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INTRODUCTION

THE amM of this review is to summarize the posters
and the workshop session on ‘Cellular Aspects’ of
cancer of the breast. Since this was a working
conference most of the posters were orientated
towards the practical question of how laboratory
investigations can help in the management of pa-
tients. Some presentations were concerned with how
we can predict tumour behaviour by measurcments
performed either on human tumour tissue or on
samples of peripheral blood and some were directed
towards attempts to understand the mechanisms of
disease behaviour such as metastatic potential or
endocrine responsiveness. It is through this type of
information that we may be able to derive new
approaches to treatment.

There are considerable problems concerning the
interpretation of the value of markers of tumour
behaviour measured in tissue extracts or histological
sections of tumours. The heterogencous nature of
most tumours may lead to considerable sampling
errors. Furthermore, measurements of the end
points of relapse free survival (RFS), overall survival
{OS) and response to therapy are affected by several
variables. For example, the time to relapse is influ-
enced by local radiotherapy and whether the patient
population was treated with adjuvant systemic ther-
apy. The estimation of the value of a marker of
response, for example to endocrine therapy, may
depend on how the ‘no change’ category is viewed by
particular investigators. Estimations of the relative
importance of markers of metastatic potential and
endocrine responsiveness should preferably be per-
formed on large populations and employ multivari-
ate methods. In addition in the clinical ficld we
must apply other more pragmatic criteria; not only
asking ‘is it new?’, but also ‘is it clinically useful”
ana if so ‘is it of sufficient value to be incorporated
into clinical practice?
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Fig. 1. Schematic represeniation of a hypothesis relating tumour-derived
data to metastatic potential and endocrine responsiveness.

MARKERS OF METASTATIC POTENTIAL

The most important prognostic marker is axillary
lymph node status. Patients with node involvement
relapsc sooner and die carlicr than those without
involved nodes. Interpretation is not confounded
by other major indicators of prognosis. The pro-
portion of patients responding to endocrine and
chemotherapy is similar regardless of whether the
axillary nodes are involved or not. This is unusual
since most other prognostic markers, to a variable
cxtent, also indicatc responsiveness to systemic
treatment. Thus the interpretation of their value is
dependent upon whether therapy has been given
cither as an adjuvant or for advanced discasc and
whether or not there was a responsc. For examplc,
tumour grade is a marker of prognosis because it
indicates both metastatic potential and endocrine
responsivencess. Grade I tumours have a good prog-
nosis, not only because they arce relatively unlikely
to metastasize, but if they do they are more likely to
respond to endocrine therapy. Figure 1 attempts to
ascribe to the components of grade their relative
importance as predictors of metastatic potential as
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well as predictors of endocrine responsivencss.

Several papers were presented concerning new
methods of measuring the three features most fre-
quently used in grading systems; mitotic activity,
nuclear pleomorphism and tubule formation. Mor-
phometric techniques can be used in the measure-
ment of all three components. To some degree
mitotic activity is also related to thymidine labelling,
nuclear pleomorphism to image and flow cytometry
and tubule formation to expression of differentiation
antigens. Clearly these are not exact corrclations
but, as indicated in Fig. 1, this is another way of
looking at the problem.

1. Morphometry

Although individual dedicated pathologists can
reliably estimate tumour grade it is well recognized
that there is great inter-observer variation. Several
groups have attempted to define the individual
features of grade more precisely by morphometric
techniques using imaging systems linked to com-
puters to estimate nuclear arca and diameter, the
number of mitotic figures and the degree of tubule
formation [1-3]. A more precise estimate of prog-
nosis has been found using such morphometric
measurements than by conventional histological
estimation of grade [2]. It was pointed out, however,
that at present these techniques are time consuming,
but that the future may lie with automation. Two
groups indicated during the workshop that they
considered the number of mitoses gave the greatest
prognostic information and that a careful estimate
of the mitotic index could possibly be used in place
of all the other components [2, 4]. The patient
population in these reports, and in several others
mentioned below, was often small and highly het-
erogencous. There is a great need for pathologists to
combine their data in an international collaborative
effort to find the ‘best buy’ for prognostic factors
based on morphology. Perhaps overview methods,
similar to those used to cvaluate adjuvant therapy,
could be employed.

2. Image and flow cytometry

Some years ago Auer showed that tumour cell
ploidy as determined by static cytometry was related
to prognosis. At the conference data comparing
image and flow cytometry demonstrated that the
two techniques gave equivalent results [5, 6]. In
addition Auer’s group [5] compared results of ploidy
estimates for each tumour quadrant and showed
that they were similar.

Thus flow cytometry may be used instead of the
more laborious technique of static cytometry as
tumour heterogeneity does not appear to be a major
problem. It may also be possible to get accurate
information concerning ploidy from fine necedle
aspirates [7].

There does appear to be a problem, however, in
the relatively poor prognostic distinctions given by
cstimates of ploidy in breast cancer. In a group of
566 tumours van de Velde et al. [8] showed that
paticnts with ancuploid tumours had a poorer prog-
nosis than those with diploid tumours. In addition,
using Cox analysis, ploidy was shown to be an
independent prognostic factor. However, in agree-
ment with other studies reported at the conference
[9] and eclsewhere, the prognostic separation
between diploid and ancuploid tumours was rcla-
tively minor and it is clear that ploidy does not
provide meaningful scparation into prognostic sub
groups. No data were presented on the prognostic
significance of ploidy after relapse.

3. Labelling index (LI)

Thymidine LI should give a more precise indi-
cator of mctastatic potential than mitotic indcex since
the labelling value is approximatcly an order of
magnitude greater, because S phase is much longer
than the duration of mitosis. Highly significant
inverse correlations between LI, RFS and OS of
paticnts with node negative tumours was shown by
two groups [10, 11]. This has important impli-
cations for selecting poor prognostic subgroups of
node negative patients for adjuvant therapy. Dai-
done et al. [10] also presented LI data on node
positive patients, all of whom were treated with
adjuvant CMF. The prognostic significance for
RFS and OS of LI was lost, presumably because
chemotherapy differentially improved the outlook
of patients with a high LI. The relationship of LI to
survival after relapse is not clear. The Milan group
[10], however, did present survival data on patients
with locally advanced tumours treated by chemo-
therapy. Those with a high LI had a significantly
poorer prognosis suggesting that chemotherapy did
not improve the prognosis of the high LI group
compared to that of the low LI group. More data
are required concerning the relationship of LI to
endocrine responsiveness.

4. Immunostaining of proliferating cells

KI-67 is a commercially available monoclonal
antibody which reacts with nuclear antigens associ-
ated with cell proliferation. Data were presented
showing that it is possiblc to estimate the proportion
of cells which express the antigen in smears from
aspiration biopsics of tumours [12]. Importantly
there was a clear difference between benign and
malignant tumours. This supports data alrcady
available on solid tumour specimens. We need more
data on the prognostic significance of expression of
this antigen and others of a similar type.
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5. Differentiation antigens

Inasmuch as antigens found in the human milk fat
globule are most highly expressed during pregnancy
and lactation they may be regarded as differen-
tiation antigens. These antigens are also expressed
in breast carcinomas. Data were presented [13]
showing that the antigens recognized by antibodies
HMFG1 and HMFG2 tend to be expressed in
oestrogen receptor (ER) and progesterone receptor
(PR) positive tumours and were considered by this
group to be as good indicators of endocrine respon-
siveness as are receptor measurements. As with
the receptors, however, their expression is poorly
related to metastatic potential. Co-expression of
receptors and differentiation antigens suggests that
receptors may be regarded as features of differen-
tiation. This contention is supported by a report of
increased expression of ER during clonal growth of
mammary tumour cells in agar [14].

The antibodies HMFG1 and HMFG2 recognize
oligosaccharide moieties on mucin-like molecules.
The core protein of this mucin shows less expression
in normal tissues than it does in carcinomas. This
may be because there is defective glycosylation in
the tumours. This finding may be important, both
with regard to diagnosis and immune-directed ther-
apy [15].

The prognostic significance of PR remains contro-
versial; one group found it to be unimportant for
predicting either RFS or OS [16] and another
showed that it was a highly important indicator of
both time periods [17]. Marked differences such as
these are possibly related to the variable use of
adjuvant therapy and of therapy after rclapse. It
may be hypothesized that both ER and PR are
prognostic indicators because they predict response
to endocrine therapy; if adjuvant endocrine therapy
is given relapse will be delayed in receptor positive
tumours but, because receptors arc largely un-
related to metastatic potential, no relationship
between receptors and RFS will be seen in the
absence of treatment. This proposal was supported
for ER by one presentation at the meeting [18].
Thorpe et al. [19], however, showed that premeno-
pausal node negative patients could be divided into
a good and a poor subgroup on the basis of presence
or absence of PR.

6. Oncogenes

The place of oncogenes in the prediction of meta-
static potential is becoming clearer. In his review
lecture Dr Cardiff predicted from data derived from
rodent tumours that both tumour morphology and
prognosis will prove to be related to the numbers
and types of oncogenes activated. A report by
van de Vijver et al. [20] confirmed that the neu (c-
erbB-2) oncogene is amplified in human mammary
tumours and is often accompanied by amplification

of the linked c-erbA oncogenc. This group has
produced monoclonal antibodies against amino acid
scquences from oligonucleotide fragments of the
gene which can be used to detect oncogene
cxpression in formalin-fixed archival tumours. This
will enable the relationship between c-crbB-2 and
prognosis to be further evaluated. The expression
of the p62 protein product of the c-myc oncogenc,
measured in suspensions of nuclei from paraffin
embedded tumours, was shown to be related to
survival {21]. In addition the p21 protein of the c-
Ha-ras was found to be over-cxpressed in 60% of
human tumours, mainly in ER-positive ones [22].
More studies to define the relationship of these and
other oncogenes to metastatic potential are clearly
required. It represents a new and cxciting field of
investigation.

Another useful approach, which may ultimatcly
be used to define risk, is to look for restriction
fragment length polymorphisms near oncogencs in
an attempt to define altered alleles with predictive
value. The observation that a number of haplotypes
of the 3’ flanking region of the c-Ha-ras gene were
expressed in patients but not controls provides a
prospect for defining a nucleotide sequence as a
marker for breast cancer [23, 24].

7. Markers in tissues

Anti-epithelial membrane antigen (EMA) mono-
clonal antibodies may be used to detect the presence
of small metastascs in tissuc sections. Metastases
were detected in 19% of 929 lymph nodes using
conventional histology but were found in 23% using
immunohistochemical staining with an antibody
(CT-M-1) against EMA [25]. This antibody is also
useful for detecting malignant cells in cffusions; six
of 15 cytologically negative effusions were found to
be positive using CT-M-1 [26]. The value of anti-
EMA antibodics for detecting micrometastases in
aspirates of bone marrow at the time of primary
surgery was confirmed {27]. Eight of 15 patients
with  EMA positive marrows subsequently
developed metastases compared with only two of
30 patients with negative marrows.

MARKERS OF TUMOUR RESPONSE
This section included studies of steroid hormone
receptors and other proteins which have a potential
ability to predict endocrine responsiveness, obser-
vations on the mechanisms of endocrine response
and the measurement of markers of tumour burden
in serum.

1. Steroid hormone receplors

Monoclonal antibodics to ER have undoubtedly
revolutionized measurement of receptors in biop-
sies and, in particular, in aspirates of tumours [28].
Several groups have shown that the immunoradio-
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metric (ER-EIA), and the immunocytochemical
assay (ER-ICA) using the Abbott antibodics are
equivalent to ER detected by dextran coated char-
coal assays [29-33]. It was also shown that it is
possible to estimate ER on formalin-fixed scctions
[34, 35]. However, it was pointed out in the work-
shop that we need to calibrate the new assays in
relation to endocrine responsiveness rather than to
the old methods of assay. During thc workshop
discussion it was stated that if a single cell was
positive it represented an cndocrine responsive
tumour. Clearly this needs to be confirmed. There
is also a nced for response data in relation to
evaluation of PR using the new monoclonal anti-
bodies [32, 36]. Androgen receptors were shown to
be related to both grade and ER and to give similar
information to the more conventionally measured
receptors [37]. Hormone receptors appear to be
more frequently cxpressed in small non-palpable
tumours [38]. However, the expression of the
oestrogen receptor associated antigen (D5) was
found to be higher in infiltrating carcinomas than
in either benign or pre-malignant lesions [39]. These
data, taken together, suggest thatincreased receptor
expression occurs with carly invasive growth and
that receptors are then gradually lost with tumour
progression.

Another study demonstrated that there may be
translocation mutants of ER similar to those seen for
glucocorticoids in lymphoma cells. Translocation
defective tumours were unrcsponsive to endocrine
therapy [40].

Several groups have demonstrated that many
tumours may synthesize potential autocrine
mediators of growth such as alpha TGF and the
IGFs. In an intriguing study Mittra [41] showed,
both by immunostaining with specific antibodics
and by in situ hybridization, that the lactogenic
hormones (prolactin, placental lactogen and growth
hormone) were present in 80% of human tumours.
There was a significant inverse corrclation with
ER. Mittra suggested that ER negative tumours
constitutively synthesize lactogens which act
directly within the cell at the nuclear level. Clearly
this finding needs confirmation and further studics
on the specificity of lactogenic hormone binding to
DNA would be of value. A number of groups have
suggested that there may be secrum inhibitors of
mammary tumour cell growth and data were pre-
sented showing that oestrogens may act by overcom-
ing this inhibition [42]. Inhibitors in foctal bovine
serum may be bovine prolactin which is known to
bind to receptors but not to activate them. However,
the inhibitors in serum from humans may be specific
molecules and it is important for their nature and
specificity to be determined.

The presence of gonadatrophin releasing hor-
mone receptors was reported in 45% of tumours

[43] and this again raiscs the question of a direct
action of LHRH agonists on the breast; however, the
concentrations required for half maximal binding
make this unlikely. Other actions of tamoxifen (in-
hibition of calmodulin and stimulation of microtu-
bule disassembly) were confirmed [44]; but their
importance in vivo is not clear. An association of
these mechanisms with endocrine responsiveness
has not been demonstrated. The possible import-
ance of local production of ocstrogens from precur-
sors in the breast was supported by a study which
demonstrated that significant aromatasc activity
may be found in the breast and that the highest
activity was in the quadrant where the tumour was
found [45]. In addition the same group measured
17B-hydroxystcroid dchydrogenase, an important
cnzyme for the interconversion of androgens and
oestrogens, and demonstrated that higher levels
were found in breasts with tumours which failed to
respond to systemic therapy [46].

2. Other indicators of response

Cyclic AMP protein (cAMP-B) levels in rat mam-
mary tumours change markedly during endocrine
induced tumour growth and inhibition . Miller e
al. [47] measured the binding protein in human
mammary tumours and related levels to subsequent
responsc to cndocrine therapy. There was no
relationship between the ¢cAMP-B levels and
response; however, when (as has been demonstrated
with rat tumours) the data were expressed as a ratio
of ER/cAMP-B a distinction between responders
and non-responders was found. The assay for
cAMP-B is not simple, but the introduction of
monoclonal antibodics against this protcin may lead
to a more rcadily available approach to prediction
of responsc. Other putative markers of endocrine
responsivencss were HMFG [13], breast cyst pro-
tein [48], creatine kinasc-BB [49] and a dysplastic
mammographic pattern [50]. One group found that
B and kappa casein were not detectable in tumours
and thus were of no value in determining responsive-
ness [51].

Nomura e/ al. [52] showed that 195 of 357 (55%)
mammary tumours produced colonics in agar and
that the proportion of those responding to tamox-
ifen, oestradiol and medroxyprogesterone acetate
were similar to that expected ir vivo. Growth in agar
is not a technique which can be used routinely
but is of value in determining the regulation of
mammary tumour cell growth.

3. Markers in serum

Several groups presented data from studies which
show the valuc of the Ca 15.3 assay and how it
compares with CEA and other tumour marker
measurements [53-58]. Like CEA the newer assay



Cellular Aspects of Breast Cancer 2

is of little value in determining the presence of
metastatic disease at presentation or for uscfully
increasing the lead time before relapse. However, it
is a good marker of tumour burden and uscful for
following response to therapy. It should be regarded
as complementary to CEA since there are tumours
which secretc one marker but not the other. The
serological detection of a 90 K proteolipid released
from human tumour cells in vitro [59] and of the
normal breast antigen 3E1-2 [60] may also prove
to be useful as markers.

OTHER STUDIES
Two groups presented data relating to the obser-
vation that the monocytes of most patients with
carcinoma of the breast fuse to form giant cells
when cultured in vivo for 1-3 weeks [61-63]. This
phenomenon was seen in only 10% of controls but
in a high proportion of patients with benign breast

disease [62]. Al-Sumidaie et al. [61] also dem-
onstrated that fusion could be inhibited by tam-
oxifen and was associated with the release from
fused cells of the enzyme reverse transcriptase. This
raises again the possibility of the association of
breast cancer with a retrovirus.

SUMMARY

It has not been possible in this review to cover
all the submitted posters nor indeed all the points
discussed during the workshop session. It is hoped,
however, that major points of interest have been
presented and that arcas where there 1s consensus
and arcas where controversy remains concerning
the clinical value of particular investigations have
been highlighted. It is also hoped that some new
potential growth arcas for investigation of tumour
biology have been defined.
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