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Abstract

Background: Recent studies have suggested a significant role for Caveolin-1 (CAV1) gene in the pathogenesis of breast carcinomas;
however, current evidence is conflicting as some report a tumor suppression effect while others implicate this gene as a promoter
of cancer development.

Objectives: The present study aimed to provide further evidence on this subject by comparing Caveolin-1 expression between spec-
imens obtained from normal breast tissues, benign lesions and malignant tumors.

Methods: In this cross-sectional study, subjects with specimens resected from their breast tissues for various reasons in Shohadaye-
Tajrish Hospital, Tehran, Iran during 2013 were included as the sample population. A total of 100 subjects participated in this survey
(53 invasive breast cancer, 26 ductal carcinoma in situ (DCIS), 13 ductal hyperplasia, and 8 normal). Their tissue specimens were
prepared and immunohistochemical studies were performed to assess the expression of Caveolin-1, human epidermal growth factor
receptor 2 (HER2), estrogen receptor (ER), and progesterone receptor (PR). Correlations between these factors and the survival of
patients were assessed using SPSS software.

Results: Epithelial Caveolin-1 expression was found to have a positive significant correlation with pathology group of the patients
(P=0.039), grade of the tumor (P =0.032), and lymph node positivity (P = 0.046). A negative correlation was also observed between
epithelial Caveolin-1 positivity with HER2 score (P = 0.036) and HER2 positivity (P = 0.012). The overall survival of the patients was
negatively affected by epithelial Caveolin-1 expression (28.3 vs. 38.9 months; P = 0.001), grade of the tumor (P < 0.001), and lymph
node involvement (34.1vs. 40.5; P= 0.051), while ER (39.7 vs. 28.9; P=0.001) and PR (39.6 vs. 31.0; P = 0.010) positivity were associated
with improved survival.

Conclusions: According to the findings, it seems that Caveolin-1 expression might be associated with worse outcomes in patients
with breast cancer.
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1. Background

Breast cancer is the most common cancer among
women, comprising 29% of all new cases diagnosed with
cancers in this population. It is also the second most com-
mon cause of cancer-related deaths in women, accounting
for14% of these deaths annually (1). Accordingly, extensive
research aimed at revealing the complex interactions be-
tween growth factors, steroids, oncogenes, and tumor sup-

pressor genes that might be involved in breast carcinogen-
esis has been conducted.

In this regard, recent studies have suggested a sig-
nificant role for Caveolin-1 (CAV1) gene in the pathogen-
esis of breast carcinomas (2, 3). This gene is located at
7q311, encodes an integral membrane protein (4, 5), and
has been reported to be frequently deleted in breast can-
cers (5). Caveolin proteins participate in the formation of
caveolae,omega-shaped invaginations of the plasma mem-
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brane that is involved in various biological functions in-
cluding endocytosis, transcytosis, cell adhesion and migra-
tion, molecular transport, and signal transduction (6).

Caveolin-1 mediates the transport of cholesterol, fatty
acid, low-density lipoprotein and, albumin and facilitates
insulin secretion through interacting with G-protein cou-
pled receptor, via ATP-dependent potassium channels (2).
It has also been reported to play an important role in
cell proliferation by binding to several proteins such as
epidermal growth factor receptor (EGFR), platelet-derived
growth factor receptor (PDGF), endothelial nitric oxide
synthase, H-ras, sex combs reduced (Scr) proteins, human
epidermal growth factor receptor 2 (HER2) and protein ki-
nase C(7-9).

Current evidence on the role of CAV1in human cancers
is conflicting. Dysregulations of CAV1 expression have been
reported in breast cancer cells (10-12). Its forced expression
in these cell lines has been found to exert inhibitory effects
on cancer progression and metastasis (13). An inactivating
substitution at codon 132 (proline to leucine) within the
CAV1 gene was first reported in 2001 to be present in 16% of
primary breast cancer specimens. This mutation was hy-
pothesized to induce premalignant changes in mammary
epithelial (14,15). However, this association was later found
to be restricted to estrogen receptor (ER)-positive breast
cancers (16). On the other hand, CAV1 has also been re-
ported to have oncogenic properties as well. Its transfec-
tion into breast cancer cell lines was found to induce pro-
liferation and formation of colonies (17). Studies have also
shown the overexpression of CAV1 in primary breast can-
cers (18). Gupta et al. suggested that whether Caveolin-1 ex-
erts tumor suppressor effects or oncogenic properties de-
pends on the stage of carcinogenesis (3). It seems that at
the initial stages, this CAV1 expression is associated with tu-
mor suppression.

There is also evidence on the relation between CAV1 ex-
pression and treatment response in patients with breast
cancer. Increased expression of this gene was reported
to be associated with resistance against trastuzumab (19),
while in another study conducted on breast cancer cells,
the loss of CAV1 expression was linked to resistance against
tamoxifen (20). Wang et al. also reported upregulation
in CAV1 expression in breast cancer stem cells, particularly
post-chemotherapy, and suggested the expression of this
gene to be responsible for resistance to chemotherapy (21).

2. Objectives

Considering the disagreements between studies on
the role of Caveolin-1 in breast carcinomas, the present
study aimed to provide further evidence on this subject by
comparing CAV1 expression between specimens obtained

from normal breast tissues, benign lesions, and malignant
tumors.

3. Methods

3.1. Study Design and Sample Population

In this cross-sectional study, the target population was
determined as the patients who had specimens resected
from their breast tissues for various reasons in Shoha-
daye Tajrish Hospital, Tehran, Iran during 2013. Eventually,
through convenience sampling method, a total of 100 par-
ticipants were recruited for the study, of which 53 were
diagnosed with invasive breast cancer, 26 had ductal car-
cinoma in situ (DCIS), 13 had ductal hyperplasia and 8 in-
dividuals had undergone breast reduction mammoplasty
and were included as normal subjects. Resected specimens
obtained from the participants who underwent immuno-
histochemical evaluations to determine positivity of ER,
progesterone receptor (PR), HER2, and Caveolin-1 in com-
ponents of stromal and epithelial. Patients with invasive
breast cancer were contacted to acquire information about
their final outcome, and if expired, their time of death was
recorded for survival analysis.

3.2. Immunohistochemistry

Paraffin-embedded tissue blocks fixed via the routine
procedure were prepared and sectioned with a thickness
of 3 um. Sections were transferred to micro slides coated
with polylysine, were dewaxed and hydrated again. Im-
mersed in Reveal Emulgator (Biocarta, Hamburg, Ger-
many), the slides were boiled for 5 min in a pressure
cooker at a pressure of 103 kPa for antigen retrieval. In or-
der to block the binding of unspecific agents, after being
washed in distilled water and phosphate buffered saline,
the slides were exposed to Aurion-BSA-c10% (Aurion, Wa-
geningen, Netherlands). Subsequently, the sections were
subjected to the mice-derived primary monoclonal IgGl-
anti-Caveolin-1 antibody (Biosciences Pharmingen, Heidel-
berg, Germany) for at least 8 hours at a temperature of 4°C.
After being washed in PBS, to inhibit endogenous perox-
idase activity, hydrogen peroxidase-containing methanol
was applied to the slides and then they were incubated for
one hour with goat-derived anti-mouse immunoglobulins
conjugated with dextran polymer that was labeled with
horseradish peroxidase (HRP). The sections were washed
again in PBS and then using Vector SG Substrate Kit for HRP
(Vector Laboratories, Burlingame, CA, USA), peroxidase en-
zyme was visualized and nuclear counterstaining was per-
formed with hematoxylin. Smooth muscle cells and en-
dothelial cells were considered as positive controls, as they
contain high amounts of Caveolin-1, while slides that were
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not exposed to the primary antibody were considered as
negative controls.

Expression of estrogen receptor (ER) and progesterone
receptor (PR) was evaluated using mouse-derived anti-
ER monoclonal antibody (DAKO, Denmark) and mouse-
derived anti-PR monoclonal antibody (DAKO, Carpinteria,
CA, USA). Immunostaining was performed as described for
immunohistochemistry of Caveolin-1 with an incubation
period of 25 min.

In immunohistochemistry assessment for HER2, the
steamer was used for antigen retrieval before treatment.
Sections were incubated for 25 min with diluted (1:4000)
polyclonal anti-c-ErbB2 antibody (DAKO, oncoprotein) and
LSAB-kit was used for detection.

3.3. Microscopic Assessments

Regardless of cytoplasmic staining, staining of the cell
membranes determined Caveolin-1 positivity, Entrapped
vessels within the sections were considered as internal pos-
itive controls for the evaluation of Caveolin-1 expression.
Assessments were performed for two distinct epithelial
and stromal components of the breast tissue and the speci-
mens were classified as Caveolin-1 negative and positive, ac-
cordingly. Caveolin-1 positive sections were further scored
semi-quantitatively based on the pattern of staining as fo-
cal, patchy, diffuse (weak), diffuse (moderate), and diffuse
(strong) (Figure 1).

Staining for ER and PR were also scored semi-
quantitatively in accordance to the Quick Score method
(22) on a total scale of 0 to 7which is determined by adding
the two scores of staining intensity (1: weak, 2: moderate,
3: strong) and the percentage of nuclei-positive cells (1:
less than 25%, 2: 25 to 50%, 3: 50 to 75%, 4: greater than 75%).
Ascore of 0 -3 was considered as negative and a score of 4
-7 was recorded as positive.

HER2 expression was scored on a semi-quantitative
scale of 0: membrane staining in less than 10% of tumor
cells, 1+: faint partial membrane staining in more than
10% of tumor cells, 2+: weak to moderate membrane stain-
ing in more than 10% of tumor cells, and 3+: strong stain-
ing of the entire membrane in more than 10% of tumor
cells, as described by Wulfing et al. (23). Tissue specimens
that scored as 0 and 1+ were classified as HER2-negative,
2+ was considered borderline, and 3+ was recorded as
HER2-positive. In order to separate the highest intensity of
HER2 staining from lower levels, a dichotomous variable
was also defined with 2+ specimens considered as HER2-
negative as well.

3.4. Ethical Considerations

The aims and methods of the present study were thor-
oughly explained to the patients and they were reassured
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that their inclusion in this survey will not affect their
treatment, their data will be considered confidential, used
anonymously and will only be accessible by the main re-
searchers of the study and they can withdraw from the
study at their will. Witten informed consent was obtained
from the all participants. The Ethics Committee of Shahid
Beheshti University of Medical Sciences reviewed and ap-
proved the study protocol. The survey was conducted in ac-
cordance with the guidelines of the Helsinki’s Declaration.

3.5. Statistical Analysis

Data were entered into SPSS software for windows ver-
sion 22.0 (IBM corp., Armonk, NY, USA) for analysis (24).
Descriptive statistics of the results were presented as fre-
quency and percentage since all the evaluated variables
were qualitative. To assess the correlation between these
factors chi-squared test and Fisher’s exact test were used as
needed. Kaplan-Meier method was used to assess the sur-
vival of the patients with invasive breast cancer and deter-
mine its correlation with evaluated markers. Statistical sig-
nificance was defined as P Value less than 0.05 in all analy-
sis.

4. Results

4.1. Descriptive Statistics

As mentioned, a total of 100 subjects participated in
this survey, including 53 (53.0%) patients with invasive
breast cancer, 26 (26.0%) with DCIS, 13 (13.0%) with ductal
hyperplasia, and 8 (8.0%) normal subjects. Table 1 presents
the descriptive statistics of the sample population.

In all included subjects, Caveolin-1 was expressed in
the myoepithelial component of the specimens, which
was evaluated as the positive control in the study. Epithe-
lial Caveolin-1 staining was reported to be negative in the
majority of included subjects (82.0%). Among the 18 par-
ticipants with positive epithelial Caveolin-1, staining was
found to be focal in 2 subjects, patchy in 4, diffuse (weak) in
2,diffuse (moderate) in 7 and diffuse (strong) in 3 individu-
als. On the other hand, stromal Caveolin-1staining was pos-
itive in 94.0% of the sample population with the staining
pattern found to be patchy in 10 subjects, diffuse (weak) in
25, diffuse (moderate) in 46 and diffuse (strong) in 13 par-
ticipants.

The grade of the tumor was determined in 42 patients
with invasive breast cancer among which, 4 patients (9.5%)
were reported as grade 1,18 (42.9%) were reported as grade
2, and 20 (47.6%) were reported to have grade 3 breast tu-
mors. Lymph node involvement was positive in 38 (74.5%)
of these patients. As for the hormone receptors, 23 patients
(56.1%) were ER-positive and 21 (51.2%) were PR-positive.
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Figure 1. Caveolin-1 staining in the specimens: (A) epithelial component; (B1 and B2) myoepithelial component as the positive control; (C1) weak staining of stromal compo-
nent; (C2) moderate staining of stromal component; (C1) strong staining of stromal component

HER2 expression was classified as 0-1+ or negative in 24 pa-
tients (53.3%), 2+ or borderline in 6 (13.3%), and 3+ or posi-
tive in 15 (33.3%) subjects. Considering borderlines as neg-
ative, 15 patients (33.3%) were HER2-positive and 30 (66.7%)
were HER2-negative.

The patients with invasive breast cancer were followed
for an average of 32.3 & 8.9 months with a minimum of
10 and a maximum of 42 months. During this period, 16
patients (31.4%) expired and the overall survival was calcu-
lated to be 35.7 months.

4.2. Analytical Statistics

As presented in Table 2, epithelial Caveolin-1 positiv-
ity was found to have a positive significant correlation
with the group of patients (P = 0.039), grade of the tu-
mor in patients with invasive breast cancer (P = 0.032),
and lymph node positivity (P = 0.046). Accordingly, the
highestrates of positive epithelial Caveolin-1 were found in
patients with invasive breast cancer (28.3%), subjects with
grade 3 tumors (40.0%), and lymph node positive patients
(36.8%). On the other hand, a negative correlation was ob-
served between epithelial Caveolin-1 positivity with HER2
score (P =0.036) and HER2 positivity (P = 0.012) in subjects
who were diagnosed with invasive breast cancer. As for the
staining pattern, none of the evaluated factors showed a
significantassociation with the epithelial staining pattern.

Table 3 presents the correlations between stromal
Caveolin-1 staining and its pattern with an evaluated factor

in the study. Based on the findings, none of the evaluated
variables were found to have a significant correlation with
neither stromal Caveolin-1 positivity nor its observed pat-
tern in the slides.

The overall survival of patients with invasive breast
cancer according to the evaluated variables is presented
in Table 4. Results showed that the overall survival of the
patients with epithelial Caveolin-1 expression was signifi-
cantly lower than subjects with negative expression of this
protein (28.3vs. 38.9 months; P=0.001) (Figure 2), however,
the positivity of stromal Caveolin-1 did not significantly af-
fect the overall survival of patients. A grade of the tumor
(P < 0.001) and lymph node involvement (34.1 vs. 40.5; P
= 0.051) negatively affected the overall survival, while ER
(39.7vs. 28.9; P=0.001) and PR (39.6 vs. 31.0; P=0.010) pos-
itivity was found to significantly improve survival in these
patients. HER2 score and HER2 positivity showed no signifi-
cant effects on the overall survival of patients with invasive
breast cancer.

5. Discussion

The present study, using immunohistochemical stud-
ies, assessed Caveolin-1 expression in a sample of Iranian
patients diagnosed with invasive breast cancer, DCIS, and
ductal hyperplasia along with 8 normal subjects. Find-
ings showed a positive significant correlation between ep-
ithelial Caveolin-1 positivity with the diagnosis of the pa-
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Table 1. Descriptive Statistics of Evaluated Variables

Variables Count Percent %
Group

Normal 8 8.0

Ductal hyperplasia 13 13.0

DCIS 26 26.0

Invasive 53 53.0
Epithelial Caveolin-1

Negative 82 82.0

Positive 18 18.0
Epithelial staining pattern

Focal 2 111

Patchy 4 22.2

Diffuse (weak) 2 111

Diffuse (moderate) 7 389

Diffuse (strong) 3 16.7
Stromal Caveolin-1

Negative 6 6.0

Positive 94 94.0
Stromal staining pattern

Focal 0 0.0

Patchy 10 10.6

Diffuse (weak) 25 26.6

Diffuse (moderate) 46 48.9

Diffuse (strong) 13 13.8
Grade

1 4 9.5

2 18 42.9

3 20 47.6
Lymph node

Negative 13 25.5

Positive 38 74.5
ER

Negative 18 43.9

Positive 23 56.1
PR

Negative 20 48.8

Positive 21 51.2
HER2 score

0-1+ (negative) 24 53.3

2+ (borderline) 6 133

3+ (positive) 15 333
HER2

Negative 30 66.7

Positive 15 333

Abbreviation: DCIS, ductal carcinoma in situ; ER, estrogen receptor; HER2, hu-
man epidermal growth factor receptor 2; PR, progesterone receptor

tients, grade of the tumor in patients with invasive breast
cancer, and the involvement of lymph nodes. In addition,
a negative correlation was also observed between epithe-
lial Caveolin-1 positivity with HER2 score and HER2 positiv-
ity in subjects diagnosed with invasive breast cancers. On
the other hand, the expression of Caveolin-1in the stromal
component of the specimens had no significant associa-
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Figure 2. Overall survival of patients with invasive breast cancer according to their
epithelial Caveolin-1 expression status

tion with any of the evaluated factors.

Survival analysis also showed a significantly lower
overall survival in patients with epithelial Caveolin-1 ex-
pression compared to those subjects with negative expres-
sion of this protein. The grade of the tumor and lymph
node involvement negatively affected the overall survival,
while ER and PR positivity were associated with improved
survival in these patients. Overall, it seems that Caveolin-
1 expression might be associated with worse outcomes in
patients with breast cancer.

Multiple studies have performed immunohistochem-
ical analyses to evaluate Caveolin-1 expression in human
breast cancer and its clinical relevance. In the survey con-
ducted by Yang et al. Caveolin-1 expression was assessed in
a sample of patients with invasive breast cancer (n=15), in-
traductal breast cancer (n =15), and lymph node metasta-
sis (n=9). They reported Caveolin-1 expression to be signif-
icantly higher in all these three groups of patients, com-
pared to normal breast epithelium, which was also found
tobe minimally stained (25). In another study, Hurlstone et
al. reported no epithelial expression of Caveolin-1in spec-
imens obtained from 10 normal subjects who had under-
gone reduction mammoplasties. It was found to be highly
expressed in breast epithelial cells of these subjects and
subsequently, tumors derived from breast myoepithelium
had high levels of Caveolin-1 expression (26). The findings
of this survey was quite compatible with our results, as
we also found all of our normal subjects to be epithelial
Caveolin-1 negative, while specimens obtained from inva-
sive breast cancers had higher rates of Caveolin-1 expres-
sion.
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Table 2. Correlation Between Epithelial Caveolin-1 Staining and Its Patterns with Evaluated Variables in the Study®

Epithelial Caveolin-1

Epithelial Staining Pattern

Variables PValue PValue
Negative (N=82) Positive (N=18) Focal (N=2) Patchy (N=4) Diffuse (Weak) (N Diffuse Diffuse (Strong)
=2) (Moderate)(N=7) (N=3)

Group 0.039 0.062
Normal 8(100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Ductal 12(923) 1(7.7) 1(100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
hyperplasia
DCIS 24(923) 2(7.7) 1(50.0) 1(50.0) 0(0.0) 0(0.0) 0(0.0)
Invasive 38(71.7) 15(283) 0(0.0) 3(20.0) 2(13.3) 7(46.7) 3(20.0)

Grade 0.032 0.630
1 4(100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
2 15(833) 3(16.7) 0(0.0) 0(0.0) 0(0.0) 2(66.7) 1(33.3)
3 10 (50.0) 10 (50.0) 0(0.0) 3(30.0) 1(10.0) 4(40.0) 2(20.0)

Lymph node 0.046 0.232
Negative 12(923) 1(7.7) 0(0.0) 1(100.0) 0(0.0) 0(0.0) 0(0.0)
Positive 24(63.2) 14(36.8) 0(0.0) 2(143) 2(143) 7(50.0) 3(21.4)

ER 0.923 0120
Negative 12(66.7) 6(333) 0(0.0) 3(50.0) 1(16.7) 1(16.7) 1(16.7)
Positive 15(65.2) 8(34.8) 0(0.0) 0(0.0) 1(12.5) 5(62.5) 2(25.0)

PR 0368 0.061
Negative 15(75.0) 5(25.0) 0(0.0) 3(60.0) 1(20.0) 1(20.0) 0(0.0)
Positive 13(61.9) 8(38.1) 0(0.0) 0(0.0) 1(12.5) 5(62.5) 2(25.0)

HER2 score 0.036 0.587
0-1+ (negative) 13(54.2) 11(45.8) 0(0.0) 3(273) 1(9.1) 4(36.4) 3(273)
2+ (borderline) 4(66.7) 2(333) 0(0.0) 0(0.0) 1(50.0) 1(50.0) 0(0.0)
3+ (positive) 14(933) 1(6.7) 0(0.0) 0(0.0) 0(0.0) 1(100.0) 0(0.0)

HER2 0.012 0.697
Negative 17(56.7) 13(43.3) 0(0.0) 3(231) 2(15.4) 5(38.5) 3(231)
Positive 14(933) 1(6.7) 0(0.0) 0(0.0) 0(0.0) 1(100.0) 0(0.0)

Abbreviation: DCIS, ductal carcinoma in situ; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor

Values are expressed as No. (%).

Savage et al. also assessed Caveolin-1 expression and
its distribution in benign and malignant breast lesions,
breast cancer precursors, and normal breast tissue. They
reported no expression of Caveolin-1in the epithelial com-
ponent of normal breast tissues or the luminal epithe-
lial cells of benign lesions. However, in 13.4% of the cases
with DCIS and 9.4% of the invasive breast cancer patients,
Caveolin-1 expression was observed in their luminal ep-
ithelial cells. They found Caveolin-1 expression to be neg-
atively correlated with expression of hormonal markers
(ER and PR), HER2, and cyclin D1. In addition, higher rates
of Caveolin-1 positivity were reported in higher grade tu-
mors which were also found to be a significant correlation.
Disease-free survival and overall survival were also found
to be significantly lower in patients with Caveolin-1 expres-
sion (18). The results of their study were comparable to our
findings. Similarly, none of the specimens obtained from
our normal participants expressed epithelial Caveolin-1 in
theirimmunohistochemical evaluations, while expression
of this protein was observed in 7.7% of subjects with ductal
hyperplasia, 7.7% of patients with DCIS, and 28.3% of cases

diagnosed with invasive breast cancer. Although we found
no significant correlation between Caveolin-1 expression
in the epithelium with ER and PR status of our subjects,
congruent with Savage et al.’s study, we reported a nega-
tive significant association between expression of this pro-
tein and HER2 positivity. Caveolin-1 expression negatively
affected overall survival of our patients as well.

In another study conducted by Zhang et al. the re-
lationship between expression of Caveolin-1 with clinical
findings and expression of EGFR, HER2, and Ki-67 was eval-
uated using immunohistochemical techniques in 50 pa-
tients diagnosed with invasive breast cancer. Their results
showed Caveolin-1expression to be significantly correlated
with lymph node metastasis and grade of the tumor. Al-
though they found the rate of HER2 positivity was lower in
specimens where Caveolin-1 was highly expressed, the dif-
ferences were not statistically significant with a borderline
P value of 0.067 (27). Hence, it could be said that Zhang et
al’s findings were compatible with our findings. However,
in their survival analysis, patients with low Caveolin-1 lev-
els were found to have lower survival compared to subjects
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Table 3. Correlation Between Stromal Caveolin-1 Staining and Its Patterns with Evaluated Variables in the Study®

Stromal Caveolin-1

Variables PValue

Stromal Staining Pattern
PValue

Negative (N=6) Positive (N=94) Patchy (N=10) Diffuse (Weak) (N= Diffuse (Moderate) Diffuse (Strong) (N=
25) (N=46) 1)
Group
Normal 1(125) 7(87.5) 0.241 2(28.6) 2(28.6) 2(28.6) 1(14.3) 0225
Ductal hyperplasia 0(0.0) 13(100.0) 2(15.4) 5(38.5) 4(30.8) 2(15.4)
DCIS 0(0.0) 26(100.0) 1(3.8) 3(11.5) 19 (73.1) 3(11.5)
Invasive 5(9.4) 48(90.6) 5(10.4) 15 (31.3) 21(43.8) 7(14.6)
Grade
1 0(0.0) 4(100.0) 0.693 0(0.0) 0(0.0) 3(75.0) 1(25.0) 0.521
2 2(111) 16 (88.9) 3(18.8) 6(37.5) 5(313) 2(12.5)
3 3(15.0) 17(85.0) 1(5.9) 6(353) 8(47.1) 2(1.8)
Lymph node
Negative 2(15.4) 11(84.6) 0.433 1(9.1) 4(36.4) 3(273) 3(273) 0.482
Positive 3(7.9) 35(92.1) 4(11.4) 10 (28.6) 17(48.6) 4(1.4)
ER
Negative 3(16.7) 15(833) 0.439 1(6.7) 6(40.0) 6(40.0) 2(133) 0724
Positive 2(87) 21(913) 4(19.0) 6(28.6) 8(38.1) 3(14.3)
PR
Negative 3(15.0) 17(85.0) 0.592 2(11.8) 6(35.3) 8(47.1) 1(5.9) 0.793
Positive 2(9.5) 19(90.5) 2(10.5) 7(211) 7(36.8) 3(15.8)
HER2 score
0-1+(negative) 4(16.7) 20(833) 0.407 2(10.0) 7(35.0) 8(40.0) 3(15.0) 0.603
2+ (borderline) 0(0.0) 6(100.0) 2(333) 1(16.7) 3(50.0) 0(0.0)
3+ (positive) 1(6.7) 14(933) 1(7.1) 5(35.7) 5(35.7) 3(21.4)
HER2
Negative 4(133) 26(86.7) 0502 4(15.4) 8(30.8) 1(423) 3(1.5) 0.740
Positive 1(6.7) 14(93.3) 1(7.) 5(35.7) 5(35.7) 3(21.4)

Abbreviation: DCIS, ductal carcinoma in situ; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor

AValues are expressed as No. (%).

with high Caveolin-1 expression. In this regard, the find-
ings of the two studies are incompatible.

In the study conducted by Liedtke et al., they reported
no Caveolin-1 expression in the epithelial component of
specimens obtained from 5 normal breast tissues, 295 be-
nign lesions, and 108 DCIS cases, while 29.4% of 109 in-
vasive breast cancer specimens were found to be posi-
tive for Caveolin-1 expression. These researchers found
no significant correlation between epithelial Caveolin-1 ex-
pression neither with evaluated clinical and pathological
markers, nor with overall survival or disease-free survival
(28). Hence, the higher rate of Caveolin-1 expression they
reported in patients with invasive breast cancer was com-
patible with our findings. Given the effects of Caveolin-1
expression on patients’ survival, the results of the two sur-
veys were incompatible.

As can be seen, there are still many disagreements be-
tween the studies that have evaluated the role of Caveolin-1
in human breast cancer. Although some evidence suggests
a tumor suppressive role for Caveolin-1 in development of
breast cancer (29), others have implicated overexpression
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of this protein as a promoting factor for certain steps of
carcinogenesis such as inhibiting anoikis in MCF7 breast
cancer cells (30). Breast cancer cell growth that is induced
by medroxyprogesterone acetate has also been shown to
be mediated by Caveolin-1(31). Non-inflammatory carcino-
mas have been reported to present with lower Caveolin-
1 expression compared to inflammatory breast cancer,
which is a very aggressive form of invasive breast cancer
(32). These discrepancies could be justified to some ex-
tent by the hypothesis that Gupta et al. proposed stating
that whether Caveolin-1 exerts tumor suppressor effects or
oncogenic properties, depends on the stage of carcinogen-
esis (3). It seems that at the initial stages of breast cancer
development, Caveolin-1 expression is associated with tu-
mor suppression.

Caveolin-1 protein has been reported to be involved
in regulating the function of caveolae by altering the as-
sembly of cell membrane components thatare responsible
for signal transduction and interactions between distinct
pathways (2). The role of this membrane protein in gath-
ering different protein components near each other in the
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Table 4. Correlation Between Stromal Caveolin-1 Staining and Its Patterns with Evaluated Variables in the Study

N (Column %) Events (Row %) Overall Survival, Mean + SE P Value (Log-Rank test)
Group
Invasive 53(100) 16(30.2) 35714
Epithelial Caveolin-1 0.001
Negative 38(71.7) 7(18.4) 38.9 12
Positive 15(28.3) 6(60.0) 283132
Stromal Caveolin-1 0.657
Negative 5(9.4) 2(40.0) 32.6 = 4.0
Positive 48(90.6) 14 (29.2) 359 +15
Grade < 0.001
1 4(9.5) 0(0.0)
2 18 (42.9) 2(11.9)
3 20 (47.6) 14(60.0)
Lymph node 0.051
Negative 13(25.5) 1(7.7) 405+14
Positive 38(74.5) 15(39.5) 341118
ER 0.001
Negative 18(43.9) 11(61.1) 28.9 £2.4
Positive 23(56.1) 3(13.0) 397413
PR 0.010
Negative 20 (48.8) 10 (50.0) 310 £23
Positive 21(51.2) 18 (14.3) 39.6 £ 1.4
HER2 score 0.891
0-1+ (negative) 24(533) 8(33.3) 353+ 21
2+ (borderline) 6(13.3) 1(16.7) 382126
3+ (positive) 15(333) 5(333) 343124
HER2 0.878
Negative 30(66.7) 9(30.0) 36.0 1.8
Positive 15(33.3) 5(33.3) 343+24

Abbreviation: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor

caveolae could be the key to its dual effects reported by cur-
rent evidence. Also, the combination of proteins present
in the cell determines the overall effect rather than the ex-
pression of Caveolin-1 alone. Nevertheless, further inves-
tigations are required to determine the exact mechanism
through which this protein affects breast cancer pathogen-
esisat different stages and to establish its role as a prognos-
tic marker for patients’ treatment response and survival.
One of the limitations of the present study was the
small sample population included, which might have af-
fected the results. In addition, considering the methods
of this study, survival analysis was performed based on the
retrospectively obtained information through phone calls

with the patients or their families, which subjects the re-
sults of this study to recall bias. Future studies on this topic
are recommended to include larger sample populations
with a wider variety of breast lesions and follow patients
prospectively to minimize the effects of recall bias in de-
termining the role of Caveolin-1 as a prognostic marker.

5.1. Conclusions

The findings of the present study showed a positive sig-
nificant correlation between epithelial Caveolin-1 positiv-
ity with the diagnosis of the patients, grade of the tumor
in subjects with invasive breast cancer, and involvement

Int ] Cancer Manag. 2020;13(2):€97468.
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of lymph nodes. Moreover, a negative correlation was ob-
served between epithelial Caveolin-1 positivity with HER2
score and HER2 positivity in subjects diagnosed with inva-
sive breast cancers. Caveolin-1 expression was also found
to be negatively correlated with the survival of the patients
and overall it seems to be associated with worse outcomes
in breast cancer patients.
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