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Abstract The identification of lobular carcinoma in situ
(LCIS) in a patient’s specimen confers an appreciable
increased risk of development of future invasive mammary
carcinoma. However, the study of LCIS presents a chal-
lenge as it is usually only recognized in fixed specimens.
Recent advances in high throughput genomics have made
possible comprehensive copy number analysis of lesions
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such as this. Using array comparative genomic hybridiza-
tion (aCGH), we characterized eight cases of lobular car-
cinoma (four invasive and four non-invasive) from
microdissected samples of archival specimens and vali-
dated our results by quantitative real-time PCR (qRT-
PCR). Immunohistochemistry (IHC) was performed on an
independent set of 80 in situ ductal (DCIS) and lobular
breast lesions to confirm our results. Amplification of the
prolactin receptor gene (PRLr) was identified in 4/4 cases
of LCIS by aCGH. We confirmed this amplification by
gRT-PCR and demonstrated PRLr expression in 29/40
(73%) cases of lobular neoplasia by IHC. Amplification of
PRLr was neither detected in 10 cases of DCIS nor in 5
areas of normal breast tissue by qRT-PCR and only 14/40
(35%) cases of DCIS showed PRLr expression by THC
(P = 0.0008). Our study suggests the prolactin receptor
gene is a molecular target that may be important in the
pathogenesis and progression of lobular neoplasia. Inves-
tigation of the status of this gene in cases of DCIS has
indicated that it may not be as important in the progression
of this type of breast cancer, supporting the view that
lobular and ductal carcinomas may evolve along separate
pathways.

Keywords Breast cancer - CGH microarray -
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Introduction
Pre-invasive breast cancer exists in two forms: ductal
carcinoma in situ (DCIS), and lobular carcinoma in situ

(LCIS). Both confer an increased risk of future invasive
breast cancer. The treatment and management of women
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diagnosed with LCIS is a subject of ongoing debate. Epi-
demiological evidence supports that LCIS is a marker of
increased risk of developing breast cancer. Invasive car-
cinomas, subsequent to an initial diagnosis of LCIS, can
occur many years later. Although the risk of malignancy
was shown to apply to both breasts as noted in earlier
studies, the risk appears to be greater in the ipsilateral than
the contralateral breast as noted in more recent studies [1, 2].
Furthermore, while the subsequent invasive carcinomas are
more likely to be ductal, no special type, than lobular, the
proportion of lobular (ILC) is much greater than the rate of
ILC in the general population [3, 4]. Cumulative molecular
evidence suggests that LCIS may be a premalignant lesion
with the capacity to progress toward invasive carcinoma.
The strongest indication comes from the studies of
E-cadherin (CDHI), a gene often inactivated in invasive
lobular carcinoma (ILC) and LCIS, as shown both by
immunohistochemical studies [5] and mutation analysis of
the gene [6-8]. This loss of E-cadherin is often accompa-
nied by abnormalities in the E-cadherin/catenin complex
[9]. In addition, studies using comparative genomic
hybridization (CGH) have led to the discovery of a number
of changes in lobular carcinomas (reviewed in [10]).
However, CGH data from these studies have shown little
consensus (with the exception of recurrent loss of 16q and
frequent gain of 1q) over the regions of amplification and
deletions in these tumors [11-16]. Interestingly, it is of
note that the classic changes of lobular lesions (loss of 16q
and gain of 1p), and in this regard, the overall numbers of
changes in these lesions, resemble those found in the low
grade ductal lesions [17].

More recently, array CGH studies have suggested that
the relationship between LCIS and synchronous ILC might
be clonal. Hwang et al. [13], studying matched pairs of
LCIS and ILC, demonstrated similar genomic alterations in
a majority of paired specimens. Similar results obtained by
other groups [18, 19] further support the hypothesis of a
progression pathway. Additional data are, however,
required to determine if all the examples of LCIS are
precursors to invasive carcinoma and if particular genomic
alterations can predict which cases are most likely to
invade.

In order to delineate the genetic basis of LCIS, we have
conducted a genomewide scan using array CGH on
microdissected formalin-fixed, paraffin-embedded (FFPE)
tissue samples. We have chosen to study LCIS adjacent to
ILC because it is plausible that LCIS adjacent to ILC may
have given rise to the invasive carcinoma. This analysis
provides detailed profiles of genomic amplifications in this
study group and draws attention to a novel observation of
the amplification of the prolactin receptor gene (PRLr) on
chromosome 5p.
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Materials and methods
Sample collection

Eight cases of LCIS with corresponding ILC were identi-
fied from the case files of the Department of Pathology at
Mount Sinai Hospital (Toronto, Canada). Owing to the
small size of the lesions, the amount of tissue available
from this study group was limited for our microarray study.
Ten cases of DCIS with invasive ductal carcinoma (IDC)
and five cases of normal breast from reduction mammo-
plasty specimens were also selected for PCR validation. A
new and independent series of 40 cases of lobular neoplasia
(LN) and 40 cases of DCIS was identified from the files of
the Department of Pathology at the University Health
Network (Toronto, Canada) for immunohistochemical
studies. In this series, lobular neoplasia cases were classi-
fied either as ALH (atypical lobular hyperplasia), LCIS, or
pleomorphic LCIS (PLCIS) according to the proposed
criteria [20, 21]. A case was considered as PLCIS if it
demonstrated an in situ lesion with high grade cytol-
ogy = central necrosis and negative E-cadherin staining
[21]. In addition, synchronous lesions when present were
also noted from the pathology report (ALH/LCIS with/
without ILC, DCIS or IDC). DCIS cases contained ductal
lesions only (DCIS =+ atypical ductal hyperplasia (ADH),
with or without invasive carcinoma or lobular neoplasia)
and were graded using the World Health Organization
scale [22]. Institutional research ethics board approval was
obtained for this study.

DNA preparation

From the FFPE samples, 5-pum sections were cut and pre-
pared for microdissection. LCIS and invasive components
were identified by S.J.D. and microdissected using laser
capture microdissection on the PixCell II (Arcturus,
Mountain View, CA). Normal lymph nodes (also FFPE)
were microdissected to be used as reference DNA. Cap-
tured cells were incubated in 50 pul of Proteinase K
extraction buffer (50 mm Tris, 1 mM EDTA, 0.5% Tween-20)
for 72 h at 55°C. Proteinase K was inactivated by incu-
bation at 95°C for 10 min prior to use for PCR.

DOP-PCR

Degenerate oligonucleotide-primed (DOP) PCR was per-
formed according to the protocol of Kuukasjarvi et al. [23]
with modifications as proposed by Huang et al. [24]. In
brief, 10-100 ng of DNA was amplified by Thermo
Sequenase DNA Polymerase (Amersham Biosciences,
Canada) in a low stringency pre-amplification step
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(5 cycles) followed by regular PCR amplification in less
stringent conditions. Several DOP-PCR reactions were
pooled from each sample (to reduce the effect of bias on
each sample) and cleaned by phenol:chloroform extraction
before quantification and labeling. The resulting DNA was
quantified using a DynaQuant 200 Fluorometer (Amersham
Biosciences, Canada).

Array CGH

Array CGH using cDNA microarrays was performed
according to the protocol of Pollack et al. [25] with some
modifications. In brief, 2-3 pg of pooled DOP-PCR prod-
ucts from each sample as well as an equal amount of ref-
erence DNA were labeled by random priming (Bioprime
DNA labelling Kit, Invitrogen, Canada) in three separate
reactions with either Cy3 or Cy5. (The reference sample
used was DNA extracted from the pooled normal lymph
nodes that were also FFPE and treated in the same manner
as the samples of interest. For example, if the test DNA
was DOP-amplified, then the control DNA was also DOP-
amplified.) Dye swap experiments were performed on each
sample. Labeled products were mixed in appropriate
combinations in DIG Easy Hyb (Roche, Canada) hybrid-
ization buffer and hybridized for 16-24 h at 37°C to the
human 19K arrays from the University Health Network
Microarray Centre (Toronto, Canada) which contains
19,008 characterized and unknown human genes and/or
ESTs [26, 27]. Slides were rinsed in 0.1 x SSC to remove
the cover slips and then washed three times in 0.1x SSC/
0.1% SDS for 10 min at room temperature. Slides were
rinsed once in 1x SSC and twice in 0.1x SSC and cen-
trifuged to dryness. Arrays were scanned using the Gene-
Pix 4000A scanner (Axon Instruments, USA). The PMT
gain for each laser was adjusted to give an average ratio of
Cy3-Cy5 of 1.0 and to minimize the number of saturated
pixels. Images were then analyzed using the GenePix Pro
3.0 software (Axon Instruments, USA). The resulting data
were normalized using the Bioconductor genomic analysis
software package available on line at: http://www.bio
conductor.org/. The data were normalized within each
subarray as well as for the entire array. The values for the
foreground and background for the duplicate spots were
first averaged. Then the gene amplification level was cal-
culated as the log base 2 of the ratio of the test to normal
values of the differences between foreground and back-
ground. The gene amplification level for each “fluor-flip”
experiment was averaged. Log, ratios higher than 0.5 were
considered amplified. The differential analysis was per-
formed using Significance Analysis of Microarrays (SAM),
which is a software developed at Stanford University Labs
by Tusher et al. [28].

Quantitative PCR

Primers were designed using Primer Express Version 1.05
(PE Applied Biosystems, Canada) for the prolactin receptor
gene and a control gene (gamma-interferon, y-IFN). Primer
sequences were as follows: for PRLr, forward 5'-GGTCTG
GCTGAACTGCAGAAA and reverse 5-AAGGTGCAAG
CAATGAGTGCT; for y-IFN, forward 5’-CTGGCGAC
AGTTCAGCCAT and reverse 5'-CCAACGCAAAGCAA
TACATGA. PCR was performed according to the
ABI7700 (PE Applied Biosystems, Canada) protocols
using the QuantiTect™ SYBR® Green PCR System
(Qiagen, Canada). All the PCR reactions were performed
in duplicate, and each duplicate set of reactions was
repeated. The comparative threshold cycle (Ct) method
was used for the calculation of copy number as specified by
the manufacturer. Groups were analyzed using Pearson’s
chi-square test for proportions and Student’s r-test to
compare levels of amplification.

Immunohistochemistry

Antibodies to the prolactin receptor (clone B6.2, Thermo
Scientific, Fremont, CA), prolactin (Dako Inc, Canada),
signal transducer and activator of transcription-5a
(STAT5a) (Invitrogen, Canada), gross cystic disease fluid
protein-15 (GCDFP-15) (clone 23A3, Thermo Scientific),
E-cadherin (Vector Laboratories, Canada), p120 catenin
(clone 98, BD Biosciences, Canada), estrogen receptor
(ER) (clone SP1, Thermo Scientific), and HER-2 (clone
4B5, Ventana, Tucson, AZ). were used for the immuno-
histochemical study. In brief, 5 pm-sections were depa-
raffinized in xylene and rehydrated in descending alcohols.
Endogenous peroxidase activity was blocked by incubation
in 3% hydrogen peroxide for 10 min. Antigen retrieval was
performed by microwave treatment of sections in citrate
buffer at pH 6 (STATS5a, GCDFP-15, E-cadherin, ER,
HER-2, prolactin and p120 catenin) or Tris—-EDTA buffer
at pH 9 (PRLr) for 2 min. Primary antibodies were incu-
bated overnight at the following dilutions: PRLr (1/100),
prolactin (1/200), STAT5a (1/50), GCDFP-15 (1/60), ER
(1/200), HER-2 (1/50), E-cadherin (1/200), p120 catenin
(1/100). The slides were then incubated with the appro-
priate biotinylated secondary antibody for 45 min, and a
detection kit (NovaRed Substrate Kit, Vector Laboratories,
Canada) was used for demonstration of the antibodies.
Counterstaining was done with hematoxylin. Positive
controls were included in each staining series (placental
tissue for PRLr [29], normal breast for STAT5a [30] and
salivary gland for GCDFP-15 [31]). Immunohistochemistry
slides were evaluated independently by two pathologists
(D.T.T. and A.D.). For PRLr, prolactin, GCDFP-15, and
STATS5a, both the percentage and intensity (scale from 0 to
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3+4) of tumor cells staining were scored. Cases were con-
sidered positive if there is staining of >10% of tumor cells
with an intensity of 2+ or more [30, 32]. E-cadherin and
p120 catenin scorings were performed as previously
described [33]. ER and HER-2 stainings were evaluated
according to published criteria [34, 35]. Groups were
compared using Pearson’s chi-square test or Fisher’s exact
test.

Results
Analysis of microarray data

The CGH microarray analysis was successfully carried out
on four of the paired samples using DOP-PCR amplifica-
tion. In the other cases, insufficient material was obtained
for labeling. The data from the microarray experiments in
this study have been deposited in the NCBI Gene
Expression Omnibus database (GEO; http://www.ncbi.nlm.
nih.gov/geo/) and are accessible through GEO Series
accession number GSE20474. Although a myriad of
genomic alterations identified by CGH have been reported
by multiple studies, these reports all agree that lobular
carcinomas have a recurrent loss of 16q and frequent gain
of 1q [11-14]. The genomic profiles obtained from our
array comparative genomic hybridization (aCGH) studies
are in line with previously published studies on genomic
alterations in lobular carcinoma. Our profiled cases show
similar changes with deletion of genes at the 16q location
present in 7/8 (88%) samples and amplification of genes at
the 1q location in 7/8 (88%) samples. In addition, when we
look at the 50 genes with the highest SAM scores in our
differential analysis (amplification or deletion), 74% of
them were found in regions previously reported to be
altered in lobular carcinoma by CGH (see electronic sup-
plementary material—Online Resource 1). We investigated
the top 10 genes with the highest SAM scores in the LCIS
samples which represented the genes most likely to be
amplified in this data set (see electronic supplementary
material—Online Resource 2). We were the most inter-
ested in the SAM scores for the LCIS data because they
would be a subset of genes that may undergo amplification
early in the development of lobular neoplasia. These results
indicate that not all the genes that are amplified in LCIS are
also amplified in the adjacent ILC, with a higher number of
significant amplified or deleted genes in the pre-invasive
lesions compared to the adjacent invasive carcinoma (see
electronic supplementary material—Online Resource 3).
Owing to the limited amount of genetic material available
for validation by quantitative PCR analysis, we used the
following criteria to select a gene for validation: (a) the
spot on the array corresponded to a known and/or
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somewhat characterized gene; (b) the gene showed high
levels of amplification in several samples or had an inter-
esting pattern of amplification (i.e., in LCIS only); (c) the
gene was located at a chromosomal region known to be
amplified in breast cancer and in particular in lobular
carcinoma; and (d) the gene had the possibility of being
biologically relevant to breast cancer or the progression to
invasive carcinoma. Of the top 10 genes that we found to
be amplified to different levels in LCIS and ILC, we
selected one candidate gene, the prolactin receptor gene
(PRLr) for further analysis. Prolactin has been implicated
in the progression of breast cancer [36], and thus PRLr
appeared a promising candidate for further validation and
study.

Quantitative real time PCR validation

Quantitative real time PCR (qQRT-PCR) was performed on
the PRLr gene. As qRT-PCR requires a smaller amount of
starting material, it was also performed on the remaining
cases of LCIS and ILC in the study for which we were not
able to obtain microarray data. At least, two independently
microdissected samples were used for validation. In addi-
tion, qQRT-PCR was also performed for PRLr on 10 cases of
DCIS with corresponding invasive ductal carcinoma (IDC)
and five cases containing normal breast ducts from reduc-
tion mammoplasty specimens. As the upper limit of the
95% confidence interval for copy number for all the gRT-
PCR results is 1.36, we used this as our threshold for
amplification (Table 1). We found the amplification status
using qRT-PCR correlated with the data obtained from
microarray analysis. Four of the eight samples of LCIS and
4/8 samples of ILC showed amplification of PRLr (all the 6
samples with aCGH amplification of PRLr showed similar
results using RT-PCR). In comparison, 0/10 samples of
DCIS and 3/10 samples of IDC showed amplification of the
gene. When LCIS and ILC are looked at together, there is
overall more amplification of PRLr when compared to the
DCIS and IDC group (P = 0.01). Interestingly, the levels
of amplification between the two groups, lobular and
ductal, also differed in the range of copy number values
where the ductal group is much lower (0.78-1.58, n = 20)
than the lobular group (0.92-3.68, n = 16) (P = 0.03).
None of the normal breast specimens showed amplification
of PRLr.

Immunohistochemistry validation

An immunohistochemical study was performed on an
independent series of 40 cases of LCIS/ALH and 40 cases
of DCIS to validate the microarray and qRT-PCR data. The
median age at diagnosis for the LCIS and DCIS cases
was 54 years (range 35-83 years) and 56 years (range
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Table 1 Amplification of PRLr as detected by quantitative real-time PCR in different breast lesions

Histological type n samples Range® Mean® PRLr amplification® P-value*
LCIS 8 1.04-2.67 1.54 4/8 (50%) 0.01
ILC 8 0.92-3.68 1.68 4/8 (50%)

DCIS 10 0.78-1.23 1.07 0/10 (0%)

IDC 10 0.83-1.58 1.2 3/11 (35%)

Normal 5 0.94-1.25 1.06 0/5 (0%)

LCIS lobular carcinoma in situ, /LC invasive lobular carcinoma, DCIS ductal carcinoma in situ, /DC invasive ductal carcinoma

 Relative values to control gene y-IFN, a threshold of 1.36 was used for amplification
* P-value reflects PRLr amplification in LCIS/ILC versus DCIS/IDC, chi-square test

32-85), respectively. Thirty-nine out of 40 (98%) lobular
neoplasia cases were estrogen-receptor (ER)-positive
compared to 34/40 (85%) cases of DCIS (P > 0.05)
(Table 2). For HER-2, one (3%) case of LCIS was positive
compared to five (13%) cases of DCIS (P > 0.05)
(Table 2). All the cases of lobular neoplasia showed neg-
ative staining for E-cadherin (absence of membrane stain-
ing) and diffuse cytoplasmic staining for p120 catenin,
while all the DCIS cases demonstrated linear membranous
staining for E-cadherin (Fig. 1) and p120 catenin (data not
shown).

The PRLr antibody used for this study (clone B6.2) has
been widely employed and validated in multiple reports
that studied the expression of PRLr in breast carcinomas
and other cancers [29, 37, 38]. Our results demonstrate that
73% (29/40) of lobular lesions express PRLr compared to
only 35% (14/40) of ductal lesions (P = 0.0008) (Fig. I;
Tables 2, 3). PRLr expression was mainly localized to the
cytoplasm of positive cells, similar to previous reports
[32, 39]. Analysis of PRLr staining in adjacent normal
ducts/lobules shows at most faint staining that would not
meet our criteria for positive staining in the majority of
cases, whether ductal or lobular. On occasion, the luminal
border of epithelial cells from ducts with columnar cell
change and apocrine metaplasia do show some stronger
PRLr staining, as previously reported [29, 36]. Expression
of PRLr was comparable between the different lobular
neoplasia histologic subtypes (ALH, LCIS or pleomorphic
LCIS) (Table 3). Similarly, when DCIS lesions were sub-
divided into low grade and high grade, the difference with
lobular lesions was also preserved (Table 3). When we
stratified lobular cases according the presence or the
absence of synchronous lesions (ILC, DCIS, or IDC), no
difference in the rate of PRLr positivity was observed
(P = 0.944, Table 4). Of note, cases containing both LCIS/
ALH and DCIS on the same section demonstrated positive
staining for PRLr in the lobular lesion and negative stain-
ing in DCIS in three (out of four) cases, and positive
staining in both lobular and ductal lesions in one (out of
four) case. Staining for prolactin showed only low

positivity rates in both lobular and ductal lesions (3% in
both groups, data not shown).

STAT5a is a downstream transcription factor of PRLr
activation by prolactin [40]. In all the cases, normal ducts/
lobules were positively stained with STATS5a, as reported
previously [30]. However, similar to PRLr, STAT5a was
expressed in a higher numbers of cases in the lobular group
(33/40, 83%) compared to the ductal group (11/40, 28%)
(P = 0.0001) (Table 3). GCDFP-15, also known as pro-
lactin-inducible protein (PIP), is a marker, which has been
widely used to differentiate breast primary tumors from
adenocarcinomas of other organs [41]. Its expression is
thought to be regulated by many hormones, including
androgen and prolactin [42]. GCDFP-15 staining was
observed in 30/40 (75%) of lobular cases compared to 22/
40 (55%) cases of DCIS (P = 0.06). Of note, 26/40 (65%)
lobular cases showed consensus staining among all the
three markers (PRLr, STATSa, and GCDFP-15, all positive
or all negative), while for DCIS cases, there was a 28%
(11/40) consensus rate. Neither STAT5a nor GCDFP-15
showed amplification/deletion in our aCGH data.

Although some of our study cases harbor invasive car-
cinomas in addition to in situ lesions, the number is low
(eight and seven cases with evaluable invasive carcinomas
in the lobular and ductal groups, respectively). We have
scored their staining patterns in each case out of interest
(6/8 invasive carcinomas positive for PRLr in the lobular
group, 4/7 positive in the ductal group). As the initial aim
of our study was to evaluate pre-invasive lobular lesions
and as it was not possible to achieve any statistical sig-
nificance with the number of invasive cases at hand, no
attempt at formulating any reliable conclusion was made
with these results.

Discussion
In this study, we used array CGH to evaluate copy number

changes in LCIS and adjacent ILC in archival tissues. We
used SAM analysis to look for amplification patterns in
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Table 2 Breakdown of

LCIS # ER HER-2 PRLr STAT5a GCDFP-15 DCIS # ER HER-2 PRLr STAT5a GCDFP-15

immunohistochemical staining

results for the 40 cases of
lobular lesions (ALH/LCIS) and
40 cases of DCIS

+
|
|
+

O 0 N AN R W N =
|
o+ o+t
|

—
(=)

—_ =
o =
|
+

—_
w

e e i e SR S

=
|
+

[ NS 2NN \S T NS R (S R (S [
A~ LW NN = O [e =R B e RV
| [
| I+
L+ L+ + o+

NN
~N N W
|
+ o+ + o+
+ o+ o+ o+

)
3
|
+
|

W W W W W N
A WD = O O
|
|
|

|95
V)]

+, positive staining; —, negative
staining

o
T i i i o S S S e e ol S
|
+ o+ +
|

[S¥]
(o)}

ER estrogen receptor, PRLr
prolactin receptor, STAT5a
signal transducer and activator
of transcription-5a, GCDFP-15
gross cystic disease fluid

[958
Q
|
+

[9%)
oo
I
i e

i e e it

B W

S O

+ o+ +
|

- 1 + - + o+ +
+ 2 + - -+ +
+ 3 + - - - -
+ 4 + - - - +
+ 5 + - -+ +
+ 6 + - -+ +
- 7 + - + - -
+ 8 + - -+ +
+ 9 -+ + - -
+ 10 -+ - - -
+ 11 + - + - —
+ 12 + - + - +
+ 13 + - + - —
+ 14 -+ + - +

15 + - + - +
+ 16 + - -+ -
- 17 + - - - +
+ 18 + - -+ +

19 + - - - —
+ 20 + - + o+ +
+ 21 -+ -+ +
+ 22 + - + - -
+ 23 -+ - - +
- 24 + - - - -
+ 25 + - - - +
+ 26 + - + - -
- 27 + - - - -
- 28 + - - - +
+ 29 + - + - -

30 + - - - -
+ 31 + - - - -
+ 32 + - + - -
+ 33 + - -+ +
+ 34 + - + - +
+ 35 + - - - +
+ 36 + - + - —
- 37 + - - - +
+ 38 + - - - -
+ 39 + - - - +
+ 40 - - + o+ +

protein-15

LCIS in an attempt to determine genes that may be
involved in the pathogenesis of pre-invasive lobular
lesions. Of the top 10 amplified genes in our analysis, we
further characterized the prolactin receptor gene (PRLr)
based on previous studies in breast cancer. To our knowl-
edge, our results show for the first time the preferential
expression of PRLr in pre-invasive lobular lesions com-
pared to pre-invasive ductal lesions of the breast.
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The most significant challenge when working with small
pre-invasive lesions such as LCIS is obtaining enough
material to perform large-scale analysis such as array CGH.
The additional problem of only being able to observe LCIS
lesions in FFPE material further limits such studies. It is
only after fixation that the cellular architecture of these
lesions can be seen and diagnosed. This limits the study of
these types of lesions to the use of FFPE material that often
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Fig. 1 Histological sections of
normal terminal duct-lobular
unit, atypical lobular
hyperplasia (ALH), lobular
carcinoma in situ (LCIS) and
ductal carcinoma in situ (DCIS).
Cases were stained with
hematoxylin and eosin (H&E),
or antibodies to E-cadherin,
prolactin receptor (PRLr) or
signal transducer and activator
of transcription-5a (STAT5a),
with hematoxylin
counterstaining. Representative
sections are shown (total
magnification at x200)

Normal

LCIs

DCIS |

STATSa

Table 3 Expression of PRLr and STATS5a in different pre-invasive breast lesions by immunohistochemistry

Histological type n samples PRLr positive (%) P-value* STATS5a positive (%) P-value*
Non-invasive lobular lesions 40 29 (73) 33 (83)
ALH 6 5(83) NS 5(83) NS
LCIS 28 19 (68) NS 22 (79) NS
PLCIS [§ 5(83) NS 6 (100) NS
DCIS 40 14 (35) 0.0008 11 (28) 0.0001
Low grade (I-II) 24 9 (38) 0.0058 4 (17) 0.0001
High grade (III) 16 5 (31 0.0142 7 (44) 0.0037

ALH atypical lobular hyperplasia, LCIS lobular carcinoma in situ, PLCIS pleomorphic LCIS, DCIS ductal carcinoma in situ

* P-value relative to the lobular neoplasia group, significant values are indicated in bold, chi-square test

Table 4 Expression of PRLr by immunohistochemistry in lobular
neoplasia cases stratified according to the presence or the absence of
synchronous lesions

Synchronous lesion type n samples PRLr positive (%)
ALH/LCIS alone 12 8 (67)
DCIS 3 2 (67)
ILC 14 10 (71)
IDC + DCIS 5(83)
ILC + IDC 5 4 (80)

ALH atypical lobular hyperplasia, LCIS lobular carcinoma in situ, /LC
invasive lobular carcinoma, DCIS ductal carcinoma in situ, /DC
invasive ductal carcinoma

suffers from sub-optimal quality and quantity of genomic
DNA. Further confounding the study of these lesions is
their size. Many consist of as few as 50 cells making

microdissection necessary to obtain pure populations of
cells for analysis. In addition, after the initial identification,
the lesion may not be present in all the additional
sequential sections cut for microdissection. In previous
validation studies (data not shown); test DNA mixed with
as little as 25% normal DNA showed a drastic reduction in
the ability to detect a known gene amplification.
This finding highlights the importance of employing
microdissection in the analysis of small pre-invasive breast
lesions. Unexpectedly, our analysis suggests that LCIS
lesions appear to have more genetic alterations than inva-
sive lobular carcinoma. There are several possible expla-
nations for this phenomenon. It could be that since the
LCIS lesions are composed of larger groupings of cells
they are easier to microdissect and consequently the
genetic profile is not masked by contaminating stromal
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cells, lymphocytes, etc. Alternatively, pre-invasive lesions
may also represent a more heterogeneous population of
cells that have acquired different genomic alterations and
that only some of these cells may be capable of progressing
to invasive disease. A larger scale analysis of pre-invasive
lesions compared to their invasive counterparts is needed to
address this issue more thoroughly. Interestingly, a previ-
ously reported study from Mastracci et al. [12] seemed to
demonstrate a similar phenomenon where more genetic
aberrations (as determined by CGH) were found in less
advanced lesions, namely ALH, compared to the more
advanced LCIS lesions.

Among the genes we identified by aCGH, we chose to
further characterize the prolactin receptor gene (PRLr)
based on previous studies in breast cancer. PRLr maps to
5p13-12 [43] which is a region that has been found to be
amplified in lobular carcinoma in previous studies [13, 44,
45] and has been identified as a recurrent high-level
amplification region in breast cancer cell lines [46, 47].
Although its role in the development of breast cancer is
unclear, evidence implicating prolactin and its receptor in
mammary carcinogenesis is mounting (reviewed in [36]).
The main signaling pathways activated by binding of
prolactin to PRLr include the Jak-STAT, Ras-MAPK and
PI3K-Akt pathways [48]. Through activation of Jak-STAT
signaling, prolactin can cause induction of genes involved
in cell proliferation, such as cyclin D1. Similarly, prolac-
tin-PRLr activation of the Ras—-MAPK pathway results in
cell proliferation and survival, as has been nicely demon-
strated in mammary tumor cell lines [49, 50]. In transgenic
mouse models, loss of PRLr delays tumor formation [51]
while aberrant induction of prolactin causes mammary
tumors [52]. Epidemiologic studies also link elevated lev-
els of serum prolactin and risk of breast cancer [53].
Finally, the prolactin receptor is upregulated in several
breast cancer cell lines [47] and higher levels of PRLr
mRNA [39] and protein [32] have been found in breast
tumors. Interestingly, none of these latter studies has
looked at variations in expression between different breast
cancer subtypes, and although previous studies have shown
high expression of PRLr (up to 95%) in invasive breast
carcinomas [32, 39], they have not included a significant
number of lobular lesions in their series to permit obser-
vation of the differential expression we found in our study.

To our knowledge, we have demonstrated in this study,
for the first time, a differential expression of PRLr in pre-
invasive lesions of the breast. The gene was found to be
amplified by qRT-PCR in 50% (4/8) of LCIS, and protein
expression was demonstrated in 73% (29/40) of lobular
neoplasia cases by IHC. In DCIS, the prolactin receptor
gene does not appear to be amplified (0%, 0/10 cases,
P =0.01) nor highly expressed (35%, 14/40 cases,
P = 0.0008). Interestingly, a downstream transcription
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factor of PRLr activation, STATS5a, is also more highly
expressed in lobular lesions compared to ductal lesions
(83% vs. 28%, P = 0.001). Similarly, Bratthauer et al.
[30], studying STATS5a expression in a variety of breast
lesions demonstrated a higher frequency of expression in
LCIS compared to DCIS (LCIS 32% (8/25 cases) positive
vs. DCIS 4% (1/25 cases) positive). GCDFP-15, also
known as prolactin inducible protein (PIP), has been
shown, in early in vitro studies, to be regulated by a
number of hormones, including prolactin [42]. It is thought
that this regulation is mediated via STATSa [54, 55]. In our
series, there was a higher expression rate of GCDFP-15 in
lobular compared to ductal in situ lesions (75% vs. 55%),
although our numbers did not reach statistical significance.
There are only few reports on the rate of GCDFP-15
expression in in situ breast lesions. Expression rates in pre-
invasive lobular lesions (including ALH, LCIS, and
PLCIS) vary between 71 and 100% [21, 56-58], while
those for DCIS, are slightly lower lying between 42 and
70% [56, 59, 60]. Of interest, an early report on GCDFP-15
expression in different breast lesions demonstrated a higher
positivity rate in in situ lobular compared to ductal lesions
of the breast (80% (8/10) vs. 50% (12/22)) [56].

The grounds behind the preferential expression of PRLr
in lobular compared to ductal lesions still remains, how-
ever, unresolved. Recently, Simpson et al. [17] proposed
the concept of a family of related low nuclear grade
lesions, which include lesions such as lobular neoplasia,
flat epithelial atypia (FEA), ADH and low-grade DCIS, as
precursors of low grade invasive breast carcinomas. Sec-
ondary specific alterations during tumorigenesis, such as
mutations to E-cadherin (CDHI), would then be required
for the development and differentiation of a lobular phe-
notype. A recent study has in fact shown the amplification
of the fibroblast growth factor receptor 1 (FGFRI) gene as
another supposedly specific and distinctive molecular
change seen in lobular carcinomas [45]. It is, therefore,
tempting to speculate that PRLr might also act in a similar
fashion, and thereby support the model that the progression
of LCIS and DCIS proceeds along different molecular
pathways.

With respect to prolactin and the prolactin receptor as a
therapeutic agent, a prolactin antagonist, G129R, has been
shown to inhibit breast cancer cell proliferation in vitro
[61] and slow the growth rate of tumors in mice [62]. More
recently, a study has demonstrated the therapeutic efficacy
of a fusion protein containing the PRLr antagonist with the
angiogenesis inhibitor endostatin [63], and another study
has shown an additive effect of G129R to trastuzumab in
xenograft models of breast cancer [64].

Developing a molecular profile of breast cancer and its
many subtypes is crucial to the development of potential
diagnostic, prognostic, and therapeutic targets. Array CGH
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is a powerful tool, which can vastly increase the amount of
information obtained from histologically identified, mi-
crodissected lesions. We have utilized this technology in
the hope of identifying chromosomal/genetic events that
would result in the development of pre-invasive and
invasive mammary lobular neoplasia and found evidence
for amplification of the prolactin receptor gene in this
process.
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