ONCOLOGY REPORTS 27: 1733-1740, 2012

Expression of Cav-1 in tumour cells, rather than in
stromal tissue, may promote cervical squamous cell carcinoma
proliferation, and correlates with high-risk HPV infection
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Abstract. Altered expression of caveolin-1 (Cav-1) is observed
in various types of cancers. However, little research has
been reported regarding the correlation between the expres-
sion of Cav-1 and cervical cancer. Here, we investigated the
clinical significance of Cav-1 expression using quantum dot
(QD)-based immunofluorescence staining in cervical cancer
and its correlation with high-risk human papilloma virus
(HPV) infection detected by chromogenic in sifu hybridiza-
tion. Our results showed that the positive rates of Cav-1 protein
in normal cervical mucosa, CIN, cervical adenocarcinoma and
SCC were: 0, 33, 19 and 55%, respectively. The differences
in Cav-1 protein expression in cervical SCC compared to the
other three groups were all statistically significant. Absence
of stromal Cav-1 protein in 58 cases of cervical SCC was
67%. The positive rates of the Cav-1 protein in tumour and
stromal cells of cervical SCC were not correlated with clini-
copathological parameters. In the cervical SCC tissues, Cav-1
expression in tumour cells was not associated with stromal
Cav-1 expression, but a positive correlation existed with the
PCNA protein and high-risk of HPV infection. The results
presented here suggest that expression of Cav-1 in the tumour
cells, rather than in the stromal tissue surrounding the tumour,
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may promote cervical SCC cell proliferation, and correlates
with high-risk HPV infection.

Introduction

Cervical cancer is one of the most common cancer among
women worldwide, and its incidence is higher in people of
low socioeconomic status in developing countries, including
China. It is well known that cervical carcinogenesis is caused
by persistent oncogenic high-risk human papillomavirus
(HR-HPV) infection (1,2). However, not all of the infected
women will develop cervical cancer, still other genetic and
epigenetic factors including tumour suppressor gene, onco-
gene, cell cycle regulating factors and apoptosis, may be
involved in tumour progression (1).

The caveolin (Cav) family includes Cav-1, Cav-2 and Cav-3.
Cav-1 is the major structural protein of caveolae and function-
ally regulates the activity of many signaling molecules, which
are potentially involved in the development of human cancer.
Cav-1 is widely expressed in fully differentiated or quiescent
cells, such as adipocytes, fibroblasts, alveolar epithelial cells,
endothelial cells and smooth muscle cells. Previous studies of
Cav-1 in various types of cancer showed two contrary results.
On one hand, expression of Cav-1 is increased in cancer of the
prostate (3), pancreas (4), breast (5), colon (6), tongue (7) and
esophagus (8), thus, indicating that it plays a positive role in
tumour progression. On the other hand, expression of Cav-1 is
decreased in the lung (9), colon (10), ovary (11), breast (12,13),
stomach (14) and thyroid cancer (15). Cav-1 has a different
expression pattern across tissues in different organs, despite
such tissues having the same histological type, such as squa-
mous cell carcinomas. These data imply that Cav-1 may have
multiple activities in cancer depending on its interaction with
other signaling molecules and the specific cell type or tissue in
which it is expressed. Therefore, whether caveolins promote or
suppress tumour progression remains controversial.

Cervical tumours are composed of malignant epithelial
cells and tumour stroma. Recently, more and more evidence
has identified that stromal components in the tumour micro-
environment, including the extracellular matrix and cell types
such as fibroblasts, vascular endothelial cells, immune and
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inflammatory cells, have a profound influence on the devel-
opment and metastasis of tumours. There is evidence that
the presence of Cav-1 in the tumour microenvironment can
regulate tumour development. Witkiewicz, et al (16) reported
that an absence of stromal Cav-1 expression in human breast
cancers is a powerful single independent predictor of early
disease recurrence, metastasis, tamoxifen-resistance and poor
clinical outcome.

To understand the role of Cav-1 including tumour and
stromal expression and HR-HPV infection in the progres-
sion of cervical lesions, a series of consecutive biopsies and
resected specimens with progressing lesions from cervical
intraepithelial neoplasia (CIN) to invasive cervical cancer
were investigated. In the present study, we thus analysed the
Cav-1 expression status in 89 patients with cervical cancer and
10 cases of normal cervical tissues and 30 cases of CIN were
used as control, then clarified their correlation with clinico-
pathological parameters and HR-HPV infection.

Materials and methods

Patients and cervical specimens. A total of 89 samples
including 73 cases of cervical squamous cell carcinoma
(SCC) and 16 cases of cervical adenocarcinoma (AC) who
underwent total hysterectomy due to complaints other than
uterine cervical lesions such as uterine fibroids, and endome-
triosis, were studied. Thirty biopsy samples had CIN diagnosis
(10 cases with CINI1, 8 cases with CIN2, and 12 cases with
CIN3), and 10 biopsy samples had normal cervical mucosa.
All these cases were treated in Department of Pathology,
Maternal and Child Health Hospital of Hubei Province,
between 2006 and 2009. The diagnosis of all the cases was
reviewed and reconfirmed by two experienced pathologists
(J.B.H. and J.S.). Primary cervical squamous cell carcinoma
patient characteristics including World Health Organization
TNM stage, pathological grade are shown in Table I. Approval
for this study was obtained from the ethics committee of
Maternal and Child Health Hospital of Hubei Province.

Tissue microarray construction. All 73 cases of cervical
SCC were randomly selected for tissue microarray (TMA).
Haematoxylin and eosin stained sections of the selected
tumours were examined and representative areas of solid
tumour identified for sampling. A tissue core of diameter
1.5 mm was punched from each donor block and transferred to
a recipient block of maximum 96 cores using a tissue-arraying
instrument (Beecher Instruments, Silver Spring, MD, USA).
Sections (4 pm) were consecutively incised from the recipient
block and transferred to poly-lysine-coated glass slides.
Haematoxylin and eosin staining was performed on TMA for
the confirmation of tumour samples.

Quantum dot-based immunofluorescence histochemistry.
Cav-1 immunoreactivity was detected in all 129 cervical
specimens using a primary rabbit antihuman polyclonal anti-
body (diluted 1:300; Santa Cruz Biotechnology, Santa Cruz,
CA, USA) and performed by quantum dot immunofluorescent
histochemistry (QD-IHC) according to the manufacturer's
instructions (Wuhan Jiayuan Quantum Dots Co., Ltd., Wuhan,
China). The detailed procedure was performed as previously
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Table I. Correlation between expression of Cav-1 protein in
the tumour cells and clinicopathological parameters of cer-
vical squmous cell carcinomas.

Cav-1
Group Cases -(%) + (%) o*value P-value
Age 1.028 0311
=47 29  11(38) 18(62)
<47 44 22 (50) 22 (50)
Grade 0416 0519
I+IT 25 10(40) 15 (60)
1T 48 23 (48) 25(52)
Tumor stage
Tl 62 30(48) 32(52) 1.681 0.325
T2 + T3 11 327 8(73)
TNM stage 3319 0.068
I+IT 52 20(38) 32(62)
I+IV 21 13(62) 8(38)
Lymph node 2434  0.119
status
Ny 53  21(40) 32 (60)
Ny, 20  12(60) 8 (40)
HPV 16/18 5764 0016
infection
Negative 17  12(71) 529
Positive 56 21(37) 35(63)
PCNA status 16.579  0.000
Negative 14 13093) 1)
Positive 59 20(34) 39 (66)
Stromal Cav-1 3.155 0.076
Negative 39 17 (44) 22 (56)
Positive 19 13(68) 6(32)

described (17). The positive signal was observed and the
obtained images captured via Olympus BX51 fluorescence
microscopy (CCD DP72). The immunofluorescence signals
were bright red (605 nm QDs), and photostable. Positive
staining of Cav-1 was located in the cell membrane and cyto-
plasm. In addition, negative control serum was applied to a
section of cervical SCC as a negative control. Normal blood
vessel endothelial cells naturally abundant in Cav-1 were used
as positive internal controls (Fig. 1A).

Scoring of the immunofluorescent results. At least 100 cells
were randomly selected and counted from five representative
fields of each core using a x20 objective in a blinded manner
by two independent observers (J.B.H. and 1.S). Positive rates
of Cav-1 in tumour cells detected by QD-IHC staining were
assessed according to protocol outlined by Ando et al (18). In
cervical AC tissues were classified into two groups: negative
(-) and positive (+) by the threshold between 0% and the others
because Cav-1-positive cells were <5% in most tumours. In
cervical SCC specimens, expression of Cav-1 was scored
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Figure 1. Expression of Cav-1 protein detected by quantum dot immunofluorescent method in the human different cervical lesions. (A) Positive expression of
Cav-1 protein in the basal cells of normal cervical epithelium and stroma, negative expression of Cav-1 in the other parts including glandular epithelium (white
arrowhead). (B) negative expression of Cav-1 in the CIN tissues. (C) Positive expression of Cav-1 in the CIN tissues, but negative in the glandular epithelium
(white arrowhead). (D) Positive expression of Cav-1 in the stromal and tumour cells of cervical adenocarcinoma. (E) Negative expression of Cav-1 in the
tumour cells of cervical adenocarcinoma, but positive in the stroma. (F) Positive expression of Cav-1 in the cancer cells of cervical SCC, but negative in the

stroma (original magnification, x200).

as follows according to the proportion of positive staining
throughout the entire core: 0, negative or <10%; 1, <33%; 2,
33-67%; and 3, >67%. The status of Cav-1 immunofluorescent
staining was classified as negative for scores of 0 or 1 and
positive for scores of 2 or 3. Negative or absent expression of
stromal Cav-1 was no staining, otherwise, regarded as positive
expression.

Quantumdotdouble immunofluorescentlabeling. Co-expression
of Cav-1 and proliferating cell nuclear antigen (PCNA) proteins
were detected in cervical SCC TMA by quantum dot double
immunofluorescent labeling staining according to the manu-
facturer's instructions (Wuhan Jiayuan Quantum Dots Co.,
Ltd.). All dilution steps (antibodies and QDs) were performed
in TBS containing 2% bovine serium albumin (BSA, Sigma,
St. Louis, MO, USA). Antigen retrieval was performed in citric
acid (10 mM, pH 6.0) at 95°C for 10 min, followed by cooling
for 30 min. For antibody bindings, sections were first incubated
in 2% BSA buffer at 37°C for 30 min, and then at 4°C overnight
in Cav-1 and mouse anti-PCNA monoclonal antibody (1:150

dilution, Santa Cruz Biotechnology). Negative control samples
were prepared in parallel but the primary antibody was replaced
with TBS. Sections were then washed three times with TBS-T
(0.5% Tween, 0.1 M Tris-base, 0.9% NaCl and pH 7.6) for 5 min
each time, and incubated in biotinylated goat anti-mouse IgG
(1:400 dilution, Jackson ImmunoResearch, West Grove, PA)
at 37°C for 30 min. For QD conjugation, antibody-binding
sections were incubated in 2% BSA buffer again at 37°C for
10 min, incubated in QDs (605 nm) conjugated to streptavidin
(1:200, Wuhan Jiayuan Quantum Dots Co., Ltd.) and QDs
(545 nm) conjugated to goat anti-rabbit IgG (1:100, Wuhan
Jiayuan Quantum Dots Co., Ltd.) for 45 min, rinsed three times
with TBS-T for 5 min each, and finally sealed with 90% glyc-
erine (Sigma). The immunofluorescent signal was observed by
Olympus BX51 fluorescence microscopy (CCD DP72). PCNA
positive signals were bright red, and Cav-1 were green. Negative
control only had autofluorescence signal.

HPYV detection by in situ hybridization. Sections of cervical
SCC TMA (4 pm) was deparaffinized and hydrated sections
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Figure 2. Expression of Cav-1 protein and co-expression of Cav-1 and PCNA proteins detected by quantum dots immunofluorescent method in the cervical
squamous cell carcinoma. (A) Positive expression of Cav-1 protein in the tumour cells of cervical SCC, stronger signal in the tumour cells of peripheral cancer
nest. (B) Positive expression of Cav-1 in the stromal and tumour cells of cervical SCC. (C) Negative expression of Cav-1 in the tumour cells of cervical SCC, but
positive in the stroma. (D) Negative expression of Cav-1 in the stromal and tumour cells of cervical SCC. (E and F) Positive signal of PCNA protein located in
the nuclus, bright red. Positive signal of Cav-1 protein showed green, located in the cell membrane and cytoplasm. Co-expression of Cav-1 and PCNA proteins
was detected in the most of tumour cells (ultraviolet light excitation), (original magnification, A-D x200; E-F x400).

were stained using biotin-labelled HPV 16/18 DNA probes
(PanPath, Amsterdam, The Netherlands) and the BIO-HRP
Rembrandt® Universal DISH detection kit (PanPath).
Detection and staining was carried out according to the manu-
facturer's instructions. Assessment of in situ hybridization
(ISH) signals was carried out with Olympus BX51 microscopy
(CCD DP72). A tissue block from a confirmed HPV-positive
cervical carcinoma was used as positive control. Dark brown
to black punctate or diffuse nuclear staining was regarded as
being positive for HPV 16/18.

Statistical analysis. All statistical analyses were performed
by the SPSS 18.0 software package for Windows. The y* test
and Fisher's exact test (2-sided) were used to analyze the
correlations between Cav-1 expression in the tumour and
stromal cells and the patients' clinicopathological parameters.
Correlations between Cav-1 expression in the tumour cells and
PCNA, HR-HPYV infection, stromal Cav-1 were analysed via
Spearman rank correlation. P-values <0.05 were considered
significant.

Results

Expression of Cav-1 protein. Expression of Cav-1 immuno-
reactivity was observed at the cell membrane and cytoplasm.
Focal dot-like immunoreactivity for Cav-1 was detected in
normal cervical squamous epithelium cells (Fig. 1A) and most
of CIN (Fig. 1B), but strong positive staining in the capil-
lary endothelial cells, fibroblasts and smooth muscle cells
(Figs. 1A-D and 2B and C). It is interesting that completely
negative expression of Cav-1 protein was found in the cervical
glandular epithelium (Fig. 1A and C). Diffuse positive staining
of Cav-1 in the part of CIN, cervical adenocarcinoma, SCC
was detected (Figs. 1C-F and 2B), but tumour cells in some
cases including cervical adenocarcinoma and SCC demon-
strated negative for Cav-1 (Figs. 1E and 2C and D).

Stronger positive staining of Cav-1 was observed in
tumour cells of the peripheral cancer nests of some SCCs
(Fig. 2A). The positive rates of Cav-1 in the normal cervical
squamous epithelium, CIN, cervical adenocarcinoma, SCC
was 0 (0/10), 33% (9/30), 19% (3/16) and 55% (40/73),
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Table II. Cav-1 protein expression in the different cervical lesions.
Cav-1

Different groups Cases (n) - (%) + (%) x> P-value
Normal epithelium® 10 10 (100) 0 (0) 3.871%° 0.081%
CIN® 30 21 (67) 9(33) 5.241°4 0.022
Adenocarcinoma® 16 13 (81) 3(19) 6.8284 0.009
scce 73 33 (45) 40 (55) 10.5774 0.001

“Fisher's value.

Table III. Correlation between expression of stromal Cav-1
and clinicopathological parameters of cervical squmous cell
carcinomas.

Stromal Cav-1

Group Cases - (%) + (%) P-value
Grade 0.262  0.609
I+II 21 15(71) 6(29)

I 37 24 (65) 13 (35)

Tumour 0.185 1.000
T1 47 31(66) 16 (34)

>T1 11 8(73) 327

TNM stage 1.618 0.203
I+II 40 29 (72) 11 (28)

II+1vV 18 10 (56) 8 (44)

Lymph 2233  0.135
node status

N, 41 30(73) 1127

N, 17 9(53) 847

respectively. Table II showed Cav-1 protein expression in
the different cervical lesions. Significant difference of Cav-1
expression was observed between SCC and the other three
groups (P<0.05). In a pairwise comparison between the other
three groups, no significant difference of Cav-1 expression
was observed.

Only 58 cases of 73 cervical SCC had sufficient tissue for
analysis of both epithelial and stromal Cav-1 immunostaining.
Representative examples of tumours with Cav-1 positive and
negative stromal tissue are shown in Fig. 2B and C. Thirty-nine
specimens (67%) showed an absence of stromal Cav-1 levels.
According to the criteria of the current study, the positive
rates of stromal Cav-1 in the cervical SCC was 33% (19/58).
To further explore the relationship between Cav-1 levels in
the tumour microenvironment and cervical SCC progression,
we detected Cav-1 immunoreactivity in 58 primary cervical
SCC and specifically analyzed the amount of Cav-1 protein
either in tumour cells or stromal cells. In 39 stromal Cav-1
negative cases, 22 cases showed positive expression of Cav-1
protein in tumour cells. In 19 stromal Cav-1 positive cases, 13

cases showed negative expression of Cav-1 protein in tumour
cells. Seventeen positive cases and 6 negative cases of cervical
SCC demonstrated co-expression of Cav-1 protein in tumour
and stromal cells. While both relationships showed a nega-
tive correlation tendency, it was not statistically significant
(P=0.076).

Clinical significance of Cav-1 expression in tumour and
stromal cells. Table I shows the correlation between Cav-1
expression in tumour cells and different clinicopathological
parameters in univariate analyses. In the TNM stage I+I1,
positive rates of Cav-1 protein in tumour cells was 62%
(32/52), higher than 38% (8/21) of III+IV, but the difference
was not significant. No significant association was found
between staining intensity of Cav-1 in tumour cells and the
other clinicopathological parameters of SCC.

Correlation between stromal Cav-1 expression and
different clinicopathological parameters of cervical SCC as
shown in Table III. Positive rates of stromal Cav-1 expres-
sion in high TNM stages and with lymph node metastasis
was higher than those in low TNM stages and without lymph
node metastasis, but no significant differences was observed.
There were no significance between stromal Cav-1 expres-
sion and tumour cell differentiation degree and invasive
range.

Correlation between Cav-1 expression in tumour cells and
cell proliferation, HR-HPV infection. Quantum dot double
immunofluorescent labeling method was used to detect
co-expression of Cav-1 and PCNA proteins in 73 cases of
cervical SCC. Positive signals of PCNA were bright red,
located in the cell nucleus, while Cav-1 were green and located
in the cytoplasm (Fig. 2E and F). Negative co-expression of
Cav-1 and PCNA in tumour cells was seen in 13 cases, and
39 cases were positive for co-expression of Cav-1 and PCNA
in tumour cells, both correlations were significantly positive
(r=0.466, P=0.000).

Positive signal pattern of HPV 16/18 showed punctate,
diffuse or mixed nuclear staining (Fig. 3). ISH reactions for
HPV 16/18 were positive in 77% (56/73) cases of cervical
SCC. In 17 HPV 16/18 DNA negative cases, 12 cases showed
negative expression of Cav-1 protein in tumour cells. In
56 HPV 16/18 DNA positive cases, 35 cases showed positive
expression of Cav-1 protein in tumour cells, both demonstrated
a significantly positive correlation (r=0.281, P=0.016).
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Figure 3. HPV 16/18 infection detected by in situ hybridization in the cervical squamous cell carcinoma. Positive signal pattern of HPV 16/18 showed (A)
diffuse, (B) mixed and (C) punctate nuclear staining (DAB staining, original magnification, x400).

Discussion

It has become increasingly clear that Cav-1 is a multifunctional
scaffolding protein, can regulate multiple cancer-associated
processes including cellular transformation, tumour growth,
cell migration and metastasis, cell death and survival, multi-
drug resistance and angiogenesis by binding cell surface signal
molecules (19). However, Cav-1 has been reported to impact
both positively and negatively on various aspects of tumour
progression. Some studies have reported that Cav-1 function
as a tumour suppressor, but others have identified Cav-1 as a
poor prognostic factor in various human cancers. It is very
interesting that difference of caveolin-1 expression pattern is
detected in the different histology subtype such as SCC and
AC of lung (20). Even in the same histology type such as SCC,
Cav-1 also has a different expression pattern. In vivo study
of tongue (7), esophagus (8,18), bladder (21), lung (22) and
nasopharynx (23) SCC demonstrated overexpression of Cav-1
protein in the tumour cells, and is closely correlated with tumor
progression and poor prognosis (18,23). Nevertheless, in the
primary head and neck squamous cell carcinoma (HNSCC),
Cav-1 may play an inhibitory role in tumourigenesis and lung
metastasis (24). On the contrary, other studies show that Cav-1
is able to mediate tumour cell migration and invasion and its
regulation by miR-133a in HNSCC, and thus as an oncogene
in HNSCC (25). In the development of cervical cancer, inac-
tivation of the Cav-1 gene by mutation or methylation of the
promoter may play a very limited role (26), or relate with an
unknown mechanism. Hence there is a need to further investi-
gate the actual role of the Cav-1 gene in the development and
progression of cervical cancer.

In our study, expression of Cav-1 protein was detected by
QD-IHC in the different cervical lesions. Positive staining of
Cav-1 protein was observed in the cervical SCC, adenocar-
cinoma, CIN and stroma such as capillary endothelial cells,
fibroblasts and smooth muscle cells. Focal dot-like Cav-1
staining was found in the basal cells of normal cervical
squamous epithelium, but completely negative in the cervical
glandular epithelium. The results demonstrated that the
expression pattern of Cav-1 is dependant on the histological
subtype. We found that the positive rates of Cav-1 in the
normal cervical squamous epithelium, CIN, cervical SCC
was 0 (0/10), 33% (9/30) and 55% (40/73), respectively,
suggesting a gradient increase of Cav-1 levels follow with

malignant progress of cervical squamous epithelium. The
difference of Cav-1 protein was significant in the cervical
SCC group compared with the other two groups, implying
that Cav-1 functions as an oncogene in the development of
cervical SCC. We previously reported that Cav-1 might be an
oncogene in the development and progress of human tongue
SCC (7). But our study also found that Cav-1 protein was
positive in 19% (3/16) cervical AC tissues, significantly lower
than 55% (40/73) of cervical SCC, suggesting that Cav-1 has
different biological functions in the cervical adenocarcinoma,
more studies are warranted. Our study further analysed the
correlation between Cav-1 expression in tumour cells and
clinicopathological parameters, and found that positive rates
of Cav-1 protein in the T2+T3 stage was 73% (8/11), higher
than 52% (32/62) of T1 stage, although no significant differ-
ence was observed, these results manifested that Cav-1 may
relate with the infiltrating extent of cervical SCC. However, no
significant correlation was elucidated between levels of Cav-1
and the other clinicopathalogical parameters. A significant
correlation can be observed between Cav-1 immunostaining
and T factor, lymphatic invasion, vein invasion and differentia-
tion of esophageal SCC (18). There is also positive correlation
between the expression of Cav-1 protein and tumour grade
and squamous features of urothelial carcinoma of the urinary
bladder (27). Eventually, positive staining for Cav-1 could be
a potentially useful prognostic marker of esophageal SCC
(18) and pulmonary SCC (28). Our results further identify
that Cav-1 has a different expression pattern in the same SCC
subtype of different organs.

Recently, some studies reported that high levels of Cav-1
in the stromal tissue surrounding the tumour, rather than
within tumour cells, are associated strongly with reduced
metastasis and improved survival. However, a loss of stromal
Cav-1 in cancer-associated fibroblasts can be regarded as a
powerful single independent predictor of breast cancer patient
tumour recurrence, metastasis, tamoxifen-resistance, and
poor clinical outcome (16,29,30). Stromal levels of Cav-1 are
also significantly decreased in the primary prostate cancer,
and correlated with a high Gleason score, indicative of a
worse prognosis and poor clinical outcome (31). An absence
of stromal Cav-1 may be a potential therapeutic target and
valuable prognostic indicator of breast and prostate cancer
progression. Nevertheless, the interaction of Cav-1 between
tumour and stromal cells remains unclear. In the present
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study, we examined Cav-1 expression in tumour and stromal
cells by QD-IHC analysis in 58 primary cervical SCC tissues.
Thirty-nine of 58 cervical SCC specimens (67%) showed an
absence of stromal Cav-1. Expression of Cav-1 in the tumour
and stromal cells had a negative correlation tendency, but no
significance was detected, suggesting that Cav-1 may have a
different biological function in the tumour and stroma. Absent
rates of stromal Cav-1 expression in high TNM stages and
with lymph node metastasis was lower than those in low TNM
stages and without lymph node metastasis, but no significant
differences was observed. Moreover, stromal Cav-1 expression
was not related with tumour cell differentiation degree and
invasive range. From the above results, we could not conclude
that Cav-1 functions as a tumour suppressor or oncogene in
the stromal microenvironment, further studies are needed to
determine the roles of stromal Cav-1. Possibly the stromal
Cav-1 function in the SCC is different from adenocarcinoma
such as breast and prostate cancer.

Quantum dots, which are also called fluorescent semi-
conductor nanocrystals, have extraordinary fluorescent
properties including high brightness, high stability against
photobleaching and tunable wavelengths. Different QDs in the
same experiment could be excited by monochromatic light, do
not need to convert filters and make the multicolor imaging
possible (32). In this study, QDs double immunofluorescent
labeling method was used to detect co-expression of Cav-1 and
PCNA proteins in the tumour cells of cervical SCC, and both
showed a significant positive correlation which indicated that
Cav-1 has the ability to promote cervical SCC progression by
enhancing cell proliferation capabilities.

HR-HPV infection is the most important event in the
malignant transformation of cervical epithelium. Different
signal patterns of HR-HPV are detected by using ISH, which
has a diffuse, punctate and mixed signal, especially punctate
signal is related with malignant transformation of cervical
epithelium (33). We found that 77% (56/73) of cervical SCC
tissues was positive for HPV 16/18 by ISH, and reported
that a significant positive correlation was observed between
expression of Cav-1 in tumour cells and HPV 16/18 infection,
suggesting that Cav-1 can promote the progress of cervical
SCC, and may have an association with HR-HPV infection.

In summary, we have identified Cav-1 expression in tumour
cells, rather than in the stromal tissue surrounding the tumour,
possibly contributing to cervical cancer progression by
enhancing cell proliferation. We also demonstrate that Cav-1
in the tumour and stroma has a different biological function
in cervical SCC. The data provide additional mechanisms of
Cav-1 promoting cervical SCC progression, that may associate
with HR-HPV infection.
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