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Abstract. This study was designed to clarify the function of
caveolin-1 (Cav-1) in the development of lung cancer by
investigating the mutation and protein expression of the
Cav-1 gene in non-small cell lung carcinoma (NSCLC).
Quantum dot immunofluorescence histochemistry was used
to evaluate Cav-1 protein expression and subcellular locali-
zation in the lung cancer tissue microarray including 140
cases of lung cancer and 20 cases of non-cancerous lung
tissue. Mutation of the Cav-1 gene in exon 1 and exon 3 was
detected by polymerase chain reaction-single strand confor-
mation polymorphism and sequencing. The positive rates
of Cav-1 expression were 49.3% (69/140) in NSCLC group,
significantly lower than the 100% (20/20) rate in the control
group. Adenocarcinomas (16.7%), adenosquamous carcinomas
(38.4%), squamous cell carcinomas (67.1%) and large cell
lung cancers (66.7%) displayed Cav-1 positive staining,
suggesting a gradient of Cav-1 expression according to tumor
histotype-related aggressiveness. High-expression of Cav-1
protein was statistically correlated with pathologic TNM stage
and lymph node metastasis. No mutation could be detected in
exon 1 and exon 3 from all Cav-1 protein negative expression
of NSCLC samples. Cav-1 immunoreactivity in lung cancer
is histotype-dependent, increased Cav-1 expression indicates
the malignant progression and high invasion features of
NSCLCs. Deregulation of Cav-1 expression in NSCLCs may
not correlate with mutation.

Introduction

Lung cancer is one of the most common malignant tumors
in humans with high incidence and mortality rate. In China,
there were about 0.50 million lung cancer cases and 0.43
million deaths in 2005 (1). About 80-85% of lung cancers are
non-small cell lung cancer (NSCLC), of which adeno-
carcinoma (AC) and squamous cell carcinoma (SCC) are the
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two major types. The etiology and mechanism of lung
carcinogenesis are still unclear. The development of tumor
correlates with the pathway aberration of signal transduction.

Caveolin is the major structural protein in caveolae. To
date, multiple forms of caveolin, caveolin-1, -2 and -3, have
been identified. Caveolin-1 (Cav-1) functionally regulates
the activity of many signaling molecules, such as the Wnt/3-
catenin/lef-1 (2), Racl (3) and Mdm?2/p53-mediated pathway
(4), which are potentially involved in the development of
human cancer. The role of Cav-1 in cancer cells is still debated
and highly controversial. Cav-1 is down-regulated, e.g., in
human ovarian carcinoma (5), colon AC (6) and head and
neck SCC (7), this function strongly suggests the possible
role of Cav-1 as a tumor suppressor. Consistent with this, the
human caveolin gene is mapped to a suspected tumor locus
(7q31.1), which is often deleted in human cancers (8).
Conversely, Cav-1 overexpression is associated with more
aggressive behaviour, increased recurrence rate and poorer
prognosis in prostatic cancer (9), pulmonary SCC (10) and
hepatocellular carcinoma (11). Due to such discrepancies,
it is still unclear whether Cav-1 up- or down-regulation is
responsible for a biological advantage in tumorigenesis.

Advances in nanotechnology have led to the development
of novel fluorescent probes called quantum dots (QDs). QDs
are novel nanocrystal fluorophores with extremely high
fluorescence efficiency and minimal photobleaching. They
also possess a constant excitation wavelength together with
sharp and symmetrical tunable emission spectra. These unique
optical properties make them near-perfect fluorescent markers
and there has recently been rapid development of their use
for bioimaging (12). Our previous studies have shown the
way for the general application of QDs to immunohisto-
chemistry (IHC) in formalin-fixed and paraffin-embedded
tissue and subsequently been used to detect a vast array of
proteins (13).

In the present study, we examined the expression patterns
of Cav-1 in different histology of human lung cancer. We
analyzed 140 NSCLC and 20 non-cancerous lung tissues by
QDs immunofluorescence histochemical staining on a tissue
microarray for possible relationships between the Cav-1
expression and clinicopathological parameters and screened
for mutations in the Cav-1 gene.

Materials and methods

Patients and samples. A total of 140 NSCLCs and 20 non-
cancerous lung tissues (used as controls) were included in
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Table I. Relationship between expression of Cav-1 protein and clinicopathological parameters of the NSCLCs.

Caveolin-1 protein

Group Cases Negative Positive Positive rate (%) y* value P-value

Age 1.059 0.303
<57 65 36 29 44.6
>57 75 35 40 533

Gender 0.125 0.723
Male 114 57 57 50.0
Female 26 14 12 46.2

Histology
Nees 82 27 55 67.1 28.228 0.0002>
ACP 42 35 7 16.7 3.948 0.064ac¢
ASCe 13 8 5 384 4.375 0.097bde
LCLCH 3 2 66.7

TNM stage 4016 0.045
I 102 57 45 44.1
I+111 38 14 24 63.2

N classification 5.857 0.016
N, 104 59 45 433
N, ; 36 12 24 66.7

SCC, squamous cell carcinoma; AC, adenocarcinoma; ASC, adenosquamous carcinoma; LCLC, large cell lung cancer. °The Fisher's exact

test.

this study, obtained from patients of Zhongnan Hospital of
Wuhan University. Clinical data were reviewed to ensure the
clinical stage and metastasis. For each case, the haematoxylin
and eosin sections were reviewed by at least two pathologists
following the 2004 World Health Organization histological
classification for lung cancers. The clinicopathological
parameters are summarized in Table I. Of the tumor samples
82 were classified as SCCs, 42 as ACs including 8
bronchiolo-alveolar carcinoma and 7 papillary adeno-
carcinoma, 13 as adenosquamous carcinomas (ASCs), and 3
as large cell lung cancers (LCLCs). This study was approved
by the Ethics Committee of Wuhan University.

Tissue microarray construction. Tissue microarray blocks
were constructed using a tissue-arraying instrument (Beecher
Instruments, MD, USA) (14). Two replicates of tumor tissue
1.1 mm in diameter from at least two different paraffin wax
blocks from each case were placed in tissue microarray blocks
from 140 NSCLC patients. Non-cancerous lung tissues were
obtained from 20 patients and two replicates were included in
the same tissue microarrays. Each slide has >95% tissue core
retention.

Quantum dot immunofluorescence histochemical staining.
Cav-1 immunoreactivity was tested in all tissue microarrays
using anti-Cav-1 antibodies (diluted 1:300; Santa Cruz, USA)
and performed using QDs immunofluorescence histochemistry

(QDs-IHC) according to the manufacturer's instructions
(Wuhan Jiayuan Quantum Dot Co. Ltd.). Antigen retrieval
was performed using citric acid (10 mM, pH 6.0) at 95°C
for 10 min and left to cool for 30 min. The detailed procedure
was performed as previously described (13). The signal
obtained from the labeling of cells was detected by Olympus
BX51 fluorescence microscopy (CCD DP72). The immuno-
fluorescence signals were colored red (605 nm QDs), bright,
and photo stable. Positive staining of Cav-1 was located in the
cell membrane and cytoplasm. Negative controls were
carried out by omitting the primary antibody instead of TBS.
Normal blood vessel endothelial cells within the tumor section,
naturally abundant in Cav-1, were used as positive internal
controls (Fig. 1).

Scoring analyses of immunofluorescence results. At least 100
cells were randomly selected and counted from five repre-
sentative fields of each core using a 20X objective in a
blinded manner by two independent observers (L.F.F. and
Y.X.Z.). Positive rates of Cav-1 detected by QDs-IHC
staining were assessed according to Kato et al (15). In ACs,
we classified them into two groups as (-) and (+) by the
threshold between 0% and the others because most tumors
had Cav-1-positive cells <5%. In SCCs, ASCs and LCLCs,
we defined the cut-off between 0-25 and 25-100% because
25% level was the most significant pathologic effect in
clinicopathological parameters (Table I).
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Figure 1. Quantum dot immunofluorescence histochemical staining for Cav-1 in the lung cancer TMAs. (A) Strong staining of Cav-1 in the capillary
endothelium cells, type 1 pneumocytes, fibroblasts, smooth muscle cells. (B) Strong staining of Cav-1 in SCC tumor cells and stroma. (C) Positive staining of
Cav-1 in AC tumor cells. (D) Negative staining of Cav-1 in bronchioloalveolar carcinomas, blood vessel endothelial cells serve as a positive control. (E)
Negative staining of Cav-1 in AC tumor cells but strong staining in the stroma. (F) Week staining of Cav-1 in SCC tumor cells but strong staining in the

stroma. Magnification x100.

Cav-1 mutation screening in lung carcinomas. Thirty tumor
samples with Cav-1 negative expression and 12 non-cancerous
lung tissues were screened for mutations in exons 1 and 3
of the Cav-1 gene. DNA was extracted using the QIAamp
DNA Mini Kit (Qiagen) and eluted with 100 u1 H,0. A
159-bp fragment was amplified from exon 1 (GenBank NM
AF095591, F: 5“AGTTCCCTTAAAGCACAG-3', R: 5'-CG
CTTCTGCCTC-3'") and a 446-bp fragment was amplified
from exon 3 (GenBank NM AF095593, F: 5'-CTGTGCTCA
TGTTGTGTCAC-3', R: 5'-CCTGGTGCCAATTTCAAG
TTC-3") (8). Polymerase chain reaction-single strand confor-
mation polymorphism (PCR-SSCP) were carried out on the
PCR products without non-special amplification (16). Purified
PCR samples were also sequenced with an ABI PRISM 310
genetic analyzer (PE Biosystems) to screen for novel mutations.

Statistical analysis. All statistical analyses were performed
by the SPSS 13.0 software package for Windows. The y? test
and Fisher's exact test (2-sided) were used to analyze the
correlations between Cav-1 expression and the patients' clinico-

pathological parameters. P-values of <0.05 were considered
to be statistically significant.

Results

Expression of Cav-1 protein. The red signal was clearly
observed under fluorescence microscope at the sites labeled
with QDs, showing the existence of Cav-1 protein, indirectly
after the slides were incubated with anti-Cav-1 primary
antibody, biotinylated goat anti-rabbit IgG and streptavidin
conjugated quantum dots (605 nm QDs).

Cav-1 was highly expressed in cytoplasm and cyto-
membrane in type I pneumocytes, capillary endothelial cells,
fibroblasts and smooth muscle cells (Figs. 1A and 2C). The
normal bronchial epithelium, including Clara cells (Fig. 2D),
and type II pneumocytes (Fig. 2C), demonstrated negative
staining for Cav-1. Cav-1 staining was generally observed in
some tumor cells of NSCLC specimens detected by the two
different excitation wavelengths (blue and ultraviolet light)
(Fig. 2A, B). Positive staining of Cav-1 was observed only in
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Figure 2. Immunofluorescence histochemical staining for Cav-1 in normal lung tissues and NSCLCs. Positive staining of Cav-1 is clearly observed upon
different wavelength excitations [(A), blue light; (B), ultraviolet light]. (C) Strong staining of Cav-1 in the capillary endothelium cells, type 1 pneumocytes
and fibroblasts, but negative staining in the cast-off epithelium cell (white arrow). (D) Positive staining of Cav-1 in the SCCs, especially on the cell
membranes, but negative staining in the bronchial epithelium (white arrow). (E) Positive staining of Cav-1 in the peripheral cells in carcinomatous nests. (F)
Positive staining of Cav-1 in AC tumor cells. (G) Strong Cav-1 staining in squamous cancer cells, not in the adenocarcinoma cells of ASC (white arrow). (H)

Strong staining of Cav-1 in LCLC tumor cells. Magnification x200.

the peripheral cancer nests of some SCCs (Fig. 2E). No
bronchioloalveolar carcinomas proved to be Cav-1-positive
(Fig. 1D). Only 1 of 7 papillary adenocarcinoma was Cav-1
positive. However, there was Cav-1-positive staining of stroma
in the AC and SCC samples (Fig. 1E and F). Immuno-
fluorescence staining for Cav-1 was positive in all of the
control group (20/20), whereas 49.3% (69/140) of the
NSCLCs expressed Cav-1 (x*>=18.234, P=0.000).

Table I shows the relationship between Cav-1 expression
and different clinicopathologic parameters in univariate
analyses. ACs (16.7%, Fig. 1C, F), ACCs (38.4%, Fig. 2G),
SCCs (67.1%, Figs. 1B and 2D) and LCLCs (66.7%, Fig. 2H)
displayed Cav-1-positive staining, suggesting a gradient of
Cav-1 expression according to tumor histotype-related aggres-
siveness. Significant difference of Cav-1 expression was
observed between SCCs and ACs (P=0.000). Statistical
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Table II. Associations between expression of Cav-1 protein and clinicopathological features in patients with lung squamous

cell carcinomas.

Cav-1
Variables Negative Positive Positive rate (%) y* value P-value
Grade 0.579 0.447
G1-2 8 21 72.4
G3 19 34 64.2
TNM stage 2.960 0.085
I 23 37 61.7
I+111 4 18 81.8
N classification 4442 0.035
N, 24 37 62.3
N, 4 3 18 85.7

Table III. Associations between expression of Cav-1 protein and clinicopathological features in patients with lung

adenocarcinomas.
Cav-1
Variables Negative Positive Positive rate (%) y? value P-value
Grade? 0.003 1.000
G1-2 19 5 20.8
G3 8 2 20.0
TNM stage 0.105 1.000
I 27 5 15.6
JIEIII 8 2 20.0
N classification 0.105 1.000
N, 27 5 15.6
N, 8 2 20.0

aBronchiolo-alveolar carcinoma (BAC) was not graded.

correlation was found between the enhanced Cav-1 expression
and the advanced stage (stage I vs. stage II+I11, P=0.045). In
addition, high-expression of Cav-1 was associated with the N
classification. In contrast, there was no correlation between the
positivity of Cav-1 expression and age, or gender.

Positive correlation was observed between high-expression
of Cav-1 protein and lymph node metastasis of SCC. No
significant association was found between staining intensity
of Cav-1 and the other clinicopathological parameters of SCC
(Table II). No correlation was detected between Cav-1 expres-
sion and clinicopathological parameters of AC (Table III).

Mutation of Cav-1 in the NSCLCs. To determine whether
Cav-1 expression was associated with gene mutation on
exons 1 and 3, we performed PCR-SSCP and DNA sequencing
on 30 tumor specimen with Cav-1-negative expression and
adjacent lung specimens. In all specimens 159 bp on exon 1

and 446 bp on exon 3 were both successfully amplified.
Every sequence was verified several times by independent
sequencing. No mutations on exon 1 and exon 3 were found
in adjacent non-cancerous lung tissues and NSCLC specimens
(Fig. 3).

Discussion

QDs are fluorescent semiconductor nanocrystals with
diameters of the order of 2-10 nm or roughly 200-10000 atoms.
They are nearly spherical nanocrystals composed of elements
from periodic groups of II-VI (CdSe) or III-V (InP).
Recently, QDs have been conjugated with many biological
molecules, such as proteins, antibodies, and oligonucleotides,
as well as streptavidin. So, QDs can effectively and specifi-
cally target different biomakers at cellular, tissue, tumor and
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Figure 3. Mutation analysis of Cav-1 exon 1 and exon 3. (A) Cav-1 exon 1 by SSCP analysis. (B) Cav-1 exon 3 by SSCP analysis. The PCR amplification
product for exon 1 was 159 bp, exon 3 was 446 bp in size. M, 100 bp ladder markers; C, nearby non-cancerous tissues; ssDNA, single-stranded DNA;
dsDNA, double-stranded DNA; T, cancer tissues. (C) Cav-1 gene sequencing in the para-cancerous tissues. (D) Cav-1 gene sequencing in the Cav-1 negative
NSCLC tissues. Every sequence was verified several times by independent sequencing. No Cav-1 mutations was observed in human NSCLC specimens.

organ levels, and they have been used as a diagnostic tool for
cancer in vivo studies (17,18). The unique optical properties
of QDs not only overcome the limitations associated with
tissue autofluorescence, but also allow accurate determination
of low levels of Cav-1 expression, especially in the lung ACs.
Our previous study demonstrated that QDs-IHC is superior to
IHC enabling high-throughput application in biopsy and
formalin-fixed and paraffin-embedded specimens (13).

In this study, we employed 605 nm QDs conjugated
streptavidin for Cav-1 protein detection, the results show that
Cav-1 was highly expressed in cytoplasm and cytomem-
brane in type I pneumocytes, capillary endothelial cells,
fibroblasts and smooth muscle cells, but negatively stained in
the normal bronchial epithelium, including Clara cells and
type II pneumocytes. These results are in accordance with
previous reports (10,19), but Kato er al (15) reported that
Cav-1 is expressed in normal bronchial epithelium. We found
that immunofluorescence staining for Cav-1 was positive in
all 20 cases of the control group, whereas 49.3% (69/140) of
the NSCLCs expressed Cav-1, this result suggested Cav-1
plays an important role in the development of NSCLCs.

In the present study, Cav-1 protein expression was not
associated with age or gender, but statistical correlation was

found between the enhanced Cav-1 expression and the
advanced stage (stage I vs. stage II+III), suggesting that the
expression of Cav-1 in tumor cells may be related to tumor
invasion. It has been speculated that overexpression of Cav-1
render tumor cells biologically aggressive and invade adjacent
normal tissues by induction of the expression of other proteins
related to the tumor invasion (10). We also found that Cav-1
expression was significantly increased in metastatic compared
with non-metastatic lung cancers, demonstrated that Cav-1
may be regarded as a metastasis promoter in the NSCLCs.
These results are in accordance with previous reports (10,20).
However, Wikman et al (19) detected Cav-1 protein level by
IHC on a tissue microarray containing tumors from 161 patients
and normal tissues, Cav-1 expression was not unrelated with
clinical stage and lymph node metastasis. We postulated that
the Cav-1 deregulated in certain stages of lung cancer, Cav-1
re-expression could adapt to the need of tumor cell invasion
and metastasis. Ho ez al (21) reported that Cav-1 re-expression
in the tumor cells is correlated with the drug resistance and
the prognosis of advanced NSCLC patients. Re-introduction of
Cav-1 expression into less invasive lung carcinoma cells causes
increases in cell invasive ability (22). These results may explain
our data in some respect, further study is still required.
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In the present study, ACs (16.7%), ACCs (38.4%), SCCs
(67.1%) and LCLCs (66.7%) displayed Cav-1 positive
staining, suggesting a gradient of Cav-1 expression according
to the histotype-related tumor aggressiveness. Moreover, we
observed significant difference of Cav-1 expression between
SCCs and ACs, this suggested that the function of Cav-1 may
be tissue-dependent (20). Because Cav-1 expression patterns
in ACs were admittedly different from those in SCCs, we
thought that ACs should be distinguished from SCCs. We
found that positive correlation was observed between high-
expression of Cav-1 protein and lymph node metastasis of
SCCs, suggesting that the expression of Cav-1 in SCCs plays
a critical role in modification of biological activity of tumor
cells metastasis. We recently reported that Cav-1 expression
level is correlated positively with clinical TNM stage and
histologic grade of tongue SCC (23). Other studies have
reported that overexpression of Cav-1 in esophageal SCC is
correlated with T factor, lymphatic invasion, vein invasion,
differentiation and overall survival of patients (24). Based on
the results of the esophageal carcinomas and our present
results, it suggested that Cav-1 expressed in the same
histologic type of carcinoma from different organs might
have similar function. In this study, no significant association
was found between Cav-1 staining intensity and TNM stage,
T classification, or histopathological grading. On the
contrary, Kato et al (15) reported that expression of Cav-1
was significantly correlated with T classification. However,
no correlation was detected between Cav-1 expression and
clinicopathologic parameters of ACs in this study. These
results are not in accordance with previous reports (18), due
to the relatively small number of patients.

CpG island methylation and gene mutation are two
possible ways leading to the loss of Cav-1 expression. A
previous study reported that loss of Cav-1 protein expression
was not correlated to the methylation status in the promoter
region of Cav-1 gene (19). However, the presence of Cav-1
gene mutation was controversial. Cav-1 gene has three
exons. Exon 1 and exon 3 mutations were often detected,
because the GC content of exon 2 is as high as 62.9% that by
PCR method it is difficult to amplify. Hayashi et al (16)
reported a mutation in Cav-1 at codon 132 (P132L) in 16% of
cases in 92 primary human breast cancers, the mutation-
positive cases were mostly invasive scirrhous carcinomas. In
this study, we showed that no mutation was detected in exon
1 and exon 3 in 30 cases of lung cancer tissues and non-
cancerous lung tissues. The absence of methylation and
somatic mutations in Cav-1 further supports up-regulation of
Cav-1 in a proportion of NSCLCs (19). Our findings suggest
that more mutation sites may exist requiring further research
to confirm. Li et al (25) identified six novel Cav-1 mutations
associated with ERa-positive breast cancers (W128Stop,
Y118H, S136R, 1141T, Y148H and Y 148S).

In conclusion, the present study suggests that Cav-1
immunoreactivity in lung cancer is histotype-dependent,
increased Cav-1 expression indicates the malignant progres-
sion and high invasion features of NSCLC. Deregulation of
Cav-1 expression in the Chinese NSCLC may not be
correlated with gene mutation. Therefore, other mechanisms
must exist for the invasion-promoting capability of Cav-1 in
lung carcinoma.
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