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Evolution of PBL from normal epithelium to DCIS
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Abstract A large number of studies in the last three decades have identified only a handful of biological fea-
tures in the evolution of human premalignant breast lesions (PBL). They have shown that PBL have a positive
growth balance, which may be driven/regulated by oestrogen receptor, erbB-2, and p53. There is marked
genetic diversity in PBL, and use of newer technologies such as SAGE, DNA microarrays, and high-throughput
proteomics will significantly improve our understanding of evolution of PBL over the next decade.
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Introduction

It is believed that all invasive breast cancers (IBC)
develop over long periods of time from certain benign
proliferative lesions, however; only a few of these
have been well established as premalignant breast
lesions (PBL). By definition, PBL show a variable loss
of growth control, but they lack the ability to invade
or metastasize. This delay in time to progress pro-
vides a rationale for preventive intervention and use
of tamoxifen, which targets oestrogen receptor (ER),
has been successful. However, not all ER-positive
IBCs are prevented by this therapy and it has become
imperative to identify new targets for prevention by
developing better understanding of biological and
genetic evolution of PBL.

There are at least four converging lines of evidence
that have defined the most important precursors of
IBC, that is atypical ductal hyperplasia (ADH), atypical
lobular hyperplasia, ductal carcinoma in situ (DCIS),
and lobular carcinoma in situ and to certain extent
early lesions like usual ductal hyperplasia (UDH) and
hyperplastic unfolded lobules (HULs; also known
as blunt duct adenosis and columnar cell lesions).
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The supporting evidence comes from the fact that
pathologists have recognized many years ago that
these PBL were on a histological continuum and were
much more common in breasts with synchronous
IBC than noncancerous breasts [1]; long-term follow-
up studies have shown that women with these PBL
are at increased risk for developing IBC [2]; they
share identical genetic abnormalities with synchro-
nous IBC [3]; and xenografts and genetically engi-
neered animal models show analogous histological
evolution [4]. All of this evidence has culminated in a
model of breast cancer evolution proposing that
stem cells in normal terminal duct lobular units
(TDLUs) give rise to hyperplasias, which give rise to
atypical hyperplasias, which progress to in situ car-
cinomas, which eventually progress to invasive and
metastatic disease.

The evolution of IBC has been difficult to study
because these human PBLs are microscopic in size,
with the exception of DCIS, and available mostly as
formalin-fixed paraffin-embedded tissue. Although
there have been hundreds of studies during the past
three decades evaluating a large number of biological
pathways in PBL, but most were limited to conven-
tional technologies such as immunohistochemistry
(IHC), and only recently have used high-throughput
technologies such as SAGE and DNA microarrays.
Nonetheless, these studies emphasized that there
are underlying biological abnormalities causing
some PBL to remain stable and others to progress.
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This review will focus on features of the few well-
established PBL using traditional techniques and
briefly mention a few of the more interesting but
unconfirmed findings from newer studies.

Biological features of premalignant lesions

Several biological abnormalities used routinely to help
determine the prognosis and treatment of patients
with IBC were subsequently studied in its putative
precursors including assessments of growth bal-
ance, hormone receptors, oncogenes, and tumour
suppressor genes.

Growth balance (proliferation and apoptosis)

Many studies, using a variety of techniques, have
measured the magnitude of proliferation in TDLUs
and PBL (Table 1). In TDLUs, proliferation averages
about 2% and in premenopausal women, the rate
fluctuates with the menstrual cycle. In HULs one
preliminary study reported an average rate of about
5%, which is similar to the observed rates in ADH
[5]. There is substantial data that proliferation is
proportional to differentiation along the histological
continuum in DCIS with rates averaging as low as
1% in the low-grade to more than 70% in the high-
grade lesions [6]. The average proliferation rate in all
DCIS combined is about 15%.

The data on apoptosis, the other side of the
growth equation is very limited (Table 1). There is
preliminary report that the apoptosis rate is about
0.6% in TDLUs and 0.3% in ADH [7]. In DCIS, apop-
tosis seems to vary with histological differentiation in

Table 1. Summary of biological features of PBL assessed by IHC.

TDLU HUL UDH ADH DCIS

Proliferation rate

Average % 2 5 5 5 15
positive cells

Apoptosis rate

Average % 0.6 ? ? 0.3 2.5
positive cells

ER

% lesions with 95 95 95 95 95
ER-positive cells

Average % positive 30 90 60 90 45
cells in a lesion

erbB-2 overexpression/amplification

% abnormal lesions 0 0 0 1 30

p53 overexpression/mutation

% abnormal lesions 0 0 0 0 30

? no data in literature for these categories
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DCIS, being much lower in low-grade (1%) than high-
grade lesions (5%) [8]. Hence, it appears that the
growth of PBLs is likely due to both increased prolif-
eration and decreased cell death and this equilibrium
is probably controlled by a variety of regulatory mech-
anisms, such as sex hormones, oncogenes, tumour
suppressor genes, and many other as yet unknown
genetic and epigenetic abnormalities.

Oestrogen receptor

Oestrogen, via the ER, plays a central role in regulat-
ing the growth and differentiation of normal breast
epithelium. For women of all ages combined, an
average of about 30% of cells in normal TDLUs
express ERa (Table 1) and in premenopausal women,
the rate is somewhat lower, about 20%, and varies
with the menstrual cycle [9]. The average proportion
of ERa-positive cells in TDLUs in postmenopausal
women is about 50-60%. In HULs, preliminary data
suggests that a large majority express the receptor
in over 90% of cells. In ADH >90% of lesions
express very high levels of ERa in nearly all cells.
In DCIS, overall 75% of all cases express ERa and its
expression varies with histological differentiation in
DCIS, being highest in low-grade lesions (90-100%),
and lowest in high-grade lesions (0-30%) [10].

The very high levels of ERx observed in nearly all
premalignant lesions may contribute to their increased
proliferation relative to normal cells by allowing them
to respond more effectively to any level of oestro-
gen, even the low concentrations observed in post-
menopausal women. Besides ERa, very little is
known about the involvement of other types of hor-
mone receptors in PBL. The results of one recent
preliminary report suggest that the level of ERB is
significantly lower in most premalignant lesions
compared to normal epithelium, which is opposite to
that of ERa, despite the high degree of structural
homology between the two receptors [11].

Oncogenes and tumour suppressor genes

erbB-2 plays important role in cell growth, differenti-
ation, adhesion, and motility that could contribute to
the ability of tumour cells overexpressing erbB-2 to
invade and metastasize. Overexpression and ampli-
fication of erbB-2 has not been observed in TDLUs
or UDH (Table 1). It has been detected only rarely in
ADH, although a recent study found amplification of
the gene (up to sixfold), in the apparent absence of
protein overexpression, in 50% of ADH from breasts
containing IBC [12]. In DCIS, many studies have
shown that erbB-2 overexpression is rare in low-
grade DCIS but seen in 30-40% of high-grade DCIS
[13]. Just how alterations of erbB-2 lead to the
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development and progression of premalignant breast
disease is not entirely clear.

Alterations of p53 also appear to play an import-
ant role in the evolution of PBL. With the exception
of morphologically ‘normal’ breast epithelium in
Li-Fraumeni patients with inherited mutations,
abnormalities of p53 have not been reported in
TDLUs. There are no formal studies of p53 in HULs.
A single study looking at p53 in UDH found slightly
elevated levels of protein in a small subset of
lesions. p53 also appears to be normal in nearly all
ADH. p53 in DCIS is quite rare (about 5%) in low-
grade lesions, and relatively common (about 40%) in
high-grade lesions (Table 1). Mutations of p53 may
contribute to the development and progression of
premalignant breast disease by several mechanisms
including interference with DNA repair through loss
of an important G1 cell-cycle checkpoint, leading to
replication of a damaged DNA template and genetic
instability, and also perhaps by clonal expansion
through inhibition of programmed cell death.

Prognostic significance of biological
markers in PBL

Only a few studies have evaluated the prognostic
value of these markers and have either failed to
show any significance or early promising results
have not been reproducible.

Genetic features of premalignant lesions

Allelic imbalances

Most of the genetic abnormalities responsible for
the development and progression of PBL are still
unknown. Studies of loss of heterozygosity (LOH)
analysis or comparative genomic hybridization
(CGH) and many other methodologies over the past
decade provide crude but compelling evidence that
IBC evolves from premalignant lesions by highly
diverse genetic and epigenetic mechanisms. These
studies have assessed allelic imbalance (Al) to iden-
tify the general chromosomal locations of tumour
suppressor genes (through losses) or amplified
oncogenes (through gains) that may be important in
the evolution of PBL (Table 2).

An interesting study noted that histologically nor-
mal TDLUs shared LOH with closely adjacent IBC,
while TDLUs farther away in the same breast did
not, demonstrating that even normal appearing
epithelium may have genotypic abnormalities asso-
ciated with an elevated risk for developing breast
cancer [14]. There is only one preliminary study in a
subset of HULs that identified losses at 9q, 17p, and
179 [15]. A few studies in UDH found about 30% Als
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involving at least 10 loci on 8 chromosomes. Studies
in ADH have shown that up to 50% contain one or
more Als at 30 genetic loci distributed over 10 chro-
mosomes. Studies have shown that nearly all DCIS
contain at least one Al among more than 100 genetic
loci on 17 chromosomes. Not surprisingly, Als are
more common and numerous in DCIS, especially
high-grade lesions than in hyperplasias, consistent
with the notion that they represent a relatively late
stage of evolution [10].

To identify genetic changes that may be important
in progression to IBC, several studies have com-
pared genetic profile between pure DCIS and DCIS
with synchronous IBC. Following this strategy, the
loci that seem to be important favouring progression
include 29 (10-40%), 11p (20-70%), 139 (10-40%),
and 17q (5-40%), and those that may protect
against progression include 13q and 17q.

Preliminary data from gene expression
profiling technology

Many of the innovative high-throughput technolo-
gies such as gene expression profiling require fresh/
frozen tissue, so the fact that fixed-archival tissue
is still the primary resource available for normal and
most PBLs remains a problem, but a few recent
studies relying on small collections of frozen sam-
ples have demonstrated the enormous potential of
these new tools to advance our understanding of
premalignant evolution.

One of the studies used SAGE to compare the
expression of 16000 gene transcripts in normal
epithelium, DCIS, and IBC and found dramatic
differences in expression profiles between normal
and DCIS but noted that profiles in DCIS and IBC
are highly similar [16]. For example, only 16 genes
were expressed at significantly different levels in
DCIS compared to IBC, 5 being relatively upregu-
lated in DCIS and 11 relatively upregulated in IBC.

Table 2. Summary of Al (gains and losses) in PBL from studies
assessing LOH and CGH.

Category Gains Losses
TDLU Unknown Unknown
HUL Unknown 9q, 17p, 17q
UDH 1q 1p, 8p, 11q, 16q, 17p,
17q, 20p, 21q, 229
ADH 1q,8q,10q, 1q,2p, 3q, 69, 8p, 9p, 11p, 119, 13q,

11q, 14q, 16p 14q, 16q, 17p, 179, 20p, 219, Xq

DCIS 1q, 3q, 6p, 1p, 19, 2p, 2q, 3p, 3q, 4p, 6p,
69,89, 179, 6q,7p, 79, 8p, 8q, 9p, 11p,
20q, Xq 11q, 12p, 13q, 14q, 159, 16p, 16q,

17p, 179, 18q, 21q
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Table 3. List of putative genes (relatively up- or downregulated
in DCIS as compared to IBC) identified by high-throughput
expression array studies that are differentially expressed and
thus may be involved in the progression of DCIS to IBC.

Upregulated Downregulated

S-100A7/psoriasin
TFF3
S-100A9
APOD
AAMP
TGF-1

PTN
TGFBR3
CCASAMG
ITGA2
BRAG-1
COLL17A1
SERPINA1
MYH11
ACTG2
KRT5

PIP

COLL11A
SECTM1
KIFCA1

Among these genes, upregulation of S-100A7/
psorisin in high-grade DCIS has been confirmed
using reverse transcriptase-polymerase chain reac-
tion (RT-PCR) also.

A few recent preliminary studies have used DNA
microarrays to study gene expression in the evolu-
tion of PBLs. One such study compared nearly 6000
transcripts between 10 cases of low and high-grade
DCIS, and identified 69 genes that were expressed at
significantly different levels between the two groups
[17]. Another study compared 12 000 transcripts in a
larger cohort of samples including ADH, DCIS, and
IBC and found gene expression profiles were found
to be highly similar in DCIS and IBC, but a signature
of 85 genes separated DCIS and IBC [18]. The overall
patterns of gene expression were more different
between histological grades of the same type of
lesions (e.g. low-grade vs. high-grade DCIS) than
they were between different stages of lesions (e.g.
DCIS vs. IBC), although 85 genes involved in many
different biological pathways were expressed at sig-
nificantly different levels in DCIS compared to IBC. A
similar study studied 12 000 transcripts, comparing
DCIS and IBC and found more than 200 differentially
expressed genes between the two groups. Twenty-
six genes of the genes showed from four- to tenfold
differences between DCIS and IBC (Table 3) [19].
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