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The epithelial-specific cell-cell adhesion molecule
E-cadherin was analyzed immunohistochemi-
cally on tissue sections of89 human primary in-
filtrating breast carcinomas, using monoclonal
antibodies 6F9 (for cryostat sections) and 5H9
(for cryostat andparaffin sections). The tumors
included 41 weUand moderately differentiated in-
filtrating ductal carcinomas (IDCs) most of
which (78%) showed strong linear staining at the
ceU borders at a level, as high as luminal ceUs of
normal mammary glands. The 26 poorly differ-
entiated, more highly malignant IDCs examined
also were allpositivefor E-cadherin, although a
higherproportion ofthem (54%) showed reduced
staining, which was heterogeneous and dotted
over the ceU borders. In contrast, 19 of 22 infil-
trating lobular carcinomas (ILCs), which were ei-
ther of the dispersed (classical), solid, or the
mixed type, did not express E-cadherin, whereas
three cases showed weak staining. In situ lesions
ofILCs andpure lobular carcinoma in situ (four
cases) were all E-cadherin negative, whereas in-
traductal carcinomas (11 cases) exhibited mostly
strong staining. The results were confirmed by
Western blotting. The data indicate that loss of
E-cadherin expression is an early event in thefor-
mation ofthe lobular type ofbreast carcinomas.
The absence ofE-cadherin signifies apartial loss
ofepithelial differentiation and may accountfor
the extended spread oflobular carcinoma in situ
and the peculiar diffuse invasion mode of ILC
The generation ofdedifferentiated IDCs can only
inpart be correlated with reduced expression of

the intercelular adhesion molecule E-cadherin.
Otherfactors are obviously also involved during
invasion of this carcinoma type. (Am J Pathol
1993, 143:1731-1742)

Breast cancer is one of the most frequent malignan-
cies in women; in North America, every third female
cancer patient suffers from this disease. Ductal and
lobular carcinomas represent the main infiltrating
breast tumor types, the latter being less frequent (5 to
1O%).1

Several molecular components are possibly in-
volved in the generation of breast carcinomas: mu-
tations of the tumor suppressor genes p53 and RB
have been detected in both cell lines and tissues.2
The nm 23 gene product, which shows sequence
similarity to nucleoside diphosphate kinases, is re-
duced in human melanomas, carcinomas, and sar-
comas, and has antimetastatic potential on re-
expression in tissue culture cells.3 High nm 23
expression has been associated with good prognosis
in patients with ductal breast carcinomas.4 The HER-
2/neu/c-erb B2 gene is amplified in 30% of breast and
ovarian cancers. Amplification of neu is suggested to
be of even higher prognostic value than the hormonal
receptor status.5'6 Expression of the estrogen recep-
tor (ER) has been widely linked to both successful
hormone therapy and retention of a more differenti-
ated (grade 1 and 2) histological phenotype.'17
Epithelial-specific components such as cytokeratins
have routinely been used for the identification of vari-
ous carcinomas and their metastases. The expres-
sion of certain cell type-specific cytokeratins
changes during the progression of breast and other
carcinomas.6
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Our laboratory, among others, recently showed
that the expression of E-cadherin, the major intercel-
lular adhesion molecule of all epithelia, is important
for the maintenance of a differentiated morphology
and the prevention of invasiveness of MDCK epithe-
lial9 and some human carcinoma cell lines:10'11
E-cadherin is well expressed in differentiated, non-
invasive human carcinoma cell lines of various origins
including breast, whereas dedifferentiated, invasive
carcinoma cell lines lost E-cadherin expression.
Forced expression of the E-cadherin cDNA in the
MDA-MB-435S breast carcinoma cell line drastically
reduced their invasive behavior in vitro indicating a
causal role of E-cadherin for the suppression of in-
vasiveness.10 This causal role of E-cadherin has also
been reported by others using different cell types.12
E-cadherin expression was also studied in human
squamous cell carcinomas of the head and neck: de-
differentiated, highly invasive primary lesions (100%
of the cases) and 88% of lymph node metastases did
not express E-cadherin messenger (m)RNA or pro-
tein.11 Other laboratories screened lung, colon, stom-
ach, liver, prostate, female genital tract, and a small
number of infiltrating ductal breast carcinomas
(IDCs); the results were less clear because some
found that E-cadherin expression was generally not
altered compared with the normal tissue, 13-16
whereas others reported on trends toward reduction
or loss of expression in poorly differentiated cases.
17-21 Partially reduced expression of E-cadherin was
found in squamous cell carcinomas of esophagus
(73%), stomach adenocarcinomas (25%), and IDCs
(45% of the cases).22 A detailed analysis of
E-cadherin expression of breast carcinomas linked to
histological type and histopathological grading was
previously lacking.

In this investigation, frozen tissue sections of 89
primary breast carcinomas were analyzed for
E-cadherin expression using monoclonal antibodies
described previously.10 The tumor specimens con-
sisted of 5 well, 36 moderately, and 26 poorly differ-
entiated IDCs and of 22 infiltrating lobular carcinomas
(ILCs). Moreover, six lymph node metastases of
breast carcinomas were also included. Using mono-
clonal antibody 5H9, we also succeeded to detect
E-cadherin in routinely formalin-fixed and paraffin-
embedded tissue.

Materials and Methods
Tissues

Tissue material from 89 primary infiltrating breast
carcinomas of untreated patients was included in

this study. The histological types and grades are
specified in Table 1. In addition, material from intra-'
ductal carcinomas (11 cases), lobular carcinoma in
situ (LCIS; 4 cases), an ILC from a male, and lymph
node metastases of IDCs (3 cases) and ILCs (3
cases) was analyzed. Normal breast tissue in-
cluded in the surgical specimens was evaluated in
23 cases; normal resting breast tissue of tumor-free
patients was obtained during reduction mammo-
plasties (n = 3, age 27 to 42 years) and during an
autopsy (31-year-old patient, 4 hours postmortem).
The tumor tissues were received within 30 minutes
of surgical removal, were immediately snap-frozen
in liquid nitrogen, and stored at -70°C. Routine his-
tological examination was performed on parallel
samples by formalin fixation and paraffin embed-
ding and staining with hematoxylin-eosin and peri-
odic acid-Schiff stains. In some cases, routine par-
affin blocks were used for immunohistochemical
staining using antibody 5H9. Conventional histologi-
cal classification schemes were applied;23,24 grad-
ing was performed according to ref. 25. Routine di-
agnosis also included determination of the estrogen
receptor using the dextran-coated charcoal method
(threshold value 20 fmol/mg protein) and/or immu-
nohistochemical determination using the ER-ICA kit
(Abbott Laboratories, Wiesbaden, Germany).

Immunohistochemistry

For immunohistochemistry, 5-p thick cryostat sec-
tions were cut from the frozen tissue blocks. The fol-
lowing murine monoclonal antibodies were applied
as primary antibodies: 1) antibody 6F9 specific for
E-cadherin10 (commercially available from Euro-
Diagnostics, Apeldoorn, The Netherlands); 2) anti-
body 5H9 (an IgG 1), which is an E-cadherin-
specific antibody derived from the same fusion
experiment.10 On Western blots of sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) separated cell extracts and tryptic surface
digests of human A-431 carcinoma cells,10 antibody
5H9 reacted with both the 120 kd mature form and
the 80 kd fragment of human E-cadherin (not
shown). In an immunohistochemical analysis of fro-
zen sections of human small intestine, antibody 5H9
stained the lateral cell borders of the intestinal epi-
thelium with an accentuation of the subapical junc-
tional complex (not shown); 3) antibody Ks 18.174
against cytokeratin 1826 (commercially available
from Progen, Heidelberg, Germany); 4) antibody
AE1 against several cytokeratins including cyto-
keratin 1927 (available from Progen); and 5) anti-
body VIM-9 against vimentin26,28 (obtained from
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Viramed, Martinsried, Germany). Immunohisto-
chemical staining of 5-p thick cryostat sections,
which had been air-dried and fixed in acetone at
-200C for 10 minutes, was performed using the in-
direct immunoperoxidase method.28 The primary
antibodies were applied as hybridoma supernatants
diluted up to 1:3 in phosphate-buffered saline
(PBS). Routine paraffin sections were also stained
for cytokeratins using antibody AE1 (including tryp-
sinization).26

For monitoring E-cadherin on routine paraffin sec-
tions, 3- to 4-p thick sections were mounted on
glass slides coated with poly (L-lysine) and dried
overnight at 580C. After deparaffination and rehy-
dration, the slides were immersed in 10 mM sodium
citrate buffer (pH 6.0) and heated three to five times
for 5 minutes in a microwave oven at 600 W.29 After
cooling to room temperature, endogenous peroxi-
dase activity was blocked with 0.6% H202 in 40%
methanol-PBS for 30 minutes. After pretreatment
with 10% horse serum in PBS, the tissue sections
were incubated with monoclonal antibody 5H9 (hy-
bridoma supernatant, 1:10 in PBS; final IgG con-
centration 1 pg/ml) in a moist chamber at 370C for
120 minutes. Bound antibody was detected using
the avidin-biotin-complex (ABC) peroxidase method
(ABC Elite Kit, Vector, Burlingame, CA). In most ex-
periments (except the initial ones), nonspecific
staining was blocked by adding 2% dried skim milk
to the horse serum and all subsequent incubations.

Immunohistochemical staining was performed
with 3,3'-diaminobenzidine and H202; for mild
counterstaining, Mayer's hematoxylin solution was
used.28 In negative controls the primary antibody
was replaced by PBS or an irrelevant monoclonal
antibody. Normal glandular structures present in
most breast carcinoma sections (at least once in
each staining run) served as positive controls. With
routinely fixed paraffin material, 5H9 staining was
successful in most samples, with less than 10% of
the tissues being poorly reactive (probably due to
damage during fixation or tissue processing). Pho-
tomicrographs were taken using a Leitz Diaplan mi-
croscope on Agfapan 25 Professional film using two
or three blue filters to enhance contrast.

Western Blot Analysis

For confirming antibody specificity, MCF-7 cells
(kindly provided by Dr. W.W. Franke, German Can-
cer Research Center, Heidelberg) were scraped
from the culture dishes using a rubber policeman,
washed in Dulbecco's minimal essential medium,

and lysed in SDS-PAGE sample buffer containing 2
mM CaCI2 by brief sonication and heating to 950C.
The 20-p thick cryostat sections of breast carcino-
mas were air-dried, and the tumor regions were
carefully microdissected to avoid contamination by
nontumorous epithelia.26 After transfer to PBS, 2
mM CaCI2, 0.4 mM phenylmethylsulfonyl fluoride,
and centrifugation, the pellets were lysed as de-
scribed above. After centrifugation at 13,000 g at
room temperature, the cleared lysates were sub-
jected to SDS-PAGE (8% polyacrylamide gels) and
subsequent Western blotting.26 Blots were incu-
bated with antibody 5H9 at a 1:5 dilution.

Results

Monoclonal Antibodies Against
E-Cadherin

We used two monoclonal antibodies, 6F9 and 5H9,
for the immunohistochemical staining of E-cadherin
on frozen sections of normal and malignant breast
tissues. Most of the tissues were stained with both
antibodies. Higher reactivity was revealed with anti-
body 5H9, ie, the staining intensity (in relation to the
background) was higher and in some cases slightly
higher percentages of immunostained tumor cells
were recorded. Moreover, antibody 5H9 was also
reactive on paraffin sections.

Expression of E-Cadherin in Normal
Human Mammary Gland

Histologically normal glandular structures present in
the breast carcinoma specimens and resting mam-
mary gland tissue from patients without breast car-
cinomas were studied. By immunohistochemistry,
the anti-E-cadherin antibodies strongly stained the
intercellular borders of the luminal cells of both the
interlobular ducts and the intralobular terminal
ducts and ductules (Figure 1A and B). Myoepithelial
cells of ducts and ductules showed much weaker
reaction at cell-cell borders, which in paraffin sec-
tions was frequently resolved into fine dots (Figure
1B); in some specimens, the myoepithelial cells
were negative.

Expression of E-Cadherin in Ductal Breast
Carcinomas

Expression of E-cadherin was examined in 67
cases of IDCs (cryostat sections) that were grouped
according to the histological grade (Table 1).
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Figure 1. Expression of E-cadherin in normal (resting) human
mammary gland lobules as detected immunohistochemically on cryo-

stat sections (A) (antibody 6F9; indirect immunoperoxidase staining)
and on paraffin sections (B) (antibody 5H9; ABC-peroxidase
method). 7he luminal cells of the terminal ductules exhibit linear in-
tercellular immunoreactivity. Note the superior morphologv of the
paraffin section (B) also allowing resolution of the ueak punctate
staining of the myoepitbelial cells at the basal side of the epithelium
(arrous). Scale bar, 50 .

E-cadherin was detected in all cases. Most of the
G1/G2-tumors (78%) exhibited strong, predomi-
nantly linear staining of E-cadherin at the intercellu-
lar borders, which was present either throughout the
tumor tissue or in the predominant portion (re-
corded as ++; see also Figure 2A1 and A2). In the
remaining cases, reduced staining (recorded as +)
was noted. The vast majority of the G1/G2-tumors
(95%) were ER positive. Remarkably, approximately
half of the poorly differentiated (G3) IDCs also
showed strong and mostly linear staining for

E-cadherin (see also Figures 2B and 4A and B), al-
though these tumors exhibited low differentiation, as
also reflected by the absence of detectable ER ex-
pression in 22 of 26 cases. Strong intercellular
E-cadherin immunoreactivity was observed not only
in more solid tumor cell formations (Figure 2B) but
also in thin (one to two layered) tumor cell trabecu-
lae that indicate a clearly invasive pattern (Figure
2C). Nevertheless, the G3-carcinomas differed from
the G1/G2-group by the higher proportion of cases
with reduced E-cadherin expression. In these cases
cell border staining was generally weaker, discon-
tinuous, mostly dotted, probably reflecting the
decoration of adherens junctions,30 and often some
of the tumor cells even appeared essentially nega-
tive (Table 1; Figures 2D to F and 4C and D). IDCs
with reduced E-cadherin still expressed the simple
epithelial cytokeratins (Figure 2G), which in the nor-
mal mammary gland are located in the luminal epi-
thelial cells. This indicates the maintenance of some
epithelial characteristics and, in context with the
morphological appearance of tight packaging, sug-
gests remaining intercellular cohesion. Statistical
analyses, using the x2 test, revealed good correla-
tions (P < 0.02) between E-cadherin expression
(strong vs reduced) and the degree of differentia-
tion [well (G1)/moderately (G2) vs poorly (G3)] and
between E-cadherin and ER expression.
An unusual case of breast carcinoma with focal

spindle cell metaplasia (cryostat sections) revealed
expression of E-cadherin only in the epithelial por-
tion, whereas the spindle cell portion was negative
(not shown). The spindle cell population of the tu-
mor expressed predominantly vimentin, whereas
simple epithelial cytokeratins were only focally pre-
sent (not shown), indicating their predominantly
mesenchymal phenotype.

Three cases of lymph node metastases from
IDCs exhibited positive (strong or reduced) immu-
noreactivity for E-cadherin (Figure 3). Tumor cell
clusters of IDCs within lymphatic vessels frequently
showed positive intercellular E-cadherin staining
(not shown).

In 24 randomly selected cases of IDCs, paraffin
sections were processed for E-cadherin immuno-
staining using antibody 5H9. The results are sum-
marized in Table 2. The qualitative and quantitative
staining patterns were similar to those derived from
cryostat sections. In fact, when the results obtained
with frozen and paraffin material were compared
with each other for the individual tumors, an identi-
cal score was noted for 22 tumors, whereas a devi-
ating score was obtained for only two cases. This
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Table 1. E-Cadherin Expression in Human Primaty Infiltrating Breast Carcinomas (Cryostat Sections)

Type of Histological No. of cases and level of ER expression
infiltrating tumor grade E-cadherin expression* (%) (positive/negative cases)

Ductal Well (Gl) and moderately (G2) 32 ++ (78.0) 29/1 (2 ND)
differentiatedt 9 + (22.0) 8/1
Poorly differentiated (G3) 12 ++ (46.2) 2/10

14 + (53.8) 2/12
Lobulart see§ 3 (+) (13.6) 2/0 (1 ND)

19 - (86.4) 14/1 (4 ND)

ND, not determined.
* Expression of E-cadherin was determined by indirect immunoperoxidase staining and was recorded as follows: ++ (strong), continuous

linear intercellular staining (similar to the staining of normal luminal mammary epithelium) or strong very densely dotted intercellular staining
present in the majority (>50%) of the tumor cells; + (reduced), markedly reduced and heterogeneous staining with predominantly finely dot-
ted intercellular pattern (continuous linear staining if present restricted to <50% of tumor cells); (+), focal very sparse intercellular staining or

weak cytoplasmic staining of tumor cells; - (absent), no reaction. In most of the cases recorded as ++, linear (or densely dotted) staining was
present in >80% of the tumor cells; the remaining cells usually exhibited weaker dotted staining. The data of this table are based on the re-

sults obtained with antibody 5H9.
t The Gl (4 cases ++, 1 case +) and G2 (36 cases) primary ductal breast carcinomas were included in the same group because they

were similar in both ER expression and in overall E-cadherin expression. This group could clearly be discriminated from the G3 carcinomas.
t 14 cases, classical form; 2 cases, solid variant; 6 cases, mixed form (classical and solid).
§ The standard grading method of Bloom and Richardson25 is not applicable for ILC. It should, however, be mentioned that three cases (2

of solid variant, 1 of mixed form) showed increased nuclear atypia.

E m

Figure 2. Immunoperoxidase staining for E-cadherin of infiltrating ductal carcinomas of the breast (cryostat sections). A, moderately differenti-
ated tumor showing strong (+ +, see Table 1) staining of the intercellular borders (A,, antibody 6F9, A2, antibody 5H9). B to F, poorly differenti-
ated tumors with different intensities and patterns of E-cadherin expression (antibody 5H9) showing strong staining (+ +, B and C) including
distinctly invasive portions (C) and reduced anid heterogeneous staining (+; D to F). In G, the preserevd expression of cytokeratins in a ueakly
F-cadherin-expressing case (F) is shown (antibody AE1; paraffin section). Scale bar, 50 p.

underlines the good reproducibility of the scoring,
even between profoundly different immunohisto-
chemical techniques, as well as the reliability of the
paraffin section method. A considerable advantage
of the latter method was that both morphology and
resolution were superior. Examples of G3 IDCs with
strong or reduced E-cadherin staining are illustrated
in Figure 4A to D.

Intraductal portions of IDCs showed strong or oc-
casionally reduced staining for E-cadherin (not
shown). In addition, 11 cases of pure intraductal
carcinomas (paraffin material) were studied (Table
3). In most of these cases, strong linear E-cadherin
immunostaining of the intercellular borders was
found that appeared linear or, in two of the cases,
very densely dotted (recorded as ++; Table 3; Fig-

Ii

-q

I
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Figure 3. Lymph node metastases of infiltrating ductal carcinomas
(cryostat sections) sbowing strong (+ +; A) or reduced (+; B) immu-
noperoxidase staining for E-cadherin. Antibody 5H9 was used. A,
poorly differentiated, ER-negative tumor, B, moderately differenti-
ated, ER-positive tumor. Scale bar, 50

Table 2. E-Cadherin Immunostaining in Paraffin
Sections ofHuman Primary Infiltrating Breast
C'arcinomas

No. of cases and
Type of Histological level of E-cadherin

infiltrating tumor grade staining*

Ductalt Gl 3 ++
G2 5++;2+
G3 6++;8+

Lobulart 3 (+); 1 1 -

Paraffin sections were stained for E-cadherin as outlined in MA-
TERIALS AND METHODS, using antibody 5H9. For definition of the scoring
used, see footnote (*) in Table 1.

t All cases were primary tumors.
t All cases were primary tumors except for two cases (lymph

node metastases, being negative for E-cadherin). 9 cases were
classical form (2 of them being weakly positive), five cases were
mixed form (classical and solid; 1 of them being weakly positive).

ure 5). Only one case exhibited reduced staining
(recorded as +).

Expression of E-Cadherin in Lobular
Breast Carcinomas

ILCs are characterized in their classical form by the
highly microinvasive, dispersed histological pattern;
in addition, different patterns such as the solid vari-
ant are observed.24 The 22 cases of ILCs studied
herein comprised classical, solid, and mixed forms.
When ILCs were studied for E-cadherin expression
(Table 1), they were, in contrast to the IDCs, mostly
negative, as illustrated for frozen (Figure 6A to D)
and paraffin material (Figure 6E and F; for paraffin
section data see Table 2). For example, classical-

type ILCs were almost always E-cadherin negative
(Figure 6A and E). Entrapped normal ductal struc-
tures served as internal positive controls. Immuno-
staining for the simple epithelial cytokeratin 18 illus-
trated the highly dispersive growth pattern with
scattered and single files of tumor cells (Figure 6B).
Similarly, all tumors exhibiting the solid growth pat-
tern were E-cadherin negative (Figure 6C and F), al-
though the tumor cells formed solid cords and
sheets as became evident by staining for cytokera-
tin 18 (Figure 6D). Most ILCs with mixed classical
and solid pattern were also E-cadherin negative.
The only exceptions were three cases of ILC (2 of
classical form, 1 of mixed form) for which very
sparse intercellular staining (Figure 6G) or a weak
diffuse or punctate cytoplasmic immunoreaction
(not shown) for E-cadherin was noted.

Interestingly, tumor cells of in situ portions of ILCs
present in lobules and small ducts (eight cases), as
well as the neoplastic cells of pure lobular carci-
noma in situ (LCIS; four cases), were also negative
for E-cadherin (Figure 7A to D). The lobular in situ
aggregates were outlined by a peripheral layer of
residual myoepithelial cells that frequently were
weakly E-cadherin positive in a discontinuous pat-
tern (Figure 7A). In ducts showing intramural
spread of LCIS, the E-cadherin-negative tumor cells
were interspersed between the myoepithelial cells
and an inner layer of remnant E-cadherin-positive
luminal cells (Figure 7B). Intraductal LCIS portions
also were consistently negative for E-cadherin, con-
trasting with the positivity of residual luminal epithe-
lial and myoepithelial cells (Figure 7C). In lobules
partially occupied by LCIS cells, the tumor cell
population was outlined by its negativity for
E-cadherin, contrasting with the positive staining of
the residual terminal ductule epithelium (Figure 7D).
It is noteworthy that negativity of the in situ portions
was also observed for the three weakly E-cadherin-
positive ILC cases. Absence of E-cadherin expres-
sion was also noted in an ILC from a male (mixed
form) and in three cases of lymph node metastases
derived from ILCs (not shown).

Western Blot Analyses

To confirm the immunohistochemical data on
E-cadherin expression, we performed Western blot
analyses of total cell and tissue protein extracts, us-
ing monoclonal antibody 5H9. A single band of ap-
proximately 120 kD, corresponding to intact
E-cadherin10 11 was recognized in control MCF-7
cells. A band of the same size was present in
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Figure 4. Paraffin sections ofpoorly differentiated ( G3) infiltrating ductal breast carcinomas (ER negative) immunostained for E-cadherin using
antibody 5H9 (ABC peroxidase method). The case shown in A and B exhibits strong linear staining, whereas the tumor illustrated in C and D
shows reduced, heterogeneous staining with a clearly dotted pattern. Scale bars, 50 p.

Table 3. E-Cadherin Expression in Pure In Situ
Carcinomas of the Breast

No. of cases and level of
Histology E-cadherin staining*

Intraductal carcinomat 10 ++; 1 +
Lobular carcinoma in situ 4 -

Paraffin sections were immunostained for E-cadherin as out-
lined in MATERIALS AND METHODS, using antibody 5H9. For definition of
the scoring used, see footnote (*) in Table 1.

tThe histological patterns were as follows: 2 cases, solid; 1
case, solid and cribriform; 2 cases, comedo; 2 cases, comedo
and cribriform; 2 cases, cribriform; 1 case, papillary and cribri-
form; 1 case, papillary. The case scored as + contained comedo
and cribriform structures.

preparations from IDCs, whereas in ILC prepara-
tions this protein was absent (Figure 8).

Discussion
In this study we have analyzed the expression of
the intercellular adhesion molecule E-cadherin in
sections of normal human mammary glands and
breast carcinomas. We used two different mono-

clonal antibodies, the previously characterized
6F910 and the newly introduced 5H9; the latter
proved to be an excellent reagent to detect
E-cadherin in routinely formalin-fixed, paraffin-
embedded material. We found that E-cadherin is
well expressed at the borders of the epithelial cells
in normal glands, in most noninvasive intraductal
carcinomas, and also in most of the well or moder-
ately differentiated IDCs, which are generally only
moderately aggressive. Half of the poorly differenti-
ated and highly invasive IDCs showed considerably
reduced E-cadherin staining. Remarkably, a total
loss of E-cadherin expression was found in most
ILCs and in LCIS. This expression mode was evi-
dent from both cryostat and paraffin sections and
was also confirmed by Western blotting. In contrast,
the simple epithelial cytokeratins 18 and 19, which
are well expressed in the luminal epithelia of normal
mammary glands, retained high level of expres-
sion in the IDCs (Figure 2G) and ILCs (Figure 6B
and D).
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Figure 5. Intraductal carcinomas immunostained for E-cadherin
(paraffin sections; antibody 5H9; ABC peroxidase method). Strong
linear intercellular staining is seen both in comedo type (A; necrotic
debris on top) as well as in cribnform tipe (B). Arrowheads deniote
the diuctal basement membrane. Scale bars, 50 .

Our finding of a clear-cut difference in the
E-cadherin expression between IDCs and ILCs sug-

gests a fundamental difference in the cellular mode
of invasion in these two breast cancer types. This
has already been suggested by morphological ob-
servations24 but is now confirmed by the examina-
tion of a defined molecular component. At the inva-
sion front of IDCs, E-cadherin expression is often
retained (Figure 2C). This indicates that invasive tu-
mor cells of IDCs still form true cohesive, though of-
ten thin and threadlike, epithelial cell units whose in-
tercellular connections are maintained not only by
desmosomes31 but also by adherens junctions con-

taining E-cadherin molecules. Whether E-cadherin
at these locations is functional cannot be decided
by our analysis. In contrast, ILCs typically invade
the connective tissue in a more diffuse manner, thus
showing unsharp tumor borders, which results in a

high rate of local recurrencies. In this tumor type,
the absence of E-cadherin may now be associated
with the peculiar diffuse invasion mode. It should be

noted, however, that the expression of other differ-
entiation markers such as ER and mucus is re-

tained32 indicating that ILC cells are not completely
dedifferentiated. It is interesting that in the precur-
sor lesion of ILC, LCIS, E-cadherin is already ab-
sent. This was observed not only in fully developed
LCIS lesions, which obliterate lobular terminal duc-
tules and larger ducts, but also in early stages of in-
festation such as intramural spread within the ductal
epithelium and partial involvement of lobules (Fig-
ure 7). The extended intraductal spread and multi-
centricity of this in situ tumor may be a direct con-

sequence of a molecular defect in E-cadherin
expression because the tumor cells may thus easily
dissociate and freely move along the ductal system.
It should be noted, however, that the lack of
E-cadherin in LCIS cells does not confer the ability
to penetrate the acinar/ductal basement membrane
per se because LCIS may persist in situ for many
years. Thus, in the lobular type of breast cancer,
loss of E-cadherin is not a key event for the initial
phase of invasion. In conclusion, the common lack
of E-cadherin as a distinctive feature of both LCIS
and ILCs supports the hypothesis that both are
closely related and constitute one distinct tumor en-
tity.

Concerning IDCs, we found a correlation be-
tween reduced E-cadherin expression and poor de-
gree of differentiation. The failure of others to find
this correlation22 may be due to the lower number of
cases analyzed (20 vs 67). In this context, it should
be stressed that in this study all IDCs, including
poorly differentiated cases, retained at least some
expression of E-cadherin; this is clearly different
from other tumor types such as colonic and pros-
tatic adenocarcinomas and head and neck squa-
mous cell carcinomas, which when poorly differenti-
ated reportedly often are completely E-cadherin
negative.1 1'18 19 The groups of G3-IDCs that show
retained or diminished expression of E-cadherin did
not reveal further differences concerning morphol-
ogy or ER content. Thus, one would currently assign
a similar prognosis to these two subtypes of tumors.
Future work is therefore required to see whether the
expression of E-cadherin in this tumor type can be
correlated with patient prognosis. As a further po-
tential application, E-cadherin could also be used
as a histodiagnostic marker to discriminate between
IDCs and ILCs and between the ductal and lobular
type of in situ carcinoma, as well as to elucidate the
true nature of so-called mixed differentiated carci-
nomas. 1 32,33

The lymph node metastases of IDCs tested, as
well as tumor cell clusters of lymphangiosis carcino-
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Figure 6. Immunoperoxidase staining for E-cadherin (antibody 5H9) and cytokeratin of infiltrating lobular breast carcinomas (A to D, cryostat
sections; E to G, paraffin sections). A, classical (bigblv dispersive) form and C, solid portion ofa mixed variant. Botb were negativefor E-cadberin
expression, wbereas a residual normal glandular duct (A, top) was positive. B and D, same cases as A and C stainedfor cytokeratin 18 (antibody
K 18. 174). E and F, paraffin sections showing similar results, ie, negative E-cadherin immunostaining of both classical type (E) and solid type
(F), whereas a compressed residual duct is strongly stained (E). Fxceptionallv, verg sparse andfocal staining can be seen in the case shown in G
(arrobheads deuote positive cell borders). Scale bars, 50 p.

matosa, showed expression of E-cadherin, whereas
node metastases of head and neck carcinomas
were reported to be largely negative.11 This shows
that the presence of E-cadherin in the gross major-
ity of tumor cells of ICDs is principally compatible
with detachment of cells or small cell groups during
metastasis formation. On the other hand, the ten-
dency toward reduced expression of E-cadherin in
G3 IDCs indicates that loss of E-cadherin expres-
sion might be of importance in certain cases.

Clearly, more examples need to be analyzed before
the function of E-cadherin in metastasis formation of
breast carcinomas is definitely established.

The question arises which factors might promote
invasiveness of IDCs with high E-cadherin expres-
sion. Recently, cell motility factors like scatter factor/
hepatocyte growth factor and acidic fibroblast
growth factor have been described, which induce
invasiveness of diverse epithelial cell lines in vitro

3436without changing E-cadherin expression. Such
components might also be important for the inva-
sion of E-cadherin-positive IDCs. Undifferentiated,
scattered-type gastric carcinomas are comparable
in growth and invasion with ILCs. In contrast to
ILCs, the great majority of such tumors had pre-

served expression of E-cadherin, despite the single

-A>,!

.~ ,2R . , - ..

ft4- s; W # *.ev,

.......

,, Of;x..-.:.. .... i R

;R<!,,

:. .4

I
I

-I.. -k ... M.

;r. ... ... .,.Aw oi:i-xN:4:.
, VIVIO*up: .: 0

"O,of 5A



1740 Moll et al
AJP December 1993, Vol. 143, No. 6

Figure 7. Immunostaining ofLCISforE-cadherin onparaffin sections
using antibody 5H9 (ABCperoxidase method). A, E-cadherin-negative
tumor cellsfilling lobular terminal ductuiles. Note thepositive remnant
myoepithelial layer. B, intramural spread ofE-cadherin-negative tumor
cells uwithin the epithelium oj'ant interlobularduct. The residual luminial
cell layer is positive. C, initraduictal growth of LCIS being E-cadherin
negative. Note strongly immunoreactiv'e residual Iluminal cells (arroi)
as uwell as ueak staining ofsonie mn yoepithelial cells (arrou'heads). D,
partial involienient ofa lobuile by E-cadherin-negative tumor cells (ar-
row'heads). LinearE-cadherin immunostaining is seeni in tubularrem-
nianits of'the duictular epitheliuim at the distal ends oJ'the lobtule. 77),

terminal duict. Scalk bars, 50 ,I.

Figure 8. Western blot analysis of total protein extracts of MCF-7
cells and breast carcinoma tissue using antibody 5H9. A, Ponceau-S
red staining of transferred proteins after SDS-PAGE. Lane M, marker
polypeptides (dots detnote from top to bottom: 13-galactosidase, phos-
phorylase b, bovine serum albumin); lanie 1, MCF 7 cell proteins. B',
corresponding Wcestern blot reaction of the same nitrocellullose memn-
brane as shoun in A. B. Ponceau-S redc staining: lane Al, miarker
polypeptides; lane 1, proteins from IDC ( G2; imnimunohistochemically
E-cadherin positive); lanie 2, proteins% fron ILC (inimimnohistochemi-
callv E-cadherin negative). B', corresponding Western blot reaction.
Ani immunoreactive 120 kd (arrou'heads) band representinig
E-cadherin is seent in MCF-7 cells (A', lante 1') antd IDGC(B' lantie 1')
butt not in ILC (lane 2'; the ueak low molectlair u'eight band int this
lante is non%specifc).

cell invasion pattern.16 In these tumors, the function
of E-cadherin might be disturbed or other factors
such as scattering factors might be active. On the
other hand, the mere presence of E-cadherin in cer-
tain tumors, as revealed by immunocytochemistry,
might not indicate that it is actually functional. For
instance, certain mutations in the E-cadherin gene
or changes in the E-cadherin-associated cytoplas-
mic proteins, the catenins,37 might just weaken the
adhesive capability of the molecule.

In human hepatocellular, prostate, and breast
carcinomas, allele loss has been detected on chro-
mosome 16 q 22.1 to 23.238-40 where the
E-cadherin gene is located.41 Thus, decline of
E-cadherin expression in some breast cancers
could be due to a direct mutation in the E-cadherin
gene.18 Alternatively, the promoter of the E-cadherin
gene could be repressed because regulatory ele-
ments in this promoter have actually been found to
be active in differentiated noninvasive and inactive
in dedifferentiated invasive breast carcinoma cell
lines.42 In conclusion, the examination of the cell
adhesion molecule E-cadherin might prove impor-
tant not only for understanding the basic mecha-
nisms involved in the progression of malignant epi-

r-:-.
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thelial tumors but might also be used as a
histological marker for refinement of pathological di-
agnosis.
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Note Added in Proof
After submission of our manuscript, other articles on
E-cadherin in breast carcinomas, using different monoclonal
antibodies, have appeared.43-45 The present results (see
also46) are generally in agreement with those reported by the
other groups. Correlations between E-cadherin immuno-
staining and the degree of differentiation of IDCs have also
been found by two of these groups.44,45 It should be noted
that the findings of positive (albeit decreased) immunore-
activity for E-cadherin in LCIS areas,44 and (uniformly or het-
erogeneously) positive E-cadherin staining in 3 of 4 cases
of ILCs studied45 are not in line with the present data and
those of ref.43.
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