponding 
secondary antibodies for 30 min at 37°C, after 
which point the sections were washed with PBS 
and incubated for 1 min with 3,30-diaminoben-
zidine (DAB). The sections were then counter-
stained with haematoxylin, dehydrated, cleared 
and permanently mounted with resinous 
mounting medium. All the procedures were car-
ried out at room temperature. Additionally, tis-
sues that stained positive for Vav1 were used 
as positive controls. Sections that were pro-
cessed by replacing the primary antibody with 
PBS were used as negative controls.

Evaluation of immunohistochemically staining

The degree of immunoreactivity for the proteins 
was evaluated semi quantitatively on the basis 
of staining intensity and the proportion of posi-

Table 1. Correlations between Vav1 expression 
and clinicopathological parameters in Ι-ΙΙΙA NSCLC 
patients (n=170)

Vav1
Variable Negative Low High P value
Age (years)
    ≤60 34 36 22
    >60 24 30 24 0.546
Gender
    female 18 20 22
    male 40 46 24 0.114
Smoking status
    non-smoker 22 20 22
    smoker 36 46 24 0.170
Histology
    suqamous 30 40 24
    non-suqamous 28 26 22 0.540
Tumor location
    left 20 16 19
    right 38 50 27 0.150
Lesion
    peripheral 44 40 32
    central 14 26 14 0.186
Histological differentiation
    well 22 14 4
    moderate 32 30 22
    poor 4 22 20 <0.001
T stage
    T1 26 20 10
    T2 32 28 26
    T3-4 0 18 10 <0.001
Lymph node metastasis
    yes 24 36 38
    no 34 30 8 <0.001
P Values <0.05 were considered to be significant.
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tive tumor cells [16]. Under a 
microscope at ×400 magni- 
fication, five fields of vision 
were randomly selected (wi- 
th no fewer than 200 cells 
per field). The staining inten-
sity was graded as follows: 0 
(no staining), 1 (light yellow), 
2 (yellowish brown) and 3 
(brown). The positive cells 
were graded according to 
the percentage of positive 
cells as follows: 0 (no posi-
tive tumor cells), 1 (<10% 
positive tumor cells), 2 (11-
50% positive tumor cells), 3 
(51-80% positive tumor cells) 
and 4 (>80% positive tumor 
cells). The percentage of 
positive cells and the stain-
ing intensity were then multi-
plied to generate the immu-
noreactivity score. Based on 
this score, the immunoreac-
tivity was divided into three 
groups: negative immunore-
activity (a total score of 0), 
low immunoreactivity (a total 
score of 1-4), and high immu-
noreactivity (a total score of 
>4). Immunohistochemically 
staining was evaluated by 
two independent patholo-
gists who were blinded to the 
cases.

Statistical analysis

All statistical analyses were 
carried out using SPSS13.0 
software (Chicago, USA). Ov- 
erall survival (OS) was de- 
fined as the interval between 
the date of surgery and the 
date of death or last follow-
up. Disease-free survival 
(DFS) was defined as the 
duration of time between the 
date of surgery and the date 
of first recurrence or last fol-
low-up. The χ2 test was used 
to analyses the correlation 
between the expression of 
Vav1 and clinicopathologic 
parameters. The Kaplan-

Figure 1. Expression of Vav1 in human NSCLC specimens. A, B. High-intensity 
cytoplasmic staining of Vav1 in NSCLC specimens. C, D. Low-intensity cytoplas-
mic staining of Vav1 in NSCLC specimens. E, F. Negative immunoreactivity of 
Vav1 in NSCLC specimens. G, H. Vav1 expression was not observed in normal 
lung tissues. A, C, E, G ×200; B, D, F, H ×400.
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Meier method and the log-rank test were used 
to calculate OS and DFS. A prognostic analysis 
was carried out using univariate and multivari-
ate Cox regressions models. P Values <0.05 
were considered to be significant. 

Results

Vav1 expression in NSCLC

We evaluated the expression of Vav1 in 170 
human lung cancer specimens, primarily 
NSCLC. Consequently, Vav1 expression was not 
observed in normal lung tissues, but was pres-
ent in 112 of 170 (65.9%) of all tumor speci-
mens. 58/170 specimens (34.1%) were consid-
ered not stained (intensity score 0), 38.8% had 
low-intensity cytoplasmic staining (1-4), and 

27.1% were highly stained in the cytoplasm (>4) 
(Table 1; Figure 1). 

Correlations between Vav1 expression and 
clinicopathological parameters

As shown in Table 1, significant associations 
between Vav1 expression and histological dif-
ferentiation (P<0.001), lymph node metastasis 
(P<0.001) and T stage (P<0.001) were 
identified. Our results indicated that elevated 
Vav1 expression was correlated positively with 
lymph node metastasis and T stage, and asso-
ciated with poor histological differentiation. 
However, there was no significant correlations 
between Vav1 expression and age, gender, his-
tology, smoking status, tumor location and 
lesion (P>0.05).

Figure 2. Survival curves of 170 patients with NSCLC. Overall survival (A) and Disease-free survival (B) curves of 
NSCLC patients with negative, low and high levels of Vav1 expression (log-rank test, P<0.001 and P<0.001), respec-
tively.

Table 2. Univariate analysis of DFS and OS for 170 NSCLC patients
DFS OS

P value HR 95% CI P value HR 95% CI
Age (≤60, >60 years) 0.815 1.043 0.732 to 1.487 0.264 1.226 0.858 to 1.751
Gender (female, male) 0.109 0.862 0.719 to 1.033 0.064 0.842 0.702 to 1.010
Smoking status (non-smoker, smoker) 0.798 1.049 0.726 to 1.517 0.714 1.072 0.740 to 1.551
Histology (suqamous, non- suqamous) 0.945 0.983 0.603 to 1.603 0.969 0.991 0.607 to 1.615
Tumor location (left, right) 0.171 0.769 0.529 to 1.120 0.240 0.799 0.549 to 1.162
Lesion (peripheral, central) 0.734 1.067 0.735 to 1.548 0.838 1.140 0.716 to 1.510
Histological differentiation (well, moderate, poor) <0.001 2.213 1.702 to 2.879 <0.001 2.200 1.696 to 2.855
T stage (T1, T2, T3-4) <0.001 1.758 1.331 to 2.321 <0.001 1.667 1.273 to 2.181
Lymph node metastasis (no, yes) <0.001 4.753 3.098 to 7.291 <0.001 4.652 3.053 to 7.088
Vav1 (negative, low, high) <0.001 2.369 1.836 to 3.058 <0.001 2.648 2.024 to 3.466
P Values <0.05 were considered to be significant. DFS, disease-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval.
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Survival analysis

We sought to determine whether Vav1 expres-
sion in NSCLC affected the clinical outcomes. 
According to the univariate analysis (Table 2), 
histological differentiation (P<0.001 and 
P<0.001), T stage (P<0.001 and P<0.001) and 
lymph node metastasis (P<0.001 and 
P<0.001), Vav1 expression (P<0.001 and 
P<0.001, Figure 2) were significantly associat-
ed with OS and DFS, respectively. Patients with 
negative or low Vav1 expression had better 
prognoses than those with high Vav1 expres-
sion. Ectopic expression of Vav1 was associat-
ed with decreased survival in patients with 
NSCLC. In the multivariate analysis (Table 3), 
Vav1 expression was an independent prognos-
tic factor for OS (HR 2.079, 95% CI 1.564 to 
2.762, P<0.001) and DFS (HR 1.810, 95% CI 
1.391 to 2.356, P<0.001). Thus, these data 
suggested that high level of Vav1 may lead to a 
decreased survival benefit in NSCLC patients.

Discussion

In this study, we examined the expression of 
Vav1 and its value in predicting clinical out-
comes in postoperative patients with NSCLC. 
The correlations between the expression of 
Vav1 and clinicopathological parameters were 
also analyzed. 

Vav1 is a hematopoietic-specific signal trans-
ducer, which plays an important role in actin 
cytoskeleton reorganization, gene transcrip-
tion, development and activation of immune 
cells [17-19]. The catalytic guanine nucleotide 
exchange factors (GEFs) function of Vav1 has 
been shown to be required in these cellular 
responses, an activity strictly controlled by tyro-
sine phosphorylation [17, 20, 21]. The wild-type 
form of Vav1 is normally expressed exclusively 
in the hematopoietic system [22]. Accumulating 
data now indicate that Vav1 is detected in sev-

eral human malignant tumors and cell lines, 
including neuroblastoma, breast cancer, ovari-
an cancer, prostate cancer and uveal melano-
ma [23], which were all originating from tissues 
that normally do not express this protein. Its 
ectopic expression in a wide variety of human 
cancer tissues suggests it may play a role in 
human malignancies. 

Recent studies revealed that Vav1-depletion in 
pancreatic and lung cancer cell lines results in 
the reduction of colony formation in soft agar in 
vitro and reduction of tumor size in immuno-
compromised mice [11, 13]. Surprisingly, this 
influence of Vav1 expression was observed 
despite the presence of an oncogenic K-Ras 
allele in these cells, demonstrating the cardinal 
role of Vav1 in tumor development [13]. 
Blocking Vav1 expression by RNAi in melanoma 
cells led to impaired activation of the Jak/
Vav1/RhoGTPases (Rac1 and RhoA) pathway, 
inhibiting up-regulation of membrane-type 
matrix metalloproteinase (MT1-MMP) by 
CXCL12, a mechanism that contributes to mel-
anoma cell invasion [23]. Moreover, Vav1 was 
shown via its GEF activity to promote the matrix-
degrading processes underlying pancreatic 
tumor cell migration [24]. Notably, patients with 
Vav1 positive pancreatic tumors had a lower 
survival rate than those with Vav1-negative 
tumors [11]. Another research showed that 
Vav1 expression was associated significantly 
with unfavorable prognosis in patients with ear-
ly-stage epithelial ovarian cancer [12]. These 
data indicated that Vav1 play a significant role 
in the invasion and progression of human 
malignancies.

Recently, Vav1 expression in 42% of 78 lung 
cancer cell lines and in 46% of 57 human pri-
mary lung cancer specimens was analysed 
[13]. In the present study, we evaluated the 
expression of Vav1 in 170 NSCLC specimens, 
and it was present in 65.9% of all tumor speci-

Table 3. Multivariate analysis of DFS and OS for 170 NSCLC patients
DFS OS

P value HR 95% CI P value HR 95% CI
Histological differentiation (well, moderate, poor) 0.031 1.434 1.033 to 1.992 0.017 1.520 1.077 to 2.145
T stage (T1, T2, T3-4) 0.909 0.981 0.702 to 1.370 0.290 0.833 0.594 to 1.168
Lymph node metastasis (no, yes) <0.001 3.261 2.044 to 5.204 <0.001 3.035 1.910 to 4.823
Vav1 (negative, low, high) <0.001 1.810 1.391 to 2.356 <0.001 2.079 1.564 to 2.762
P Values <0.05 were considered to be significant. DFS, disease-free survival; OS, overall survival; HR, hazard ratio; CI, confi-
dence interval.
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mens. Remarkably, significant associations 
between Vav1 expression and histological dif-
ferentiation, lymph node metastasis and T 
stage were identified. The results are partially 
in agreement with the findings of Galit Lazer et 
al, showing that stronger Vav1 staining was 
associated with larger tumour size [13]. Our 
findings implicated that ectopic expression of 
Vav1 may be involved with the invasion and pro-
gression of NSCLC. In addition, this work 
showed that Vav1 expression was associated 
significantly with unfavorable prognosis in 
NSCLC patients. Patients with high-intensity 
Vav1 staining were much more likely to relapse 
and die than those with negative and low inten-
sity Vav1 staining. Using multivariate analyses, 
Vav1 was independent prognostic factor for OS 
and DFS. A newly reported study showed that 
Vav1 may contribute to the progression of lung 
cancer by upregulating expression of colony-
stimulating-factor-1 (CSF1), which is strongly 
associated with poor prognosis in early-stage 
squamous cell carcinoma and its level of 
expression significantly increases with disease 
progression in NSCLC patients [25, 26]. But the 
molecular mechanisms that how Vav1 partici-
pated in the invasive process in NSCLC remain 
elusive. Therefore, further studies are needed 
to explore. 

Conclusion

Taken together, our results indicated that the 
elevated Vav1 expression was correlated with 
aggressive tumor behavior. And it was an inde-
pendent factor for NSCLC prognosis, which may 
serve as a novel prognostic factor and potential 
target to improve NSCLC long-term outcome.
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