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Abstract: Background: Angiogenesis is a critical aspect of cancer biology and considered as crucial step in the
successful growth, invasion and metastasis of many solid tumors. The role of caveolin-1(CAV-1) in cancers remains
controversial, and has been a subject for numerous investigations. In addition to its role in tumor cell biology, there
is increasing evidence that caveolin-1 may also play an important role in angiogenesis. However CAV-1 has been
implicated in the pathogenesis of oncogenic cell transformation, tumorigenesis, and metastasis of different tumors,
the histopathologic significance of CAV-1 expression and its correlation with angiogenesis remains unknown in
salivary mucoepidermoid carcinoma (MEC) and adenoid cystic carcinoma (ACC) Methods: Based on an
immunohistochemical study, the expression levels of caveolin-1 and vascular permeability factor (VPF) and the
intratumoral microvessel density (MVD) in 20 samples of MEC and 20 samples of ACC were investigated, and
correlations with histopathologic parameters (different grades and patterns of MEC and ACC) were evaluated
statistically. Results: The overall percentages of the 40 specimens expressing CAV-1 in MEC and ACC were 80%
and 60% respectively. Most of the cases of MEC and ACC were positive for antibodies of VPF (95%).
Immunoreactivities of these biomarkers in salivary MEC and ACC were higher than those in normal salivary gland
with a statistical significant difference (P<0.00). Furthermore, CAV-1 immuno-reactivity was higher in low grade
MEC than in high grade MEC and also, CAV-1 expression was higher in MEC than in ACC but with no statistical
significance. VPF immuno-reactivity was higher in high grade MEC than in low grade MEC and was higher in the
solid form of ACC, followed by tubular-trabecular pattern and finally the cribriform pattern showed the least values
with a statistical significant difference (P <0.05). Microvessel density of salivary MEC and ACC was higher than
that of normal salivary gland (P <0.00). MVD was significantly higher in the tumors with low caveolin-1
expression and in the tumors with high VPF expression in the different salivary gland carcinomas. Conclusions:
The current results suggest that caveolin-1 may function as a tumor suppressor in MEC and ACC of the salivary
glands. Reduced expression of caveolin-1 and increased VPF expression and MVD may indicate a poor prognosis
for patients with salivary MEC and ACC. Therefore, these biomarkers can be molecular targets for therapy of
metastasis of salivary gland tumors.
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1. Introduction dissemination of metastatic tumor cells is important
Malignant salivary gland tumors constitute a for new treatment strategies of salivary gland cancer.
major challenge in head and neck oncology because of Caviolin proteins (Caviolin 1, Caviolin 2,
its frequency, varied histological typing, and poor Caviolin 3) serve as the structural components of
response to other therapies. It is further complicated caveolae and also functioning as scaffolding proteins,
by the absence of clear parameters to preview which are capable of recruiting numerous signaling
biological behavior, in particular to predict molecules to Caveolae and regulating their activity
development of metastasis (Chen ef al, 2008 and (Cohen et al., 2004 and Parton et al., 2006). Caveolin
Sergio et al., 2009). In this sense, there is few 1 (CAV-1)( a 22 kDa protein) has been implicated in
information regarding pathways implicated in tumor the pathogenesis of oncogenic cell transformation,
dissemination of salivary gland cancer. So, knowledge tumorigenesis, and metastasis of many solid tumors
of cellular and molecular properties that influence the (Navarro et al., 2004 and Williams and Lisanti,

2005). Caveolin-1 has been reported to be
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dysregulated in various cancers, as caveolin-1
expression is decreased in several cancers such as
ovarian carcinoma, pulmonary adenocarcinoma, and
breast cancer and thought to function as a tumor
suppressor gene (Hino et al., 2003 and El-Sheikh et
al., 2008). On the other hand, the CAV-1 expression is
upregulated in the other cancers such as renal cell
carcinoma, prostate cancer, and breast carcinoma and
associated with higher stage, cancer progression, and
poor prognosis (Savage et al., 2007, Cho et al., 2008
and Sloan et al., 2009). In addition to its role in tumor
cell biology, there is increasing evidence that
caveolin-l may also play an important role in
angiogenesis.

Angiogensis is regulated by the balance of
positive and negative angiogenic factors. Among these
factors, Vascular permeability factor (VPF) which is
regarded as the most potent candidate for the
induction of tumor angiogenesis by acting as specific
stimulatory mitogenic molecule for endothelial cells
(Tonini et al., 2004, Hillen and Griffioen, 2007 and
Lorusso and Ruegg, 2008,). The assessment of the
angiogenic capacity of a tumor could be performed via
measuring the density of the microvessel in
histological sections of the tumor wusing pan
endothelial markers such as (CD34) which is an
immunoglobulin vascular adhesion molecule that is
involved in endothelial cell migration and
angiogenesis ( Gratzinger et al., 2003). Individual
tumor may demonstrate a great deal of heterogeneity
in MVD values where the MVD value were
significantly higher in group with worse pathologic
types, metastases or advanced TNM stage than their
counterpart (Chou et al., 2005).

The correlation between the expression of
caviolin-1, VPF and the MVD may be a reliable
indicator of disease progression and clinical outcome
of several tumors. In addition, few reports are
available on angiogenesis and its histological
relevance in salivary gland tumors .Thus, the
objectives of the current study were to investigate the
expression levels of caveolin-1, VPF and the
intratumoral microvessel density (MVD) (labeled by
CD34) in MEC and ACC and their correlation with
each other and with different histological grades and
patterns of the salivary gland carcinomas (MEC,
ACC).

2.Methodology
1). Tissue Specimens

Formalin-fixed, paraffin-embedded tissue blocks
were obtained from 40 patients with salivary gland
carcinomas (20MEC, 20ACC) of SGT. Sections were
retrieved from files of National Cancer Institute, Cairo
University. Diagnoses of the carcinomas were based
on histological examination of H&E stained tissue.
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Serial sections of 4 mm were cut from the paraffin
embedded blocks. Another 10 paraffin embedded
tissue blocks of normal non-neoplastic salivary gland
tissue at the periphery of the sample were also
selected as control group. The specimens are mounted
on positively charged glass slides (Optiplus,
Biogenex, USA). Histopathologic grading was
determined according to the World Health
Organization grading scheme (Seifert et al., 1991). Of
the 20 MECs, 10were classified as low grade and 10
as high grade MEC. Of the 20 ACCs, 10were
classified as cribriform, 5 were classified as tubular-
trabecular and 5 as solid patterns.

2)- Immunohistochemistry

The following primary antibodies were used:
monoclonal mouse antihuman caveolin-1 (Clone 4D6
Cat. No. L155908 1ml, Novocastra, UK, dilution,
1:10). Monoclonal mouse antihuman VPF (dilution,
1:50; Santa Cruz Biotechnology, Santa Cruz, Calif ).
Monoclonal mouse antihuman CD34 (ready to use;
Santa Cruz Biotechnology, Santa Cruz, Calif ). Tissue
sections were deparafinized, rehydrated and treated
with endogenous peroxidase in 0.3% H,O, for 30 min
to block the endogenous peroxidase activity. For
antigen retrieval, the slides were placed in a container
filled with target retrieval solution (code no. S3308
Dako), and heated in a microwave oven at 100°C for
15 min. The positive test slides were incubated with
the mouse monoclonal primary antibodies in their
appropriate  dilution ranges overnight at room
temperature in a humified chamber.

After washing with phosphate buffer solution

(PBS), the slides were treated with the biotin labeled
link antibody, then the streptavidin conjugated to
horseradish peroxidase was used. The
diaminobenzedine (DAB) chromogen was applied to
visualize the antigen antibody reaction. All these
reagents belong to the universal Labeled Streptavidin-
Biotin 2 System, Horseradish Peroxidase (code
n0.K0673 DakoCytomation, Denmark). All the slides
were immersed in Mayer’s hematoxylin for
counterstaining. Finally, the sections were covered by
cover slips using aqueous mounting medium.

3). Immunohistochemical Evaluation:

The ordinary light microscope was used to detect
and localize the immunostaining of Caveolin-1 and
VPF proteins. Cells with cytoplasmic or membranous
brown staining were considered positive. Then, all the
sections were examined by an image analyzer
computer system using the software Leica Queen 500.
Five random fields in each specimen were captured
using a magnification (X400) to determine the arca
percentage and immunostaining intensity of the
positive tumor cells. The area percentage and
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immunostaining intensity were scored from 1 to 3
according to the difference between the largest and
smallest mean value of each parameter in the studied
cases. The scores of both area percentage and
immunostaining intensity were then summed to obtain
a single total score. The overall reaction was
considered mild (Score 1 & 2), moderate (Score 3 &
4) or strong (Score 5 & 6) according to the single total
score (Lim et al., 2003).

4)- Microvessel Density Determination

To determine the MVD, the stained normal and
tumor tissue sections were initially screened
microscopically at low power (100x) to identify the
arecas of highest vascularization (“hot spots™). Five
high-power (400x%) fields were then chosen randomly,
and the number of microvessels in each high-power
field (0.09 mm?2) was counted for each sample with
the use of an ocular grid16. MVD for each sample was
taken as the mean count of CD34 immuno-stained
vessels of the five values obtained. MVDs in the NSG
adjacent to tumor tissue were also counted for
comparison.

5)- Statistical Analysis

All the obtained total scores of the examined
sections were given as mean values =+ standard
deviation (SD) for statistical evaluation. The ANOVA
test was used to compare the overall expression of
different proteins among the NSG tissue and different
grades and patterns of SG tumors. Paired Student’s t-
test was used to compare each two grades and patterns
together. Correlation Matrix test was done to examine
if there is significant correlation between the Caviolin-
1 expression, VPF expression and MVD in the
different salivary gland carcinomas. Statistical
analysis was calculated using the SPSS version 11.5
software package. A statistical difference of P<0.05
was considered significant.

3.Results
Immunohistochemical Findings
Normal salivary gland (Control group):
Immunohistochemical analysis revealed a
positive, diffuse, cytoplasmic and membranous
staining pattern of CAV-1 expression in the ductal
epithelial cells and myoepithelial cells in all 10 normal
salivary gland samples (Fig. 1C). Measured by the
image analyzer computer system, the mean value of
area % of CAV-1 immunoreactivity was 5.04 £+ 1.67.
Immunohistochemical staining of VPF was
detected in the cytoplasm of both normal ductal
epithelial cells and serous acini, as evidenced by the
presence of brown stained, granular, immunoreaction
products, while the mucous acini were devoid of VPF
expression (6.05 + 0.35) (Fig. 1A). Regarding MVD,
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Most of the normal salivary gland control cases
showed mild immunostaining for CD34 in the
endothelial lining of BV and only very few cases
showed moderate degree of MVD. The mean value of
no of BV was 2.10+0.28 (Fig. 1B).

Mucoepidermoid carcinoma (MEC):

Sixteen out of the twenty examined cases of
MEC revealed CAV-1 immunopositivity (60%). The
CAV-1 immunostaining was seen in (60%) of low
grade and (60%) of high grade MEC Eight cases of
MEC showed marked fine, granular pattern at the
surface membrane and the cytoplasm of cancer cells,
eight cases showed reduced expression, while four
cases were negative. The CAV-1 was seen in
cytoplasm of both epidermoid and mucous secreting
cells. The mean value of area % of caviolin-1
immunoreactivity in high and low grade MEC was
10.22 + 3.13 and 10.57 + 4.51 respectively (Fig. 2A
and 2D).

The studied cases of low grade MEC showed
positive VPF immuno-reaction which ranged from
moderate to strong. The mean value of area % was
28.04+ 0.85. Regarding MVD, Most of the studied
cases showed moderate MVD while few cases showed
marked MVD and other showed mild MVD. The
mean value of no of BV was 9.85 + .715 (Figs.
2B&2C). The studied cases of high grade MEC
showed positive VPF immuno-reaction and the
positive expression was diffuse in all the eopidermoid
cell nests or sheets with a strong intensity. The mean
value of area % was 47.8 + 1.33. Regarding MVD, in
contrast to the low grade MEC, the high grade MEC
showed marked MVD and few cases showed
moderate MVD. Most of the B.V. showed sever
elongation and marked increase in the diameter of
B.V. The mean value of no of BV was 19.01 =+
2.04(Figs. 2E&2F).

Adenoid cystic carcinoma:

Fifteen out of the twenty cases of ACC examined
revealed CAV-1 immunopositivity (8 cases of
cribriform, 4 cases of tubular-trabecular pattern while
the five cases of solid pattern were negative). Seven
cases of ACC showed marked diffuse, granular pattern
at the surface membrane and the cytoplasm of the
uniform neoplastic and myoepithelial cells lining the
duct and cystic spaces, five cases showed reduced
expression, while eight cases were negatively stained.
The mean value of area % of CAV-1
immunoreactivity in cribriform and tubular patterns of
ACC was 9.17 £ 2.63 and 9.95 + 2.46 respectively
(Figs. 3A&3B).

In cribriform pattern of ACC, the examined cases
showed mild to moderate diffuse VPF immuno-
reaction which detected mainly in the tumor cells but
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not in the stromal cells. The mucinous substances as
well as hyalinization material showed negative VPF
immunoreactivity. Few cases showed strong VPF
immuno-reaction. The mean value of area % was
38.0+ 2.74 (Fig. 4A). Regarding MVD, Most of the
cribriform cases of ACC showed moderate MVD,
while some cases demonstrated mild MVD and very
few cases showed marked MVD. Some cases showed
little elongation of B.V and slight increase in the
diameter of B.V. The mean value of no of BV was
13.37 +0.35.

Most of the tubular-trabecular cases of ACC
revealed positive expression of VPF ranged from
moderate to strong expression while few cases showed
mild immunoreaction. The mean value of area % was

44.65+ 0.07 (Fig. 4B). Regarding MVD, Most of the
studied tubular-trabecular cases of ACC showed
moderate MVD, while other cases demonstrated
marked MVD. The mean value of no of BV was
14.35+0.21.

Most of the solid cases of ACC showed a strong
positive VPF expression in the tumor cells of solid
sheets while C.T stroma showed negative immuno-
reaction. Few cases revealed a moderate

immunostaining for VPF. The mean value of area %
was 46.3+ 1.05 (Fig. 4C). Regarding MVD, Most of
the solid cases of ACC showed marked MVD and few
cases showed moderate MVD with marked increase in
B.V. diameter The mean value of no of BV was 15.7+
0.23 (Fig. 4D).
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Fig (2): A photomicrograph of low grade MEC showing marked immunostaining for CAV-1(A), moderate immune-
reaction for VPF (B) and mild-moderate MVD (C), While in high grade MEC moderate immunostaining for CAV-1
was detected (D), strong positive immune-reaction for VPF (E) and marked MVD and sever elongation of blood

vessels were showed (F).
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Fig (3): A photomicrograph of cribriform patternf ACC

moderate immune-reaction for CAV-1 in tubular-trabecular pattern of ACC(B), Note the negative immunreaction in
connective tissue stroma.

Fig(4): A photomicrograph of cribriform pattern of ACC showing mild immunostaining for VPF(A) and moderate-
strong immune-reaction in tubular-trabecular pattern of ACC(B), while, solid pattern of ACC showed strong
positive immune-reaction in tumor cells (C) with negative CT stroma. Note the moderate to strong MVD in ACC

(D).
Table (1): Correlation between CAV-1 expression, VPF expression and MVD
Group Mean + SD
Coveolin % VPF MVD P-value
Normal 5.04 +1.67 6.05 +0.35 2.10+0.28
ACC cribr 9.17 +2.63 38.0+2.74 13.38 £0.35
ACC Tub 9.59+2.46 41.63 £0.68 14.35+£0.21
ACC solid - Ve 44,06 +0.125 15.73+0.23 <0.001*
MEC low 10.57 +4.51 28.04 £0.85 9.85+0.72
MEC high 10.22 +3.13 47.86 £1.33 19.01 £2.04
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Fig (5): Bar chart illustrating the overall expression of CAV-1, VPF and MVD in NSG, MEC (different grades) and ACC.

Statistical Results

The mean value of area % of CAV-1 immuno-
reactivity was higher in the S.G carcinomas than in
the normal S.G. tissue with a statistical significant
difference (P<0.00). The mean value of area % of
CAV-1 immuno-reactivity was higher in low grade
MECs than in high grade MECs but with no
statistical significant difference. In addition, there
was no statistically significant difference between
cribriform and tubular patterns of ACC as well as
there was no statistically significant difference
between ACC and MEC.

The mean value of area % of VPF and CD34
immuno-reactivity was higher in the S.G carcinomas
than in the normal S.G. tissue with a statistical
significant difference (P<0.00). The mean value of
area % of VPF and CD34 immuno-reactivity was
higher in high grade MECs than in low grade MECs
with a statistical significant difference (P<0.05). The
mean value of area % of VPF and CD34 immuno-
reactivity was higher in the solid form of ACC,
followed by tubular-trabecular pattern and finally the
cribriform pattern showed the least values with a
statistical significant difference (P<0.05).

In addition, The multiple comparison tests
revealed that in all subtypes of ACC, the cribriform
pattern has no statistical significant difference with
the tub-trabecular pattern (regarding area % of VPF
expression) (P<0.05). While, the multiple comparison
tests revealed that all subtypes of ACC have
statistical significant difference with each other’s
(regarding no of BV) (P<0.00).
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Correlation between CAV-1 expression, VPF
expression and CD34 in salivary gland
carcinomas:

Correlation Matrix test revealed that there was
positive correlation between the VPF expression and
MVD (measured by CD34 expression) (P =0.000) in
the different grades and patterns of SGT. In addition,
the analysis revealed that caviolin-1 expression was
correlated inversely with MVD and VPF expression
(coefficient [rs] = -0.259; P =.025) where, MVD was
significantly higher in the tumors with low caveolin-1
expression and in the tumors with high VPF
expression (P<0.00, P<0.05 respectively). The results
of the analysis are listed in Table (1) and Fig (5).

4. Discussion

In this study, caveolin-1 expression in samples
of normal salivary glands and in samples of MEC and
ACC of the salivary glands were evaluated
immunohistochemically. Immunolocalization
revealed positive immmuno-expression of caveolin-1
in ductal epithelial cells and myoepithelial cells
surrounding the mucous and serous acini of normal
salivary glands which support the results of Tajika et
al. (2002), Cao et al. (2003) and Shi et al. (2007)
who revealed the physiologic function of caveolin-1
in NSG as water and calcium reabsorption, thus
regulating the saliva production. A noteworthy
finding in the current study was that the frequency of
caveolin-1 expression was higher in the tumors tissue
than that of NSG tissue. These were in accordance
with the results of Furuse et al. (2005).
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In the current study, MEC showed positive
immunostaining of CAV-1 in the cytoplasm of both
epidermoid and mucous secreting cells of 80% of
cases, this is in accordance to Frid et al. (1992), who
showed diffusely positive staining for alpha-SMA
and focally positive staining for calponin. The current
study, some cases showed absence of
immunoreactivity for CAV-1 in MEC, this would
appear to rule out myoepithelial differentiation. In
addition, high grade MEC showed less frequently
staining intenisity of Caviolin-1 than that in low
grade MEC, this is accordance to Shi et al. (2007)
who suggested that CAV-1 may serve as a tumor
suppressor in MEC.

Regarding ACC, CAV-1 showed positive
immunostaining in 60% of cases being noted in
cribriform and tubular areas but not in solid ACC.
This is in agreement with the findings of Furuse et
al. (2005) who demonstrated negative
immunostaining for alpha-SMA in cells of the solid
type of ACC. These findings are expected
considering that the cells of solid ACC are poorly
differentiated.

In this study, down-regulated caveolin-1
expression was associated with high grade
malignancy of MEC, and ACC. These was similar to
that findings reported in studies of lung carcinoma,
and ovarian carcinoma (Wiechen et al., 2001 a & b
and Shi et al., 2007) who found that frequency of
CAV-1 expression was higher in benign tumors
compared with malignant tumors indicating that the
tumor suppressor characteristics of CAV-1 retarded
the progression of tumors and prolonged their
duration.

In this study, the mean value of VPF expression
and MVD are higher in salivary gland carcinomas
group than in the control group and this difference
was statistically significant (P< 0.05). This agrees
with the finding of Oliveira et al. (2002) and El-
Rouby and Siam (2003) who suggest that discase
progression in salivary glands is associated with
angiogenesis.

The significantly higher value of VPF
immunoexpression in the higher grades of MECs is in
accordance with the finding of Lim et al. (2003) who
concluded that VPF over-expression in MEC is
correlated with a less favorable outcome; as the
proportion of proliferating tumor cells progressively
increased from low to high grade tumors. In addition,
VPF were significantly higher in solid type than in
the cribriform pattern and tubular-trabecular patterns.
This finding is in agreement with El-Rouby&Siam,
(2003) and Zhang et al. (2005,) since the solid type
is known to be the most aggressive pattern with early
recurrence, early metastases and high mortality (El-
Naggar et al., 2005). This finding confirmed the
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hypothesis that VPF over-expression is associated
with more tumor aggressiveness and may be served
as an important prognostic factor.

A higher microvessel count was noted in the
high grade MEC compared to the low grade MEC as
well as marked MVD was associated with solid
pattern followed by both cribriform and tubular
trabecular of ACCs with statistical significant
difference between them. This finding is in
accordance with the finding of In et al. (2007) who
reported that more aggressive tumors are associated
with high levels of angiogenic activity. These
findings confirm the opinion of Park and In (2006)
that angiogenesis may promote metastatic disease by
exposing tumors to a greater endothelial surface area,
thus increasing the likelihood of haematogenous
dissemination. Further, increased angiogenesis was
also higher in MEC than in ACC; this finding is in
accordance with the finding of (Costa et al. 2008 and
Sergio et al. (2009) that supporting a likely role of
myoepithelial cells as regulators of the formation of
new blood vessels.

Finally, the present study showed a statistically
positive correlation between the expression of VPF,
intratumoral MVD (measured by CD34) and
histological grades of salivary gland carcinomas.
Also expression of caveolin-1 was correlated
inversely with VPF expression, MVD and
histological grades and patterns of MEC and ACC.
Based on previous studies, Hoffman (2004) has
hypothesized that, in the quiescent vasculature, many
factors that regulate angiogenesis normally are held
together as part of an inactive modular unit (termed
as angosome); and, when angiogenesis is stimulated,
the angosome dissociates, thus enabling angiogenic
regulators to become active. It is proposed that the
angosome is present in the caveolae of capillary
endothelial cells. The presence of caveolin-1 can
inhibit proangiogenic factors: it may act as a master-
switch, coordinating events during angiogenesis.
Philippe et al (2003) reported that angiogenesis
activators, such as VPF down-regulate caveolin-1 in
human endothelial cells, and the down-regulation of
caveolin-1 may be an important step along the
pathway toward endothelial cell proliferation. In
conclusion, the results of the present study highlight
the role played by caveolin-1 that may serve as a
tumor suppressor in MEC and ACC of the salivary
glands. In addition, the increase in the aggressive
biologic potential of tumor cells was accompanied by
enhancement of angiogenesis and reduction of
caveolin-1 expression. Modulation of Caveolin-1
could provide a novel therapeutic target for salivary
gland carcinomas. However, the mechanisms by
which caveolin-1 regulates VPF-induced
angiogenesis remain largely unknown so these
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studies provide a basis for further investigation of the
role of caveolin- 1 in tumor angiogenesis.
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