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Abstract: Breast cancer is the most common cancer among women and most common cause of cancer related mortality
and morbidity. Breast cancer oncogenesis has many pathways involved. Caveolin-1 is a component of the caveolae and is
the key molecule involving strategic signalling molecules in the pathogenesis of breast cancer. The aim of the present
study is to evaluate the distribution of Caveolin-1 antigen in specimens obtained from benign and malignant breast
cancers. On this study tissue samples obtained from benign breast disease (h=203) and malignant breast disease (n=98)
was subjected to immunohistochemical staining and positive areas separately for stromal components and epithelial
component of the tumour.Caveolin-1 expression was 1746.78+981.89 and 1457.31+1331.91 in the benign and malignant
tumour groups respectively. When the benign group was evaluated independently; it was observed that highest
expression was observed in the sclerosing adenosis. Among the malignant breast cancer group invasive ductal
carcinomas and mucinous carcinoma had the highest expression. Stromal comments were stained predominantly.
Caveolin-1 expression loss was seen in malignant lesions. This suggests the tumour suppressor function of this gene for
mammary carcinoma oncogenesis.

Keywords: Breast, Malign, Benign, Oncogenesis, Tumour suppressor gene, Caveolin-1, Tumour Stroma, Malign,
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INTRODUCTION

Breast cancer is the most commonly
encountered cancer and the leading cause of cancer-
related mortality especially among the women [1].
According to the data obtained from the Turkish
Statistical Institute; breast cancer constitutes 38.6% of
the cancers observed among women. In early cases
multimodality treatment provides a chance of cure to
the patients however the advanced or recurrent cases
have a very poor prognosis [2].

Cancer has a complex microenvironment that
is made up of neoplastic epithelial cells, various stromal
cells and extracellular matrix (ECM) [3-8]. Tumour
microenvironment is currently very popular area of

research in terms of its role in tumour development and
progression. Sahin et al.; emphasized the changes in the
tumour microenvironment following oncolytic viral
therapy and emphasized the importance of tumour
microenvironment in resistance to certain therapeutic
strategies [3]. Alien et al.; have analysed the differential
expression of certain proto-oncogenes in certain
components of the stroma and found that
myofibroblasts play a central role in the progression
from normal tissue to ductal carcinoma in situ and to
the invasive carcinoma [4]. Hu et al.; have reported
that most of the changes in the gene expression have
been due to epigenetic changes such as methylation in
the target changes [5].Another study by Hu et al have
shown that various pathways such as TGFp, Hedgehog
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and SMAD4 pathways were shown to be down
regulated in the myofibroblasts leading to reduction in
the overall number of myofibroblasts that resulted in
progression from in situ to invasive carcinoma in
experimental breast cancer models [6]. Tumour-
associated stroma also elicits innate drug resistance in
tumours and therefore is responsible for the aggressive
behaviour of certain types of cancers [7, 8]. This
intricate signalling between the tumour cell and
reprogrammed tumour associated stroma is a very
active area of research and prospectively will lead to
development of new the targets for future specific
therapies.

Caveola are small invaginations in the plasma
membrane. Caveolin 1 is abundantly localized in the
Caveola of the tumour cells [9]. Caveolin 1 is expressed
in adipocytes, endothelial cells, fibroblasts, certain
types of epithelial cells and myoepithelial cells.
Caveolin-1 gene is located in the 7g31.1 that encodes a
21-24kDa protein that is located in the caveolar
membrane [10]. The major functions of Caveolin 1 are
membrane trafficking, gene regulation and signal
transduction. It is especially important in the integrins
with ERK/RAS pathway during tumorigenesis and
progression in breast cancer. Although it is considered
as a tumour suppressor gene its role in mammary
tumorigenesis is not clearly defined [11].

Caveolin-1 has been postulated to be amplified
in breast cancers and have been linked to poor
prognosis. However, there are also clinical and
preclinical reports that suggest inverse relationship with
expression and malignant phenotype [12]. Current
literature suggests that Caveolin-1 expression depends
on the stage and the type of the tumours. Furthermore,
its expression in the tumour stroma has also been
investigated and its down regulation in the tumour
stroma has been associated with recurrence, metastasis,
tamoxifen resistance and therefore poor prognosis [13].
It is also shown to be over-expressed following
adjuvant therapy, or aggressive tumour phenotype
including those with features of the epithelial to
mesenchymal transition [14].

On the other hand, Caveolin 1 has been linked
to the tumour metabolism during carcinogenesis [15].
Hence Caveolin-1 increases aerobic glycolysis in the
tumour associated fibroblasts and provides fuel for the
tumour cells [14, 15]. Down-regulation of the Caveolin-
1 has been linked to increased autophagy in the tumour
tissue in order to recycle the substrates between the
tumour cells. Furthermore, its loss in the tumour-

associated stroma may also induce epithelial to
mesenchymal transition [16].

Most of the information gathered regarding
Caveolin-1 in breast cancer is usually gathered from
preclinical models and human studies are very scarce.
Therefore; in the present study it’s aimed to investigate
the Caveolin-1 antigen distribution in paraffin
embedded samples from patients with benign and
malignant breast tumours.

PATIENTS AND METHODS
Selection of the patients and data collection

The local ethics committee of Yildirim Beyazit
University Training and Research Hospital approved
the study. The samples were also evaluated
retrospectively. Pathological stage of the disease and
tumour characteristics is also recorded. Paraffin
embedded tissue from patients with 203 benign breast
(benign breast tumour group; BG) tumours, 98 breast
cancers (malignant breast tumour group; MG) where
used to evaluate the antigen distribution using
immunohistochemistry staining. Data regarding the
patients are summarized in Table 1. All the samples
were obtained by informed consent of the patients or
primary relatives.

Preparation of the tissues and
immunohistochemistry for Caveolin-1

Each tissue block was cut in to 3um sections y
tissue microtome. Heat induced antigen retrieval using
Tris EDTA was performed for 30 minutes. Blocking
serum using mouse serum (Abcam; MA; USA).
Primary antibody for Caveolin-1 (Abcam (ab17052);
MA,; USA) was used at a dilution of 1/100. The reporter
molecule was alkaline phosphatase and the
counterstaining was obtained by methyl green. The
evaluation of the staining was obtained in ten
consecutive 60 times magnified high power field
(60Xhpf) with strong positivity areas and mean of all
the evaluations were recorded. The same pathologist in
the study evaluated all the specimens.

Statistical analysis

The continuous variables in the study were
expressed as mean and standard deviation. Continuous
variables among the groups were compared among the
study groups with Student T test with confidence
interval of 95%. Any p value<0.05 was considered
significant. All statistical analysis was performed on
SPSS version 22 (IBM, NY, USA).

RESULTS
The diagnoses of the patients with benign and
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malignant breast tumours are summarized in Table 1.
Most common benign breast tumour was fibroadenoma.
On the other hand, the most common malignant breast
tumour encountered was invasive ductal carcinoma
Table 1. Caveolin-1 expression in the benign tumour
group was 1746.78+981.89 areas/60Xhpf. The mean
Caveolin-1 antigen distribution in the malignant breast
tumour group was 1457.31+1331.91areas/60Xhpf lower
than the benign breast tumour group. Benign breast
tumour group had significantly higher Caveolin-1
antigen distribution when compared to the malignant
breast tumour group (Figure 1). The mean Caveolin-1
antigen distribution among the groups is summarized in
Table 2.

Table 2 summarizes the mean Caveolin-1
antigen distribution among different benign tumours.
Each tumour type in the benign breast tumour group
was significantly different than the other tumours in
terms of the Caveolin-1 antigen distribution. When the

benign group was evaluated independently; it was
observed that highest expression was observed in the
sclerosing adenosis tumours with a mean Caveolin-1
distribution of 3069.33+1622.36 areas/60Xhpf (p<0.05)
(Table 2) (Figure 2). Fibroadenoma had the second
highest Caveolin-1 antigen distribution which was
2950+472.58 areas/60X hpf (Figure 2).

When the malignant breast tumour group was
evaluated independently; invasive ductal carcinomas
had the highest Caveolin-1 antigen distribution
(4350+1748.99 areas/60Xhpf) when compared other
tumour types (p<0.05) (Table 2) and (Figure 3).
Mucinous carcinoma had the second highest Caveolin-1
antigen distribution with a mean Caveolin-1 antigen
distribution of 3750+1767.77 areas/60Xhpf (Figure 3).
Mean Caveolin-1 antigen distribution in other
malignant tumour types is summarized in Table 2 and
Figure 3. Caveolin-1 was found to be mainly expressed
in the stroma of the tumours.

MALIGNANT BREAST DISEASE

Fig 1: Distribution of cavoelin-1 in breast disease

2000 =
o 1800 |
=
= 1600
8
& & 1400
Ty 1200
o
= & 1000
g,’§ 800
® 2
O« 600
§ 400
= 200
0
BENIGN BREAST DISEASE
. 4000
4
> 3500
% 3000 I I
< 2500
2 2000
&
« 1500
=
'S 1000
3
© 500
s
P
. SCLEROSING FIBROADENOMA NON-ATYPICAL
ADENOSIS DUCTAL
HYPERPLASIA
i 2 e
NG sl
20X ey e d‘ﬁ 20X s

SCLEROSING ADENOSIS

) ‘ \\ 4

FIBROADENOMA

INTRADUCTAL
PAPILLOMA

ATYPICAL
COLLUMNAR CELL
HYPERPLASIA

DUCTAL EPITHELIAL ATYPICAL DUCTAL
HYPERPLASIA

HYPERPLASIA

NON-ATYPICAL DUCTAL
HYPERPLASIA

Fig 2: Distribution of Caveolin-1 antigen among the benign breast disease
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Fig 3: Distribution of Caveolin-1 antigen among the malignant breast disease

Table 1: The histopathologic diagnosis of the patients included in the study

Malignant Breast Disease N=98
Invasive Ductal Carcinoma 26
Mixed Carcinoma 12
Mucinous Carcinoma 8
Cribriform Carcinoma 2
Medullary Carcinoma 2
Tubular Carcinoma 4
Ductal Carcinoma in situ 38
Lobular carcinoma in situ 6
Benign Breast Disease N=203
Fibroadenoma 10
Atypical Ductal Hyperplasia 2
Non-atypical Ductal Carcinoma 78
Intraductal Papilloma 1
SclerosingAdenosis 30
Ductal Epithelial Hyperplasia 36
Atypical Columnar Cell Hyperplasia 46

Table 2: Summary of the Caveolin-1 antigen distribution according to groups
BREAST DISEASE MEAN CAVEOLIN-1 POSITIVE | STANDARD
AREA /20X hpf DEVIATION
Benign breast disease 1746.78 981.89
Sclerosing adenosis 3069.33 1622.36
Fibroadenoma 2950 472.58
Non-atypical ductal hyperplasia 1671.54 466.36
Intraductal papilloma 1500 0
Atypical columnar cell hyperplasia 1427.83 184.26
Ductal epithelial hyperplasia 994.74 315.93
Atypical ductal hyperplasia 575 35.36
Malignant breast disease 1458.31 1331.91
Invasive ductal carcinoma 4350 1748.99
Mucinous carcinoma 3750 1767.77
Mixed carcinoma 1500 1500
Ductal carcinoma in situ 1042.39 646.25
Lobular carcinoma in situ 993.75 509.51
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DISCUSSION

Breast cancer is the most frequent cancer in the
females and furthermore it is the most frequent cause of
cancer related death among the women. As in any
cancer it causes serious physiologic and psychologic
disability in the affected individuals [17].

Caveola are membrane  invaginations
controlling cellular events such as endocytosis,
transcytosis, transport of various molecules and cell
migration and etc. Caveolins are the family of proteins
that are found extensively in the caveolar membrane
[18]. Breast carcinogenesis includes multiple pathway
of development and one of the pathways involves the
deregulated expression of Caveolin 1 in the cancer cells
and stromal tissues. Furthermore, re-expression of
Caveolin-1 in the cancer cells inhibits oncogenesis and
migration [19]. Therefore, the main action of Cavolin-1
seems to be tumour suppressor effect. It is mainly
located at 7g31.1 loci and interestingly it is usually
found to be deleted in breast cancers [20, 21]. Caveolin
is reported to interact with many key pathways that take
active part in the breast cancer pathway. Among these
pathways are the Src family pf proteins, H-Ras,
epidermal growth factor receptor, HER2, oestrogen
receptor, MAPK pathway an endothelial nitric oxide
synthase [18, 22, 23].

The role of Caveolin-1 has been subject to
active debate; usually down regulation of the Caveolin-
1 had been linked to enhanced lymph node metastasis
[24]. Furthermore; progression in situ carcinoma to
invasive ductal carcinoma had been found by down
regulation of Caveolin-1 and stromal monocarboxylate
transporter 4 (MCT4) in tissues obtained from patients
with breast cancers [25].

In accordance to the preclinical studies in the
present preliminary study we found the expression of
Caveolin-1 was reduced in the breast cancers when
compared to benign tumours. Since our study is a
preliminary study to determine any targets to further
analyse we did not make any further analysis such as
quantitative expression analysis of the Caveolin-1 gene.
However, this is valuable study for actual patent tissues
have been analysed and we have analysed the
expression and tissue scatter pattern in the Turkish
population. This contradicts with the study performed
by Liedtke et al who reported reduced Caveolin-1
expression via tissue microarray in benign diseases such
as fibroadenoma, sclerosing adenosis, ductal
hyperplasia, radial scar and even ductal carcinoma in
situ. However; they reported increased Caveolin- 1
expression in 32 of 109 cases [26]. A study by Williams

et al had shown that loss of Caveolin-1 expression hard
shown progression of mammary tumours from
dysplasia to invasive carcinoma in a transgenic animal
model for breast cancer [27].

In the present study the overall Caveolin-1
antigen distribution was more pronounced in the benign
breast disease when compared with malignant breast
disease. Among the benign breast disease in the present
study sclerosing adenosine and fibroadenoma had the
highest expression for Caveolin-1. This suggests that
Caveolin-1 is especially concentrated in lesions with
higher stromal component. In the malignant breast
disease invasive ductal carcinoma and mucinous
carcinoma had the highest carcinoma. In a study by
Savage et al.; had found that concurrent Caveolin-1
amplification and over-expression basal-like and
metaplastic type breast carcinoma [28].

All the studies report stromal and weak
epithelial staining for Caveolin-1 from the humoral
tissue [24-28]. In the present study we have found
strong myoepithelial staining and negligible epithelial
staining. However, since the Caveolin-1 staining was
reduced in malignant breast disease in our study; it is
suggestive of the tumour suppressor function of the
gene. Most probably storm plays a very important role
in prevention of progression of malignant process of
malignant transformation from the precursor lesions,
which are mostly in concordance with current literature
[26-28].

CONCLUSION

The study is on-going further evaluating the
expression and role in patient survival and prognosis.
Furthermore, effect of stage on Caveolin-1 antigen
distribution. Hence the results of the present study
suggest that its expression seems to be reduced in
malignant transformation. Furthermore, its expression is
reduced in benign tumours with atypia with respect to
tumours without atypia. All these data suggest the
tumour suppressor effect of Caveolin-1 in mammary
carcinogenesis. However further multi-centric studies
with higher patient numbers are needed.

Disclosure of conflict of interest: The authors report
no conflict of interest.
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