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Background: Vasodilator stimulated phosphoprotein (VASP) is associated with focal adhesions and is
thought to have an important role in actin filament assembly and cell motility. We hypothesise that an
increase in the expression of VASP is involved in the progression and invasion of lung adenocarcinomas in
parallel to tumour progression. A study was undertaken to analyse VASP expression in normal lung tissue
and lung adenocarcinomas.
Methods: Human lung tissues with adenocarcinomas (n = 26) were used. Normal lung tissue specimens
(n = 14) were taken from areas a standard distance (3 cm) from resected adenocarcinomas of patients
who underwent surgical lung resection. Adenocarcinomas were classified according to pathological
staging and histopathological grades. Tissues were stained for VASP using immunohistochemistry.
Results: Normal lung pneumocytes showed no VASP expression while alveolar macrophages had the
strongest immunoreactivity for VASP. Bronchial epithelium (surface epithelium, goblet cells) and bronchial
gland cells had a very weak immunoreactivity for VASP. Adenocarcinomas had significantly greater VASP
expression than normal epithelium (p,0.001). Moreover, VASP expression in adenocarcinomas
increased significantly with more advanced tumour stage (p,0.001).
Conclusions: The spatial and differential expression of VASP in normal lung tissue and lung
adenocarcinomas suggests that it is likely to be involved in the differentiation of normal lung cells to
adenocarcinomas. The significant increase in the expression of VASP in adenocarcinomas in parallel to
pathological staging suggests that it may regulate the invasive behaviour of lung adenocarcinomas as
adenocarcinoma invasion is increased in more advanced tumours.

V
asodilator stimulated phosphoprotein (VASP) is a
member of the Ena-VASP family and is a 46 kDa
membrane associated protein that was first described in

human platelets.1 VASP is associated with focal adhesions
and areas of dynamic membrane activity where it is thought
to have an important role in actin filament assembly and cell
motility.1 2 Previous studies performed in many systems have
suggested that this family of proteins has a universal role in
the control of cell motility and intracellular actin dynamics
via a linear pathway from the receptor-ligand interaction.3

Moreover, VASP phosphorylation correlates well with the
reversible inhibition of integrin a2b3 (also known as
fibrinogen receptor or platelet glycoprotein IIb-IIIa).4 In the
intracellular environment, VASP is associated with filamen-
tous actin formation and is involved in intracellular signal-
ling pathways of the integrin-extracellular matrix (ECM)
interaction. It is therefore suggested that this molecule might
play a part in cell adhesion and motility.5

Lung cancer is the most common fatal malignancy world-
wide. Approximately 80–90% of cases involve non-small cell
carcinoma.6 Non-small cell carcinomas are subdivided into
several histological types including squamous cell carcinoma,
adenocarcinoma, and large cell undifferentiated carcinoma.7

Although pulmonary adenocarcinoma is the most common
histological subtype (39% and 36.3% in the United States and
Japan, respectively),8 9 its pathobiological features are not
fully understood. Prognostic factors have a pivotal role in
clinical oncology. They are helpful in the selection of
treatment and provide insights into the disease process and
the therapeutic response. The number of possibly useful
prognostic factors in lung cancer is large.10–13

Understanding the expression and role of VASP in cells is
likely to lead to the development of new therapeutic strategies
for diseases including tumour growth and atherosclerosis.2

No studies to date have examined VASP expression in
normal lung and lung cancers and, since previous studies
have suggested that VASP may be involved in trophoblast
invasion, angiogenesis, cell proliferation and tumorigen-
esis,14–17 we hypothesised that an increased expression of
VASP might be involved in the progression and invasion of
lung cancer in parallel to tumour progression. We therefore
analysed formalin fixed, paraffin embedded tissues of normal
lung and lung with adenocarcinomas obtained from surgi-
cally treated patients. VASP expression was studied by
immunohistochemistry.

METHODS
Collection of tissues
Specimens of human lung tissue with adenocarcinomas
(n=26) were collected from surgically treated patients who
gave their informed consent. Normal lung tissue samples
(n=14) were taken from areas a standard distance (3 cm)
from resected adenocarcinomas of patients who underwent
surgical lung resection. All tissue samples were collected
during the 3 year period between October 2000 and May
2003. Normal lung tissue sections were histopathologically
assessed for tumour cells and apparent pathological features
and were only included in the study if they were morpho-
logically normal. Consent forms and protocols were approved
by Human Investigation Committees of Akdeniz University.
Tissues were fixed in formalin fixative and embedded in
paraffin for immunohistochemical analysis. They were then
cut into 5 mm thick sections and mounted on poly-L-lysine
coated slides. Immunohistochemical analysis was carried out

Abbreviations: ECM, extracellular matrix; VASP, vasodilator stimulated
phosphoprotein
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using a standardised method based on the streptavidin-biotin
technique described below.
None of the patients had undergone chemotherapy before

surgery and all lung adenocarcinomas were the initial
presentation. Pathological staging was performed according
to the surgical resection materials and systematic mediastinal
lymph node dissection: stage 1 (n=7), stage 2 (n=9), stage
3 (n=8) and stage 4 (n=2).18 The tumours were also graded
histopathologically as well differentiated (grade I; n=9),
moderately differentiated (grade II; n=7) and poorly
differentiated (grade III; n=10).19

Immunohistochemistry
To detect VASP immunoreactivity a mouse monoclonal
antibody (Alexis Platform, San Diego, CA, USA) was used.
Following deparaffinisation of sections, tissues were rinsed
twice in phosphate buffer saline (PBS) for 10 minutes.
Endogenous peroxidase activity was quenched by 0.6 ml 3%
hydrogen peroxide (H2O2) and 5.4 ml methanol for 10 min-
utes and rinsed in 0.05% Tween-20 in PBS (PBS-T; pH 7.3).
Sections were then incubated with mouse anti-VASP (1:400
dilution) for 60 minutes at room temperature. Normal mouse
antibody isotype was used as a negative control replacing
primary antibody. After several rinses in PBS-T, biotinylated
horse anti-mouse IgG antibody (Vector Labs, Burlingame,
CA, USA) was applied for 30 minutes. Following several PBS-
T rinses, slides were incubated with streptavidin-peroxidase
complex for 30 minutes (Vector Labs), then rinsed several
times in PBS-T and incubated with DAB (Vector Labs) for
2 minutes. After slight staining with haematoxylin the slides
were mounted using a permanent mounting medium.14 15

Histological scoring (HSCORE) was performed as described
previously.20 21 The intensity of VASP immunoreactivity in
lung tissues was semi-quantitatively evaluated as positively
stained cells using the following intensity categories: 2 (no
staining), 1+ (weak but detectable staining), 2+ (moderate or
distinct staining), 3+ (intense staining). For each tissue a
HSCORE value was derived by summing the percentages of
cells stained at each intensity category and multiplying that

value by the weighted intensity of the staining using the
formula:
HSCORE= Pi (i + l)

where i represents the intensity scores and Pi is the
corresponding percentage of the cells. Two slides were
stained for each patient; in each slide three different areas
and 500 cells in each area were evaluated under a microscope
with 406 objective magnification. Two investigators (12%
interobserver variability) who were blind to the slides
determined the percentage of cells and the mean of their
scores was used.21

Statistical analysis
Patients with pathological stages 1 and 2 tumours and those
with stages 3 and 4 were combined for comparison. Semi-
quantitative results of VASP were normally distributed as
assessed by the Kolmogorov-Smirnov test. Analysis of
variance (ANOVA) and the post hoc Tukey test for pairwise
comparisons were used in statistical analysis. A p value of
,0.05 was considered significant. Statistical calculations
were performed using Sigmastat for Windows, Version 3.0
(Jandel Scientific Corporation, San Rafael, CA, USA).

RESULTS
Of the 26 patients with adenocarcinomas, 22 (84.6%) were
men. The mean age of the patients was 59.7 years (range 39–
79). Details of the clinical evaluation of the adenocarcinomas
such as nodal or distant metastases are shown in table 1.
Adenocarcinomas were classified as stage 1–2 (n=16) or
stage 3–4 (n=10) after clinical and pathological examination
(table 1).

VASP expression in normal lung tissue
VASP expression was first analysed in normal lung tissue. No
VASP expression was observed in pneumocytes (fig 1A) but
alveolar macrophages showed moderate to strong immunor-
eactivity for VASP and the staining was mostly membranous
(fig 1B). Vascular smooth muscle cells showed weak to
moderate immunoreactivity for VASP and the staining model
was in the cytosol and was homogenous (fig 1A, C).

Table 1 Characteristics of study patients

Patient no Age/sex pTNM* Stage Histological differentiation Surgical intervention

1 53/F T2N2M0 3a Well Right upper and middle lobectomies
2 55M T2N1M0 2b Well Left lower lobectomy
3 60/M T2N0M0 1b Well Left upper lobectomy
4 67/M T2N0M0 1b Well Right upper lobectomy
5 79/M T3N0M0 2b Well Left upper lobectomy
6 65/F T1N0M0 1a Well Left upper lobectomy
7 62/M T1N0M0 1a Well Right upper lobectomy
8 59/M T2N1M0 2b Well Right upper and middle lobectomies
9 50/M T3N0M0 2b Well Right upper lobectomy
10 56/M T2N2M0 3a Moderate Right lower lobectomy
11 59/M T1N1M0 2a Moderate Left lower lobectomy
12 67/M T2N0M0 1b Moderate Left upper lobectomy
13 62/M T1N0M0 1a Moderate Right lower lobectomy
14 57/M T1N0M0 1a Moderate Right upper lobectomy
15 51/M T2N2M0 3a Moderate Right upper lobectomy
16 59/M T1N0M0 1a Moderate Left upper lobectomy
17 58/F T2N1M0 2b Poorly Right lower and middle lobectomies
18 61/M T2N2M0 3a Poorly Left lower lobectomy
19 70/M T2N1M0 2b Poorly Right pneumonectomy
20 70/M T3N1M0 3a Poorly Left lower lobectomy
21 68/M T2N2M0 3a Poorly Right middle lobectomy
22 56/M T2N1M0 2b Poorly Left upper lobectomy
23 66/M T3N1M1 4** Poorly Right upper lobectomy
24 59/M T2N2M1 4** Poorly Left lower lobectomy
25 39/M T3N2M0 3a Poorly Left lower lobectomy
26 59/F T3N2M0 3a Poorly Right middle lobectomy

*pTNM, pathological TNM.
**Patients with a solitary brain metastasis.
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Bronchial gland cells and epithelial cells (surface epithelium,
goblet cells) showed weak VASP immunoreactivity but some
parabasal cells were moderately positive (fig 1D). All normal
lung specimens had a similar immunohistochemical staining
pattern for VASP.

VASP expression in lung tissue with adenocarcinomas
We first analysed the lung cells neighbouring the adenocar-
cinoma tissue on the same slide and found no difference in
VASP expression from that of normal cells. Pneumocytes had
no VASP expression while alveolar macrophages had
moderate to strong immunoreactivity for VASP in lung
samples with adenocarcinomas (fig 2A). No difference in
VASP immunoreactivity was detected in alveolar macro-
phages or vascular smooth muscle cells between the groups
(fig 2A).
The highest VASP immunoreactivity was detected in stage

3–4 adenocarcinoma tissue (fig 2B). Compared with normal
bronchial epithelial cells, VASP expression was significantly
higher in both stage 1–2 and stage 3–4 adenocarcinoma
groups (fig 1D v fig 2B and C, p,0.001). Moreover, VASP

expression in stage 3–4 adenocarcinomas was significantly
higher than in stage 1–2 adenocarcinomas (fig 2B v fig 2C,
p,0.001; fig 3).
Adenocarcinomas were also classified pathologically as

well differentiated (grade I), moderately differentiated (grade
II), and poorly differentiated (grade III). These differentiated
cells generally showed moderate to strong immunoreactivity.
Although there was a tendency for VASP immunoreactivity to
increase from grade I to grade III, no statistically significant
difference was found between the grades (p=0.229, fig 4).
However, the adenocarcinoma cells of each grade revealed a
statistically significant increase in VASP expression compared
with normal bronchial epithelial cells (p,0.001, fig 4).

DISCUSSION
The pathobiological characteristics of adenocarcinoma of the
lung have not been completely delineated which makes it
difficult to predict precisely the outcome after complete
resection of the tumour. Many tumour related factors such as
stage, histological type, pathological grade, and expression
and activation status of p53, K-ras and c-erbB proteins have

Figure 1 Representative micrographs of normal human lung tissue immunolabelled for VASP. No VASP immunoreactivity is seen in pneumocytes (A,
arrows). The strongest immunoreactivity is seen in alveolar macrophages (B, arrowheads). Vascular smooth muscle cells (VSM) showed moderate
immunoreactivity for VASP (A, C) and bronchial epithelial cells had very weak or no VASP immunoreactivity (D). A few parabasal cells were strongly
positive for VASP (D, stars). Magnification: A, B, D6100; C,650.
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Figure 2 Representative micrographs of human lung tissue with adenocarcinomas immunolabelled for VASP. (A) No VASP immunoreactivity is seen
in pneumocytes (arrows) and very weak immunoreactivity was found in the epithelium (stars). The strongest immunoreactivity is seen in
adenocarcinoma cells (arrowheads) where vascular smooth muscle cells (VMS) show weak to moderate immunoreactivity for VASP. (B) Considerably
increased VASP immunoreactivity is seen in stage 3 adenocarcinomas (arrowheads) compared with normal bronchial epithelium (A) and stage I
adenocarcinomas (C). Magnification: A650; B, C 6100.
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Figure 3 Comparison of VASP immunoreactivity in normal bronchial
epithelium, stage 1–2 adenocarcinomas, and stage 3–4
adenocarcinomas. Bronchial epithelium represents VASP
immunoreactivity in normal lung tissue. All values are shown as mean
(SD). *p,0.001.
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Figure 4 Comparison of VASP immunoreactivity in normal bronchial
epithelial cells and lung adenocarcinomas graded pathologically as
grades I, II, and III. Bronchial epithelium represents VASP
immunoreactivity in normal lung bronchial epithelial cells. No significant
difference was found between the adenocarcinoma grades (p = 0.229).
All values are shown as mean (SD). *p,0.001.
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been reported to be related to recurrence and survival of
patients with adenocarcinoma.22–25 The celluar and molecular
functions of VASP remain to be determined since it is a
multifunctional protein which is associated with filamentous
actin formation and is involved in the intracellular signalling
pathway of the integrin-ECM interaction. It has therefore
been suggested that it participates in cell adhesion and
motility.5 As a membrane associated protein, VASP is widely
distributed in the cytoplasm of migrating cells, especially at
the leading edge of the cytoplasm. Moreover, this family of
proteins is involved in focal adhesions.26

Previous studies have suggested that the VASP protein
family has a universal role in the control of cell motility and
in the regulation of intracellular actin dynamics via a linear
pathway from the receptor-ligand interaction in many
systems.3 In this study, to our knowledge, we have shown
for the first time that VASP has a spatial expression pattern
in lung tissues depending on the cell type. In normal lung
tissue VASP shows the strongest immunoreactivity in
alveolar macrophages; these are migratory cells and it is
possible that VASP may be involved in regulating the
migration of these cells. The absence of VASP from
pneumocytes and its very weak expression in normal
bronchial epithelial cells—which are accepted as the main
cell origin of adenocarcinomas—also support this suggestion
since these cells are non-migratory cells of normal lung
tissue. Furthermore, the presence of weak but membranous
expression of VASP in the bronchial epithelium may suggest
a role for VASP in cell-cell junctions where it modulates
the formation of filamentous actin in cell-cell binding, since
it has previously been found to bind to components of
cadherin-catenin junctional complex and the transmis-
sion of signals at the cytoskeleton-membrane interface.14

Localisation of VASP to the leading edge of a migrating cell
can lead to the local accumulation of profilin which, in turn,
can supply actin monomers to growing filament ends. VASP
binds to the focal adhesion proteins vinculin and zyxin and
this probably directs the phosphoprotein to focal adhesions
and the leading edge of stimulated cells.
Major therapeutic approaches in cancer have been based

on inhibition of the ras signalling pathway with special
emphasis on the MAPK arm.25 Transformation from benign
to malignant cells can be affected by the expression of rho
GTPases and ras effectors. In malignant epithelial cells
inhibition of MAPK-rac1 signalling alters the expression
and localisation of the actin regulating proteins vinculin and
VASP which results in the loss of stable F-actin structures
and the characteristics of actin based differentiation. The
interaction between rac1 and VASP could therefore be an
important target for cancer treatment.27

Previous studies have suggested that VASP may have a role
in trophoblast invasion, angiogenesis, cell proliferation, and
tumorigenesis.14–16 In the present study we have shown that
VASP expression is higher in adenocarcinomas than in
normal bronchial epithelial cells and pneumocytes.
Although we did not study the molecular mechanisms by
which VASP could regulate tumorigenesis, we hypothesise
that VASP may be involved in the transformation from
normal bronchial epithelium and branchial gland cells to
adenocarcinomas. Moreover, the fact that VASP immuno-
reactivity increases in parallel with tumour stage and that
there is a statistically significant correlation between increas-
ing VASP immunoreactivity and stage 3–4 adenocarcinomas
suggests that the protein may assist in tissue invasion by
adenocarcinomas. It has previously been shown that pre-
venting VASP function or overproduction of VASP in naive
NIH 3T3 fibroblasts results in neoplastic transformation,
implying that normal cell growth may require the main-
tenance of VASP expression within a narrow range and

suggesting a role for VASP in tumorigenesis and/or cancer
progression.17

There was no difference in VASP expression between
adenocarcinomas of different grades, but a significant
increase in VASP immunoreactivity was found with advan-
cing adenocarcinoma stages from 1 to 4. This finding agrees
with the results of previous studies implying that prognostic
criteria in lung adenocarcinoma are related to the stage of the
disease rather than the grade.28–31

In conclusion, our results show for the first time the spatial
and differential expression of VASP in normal lung tissue
and in lung adenocarcinomas. A gradual increase in VASP
expression in adenocarcinoma tissue in parallel to the
increase in stage suggests that VASP may be involved in
the invasive behaviour of lung adenocarcinomas, possibly by
regulating intracellular F-actin formation, focal adhesion,
and cell migration since adenocarcinoma invasion increases
with increasing stage. Furthermore, we speculate that VASP
may be involved in the differentiation of normal lung cells
into lung adenocarcinomas, even though VASP expression is
not related to the transformation from poorly to well
differentiated adenocarcinoma tissue.
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Clinical staging underestimates pathological stage in non-small cell lung cancer
m López-Encuentra A, Garcı́a-Luján R, Rivas JJ, et al. Comparison between clinical and pathologic staging in 2,994 cases of
lung cancer. Ann Thorac Surg 2005;79:974–9

C
linical staging of lung cancer should establish a cTNM reliably predictive of the
pathological stage. This study analysed 2994 lung cancers, operated on with curative
intent in Spain between 1993 and 1997, with the aim of determining the agreement

between clinical and pathological staging.
93% of patients were male with a 57.5 pack-year smoking history. In 29% of the cases

lung cancer was an incidental radiological finding. 98% of the cancers were non-small cell
(59% squamous) and 80% underwent complete resection (55% lobectomy/bilobectomy, 32%
pneumonectomy). Of the 2994 patients initially included in the series, 2606 had a clinical
staging, 2710 were classified using the pathological staging, and a clinicopathological
comparison was performed in 2377 cases (79%). The clinicopathological agreement for
stages IA–IIIB was 47% (Kappa’s index 0.248), similar to that found in other studies (35–
55%). The highest agreement (75%) was achieved for stages IA and IB (Kappa’s index 0.56)
and the lowest for stages IIIB (22%) and IIIA (8%). Clinical staging underestimated the
pathological staging in 92% of stage IIA, 86% of IIIA, 74% of IIB, and 15% of IB tumours.
Differences in staging protocols and in the characteristics of the population studied are likely
to explain variability in the results between different studies. Future studies, using
integrated positron emission tomography (PET)/CT scanning, are likely to result in a better
agreement between clinical and pathological staging. This is important for treatment
planning and the provision of accurate prognostic information.
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