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Abstract Background Loss of the chromosomal material
at 16q is the most frequent genetic event in invasive and
in situ (LCIS) lobular carcinoma of the breast. However,
the smallest region of overlap at 16q is not restricted to just
the CDHI locus harbouring E-cadherin, suggesting that
neighbouring genes might be involved in the development
and progression of these tumours. Potential novel tumour
suppressor genes (TSG) at 16q include CCCTC-binding
factor (CTCF), Decreased Expression in Renal and Prostate
Cancer (DERPC) and Dipeptidase 1 (DPEP1). The aim of
this study is to assess the expression of these genes in LCIS
and compare them with normal breast, using CDHI as a
control, in order to evaluate their role as TSGs. Methods
Cells from LCIS cases and normal breast lobules were
microdissected and expression of target genes were quanti-
fied using real-time PCR. In addition, immunohistochemistry
(IHC) for E-cadherin and CTCF was performed on paraffin
processed LCIS (n = 49) and normal breast cases. Results
All LCIS showed negative expression of E-cadherin.
Similar to CDH1, CTCF and DPEP1 gene expression was
significantly lower in LCIS cases compared with normal
cases (P < 0.05). CTCF IHC expression showed signifi-
cant reduction in LCIS compared to normal parenchymal
cells. However, there was no difference in expression
of DERPC between LCIS and normal breast tissue.
Conclusions In addition to CDHI, loss of CTCF and
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DPEP1 gene expression suggest they are possible TSG in
breast cancer and may, similar to CDHI, be potentially
utilised as markers of predisposition of women diagnosed
with LCIS.
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Introduction

Breast cancer can be divided into different histological
types, the most common type being invasive ductal carci-
noma (41-75%), followed by invasive lobular (ILC)
carcinoma (2-16%). ILC has characteristic cytomorpho-
logic features that help to differentiate it from ductal
carcinomas. When the cells with the morphology of ILC
still contained within a basement membrane in the terminal
duct-lobular unit, with or without pagetoid involvement of
terminal ducts, the lesion is called lobular carcinoma in situ
(LCIS). In this respect, there are parallels with ductal
carcinoma in situ (DCIS) however, LCIS is characteristi-
cally both multifocal and bilateral in a large percentage of
cases. The majority of LCIS cases are discovered through
mammographic screening, accounting for 0.5-3.8% in
otherwise benign breast biopsies and approximately 1.3%
of all breast malignancies [1, 2]. In a recent study, we have
proposed the existence of a family of low grade breast
carcinoma, suggesting a developmental pathway from
normal to precursor to breast carcinoma [3]. We and others
[4-7] have confirmed a high association between LCIS and
the development of ILC. Therefore, its detection and
treatment substantially improves survival [1]. However, the
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exact mechanisms of progression of LCIS from a non-
invasive neoplastic proliferation to an invasive cancer and
which women with LCIS are predisposed to develop
invasive cancer currently remain unknown.

Loss of chromosomal material at 16q, as detected by loss
of heterozygosity (LOH) and comparative genomic hybrid-
ization (CGH) studies, is one of the most frequent somatic
genetic events in breast cancer [8]. 16q loss is seen with a
similar high frequency in LCIS, ILC, tubular cancer, and in
low and intermediate DCIS, whereas high grade invasive or
in situ ductal carcinomas shows 16q loss much less fre-
quently [4, 5, 9]. The loss of 16q regions is believed to be an
early genetic event in the development of invasive breast
cancer from in situ lesions [6]. A common region of deletion
in breast cancer is found at the centromeric part of 16q22.1
which includes genes encoding E-cadherin (CDHI),
CCCTC-binding factor (CTCF) [10], and Decreased
Expression in Renal and Prostate Cancer (DERPC). Dipep-
tidase 1 (DPEP1) has been localised to 16q24.3, another
common region of deletion [11].

E-cadherin is a calcium dependent cell adhesion protein
that mediates cell-to-cell interactions. It is involved in cell
development, migration and morphology and therefore may
have a critical role in tumour development, invasion and
progression. In some breast carcinomas, particularly those
with lobular morphology, plasma membrane associated E-
cadherin expression is decreased or absent [9]. Loss of
expression of E-cadherin occurs in lobular carcinomas
mainly due to mutation of one allele with loss of the other
wild type allele (loss of heterozygosity; LOH), resulting in
loss of defective E-cadherin expression [9]. LOH at 16q is an
example of Knudson’s two-hit hypothesis, presenting on the
inactivation of tumour suppressor genes (TSGs). Mutational
inactivation of the CDH1 has been demonstrated in lobular
breast cancer [12] which shows a characteristic diffuse
growth pattern with characteristic cellular dissociation
consistent with loss of the adhesion function of the absent
protein. However, the smallest region of overlap (SRO) at
16q is not restricted to CDH1 locus harbouring E-cadherin
gene indicating that other genes may be involved in the
development of these tumour types. In addition, 15-20% of
ILC show positive expression of E-cadherin protein despite
retaining the characteristic cytomorphological features of
lobular carcinoma. Moreover, although low grade ductal
carcinomas show LOH at chromosome 16q, neither CDH1
mutation nor loss of expression has been reported [9]. It is
therefore suggested that in addition to CDH1, which acts as a
TSG in LCIS and may play a role in subsequent invasive
properties [13], other genes may be involved in these
processes.

The CTCF gene has been mapped to chromosome
16g22.1 approximately 1.2 Mbp from the CDH1 gene but
within one of the smallest regions of overlapping deletions
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in breast cancer. CTCF is a transcriptional regulator of
several genes including IGF2 and the oncogene C-MYC
both of which are linked with tumourigenesis. The loss of
CTCF protein expression has been detected in invasive
ductal carcinoma [10], but expression levels in LCIS and
infiltrating lobular carcinomas remain unknown. CTCF is a
widely expressed transcription factor that is involved in
different aspects of gene regulation including promoter
activation [14] and repression [15], hormone- responsive
gene silencing [16], methylation-dependent chromatin
insulation and genomic imprinting [17, 18]. It has also been
shown that CTCF can inhibit cell growth and induce cell
cycle arrest at multiple stages [19].

DPEP1 hydrolyses a wide range of dipeptides impli-
cated in the renal metabolism of glutathione and its
conjugates [20]. It may also play an important role in the
regulation of leukotrienne activity. It is highly expressed in
colon tumours and may act as a marker for disseminated
colon tumours [11]. Its role in breast cancer, particularly
LCIS, however is unknown.

Decreased Expression in Renal and Prostate Cancer
(DERPC), is located on 16q22.1, 260 kbp apart from the
CDHI1 locus. It is ubiquitously expressed with abundant
expression in kidney, skeletal muscle, testis, liver, ovary
and heart, with moderate expression in prostate [21].
Expression of DERPC has inhibitory potential on prostate
cancer cell growth. It has been found to be significantly
decreased in renal tumours and prostate tumours [21]. Its
role in breast cancer is unknown.

Due to their location in the SROs at 16q, we therefore
investigated the gene expression of CTCF, DPEP1 and
DERPC in addition to CDH1 on microdissected LCIS and
compared them with normal breast tissue to determine their
candidacy as TSG. In addition, the expression of E-cadherin
and CTCEF protein were studied in the same tissue types.

Material and methods
Collection of patient samples

Cases of formalin-fixed and paraffin embedded surgically-
resected breast tissue were collected retrospectively from
the Nottingham Breast Tumour Bank comprising 49 LCIS
and 6 normal lobular samples, devoid of hyperplasia. All
LCIS cases were subsequently reviewed by a pathologist
(EAR) to ensure histological diagnosis. The average age of
LCIS patients was 56 years (age range 39-74).

Tissue microarrays and immunohistochemistry

Whole breast tumour sections were immunohistochemi-
cally stained employing the standard streptavidin-biotin
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complex method as previously described [22]. Primary
antibodies used were: E-cadherin (Mouse Anti-Human
E-cadherin; Dakocytomation, Glostrup, Denmark; 1:100)
and CTCF (Goat polyclonal IgG Santa Cruz Biotechnology;
1: 100). 3-3’ Diaminobenzidine tetrahydrochloride (Dako
liquid DAB plus, K3468, Denmark) was used as a chro-
magen. The sections were counterstained with Mayer’s
haematoxylin.

Assessment of E-cadherin membranous immunoreac-
tivity in LCIS and normal lobular cells was assessed as
positive, weak or negative. CTCF nuclear immunoreac-
tivity in LCIS and normal lobular cells was assessed using
a modified histochemical score (H-score) [23]. This com-
prises a determination of both intensity of staining and
percentage of stained cells. For intensity, a score index of
0, 1, 2 and 3 corresponding to absent, weak, moderate or
strong staining intensity was used and the percentage of
positive cells at each intensity was estimated. A final score
of 0-300 was the product of both intensity and percentage.
Intensity of CTCF cytoplasmic immunoreactivity was
assessed as positive, weak or negative. All cases were
scored in a blind manner on two separate occasions and any
differences in scoring were agreed upon on re-evaluation.

RNA extraction from patient tissue samples
Laser microdissection

Breast tissue sections (4 pm) mounted on precleaned glass
slides (Snowcoat X-tra; Surgipath, Richmond, IL, USA)
were deparaffinised with xylene and alcohol, then rehy-
drated in RNase-free 75% ethanol, rinsed in RNase-free
water for 1 min each and stained with 0.1% Toluidine blue
(RNase-free). Sections were dehydrated with alcohol and
xylene. A PALM Microbeam (Zeiss, PALM Microlaser
Technologies, Bernried, Germany) was used to isolate
LCIS cells from tissue sections using the Laser Pressure
Catapulting (LPC) microdissection method. On average
approximately 340,000 pm? of pure LCIS cells from each
patient sample (n = 11) and 230,000 um? from each nor-
mal sample (n = 6) were isolated and collected in sterile
PALM Opaque Adhesive Caps (PALM Microlaser Tech-
nologies, Fig. 1). For each patient, triplicate samples were
taken. Each LCIS structure was marked using the software
at x40 magnification.

RNA extraction
Total RNA was extracted from whole tissue sections or

microdissected cells using the Optimum FFPE RNA Iso-
lation Kit (Ambion Europe Ltd, Huntingdon, UK) following

manufacturer’s instructions with several minor modifica-
tions: (a) Proteinase K digestion using 4.5 mg/ml proteinase
K for 16 h at 55°C [24], (b) the RNA was eluted in a total of
13.5 pl which was passed through the column twice and c)
residual genomic DNA was degraded using 1 ul TURBO
DNase (2 U/ul; Ambion) following manufacturer’s
instructions. RNA quantity and quality was assessed using
an RNA 6000 Pico LabChip with an Agilent 2100 bioana-
lyser (Agilent Technologies UK Ltd, West Lothian, UK)
and a NanoDrop ND-1000 UV-Vis Spectrophotometer
(Nanodrop Technologies) according to manufacturer’s
instructions.

Reverse transcription

First strand cDNA synthesis was performed with 11.5 pl of
total RNA and Superscript III RNase H reverse transcrip-
tase (Invitrogen, Glasgow, Strathclyde, UK), according to
the manufacturer’s instructions using random hexamers
(Promega, Southampton, Hants, UK) and SUPERase-In
(Ambion).

Real time-PCR

Expression for the housekeeping gene 18S rRNA and target
genes CDH1, CTCF, DPEP1 and DERPC were quantified in
each sample using optimised real-time PCR with SYBR
Green fluorescent signal and specific oligonucleotide
primers (MWG Biotech; Table 1). Amplification of each
target gene was performed in duplicate using a 1 pl aliquot
of each first strand cDNA reaction in a 20 pl total reaction
volume of Quantitect SYBR Green Mastermix (Qiagen,
Crawley, UK) with optimised MgCl, and primer concen-
trations (Table 1). Gene amplification was performed using
a MX4000 (Stratagene, Amsterdam, The Netherlands) fol-
lowing manufacturer’s instructions with the following
incubation times: 95°C for 15 min followed by 50 cycles of
95°C for 30 s, 61°C for 30 s and 72°C for 30 s. Fluores-
cence signals were obtained once in each cycle by sequential
fluorescence monitoring of each sample tube at the end of
extension. A dissociation curve of the PCR amplicons was
also conducted to ensure specificity. Standard curves were
prepared for each gene target using a 10-fold serial dilution
between 1 x 10° and 1 x 10" gene copies of the specific
purified PCR amplicons. The appropriate standard curve
was included with each experimental run. Two negative
controls were run in duplicate for each gene in which
deionised water was substituted for cDNA which showed no
amplification. The crossing threshold (CT) of each target
was determined from the exponential phase of the fluores-
cence amplification profiles. Average CT values were
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Fig. 1 Laser microdissection of
normal breast lobules and LCIS.
(a) LCIS pre-microdissection
x40 magnification, (b) LCIS
post-microdissection x40
magnification, (¢) normal
lobules pre- microdissection
%20 magnification, (d) normal
lobules post-microdissection
%20 magnification, (e) Cap of
laser microdissector after UV
light has catapulted pieces of
LCIS from slide on stage x10
magnification, inset: x40
magnification

calculated for each gene and the 18S rRNA gene was used to
normalise all other genes tested in the same cDNA sample.
In each case, target gene expression was normalised against
18s rRNA expression and stated as target gene copies/10°
copies of 18s rRNA.

Statistical analysis

A t-test was carried out on the immunohistochemistry
results and a Mann—Whitney test was performed on the
real-time PCR results. Both tests compared differences
between normal control and LCIS samples. A difference of
P < 0.05 was considered significant.

This research was approved by Nottingham Research
Ethics Committee 2 under the title of “Development of a
molecular genetic classification of breast cancer”.
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Results

Immunohistochemistry

E-cadherin

The luminal epithelium of normal breast parenchyma
exhibited uniformly strong membranous immunoreactivity
for E-cadherin (Fig. 2a). As expected, all LCIS cases either
demonstrated negative or weakly positive E-cadherin
immunoreactivity (Fig. 2b).

CTCF

CTCF immunoreactivity was observed in the parenchymal
cells of normal breast lobules which showed strong nuclear
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Table 1 Primer sequences for real-time PCR

Gene Oligonucleotide primers (5'-3') Sequence Sequence Annealing ~ MgCl, Primer Product T

target position accession temp (°C) (mM) conc (UM) size (bp) (°C)

18SrRNA CAACTTTCGATGGTAGTCG 502-522 K03432 61 3.0 0.5 110 83.5
CCTTCCTTGGATGTGGTA 594-611

CDH1 CCAGGAACCTCTGTGATGGA 953-973 NM_004360 61 5.0 0.5 115 81.5
TTTTGTCAGGGAGCTCAGGA 1047-1067

CTCF TTGTGCAGTTATGCCAGCAG 1138-1158  NM_006565 61 5.0 0.5 112 77.5
CACTTTGGGTAAACCGAGCA  1129-1249

DPEP1 CAAGGACCAGCATCTCCTGA  1629-1649 NM_004413 61 4.0 0.5 97 82.5
TTTATTGCGGGCCTACTGTG 105-1725

DERPC GGCCCCTCTACTCATCCAAC 2680-2700  AF525164 61 5.0 0.5 93 75.5
TTCCAATATTCCCATCCACA 2753-2773

Fig. 2 E-cadherin and CTCF
immunohistochemical staining
in normal breast and LCIS (a)
Positive staining for E-cadherin
in normal breast lobules, (b)
negative E-cadherin staining in
LCIS, (¢) LCIS with reduced
immunoreactivity for
E-cadherin. (d) Positive
cytoplasmic and positive
nuclear CTCF staining in
normal lobules, (e) weak
cytoplasmic CTCF staining and
reduced nuclear CTCF staining
in LCIS, (f) negative
cytoplasmic CTCF staining in
LCIS. All x20 magnification

staining in all cases (Fig. 2d). Lymphocytes and endothelial
cells also showed a positive staining pattern. All normal
cases also showed positive cytoplasmic staining. LCIS cells
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showed a heterogeneous nuclear and/or cytoplasmic gran-
ular staining pattern. Cases were stratified according to
nuclear staining into two groups; reduced (H-score < 50;
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Table 2 CTCF immunohistochemical staining in lobular carcinoma in situ (LCIS) and normal breast lobules

Nuclear Cytoplasmic
Positive Reduced P-value Positive Weak Negative P-value
LCIS 0/49 (0%) 49/49 (100%) 0.0001 0/49 (0%) 39/49 (79.6%) 10/49 (20.4%) 0.0001
Normal lobules 6/6 (100%) 0/6 (0%) 0.041 6/6 (100%) 0/6 (0%) 0/6 (0%) 0.0025
P-value <0.0001 <0.0001
120 -

Fig. 2e), and positive (>50) where all 49/49 (100%) LCIS
cases showed a significant reduction in CTCF staining. A
total of 39/49 (79.6%) cases showed weak CTCF cyto-
plasmic immunoreactivity (Fig. le), whilst the remaining
10 cases (20.4%) were negative (Fig. 1f; Table 2) com-
pared with normal lobules (P < 0.05).

Gene expression

Amplification of all four gene targets, CDHI, DPEPI,
DERPC and CTCF was successful in normal and LCIS
samples. The average number of copies of each transcript
was compared between tumours and normal lobules
(Fig. 3). The difference between copies of CDH1 in normal
lobules and LCIS was significant (P = 0.001, Fig. 3).
CTCEF expression was significantly reduced in LCIS com-
pared with normal breast tissue (P = 0.045, Fig. 3) where
all LCIS cases had lower CTCF levels than the normal
lobules. There was a strong correlation between CTCF
gene and protein expression (P = 0.0005). Furthermore,
DPEP1 gene expression was increased in normal lobules
compared with LCIS (P = 0.023, Fig. 3). All LCIS cases
had a lower DPEP1 gene expression than the normal lob-
ules. There was no significant difference in expression of
DERPC between LCIS and normal lobules (Fig. 3).

Discussion

Research evaluating various candidate TSGs on 16q has
shown that loss of expression of specific genes is associated
with various carcinomas. Loss of genetic material at the
long arm of chromosome 16 is one of the most frequent
somatic genetic events in breast cancer, occurring in about
half of all ductal carcinomas and slightly more frequently
in lobular carcinomas [5]. In our study, the genes investi-
gated were located on the most frequent smallest regions of
deletion (SROs) at 16q (16g22.1 and 16q24.3) and are
therefore considered potential target TSGs [8]. We used
CDHI as a positive control as it has previously been
recognised as a TSG in lobular carcinomas [5, 9, 13, 25].
The results presented here further support previous studies
[9, 26-28] in suggesting that CDH1 is a TSG in LCIS, as
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Gene
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Fig. 3 Comparison of gene expression of dipeptidase 1 (DPEP1),
CCCTC-binding factor (CTCF), E-cadherin (CDH1) and Decreased
Expression in Renal and Prostate Cancer (DERPC) in normal breast
lobules (n = 6) and lobular carcinoma in situ (n = 11). Values are
means = S.EM. * P < 0.05

immunohistochemistry and RT-PCR showed almost com-
plete absence of expression compared with normal breast
lobules. However, in vitro evidence suggests that the loss
of E-cadherin alone is not responsible for tumorigenesis
and that it has been proposed that additional TSG at 16q are
required to complete the multistep process. For this reason,
we hypothesised that neighbouring genes might synergis-
tically contribute to oncogenesis, or their loss might
represent coincidental events.

Loss of CTCF expression is involved in tumour initia-
tion or proliferation of invasive ductal breast carcinoma
[29]. However it has been suggested that CTCF is unlikely
to be the TSG targeted by the 16q22.1 loss in invasive
breast cancer as no association was found between CTCF
expression in invasive ductal carcinoma and tumour type,
lymph node stage, oestrogen receptor expression or patient
outcome [10]. Ours is the first study to investigate the
association between CTCF and LCIS using both RT-PCR
and immunohistochemical techniques. We found signifi-
cant loss of protein expression in the nuclei and cytoplasm
of LCIS cells (by IHC) and CTCF gene expression (by RT-
PCR) in LCIS compared with normal lobules, suggesting
that CTCF may act as a TSG in LCIS.

Loss of expression of DPEP1 is associated with colo-
rectal cancer [11] and Wilms’ tumour [30]. Although no
link has previously been found between DPEP1 and breast
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cancer, our study showed that LCIS is associated with loss
of DPEP1 expression. RT-PCR results show a marked
reduction in expression in LCIS compared with normal
lobules, suggesting that DPEP1 may act as a TSG. DPEP1
is a membrane bound dipeptidase and may be involved in
the degradation of surrounding extracellular matrix com-
ponents [11], a mechanism that would aid the invasion
processes of tumours. Its reduction in LCIS may explain
why LCIS may persist in an insitu lesion but further
experiments determining DPEPI in invasive carcinomas
using laser microdissection and RT-PCR need to be con-
ducted. DPEPI1 is also implicated in the metabolism of
glutathione [30], an important antioxidant. If DPEP1
expression is reduced less glutathione is produced,
increasing oxidative stress, which may increase carcino-
genesis [31].

Although loss of expression of the novel gene DERPC
has been found in renal and prostate tumours [21], no link
has been found with breast cancer. The results using RT-
PCR show no association between DERPC and LCIS.
Protein expression of DPEP1 or DERPC could not be
investigated as part of this study as no commercial anti-
bodies for these genes were available.

Genetic loss of 16q, including 16922 and 16q24, pro-
vides a mechanism for loss of the target gene. Additional
mechanisms, such as promoter methylation or gene muta-
tion [32], might also be responsible for gene inactivation. It
is important to realise that although gene expression of
CDHI1, CTCF and DPEPI is reduced, complete loss of
gene expression may not occur. If protein expression was
particularly reduced for a gene that was highly expressed,
other processes might be involved, such as defective
translational processes, or the life-span of the protein may
be shorter than usual which would also lead to decreased
protein expression despite high gene expression. This could
provide an explanation for presence of weak rather than
absent cytoplasmic staining with CTCF in LCIS.

The chromosome regions 16q22.1 and 16q24.3 on which
CDHI1, CTCF, DERPC and DPEPI are present, are SROs
and these regions are less stable and therefore more likely
to harbour one or more TSGs. CDHI is situated on chro-
mosome 16 between CTCF and DERPC. As there is a loss
of CTCF expressed in LCIS but not DERPC, in comparison
to normal lobules, it is possible to hypothesise that genes
between CDHI1 and CTCF are more likely to be lost in
LCIS and to act as TSG compared with genes situated
between CDH1 and DERPC and beyond towards the
telomere. Without loss of DERPC compared with the other
genes investigated suggests that in LCIS a SRO boundary
of 16q22.1 possibly occurs between CDH1 and DERPC.
To determine this hypothesis, it would be necessary
to investigate further gene and protein expression of the
genes between CDH1 and CTCF and between CDHI1 and

DERPC. It would also be useful to synthesise antibodies
for DERPC and DPEP1 to compare gene and protein
expression in these samples.

In conclusion, CTCF immunohistochemistry showed
reduced protein expression in LCIS compared with normal
breast lobules. A reduction of gene expression in LCIS was
also seen with CTCF and DPEP1 using RT-PCR. These
chromosome 16 genes are all potential TSG in breast
cancer, particularly LCIS. Further investigation into these
genes may therefore be warranted.
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