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Abstract
Aims—The relation between lobular car-
cinoma in situ (LCIS) and invasive breast
cancer is unresolved. In an attempt to
establish whether LCIS is a precursor of
invasive cancer the mutational status and
the expression of E-cadherin was analysed
in LCIS and associated invasive breast
carcinoma in 23 patients.
Methods—Foci of LCIS and associated
invasive carcinoma were individually
microdissected from tissue from 23 pa-
tients. Exons 4–16 of the E-cadherin gene
were analysed using single strand confor-
mation polymorphism (SSCP); protein
expression and the localisation of
E-cadherin and â-catenin were assessed
with the use of immunohistochemistry.
Results—Immunohistochemistry re-
vealed a lack of expression of E-cadherin
and â-catenin in most LCIS samples and
invasive foci. In all but four cases, the
staining pattern was identical in the LCIS
and associated invasive areas. When
E-cadherin was absent, â-catenin was also
undetected, suggesting a lack of expres-
sion of alternative classic cadherin mem-
bers in these lesions. Coincident
E-cadherin mutations in LCIS and associ-
ated invasive carcinoma were not identi-
fied in this series of patients. However,
mutational analysis of E-cadherin in mul-
tiple foci of carcinoma in situ surrounding
an invasive lesion provided evidence to
support ductal carcinoma in situ as a pre-
cursor of invasive ductal carcinoma.
Conclusion—These data support the hy-
pothesis that LCIS is not a precursor of
invasive breast carcinoma but a marker of
increased risk of developing invasive dis-
ease.
(J Clin Pathol: Mol Pathol 2001;54:91–97)
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Lobular carcinoma in situ (LCIS) is usually an
incidental finding in breast tissue that has been
removed for other clinical reasons. LCIS is fre-
quently multicentric and bilateral, and when
found in an otherwise benign biopsy has been
associated with an increased risk of the
development of a subsequent invasive breast
carcinoma. More specifically, 15–25% of
women with LCIS will develop invasive
carcinoma over the next 15–20 years, with an
almost equal risk in the ipsilateral and contral-
ateral breast.1–3 Moreover, approximately 50%

of these invasive carcinomas will be of the duc-
tal type.2 4 To date, it is not possible to predict
which patients with LCIS will subsequently
develop an invasive cancer.

Loss of heterozygosity (LOH) studies of pri-
mary breast tumours have identified deletions
at the chromosomal region 16q22.1 in 50% of
informative breast cancer cases, suggesting the
presence of a possible tumour suppressor
gene.5–8 E-cadherin, a transmembrane protein
responsible for cell–cell adhesion, is localised in
this region and has been implicated because
alterations in E-cadherin have been found in
various breast lesions. For instance, reduced
E-cadherin expression has been recorded in
approximately 50% of infiltrating ductal carci-
nomas (IDCs), and complete loss of
E-cadherin has been demonstrated in most
infiltrating lobular carcinomas (ILCs).9–13 The
molecular basis for this loss of expression
appears to be diVerent in lobular and ductal
lesions. In a study by Berx et al,14 truncation
mutations were recorded in four of seven inva-
sive lobular breast cancers in which a loss of the
wild-type E-cadherin allele and a lack of
detectable E-cadherin protein were demon-
strated. Interestingly, they detected no muta-
tions in a series of 42 infiltrative ductal and
medullary carcinomas.

The biological nature of LCIS and its
relation to invasive carcinoma are unclear
because molecular analysis studies are few and
limited by the small size of the lesion. One
hypothesis considers LCIS solely as a risk indi-
cator for invasive disease.15 16 In support of this
are the results from comparative genomic
hybridisation analyses of LCIS and invasive
cancer, which showed some similarities at the
chromosomal level, although there were also
significant diVerences.17 The analysis of LCIS
cases that subsequently developed invasive car-
cinoma showed that a linear accumulation of
chromosomal gains and losses did not account
for progression from non-invasive to invasive
disease in all cases. An alternative hypothesis
states that LCIS cells are intermediates in pro-
gression to invasive cancer.4 De Leeuw and
colleagues demonstrated identical E-cadherin
staining patterns in associated LCIS and inva-
sive lobular cancers, implying that the former
was the precursor of the latter.18 In a subse-
quent report, in two cases this same group
demonstrated the presence of the same trun-
cating mutation in the LCIS component and
the associated ILC, supportive of the hypoth-
esis that LCIS is a preneoplastic lesion capable
of progression to malignancy.19
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In our study, we have extended the analysis
of E-cadherin in LCIS and compared the
mutational events recorded with those in asso-
ciated invasive carcinomas. In the 23 patients
studied we did not identify a single case in
which the LCIS and invasive lesion displayed
the same E-cadherin mutation.

Materials and methods
TISSUE SAMPLES

Twenty three breast tumour samples were
obtained from individuals with invasive breast
cancer who underwent surgery at the Lahey
Clinic, between 1990 and 1999. Tissue was
stored as formalin fixed, paraYn wax embed-
ded blocks at room temperature. Of the 23
cases of invasive breast cancer, 14 were lobular
and nine were ductal carcinomas. All cases had
accompanying LCIS.

MICRODISSECTION AND DNA EXTRACTION

In each case, a 5 µm slide was cut, dewaxed,
and haematoxylin and eosin (H&E) stained for
orientation. Five subsequent slides from the
same block were cut at 10 µm, dewaxed, and
H&E stained for microdissection using a 23
gauge needle. All slides were reviewed by a staV
pathologist (JMD) who gave particular atten-
tion to selecting pure LCIS lesions. Tissue
from LCIS and invasive foci was microdis-
sected and immediately placed in 125 µl lysis
buVer (10 mM Tris/HCl at pH 8.3, 0.37%
KCl, 2.5 mM MgCl2, 0.45% Tween-20, and
0.5 mg/ml proteinase K) then incubated at
55°C for two hours with shaking. After incuba-
tion at 95°C for 15 minutes, 2 mM EDTA was
added to the sample, which was stored at 4°C.
Additional associated foci including LCIS,

ductal carcinoma in situ (DCIS), and foci with
morphological features of both, termed foci of
intermediate morphology, were dissected from
the paraYn wax blocks of two other patients
(22 and 23). Microdissected specimens con-
tained > 90% target cells from CIS lesions and
> 75% from invasive lesions.

POLYMERASE CHAIN REACTION (PCR)
Table 1 shows the oligonucleotide primer
sequences for amplification of the translated
portion of the E-cadherin gene (exons 4–16).
Overlapping primers were designed for exons
10, 12, 13, and 16 to decrease the size of the
PCR product for single strand conformation
polymorphism (SSCP) analysis. PCR amplifi-
cation was carried out in a 25 µl volume
containing 5 µl of extracted DNA, 1× PCR
buVer containing 15 mM MgCl2, 200 µM each
of dATP, dGTP, and dTTP, 120 µM dCTP, 1
unit of Taq DNA polymerase (Perkin Elmer
Gene Amp, Foster City, California, USA),
0.4 µM of forward and reverse primers, and
2.0 µCi of [ã-32P] dCTP (Amersham, Arling-
ton Heights, Illinois, USA). After an initial
denaturation at 95°C for five minutes, 40
cycles at 95°C for 60 seconds, 52°C (exons
12B and 13B), or 54°C (exons 5, 10A, 10B,
12A, and 13A), or 55°C (exons 4, 6–9, 11,
14–16B) for 60 seconds, and 72°C for 60 sec-
onds were performed. The last cycle was
followed by a 10 minute extension at 72°C.

SSCP ANALYSIS

Aliquots of 4 µl of the PCR product were
mixed with 16 µl of stop solution (95% forma-
mide, 20 mM EDTA, 0.05% bromophenol
blue, and 0.05% xylene cyanol FF), heat dena-
tured at 95°C for five minutes, and 3 µl aliquots
were rapidly loaded on to non-denaturing
polyacrylamide gels. All samples were run
under two diVerent gel conditions: (1) 6%
acrylamide and 10% glycerol run at room tem-
perature with a cooling fan at 30 W; and (2)
8% acrylamide with no glycerol run at 4°C and
30 W. The gels were dried at 80°C and autora-
diographed using Kodak BioMax film (East-
man Kodak, Rochester, New York, USA) for
24 to 96 hours. The tumour was scored as hav-
ing a mutation if an abnormal SSCP pattern
was detected in repeat experiments involving
separate PCR reactions. We have shown that a
mutation can be identified in SSCP when
present in 5% of the DNA analysed.20

DNA SEQUENCING

Aberrantly migrating DNA fragments were
excised from the gel and extracted after boiling
in water for 15 minutes. DNA was ethanol pre-
cipitated in glycogen and used for PCR as
described above. An aliquot of 4 µl of the PCR
product was subcloned and used in the
transformation of competent cells provided in
the TA cloning kit (InVitrogen, San Diego,
California, USA), according to the manufac-
turer’s instructions. Colonies containing PCR
product were grown overnight in Luria-Bertani
medium (1% tryptone wt/vol, 0.5% yeast
extract wt/vol, 0.5% NaCl wt/vol, and 10 mM
NaOH), and the plasmids were extracted.

Table 1 Primers for single strand conformation polymorphism analysis

Exon Primer sequences Size (bp)

Annealing
temperature
(°C)

4 F 5'-TTCCTTTTAGGCCTCCGTTT-3' 155 55°C
4 R 5'-CCTGAACCAGGTTTTTAGGAAA-3'
5 F 5'-TTGTCTTCAGATCAAATCCAACA-3' 165 54°C
5 R 5'-GTGTATGTGGCAATGCGTTC-3'
6 F 5'-TTGGTTCTTTCAGCTCTTCTCTC-3' 169 55°C
6 R 5'-GGATATACCTGGAAGAGCACCTT-3'
7 F 5'-CCAGGAACCTCTGTGATGGA-3' 163 55°C
7 R 5'-TGGTGACCACACTGATGACTC-3'
8 F 5'-TTTCCCTACGTATACCCTGGTG-3' 134 55°C
8 R 5'-GAATTACCGTGGTGGGATTG-3'
9 F 5'-TGCAGTACAAGGGTCAGGTG-3' 198 55°C
9 R 5'-CCATACAAACCTTTGCTGTTTTC-3'
10A F 5'-TCTGCTCTCTAGGGCTTGGA-3' 136 54°C
10A R 5'-CATTCACATCCAGCACATCC-3'
10B F 5'-GGATGTGCTGGATGTGAATG-3' 150 54°C
10B R 5'-CACACTTACGTTATTTTCTGTTCCA-3'
11 F 5'-CGTTCAGATATCGGATTTGG-3' 163 55°C
11 R 5'-GCCCCCTTACCATTGTCTGT-3'
12A F 5'-TTTCTCTTAGGTTCTCCAGTTGC-3' 131 54°C
12A R 5'-ACCTGAGGCTTTGGATTCCT-3'
12B F 5'-GAGAGGAATCCAAAGCCTCA-3' 135 52°C
12B R 5'-GTACCCACTTGGGTCGTTGT-3'
13A F 5'-GCTTTCTCCAGCCCAAGAAT-3' 142 54°C
13A R 5'-TTCACAGTCACACACGCTGA-3'
13B F 5'-TCAGCGTGTGTGACTGTGAA-3' 113 52°C
13B R 5'-CAAAGCAAGAATTCCTCCAAG-3'
14 F 5'-CCACCATCCCAGTTCTGATT-3' 152 55°C
14 R 5'-AAAACCCACCTGGTCCTCTT-3'
15 F 5'-TTTTTCTCCAAAGGACTTTGACT-3' 163 55°C
15 R 5'-ACTTACTTCATCAATAAAATTTCCAAT-3'
16A F 5'-CCTTCTTCTTGAGAATCTGAAAGC-3' 172 55°C
16A R 5'-GCCCCATTCGTTCAAGTAGT-3'
16B F 5'-TTCCGAAGCTGCTAGTCTGAG-3' 184 55°C
16B R 5'-ATTTCTGCATTTCCCAGCAC-3'

F, forward primer; R, reverse primer.
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Sequencing was performed according to the
dideoxy chain termination method using a
Sequenase Version 2.0 Kit (USB, Cleveland,
Ohio, USA), according to the manufacturer’s
instructions. Samples were loaded on to a 6%
denaturing polyacrylamide gel containing 7 M
urea and run between 45°C and 50°C. Dried
gels were autoradiographed for 16 to 24 hours.

IMMUNOHISTOCHEMISTRY

Standard immunohistochemical detection was
performed on 5 µm sections of formalin fixed,
paraYn wax embedded specimens after anti-
gen retrieval. Samples were dewaxed and
heated in a 10 mM citric acid monophosphate
buVer (pH 6.0) for 30 minutes in a 1.35 kW
microwave oven at high power. To minimise the
evaporation of buVer during heating, the tissue
slides were microwaved in a non-metallic
kitchen pressure cooker (Nordicware, Minne-
apolis, USA). Immunohistochemical staining
was performed with an automated immuno-
histochemical processor (Model 320; Ventana
Medical Systems, Tucson, Arizona, USA). Pri-
mary antibodies used were HECD-1 (1/500;
Zymed, San Francisco, California, USA) and
â-catenin (1/500; Transduction Laboratories,
San Diego, California, USA). Slides were then
dehydrated and mounted with Permaslip

(Alban Scientific, St Louis, USA). Normal epi-
thelial tissue found within sections served as an
internal control. The status of E-cadherin and
â-catenin was assessed in a coded manner by a
staV pathologist without knowledge of the
clinical or pathological features of the case.

Results
We initially analysed E-cadherin gene and pro-
tein expression in a series of breast lesions from
21 patients. In each case, LCIS and the associ-
ated carcinoma were identified by the patholo-
gist. Tissue was microdissected from sections
and the extracted DNA was used for molecular
analysis of the E-cadherin gene. Subsequent
sections were cut and processed for immuno-
histochemistry.

MOLECULAR ANALYSIS OF THE E-CADHERIN GENE

Five 10 µm thick sections were cut from paraf-
fin wax embedded blocks and the areas corre-
sponding to the foci of LCIS and tumour were
microdissected (fig 1) and processed for DNA
extraction. Seventeen primer sets were used to
amplify the 13 coding exons of E-cadherin
(table 1) and samples were analysed by
PCR-SSCP. Aberrantly migrating bands were
identified in eight of the 21 LCIS lesions ana-
lysed, involving exons 6, 7, 14, 15, and 16.
These bands were excised from the gel and
sequenced by means of a TA cloning step. Nine
of the ten bands analysed revealed point muta-
tions and one a deletion (table 2). Two of these
mutations resulted in a premature stop codon.

The analysis of the E-cadherin gene from the
invasive region of tumours was limited to those
in which a mutation had been found in the
associated LCIS. SSCP and sequence analysis
was restricted to the exon harbouring a
mutation in the neighbouring LCIS. In only
two of eight cases were aberrantly migrating
bands detected in which sequencing revealed
the presence of mutations in both of the
samples. In patient 21, a point mutation was
detected in exon 16 changing a glutamic acid
to a lysine, an event not found in the associated
LCIS. In patient 16, two point mutations were
recorded in exon 6, changing an alanine to a
valine and the other resulting in an early stop
codon; the same mutations were not found in
the associated LCIS in this patient. Analysis of
the status of the E-cadherin gene in LCIS and
the associated invasive tumour was performed
in multiple repeat experiments.

A review of the histology of the invasive areas
revealed that 12 of the invasive tumour areas
were ILC and nine were IDC. In most of these
lesions loss of E-cadherin expression was
recorded by immunohistochemistry (table 3)
and yet no coincident E-cadherin mutations
were found in LCIS and the associated invasive
lesion in the eight cases studied. We therefore
selected a subgroup of tissues, comprising five
of the ILC samples in which no molecular
alteration of E-cadherin was detected in the
LCIS component. In each case we analysed the
entire E-cadherin gene using PCR-SSCP.
Aberrant bands were recorded in four of the

Figure 1 Lobular carcinoma in situ lesion (A) before and
(B) after microdissection.

Table 2 Mutational status of E-cadherin in lobular carcinoma in situ samples

Patient Exon bp Codon Mutation Predicted eVect

5 7 308 1016 GAT → AAT Asp → Asn
9 14 740 2218 CCC → TCC Pro → Ser
10 6 262–265 786–794 9 bp deletion Early stop
11 15 774 2321 AGG → AAG Arg → Lys
13 7 286 856 GCC → ACC Ala → Thr

298 893 GCC → GAC Ala → Asp
14 6 255 763 CAG → TAG Gln → Stop
16 6 245 734 CCA → CTA Pro → Leu

257 770 GAC → GGC Asp → Gly
21 16 851 2552 TCA → TTA Ser → Leu

E-cadherin mutations in LCIS 93
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five ILC samples, indicative of mutations asso-
ciated with the loss of expression of E-cadherin
in these cases (data not shown).

E-CADHERIN AND â-CATENIN EXPRESSION IN LCIS

AND ASSOCIATED CARCINOMA

Immunohistochemistry was performed on par-
aYn wax embedded sections from patients
with LCIS to identify the expression and
localisation of E-cadherin and â-catenin in
these tissues. In each case, strong membrane
associated E-cadherin staining exhibited by
normal ducts and lobules served as an internal
control in sections. Because our first priority
was the molecular analysis of E-cadherin, not
all cases displayed the continued presence of
LCIS after the harvesting of sections for
microdissection. These cases were necessarily
excluded from this part of the study. In
addition, it should be noted that not all LCIS
lesions were harvested from the same section
harbouring the invasive lesion, but existed in an
alternative paraYn wax block of the excised
tissue. In these cases, the microdissected LCIS
foci represented the sole LCIS lesions associ-
ated with the excised carcinoma; hence, the
spatial relation between the two is not clear.
Table 3 summarises the immunohistochemis-
try results.

Loss or heterogeneous expression of
E-cadherin was recorded in 13 of 16 and two of
16 LCIS lesions, respectively. These results are
consistent with previous reports of a high
frequency of loss of E-cadherin expression
associated with LCIS.11–14 21 In our study, mem-
brane associated E-cadherin was recorded in
only one of the 16 foci of LCIS analysed.

Loss of E-cadherin expression in diVerent
lesions does not necessarily indicate a complete
absence of cadherins because recent work has
shown continued or aberrant expression of
alternative cadherin family members in neo-
plastic progression.22–27 In these circumstances,
â-catenin maintains its membrane localisation

associated with the alternative classic cadherin
member expressed. Immunostaining of LCIS
with â-catenin revealed an absence of expres-
sion of this catenin in all cells found to lack
E-cadherin expression, confirmed by the stain-
ing of â-catenin in myoepithelial cells sur-
rounding LCIS islands in sections (fig 2).
Immunohistochemical analysis of E-cadherin
was also performed on the invasive tumour
areas associated with the aforementioned LCIS
lesions. Of the 18 invasive regions that could be
evaluated for E-cadherin, 10 were negative,
four displayed heterogeneous expression, and
four samples showed membranous E-cadherin
throughout the tumour. In most cases (12 of
16), the expression and localisation of
E-cadherin in the LCIS and invasive regions
were indistinguishable. However, there were
four cases (patients 5, 13, 15, 17) in which the
E-cadherin staining pattern diVered between
the LCIS and invasive areas. In one of these,
the LCIS focus displayed heterogeneous stain-
ing, whereas the invasive lesion exhibited
membranous staining throughout. In two
cases, E-cadherin expression was not detected
in the focus of LCIS, whereas the invasive area
exhibited heterogeneous staining. In the last
case, membranous E-cadherin was observed
throughout the tumour but was absent in the
LCIS lesion.

Table 3 Expression of E-cadherin and â-catenin in lobular carcinoma in situ (LCIS) and
adjacent invasive areas

Patient

LCIS Invasive

E-cadherin â-Catenin E-cadherin â-Catenin Histology

1 + + + + ILC
2 ND ND + + IDC
3 – – – – IDC
4 – ND – – ILC
5 – – + + IDC
6 H – H + IDC
7 ND ND ND ND ILC
8 – – – – ILC
9 ND – – – ILC
10 ND ND H ND ILC
11 – – ND ND ILC
12 – – – – IDC
13 – ND H + IDC
14 ND – ND – IDC
15 H – + – IDC
16 – – – – ILC
17 – – H H IDC
18 – – – – ILC
19 – – – – ILC
20 – – – – ILC
21 – – – – ILC

Staining: +, membranous staining; –, no detectable membranous staining; H, limited membranous
staining.
IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; ND, not determined owing
to lack of tissue availability.

Figure 2 (A) Immunohistochemical staining of breast
tissue showing the membranous location of E-cadherin in
normal glands adjacent to carcinoma in situ (CIS) where
no staining was found. (B) Immunostaining in a CIS
lesion showing â-catenin localised to myoepithelial cells. No
â-catenin was detected in cells of the CIS lesion, which also
displayed loss of E-cadherin expression.

94 Rieger-Christ, Pezza, Dugan, et al

www.molpath.com

 on M
ay 24, 2023 by guest. P

rotected by copyright.
http://m

p.bm
j.com

/
M

ol P
ath: first published as 10.1136/m

p.54.2.91 on 1 A
pril 2001. D

ow
nloaded from

 

http://mp.bmj.com/


ANALYSIS OF MULTIPLE CIS LESIONS

SURROUNDING INVASIVE CARCINOMA

Despite the fact that we had analysed LCIS
lesions associated with invasive carcinomas, the
three dimensional spatial relation between
these two is not always known, even when they
exist in the same section. It is possible that an
alternative LCIS lesion, not apparent in the
section, is the true precursor of the invasive
lesion in these cases. In essence, we may be
studying the wrong LCIS lesion if changes are
multifocal in the breast. Because of the poten-
tial multifocality of breast lesions we selected
sections from two patients in whom multiple
morphologically distinct CIS foci presented in
close proximity to the invasive area. In both
cases, these foci could be identified by the
pathologists and were distributed such that
they could be cleanly microdissected, enabling
the isolation of a pure population of cells.

Sections from these two patients were
stained for E-cadherin and â-catenin using the
conditions outlined above. Once again, normal
ducts exhibited membranous staining for both
E-cadherin and â-catenin. In both patients,
neither the invasive area nor any of the
surrounding CIS foci, which consisted of both
LCIS and DCIS, exhibited staining for
E-cadherin or â-catenin (data not shown).

MUTATION ANALYSIS OF E-CADHERIN

To prevent bias, the invasive area and sur-
rounding CIS foci were microdissected without
knowledge of their pathology status. The
E-cadherin gene was analysed by SSCP,
followed by sequencing. After the molecular
analysis, pathological assessment of lesions
from patient 22 revealed that of the 12 islands
microdissected, five were pure DCIS, three
were pure LCIS, and four were of an interme-
diate morphology. The invasive focus in patient
22 was determined to be an invasive ductal
carcinoma. Figure 3 shows the localisation of
CIS relative to the invasive ductal carcinoma in
these sections. SSCP analysis identified aber-
rant bands with identical migration patterns
associated with exon 6 in multiple samples (fig
4). Excision and sequencing of each of these
products revealed the same mutation in five
CIS foci and the invasive ductal component
(table 4). Seven CIS foci displayed no detect-
able aberrantly migrating bands in exon 6,
despite the loss of expression of E-cadherin, as
determined by immunohistochemistry. Inter-
estingly, all five foci harbouring the same
mutation as the invasive lesion were either pure
DCIS or of an intermediate morphology. None
of the pure LCIS islands was found to harbour
a mutation in this analysis.

In a second case (patient 23), 10 morpho-
logically distinct islands were microdissected in
addition to the invasive lesion, which was iden-
tified as an invasive lobular carcinoma. Of the
microdissected tissue, seven foci were identi-
fied as DCIS and three as pure LCIS, all of
which displayed loss of E-cadherin expression
by immunostaining. The point mutation iden-
tified in the invasive lobular component was
not detected in the foci analysed.

Figure 3 A single section from patient 22 showing the localisation of diVerent
microdissected lesions relative to the invasive carcinoma (focus 13). Foci 1, 2, 5, 11, and 12
were identified as ductal carcinoma in situ (DCIS); foci 3, 6, and 8 were identified as
lobular carcinoma in situ (LCIS) and foci 4, 7, 9, and 10 were identified as intermediate
morphology. Focus 13 represents an area of infiltrating ductal carcinoma.
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Figure 4 Single strand conformation polymorphism analysis of exon 6 of the E-cadherin
gene from patient 22. Lane 1, negative control; lanes 2 and 15, infiltrating ductal
carcinoma focus 13; lanes 3–14, foci 1–12, respectively. Note the aberrantly migrating band
in lanes 2, 3, 7, 9, 12, 14, and 15.
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Table 4 Mutational analysis of multiple carcinoma in situ lesions surrounding an invasive
ductal carcinoma (patient 22)

Lesion Pathology Exon Mutation bp Codon Result

1 DCIS 6 9 bp del., insert T 786–794 262–265 Early stop
2 DCIS
3 LCIS
4 Intermediate
5 DCIS 6 9 bp del., insert T 786–794 262–265 Early stop
6 LCIS
7 Intermediate 6 9 bp del., insert T 786–794 262–265 Early stop
8 LCIS
9 Intermediate
10 Intermediate 6 9 bp del., insert T 786–794 262–265 Early stop
11 DCIS
12 DCIS 6 CCC → CTC 779 260 Pro → Leu

6 9 bp del., insert T 786–794 262–265 Early stop
13 IDC 6 9 bp del., insert T 786–794 262–265 Early stop

Pathology: DCIS, ductal carcinoma in situ; IDC, infiltrating ductal carcinoma; Intermediate,
morphological features of LCIS and DCIS; LCIS, lobular carcinoma in situ.
del., deletion.
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Discussion
Genetic studies have supported a model for
breast carcinogenesis whereby most ductal
tumours follow a progression from atypical
hyperplasia to in situ carcinoma and eventually
to invasive carcinoma.28 29 Although this is gen-
erally accepted for DCIS, controversy remains
about LCIS as a precursor of invasive disease.
One hypothesis is that LCIS is only a marker of
risk for future disease.15 16 This idea is sup-
ported by several arguments. First, foci of
LCIS associated with microinvasion are infre-
quently reported.30 31 In contrast, microinva-
sion associated with DCIS is well described.
Second, a linear accumulation of chromosomal
gains and losses cannot always account for
progression from non-invasive to invasive
disease.17 Third, 50% of subsequent invasive
lesions that develop occur in the contralateral
breast and can be either lobular or ductal
tumours.1–3 Whether LCIS and DCIS have the
same cell of origin remains an area of
controversy within this field. Evidence for
LCIS being a precursor of lobular carcinoma
comes mainly from molecular analysis, where
the same E-cadherin mutation in LCIS and the
associated carcinoma has been reported in a
small number of cases.19

The goal of our study was to analyse
E-cadherin expression in an extended series of
patients in LCIS and the associated invasive
carcinoma to establish the relation between
these two lesions. Immunohistochemical analy-
sis revealed loss or heterogeneous E-cadherin
expression in 15 of 16 LCIS lesions, confirm-
ing previous reports of a high frequency of loss
of E-cadherin associated with LCIS.11–14 Identi-
cal staining patterns were recorded in 12 of 16
invasive carcinomas associated with LCIS in
excised tissue. Only four invasive tumours
showed a diVerent pattern of E-cadherin stain-
ing to their corresponding LCIS focus. These
observations were consistent with the idea that
LCIS is a precursor of invasive cancer in these
cases. Although many regions of DCIS re-
tained membranous E-cadherin staining, we
found several instances where foci of DCIS
displayed loss of E-cadherin expression.

Recently, numerous studies have shown that
the loss of E-cadherin in tumours is not always
indicative of a total absence of cadherin
expression because alternative cadherin mem-
bers can be found.22–27 For instance, our group
has identified the expression of both
P-cadherin and N-cadherin in bladder tu-
mours in the absence of E-cadherin expres-
sion.27 In such cases, â-catenin retains a mem-
branous localisation associated with the
alternative classic cadherins expressed. For this
reason, we assessed â-catenin in all breast
lesions to determine the possibility of a similar
event in compromised breast tissue. In all cases
where E-cadherin was undetected, â-catenin
was also absent by immunohistochemistry. The
continued presence of membranous â-catenin
in myoepithelial cells surrounding LCIS and in
stromal cells and blood vessels associated with
invasive lesions confirmed the loss of expres-
sion of â-catenin in breast lesions.

Although the immunostaining results were
consistent with LCIS as a precursor of invasive
cancer, the molecular analysis of E-cadherin
did not support this hypothesis. Identical
E-cadherin mutations were not identified in
LCIS and the associated invasive lesion in the
23 patients studied. In one tumour in which
multiple foci surrounding a ductal carcinoma
were analysed, the same E-cadherin mutation
found in the invasive component was recorded
in surrounding foci of DCIS and intermediate
morphology, but not LCIS. This case supports
the concept that DCIS is the precursor of inva-
sive ductal carcinoma.

Interestingly, although five foci of DCIS or
intermediate morphology harboured the same
mutation as the invasive area, there were
numerous CIS foci in closer proximity to the
tumour in which we did not detect this
mutation. In addition, it is of note that DCIS
and foci of intermediate morphology on the
periphery of the section (fig 3; foci 5 and 7),
distant from the invasive region, harbour the
same mutation as the carcinoma. Of course,
this might reflect the same but separate muta-
tional event occurring in another duct gener-
ated by a common aetiological agent. Alterna-
tively, this might represent the same duct from
which the tumour was derived, a circumstance
not apparent in the two dimensional field pre-
sented in a tissue section. The same approach
in a second case involving an invasive lobular
carcinoma revealed a lack of detectable
E-cadherin staining in seven pure DCIS and
three pure LCIS foci surrounding the tumour.
None of the foci analysed harboured the same
mutation found in the invasive lobular carci-
noma.

The absence of detection of identical
E-cadherin mutations in LCIS and ILC does
not suggest that such mutations are uncom-
mon in ILC. Indeed, molecular analysis of the
full E-cadherin gene in five selected lobular
tumours revealed the presence of a mutation in
four cases. In the fifth patient, loss of
E-cadherin expression may be accounted for
by molecular changes occurring outside of the
exon fragments analysed in our study or from
gene silencing as a result of methylation. We
recorded several cases of LCIS in which no
E-cadherin mutation was detected in our
analysis, despite a loss of E-cadherin expres-
sion, as detected by immunohistochemistry. It
is interesting that multiple CIS foci, microdis-
sected from a single section and surrounding
an invasive lesion, present the same E-cadherin
phenotype but show a range of genotypic
changes. The multifocality of lesions in breast
tissue may result from a field change associated
with multiple genetic changes in this organ.

Our study focused on evaluating LCIS as a
precursor of invasive breast carcinoma. In only
two cases did we analyse DCIS found in the
same section because the preneoplastic nature
of DCIS is generally accepted. In earlier publi-
cations, progression from DCIS to ILC has
been indicated, and in one model a possible
transition between LCIS and DCIS has been
postulated.32 However, classifying lesions as
LCIS and DCIS can at times be diYcult. In
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our study, we microdissected foci that were
considered definitively to be LCIS, and in this
way we might have excluded foci of less well
defined morphology, which might have repre-
sented the precursor lesion. Although we con-
firm that the loss of E-cadherin expression is a
frequent event associated with LCIS and inva-
sive lesions, we have shown that the molecular
events leading to this loss are not shared by the
two entities. The diVerent molecular events
associated with E-cadherin in multiple foci
within one section of excised breast tissue
presents another tier of complexity, requiring
detailed mapping of diVerent foci to under-
stand fully the molecular events leading to
invasive breast carcinoma.
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