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In order to obtain prognostic clinicopathological information, 49 cases of pure ductal carcinoma in situ
of the breast (DCIS), were evaluated for the immunohistochemical expression of potential predictor
markers including c-erbB-2 oncogene product, p53 protein, oestrogen (ER) and progesterone (PR)
receptors, oestrogen-regulated proteins pS2 and cathepsin-D (cath-D), CD44 protein and 67-kDa
laminin receptor (MLuC5). Immunohistochemical findings were compared with conventional patho-
logical parameters, clinical findings, and the clinical outcome of the patients. When markers were
matched to each other, statistical analyses provided a significant positive correlation between
c-erbB-2 overexpression and p53 positivity (P < 0.01) and between ER and PR (P < 0.01), ER, PR and
pS2 (P < 0.01), pS2 and MLuC5 (P < 0.05). Significant negative correlations between c-erbB-2
overexpression and ER (P < 0.05), PR (P < 0.01) and pS2 (P < 0.01) positivity was also observed. Data
on the relationship between marker status and pathological findings revealed a significant positive
trend between c-erbB-2, p53, and increased grade values (P < 0.05) and opposite results with PR
receptor expression (P < 0.01). c-erbB-2 overexpression was further significantly associated with
comedotype carcinoma (P < 0.05) and distribution of disease in confluent neoplastic ducts (P < 0.01).
Although no statistically significant correlation among biological markers expression, clinical findings
and outcome was demonstrated, overall this study indicates that tumour cells from a subset of
DCIS, which includes comedotype carcinoma, express significantly unfavourable prognostic factors.
Copyright © 1996 Elsevier Science Ltd
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INTRODUCTION
INTRADUCTAL CARCINOMAS of the breast have been increasingly
diagnosed in the last 20 years. Until 1970, they were a
relatively rare condition, accounting for 2% or less of overall
breast cancer. The present figures of 15-20% mainly reflect
both the high sensitivity and the wide diffusion of diagnostic
procedures [1, 2].

Nevertheless, uncertainty persists on the correct therapeutic
approach to this pathological condition, mainly because of the
poor definition of biological and clinical implications of a
number of pathological characteristics [3, 4]. Only com-
edotype carcinomas, usually showing some dismal morpho-
logical features, have been confirmed to have higher recur-
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rence and progression rates, as compared to the other
histotypes [5].

However, biological, radiological and clinical heterogeneity
of ductal carcinoma in situ (DCIS) of the breast should
indicate that a pathological, prognostically oriented, classifi-
cation would be highly desirable to obtain consistent thera-
peutic guidelines and to stratify patients’ groups potentially
receiving different treatment schedules. Recently, some pro-
posed classifications [6] have attempted to achieve this goal,
but their validation is under scrutiny and will probably depend
on their reproducibility and diffusion among pathologists and
clinicians.

Interestingly, a number of biological markers have been
proposed as prognostic indicators in DCIS, such as c-erbB-2
[7-9], p53 [10, 11] and oestrogen and progesterone receptors
(ERs and PRs) [12, 13]. However, controversy exists regard-
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ing the value of some of these prognostic factors, their inter-
relation [14-16] and their advantages over better known prog-
nostic characteristics such as histological type, cytological
grading, extension and distribution of disease.

The need for more information led us to perform a clinico-
pathological and immunohistochemical study on a well
characterised series of DCIS, taking into consideration: (1)
the tumoral expression of a panel of potential predictors
including oncogenes, hormonal receptors and hormone-
dependent proteins, (2) their correlation with morphological
parameters and (3) the outcome of patients.

PATIENTS AND METHODS

From January 1984 to December 1992, 49 case of pure
DCIS were diagnosed at the C.R.O. Aviano (Italy). The
median age of the patients was 52.5 years (range 38-84 years).
At presentation, 24 patients (49.0%) had clinical signs of
disease, while in the remaining 25 patients (51.0%) the diag-
nosis was based on mammographic findings. 13 patients
(26.5%) underwent mastectomy and 36 (73.5%) conservative
surgery. Axillary node dissection was performed in 38 patients
(77.6%). Of the 36 patients treated with conservative surgery,
30 (83.3%) received radiotherapy to the remaining breast.

To determine the gross pathological features of the
tumours, all the original pathology reports were reviewed. All
available histological slides from each mammary specimen
(mean 25 paraffin blocks of tissue, range 6-82) were “blindly”
revised by two of us without knowledge of the clinical out-
come. A mean of 10 tumour documenting slides per case
(range 1-30) were found. The most representative section
from each case was selected for immunohistochemistry.

The following pathological parameters were evaluated:
extension and distribution of disease, histological subtype
and cytological grade of malignancy. When present, ancillary
histological features such as microcalcifications, lymphoplas-
macytic infiltrate around involved ducts and concentric peri-
ductal fibrosis (to characterise a possible host reaction) were
also recorded. A separate scoring for each parameter was used.
In the case of lymph nodes dissection, the corresponding
slides were also reviewed.

The extension and distribution of DCIS were estimated
considering three different patterns of growth: scattered neo-
plastic ducts, confluent neoplastic ducts and nodular area.
Scattered tumours were defined when one or few neoplastic
ducts were detected in a wide intervening area of mammary
tissue; confluent tumours accounted for a lesion having a
segmental distribution and, finally, nodular area was defined
when the tumour had macroscopic evidence. The primary
histological architectural pattern of DCIS was classified
according to the established subtypes: comedo, solid, cribri-
form, micropapillary, papillary, clinging and cystic carcinoma.
When the tumour was composed of more than one subtype of
DCIS, all architectural patterns were recorded and the tumour
was classified in a mixed histological category (17]. For stat-
istical analyses, the tumours were subdivided into comedotype
and non-comedotype. The cytological grade of malignancy
was evaluated as grade 1, grade 2 and grade 3, depending on
the increased mitosis count and degree of nuclear polymor-
phism; the prominence of nucleoli and the lack of cellular
polarisation also characterised the highest grade group [6].

Immunohistochemical study was performed by using a
panel of monoclonal (MAb) and polyclonal (PAb) antibodies
recognising, respectively, the ER (MAb ER1D5; Immunotech
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S.A., Marseille, France), the PR (MAb 10A9; Immunotech
S.A)), the oestrogen-regulated proteins pS2 (MAb His-pS2-
AB1, CIS bio international, Gif-sur-Yvette, France) and
cathepsin-D (cath-D; MAb C5, Novocastra Laboratories Ltd,
Newcastle upon Tyne, U.K.), the internal domain of c-erbB-
2 oncogene product (MAb CB11, Novocastra Laboratories
Ltd), the wild and mutant forms of human p53 protein (MAb
DO-7; Novocastra Laboratories Ltd), the 67-kD laminin
receptor (MAb MILuC5, kindly provided by Dr Sylvie Mén-
ard, Istituto Nazionale per lo Studio e la Cura dei Tumori,
Milano, Italy) and the CD44 protein (PAb; kindly provided
by Prof. J. Thomas August, The John Hopkins University
School of Medicine, Baltimore, Maryland, U.S.A)).

Immunohistochemistry was carried out in Bouin-fixed, par-
affin-embedded tissue sections by using the avidin-biotin
peroxidase complex (ABC) method [18] (ABC-Elite kit, Vec-
tor, Burlingame, California, U.S.A.). For ER1D5, 10A9, DO-
7 and CD44 antibodies, the sections were pretreated in a
microwave oven (Jet 900 W, Philips) twice for 5 min at 650
W in citrate buffer (pH 6) before immunostaining. Negative
controls, which were invariably negative, consisted of omission
of the primary antibody and substitution with phosphate-
buffered saline.

Immunohistochemical evaluation was independently per-
formed by two of us with more than 90% accordance. In case
of discordant results, agreement was obtained after discussion
and by consulting a referring pathologist.

Positivity scoring of immunohistochemistry for c-erbB-2,
p53, ER and PR was established according to previously
reported criteria [7, 10, 14-16, 19]: c-erbB-2 was considered
positive if membrane staining was seen, even in a few cells [7,
15, 16, 19]; p53 was positive if 5% or more cells showed
nuclear staining [10, 15); and ER and PR were positive
when any nuclear staining was identified even focally [14-16].
Positivity for pS2, CD44, cath-D and MLuC5 was arbitrarily
established when immunostained cells were 10% or more.
Specifically, pS2 and cath-D showed cytoplasmic positivity,
whereas CD44 and MLuc5 showed membrane positivity.
Positive controls for c-erbB-2 and p53 were represented by
samples of tumours (invasive breast carcinoma and Burkitt’s
lymphoma, respectively) previously ascertained as positive for
these markers. Conversely, ER and PR were classified as
negative when no positive nuclei could be identified; further-
more, it was required that ER and PR staining be present in
adjacent normal breast tissue before accepting a tumour as
negative. Both normal lymphocytes and samples of colonic
neoplasms were used as positive controls for CD44. Similarly,
normal hystiocytes were the inner positive controls for cath-
D. Finally, normal vasculature represented the positive inner
controls for MLuc5.

Since the immunohistochemical variables under study were
not normally distributed, non-parametric statistics were
chosen. In particular the Mann—-Whitney test [20] was used to
compare the distribution of c-erbB-2, p53, ER, PR, CD44,
cath-D, pS2 and MLuCS5 {7, 14, 15], with the main histologi-
cal features. The following analyses were made: comedotype
versus non-comedotype carcinoma, microcalcifications (no
versus yes) and distribution of disease, i.e. confluent neoplas-
tic ducts versus scattered neoplastic ducts, nodular area versus
scattered neoplastic ducts and nodular area versus confluent
neoplastic ducts, microdimensions (<2 cm versus =2 cm)
and cytological grading (G1, G2 and G3).

Spearman’s rank correlation [20] was used to study any



1150

possible correlation between immunohistological variables.
The chi-squared test [20] was used to test the association
between qualitative parameters. Results were considered stat-
istically significant at P < 0.05.

Disease-free survival rates between recurrence and histo-
type and between recurrence and biological marker expression
were estimated by the Kaplan—Meier method [21], and the
statistical significance between curves was determined by the
log-rank test [22].

RESULTS

Clinicopathological findings

None of the patients who underwent mastectomy recurred
either locally or distantly; no lymph node metastases were
found in any of the 38 patients who underwent axillary node
dissection. Qut of 36 patients treated with conservative sur-
gery, with or without radiotherapy, 8 experienced local recur-
rences (22.2%) in a median follow-up of 53 months (range
18-107 months). Recurrences occurred in 2 patients (33.3%)
who had not received radiotherapy and in 6 (20.0%) treated

Table 1. Pathological findings in 49 intraductal breast carcinomas

Conservative
surgical Radical
treatment mastectomy
(36 cases) (13 cases)

Tumour size

<2cm 23 6

2-5cm 9 5

>5cm 0 0

Unknown 4 2
Histological subtype

Comedo* 23 7

Cribriform 2 1

Solid 1 1

Papillary 3 0

Micropapillary 6 3

Clinging 0 0

Cystic 1 1
Extension and distribution of disease

Scattered neoplastic ducts 13 6

Confluent neoplastic ducts 13 3

Nodular area 10 4
Nuclear grade

Gl 8 3

G2 19 6

G3 9 4
Lymphoid infiltrate

Yes 9 6

No 27 7
Periductal fibrosis

Yes 12 6

No 24 7
Microcalcifications

Yes 20 6

No 16 7

*Comedocarcinoma subset includes 16 cases in which the tumour
was composed of more than one histotype. The comedotype was
consistently detected in these mixed cases but it was dominant only
in 9 of the 16 cases.
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Figure 1. Strong membrane immunostaining for c-erbB-2 is
present in most neoplastic cells (magnification x400; ABC
method; haematoxylin counterstain).

with radiation. 4 recurrences were DCIS and 4 were ductal
infiltrating carcinomas. The time interval between surgery and
evidence of recurrences was 18, 30, 55 and 63 months for
DCIS and 19, 54, 60 and 85 months for ductal infiltrating
carcinomas, respectively.

The pathological findings detected in the 49 primary
tumours are detailed in Table 1. For statistical analyses, the
data were summarised as follows: growth pattern [scattered: n
=19 (38.8%); confluent: n =16 (32.6%); nodular area: n =14
(28.6%)]; histological type [comedocarcinoma: n=30
(61.2%); others: n =19 (38.8%)]; cytological grading [G1: »
=11 (22.4%); G2: n = 25 (51.0%); G3: n = 13 (26.5%)];
microcalcifications [yes: n =26 (53.1%); no: n =23 (46.9%)]
and host reaction [no reaction: n = 23 (46.9%); fibrosis: n =
11 (22.4%)], [lymphocyte infiltrate: n = 8 (16.3%); both: =
= 7 (14.3%)]. Statistically significant associations between
comedotype carcinoma and high cytological grading (P <
0.01), comedotype carcinoma and confluent growth pattern
(P = 0.02) and confluent growth pattern and microcalcifi-
cations (P < 0.01) were demonstrated. Distributions between
pathological findings and recurrence rate gave the following
results: 7 recurrences were found in 23 patients with comedo-
carcinoma (30.4%) and 1 recurrence in 13 patients with other
histologic subtypes (7.7%) (P = 0.08), 2 recurrences were
found in 13 patients with distribution of disease in scattered
neoplastic ducts (15.4%), 4 recurrences in 13 patients with
distribution of disease in confluent neoplastic ducts (30.8%)
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Figure 2. A large number of carcinoma cells exhibit nuclear
staining for p53 (magnification x320; ABC method; haema-
toxylin counterstain).

and 2 recurrences in 10 patients with a nodular neoplastic
area {20.0%). In respect of nuclear grade, 6 recurrences were
found in the 19 patients with grade 2 (31.6%) and 2 recur-
rence in the 9 patients with grade 3 (22.2%). No recurrence
was found in the 8 patients with grade 1.

Immunohistochemical findings

As to the immunohistochemical results, we compared the
mean expression of each biological marker to that of the other
marKkers, to the pathological findings as well as to the clinical
findings and the outcome.

Firstly, c-erb-B2 and p53 oncoprotein expressions were
identified in 55.1% and in 61.2% of the cases, respectively
(Figures 1 and 2); 54.2% of the tumours were ER positive,
54.2% were PR positive (Figures 3 and 4) and 62.5% were
positive for pS2 (Figure 5).

The MLuC5 antibody was positive in 81.6% of the cases
(Figure 6), while CD44 and cath-D were positive, respect-
ively, in 83.0 and 98.0% (Figures 7 and 8) of the cases.

A statistically significant positive correlation was demon-
strated between overexpression of c-erbB-2 and p53 immuno-
positivity (? < 0.01) and significant negative correlations were
observed between c-erbB-2 overexpression and ER (P <
0.05), PR (P < 0.01) and pS2 (P < 0.01) immunopositivities.
A significant positive correlaton was also demonstrated
between ER and PR (P < 0.01) and among ER, PR and pS2
(P < 0.01), as well as between pS2 and MLuC5 (P < 0.05)
(Table 2).

Figure 3. Qestrogen receptor staining is nuclear in most neo-

plastic cells. Some normal small ducts are contiguous to neo-

plastic ducts (magnification x320; ABC method; haematoxylin
counterstain).

Data on the relationship between biological markers and
pathological findings revealed a significant positive association
among c-erbB-2, p53 and increased G values (P < 0.05) and
opposite results with PR expression (P < 0.01) (Table 3).
Moreover, a significant association between c-erbB-2 and
comedotype (P < 0.05), was found.

As to the distribution of disease, the only significant associ-
ation concerned c-erbB-2 and confluent neoplastic ducts
(P < 0.01). Other figures regarding microdimensions and PR
and pS2 expression as well as microcalcifications and MLuC5
positivity account for isolated significant results (P < 0.01 and
P < 0.05 for PR and pS2 versus progressively increased
microdimensions, and P<0.05 for MLuC5 versus
microcalcifications).

Finally, no significant correlation among these biological
markers, clinical findings and recurrence rate was demon-
strated. However, we observed that the comedocarcinoma was
the most frequent histotype encountered in the recurrent
tumours, when compared with the other cumulated subtypes
(30.4% versus 7.6%) (P = 0.08).

DISCUSSION
The present study on 49 DCISs of the breast was aimed at
evaluating the expression of selected biological markers, such
as c-erbB-2, p53, ER, PR, pS2, CD44, cath-D and MLuC5,
and their relationship with some clinicopathological features.
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Figure 4. Progesterone receptor staining is shown in most
nuclei of neoplastic cells (magnification x400; ABC method;
haematoxylin counterstain).

As to c-erbB-2 expression, our results are in accordance
with previous reported data showing a frequency ranging
from 48 to 61% of the DCIS cases [15, 16]. Amplified and
overexpressed c-erbB-2 has already been reported in invasive
breast cancers. The association between amplification of the
c-erbB-2 oncogene (also called Neu) and poor prognosis in
human infiltrating breast cancer was first reported by Slamon
and colleagues in 1987 [23]. At present, it is well known that
its product, the overexpressed Her-2/neu protein, is associated
with a more aggressive disease, being an independent predic-
tor of poor prognosis in several subsets of patients.

Concordantly, overexpression of Her-2/neu protein in

T. Perin et al.

Figure 5. Strong immunopositivity is evident in neoplastic
cells with pS2 antibody (magnification x320; ABC method;
haematoxylin counterstain).

DCIS indicates a most rapid growth in comedocarcinoma type
[24] as well as in large cell type carcinoma and greater lesions.

This is in accordance with the aggressive potential of the
DCIS comedo variant based on its histomorphology and on
clinical follow-up studies [5]. As shown in the present study,
the high degree of correlation of c-erbB-2 expression with
various pathological features, such as high cytological grade,
large cell features, comedotype morphology and confluent
neoplastic ducts, confirms the noticeable role of c-erbB-2 in
the biological characterisation of breast DCIS.

About 61% of our cases showed positive staining for p53

Table 2. Spearman correlation coefficients between all considered ‘markers’

c-erbB-2 p53 ER PR CD44 cath-D pS2 MLuC5
c-erbB-2 . 0.366* -0.355t —0.492% —0.036 0.150 -0.369* -0.242
p53 — — -0.065 -0.165 -0.222 0.161 0.056 -0.231
ER — — — 0.627% —0.193 0.146 0.468* 0.244
PR — — — — 0.027 0.145 0.504* 0.163
CD44 — — — — - —-0.067 —-0.015 -0.077
cath-D — — — — — — 0.188 -0.068
pS2 — — — — — — — 0.2894
MLuC5 — — — — — — — —

*P < 0.01; +P < 0.05.

ER, oestrogen receptor; PR, progesterone receptor; cath-D, cathepsin-D; MLuC5, 67-kDa laminin receptor.
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Figure 6. Membrane immunostaining for MLuCS5 in most neo-

plastic cells. Inner positive controls are provided by interven-

ing stromal vasculature (magnification x400; ABC method;
haematoxylin counterstain).

protein, which is higher than 25% found by Poller and 40%
found by Zafrani. In our study, immunopositivity of p53
correlated with high cytological grading, but the same could
not be demonstrated with comedotype carcinoma and distri-
bution of disease. In contrast with Poller and associates [25],
we found a significant positive correlation between p53 posi-
tivity and c-erbB-2 overexpression. However, at variance with

1153

Figure 7. A neoplastic duct shows CD44-positive membrane

cells. Inner positive controls are provided by scattered sur-

rounding lymphocytes and plasma cells (magnification x320;
ABC method; haematoxylin counterstain).

other authors [16], we were unable to show any significant
association between p53 expression and negative ER and PR
tumour status. The evidence of p53—c-erbB-2 correlation is
consistent with the association of both markers with prognos-
tically unfavourable histological features. Thus, as already
suggested [16], the synchronous evaluation of p53 and c-

Table 3. Distribution of ‘markers’ according to grading and Spearman correlation coefficients

Grading
Spearman
Gl G2 G3 correlation
coefficient
Markers* % n/N % n/N % n/N and P-value
c-erbB-2 @ 27 3/11 60 15/25 69 9/13 0.3161
p53 @ 46 5/11 60 15/25 77 10/13 0.2914
ER & 64 7/11 58 14/24 39 5/13 -0.249
PR & 73 8/11 67 16/24 15 2/13 -0.396%
CD44 ® 91 10/11 83 19/23 77 10/13 -0.131
cath-D @ 91 10/11 100 25/25 100 13/13 0.211
pS2 @ 64 7/11 71 17/24 46 6/13 -0.140
MLuC5 @ 82 9/11 92 23/25 62 8/13 -0.204

*Variations in the total number of cases is caused by unsatisfactory technique in some cases. TP < 0.05; P < 0.01.
%, percentage of positive cases. n/N, number of positive cases/number of cases evaluated immunohistochemically. Abbreviations as in Table 2.
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Figure 8. Focal immunostaining for cath-D is evident in some

neoplastic cells, and in stromal hystiocytes (inner positive

controls) (magnification x400; ABC method; haematoxylin
counterstain).

erbB-2 in DCIS may provide a useful insight into characteris-
ing the potential aggressiveness of the disease.

Determination of ERs and PRs in our series gave results
similar to those reported in the literature, even though a
frequency of positivity ranging from 32% to almost 80% has
been assessed by some authors [15, 26, 27]. In the present
study, hormone receptor positivity, namely PR, was signifi-
cantly associated with low cytological grade. Previous studies
have shown that expression of ERs and PRs is usually down-
regulated in comedotype carcinoma as well as in extensive
necrotic tumours [13-15], both displaying high cytological
grade as well. Conversely, micropapillary and cribriform carci-
nomas, mostly characterised by low or intermediate cytolog-
ical grade, are commonly ER and PR positive [13]. However,
it has been shown that DCIS without invasive carcinoma was
most frequently ER weak or negative, both in comedo and
non-comedotype carcinomas [26], when compared to DCIS
associated with invasive carcinoma. The reason for this finding
is not clear, although it is possible that ER levels in DCIS may
increase only when invasion develops in the surrounding
tissue. As already seen in infiltrating breast carcinomas [28],
in our DCIS cases, pS2 positivity was significantly correlated
with ER and PR status. Accordingly, its detection may, there-
fore, be helpful in identifying patients eligible for hormonal
therapy.

In the present study, cath-D positivity was not significantly

T. Perin et al.

associated either with other markers or with pathological
features. Although this protein has been considered as a
reliable prognostic marker of tumour progression in breast
cancer patients [28, 29], its significance has to be further
evaluated in non-infiltrating tumours. CD44, as marker of
aggressiveness, has previously been evaluated in invasive
breast cancer [30], but not in DCIS. Its inclusion in the
present study was aimed at evaluating its expression on the
latter, unexplored setting. To our knowledge, no conclusive
studies are available on MLuC5 (67-kDa laminin receptor)
expression in breast cancer [31]. Based on the interactions of
this protein with basal membrane constituents (laminin), its
assessment on DCIS would be valuable. Our results did
not give significant correlative information on these markers.
However, their overall highest frequency of expression in
DCIS should be noted.

In conclusion, in this study positive correlations were found
between c-erbB-2 and p53, and between PR and pS2. Positive
correlations were also found between cytological grading and
both c-erbB-2 and p53. An inverse relationship was seen
between c-erbB-2 and a group of markers including ER, PR
and pS2, as well as between cytological grading and PR.
Finally, statistically significant association between c-erbB-2
and comedotype carcinoma and between c-erbB-2 and the
distribution of disease in confluent neoplastic ducts was
observed. Taken together, these findings further corroborate
the relevance of c-erbB-2 and p53, on one side, and of ER,
PR and pS2, on the other side, in biologically defining the
morphological feature of DCIS.

Nevertheless, we have been unable to find any significant
association between marker expression and recurrence rate.
This may be due to the low number of cases in our study.

However, distinct trends between high recurrence rate and
both p53 and c-erbB-2 overexpression were seen. From a
clinical point of view, the figure of 22.2% of overall recurrence
rate in our patients with DCIS treated with conservative
surgery may indicate that a fraction of patients with DCIS of
the breast should require more aggressive therapeutic
approaches. In this regard, a biopathological characterisation
of DCIS at the time of initial diagnosis might provide a valid
aid in treatment decision making [32].
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