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Caveolin-1 expression in human breast lobular
cancer progression
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Caveolin-1 is the principal structural protein of caveolae, and caveolin-1 gene plays a role as a tumour
suppressor gene in human mammary cancer-derived cells. However, limited data are available concerning
caveolin-1 expression in human breast cancer tissue. We evaluated caveolin-1 expression in normal lobular
epithelial cells and in the whole human lobular neoplasia spectrum disease, with the aim to examine differences
of caveolin-1 expression in human lobular neoplasia progression. We selected 147 cases of pure lobular
lesions, ie lobular intraepithelial neoplasia and invasive lobular carcinoma, from 112 patients. Presence of
caveolin-1 was evaluated by immunohistochemistry. Among 81 lobular intraepithelial neoplasia lesions
studied, 43% were associated with invasive lobular carcinoma, with positive correlation between lobular
intraepithelial neoplasia grade and presence of invasive component (P=0.01). In total, 64% of lobular lesions
were positive for caveolin-1 (81% lobular intraepithelial neoplasia and 42% invasive lobular carcinoma), and a
significant difference in terms of caveolin-1 expression was present between lobular intraepithelial neoplasia
and invasive lobular carcinoma (P=0.0001). Variations in caveolin-1 expression were evident among the
different lobular intraepithelial neoplasia grades (91% grade 1, 68% grade 2, 35% grade 3); the difference was
significant comparing lobular intraepithelial neoplasia grade 3 vs 1 (P=0.0001) and grade 3 vs 2 (P=0.007) but
not grade 1 vs 2. Furthermore, significant differences were found between lobular intraepithelial neoplasia
grades 1 and 2 vs invasive lobular carcinoma (P=0.0001), but not between lobular intraepithelial neoplasia
grade 3 and invasive lobular carcinoma (P=0.196). In conclusion, variations of caveolin-1 expression may have
an important role in the progression of human breast lobular cancer; in addition, they confirm the powerful
clinical impact of the lobular intraepithelial neoplasia classification for lobular intraepithelial neoplasia,
supporting the direct origin of invasive lobular carcinoma from clonal expansion of the lobular intraepithelial
neoplasia lesions cells.

Modern Pathology (2009) 22, 71-78; doi:10.1038/modpathol.2008.154; published online 3 October 2008

Keywords: breast; caveolin-1; immunohistochemistry, lobular intraepithelial neoplasia, invasive lobular cancer

Caveolins are the major integral membrane compo-
nent of caveolae, flask-shaped invaginations of the
plasma membrane with an average diameter of
50—100nm." In particular, caveolin-1 (Cav-1) is the
principal structural protein of caveolae,»* and it is
normally expressed at high levels in adipocytes,
stromal cells and in normal mammary epithelia.’>®
Cav-1 appears to have diverse functions, including
vesicular transport, maintaining cellular cholesterol
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balance, and signal transduction.” Interestingly,
Cav-1 gene is localized to the D7S522 locus in the
g31.1 region of human chromosome 7.*'° This
chromosomal region (D7S522/7931.1) is a suspected
tumour suppressor locus and a common fragile site
(known as FRA7G) that is frequently deleted in a
number of human cancers.""*° Thus, Cav-1 may be
the as yet unidentified tumour suppressor gene
located at the D7S522/7931.1 locus.®°

In addition, Cav-1 has demonstrated an important
role in mammary gland physiology and morphology.
Recently, two novel phenotypes was described in
the mammary glands of Cav-1 null mice: (1) mild
mammary epithelial cell hyperplasia in virgin
mice,”” and (2) precocious lactation in pregnant
mice."® Moreover, during pregnancy, Cav-1 null
mice demonstrated accelerated development of the
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lobuloalveolar compartment, premature lactation,
and hyperactivation of the Jak-2/STAT5a signalling
cascade."’

Interestingly, data about the role of Cav-1 expres-
sion in the onset or progression of human breast
cancers were also obtained. By using cultured
human mammary epithelial cells, normal mammary
epithelial cells expressed significant levels of
Cav-1.>%® Sager et al* identified Cav-1 as one of
26 genes downregulated in human mammary
adenocarcinoma-derived cells through differential
display and subtractive hybridization techniques.
Independently, Lee et al® demonstrated that a
number of human breast cancer cell lines show
a significant reduction in Cav-1 expression levels,
compared with normal mammary epithelial cells.
Additionally, reintroduction of Cav-1 resulted in a
~50% reduction in cellular proliferation and an
~15-fold reduction in the ability of these cells to
form colonies in soft agar.®

To date, only limited studies have investigated the
Cav-1 expression in human breast cancer tissue;
Park et al*° by immunohistochemical methods,
demonstrated a reduction in Cav-1 expression in
invasive ductal carcinoma of the breast compared
with normal mammary epithelia. Furthermore, our
group recently demonstrated the expression of Cav-1
protein in a large portion of human lobular intra-
epithelial neoplasia of the breast.”’ In the present
study, the Cav-1 expression was evaluated in normal
lobular epithelial cells and in the human lobular
neoplasia spectrum (lobular intraepithelial neopla-
sia, invasive lobular cancer) with the aim to
comprehensively examine differences of Cav-1
expression in human lobular neoplasia progression.

Materials and methods
Clinical Material

Immunohistochemical analysis was retrospectively
performed on tissue samples that were taken for
routine diagnostic purposes. On the basis of the
availability of tissue samples in the archives of the
Anatomical Pathology Department of the Campus
Bio-Medico University of Rome, 112 patients with
lobular neoplasia of the breast (lobular intraepithe-
lial neoplasia lesions or invasive lobular carcino-
mas) between January 2001 and June 2007 were
identified and analysed. No patient had received
chemotherapy, hormonotherapy or radiation therapy
before surgery. Tissue samples were fixed in 10%
neutral-buffered formaldehyde and embedded in
paraffin. Routine haematoxylin and eosin staining
was performed on the sections for histopathologic
evaluation. Lesions histology and lesions grade
evaluated at primary diagnosis and extracted from
pathology reports were re-evaluated by one of the
authors (MZ). For lobular intraepithelial neoplasia,
a three-tiered grading system proposed by
Bratthauer and Tavassoli** was used. Table 1
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summarized the histological criteria. On the basis
of the quality of the morphologic preservation of all
available haematoxylin and eosin-stained slides of
the surgical specimen sections, we selected one
paraffin block for each case. Consecutive 3um
sections were re-cut from each study block. These
sections were immunostained for Cav-1 proteins.

Immunohistochemical Staining

Immunohistochemistry was performed by the strepto-
avidin-biotin method. Endogenous peroxidase in
the section was blocked by incubating them in 3%
hydrogen peroxide. The used antibody was a rabbit
polyclonal antibody against Cav-1 protein (N-20,
Santa Cruz Biotechnology Inc.) at a 1:100 dilution.
This antibody has been used and validated pre-
viously by our group and by others.?"**** Sections
were incubated with LSAB2 (Dakocytomation). 3-3'-
diaminobenzidine was used for colour development
and haematoxylin was used for counterstaining.
Negative control slides processed without primary
antibody were included for each staining. Slides
were examined by two investigators (GP and MZ)
without knowledge of the corresponding clinico-
pathologic data.

Immunostaining was considered positive if
appropriate brown staining was seen in membrane
or cytoplasm of tumour cell. Cav-1 expression was
established calculating the percentage of immuno-
reactive cells in a total of 1000 neoplastic cells. On
the basis of percentage of Cav-1-positive cells,
lesions were arbitrarily classified in: 0-25% (nega-
tive), 26-50% (low), 51-75 (moderate), 76—100
(high). Agreement in immunohistochemical eval-
uation between the two observers was >90%. In
cases of disagreement, a final score was determined
by consensus after re-examination.

Statistical Analysis

Caveolin-1 expression among different grade of
lobular intraepithelial neoplasia lesions and
invasive lobular carcinoma was compared according
to the Mann-Whitney U-tests for non-parametric
independent variables. Spearman’s rank correlation
test was used to assess association between lobular
intraepithelial neoplasia and invasive lobular carci-
noma. P<0.05 was regarded as statistically signi-
ficant in tailed tests. SPSS software (version 14.00;
SPSS Inc., Chicago, IL, USA) was used for statistical
analysis.

Results
Patients’ Characteristics

One hundred-twelve patients with diagnosis of
lobular neoplasia of the breast without other
neoplastic lesions associated were studied. Our
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Table 1 Histological criteria proposed by Bratthauer and Tavassoli for grading lobular intraepithelial neoplasia

LIN, grade 1 LIN, grade 2 LIN, grade 3

Loosely cohesive cellular proliferation + + +
Preserving distinct ductular outlines + + — (Virtual confluence)
Filling the acinar space * + +
Acinar distension - + +++ (Maximally)
Nuclear pleomorphism® - Rarely
Pure classic signet ring cell population® - - Rarely
LIN, lobular intraepithelial neoplasia.
4If present, maximum distension of acini is not required.
Tabl.e 2 Association betyveen lobular intraepithelial neoplasia 80% 7 LIN without ILC
and invasive lobular carcinoma .

70% | I LIN with ILC

LIN without ILC (%) LIN with ILC (%)

60% 1
LIN grade 1 23 17 (74) 6 (26)
LIN grade 2 38 22 (58) 16 (42) 50% |
LIN grade 3 20 7 (35) 13 (65)
Total 81 46 (57) 35 (43) 40% 1
LIN, lobular intraepithelial neoplasia; ILC, invasive lobular carcinoma. 30% 1
Spearman’s test: r=0.284; P=0.01.

20%

10%
cohort was formed by tree different population of
lobular breast neoplasia: (1) 46 lobular intra- = i ' LN ' LING

epithelial neoplasia lesions without invasive lobular
cancer component, (2) 35 lobular intraepithelial
neoplasia lesions with invasive lobular carcinoma
component and (3) 31 invasive lobular carcinomas
without in situ component. Within the patients with
invasive carcinoma, 25 had lymph node metastasis.

Relationship Between Lobular Intraepithelial
Neoplasia and Invasive Lobular Carcinoma

Analysing the association between lobular intra-
epithelial neoplasia and invasive lobular carcinoma,
we found that among 81 lobular intraepithelial
neoplasia lesions studied, 35 (43%) showed to be
associated to invasive lobular carcinoma. Moreover, a
positive significant correlation was found between
lobular intraepithelial neoplasia grade and the presence
of invasive component (r=0.284; P=0.01), demon-
strating that the increasing grade of lobular intraepithe-
lial neoplasia directly correlates with association of
invasive lobular carcinoma (Table 2, Figure 1).

Immunohistochemical Staining for Cav-1

Caveolin-1 immunostaining showed a prevalent
membrane pattern associated to a cytoplasmic
positivity in the normal ductal and lobular epithe-
lial cells and surrounding endothelial cells in all
112 tissue examined. In the cases with concurrent
lobular intraepithelial neoplasia lesion and invasive
lobular carcinoma, the evaluation of Cav-1 was
performed separately in the two different lesions.

Figure 1 Relationship between lobular intraepithelial neoplasia
and invasive lobular carcinoma. The increasing grade of lobular
intraepithelial neoplasia directly correlates with association of
invasive lobular carcinoma (P=0.01).

Thus, we analysed 147 lobular lesions. The eval-
uation of Cav-1 expression in the lobular neoplasia
samples showed that 94 of 147 lesions were positive
for Cav-1. In particular, 66 of 81 lobular intraepithe-
lial neoplasia (40 of 46 without and 26 of 35 with
invasive component) and 28 of 66 invasive lobular
carcinoma (10 of 31 without and 18 of 35 with in situ
component) showed Cav-1 expression (Figure 2).

Cav-1 in Lobular Intraepithelial Neoplasia Lesions

No significant differences (P=0.835) in terms of
Cav-1 expression emerged between lobular intra-
epithelial neoplasia lesions with and without
invasive component. Moreover, stratifying lobular
intraepithelial neoplasia in a three-tiered grading
system, no significant differences resulted between
lobular intraepithelial neoplasia with and without
invasive component (Table 3).

Thus, the complete absence of statistically significant
differences between lobular intraepithelial neoplasia
with and without invasive lobular carcinoma, suggests
that these two populations are not different in terms of
Cav-1 expression. On the bases of these findings, to
compare Cav-1 expression in the different grades of
lobular intraepithelial neoplasia, the 81 lobular intrae-
pithelial neoplasia lesions were examined all together:

Modern Pathology (2009) 22, 71-78
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Figure 2 Cav-1 immunostaining. IHC was performed by the streptoavidin—biotin method. Cav-1 was expressed with a moderate/strong
immunostaining in 92% lobular intraepithelial neoplasia grade 1 (a), 68% grade 2 (b) whereas 65% grade 3 (c) and 77% invasive lobular
carcinoma (d) proved to be negative. In all cases examined, stromal tissue was negative, whereas normal ductal (asterisk) and lobular
epithelial cells and blood vessel endothelial cells (arrows) were positive for Cav-1; thus, they were used as positive internal control.

Magnification: (a) x 400; (b, d) x 200; (c¢) x 100.

Table 3 Cav-1 expression between lobular intraepithelial neoplasia with and without invasive lobular carcinoma

Cav-1 in LIN without ILC Cav-1 in LIN with ILC P*
0 1 2 3 0 1 2 3
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Total LIN 81 6 (7) 7 (9) 11 (14) 22 (27) 9 (11) 5 (6) 4 (5) 17 (21) NS; 0.835
LIN grade 1 23 0 (0) 1(4) 7 (30) 9 (39) 1(4) 0 (0) 0 (0) 5 (22) NS; 0.157
LIN grade 2 38 2 (5) 4 (11) 4 (11) 12 (32) 4 (11) 2 (5) 1(3) 9 (24) NS; 0.721
LIN grade 3 20 4 (20) 2 (10) 0 (0) 1(5) 4 (20) 3 (15) 3 (15) 3 (15) NS; 0.281

LIN, lobular intraepithelial neoplasia; ILC, invasive lobular carcinoma; NS, not significant.

*Mann—Whitney test.

no significant differences emerged between lobular
intraepithelial neoplasia grade 1 and lobular intrae-
pithelial neoplasia grade 2 lesions (P=0.306) whereas
significant differences resulted between lobular intrae-
pithelial neoplasia grade 3 vs lobular intraepithelial
neoplasia grade 1 and lobular intraepithelial neopla-
sia grade 2 (respectively, P=0.0001 and P=0.007;
Table 4).
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Cav-1 in Invasive Lobular Carcinoma and Association
with Lobular Intraepithelial Neoplasia

No significant difference (P=0.284), in terms
of Cav-1 expression, emerged between invasive
lesions with and without in situ component.
Moreover, no statistically significant difference
resulted by comparing Cav-1 expression with the



Table 4 Cav-1 expression in lobular intraepithelial neoplasia lesions
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Total LIN Cav-1 expression pP*
0 1 2 3
81 n (%) n (%) n (%) n (%)
LIN grade 1 23 1 (4) 1 (4) (30) 14 (61) LIN grade 1 vs grade 2: NS; 0.306
LIN grade 2 38 6 (16) 6 (16) (13) 21 (55) LIN grade 1 vs grade 3: 0.0001
LIN grade 3 20 8 (40) 5 (25) (15) 4 (20) LIN grade 2 vs grade 3: 0.007

LIN, lobular intraepithelial neoplasia; NS, not significant.
*Mann-Whitney test.

Table 5 Cav-1 expression between invasive lobular carcinoma
with and without lobular intraepithelial neoplasia association

Total ILC Cav-1 expression pP*
0 1 2 3
66 n (%) n(%) n(%) n(%)
ILC without LIN 31 21(68) 2(6) 1(3) 6(19) NS;0.284
ILC with LIN 35 17 (49) 10 (29) 3 (9) 5 (14)
LN neg. 40 21 (52) 9(22) 4(10) 6(15) NS;0.423
LN pos. 26 17 (65) 4 (15) 0(0) 5 (19)

LIN, lobular intraepithelial neoplasia; ILC, invasive lobular carcino-
ma; LN, lymph nodes; NS, not significant; neg., negative; pos.,
positive.

*Mann-Whitney test.

presence of lymph node metastasis (P=0.423;
Table 5).

Interestingly, significant statistical differences in
terms of Cav-1 expression were established between
lobular intraepithelial neoplasia lesions and inva-
sive lobular carcinoma (P=0.0001; Figure 3).

Moreover, evaluating Cav-1 expression in invasive
lobular carcinoma lesions and comparing with the
different grades of lobular intraepithelial neoplasia,
significant statistical differences were found
between lobular intraepithelial neoplasia grades 1 and
2 vs invasive lobular carcinoma (both, P=0.0001),
whereas no difference was established between lobular
intraepithelial neoplasia grade 3 and invasive lobular
carcinoma (P=0.196; Table 6, Figure 4).

Discussion

In the current study, Cav-1 expression was evaluated
in the whole spectrum of human lobular breast
neoplasia and, interestingly, a progressive down-
expression of Cav-1 was found between normal
lobular epithelia and lobular intraepithelial neopla-
sia lesion and between lobular intraepithelial neo-
plasia lesion and invasive lobular carcinoma.

The term lobular breast neoplasia defines a
continuum of diseases, from risk indicators for
malignant disease through to lesions that are fully
malignant and can lead to death for the patient.?® An

100% -

80% <

60%

40% -

% CAV-1 positive cells

20%

0% 4

LIN ILC

Figure 3 Cav-1 expression difference between lobular intrae-
pithelial neoplasia and invasive lobular carcinoma. Significant
statistical differences were found between lobular intraepithelial
neoplasia lesions and invasive lobular carcinoma (P=0.0001).

attempt to stratify the pre-malignant continuum on a
logical morphological basis has been made with
‘lobular intraepithelial neoplasia’ terminology. Page
et al*® placed lobular intraepithelial neoplasia
lesions into two categories: atypical lobular hyper-
plasia and lobular in situ carcinoma, on the basis of
the percentage of acini distended and filled by
lobular cells in a lobular unit. The risk factors for
either one of the two are not sufficiently different,
and the tendency toward invasive cancer develop-
ment is not necessarily increased with the lobular
in situ carcinoma designation.?* Other pathologists
prefer to place lobular proliferative lesions in three
different categories. Bratthauer and Tavassoli** sub-
divided lobular intraepithelial neoplasia into three
grades (lobular intraepithelial neoplasia grades 1-3)
to reflect the spectrum of architectural and cytological
changes that occur in this type of lesion. Using this
classification system, Bratthauer and Tavassoli**
demonstrated that the increasing grade of lobular
intraepithelial neoplasia directly correlates with the
frequency of invasive lobular carcinoma.

Consistent with this study, our results showed a
significant positive statistical correlation between

Modern Pathology (2009) 22, 71-78
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Table 6 Cav-1 expression in lobular neoplastic lesions

Total LNs 147 Cav-1 expression p*
0 1 3
n (%) n (%) n (%) n (%)
LIN grade 1 23 1 (4) 1 (4) 7 (30) 14 (61) LIN grade 1 vs ILC: 0.0001
LIN grade 2 38 6 (16) 6 (16) 5(13) 21 (55) LIN grade 2 vs ILC: 0.0001
LIN grade 3 20 8 (40) 5 (25) 3 (15) 4 (20) LIN grade 3 vs ILC: NS; 0.196
ILC 66 38 (58) 13 (20) 4 (6) 11 (17)

LNs, lobular neoplasias; LIN, lobular intraepithelial neoplasia; ILC, invasive lobular carcinoma; NS, not significant.

*Mann—-Whitney test.

100%+

80% -

60%

40%

% CAV-1 positive cells

20%

0% 2=

LIN1 LIN2 LIN3 IiLc

Figure 4 Cav-1 expression differences among lobular intraepithe-
lial neoplasia grades and invasive lobular carcinoma. No
differences emerged between lobular intraepithelial neoplasia
grade 1 and lobular intraepithelial neoplasia grade 2 lesions
(P=0.306) and between lobular intraepithelial neoplasia grade 3
and invasive lobular carcinoma (P=0.196) whereas a significant
differences were found between lobular intraepithelial neoplasia
grades 1 and 2 vs invasive lobular carcinoma (both, P=0.0001)
and between lobular intraepithelial neoplasia grade 3 vs lobular
intraepithelial neoplasia grades 1 and 2 (respectively, P=0.0001
and P=0.007).

lobular intraepithelial neoplasia grade and invasive
lobular carcinoma suggesting the potential clinical
role of the ‘lobular intraepithelial neoplasia’ classi-
fication according to Tavassoli grade system for
lobular intraepithelial neoplasia. This finding pro-
vides strong evidence for a precursor role of lobular
intraepithelial neoplasia and supports the theory of
the direct origin of invasive lobular carcinoma from
clonal expansion of the cells found in lobular
intraepithelial neoplasia lesions.*”

Recently, many studies have showed that the D7S522
locus on human chromosome 7q31.1 is commonly
deleted in a variety of human cancers, including
carcinomas of the breast. These findings have led to
the hypothesis that this region encodes a novel tumour
suppressor gene."'~*>**** Moreover, the human Cav-1
gene was mapped to the D7S522 region of 7q31.1,"
suggesting that Cav-1 may indeed represent the tumour
suppressor in this fragile genomic region.
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Interestingly, Cav-1 is most highly expressed in
terminally differentiated cells, such as adipocytes,
endothelial cells, smooth muscle cells and mam-
mary epithelial cells,>**° suggesting that high
levels of this protein may contribute to their well
differentiated/non-proliferating state.” These data
were confirmed by our immunohistochemical ana-
lysis in which expression of Cav-1 was found in
the normal mammary epithelia and surrounding
endothelial cells of all breast tissue studied.

To date, only limited studies have investigated the
Cav-1 expression in human breast cancer tissue;
Park et al’® by immunohistochemical methods,
demonstrated a reduction in Cav-1 expression in
invasive ductal carcinoma of the breast compared
with normal mammary epithelia. Furthermore, our
group recently demonstrated the expression of Cav-1
protein in a large portion of human lobular intrae-
pithelial neoplasia of the breast.?® Analysing Cav-1
expression in these three population, no significant
differences were found between lobular intraepithe-
lial neoplasia lesion with and without invasive
component and between invasive lobular carcinoma
with and without lobular intraepithelial neoplasia
component. These data suggest that, at least for Cav-1,
there is no association between Cav-1 expression in
lobular intraepithelial neoplasia lesion and in the
adjacent invasive lobular carcinoma.

Interestingly, a progressive downexpression of
Cav-1 was found between normal lobular epithelia
and lobular intraepithelial neoplasia lesion and
between lobular intraepithelial neoplasia lesion
and invasive lobular carcinoma. This data are
consistent with the above in vitro data, which have
shown that Cav-1 acts as a tumour suppressor in
breast carcinogenesis.*"*?

Moreover, in the current study, lobular intrae-
pithelial neoplasia were stratified following
Bratthauer and Tavassoli’s classification,?? in a three-
tiered grading system and Cav-1 expression was
evaluated among the three different grades of
lobular intraepithelial neoplasia. No significant
difference was found between lobular intraepithe-
lial neoplasia grades 1 and 2 in terms of Cav-1
expression, whereas a significant difference was
found between lobular intraepithelial neoplasia
grades 1 and 3 and between lobular intraepithelial



neoplasia grades 2 and 3. Our results demonstrate
that lobular intraepithelial neoplasia grade 3 lesions
show different Cav-1 expression from lobular
intraepithelial neoplasia grades 1 and 2 lesions,
allowing the hypothesis that this different pattern of
protein expression reflects a different biological
behaviour. Furthermore, a significant difference was
found between lobular intraepithelial neoplasia
grades 1-2 and invasive lobular carcinoma whereas
no difference was established between lobular in-
traepithelial neoplasia grade 3 and invasive lobular
carcinoma. In a recent report, evaluating expression
of Cox-2, an enzymatic protein linked to the devel-
opment of breast cancer, similar results were pre-
sented.®® Take together, a provocative possible
explanation is that lobular intraepithelial neoplasia
grade 3, rather than grades 1 and 2 lesions, is a
precursor lesion of invasive lobular carcinoma rather
than a simple risk factor.

In summary, data presented here confirm and
extend the in vitro findings of others and show for
the first time that Cav-1 may have a key role as a
tumour suppressor in the lobular breast carcino-
genesis. In future, it will be important to extend
these observations in further investigation to better
understand the pathways and processes that are
involved in the development and progression of
lobular breast cancer, thus to offer exciting oppor-
tunities to develop new anti-cancer therapies.
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