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The contribution of DNA damage repair mechanisms to the progression of normal
breast to ductal carcinoma % situ (DCIS) and invasive ductal carcinoma is largely
unknown. The purpose of this report was to assess the mRNA expression levels
of two important genes associated with DNA repair, BRCAI and PARPI, in nor-
mal breast tissue, DCIS G1, G2 and G3, and co-existing adjacent invasive ductal
carcinoma. BRCA1 and PARPI mRNA expression was assessed in 32 ductal car-
cinomas 7z situ of the breast using a laser microdissection and pressure catapulting
system and quantitative real-time PCR. The relative expression of BRCAI mRNA
was significantly increased in DCIS G2 and DCIS G3 relative to normal breast
tissue (p = 0.02, p = 0.001, respectively). Significant differences in BRCAI ex-
pression were observed between DCIS G1 and G2 (p = 0.02) and between DCIS
G1 and G3 (p = 0.0007). No significant differences in BRCAI expression were ob-
served between normal breast tissue and DCIS G1 and between DCIS component
and adjacent invasive ductal carcinoma. No significant differences in the relative
expression of PARP1 mRNA were observed between groups. Increased BRCAI
mRNA expression (but not PARPI mRNA) occurs early in the development
of breast cancer, i.e. at the noninvasive (DCIS) stage, suggesting a demand for
increased activity of a DNA double-strand break repair by homologous recombi-
nation. DCIS G1 and normal breast tissue share highly similar BRCA1 and PARP1
expression level. This finding supports the idea that DCIS G1 belongs to a separate
family of precursor lesions with low malignant potential.
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Introduction

In recent years, due to mammography and in-
creased public awareness, ductal carcinoma n situ
(DCIS) has been diagnosed with increased frequency.
In 2017, approximately 63,410 new cases of DCIS
were diagnosed in the U.S. [1]. DCIS is a noninvasive
(preinvasive) lesion, a type of intraepithelial neopla-
sia, characterised by the growth of cancer cells that

have not invaded the basement membrane of a duct
and the nearby connective tissue but remain and pro-
liferate within the epithelium of a breast duct. DCIS
is generally accepted to be the direct precursor of in-
vasive ductal carcinoma (IDC); however, DCIS has
“an inherent but not necessarily obligate tendency
for progression to invasive breast carcinoma” {2].
Approximately 50% of DCIS lesions are estimated to
progress to invasive breast cancer if left untreated {3}].
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Histologically DCIS is divided into three grades:
low (G1), intermediate (G2), and high (G3), based
on nuclear grade alone or in conjunction with ne-
crosis and/or cell polarisation [2]. Recent evidence
has suggested that low-grade DCIS and high-grade
DCIS are distinct lesions, although progression from
low- to high-grade lesions may occur [4}. Low-grade
DCIS and high-grade DCIS are believed to arise
from two distinct molecular pathways (for review
see {51). Furthermore, low-grade DCIS generally
progresses to low-grade IDC, whereas high-grade
DCIS progresses to high-grade IDC. The transition
from the noninvasive (preinvasive) stage to invasive
cancer is believed to be associated with quantita-
tive rather than qualitative differences in gene ex-
pression {6}. Several breast cancer gene expression
studies have established that the expression pro-
file of low-grade DCIS is populated by genes that
are associated with oestrogen receptor expression,
whereas the expression profile of high-grade DCIS
includes genes associated with cell cycle and mitot-
ic activity [5]. A better understanding of DCIS at
the molecular level may help to devise strategies to
arrest the disease at this noninvasive stage of pro-
gression. In recent years, an effort has been made to
classify DCIS not by its ability to recur after surgical
treatment (as has been standard practice) but by its
ability to progress to IDC {71].

Genes that encode proteins involved in DNA re-
pair are important targets in the multistep process
of carcinogenesis. Unrepaired DNA damage can
result in unregulated cell growth and cancer {8}.
However, although various aspects of progression
from DCIS to IDC have been extensively studied (for
review see {91) BRCA1 and PARP1 (Poly] ADP-ri-
bose} polymerase 1) expression status during this
transition is largely unknown. In a recent thorough
review discussing the role of genetic alterations and
changes in microenvironment in progression from
DCIS to IDC, the significance of expression of genes
engaged in DNA damage repair is not even men-
tioned {9}. To date, there is only one report in which
changes in BRCAI and PARPI expression along
normal breast/DCIS/IDC progression axis were de-
tected [10}.

The purpose of this report was to assess the mRNA
expression levels of two important genes associated
with DNA repair, BRCA1 and PARPI, in normal
breast tissue, DCIS G1, G2 and G3, and co-existing
adjacent IDC. To date, BRCAI mRNA and PARPI
mRNA expression levels in various grades of DCIS
have not been reported (nor compared with co-exist-
ing adjacent IDC).
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Material and methods

Patients

The study was based on tumour tissue from
32 unselected patients with DCIS. The following tissues
were studied: a) 19 cases of DCIS with a co-existing
adjacent invasive ductal carcinoma (DCIS-in-IDC),
including four DCIS G1, eight DCIS G2, and sev-
en DCIS G3; b) 13 ductal carcinomas 7z situ only
(pure DCIS), including two DCIS G1, three DCIS
G2, and eight DCIS G3; and ¢) five normal breast
tissue samples (microdissected terminal duct lobular
units). All breast cancer specimens were obtained be-
tween 2011 and 2013 in Szczecin, Poland. The mean
age of the patients was 59 years, and none of the pa-
tients had received endocrine therapy, chemotherapy,
or radiotherapy prior to surgery. Patients with IDC
were tested for three founder germline mutations
in BRCAI (C61G, 4153delA, and 5382insC) de-
scribed in the Polish population {11} and none pos-
sessed germline mutations. The study was approved
by the Ethics Committee of the Pomeranian Medical
University in Szczecin, Poland.

Tumour pathology

DCIS grading was conducted by consensus of two
experienced breast pathologists (WD, PD), according
to the nuclear grade criteria listed in the WHO 2012
grading scheme {2}. Pure DCIS samples were tumour
cells captured from ducts of pure DCIS lesion; DCIS-
in-IDC samples were tumour cells captured from
the 7n situ (DCIS) component of the co-existing ad-
jacent IDC; and IDC samples were tumour cells cap-
tured from the invasive cancer adjacent to the 7 situ
component. Invasive breast cancer grade was classified
according to the Elston & Ellis grading system {12}.

Laser microdissection

Three serial 5-um-thick sections were cut from each
tissue specimen fixed in 10% neutral buffered formalin
and embedded in paraftin (FFPE). The sections were
mounted onto glass slides covered with PEN mem-
brane (Zeiss, Bernried, Germany) and stained with
0.1% (w/v) Cresyl Violet acetate (Sigma, Saint Louis,
USA) in 50% alcohol. All steps of the procedure were
conducted under RNase-free conditions with care to
avoid contamination. The PALM MicroBeam (Zeiss)
laser microdissection and pressure catapulting (LMPC)
system was used according to the manufacturer’s in-
structions. Areas of interest (DCIS, IDC, or benign
epithelium) were excised with a laser and catapulted
into an adhesive cap. Selected elements were super-
vised under a microscope to ensure tissue homogene-
ity. Representative images of DCIS before and after
microdissection are presented in Fig. 1A-F.
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Fig. 1A-F. Example of laser microdissection of DCIS lesions and relative expression of BRCAI mRNA and PARP1 mRNA.
A) Laser microdissection of two ducts with DCIS before microdissection. B) Empty space at the site of DCIS that had been
removed. C) Empty spaces after the microdissection of both DCIS lesions. D) Tissue of both microdissected DCIS lesions
captured in an adhesive cap. Relative expression of E) BRCAI mRNA and F) PARPI mRNA in 32 DCIS samples and 5
normal breast samples. DCIS G1 — green bar; DCIS G2 — blue bar; DCIS G3 — red bar; normal breast tissue — white bar.
The dotted line represents the median

0
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RNA isolation and cDNA synthesis

Total RNA was extracted using the RNeasy
FFPE Kit (Qiagen, Hilden, Germany) according to
the manufacturer’s instructions with LMPC-specific
modifications introduced by Zeiss Microscopy Lab.
Microdissected tissue was digested overnight at 56°C
with 10 ul of proteinase K and 150 wl of PKD buffer.
To reverse formaldehyde modifications samples were
incubated at 80°C for 15 min. DNA was removed by
incubation of the lysate with 10 ul of DNase I and
16 pul of DNase Booster Buffer at room temperature
for 15 min. In the next step, the lysate was trans-
ferred to a new 1.5-ml microcentrifuge tube, and
320 wl of RBC buffer and 720 ul of ethanol 99.6%
were added. 700 ul of the sample was transferred to
a RNeasy MinElute spin column placed in a 2-ml col-
lection tube and centrifuged for 15 sec at 10,000 rpm,;
flow-through was discarded. This step was re-
peated. To wash the spin column membrane, 500 ul
of RPE buffer was added and centrifuged for 15 sec
at 10,000 rpm; flow-through was discarded. Next,
500 wl of RPE buffer was added again and centrifuged
for 2 min at 10,000 rpm. To dry the spin column
membrane, the column was placed in new 2-ml col-
lection tubes and centrifuged for 5 min at full speed.
For elution, 14 ul of RNase-free water was used.

Sample quantity was assessed with an Agilent
2100 Bioanalyzer RNA 6000 Pico Assay (Agilent, St
Clara, USA). RNA (20 ng) from the microdissected
tissue was converted to cDNA using a Transcriptor
First Strand ¢cDNA Synthesis Kit (Roche Applied
Science, Mannheim, Germany) and random hexam-
er priming. RNA without reverse transcriptase was
used as a negative control (RT-).

Selection of primers and probes

To interpret the quantitative gene expression mea-
surements, HPRT1 was used as a reference gene {13].
A limited amount of RNA after DCIS laser microdis-
section from FFPE does not allow for normalisation

Table 1. Primers and probes used in the present study

with multiple genes. De Kok ez a/. {14} identified
HPRT1 as the single reference gene that could re-
place the measurement of multiple genes in breast
tissue, ranging from normal tissues to metastatic
carcinomas. HPRT1 was also frequently present in
the best combination of reference genes {13}]. Prim-
ers and probe sequences for BRCAI, PARPI, and
HPRT1 available in the literature {15, 16, 17, 18,
19, 20} were tested in three stages, taking into ac-
count the requirements of FFPE material analysis.

15 step: In silico validation. Basic primer param-
eters were checked with Primer3 software accord-
ing to the checklist for real-time PCR assay valida-
tion {21}. The BLAST algorithm {22} and Human
Genomic Plus Transcript database were used to con-
firm primers’ and probes’ specificity to target genes.
To avoid gDNA amplification, primers were targeted
to different exons or span introns. Special attention
was paid to keep amplicons no longer than 100 bp.
Expected PCR efficiency was assessed with PcrEffi-
ciency software {23}].

27 step: Real-time PCR with SYBR Green.
The absence of amplification artefacts (primers dimers,
hairpin, and gDNA amplification) was confirmed
by real-time PCR with SYBR Green I (Roche) with
a melting curve analysis. Reactions were performed
on material extracted from FFPE samples prepared in
the same manner as the analysed samples.

3 step: Real-time PCR with hydrolysis probes.
Based on serial dilutions, the reaction efficiency of each
assay was determined by real-time PCR with probes.
The reaction was run for 50 cycles, to be certain that
NTC- and RT-controls were negative.

For BRCAI and HPRT1 genes, sequences of prim-
ers and probes that met the above requirements were
selected from the literature {17, 18], whereas for
PARPI, none of the sequences available in the liter-
ature fulfilled these requirements. To choose the best
primer set for PARPI, software of the UPL Probe
Assay Design Centre (Roche) was used. The primer
and probe sequences are presented in Table I.

GENE REFSEQ SEQUENCES 5’ TO 3’ AMPLICON
HPRTI NM _000194.2 F:5’-GGCAGTATAATCCAAAGATGGTCAA-3’ 80bp
R:5’-GTCTGGCTTATATCCAACACTTCGT-3’
P:5’-FAM-CAAGCTTGCTGGTGAAAAGGACCCC-BHQ1-3’
BRCAI NM_007294.4 F:5’-CAGAGGACAATGGCTTCCATG-3’ 81bp
R:5’-CTACACTGTCCAACACCCACTCTC-3
P:5-FAM-AATTGGGCAGATGTGTGAGGCACCTG-BHQ1-3’
PARPI NM 001618.3 F:5’-CTGGAGGACGACAAGGAAAA-3 76bp

R:5’-TGTTGCTACCGATCACCGTA-3’

P:5’-FAM-CTGGGGCC-Q-3’
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Quantitative real-time PCR reaction

Quantitative real-time PCR (qPCR) was per-
formed on a Light-Cycler 480 II instrument (Roche)
with a hydrolysis probe as the detection format. Two
microlitres of cDNA were added to a 20-ul reac-
tion containing 0.5 uM of each primer and 0.2 uM
of probe and LightCycler 480 Probes Master (Roche).
The temperature protocol was 10 min at 95°C fol-
lowed by 50 cycles of amplification at 95°C for
10 s, 60°C for 10 s, and 72°C for 1 s. The reac-
tion for each gene was performed in triplicate with
the RT- and NTC-negative controls. Cycle of quan-
tification (Cq) values were determined by the second
derivative maximum method. Relative quantification
was calculated with the E-method based on the effi-
ciency correction for each assay.

Statistical analysis

Differences in the distributions of mRNA expres-
sion between the two patient groups were analysed
with the Mann-Whitney U test. The y? test was used
when expression was categorised as “low” or “high”
based on the median of relative expression. A Wil-
coxon-Pratt test was used to analyse different expres-
sion levels between paired IDC and iz situ compo-
nents from the same tumour. Statistical analyses were
performed using GraphPad Prism v 6.03 (GraphPad
Software, La Jolla, CA, USA). All p values were two-
tailed, and 95% confidence intervals were adopted.
P < 0.05 was considered significant.

Results

BRCAI1 mRNA in DCIS and IDC

The distribution of BRCAI mRNA expression lev-
els among DCIS G1, G2, G3, and normal breast tis-
sue samples is presented in Fig. 1E. There were statis-
tically significant differences in the relative expression
of BRCAI mRNA between the groups studied. Com-
pared with normal breast tissue, the relative expres-
sion of BRCAI mRNA was significantly increased
in DCIS (p = 0.02) and IDC (p = 0.02) (Fig. 2A).
However, when DCIS was divided by grade, the rela-
tive expression of BRCAI mRNA was only increased
in DCIS G2 (1.6-fold) and DCIS G3 (2.2-fold) com-
pared with that in normal breast tissue (p = 0.02
and p = 0.001, respectively; Fig. 2B). Conversely,
no significant difference in BRCAI expression was
found between normal breast tissue and DCIS G1
(p = 0.53). Significant differences in BRCA1I expres-
sionwere observed between DCIS G1 and G2 (1.7-fold
increase, p = 0.02) and DCIS G1 and G3 (2.3-fold
increase, p = 0.0007). The difference between DCIS G2
and G3 was on the verge of statistical significance
(1.4-fold increase, p = 0.047; Fig. 2B).

When BRCA1 mRNA expression levels in the group
of all DCIS samples (n = 32) was compared with
the IDC group (n = 19), no significant differences
were observed (p = 0.43) (Fig. 2A). Furthermore,
when the pure DCIS (n = 13) and DCIS-in-IDC
groups (n = 19) were compared separately with
IDC (n = 19), no significant differences were seen
between the IDC and DCIS-in-IDC (p = 0.09), IDC
and pure DCIS groups (p = 0.61), or pure DCIS and
DCIS-in-IDC groups (p = 0.81). Although the ex-
pression of BRCA1 mRNA in IDC was 1.3-fold high-
er than in the adjacent DCIS (DCIS-in-IDC), the dif-
ference was not significant (p = 0.09).

There was a linear dependence between DCIS
grade and the level of BRCA1 mRNA (p = 0.0005,
Table II). High BRCA1 expression levels (above me-
dian) were significantly associated with DCIS G3
lesions. High BRCAI expression was found in 80%
(12/15) of G3 DCIS lesions but only in 36.4%
(4/11) of G2 DCIS lesions and no G1 DCIS lesions
(p = 0.002, Table II).

PARPI mRNA in DCIS and IDC

The distribution of PARPI mRNA expression
among DCIS G1, G2, G3, and normal breast tissue
samples is shown in Fig. 1F. No significant differenc-
es were observed in the relative expression of PARPI
mRNA between any groups. No differences were ob-
served between normal breast tissue and DCIS or IDC
(Fig. 2C) or between normal breast tissue and various
DCIS grades (normal breast vs. DCIS G1 {p = 0.13],
vs. G2 {p = 0.49} and vs. G3 [p = 0.37}) or between
DCIS grades (DCIS G1 vs. G2 {p = 0.54}, DCIS
G1vs. G3 [p = 0.63}; DCIS G2 vs. G3 {p = 0.62})
(Fig. 2D).

No significant differences in PARPI mRNA ex-
pression were observed between matched IDC lesions
and adjacent DCIS lesions (DCIS-in-IDC) (p = 0.79),
IDC lesions and pure DCIS lesions (p = 0.80), or
pure DCIS and DCIS-in-IDC (p = 0.72).

Table II. Level of BRCAI and PARPI mRNA in DCIS
according to grade

BRCAI MRNA Low*N (%) HicH® N (%) P

DCIS G1 6 (100) 0 (0)

DCIS G2 7 (63.6) 4 (36.4)

DCIS G3 3 (20) 12 (80) 0.002
PARP] MRNA

DCIS G1 3 (50) 3 (50)

DCIS G2 5 (45.5) 6 (54.5)

DCIS G3 8(53.3) 7 (46.7) 0.92
“< median

"> median
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Fig. 2A-D. Relative BRCAI and PARPI mRNA expression in normal breast tissue (benign), DCIS (DCIS-in-IDC and
pure DCIS) and IDC. A) Relative BRCAI mRNA expression in normal breast tissue (benign), DCIS (DCIS-in-IDC and
pure DCIS) and IDC. B) Relative BRCA1 mRNA expression in normal breast tissue (benign) and DCIS G1, G2, and G3.
C) Relative PARP1 mRNA expression in normal breast tissue (benign), DCIS (DCIS-in-IDC and pure DCIS) and IDC.
D) Relative PARPI mRNA expression in normal breast tissue (benign) and DCIS G1, G2, and G3. The boxes contain
50% of the values. The upper and lower borders indicate the 25™ and 75® percentiles, respectively. The upper and lower
whiskers indicate the highest and lowest value, respectively. The dots indicate outliers (Tukey plot). The mean BRCAI or

PARPI mRNA expression level in benign tissue was set at 1

No significant associations were found between
PARPI expression levels and DCIS grade. A high
level of PARP1 expression (above median) was found
in 46.7% (7/15) of DCIS G3 lesions, 54.5% (6/11)
of DCIS G2, and 50% (3/6) of DCIS G1 (p = 0.92,
Table II).

Association between PARP1 and BRCA1 mRNA
expression along normal breast/DCIS/IDC
progression axis

The ratio of PARPI to BRCAI mRNA expres-
sion decreased during progression from benign tis-
sue (9.9-fold) to DCIS (8.8-fold) to IDC (6.2-fold),
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largely because the expression of BRCAI mRNA
increased whereas the PARPI mRNA expression re-
mained relatively stable.

Discussion

In order to survive, DCIS cells have to adapt to
the unfavourable intraductal environment, which is
hypoxic and far from blood vessels that are separated
from the duct interior by basement membrane. Hence
the cells are under persistent severe metabolic and
hypoxic stress, which may promote genetic instabil-
ity and the selection of neoplastic cells with invasive
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potential (for review see [24]). Failure to repair DNA
damage induced by impaired cellular proliferation,
hypoxia, or carcinogens may lead to mutations in
proto-oncogenes and tumour suppressor genes and
genomic instability. Therefore, efficient DNA repair
mechanisms are essential to protect cells against mu-
tations in cancer-related genes {25}. Surprisingly, no
study has assessed BRCA1 and PARPI mRNA levels
in DCIS and adjacent IDC or in various histologi-
cal grades of DCIS to date, although both genes are
known to be involved in DNA damage repair and to
play an important role in malignant transformation.
BRCA1 plays a critical role in the repair of DNA
double-strand breaks by a high-fidelity mechanism
of homologous recombination {26}. Loss of BRCA1
function may result in the accumulation of ER-nega-
tive stem/progenitor cells {27}. PARP1 is an enzyme
engaged in the repair of DNA single-strand breaks
and double-strand breaks {28}. The vast majority
of invasive breast carcinomas expressed high levels
of nuclear PARP1 protein {29}.

BRCA1 mRNA expression in DCIS
and co-existing adjacent IDC

We found increased expression of BRCAI mRNA,
but not PARPI mRNA, during progression along
the axis from normal breast tissue through increasing
histological grades of DCIS. Furthermore, analysis
of laser microdissected samples of DCIS lesions re-
vealed significant correlation between the increased
expression of BRCA1 mRNA and DCIS histological
grade. High BRCAI expression levels were signifi-
cantly associated with G3 DCIS lesions (80% of DCIS
G3 vs. no DCIS G1). Similarly, a positive correlation
between genomic instability and histological grade
of DCIS has been reported in the literature. The over-
all frequency of allelic imbalance increased signifi-
cantly with increasing grade and was significantly
higher in poorly differentiated lesions compared with
well-differentiated or moderately differentiated le-
sions {30}. The level of genomic instability as assessed
by dysregulation in telomere content and the extent
of allelic imbalance also increased with progression
from normal breast tissue to DCIS [31]. A tenden-
cy for association of short telomeres with high-grade
DCIS lesions has been found [32}. DNA methylation
levels increased significantly during the progressive
stages of breast cancer development {33}].

Thus, the increased expression of BRCAI mRNA
(but not PARP1 mRNA) observed in our study with
progression from normal breast tissue to DCIS G3
parallels the increasing levels of genomic instabil-
ity reported in the literature along this axis and
appears to suggest a demand for increased activity
ofaDNA double-strand break repair by a high-fideli-
ty mechanism of homologous recombination. The in-
creased BRCAI mRNA expression that occurs at

the pre-invasive (DCIS) stage may play a role in car-
cinogenesis. It is tempting to speculate that the ef-
ficiency of BRCAI-associated DNA damage repair
system may modify the risk and speed of the transi-
tion from DCIS to invasive cancer. In fact, mutations
in BRCA1I have been associated with genomic insta-
bility and malignant transformation {34}. Although
most DCIS lesions will not progress to IDC, some do;
thus, there is a need to identify risk factors. Whether
the BRCAI mRNA expression level in DCIS may re-
flect a risk of progression to invasive disease requires
further research.

We observed similar BRCAI mRNA expression
levels in DCIS and co-existing adjacent IDC. Lack
of significant differences in BRCAI mRNA expres-
sion between DCIS and IDC is consistent with reports
documenting that the level of genomic instability
did not differ significantly between DCIS and inva-
sive carcinomas {31}. Very few studies have analysed
DCIS/IDC transitions at the molecular level com-
paring DCIS with matched adjacent IDC. The re-
sults of these studies led to the general conclusion
that there is remarkable genomic and transcriptomic
similarity between DCIS and IDC. Schuetz et a/. {35}
analysed nine patients and identified a set of progres-
sion-specific candidate genes using laser microdissec-
tion and microarray analysis. Hernandez ez 2/, {36}
used a set of 13 DCIS lesions and found similar ge-
nomic profiles of matched DCIS and invasive cancers,
although somatic mutations and copy number aber-
rations varied in three matched pairs. When analysed
as separate groups, DCIS and adjacent IDC lesions
did not exhibit any significant differences in terms
of copy number aberrations and mutations in known
cancer genes {36}. Van Hoesel ez /. {33} analysed
23 DCIS lesions and synchronous invasive cancers
and found no significant difference in the meth-
ylation index between DCIS and invasive cancer.
Heselmeyer-Haddad ez /. {37} examined single
cells microdissected from matched DCIS and in-
vasive cancer samples and reported that matched
DCIS and IDC had similar but not identical patterns
of genomic imbalances. Meeker ez /. {32], based on
14 cases of matched DCIS and IDC, reported that
most telomere shortening in cases of concurrent DCIS
and IDC occurred at the DCIS stage because telo-
meres were similarly shortened in both components.
Castro et al. {7} studied 11 cases of co-existing DCIS
and IDC and found very similar molecular profiles
of cells from DCIS-in-IDC and cells from IDC. Bal-
leine ez al. {38} examined a group of 45 DCIS sam-
ples with concomitant invasive cancer and present-
ed gene expression-based classification of DCIS into
low- and high-grade lesions. BRCAI mRNA expres-
sion in our study also largely divided DCIS into low-
(G1) and high-grade (G2+3) lesions. Our results are
in partial disagreement with the report of Volinia
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et al. {10}, who analysed 17 DCIS lesions and 118 IDC
lesions and reported a small set of genes, including
BRCA1 and PARPI, that were activated in DCIS
and down-regulated in invasive cancer. However,
the DCIS samples they studied were not matched
with adjacent IDC lesions, and the grade of DCIS le-
sions was not provided.

BRCA1 mRNA expression in normal
breast vs. DCIS G1

Contrary to the difference between the normal
breast tissue and DCIS G2+ G3 groups, no significant
difference in BRCAI mRNA expression was observed
between normal breast tissue and DCIS G1, sug-
gesting a low level of genetic instability in DCIS G1
that does not require increased involvement of a high-
fidelity mechanism of DNA damage repair. This
finding supports the idea that DCIS G1 belongs to
a separate family of precursors with low malignant
potential {39, 40} . There has been concern that some
low-risk DCIS lesions may be overtreated, and some
low-risk DCIS lesions have been suggested to require
only “watchful waiting” or to be treated by endocrine
therapy alone if ER-positive (for review, see {41}).
However, given the evidence that after surgery
alone, invasive recurrence rates are approximately
10-20% at 15 years {42}, it is difficult to define such
low-risk DCIS lesions. Whether low BRCAI mRNA
expression, similar to normal breast tissue, could be
one of the defining characteristics of low-risk DCIS
requires further research.

We used LMPC to obtain a pure population of tu-
mour cells from DCIS and IDC samples because LMPC
is the most accurate technique to separate tumour cells
from benign stromal cells. Various (genetic and epi-
genetic) characteristics of progression from normal
breast to invasive cancer have been studied with laser
microdissection {7, 33, 38, 43}. These studies provided
important information despite the fact that only small
groups of tumours containing DCIS and adjacent IDC
(9-45 cases) have been analysed. Our study supports
the applicability of laser microdissection for studying
the mRINA expression of various genes in pure popu-
lations of cells from DCIS in FFPE samples.

In conclusion, increased BRCAI mRNA expres-
sion (but not PARPI mRNA) occurs early in the de-
velopment of breast cancer, i.e. at the noninvasive
(DCIS) stage, suggesting a demand for increased
activity of DNA double-strand break repair by ho-
mologous recombination. Lack of significant differ-
ences in BRCA1 or PARPI expression between nor-
mal breast tissue and DCIS G1 supports the idea that
DCIS G1 belongs to a separate family of lesions with
low malignant potential.

The authors declare no conflict of interest.
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